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International Conference on Innovations to Transform Drylands 
21-23 February 2023, Venue: ICRISAT, Hyderabad, Telangana, India  

16 Feb 2023 

Day 1:  Tuesday ǀ 21 February 2023 
Time Program 

0700 onwards REGISTRATIONS 

0830-1010 INAUGURAL SESSION 
0830-0850 Getting the house in order Ramon Peachey  & Agathe Diama, Master of Ceremony 
0850-0900 Inviting guests on the dais and felicitations Ramon Peachey & Agathe Diama, Master of Ceremony 
0900-0905 Welcome Address by the Conference Chair and Deputy Director 

General- Research, ICRISAT 
Arvind Kumar 

0905-0910 ICRISAT Video 
0910-0925 Golden Jubilee Address, Director General, ICRISAT Jacqueline Hughes 
0925-0940 Address by the Guest of Honor S Niranjan Reddy, Hon'ble State Agriculture Minister, 

Telangana 
0940-0955 Address by the Chief Guest                                                                                               Dharmendra Pradhan, Hon'ble Education Minister, 

Government of India (TBC) 
0955-1000 Opening of Exhibition (Virtual) Chief Guest 
1000-1010 Vote of Thanks Victor Afari-Sefa, ICRISAT 
1010-1050 Group photo and High Tea/coffee  
1050-1250 INAUGURAL PLENARY: INNOVATIONS TO TRANSFORM DRYLANDS 

Chair: Jacqueline Hughes, Director General, ICRISAT 
Co-Chair: Abiola Afolayan, Deputy Director, Policy Analysis & Coalition Building Bread for the World  

1050-1110  Plenary 1: Transforming the food systems: emerging role of 
tropical drylands  

Prabhu Pingali, Chair, ICRISAT Governing Board, USA 

1110-1130  Plenary 2: Transforming Africa towards sustainable and 
resilient food systems: what does it take?  

Aggie Asiimwe Konde 
VP, Programme Innovation and Delivery, AGRA 

1130-1140 Plenary 3: The role of international agricultural research in 
dryland agri-food systems transformation 

Lindiwe Majele Sibanda, Chair, CGIAR System Board 

1140-1200 Plenary 4: Managing dryland soil health and water resources  Yemi Akinbamijo, Executive Director, Forum for 
Agricultural Research in Africa (FARA), Ghana (virtual) 

1200-1220 Plenary 5: Need for a comprehensive policy to manage 
drylands 

Ashok Dalwai, CEO, National Rainfed Area Authority 
(NRAA) 

1220-1240 Plenary 6: Challenges and opportunities in dryland agriculture: 
Special Address  

Ramesh Chand, NITI Aayog, India 

1240-1250 Signing of MoU between ICRISAT and Eagle Genomics Jacqueline Hughes, DG, ICRISAT and  
Anthony Finbow, Chief Executive Officer, Eagle Genomics 

1250-1350 LUNCH 

PLENARY SESSIONS  I & II 
Chair: AK Singh, Vice Chancellor, RLBCAU; Co-Chair: Ian Givens, University of Reading 

Convenor: Shalander Kumar, ICRISAT; Rapporteur: Gajanan S, ICRISAT 
THEME 1: DRYLAND PRODUCTION SYSTEMS: IMPROVING THE LIVELIHOODS OF SMALLHOLDER FARMERS 

1350-1410 Plenary 1: Role of livestock for achieving sustainable, healthy, 
and equitable food systems in the global south 

Iain Wright 
Deputy Director General, ILRI, Kenya 

1410-1430 Plenary 2: Sustainable food system transformation in the 
drylands of Africa: challenges and opportunities 

Ramadjita Tabo 
Regional Director, WCA, ICRISAT 

THEME 2: SEED SYSTEMS: ELEVATING PUBLIC-PRIVATE PARTNERSHIPS (PPPS) IN ASIA AND AFRICA 
1430-1450 Plenary 1: New improved variety commercialization toolkit: 

best practices for practitioners and investors in the seeds sector 
Thieblemont Herve 
Head of Seeds2B Asia, Syngenta Foundation for 
Sustainable Agriculture, Switzerland 

1450-1510 Plenary 2: Local participation and sustainability in dryland 
agriculture 

Anjali Makhija  
Sehgal Foundation 

1510-1540 HEALTH BREAK 
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PARALLEL SESSIONS  
THEME 1:  DRYLAND PRODUCTION SYSTEMS: IMPROVING THE LIVELIHOODS OF SMALLHOLDER FARMERS 

 
1540-1645 

 

Sub-Theme 1.1: Dynamics of 
smallholder livelihood systems and 
levers of sustainability 

Sub-Theme 1.2: Dryland agriculture for 
sustainable and inclusive development 
and world peace 

Sub-Theme 1.3: Lock-ins, trade-offs, and 
opportunities for rural livelihoods 
across dryland agri-food system 

Venue 212 CFB Conference Hall PTTC Conference Hall  Ralph Cummings Auditorium 
Chair PL Patil, Vice Chancellor  

UAS-Dharwad 
M Raghunandan Rao, IAS  
Govt. of Telangana 

OP Yadav  
Director, ICAR-CAZRI, Jodhpur 

Co-Chair R. Jagadeeshwar,  
Director of Research, PJTSAU, 

C V Ratnavathi,  
ICAR-IIMR 

M Prabhakar 
ICAR-CRIDA  

Convenor S Nedumaran, ICRISAT  Ashok Kumar Are, ICRISAT Shalander Kumar, ICRISAT 
Rapporteurs Ramesh Singh, ICRISAT D Kumara Charyulu, ICRISAT  Mohd. Irshad, ICRISAT 

1540-1555 
 

KEYNOTES 
 
 

Sustainable Intensification of 
Mixed Farming systems. The way 
forward for more productive, 
sustainable, and resilient 
smallholder livelihoods 
Santiago LÓPEZ RIDAURA 
Senior Scientist, CIMMYT, Mexico 

Mechanization in Drylands for 
sustainable and inclusive development 
Shailendra Jagtap  
Managing Director, John Deere 

Navigating opportunity spaces and 
trade-offs while avoiding lock-ins for 
smallholder dryland farmers 
Jeroen Groot 
Associate Professor, WUR, Netherlands 

 LEAD PRESENTATIONS  
1555-1605 Enhancing climate resilient 

agriculture through agronomic 
practices in rainfed 
agroecosystems 
Asewar BV, VNMKV, Parbhani 

Farming systems diversification for 
income enhancement and sustainability 
of resources 
Pasha ML, PJTSAU 

High profitability options in dryland 
agri-food system: a case of rapeseed 
mustard sector 
RK Yogi, ICAR-DRMR 

1605-1615 Innovation niches and EbA 
(ecosystem-based adaptation) in 
North Cameroon: A solution for 
climate change 
Siéwé Pougoué, CIFOR-ICRAF 

Energy budgeting and carbon footprint 
for castor Production in the rainfed 
province of Ananthapuram 
Pavan Kumar Reddy, ANGRAU 

The adoption of improved climate-
smart crop varieties increases 
agricultural production and smallholder 
commercialization in West Africa 
Tabe-Ojong MPJ, IFPRI, USA 

1615-1625 Forage options for transforming 
the livelihood of livestock keepers 
in dryland areas 
Amaresh Chandra, ICAR-IGFRI 

Genetically elite Pongamia to transform 
dryland agriculture 
 
Prasad MVR, Ex-Director, ICAR-IIOR 

Farmers’ heterogeneous preferences for 
traits of improved varieties: Informing 
demand-oriented crop breeding in 
Tanzania 
Mequanint B. Melesse, ICRISAT 

1625-1635 Simulating the impacts of soil and 
crop management strategies on 
sorghum and pearl millet in the 
semi-arid region of Nigeria: An 
approach for scaling climate-smart 
technology 
Folorunso M. Akinseye, ICRISAT  

DHAN’s Model of Enhancing the 
Livelihoods of Rainfed Smallholders 
 
 
Palanisamy M, Dhan Foundation  
 

Demand-driven breeding of pearl millet 
to enhance the efficiency of diverse 
agro-food systems in drylands  
SK Gupta, ICRISAT 
 

1635-1645 Q&A Q&A Q&A 
THEME 2:  SEED SYSTEMS: ELEVATING PUBLIC-PRIVATE PARTNERSHIPS (PPPS) IN ASIA AND AFRICA 

 
1655-1800 

Sub-Theme 2.1: Scaling the 
adoption of new seeds through 
strategic partnerships, capacity 
building, and policy reforms          

Sub-Theme 2.2: Strengthening formal 
and informal seed systems to create 
new distribution pathways for 
sustainable delivery 

Sub-Theme 2.3: Strengthened product 
testing and seed delivery networks for 
rapid variety replacement 
 

Venue 212 CFB Conference Hall PTTC Conference Hall  Ralph Cummings Auditorium 
Chair NP Singh  

Vice Chancellor, BUAT, UP 
Sanjay Kumar 
Director, ICAR-IISS 

RK Mathur 
Director, ICAR-IIOR 

Co-Chair Moinuddin Haroon  
Managing Director, HYTECH SEED 
INDIA PRIVATE LIMITED 

V N Kulkarni 
Vice President  
R & D, Nath Biogenes 

Brijendra Pal 
Deputy Director Research, BIOSEED 
RESEARCH INDIA; and Chair HPRC 

Convenor Manzoor Dar, ICRISAT                   Janila P, ICRISAT    SK Gupta, ICRISAT  
Rapporteurs Sobhan Sajja, ICRISAT  Prakash Gangashetty, ICRISAT M Vetriventhan, ICRISAT 

 
1655-1710 

 
KEYNOTES 

 

Seed systems for the adoption of 
improved seeds in Asia & Africa 
 
 
K. Keshavulu,  
MD, TSSC and President ISTA, TS 

Centre of excellence for seed systems in 
Africa; towards innovations to 
transform drylands 
 
Jane Ininda 
Head, Seed Research & Systems 
Development [PID], AGRA, Kenya   
    
 

Seed systems: elevating public-private 
partnerships in Asia and Africa 
 
 
Gubba Kiran 
Chief Executive Officer and Director 
Gubba Cold Storage Ltd.  
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 LEAD PRESENTATIONS 
1710-1720 Technologies of Nath Biogene and 

impact in selected countries in 
Africa 
Venkatesh Kulkarni,  
Nath Bio-Genes India Pvt. Ltd. 

Improving the livelihood of dryland’s 
smallholding farmer sustainable and 
inclusive development through Castor 
(Ricinus communis) 
Ravindra B G, Navbharat Seeds Pvt. Ltd. 

Using genetically engineered seeds to 
manage insect pests in cotton 
 
 
Suhas Vyavhare, Texas A&M University 

1720-1730 Scaling the adoption of new seeds 
through strategic partnerships, 
capacity building and policy 
reforms 
Manzoor Dar, ICRISAT 

Transforming drylands through 
interlinking of rivers or water bodies - 
Bio Canal system  to bring the barren 
and drylands  into agriculture 
Laxmanan M, ITC 

Diversity and utilization of pearl millet 
genetic resources for nutritional 
security  
CVCM Reddy, ANGRAU 
 

1730-1740 Seed systems for sustainable 
intensification of agri-food systems 
opportunities and challenges 
C V Sameer Kumar, PJTSAU 

Driving market linkages using Public 
Private Partnerships (PPP) in dryland 
agriculture 
Venkata Rao, MANAGE  

Investigation on the efficacy and 
management of seed-borne diseases in 
chickpea 
Ashok Sajjan, UAS-Dharwad 

1740-1750 Seed system innovations for rapid 
delivery of improved varieties 
Ashok Kumar Are, ICRISAT 
 

Enhancing the yield and nutritional 
quality of certain rainfed crops viz maize 
and oilseed by using effective and 
simple crop nutrition solutions 
Prakash Gowda, Smart Chem 
Technologies Pvt. Ltd (Deepak Fertilizers) 

Plasma waters – the next green 
revolution in a sustainable way 
Rogger Pennell, Plasma Waters 
 

1750-1800 Q&A Q&A Q&A 
1800-1900 Theme 1-4: Poster Presentations; Venue: Academic Court 

1900-2100 CONFERENCE DINNER  
    
    

Day 2:  Wednesday ǀ 22 February 2023 
PLENARY SESSIONS III, IV & V 

Chair: Mangala Rai, Former Secretary, DARE & DG, ICAR; Co-Chair:  Katrien Devos, Distinguished Research Professor University of Georgia 
Convenor: Ashok Kumar A, ICRISAT; Rapporteur: D Kumara Charyulu, ICRISAT 

THEME 3: REGENERATIVE / NATURAL FARMING SYSTEMS FOR DRYLANDS 
0830-0850 Plenary 1: Reviving millets in farms & plates: the Odisha 

millets mission experience  
Arabinda K Padhee 
Principal Secretary, Department of Agriculture and Farmers 
Empowerment, Govt of Odisha 

0850-0910 Plenary 2: Regenerative agriculture for building resilience of 
drylands: discovery to delivery 

ML Jat 
Global Research Program Director- RFFS, ICRISAT 

THEME 4: MANAGING DRYLAND SOIL HEALTH AND WATER RESOURCES 
0910-0930 Plenary 1: Transformative innovations for strengthening 

water security and yields in drylands  
V Praveen Rao 
Vice Chancellor, Kaveri Agr. University and Ex VC, PJTSAU 

0930-0950 Plenary 2: Water budget-based cropping systems designs 
and scaling strategies for specific cropping-zones 
diversification, sustainable intensification and resource 
conservation in India  

Arvind Kumar 
Deputy Director General-Research, ICRISAT, India 

THEME 5: STRENGTHENING NUTRI – SENSITIVE FOOD SYSTEMS FOR THE DRYLANDS 
0950-1010 Plenary 1: We all demand sustainable foods, but do they 

always provide sustainable nutrition? 
Ian Givens  
Director, IFNH, Professor of Food Chain Nutrition,  
School of Agriculture, Policy, and Development, University of 
Reading, UK 

1010-1030 Plenary 2: The worlds food system needs to change-
strategies and actions to make that happen 

Sujatha Jayaraman,  
Head R&D- Beverages, Unilever Nutrition 

1030-1100 HEALTH BREAK 
PARALLEL SESSIONS 

THEME 3:  REGENERATIVE / NATURAL FARMING SYSTEMS FOR DRYLANDS 
 

1100-1205 
Sub-Theme 3.1: Scope of 
regenerative (sustainable) dryland 
farming methods and standards    

Sub-Theme 3.2: Economic analysis of 
regenerative (sustainable) dryland 
farming versus conventional/other 
farming methods 

Sub-Theme 3.3: Environmental safety 
and sustainability of regenerative 
(sustainable) dryland farming 
 

Venue 212 CFB Conference Hall PTTC Conference Hall  Ralph Cummings Auditorium 
Chair Sanjay Kalia 

DBT, GoI 
Andrew McDonald 
Cornell University, USA 

Adegbola Adesogan,  
Director, GFSI, UFL, USA 

Co-Chair CA Rama Rao 
ICAR-CRIDA  

E Revathi 
Director, CESS 

M Malla Reddy 
Assoc. Director- Research, PJTSAU 

Convenor Rajan Sharma, ICRISAT Martin Moyo, ICRISAT ESA Mamta Sharma, ICRISAT 
Rapporteurs S Gajanan, ICRISAT GV Anupama, ICRISAT                   Jaba Jagadish, ICRISAT                  
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1100-1115 
 
 
 

KEYNOTES 

Communities of practice-The 
importance of collective viewpoints 
for sustainable Agri-food system 
Shannon Olsson 
Global Director, The Eco network 
  

Economic evaluation of insect-pest 
management strategies in water-deficit 
cotton production systems 
Megha N Parajulee 
Professor, Texas, A&M university 

Can organic agriculture be sustainable 
in the drylands? 
CLL Gowda (Virtual) 
Co-Founder, GRSV Consulting Services, 
and Former DDG- ICRISAT  

1115-1205 LEAD PRESENTATIONS 
1115-1125 Mainstreaming the agrobiodiversity of 

drylands for climate resilience and 
nutrition 
Jai Rana, Alliance of Bioversity 
International and CIAT 

Natural farming: a tool for sustainable 
agricultural development 
Shivendra Mishra,  
Banda Agriculture University 

Landscape resource management for 
sustainable crop intensification: a case study 
of tribal dominated areas of eastern India 
K H Anantha, ICRISAT 

1125-1135 Agroforestry regenerates ecosystem 
services in degraded dryland 
Biswas B, BCKV 

Sustainable horticulture in semi-arid regions 
Prabhakar N, VC , SKLTSHU 

'ARAKUNOMICS, A Syncretic Solution' 
Anupama Sreeramaneni, NAANDI 
Foundation 

1135-1145 In-vitro evaluation of bioagents against 
Claviceps fusiformis causing ergot of 
pearl millet  
Kumar ST, VNMKV, Parbhani 

Building resilience at production system level 
through adoption of integrated management 
practices  
Sawargaonkar G , ICRISAT 

Application of pheromone trap is boon for 
maize crop against fall armyworm, 
Spodoptera frugiperda 
Pandey U, HCL Foundation 

1145-1155 Soil fertility constraints and its 
management in the dryland farming 
 
Firdous S, VIT 

Climate change and farmers’ migration in the 
semi-arid tropic and eastern regions of India: 
role of irrigation and local non-farm income 
diversification, Sreekumar G, IIT-M  

Dryland production system: improving 
productivity and climate resilience 
 
Vinutha BB, UAS-B 

1155-1205 Q&A Q&A Q&A 
THEME 4:  MANAGING DRYLAND SOIL HEALTH AND WATER RESOURCES 

1215-1320 
 

Sub-Theme 4.1: Managing soil 
health for sustainable agriculture 
in dryland areas 

Sub-Theme 4.2: Landscape-based 
resource conservation: Linking land, 
water, agriculture, and rural livelihoods 

Sub-Theme 4.3: Land use planning and 
management under changing soil and 
water scenario 

Venue 212 CFB Conference Hall PTTC Conference Hall  Ralph Cummings Auditorium 
Chair Ch Srinivasa Rao 

Director, NAARM, India 
Indra Mani Mishra  
Vice Chancellor, VNMAU, Parbhani 

Sharad R. Gadakh 
Vice Chancellor, Dr. PDKV, Akola 

Co-Chair PK Swain 
NRAA, GoI 

Ashwini Saxena 
CEO, JSW Foundation, India 

Rao Mylavarapu 
University of Florida, USA 

Convenor Birhanu Zemadim Birhanu 
ICRISAT ESA 

Sreenath Dixit 
ICRISAT 

Folorunso M. AKINSEYE 
ICRISAT, WCA 

Rapporteurs Pushpajeet Choudhari, ICRISAT Kaushal Garg, ICRISAT Hari Sudini, ICRISAT 
 

1215-1230 
 

KEYNOTES 
 

 

Data quality and uncertainty in 
decision making: the contribution 
of the Global Soil Laboratory 
Network to sustainable soil 
management (Virtual) 
Lucrezia Caon,  
Coordinator, Global Soil Laboratory 
Network (GLOSOLAN), FAO 

Integrated approaches for effective 
utilization of residual biomass: 
Enhancement in soil quality, Value 
added functional chemicals in a 
sustainable way 
Bhaskar Thallada, HoD, Professor, 
(AcSIR) CSIR, Indian Institute Of 
Petroleum, India 

Farming systems modelling to inform 
crop management decisions 
 
 
 
Alison Laing  
Deputy Director, CSIRO, Australia 

 LEAD PRESENTATIONS 
1230-1240 Effect of conservation tillage on soil 

biological properties in rainfed 
condition 
Sneha MA, UAS-B  

Sustaining crop productivity and improving 
livelihoods of rainfed regions through 
resource conservation watershed 
management in SAT of south India 
SL Patil, ICAR-IIPR 

Implication of water scarcity on agriculture 
and land use pattern: A case study of 
Maharashtra, India 
Anbukkani Perumal, IARI 

1240-1250 Investigating the relationship between 
groundwater augmentation and 
groundwater quality at micro-
watershed scale 
Patil M, ICRISAT  

Role of groundwater irrigation in mitigating 
the impact of climate change on wheat 
production: a district level analysis in India 
Aryama Sarkar, IIT- M 
 

Impact of natural resource management 
interventions on hydrological processes and 
ecosystem services: Case study of Parasai-
Sindh watershed, Central India 
Kaushal K Garg, ICRISAT 

1250-1300 Biomass and nutrient flow dynamics 
from households to farm fields: an 
experimental study in southern Mali 
Kasse H, ICRISAT 

Predicting soil erosion using land use change 
and projected climate change scenarios 
(cmip6) in Mali 
Sanogo K, ICRISAT 

Land suitability assessment and 
management options for cotton (Gossypium 
hirsutum) production in the Cote d’Ivoire 
cotton basin 
Kone I, WASCAL, Ghana 

1300-1310 Optimizing dose of organic manure for 
sustainable sorghum production 
 
Guindo M, ICRISAT 
 

Rejuvenation of traditional rainwater 
harvesting (Haveli) for transforming 
smallholders agri-food system: A case study 
from Central India 
Ramesh Singh, ICRISAT 

Estimating soil nitrogen balance with respect 
to Tamil Nadu 
 
Paramasivam, MSDS  
 

1310-1320 Q&A Q&A Q&A 
1320-1420 LUNCH 
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PARALLEL SESSION V 
THEME 5:  STRENGTHENING NUTRI – SENSITIVE FOOD SYSTEMS FOR THE DRYLANDS 

 
 

1430-1535 

Sub-Theme 5.1: Strategies to 
address global agriculture for 
nutrition challenges 

Sub-Theme 5.2: Mainstreaming 
agriculture for nutrition: understanding 
the drivers, interactions among 
different components of food systems 
and role of stakeholders (Industry, 
MSME, etc.) 

Sub-Theme 5.3: Leveraging science and 
technology to strengthen inclusive 
nutrition-sensitive food systems: 
challenges and opportunities 
 

Venue 212 CFB Conference Hall PTTC Conference Hall  Ralph Cummings Auditorium 
Chair B.R.Kamboj 

Vice-Chancellor, CCSHAU, Hisar 
 AK Shukla 
VC, RVSKVV, Gwalior, MP 

Gyanendra Singh 
Director, ICAR-IIWBR 

Co-Chair Bikram Gill 
Distinguished Professor, Kansas 
State University, USA 

Sujatha Jayaraman 
Unilever Nutrition 

Rupa Dawane 
JSW Foundation 

Convenor R Padmaja, ICRISAT   S Aravazhi, ICRISAT Manish Pandey, ICRISAT  
Rapporteurs Tamilselvi N, ICRISAT Harshvardhan Mane, ICRISAT   Purushotham Rudraraju, ICRISAT 

 
1430-1445 

 
 

KEYNOTES 
 
 

A food systems approach to tackling 
livestock productivity problems in 
developing countries  
 
Adegbola Adesogan,  
Director, Global Food Systems 
Institute, Director, Livestock 
Systems Innovation Lab, University 
of Florida, USA  

Interdependence of Nutrient and Water 
Management for Nutrition-Oriented 
Goals in Dryland Agriculture  
 
Rao Mylavarapu,  
Director of IFAS Analytical Services 
Laboratories, Soil & Water Sciences 
Department, University of Florida, USA 

Essential agricultural data for 
decomposing crop yield gaps and setting 
adaptation priorities in stress-prone 
environments 
 
Andrew McDonlad 
Professor of International Cropping 
Systems, Cornell University, USA 

 LEAD PRESENTATIONS 
1445-1455 Strategies and approaches to promote 

Nutrition-Sensitive Agriculture in 
irrigation Development Project Regions 
of Rajasthan 
 
R Gopinath , MSSRF 

Mitigating protein malnutrition through 
intercropping paddy straw mushroom 
(Volvariella volvacea) in maize cropping 
system 
 
DVSC Reddy, TNAU 

Millets in Indian Knowledge Systems – An 
Analysis of Pharmacological Properties & 
Recipes of Millets Based on Deep Mining of 
Classical Dietetics Literature to Curate 
Opportunities for Food Plates of Today’s 
World 
Shridevi Gothe, UTDHST 

1455-1505 A convergence model for promoting 
nutri-sensitive local food system to 
address malnutrition and anemia in the 
Tribal regions of Telangana State, India 
Saikat Datta Mazumdar, ICRISAT 

Performance of foxtail millet (Setaria italica 
L.) under varying sowing environments in 
semi-arid regions of Andhra Pradesh in India 
 
K Ashok Kumar, ANGRAU 

Predictive modelling to identifying suitable 
varieties of “Smart Food” for formulating 
Indian flatbread and biscuits with superior 
nutritional and sensory traits 
Priyanka Durgalla, ICRISAT 

1505-1515 Nutrient-dense millets germplasm to 
develop biofortified cultivars for 
addressing the nutritional security of 
poor and smallholder farmers in the 
drylands 
Vetriventhan, ICRISAT 

Development and optimization of the 
questionnaire for Knowledge Assessment 
with Nutrition-Sensitive Agriculture Scale 
(KANSAS) 
 
Shirisha Junuthula, Tufts University 

Pearl millet grains: a storehouse of valuable 
phenolics 
 
 
 
Roopa Banerjee, Cynteny Solutions 

1515-1525 Sustainable intensification of agrifood 
systems to ensure food and nutritional 
security 
 
Jat HS, CSSRI 

Promoting a sustainable local ecosystem 
linking “agriculture-nutrition 
entrepreneurship” towards achieving 
community development 
Aravazhi Selvaraj, ICRISAT 

Extending the Food Application Landscape of 
Millets – Opportunities & Challenges 
 
Gurmeet Singh, UTDHST 

1525-1535 Q & A Q & A Q & A 
1535-1605 HEALTH BREAK 
1605-1705 THEME 5-8: POSTER PRESENTATION; Venue: Academic Court 
1800-1900 EXPERT PANEL DELIBERATION  

Transforming Dryland Agriculture for smallholder farmers of Africa and Asia 
 Mangala Rai, Iain Wright, Ian Givens, Jane Ininda, Herve Thieblemont 

 
Moderator: Rekha Rao 

1900-2100 Dinner  
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Day 3:  Thursday ǀ 23 February 2023 
PLENARY SESSIONS VI, VII & VIII 

Chair: Arun Baral, CEO, HarvestPlus; Co-Chair: Madhur Gautam, The World Bank 
Convenor: Damaris Odeny, ICRISAT; Rapporteur:  Jana Kholova, ICRISAT 

THEME 6: IMPROVING PRODUCTIVITY, CLIMATE RESILIENCE, AND NUTRITION IN DRYLANDS - TECHNOLOGIES AND 
APPROACHES 
 0830-0850 Plenary 1: Applying genomic tools to fast track the 

improvement of climate-resilient crops: Finger millet as a 
case study. 

Katrien Devos 
University of Georgia, USA 

0850-0910 Plenary 2: The importance of nutritional traits for climate-
resilient crops 

Sean Mayes 
Global Research Program Director- RPACI, ICRISAT 

THEME 7: INCLUSIVE DEMAND-DRIVEN VALUE CHAINS FOR THE DRYLANDS 

0910-0930 Plenary 1: Integrating Key Enablers for Enhancing Agri-food 
Systems Transformation in the Drylands  

Victor Afari-Sefa 
Global Research Program Director- EST, ICRISAT 

0930-0950 Plenary 2: Policies and strategies to promote the 
development of inclusive value chains and sustainable 
markets for supporting food and nutrition security in the 
Drylands 

Thomas Reardon 
Distinguished Professor, Michigan State University, USA 
(Virtual) 

THEME 8: INTEGRATING GENDER YOUTH AND SOCIAL INCLUSION IN DRYLAND AGRI-FOOD SYSTEMS 

0950-1010 Plenary 1: From the World Food Programme to Africa’s 
Farms: Connecting and Feeding Africa Through Women in 
Agriculture 

Abiola Afolayan 
Deputy Director, Bread for the World, USA 

PARALLEL SESSIONS  
THEME 6: IMPROVING PRODUCTIVITY, CLIMATE RESILIENCE AND NUTRITION IN DRYLANDS – TECHNOLOGIES AND 
APPROACHES 

1020-1150 Sub-Theme 6.1: Genetic 
enhancement for productivity, 
climate resilience, and nutritional 
quality 

Sub-Theme 6.2: Cutting-edge genomic 
and gene-editing tools  

Sub-Theme 6.3: Digital agriculture - 
technologies and platforms 
 

Venue 212 CFB Conference Hall PTTC Conference Hall  Ralph Cummings Auditorium 
Chair Amaresh Chandra,  

Director, ICAR-IGFRI  
Raman Babu 
Corteva 

Krishnan Pallassana 
Country Director India, Digital Green 

Co-Chair Tara Satyavathi 
Director, ICAR-IIMR 

RM Sundaram  
Director, ICAR-IIRR 

Suseela Chintala  
Chief General Manager, NABARD 

Convenor Ephrem Habyarimana, ICRISAT  Kuldeep Singh, ICRISAT Srikanth R, ICRISAT 
Rapporteurs Manish Pandey, ICRISAT Rakesh Srivastava, ICRISAT Mukund Patil, ICRISAT 

 
1020-1035 

 
KEYNOTES 

 
 

Enhancing the Impacts of Breeding 
and Genetic Innovations through 
Demand-led Plant Breeding 
Hussein Shimelis 
Chair- Crop Science 
Deputy Director- ACCI, UKZN,  
South Africa 

Chromosomal and extra-chromosomal 
genetic element structure and behavior 
informed crop genome manipulation for 
dryland agriculture 
Bikram Gill 
Distinguished Professor, Kansas State 
University, USA 

Plant pests and diseases: a holistic 
approach to prevention and control 
Adam Kleczkowski 
Chair for Global Talent, Department of 
Mathematics, University of Strathclyde, 
UK 

1035-1100 HEALTH BREAK 
 LEAD PRESENTATIONS 

1100-1110 The role of m6A RNA methylation in 
plant abiotic stress responses 
Ramanjulu Sunkar, Oklahoma State 
University, USA 

Improving the quality of Pearl millet 
reference genome assembly and its 
deployment in breeding 
Punna Ramu, Corteva, India 

Satellite remote sensing to support digital 
agriculture 
Armando Marino,  
Senior Lecturer, Earth Observation 
University of Stirling, UK  

1110-1120 Unraveling cell wall structure and function 
in symplasmic intercellular transport for 
the design of strategies to improve food 
security and sustainable living 
Yoselin Benitez Alfonso, University 
of Leeds, UK  

AgriSeq Targeted GBS and Axiom 
Microarrays – Modern genotyping tools for 
improving crops across the continuum 
Srinivas Chadaram 
Thermo Fisher Scientific, USA  

Scale Independent Precision Agriculture 
Raj Khosla  
Kansas State University, USA (recorded) 

1120-1130 Morpho-physiological & molecular 
mechanisms for development of drought 
tolerant chickpea using gab: success story 
of PUSA 10216 and PUSA JG 16 
C Bharadwaj, IARI, India 

Identify, validate and routinely screen 
genotypes in translational agrigenomics 
Pankaj Khanna, Imperial Life Sciences 

SERVIR West Africa Phase 2:  Building a 
regional earth observation marketplace 
Paul Bartel, Chief of Party 
SERVIR West Africa 
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1130-1140 Genomic toolkit for Fusarium wilt 
resistance breeding in castor (Ricinus 
communis L.) 
Senthil Senapathy, ICAR-IIOR, India 

Harnessing the Bioeconomy 
Yvonne Pinto 
Eagle Genomics, UK 

Scaling AI to millions of farmers - A 
collaborative journey of ICRISAT & Plantix 
Simone Strey, CEO  
Rob Strey, CTO Plantix, Germany 

1140-1150 Q & A Q & A Q & A 
THEME 7: INCLUSIVE DEMAND DRIVEN VALUE CHAINS FOR THE DRYLANDS 

1200-1305 Sub-Theme 7.1: Digitalization and 
disruptive innovations that build 
transparency, feedback loops and 
demand into the last mile 

Sub-Theme 7.2: Enabling policy and 
institutional environments that protect 
and promote inclusive and sustainable 
value chains 

Sub-Theme 7.3: Small is the big picture: 
predicting consumer trends, behaviors 
and financial levers for local agro-
industrialization in relevance to MSMEs 
& food processing industry 

Venue 212 CFB Conference Hall PTTC Conference Hall  Ralph Cummings Auditorium 
Chair D Rama Rao 

Ex-Director, NAARM 
B Dayakar 
ICAR-IIMR, Hyderabad 

K Kareemulla 
ICAR-NAARM, Hyderabad 

Co-Chair Shaik N Meera, 
Director, ATARI, Hyderabad 

Ranjit Kumar 
ICAR-NAARM, Hyderabad 

R Srikanth, ICRISAT 

Convenor Wricha Tyagi, ICRISAT S Nedumaran, ICRISAT KH Anantha, ICRISAT 
Rapporteurs Pranuthi G, ICRISAT Purushotham Rudraraju, ICRISAT GV Anupama, ICRISAT 

1200-1215 
 

KEYNOTES 
 
 

Digital tools for improving 
smallholder farming 
Krishnan Pallassana 
Country Director India,  
Digital Green 

Repurposing Agricultural Policies and 
Public Support to transform the Food 
System 
Madhur Gautam 
Lead Economist, World Bank 

Contribution of smallholder farmers in 
value chain development 
 
A Amarendar Reddy, ICAR-CRIDA 

 LEAD PRESENTATIONS 
1215-1225 Drones for sustainability of agri-

ecosystem 
Vinod Kumar, Senseacre 
 

Understanding the dynamics of the sorghum 
value chain in India: Contrasting aspirations 
and outcomes 
Shalander Kumar, ICRISAT 

Sensitivity Analysis of SAR data for 
monitoring of Pearl Millet Crop 
 
Dharanya T, IIRS, ISRO  

1225-1235 Building equitable e-marketplaces 
to enable discovery and price 
parity 
Venu Margam, Kalgudi Digital 

Production performance, instability and 
decomposition analysis of pulses in hot arid 
western India 
Ravindra Singh Shekhawat, CAZRI 

SAI Tribal Tradition: Local to Global 
 
Jitendra Sinha, Sai Tribal  

1235-1245 Detection of the 2018-19 invasion Fall 
Armyworm in India by mobile 
technologies: A statistical analysis 
Amani Al-Rubkhi, University of 
Strathclyde 

Inclusive, market-oriented and nutri-Sensitive 
agricultural value chain for enhancing 
livelihood and nutrition in rural areas of 
drylands 
S Nedumaran, ICRISAT 

 
 
Rajashekhar Reddy Seelam, Founder and 
MD Stresta Naturals Bio products 

1245-1255 The digital agriculture opportunity: 
applying machine learning to 
identify and manage water risk 
Michael Ferrari, Climate Alpha  

- - 

1255-1305  Q & A   Q & A Q & A 
THEME 8: INTEGRATING GENDER YOUTH AND SOCIAL INCLUSION IN DRYLAND AGRI-FOOD SYSTEMS 

1305-1500 Sub-Theme 8.1: Advancing gender 
equity and social inclusion in food 
systems transformation 

Sub-Theme 8.2: Making agricultural 
technology development more gender-
sensitive and socially inclusive 

Sub-Theme 8.3: Strengthening gender 
equity and social inclusion for 
enhancing transformative capacity 

Venue 212 CFB Conference Hall PTTC Conference Hall  Ralph Cummings Auditorium 
Chair Veenita Kumari, MANAGE  Suneetha Rani, University of Hyderabad Deepthi Ravula, WEHUB 

Co-Chair Amrita Datta, IIT-Hyd Alison Baker, University of Leeds, UK Srinivas Surisetty, TISS-Hyderabad 
Convenor Mequanint M, ICRISAT R Padmaja, ICRISAT K Kavitha, ICRISAT  

Rapporteurs Himabindu K, ICRISAT P Sudhakar, ICRISAT Anupama, ICRISAT 
 

1305-1320 
 

KEYNOTES 
 

Advancing Gender Equity and 
Social Inclusion in food system's 
transformation  
GyanMudra 
Professor, Hyderabad Campus, 
Chairperson - School of Gender 
Studies 

Exploring Alternative Livelihood 
Avenues in Dryland Regions 
 
Rupa Dawane 
Head- Water, Environment and 
Sanitation, JSW Foundation 

Strengthening gender equity and social 
inclusion 
 
Aparna Rayaprol 
Professor and Former Head, Department 
of Sociology, University of Hyderabad 

1320-1420 LUNCH BREAK 
 LEAD PRESENTATIONS 

1420-1430 Agriculture Mechanization and 
Gender Influence: A Case Study for 
the Adoption of Machine 

Assessment of Gender-responsive 
Technologies in Drylands for Inclusive 
Agriculture 
Rudraraju P, ICRISAT 

Determinants of Diet Diversity: A case 
study on tribal women from Adilabad 
and Kumaram Bheem, Telangana 
(recorded) 
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Harvestable Chickpeas in Kurnool, 
Andhra Pradesh, India (recorded) 
Jialu Li, Cornell University 

Ravneet Kaur, Catalyst Group India 

1430-1440 Analyzing gender differentials in 
dietary diversity across urban and 
peri-urban areas of Hyderabad, 
India (recorded) 
Kiran Marla, UCLA 

Inclusive Participation in Integrated 
Watershed Development Programmes: 
Insights from Bundelkhand, Central 
India (recorded) 
Ananya Chakraborty, WRI 

Food Insecurity and Diet Diversity: A 
case study of the tribal community from 
Adilabad and Kumaram Bheem, 
Telangana (recorded) 
Pellissery S, National Law University 

1440-1450 Sorghum for increased food 
security and improved livelihood in 
the asals in the arid and semi-arid 
lands (recorded) 
Nelly Chebet, Egerton University 

Time Preferences of Women in Non-
farm work: Evidence from rural Indian 
households 
 
Disha Bose, IIMA 

Evaluating nutritional knowledge, 
attitudes and practices among the 
vulnerable population in selected tribal 
locations in Telangana, India 
Kavitha Kasala, ICRISAT 

1450-1500 Gender differentiated farmers’ 
perception of climate risk, access 
to climate information and 
adaptation strategies: A 
systematic review  
Soniya Ningombam, ICRISAT 

Gender Participation in Dryland 
Restoration: Challenges and 
Perspectives for Sustainable Land 
Management in the North Region of 
Cameroon (recorded) 
Eponle Usoh Sylvie, University of  
Buea/CIFOR-ICRAF 

Impact of Obesity: Health, Economic 
and Gender Perspectives 
 
Deepthi Harkar, Independent Consultant, 
Publics health  

1500-1510 Q & A Q & A Q & A 
1510-1540 HEALTH BREAK 
1540-1700 WAY FORWARD  

TITLE: ROADMAP FOR TRANSFORMING DRYLAND AGRICULTURE 
 

Panelists: Jacqueline Hughes, Mangla Rai, Sanjay Agarwal, P. Chandra Shekara; Arun Baral; Iain Wright  
 

Moderator: Arvind Kumar, DDG-R, ICRISAT; Venue: Anniversary Lounge 
1700-1805 CLOSING PLENARY 

Chair, Co-chair, and Rapporteurs (TBD) 
1700-1705 Welcome of dignitaries to Dias 

Agathe Diama, ICRISAT 
1705-1715 Conference Sessions Report  

Ramon P, Director Communications, ICRISAT 
1715-1735 Prize Distribution Ceremony 

Jacqueline Hughes, Director General, ICRISAT 
1735-1740 Address by Director General, ICRISAT 

Jacqueline Hughes 
1740-1745 Address by Chair, Governing Board, ICRISAT 

Prabhu Pingali 
1745- 1750 Address by the Guest of Honour 

Lindiwe Majele Sibanda, Chair, CGIAR System Board 
1800-1805 Closing Remarks 

Conference Chair, Arvind Kumar  
 

Side Events                                                   

No Date Time  Topics Venue 
1 21 Feb 2023 1800-1930 

 
Scaling appropriate mechanization for the drylands 
Coordinator: ML Jat 

307 Conf Hall 

2 21 Feb 2023 1800-1930 
 

Water-use efficiency and conjunctive water use in drylands: Case of Plasma 
Waters  
Coordinator: Victor Afari-Sefa 

306 Conf Hall 

3 22 Feb 2023 1630-1800 
 

Regenerative agriculture in the drylands: Challenges and Opportunities (Echo 
network) 
Coordinator: Victor Afari-Sefa  

307 Conf Hall 

4 22 Feb 2023 1630-1800 
 

International Year of Millets 2023 
Coordinator: Aravazhi Selvaraj  

306 Conf Hall 

6 22 Feb 2023 1630-1800 Swedish University of Agricultural Sciences -ICRISAT Urban Sprawl Project 
Scientific Workshop  
Coordinator: S Nedumaran/ Padmaja R 

EST Conf Room 

7 22 Feb 2023 1200-1400 Celebrating 50 years of ICRISAT with dryland farmers (Visit of around 100 
progressive farmers) 
Coordinator: Hari Sudini/ V Sudha Rani  

Conf. Exhibition Area 
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Message from the Governing Board Chair – ICRISAT 

 

On this 50th Anniversary of the International Crops Research Institute for the Semi-Arid Tropics, I write on 
behalf of the Governing Board to applaud all participants and those involved in the organization of this 
‘Innovations to Transform Drylands’ conference.  

‘Innovations to Transform Drylands’ lies at the heart of ICRISAT’s mission and is a timely platform to bring 
together experts, stakeholders, and decision-makers to deliberate on innovative solutions to address the 
complex challenges of food security, nutrition, and environmental degradation in the drylands – 
especially in the face of climate change.   

The discussions and outcome of this conference can go a long way in shaping the future of dryland agri-
food systems and sustainable development in these regions, but it will require new investments in new 
proven technologies and their subsequent adoption by key decision-makers across the entire agricultural 
value chain. The exchange of knowledge, experience, and best practice among participants, I am 
confident will be both insightful and inspiring and can influence this adoption. 

Once again, I would like to express our gratitude to the entire organizing committee and all the 
participants who are a part of the conference.  

ICRISAT looks forward to the continued and productive collaboration we have enjoyed with our partners 
and donors to ensure that the outcomes of this conference are put into action to continue positively 
transforming the drylands.  

 

Professor Prabhu Pingali 
Chair, ICRISAT Governing Board 
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CONGRATULATORY MESSAGE FROM CORAF 
 

I acknowledge everyone involved in organizing the “Innovations to Transform Drylands” 

CORAF’s mission in West and Central Africa. It is ba

 
 
 

 
Dr Abdou TENKOUANO  
Executive Director 
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Association for Strengthening Agricultural Research in Eastern and Central Africa  
ASARECA Secretariat | Plot 5 Mpigi Road | P.O. Box 765, Entebbe - Uganda 
Tel: +256-414-698259 
Email: secretariat@asareca.org  | http://www.asareca.org  
 

 
 
OUR REF: ASAR/ED/ICRISAT/2023     Date: 01 February, 2023 
 
The Conference Secretariat 
International Conference on Innovations to Transform Drylands 
ICRISAT,  
Patancheru, Hyderabad, Telangana- 502324 
 

RE: CONGRATULATORY LETTER 

The Association for Strengthening Agricultural Research in Eastern and Central Africa 
(ASARECA) commends ICRISAT for organizing its international conference on “Innovations to 
Transform Drylands”.  

The conference is well-aligned with ARARECA’s vision which is to bring together scientists and 
other partners to generate and promote knowledge and innovations to address various 
agricultural challenges, thereby contributing to the transformation of agriculture for improved 
livelihood. 

We have witnessed the development of innovative solutions that have improved the 
productivity and use of dryland cereals and grain legumes which have elevated the livelihoods 
of some 600 million farmers. In our region, our work with ICRISAT enabled majority of these 
smallholder farmers to access priority varieties of dryland crops, thereby enabling them to 
withstand the persistent droughts and associated weather vagaries.  This is not by chance.  It is 
a result of ICRISAT’s collaboration with partners such as ASARECA to diversify farming systems 
while championing digital agriculture to name just a few areas.  

This conference comes at an important juncture when ICRISAT celebrates its Golden Jubilee and 
I applaud everyone involved in the organization of such a timely and insightful forum. I believe 
ICRISAT will continue to build on our collaboration and the experiences to do better and better. 

Sincerely, 
 

 
Enock Warinda (PhD) 
EXECUTIVE DIRECTOR 
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c/o IFPRI 
1201 Eye Street, NW 
Washington, DC 20005 USA 
T: +1 202-862-5600 
F: +1 202-467-4439 
HarvestPlus@cgiar.org 
www.HarvestPlus.org 

HarvestPlus is part of the CGIAR and is based at the International Food Policy Research Institute (IFPRI), a CGIAR research center. 

February 2, 2023 
 
Conference Secretariat 
c/o Arvind Kumar 
International Conference on Innovations to Transform Drylands 
ICRISAT 
Patancheru, Hyderabad, 
Telangana – 502324 
 
 
Dear Conference Secretariat: 

ICRISAT and HarvestPlus have enjoyed a productive scientific and technical collaboration 
spanning nearly two decades. Working together with the Indian national agricultural 
research system we have developed 11 biofortified varieties of iron pearl millet, which have 
had significant impact on population health and nutrition.  

Today, these biofortified varieties and their related technologies are bringing benefits to 
nearly 1.8 million consumers across the drylands.   

Innovation and partnerships have been the catalysts for delivering these advances. During 
this International Year of Millets, it is especially inspiring to gather at the 'Innovations to 
Transform Drylands' conference to coalesce new ideas for scaling up iron pearl millet and 
other micronutrient-enriched crops—advancing towards a more nutritious, prosperous, and 
resilient drylands.  

On behalf of HarvestPlus, I offer my best wishes for a successful conference. 

 

Sincerely, 

 

 

Arun Baral 
Chief Executive Officer 
HarvestPlus 
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 Monday 6th February 2023 

 
 

 
 

 
International Conference on Innovations to Transform Drylands,  

21-23 February, 2023 organized by ICRISAT 
 
 
 
Greetings from Asia-Pacific Association of Agricultural Research Institutions (APAARI)! 
 
On behalf of the Asia-Pacific Association of Agricultural Research Institutions, I am grateful 
to the International Crops Research Institute for the Semi-Arid Tropics for convening its 
international conference on Innovations to Transform Drylands. As a platform for inter-
regional and inter-institutional collaboration, such a forum can strengthen national agricultural 
research systems and enhance knowledge generation within the region. 
 
At APAARI our aim is to promote and facilitate agricultural research for development in the 
Asia-Pacific region through novel partnerships among national agricultural research systems 
and other related organizations. I am happy to see that the program has been drawn very 
comprehensively and many of the APAARI members and stakeholders are actively 
participating and contributing also. To this end, we look forward to continuing our strong 
collaboration with ICRISAT for the agricultural research, innovation and development in Asia-
Pacific for the benefit of small holder farmers. 

Best regards, 

 
Ravi Khetarpal (Ph.D.) 
Executive Secretary, APAARI 
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Jai C Rana, PhD 
Alliance of Bioversity International and CIAT 
Country Representative, India Office 
 

Message 
 
I offer the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) best wishes 
on the occasion of its 50th anniversary and for organizing the international conference on 
“Innovations to Transform Drylands”.  
 
The Alliance of Bioversity International and CIAT have enjoyed a strong and productive partnership 
with ICRISAT as a key driver of innovations for dryland farming communities and in doing so 
improving the lives who call these regions home.   
 
I trust the conference will be a success and lead to further advances in dryland agrifood systems.  
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Welcome 

 

I am delighted to welcome you all to the International Conference on ‘Innovations to Transform Drylands’, 
in Hyderabad, India. The conference is being organized as part of the Institute’s Golden Jubilee celebrations 
to recognize and celebrate the significant advances made to dryland agri-food systems by ICRISAT in 
collaboration with its valued partners. Significantly, the conference will also deliberate upon the new 
interventions and frameworks now required to address the growing challenges of food production in the 
drylands, notwithstanding crop resilience and productivity, nutrition, climate change, markets and 
institutions, and changing global geo-political dynamics. 
 
The conference aims to bring together global experts from research, academia, industry, MSMEs, Food 
processing start-ups, policymakers, and NGOs to coalesce new and innovative approaches and scientific 
innovations to capitalize on opportunities while addressing the challenges inherent in the drylands.  
 
We are pleased to share that we have confirmation from more than 400 participants from across the globe. 
The 3 days conference is happening around 8 themes and includes 6 inaugural plenaries, 15 session 
plenaries, 24 keynotes, and 96 lead presentations. In addition, we have 2 poster sessions and 6 side events, 
including one in support of International Years of Millets-2023. The conference also has an exhibition cum 
MSME Expo to display the latest tools and technologies in the field of agriculture and allied sectors that can 
benefit our smallholder farmers in various ways.  
 
We are thankful to all our participants for accepting our invitation and joining us to celebrate this very 
important milestone in ICRISAT’s journey of scientific excellence in the last five decades. We are extremely 
grateful to all our sponsors (please refer to the last page of the abstract book and the conference website 
for all the sponsors) for their generous support and contributions towards organizing this conference. 
 
We also would like to express our deepest gratitude to the Ministry of Agriculture & Farmers’ Welfare, 
Government of India; Department of Agricultural Research and Education (DARE), The Indian Council of 
Agricultural Research (ICAR), Alliance for a Green Revolution in Africa (AGRA) to join us as co-organizers. We 
also thank the Asia-Pacific Association of Agricultural Research Institution (APAARI); the Association for 
Strengthening Agricultural Research in Eastern and Central Africa (ASARECA); HarvestPlus; International 
Livestock Research Institute (ILRI); The Agriculture, Rural Development, Blue Economy, and Sustainable 
Environment (ARBE) of the African Union Commission; The Alliance of Bioversity International and CIAT; The 
Centre for Coordination of Agricultural Research and Development for Southern Africa (CCARDESA); and  
West and Central African Council for Agricultural Research and Development (CORAF) for joining as partners 
for this conference. 
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Day 1: Plenary Sessions

Prabhu Pingali 
Chair  

ICRISAT Governing Board

Himanshu Pathak 
Secretary DARE and DG 

Indian Council of Agricultural Research, India

Agnes Kalibata 
President  

The Alliance for a Green Revolution  
in Africa (AGRA), Kenya

Lindiwe Majele Sibanda 
Chair 

 CGIAR System Board

Yemi Akinbamijo 
Executive Director  

Forum for Agricultural Research  
in Africa (FARA), Ghana

Ramesh Chand 
Member 

NITI Aayog, India

Ashok Dalwai 
CEO  

National Rainfed Area Authority (NRAA), India
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Transforming food systems: emerging role of tropical drylands

Prabhu Pingali
Chair, ICRISAT Governing Board 
Email: plp39@cornell.edu

Prof. Prabhu Pingali is the Founding Director of the Tata-Cornell Institute and a Professor in the Charles 
H. Dyson School of Applied Economics and Management, with a joint appointment in the Division of 
Nutritional Sciences, in the College of Agriculture and Life Sciences, Cornell University. Prior to joining 
Cornell University, he was the Deputy Director, Agriculture Development Division of the Bill & Melinda 
Gates Foundation from 2008-May 2013. Prof. Pingali was elected to the U.S. National Academy of 
Sciences as a Foreign Fellow in May 2007. He was the President of the International Association of 
Agricultural Economists (IAAE) from 2003-2006. He was elected Fellow of the American Agricultural 
Economics Association in 2006 and of the International Association of Agricultural Economists in 2009. 
Prof. Pingali has spent some time working with the CGIAR for 15 years from 1987-2002, first with IRRI in 
the Philippines and then with CIMMYT in Mexico.

Global food systems are at the core of undergoing massive transformation in the context of urbanization, 
population growth, pandemics and climate change. Yet, the food policy community has been 
overemphasizing the role of a few staple cereals for food and nutritional security resulting in less diverse 
and unhealthy diets and vulnerable farm and food systems. With the evolving nature of the stressors and 
the developmental patterns, we need to take a holistic perspectives on practices and policies to transform 
food systems. The drylands which have been major hotspots of food deficit, also have an immense 
potential to provide future global food and nutrition security is harnessed well. Dryland cereals and grain 
legumes are more resilient to climate change and nutritious hence are likely to play a pivotal role in 
ensuring future food and nutrition security. These dryland Nutri cereals are increasingly becoming part of 
our diets. There is a growing demand for dryland cereals from the middle-class population, particularly in 
the urban areas, which is likely to serve as a stimulus to the farming community to diversify their farming 
systems as they respond to these market signals. In the wake of new production challenges, advanced 
technology is required to increase crop productivity and diversify food systems due to climate change 
and environmental degradation with sustainable intensification with limited environmental externalities. 
More forward-looking biotechnology policies and institutions are also needed to harness the potential 
of these new technologies in the dryland agricultural sector. This is essential to bolster innovation and 
investment from the private sector and enable institutional support for adopting biotechnology in 
agriculture. 

The incentive systems around food systems can play a crucial role in promoting the local traditional 
cropping systems of the drylands, which are inherently climate resilient. However, the efficiency of 
dryland agriculture needs to be improved and vertically integrated with catering and keeping pace with 
changing consumption patterns. Based on the stage of development, the dryland areas could employ 
various institutional interventions to increase the producers' market access and market participation 
and help them transition gradually from low input-output farming to market-oriented systems. These 
interventions and policies range from FPOs to integrating the farmers in the value chain operations, 
opening up avenues for newer marketing channels such as trading their commodities from warehouse 
platforms. Increased market integration through different platforms will incentivize the farmers to 
diversify their cropping systems further, shift towards high-value crops, and undertake value addition 
which fetches them better returns.

Finally, the policies for optimal governance of groundwater resources, enhanced market linkages through 
emerging innovative models linking producers directly with different market segments, including retailers 
through vertical coordination can help producers turn challenges into viable opportunities and prosperity 
while engaging in agriculture. Overall, there is a need for a policy shift to promote nutritious and resilient 
crops and food commodities, which would benefit not only the nutrition outcomes at global scale but also 
more significant economic opportunities for smallholder dryland farmers.
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Himanshu Pathak
Secretary DARE and DG  
Indian Council of Agricultural Research, India
Email: dg.icar@nic.in

Coping with climate crisis in drylands of tropics-What can be learnt from india

Dr Himanshu Pathak is the Secretary, Department of Agriculture Research and Education (DARE) cum 
Director General (DG), ICAR since 1st August 2022. Dr. Pathak has served as the Director, the ICAR-
National Institute of Abiotic Stress Management, Baramati, India. Prior to this he was the Director of 
the ICAR-NRRI in Cuttack. He is a scientist of global repute working in the area of Abiotic stress, Climate 
change and Soil science. He has a rich international experience on climate smart Agriculture by working 
with Institute of Meteorology and Climate Research, Germany, International Rice Research Institute, 
Philippines, CSIRO Land and Water, Griffith, Australia, University of Essex, United Kingdom, Rice-Wheat 
Consortium, IRRI-India, Haramaya University, Ethiopia. He has published more than 200 research articles 
with more than 19,000 citations in international literature. He has been identified among the top 2% of 
global scientists in agriculture by Stanford University, USA and also been felicitated by prestigious Rafi 
Ahmed Kidwai Award of Indian Council of Agricultural Research.
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Agnes Kalibata
President, The Alliance for a Green Revolution in Africa (AGRA)  
Kenya
Email: akalibata@agra.org

Dr. Kalibata joined AGRA as its President in September 2014. She leads the organization’s efforts with public 
and private partners to ensure a food secure and prosperous Africa through rapid, inclusive, sustainable 
agricultural growth, improving the productivity and livelihoods of millions of smallholder farmers in Africa. 
Prior to joining AGRA, Dr. Kalibata was Rwanda’s Minister of Agriculture and Animal Resources (MINAGRI) 
from 2008 to 2014, where she drove programs that moved her country to food security helping to lift more 
than a million Rwandans out of poverty. Dr. Kalibata sits on various boards, councils and commissions 
including the Global Commission on Adaptation, the Global Agenda Council of the World Economic Forum, 
the Malabo-Montpellier Panel, the Food and Land Use (FOLU) Coalition, the Architecture for REDD + 
Transactions (ART), the International Fertilizer Development Corporation (IFDC), Bioversity International, 
and Africa Risk Capacity, among others. She served as the Special Envoy of the UN Secretary-General for 
the 2021 Food Systems Summit, accelerating action to transform food systems around the world to achieve 
the Sustainable Development Goals. She was also awarded the Yara Prize, now the Africa Food Prize, in 
2012, an Honorary Doctorate from the University of Liège in 2018, and the National Academy of Sciences’ 
Public Welfare Medal in 2019 for her work to drive Africa’s agricultural transformation through modern 
sciences and effective policy. She holds a doctorate in Entomology from the University of Massachusetts, 
Amherst.

Transforming Africa towards sustainable and resilient food systems: what does it take?
Smallholder farmers in Sub-Saharan Africa and South Asia rely largely on crops, livestock, trees and fish for 
their livelihoods. All these have been affected by climate change, natural resources degradation, conflicts, 
dysfunctional markets and increasing input costs. As the rural development context of these smallholders is 
unique and diverse, it calls for targeted and integrated food systems approaches, concomitantly addressing 
food security, climate change and environmental degradation. In fact, 75% of the deforestation has been 
happening in search for new land, and it could have been worse if it was not for improved technologies and 
practices. Since the 1960s, increased use of improved inputs and good agronomic practices spared about 1 
billion ha of cultivable land globally. As Special Envoy of the UN Secretary-General for the 2021 Food Systems 
Summit and leading AGRA, an Africa based and Africa led  learning institution, we have been spearheading 
the food systems conversations to address the multiple challenges through employing  integrated farming 
system solutions , namely i) ensuring that farmers have a sustainable supply of quality, high yielding, early 
maturing, nutrient dense and resilient seeds,  ii) farmers access and employ integrated, context specific 
farming solutions, with emphasis on soil health, regenerative nature-based practices, and climate smart 
technologies; iii)   farmers having access to functional market incentives and access to finance to adopt 
new, yield enhancing and resilient technologies, and iv) countries build the capacity to develop policies 
and institutional arrangements in favour of smallholder farming, women, youth and rural livelihoods. We 
appreciate that climate change adaptation is a moving target, and an expensive engagement which calls for 
increased investments. We still have to do it if we are to survive and thrive in this climate change era. The 
recent global gathering, COP27, recognized agriculture and food systems not only as sources of green-house 
gases (GHG) but also as an effective climate change adaptation strategy and called for increased adaptation 
finance. By doubling the global investment on adaptation, which is currently USD 150 billion per year, we 
could restore up to 1 billion ha of degraded land, while capturing an additional 5 GB of GHG per year, with a 
very high chance to remain below 1.50.   The only worry is  that even the available finance is hardly reaching 
communities in the global south, who are hardest hit by climate change yet least responsible for it and least 
equipped to adapt to it and mitigate it.

In conclusion, no one country could bring about resilience and climate proof agriculture as the issues are 
largely global, though farm level solutions could be mostly local. AGRA has been forging strong partnership 
with development partners and knowledge centres, including ICRISAT and other CGIAR Centres, and I wish 
to call for stronger south-south collaboration, exchange of knowledge and experiences to jointly address 
these complex challenges of our time in Africa and South Asia in an inclusive and sustainable fashion. 



29

Lindiwe Majele Sibanda is a Chair, CGIAR System Board since 1st January 2023. She is an animal 
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World Vegetable Center (WorldVeg). She is an Associate Fellow at Chatham House, and member of 
Champions 12.3, accelerating progress on UN Sustainable Development Goal (SDG) target 12.3, halving 
global per capita food waste.She previously served as Board Chair for the International Livestock 
Research Institution (ILRI); Board Member of the International Maize and Wheat Improvement Center 
(CIMMYT); and program advisor to the International Food Policy Research Institute (IFPRI), International 
Water Management Institute (IWMI) and CGIAR Research Program on Climate Change, Agriculture and 
Food Security (CCAFS). She also served on the EAT-Lancet Commission on healthy diets from sustainable 
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She holds a PhD and MSc in Agriculture from the University of Reading, and BSc in Animal Production 
from the University of Alexandria, Egypt. 

Lindiwe Majele Sibanda
Chair, CGIAR System Board
Email: l.sibanda@cgiar.org

The role of international agricultural research in dryland agri-food systems transformation
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Dr. Yemi Akinbamijo is an agriculture expert with a track record of leadership in Food/Nutrition Security, 
Rural Development, Agricultural and Environmental Sciences. Prior to his appointment as the Executive 
Director of FARA in 2013, Yemi was the Head of Agriculture and Food Security Division at the African 
Union Commission Headquarters in Addis Ababa, Ethiopia. With more than 30 years in the practice of 
agriculture and rural development, he has served with increasing responsibilities and leadership roles in 
institutions with national, regional and continental mandates, including twice as a Head of Diplomatic 
Mission. Dr. Akinbamijo is widely published in various agricultural disciplines. He is a former editor of 
the Bulletin of Animal Health and Production in Africa (Peer-review Journal) and lead author of the 
book, Crop-livestock Integration in West African Cities. He is a former university lecturer and obtained 
his PhD in Agricultural and Environmental Sciences from the Wageningen Agricultural University, The 
Netherlands.

Managing dryland soil health and water resources
Dryland farming is crop production is defined as crop production in areas with less than 500 mm of 
annual precipitation and where annual potential water evaporation exceeds annual precipitation. Water 
shortages have an impact on crop production, forage, and other plants, and negatively impact human 
bodies. The Food and Agriculture Organization (FAO) has defined dry land as areas in which the growing 
period lasts from 1-179 days. The United Nations Convention to Combat Desertification (UNCCD) has 
classified these areas as having a ratio of annual precipitation to potential evapotranspiration of between 
0.05 and 0.65. It is estimated that over 40 percent of the world area is categorized as dry-land and 
accommodates about 2.3 billion people, mostly in Africa and Asia. Dry-land areas are categorized by a 
scarcity of water, which has an impact on food production and the entire global food system. Drylands 
are key to global food and nutrition security with up to 44 per cent of the world’s cultivated systems 
located in drylands. Drylands further support important ecosystems ranging from rangelands and 
grasslands to semi-desert, and host 1.1 billion hectares of forest making drylands more than a quarter 
of the world’s forest area. These areas support 50 per cent of the world’s livestock and are habitats 
for wildlife, while livestock production and croplands dominate in more arid and dry subhumid areas, 
respectively. Most of the dryland developing countries are engaging in small-scale irrigation systems, 
as they are more affordable than those of large-scale systems but are still capable of increasing food 
production. Water harvesting is one of the small-scale techniques of collecting runoff rainwater for 
irrigation purposes and has significantly improved both the yield and reliability of agricultural production. 
This method has proved successful in Sudan and Kenya. Additionally, the use of low-lift pumps and 
treadle pumps also provides other linkages of water distribution from domestic use to irrigation. Using 
desk review of existing literature, this paper discusses various innovative approaches through which dry 
lands can be more productive to support improvement in global food system, particularly in developing 
countries.
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Need for a comprehensive policy to manage drylands

Ashok Dalwai as member of Indian Administration Service (1984) has served the States of Odisha & 
Karnataka, and has been with Govt. of India since 2010. He is presently serving as CEO of National 
Rainfed Area Authority (NRAA) in the Ministry of Agriculture and Farmers Welfare, in the rank of 
Secretary to GoI. Dr. Dalwai is a student of agricultural sciences with post-graduation in Agril. Economics 
and Ph.D in Economics. Apart from holding several positions in his career at field and policy formulation 
levels, Dr. Dalwai has contributed immensely to effecting several reforms. As Chairman of Inter-
Ministerial Committee on Doubling Farmers’ Income (DFI), his 14 Volume Report is recognized as one of 
the most comprehensive and evidence based strategies. Dr. Dalwai has now been tasked to supervise 
DFI implementation as Chairman of Empowered Body.In recognition of his services, Dr. Dalwai has 
won several awards, including conferment of ‘Honorary Doctorate’ by his alma mater, the University of 
Agricultural Sciences, Dharwad, Karnataka.
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Prof. Ramesh Chand is currently Member, NITI Aayog, in the rank and status of a Union Minister of 
State. He has a PhD in agricultural economics from the Indian Agricultural Research Institute (IARI), New 
Delhi. He has been involved in policy formulation for the agriculture sector for the past two and a half 
decades. Prior to joining NITI Aayog, he was Director, National Institute of Agricultural Economics and 
Policy Research, New Delhi. He is also the member of board of Trustees of CIMMYT, Mexico and Policy 
Advisory Council (PAC) of the Australian Centre for International Agricultural Research (ACIAR), Australia. 
In the recent past, he has also held the position of Member, Fifteenth Finance Commission. Prof. Ramesh 
Chand has worked in senior academic positions as ICAR National Professor; Professor and Head, Institute 
of Economic Growth, Delhi University; and Professor at Punjab Agricultural University, Ludhiana. Prof. 
Chand has been a Visiting Professor at the University of Wollongong, New South Wales, Australia, and at 
the Institute of Developing Economies, Chiba Shi, Japan. He has also been a consultant with international 
organisations such as FAO, UNDP, ESCAP, UNCTAD, Commonwealth, and World Bank. Prof. Chand 
has chaired important committees on food and agricultural policies set up by various Ministries of the 
Government of India. He has served as India’s nodal officer for agriculture for SAARC for 7 years and 
represented the country in meetings of G20, UNESCAP. He has been presented with the Jawaharlal 
Nehru Award (1984), Rafi Ahmad Kidwai Award (2006) of the Indian Council of Agricultural Research, and 
the Atal Bihari Vajpayee Award (2018) by the Indian Economic Association.

Challenges and opportunities in dryland agriculture
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Role of livestock for achieving sustainable, healthy, and equitable food systems in the 
global south

Iain Wright (UK) is Deputy director general research and development–Integrated Sciences . Previously 
he was program leader, animal science for sustainable productivity and ILRI Director General’s 
representative in Ethiopia. Within ILRI, he was director of the people livestock and the environment 
research team, and, from 2006 to 2011 he was ILRI’s regional representative for Asia. Prior to joining ILRI 
he managed a number of research programs at the Macaulay Institute in Scotland, including research on 
land use change and land use systems and their impacts. From 2003 to 2006 he was Chief Executive of 
Macaulay Research Consultancy Services Limited, the Macaulay Institute’s knowledge transfer company. 
He has a BSc (agriculture) and a PhD in animal nutrition.

Transforming our global food systems to ensure that everyone has access to affordable, healthy, safe food, 
produced within planetary boundaries is one of the key challenges of the early 21st century. Currently the 
world is not on track, with only about one third of the world’s population well nourished, one third under- 
or mal-nourished and one third overconsuming and several planetary boundaries at risk.  Despite the 
negative perceptions about livestock which are mainly promulgated by some in the global north, livestock 
are critical to the transformation of food systems, especially in the global south. Livestock-derived foods 
supply not only high quality proteins and fatty acids, but also critical micronutrients such as iron, zinc, 
vitamins B12 and A.  Many of these nutrients are either absent entirely or provided at low levels in plant-
based diets, and generally are less bioavailable.  Inclusion of even small amounts of livestock-derived foods 
in the diet would contribute to alleviating stunted growth and physical and cognitive development that 
affects over 250 million young children around the world and limits their lifetime potential to contribute 
to society and the economy. Further, livestock-derived foods could reduce anaemia in the over 570 million 
women affected. Livestock not only provide food, but provide traction, transport and insurance for millions 
of families in times of need, paying medical bills and education. Manure also provides nutrients for crop 
production. Nearly half the world’s cereals are grown in mixed crop-livestock systems and could not be 
produced without animal manure, traction and income to buy crop inputs. Livestock, especially ruminants 
convert billions of tonnes of inedible crop residues to human food as well as producing food from the vast 
rangelands of the world that cannot be used to grow crops.  About 1.3 billion people (one in five people on 
the planet) depend on livestock to some extent for their livelihoods with livestock contributing 40% (and 
growing) of agricultural GDP. Livestock are particularly important for women and can be an entry point for 
transforming their lives. Of course, there are challenges that need to be addressed, primarily around climate 
change and the need to reduce greenhouse gas emissions. Research is showing how better feeding and 
management can not only improve productivity but also reduce greenhouse gas emissions and rangelands 
in the global south offer huge opportunities for sequestering carbon. Research, especially with a One 
Health focus, is also showing how other challenges at the human-animal health interface such as zoonotic 
diseases, food safety and anti-microbial resistance can be met. The evidence is that livestock need to be 
central for food systems transformation - to enhance the 'goods' they contribute and mitigate the 'bads'.

Theme 1: Dryland production systems: 
Improving the livelihoods of smallholder farmers

Iain Wright
DDG, ILRI, Kenya 

Email : I.Wright@cgiar.org
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2Brown School at Washington University, St Louis, USA
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Sustainable food system transformation in the drylands of Africa: challenges and 
opportunities

Dr Ramadjita Tabo is a cropping systems agronomist with a PhD in Agronomy and Plant Genetics 
from the University of Arizona, Tucson, Arizona, USA in 1985. He is currently the Research Program 
Director-West and Central Africa and Country Representative, Mali. Prior to his current position he was 
the Deputy Executive Director of the Forum for Agricultural Research in Africa (FARA) based in Accra, 
Ghana (September 2009 to February 2014). Prior to that he was the Assistant Director of ICRISAT-WCA 
and cropping systems at ICRISAT-Niamey, Niger. Ramadjita worked and was based at various ICRISAT 
locations including Hyderabad/Patancheru, India; Kano, Nigeria; Bamako, Mali and Niamey, Niger.  He is 
a member of several  committees amongst which is the Pan-African START (a global Change for Change 
System for Analysis, Research and Training) Regional Committee (PACOM) and the Intergovernmental 
Panel on Climate Change (IPCC). He won several awards one of which is the prestigious 2007 Nobel Peace 
prize as a member of the IPCC.  He also chaired the Advisory Board of the IDRC funded AfricaInteract  
project (Enabling research-to-policy linkage for adaptation to climate change in Africa). He coordinated 
the Desert Margins Program (DMP) GEF funded project on arresting land degradation and conserving 
biodiversity in sub-Saharan Africa and the Challenge Program on Water and Food funded (CPWF) 
project on enhancing rainwater and nutrient use efficiency in the Volta Basin. His previous research work 
also included evaluation and promotion of fertilizer microdosing technology and warrantage system, 
intensification of integrated crop-livestock system. He has published several papers in scientific journals 
and proceedings

West Africa’s dryland is a region with one of highest proportion of people living without adequate quantity 
and quality of food to reach their individual and collective potential. Approximately, six million people 
require food assistance, and 27% of children are malnourished.  To tackle this problem and respond to 
increasing future food demand there is a need to develop and promote improved agricultural technologies 
for enhanced water and nutrient use efficiency, economic stability, and equitable outcomes for male 
and female smallholder farmers. Despite the past efforts towards this direction, there is little impact on 
the livelihoods of the people. A new conceptual framework of Inclusive Market Oriented Development 
(IMOD) provides pathways for poverty escape by better linking farmers to markets to increase their land 
productivity and incomes. It projects that Research-for-Development (R4D) generates technologies and 
innovations that increase the productivity and value of dryland farming, and provides surplus value that 
is re-invested in additional innovations, further increasing gains in a self-reinforcing cycle and in building 
resilience. R4D activities conducted by ICRISAT and its partners underlying the IMOD concept are presented 
through six case studies including: 1) Genetic improvement of  dryland crops including sorghum, millet 
and groundnut to produce more and better food at lower cost with focus on nutrition, resilience and 
efficiency;  2) Strengthening livelihoods resilience through increased access to quality seed, food safety 
through aflatoxin awareness and inclusive development; 3) Identifying and implementing integrated crop, 
soil, water, nutrient, pest and disease management strategies; 4) Using Innovative ICT-based extension 
system through public-private partnership; 5) Building agri-business through post-harvest handling and 
improvement for access to markets; and 6) Promoting Smart Food concept based on products from dryland 
crops including drought tolerant, resilient and nutri-cereals such as sorghum and pearl  millet through 
biofortification for enhanced nutritional quality and diet diversification.

Ramadjita Tabo
Regional Director  

WCA, ICRISAT 
Email Ramadjita.Tabo@icrisat.org
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Theme 2: Seed systems: Elevating public-private 
partnerships (PPPS) in Asia and Africa

Thieblemont Herve grew up in an arable farm in the wheat belt in Champagne, France. He holds an 
engineering degree in Agronomy from AgroSup Dijon and an MBA from the Business School EM Lyon, 
France.Worked 35 years for the private Seed sector mostly at the international level in Europe, North 
America, and Asia, respectively for Limagrain, Dekalb and Syngenta. Mainly occupied Marketing and 
Business Development roles for field crops (maize, oilseeds, wheat) and ensured cross-functional 
coordination among Research and Development, Production and Supply and Commercial teams.

Currently working as Seed Business Development Lead (Asia and Mekong region) and Director for 
Syngenta Foundation, with the main objective of driving innovation in challenging environments and 
establishing public-private partnerships to accelerate poor-resource smallholders’ access to improved 
quality seeds.

The Syngenta Foundation for Sustainable Agriculture has created the New Improved Variety 
Commercialization Toolkit to help strengthen Seed Systems. The toolkit is organized into a set of tools 
covering all necessary steps and activities that will ensure that only relevant varieties are developed, and 
that seed is delivered successfully to smallholder farmers. Seed is the cornerstone of any productivity 
gains at the farmgate. Despite all the effort and investment made in breeding by the public sector, many 
smallholder farmers in Africa and Asia still plant low-quality seeds of the same varieties used by previous 
generations. Several bottlenecks have been identified to commercial seed delivery. These can be broadly 
classified into policy and regulatory barriers hindering variety release, insufficient understanding of target 
markets, lack of technical and business capacity of small and medium seed enterprises (SMEs), and the 
need to better define roles and responsibilities between genetic providers, National Breeding Programs 
(NBP) and commercial seed companies in a changing landscape. The toolkit covers pre-breeding analysis, 
seed production, marketing, and commercial activities, as well as the legal understanding needed to 
successfully deliver seed of relevant varieties to smallholder famers. It guides the user through the product 
life cycle process, and it sets the standards for public and private project managers, research institutions, 
and local seed companies. The process is structured along the Life Cycle of the variety, following different 
phases. Problem definition. This first step identifies the farmers’ needs. It includes scoping and mapping, 
detailed instructions to conduct farmers’ survey and other customer exploratory tools, and a high-level 
value-chain analysis. Solution design. This second step combines three elements: the value proposition, the 
business model, and the investment case. Solution delivery. The last step focuses on the commercialization 
steps typically undertaken by seed companies. It consists of a detailed portfolio management and a robust 
launch plan to anticipate any seed production need. It frames all necessary legal requirements (registration, 
licensing). It contains a proven delivery pathway, an adequate value pricing and an ad-hoc promotion plan.
The toolkit can be used by any organization involved in the commercialization of improved crop varieties to 
design a tailor-made road map with consideration of specific centres of interest, for the benefit of the low-
income smallholder farmers.

Thieblemont Herve
Head of Seeds2B Asia 
Syngenta Foundation for Sustainable Agriculture  
Switzerland  
Email herve.thieblemont@syngenta.com

New improved variety commercialization toolkit: Best practices for practitioners and 
investors in the seeds sector
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Sehgal Foundation  
Email anjali.makhija@smsfoundation.org

The sustainability of smallholder livelihoods systems has various dimensions relating to economic, social, 
institutional, and environmental benefits. The climate smart agricultural practices not only requires 
technical knowledge and its application, but also concerted efforts on sustainable practices. The Agriculture 
Development program at S M Sehgal Foundation uses an integrated approach to ensure sustainability of 
environment, institutions and economic gain to the farmers. The Foundation works primarily with small 
and medium farmers. For environmental sustainability, there is a need to support local environment, 
natural resources, flora and fauna and society at large. The Foundation engages with farmers to promote 
afforestation, increase carbon sequestration, rain water harvesting and improve water and chemical use 
efficiency in agriculture. The community is sensitized and educated through awareness on 3 R concept: 
Reduce, Reuse and Recycle. Conservation of agriculture practices such as zero tillage, use of solar energy, 
water efficient agricultural practices and improving soil organic carbon are promoted to reduce burden 
on natural resources.  Water budgeting is promoted to educate community in managing their water 
resources locally. Thus the focus is to conserve natural resources, support local bio diversity and protect 
soil and local flora and fauna. Economic, environment and social sustainability are three interdependent 
and mutually reinforcing pillars of Sehgal Foundation. The economic sustainability is ensured through 
the promotion of viable practices and technologies that have less break-even time, generate consistent 
income, benefit the entire society rather than an individual, and creates opportunity for sustained livelihood 
improvement of the people. The agriculture technologies promoted are accessible, affordable and locally 
available. Community connect with government departments such as KVK’s, Universities and district 
level authority is strengthened and leveraged at village level. Social sustainability is ascertained through 
the building of transparent local institutions. The institutions such as village development committees, 
water user committees, Kisan clubs, Panchayats, and women groups are created and/or their capacities 
enhanced through structured training programs. These institutions are involved in the entire project cycle 
from planning, implementation and impact assessment. Separate platforms are facilitated for active and 
meaningful participation of women. Sustainability is a long term vision and  for promoting sustainable 
agriculture, it is important to bring the stakeholders together so that the communities, government, service 
providers and NGOs can work in partnership to bring about sustainable development. Sehgal Foundation’s 
work in India is a step in this direction.

Local participation and sustainability in agriculture: a case study of Sehgal 
Foundation
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Sub-Theme 1.1: Dynamics of smallholder 
livelihood systems and levers of sustainability

In the global South specialized agricultural systems are the exception rather than the rule. Mixed 
Farming Systems (MFS), in which food and cash crops and trees as well as livestock production and 
non/off farm income generation activities are tightly interlinked, are the backbone of the livelihoods 
of millions of rural households. It is estimated that MFS cover more than 2.5 billion ha of land globally 
and, in the developing world, they supply around 75% of milk, 60% of meat, and 41 to 86% of cereals 
consumed. MFS are of special relevance in the drylands as recycling among different components of MFS 
allows increased use efficiency of limited resources and better risk management under uncertain climatic 
conditions. The Sustainable Intensification (SI) of MFS allows to produce more food on the same piece 
of land, generate higher income for the rural families and reduce the negative environmental impacts of 
current agricultural systems.  For this, a systemic approach that considers the role and interactions of the 
different components of the MFS is needed. Such systemic approach, and the associated methodologies, 
can be of great support in the development of socio-technical innovation bundles that combine 
technological and socio-institutional innovations locally adapted and targeted to specific types of MFS. 
A series of case studies with the applications of systems analysis, methods and tools in semi-arid regions 
will be presented as well as the current work within the Sustainable Intensification of Mixed Farming 
Systems (SI-MFS) initiative. Systemic approaches allow assessing the performance of MFS through 
multiple indicators and identifying the most prominent synergies and trade-offs associated to different 
SI options. This is an indispensable step towards the design of more sustainable MFS and improving the 
efficiency, resilience and equitability of the livelihoods of millions of rural families in the drylands.

Santiago López Ridaura
Senior Scientist, CIMMYT 

Mexico  
Email: s.l.ridaura@cgiar.org

Sustainable intensification of mixed farming systems in the drylands: the way 
forward for more productive, sustainable, and resilient smallholder livelihoods

Keynote lecture
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Enhancing climate resilient agriculture through agronomic practices in rainfed 
agroecosystems
Asewar BV and Pendke MS
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Currently, in India, the rainfed agriculture accounts to 52 per cent of the net sown area (73.3 M ha) and contributes to 
40% of food production. About 83% of coarse cereals, 81% of pulses, 70% of oilseeds, 67% of cotton and 40 % of rice 
are cultivated in rainfed areas. Rainfed agriculture also supports two-thirds of livestock and 40 % of human population 
and supports livelihoods of 80% of small and marginal farmers. Even if full irrigation potential is created, still 40% 
of net cultivated area will remain as rainfed agriculture which would continue to be a major food grain production 
domain. In Marathwada region, out total cultivated area of 57.94 lakh ha, 49.60 lakh ha area is rainfed. The impact 
of climate change and variability in the country on agricultural production is quite evident in the recent years. The 
weather aberrations like drought and floods, extreme events like high intense rainfall, hail storms, heat wave, cold 
wave etc, are recurrent in most parts of the country during the crop growing periods. The South-West monsoon 
account for nearly 75% of the precipitation received in the country and exerts a strong influence on the kharif food 
grain production and the economy in terms of agricultural output, farmers income and price stability. The onset of 
South west monsoon, the amount of rainfall and its distribution are crucial factors which influence the performance 
of agriculture. The probability of erratic monsoon rains is about 40% which implies that 4 out of 10 years there would 
be an adverse impact on the crop production. There is need to develop appropriate strategies to deal with such 
eventualities. Many contingency plans are available at different scales. However, any contingency intervention either 
technology related (land, water, soil, crop) or institutional and policy based, which are implemented on a real time 
basis in any crop growing season considered as “Real Time Contingency Plan” is the need of hour to stabilize crop 
stands, production and income in rainfed regions. Marathwada region comprising of eight districts (Aurangabad, 
Beed, Hingoli, Jalna, Latur, Nanded, Osmanabad and Parbhani) is traditionally a drought-prone region. The region 
receives annual rainfall in the range of 500 to 1100 mm and comes under assured rainfall zone (60%), moderately high 
rainfall zone (20%) and scarcity zone (20%). The soils in the region are deep black and medium black. Major kharif 
crops of the region are cotton, soybean, pigeon pea, sorghum, green gram black gram, and pearl millet, whereas 
major rabi rainfed crops are rabi sorghum, safflower and chickpea. Rainfall is the key variable influencing crop 
productivity in rainfed farming. Intermittent and prolonged drought are the major cause of yield reduction in most 
of the crops. Based on the farmers need, technical interventions were taken up under NICRA (National Innovations 
in Climate Resilient Agriculture) action research project through preparedness and real time contingency measures. 
Adoption of conservation furrow technique: The effect of in-situ moisture conservation practice like conservation 
furrow in sole soybean on crop productivity (yield), net monetary returns, BC ratio and RWUE was analysed. Results 
indicated that, with conservation furrow, a sole soybean yield of 1504 kg/ha was obtained with a yield advantage of 
302 kg/ha over the treatment of no conservation furrow (1202 kg/ha). The net returns of Rs. 22571/ha was obtained 
due to adoption of conservation furrow technique and found to be higher than the net return of Rs. 18609 in no furrow 
system. The BC ratio under adoption of conservation furrow technique was found to be 2.14 as against BC ratio of 
1.72 with no furrow system. Similarly, the RWUE of 3.19 was found with conservation furrow as compared to RWUE of 
2.50 in no furrow system. The effect of in-situ moisture conservation practice like conservation furrow in sole soybean 
on crop productivity (yield), net monetary returns, BC ratio and RWUE was analysed and the data is presented. In 
soybean + pigeonpea (4:2) intercropping system, an additional soybean equivalent yield of 462 kg/ha was obtained 
with adoption of conservation furrow technique as compared to no furrow with net monetary benefit of Rs. 11897/ha. 
The increase in yield and net return is due to 30 per cent more moisture conservation resulted in better crop growth 
and crop performance even during dry spells Soybean + Pigeonpea (4:2) intercropping system recorded significantly 
higher soybean equivalent mean yield of 2167 kg/ha as against the sole soybean mean yield of 1318 kg/ha i. e. farmers 
practice over a period of five years. The mean net returns in soybean + pigeonpea intercropping system was recorded 
as Rs. 36695/ha as against mean sole soybean net return of Rs. 24778/ha in farmer’s practice. The BC ratio and RWUE 
was also higher in soybean: pigeonpea intercropping system as compared to sole soybean crop. During 2014 and 
2015, despite of more than 50% deficit rainfall, the intercropping system sustained even in prolonged dryspell during 
2015. The dryspell was occurred at flowering and pod filling stage of soybean and vegetative stage in pigeonpea. BBF 
technology, the yield increase was recorded. Similarly, the net returns, BC ratio and RWUE was found to be higher in 
BBF technique as compared to farmer’s practice. This BBF technique was proved as climate resilient technique under 
changing climate. Open well and bore well recharge technology was demonstrated on 10 and 7 farmers field through 
participatory mode respectively. The pre-& post monsoon water levels in the wells were monitored. Also, the aquifer 
characteristic viz. transmissivity and specific yield were determined. Accordingly, the ground water recharge was 
determined. The Recharge wells recorded higher ground water potential as compared to un-recharged wells.
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Innovation niches and EbA (ecosystem based adaptation) in North Cameroon: A 
solution for climate change

For several decades, the savannahs and protected areas (PA) of North Cameroon have been under significant 
pressure due to various dynamics (climate change-CC, population growth, resurgence of animal livestock, etc). These 
factors inhibit available livelihoods, exacerbate ecological vulnerability, increase pressure on natural resources (NR), 
threaten biodiversity and jeopardize stability and social peace (tensions and conflicts between herders and farmers). 
The degradation of NR is therefore a constraint that actors (State, NGO, populations, projects) involved in the 
development process will have to remove given the challenge of CC. Innovation seems to be the best asset to solve 
any barrier to sustainable development (SD). The objective was to analyze the role of "innovation niches (NI)" for 
the promotion of the adaptation of fragile ecosystems to CC in the North Cameroon region. The data were collected 
from a dozen actors carrying out activities related to agro-silvopastoralism in the region. The content analysis guided 
the systematic and methodical review of documents and data from the interview with these actors. The harmonized 
characterization grid was used to describe innovative initiatives, while the scoring and selection grid made it 
possible to choose the NI that were relevant and could drive significant change. The relevance of the innovations 
promoted was assessed based on the indicators defined in the EbA analytical framework (impact on CC adaptive 
capacity, biodiversity and NR conservation, social cohesion, food security, income and employment). Two main NI 
that play a significant role in ecosystem based adaptation have been promoted in North Cameroon. These are the 
Agroecological Innovation Platform (AEIP) and the Watershed approach (WSA). The AEIP (built around cotton) 
focuses on experimenting with Climate-Smart Agriculture (CSA) techniques. As for the WSA, it is an integrated 
system for landscape management and land tenure security. It integrates a set of tools whose harmonization allows 
the preservation of RN in a territory. The main innovative actions promoted concern the development of Land Use 
Plans; farmers' field schools (FFS); the construction of boreholes; the installation of hydraulics for agricultural and 
pastoral use (reaches); and the allocation of sheepfolds to women, etc.
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Forage options for transforming livelihood of livestock keepers in dryland areas

About 49% of the net cropped area in India is rainfed. Widespread poverty, food scarcity, malnutrition, frequent 
drought, and environmental degradation are main features of the drylands. India with 536 million livestock 
population is the largest milk producer (210 million tonnes in 2020-21) in the world. The livestock sector contributes 
nearly 27% in the total value of output in agriculture and allied sector and plays a major role in the livelihood security 
and drought proofing. Current estimates showed that the country faces a net deficit of 11.24 % green fodder, 23.4% 
dry fodder and 28.9% concentrate feed ingredients leading to low animal productivity. Therefore, sustainable 
efforts are needed for meeting fodder deficit and to enhancing livestock productivity. More than 250 high yielding 
forage crops varieties have been developed during last five decades and efforts are being made for breeding dual 
purpose cereals and grain crops, breeding specifically for stress tolerance with appropriate pre-breeding procedures, 
biochemical and physiological approaches duly supported with modern biotechnological tools. Various round the 
year green fodder production technologies have been developed and demonstrated both for irrigated and rainfed 
conditions. Grassland restoration and improvement techniques comprising protection, removal of unwanted 
bushes, re-seeding with perennial and productive species of grasses and legumes, application of fertilizers for higher 
productivity and subsequently utilization of grassland either through cutting or grazing in a suitable manner are 
needed. Similarly non-conventional feed resources like azolla, fodder beets, spineless cactus, moringa, lathyrus, etc 
need to be popularized in dryland areas. Post-harvest management of surplus fodder in the form of hay, silage, feed 
block, bailing, leaf meal, etc should be done for lean period utilization and as a mitigating strategy during natural 
calamities like droughts. Urea-ammoniation of straws, total mixed ration, feed blocks, etc should be promoted to 
increase animal productivity. Adequate policy support in terms of credit facility, support price for forage, marketing 
of seed, policy on grazing and common property resources, establishment of fodder banks and legal protection of 
grasslands, etc should ensure for vibrant fodder and livestock sector.
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Simulating the impacts of soil and crop management strategies on sorghum and 
pearl millet in semi-arid region of Nigeria: An approach for scaling climate-smart 
technology

Producing enough food to eradicate extreme poverty and hunger that would meet our growing 
population should go hand-in-hand with sustainable management of environmental resources (soil 
and water), and their various cropping systems. The Agricultural Production Systems sIMulator model 
(APSIM) was used to simulate the impacts of different management options to determine the suitability 
of improved sorghum and pearl millet cultivars for yields across four agro-ecological zones (AEZs) of 
Kano State, Nigeria. The model-predicted optimal planting windows (PW) that any dates thereafter 
yield declines significantly. In sorghum, higher mean grain yields (GY) were simulated for the early 
(SAMSORG-40, SAMSORG--49) and medium-maturing sorghum cultivars (Samsorg-45 and CSR 01) 
than that of the late-maturing cultivars (SAMSORG-47 and SAMSORG-17) with varying PWs ranged from 
32 to 50 days. However, the fertilizer strategies implemented across the four AEZs influenced GY with 
the highest mean GY simulated by the application of NPK 60: 30:30 followed by Poultry manure (50g/
hill) + NPK15:15:15 (3g/hill) and Cow manure (100g/hill) + Urea (3g/hill) which were similar. Based on the 
simulated outputs, therefore, early and medium maturing sorghum cultivars such as SAMSORG-40, 
SAMSORG-49 and SAMSORG-45 were recommended for dissemination for sites in Sudano-Sahelian 
(SSH) and Sudan savanna (SS) zones while dissemination of CSR01, SAMSORG-47, and SAMSORG-17 
should not be encouraged for any LGAs without complementary irrigation measures. Meanwhile, 
five out of six sorghum cultivars including SAMSORG-40, SAMSORG-49, SAMSORG-45, CSR01, and 
SAMSORG-47 were found adapted and suitable for dissemination in the northern Guinea savanna (NGS) 
and Southern Guinea Savanna (SGS) zones. For Pearl millet production, the optimal PWs for all cultivars 
varied from 30th May to 29th June in the SSH zone; the optimal PWs for Jirani and Chakti varied from 
30th May to 14th July, and 25th May to 29th June for SOSAT-C88 and SUPER-SOSAT in SS, NGS, and SGS 
zones respectively. Farmers should be guided to maximize the predicted optimal PWs alongside any of 
the fertilization strategies for higher productivity.
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Farming systems diversification for income enhancement and sustainability of resources

Studies on diversification of farming systems under 24 marginal farm households in six villages of 
erstwhile Warangal district of Telangana state was carried out from 2013 to 2016.  The mean holding size 
was 0.87 ha across the households and every household was maintaining buffaloes/cows, sheep and 
backyard poultry. The major cropping system were rice-rice and cotton. Farmers were not getting full 
occupancy or employment from their farms. To address the constraints, low-cost interventions were 
proposed and imposed. The rice-rice cropping system and cotton were diversified with pulses and maize 
during first three year. Hybrid bajra napier and lucerne maintained for fodder. For enhancement of milk 
yield and fat content, azolla was fed to milch cattle daily. Vanaraaja birds (13+2) were introduced in the 
back yard. kitchen garden for vegetable requirement of the family. Compost pit and vermicompost were 
kept for resource recycling.  The benchmark net income before start of the interventions i.e during 2013 
were recorded as Rs 32548, Rs 39312, Rs 47167 and 50667 for crop + dairy, crop + dairy + poultry, crop 
+dairy + sheep and crop + dairy + sheep + poultry systems respectively. During fourth year, crop + dairy 
and crop + dairy + poultry registered 2.7- and 5-times higher net incomes than benchmark respectively. 
Whereas both crop + dairy + sheep and crop + dairy + sheep + poultry systems recorded 3.4 times higher 
net income than their benchmarks. Thus, diversification of existing farming systems enhanced income 
and generated employment to farm family and safeguarding the environment.

Pasha ML1, Sridevi S2, Ramana MV1, Goverdhan G3, Rami Reddy PR4, Lokesh C1 and Pragathi Kumari C1

1Water Technology Centre, PJTSAU, Rajendranagar, Hyderabad, India
2Agriculture Polytechnic, PJTSAU, Tornala, Siddipet, India
3Regional Agricultural Research Station, PJTSAU, Palem, India 
4Rice Section, ARI, PJTSAU, Rajendranagar, Hyderabad, India
Email: lateefpasha@gmail.com

Energy budgeting and carbon footprint for castor production in rainfed province of 
Ananthapuramu

The Anantapur district of Andhra Pradesh, which is tucked in the state's sparse rainfall zone and includes 
red and sandy loam soils, is perfect for castor cultivation due to its low water requirements. In order 
to understand the energy consumption and carbon footprint of castor farmers in context of the rise in 
greenhouse gas emissions and other factors, researchers in the Anantapur region of India interviewed 
them in 11 mandals of Ananthapuramu domain during kharif, 2020 with respective to castor yields, 
energetics and carbon footprint. Among the 11 mandals, the higher castor yields were reaped by 
kanaganapallin (1450 kg ha-1) mandal farmers and lowest yields were reaped with vannedoddi (650 kg 
ha-1) farmers. The higher energetics was consumed for the diesel (2231 MJ ha-1) as an input followed by 
pesticides (1457 MJ ha-1) consumed next higher energetics. Among the various energetics the mean input 
energy for castor production was 1067 MJ ha-1, the mean output energy for castor production 26,667 
MJ ha-1. The energy efficiency, energy productivity, specific energy, net energy 5.22MJ ha-1, 0.21MJ ha-
1, 4.85 MJ ha-1,5.22 MJ ha-1. The higher input energetics were documented with kanaganapalli madal 
(7527 MJ ha-1) and the lowest input energetics were invested with Gooty (3301 MJ ha-1) mandal farmers 
for castor production under rainfed conditions. With reference to carbon footprint higher carbon and 
greenhouse gas emission equivalents was left with labour (244 kg Co2-eq ha-1) and lowest greenhouse 
gas emission equivalents with machinery (0.82 kg Co2-eq ha-1). In the various mandals that represented 
the castor higher greenhouse gas emission equivalents were reported with Bathalapalli (1086 kg Co2-eq 
ha-1) Mandal for castor production and the lowest greenhouse gas emission equivalents were noticed in 
Gooty (539 kg Co2-eq ha-1) mandal.
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Genetically elite pongamia to transform dryland agriculture

Pongamia pinnata a leguminous oilseed tree possessing adaptability to drylands has been genetically 
enhanced through selection of superior genotypes based on certain stable attributes linked to kernel yield 
viz., appropriate canopy architecture with extended globose canopy, intensive branching pattern with 
higher proportion of pod bearing branches, cluster bearing habit, resistance to pod-malformation and 
higher kernel yield per tree. To obviate the problems imposed by the cross-pollinated nature of pongamia, 
in multiplication of these elite genotypes, a workable technology of vegetative propagation was perfected 
based on soft-wood grating offering very high rates success. The elite grafted strains of pongamia were 
grown on impoverished drylands near Hyderabad leading to recovery of high oilseed yields following the 
third year of planting, The elite grafts of pongamia were grown successfully on toxic dumps and tailings of 
copper mines in Zambia, transforming them into agriculturally usable drylands.

Prasad MVR1 and Benjamin W2

1Director (Retired) ICAR-IIOR, Senior Advisor PHYLA Earth, Hyderabad, India
2Director PHYLA Earth, Lusaka, Zambia 
Email: manohar.maddipatla@gmail.com

DHAN’s model of enhancing the livelihoods of rainfed smallholders

Small-holder farmers are those marginal and sub-marginal farm households that own or/and cultivate less 
than 2.0 hectare of land.  They are vital for India’s agriculture and rural economy. They constitute about 
78 per cent of the country’s farmers. These small-holders own only 33 per cent of the total cultivated land; 
their contribution to national grain production is nonetheless 41 per cent. Their contribution to household 
food security and poverty alleviation is thus dis-proportionately high and is increasing. Moreover, as the 
national population increases, so does the number of small-holdings. In India, 53 per cent of the farmers 
own less than one - hectare land and are considered as marginal farmers. Rainfed Farming Development 
Program (RFDP) of DHAN Foundation was initiated in 2nd October 2002 with the vision of “Building 
Resilient Rainfed Farming communities of small holders with food, Income and ecological securities”. 
The mission of RFDP is “Promoting self-reliant rainfed farmers organizations for taking up location 
specific, integrated and critical need-based interventions for enhancing the viability of the rainfed farming 
livelihoods”. Community organization, Capacity Building, Land capability improvement- Includes soil and 
water conservation and also enhancement of capacity of land for cultivation, Soil health enhancement, 
Crop production enhancement, Livestock development, Supplementary income, Microfinance for rainfed 
farming, Reducing vulnerabilities and Action Research are the components of RFDP.  Core concept of RFDP 
is “Poverty reduction of the member families through improving viability of rainfed farming.”   RAs of now, 
rainfed Farming Development Program is working with small and marginal rainfed farmers of 12 districts 
of 7 States in India.  This paper elicits the 20 years’ experiences in promoting rainfed farmers’ institutions, 
capacity building, implementing various kinds of rainfed farming development activities to increase the 
family income of small and marginal rainfed farming families.   DHAN’s Model of community organization, 
Significant achievements and poverty reduction strategies were very well explained in this paper. Finally, 
recommendations were given for sustaining the small scale rainfed farming.  
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Navigating opportunity spaces and trade-offs while avoiding lock-ins for smallholder 
dryland farmers
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Drylands extend over 6.5 million km2 globally, upon which smallholder farmers face many challenges. 
The socio-economic and biophysical circumstances of drylands are diverse, and the opportunities to 
improve farm performance and to deal with challenges are different and complex. Various tools are 
available to categorize the diversity of farms and their environment, and to develop context-specific 
recommendations to tackle trade-offs and to avoid unproductive lock-ins. Here we present an overview 
of tools and methods that can be applied to manage diversity in farming systems and to determine the 
performance of farms in terms of productive, nutritional, socio-economic and environmental indicators. 
The toolbox constists of quantitative and qualitative approaches that are used to characterize (e.g., 
interviews, focus group discussions, surveys, typologies), diagnose and redesign farm systems and 
landscapes (e.g., surveys; farm-household and landscape models; positive deviance and archetype 
analysis). These tools and methods allow to explore opportunity spaces for farm redesign and to 
determine whether trade-offs or synergies among indicators exist. The toolbox can be employed in 
participatory processes with farmers and other stakeholders across the diversity of both irrigated 
and dryland farming systems. We present evidence that these tools can enable actors to move from 
hypothetical best bet to evidence-based best fit selection of innovations towards the sustainable 
redesign of farm systems. We conclude that the methodological approach provides discussion support for 
farmers and advisors dealing with highly contrasting circumstances and offers insights and opportunities 
to overcome trade-offs and avoid lock-ins.

Keynote lecture
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High profitability options in dryland agri-food system:  a case of rapeseed 
mustard sector

Innovative policy initiatives including price support, institutional changes, value addition and market 
reforms are more inclined to encourage the entrepreneurship development as well as sustainability. 
The semi-arid tropics (SAT) region is characterized by highly variable, low-to-medium rainfall and poor 
soils. Scientific method for cultivation of rapeseed-mustard is relevant to the large areas of the country 
where rainfall is limiting and where water is not available for irrigation. Production of oilseeds and oils 
has not fluorescing with increasing demand for edible oils and due to this widening demand-supply gap 
has necessitated imports of edible oils. With competing demands on agricultural land from various crops 
and enterprises, the production of oilseeds can be increased only if productivity is improved significantly, 
and farmers get remunerative prices and assured market access. Secondary data-based analysis of the 
cost of cultivation of rapeseed-mustard highlighting the spatial variation from US$219/ha (Chhattisgarh) 
to US$ 781/ha (Haryana) while cost of production ranged from US$23/qt (Chhattisgarh) to US$81/qt 
(Odisha). A cross sectional data analysis shown that the average gross income was US$1015/ha. Temporal 
variation in the Minimum Support Price (MSP) ranged from US$37 in 2012-13 to US$61 in 2021-22. The 
return to cost ratio ranged from 1.39 to 1.58. Rapeseed Mustard is the most important crops among 
oilseeds in terms of both area and production in India. Therefore, based on the economic parameters, 
the improved technology should be targeted to spread in these areas as cost effective or/ less costly than 
the competitive crop so that the farmers could get the net returns equivalent to that they get from the 
competitive crops. Only then, the farmers will go for cultivation of rapeseed-mustard. Consequently, 
horizontal as well as vertical expansion may be helpful to minimize the import dependency for edible oils 
in India.
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The adoption of improved climate-smart crop varieties increases agricultural 
production and smallholder commercialization in West Africa 

We investigate the relationship between the adoption of improved climate-smart crop varieties, land 
productivity, and smallholder commercialization using panel data from Ghana, Mali, and Nigeria. We 
find the adoption of improved climate-smart groundnut varieties to increase production, production 
value, and land productivity. Adoption also increases market participation, quantity sold, and sales 
value. The biggest commercialization gains are observed under the sustained use of these climate-
smart varieties over time. Delving into some heterogeneity analysis, we show that adoption benefits 
all households at different quantiles of the conditional distribution of commercialization. However, the 
gains are more predominant among farmers who produce at smaller scales, suggesting some form of 
inclusivity. Employing a novel approach to mediation analysis, we identify land productivity (yields) as 
a mechanism explaining the positive association between the adoption of climate-smart varieties and 
commercialization. Our findings are robust to different variable measurements, model specifications, and 
estimation strategies. We conclude that the adoption of climate-smart crop varieties can, at least partially, 
reduce production constraints and promote commercialization.
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Farmers’ heterogeneous preferences for traits of improved varieties: Informing 
demand-oriented crop breeding in Tanzania

Understanding farmers’ preferences and willingness to pay for different traits is critical for demand-
driven varietal development and designing targeted strategies that stimulate adoption of varieties by 
farmers. This study uses choice experiment data from a random sample of 1299 Tanzanian farmers to 
analyze their preferences for traits of groundnut varieties, investigate trade-offs in valuation of attributes 
during varietal choice and explore heterogeneity in preferences. Results reveal that farmers have strong 
preferences for groundnut varieties that are high yielding, tolerant to environmental stresses, early-
maturing, red colored and fetching high sale prices in grain markets. Relatedly, farmers are willing to 
pay the highest premium for high yielding attribute, closely followed by the tolerant trait. Further, a 
latent class analysis identifies four distinct classes of farmers, confirming considerable heterogeneity in 
farmers’ preferences for various groundnut traits. A specific distinction is notable between preferences of 
consumption-oriented and market-oriented farmer classes. Our results have important implications for 
demand-driven variety development and targeted dissemination of improved varieties.
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Market oriented breeding of pearl millet to enhance efficiency of diverse  
agro-food systems in drylands 

Pearl millet is grown on about 30 m ha in semi-arid and arid ecologies of drylands in Asia and Africa. In 
last about two decades, the productivity increased at an annual rate of 3% in Asia (mostly India) but 
couldn’t gain much in sub-Saharan Africa. Now, with IFPRI’s foresight analysis indicating increased 
demand for millets in India and SSA by 2040 and when pearl millet cultivation is being further pushed 
to more marginal ecologies, there is strong need to enhance productivity and resilience to climatic 
stresses. Breeding priorities in pearl millet breeding program at ICRISAT-India are structured following 
consultative process based on farmer- and consumer-driven feedback and are updated regularly. 
Breeding has been targeted for increased adaptation to specific agro-ecologies and for specific trait 
requirements of different environments. Productive hybrids with diverse backgrounds have been 
developed by stakeholders for adaptation to different agro-ecologies. Greater emphasis is being laid 
on disease resistance to enhance cultivar diversity for better endowed environments, while breeding 
approaches are finetuned to develop cultivars for highly drought-prone environments (< 400 mm 
annual rainfall). Significant expansion in the cultivation of pearl millet in the summer season in India 
having an ambient temperature of >42oC with proven grain productivity potential of 4-5 tons per ha 
has highlighted both resilience and potential of pearl millet. Exclusive forage type cultivars with multi-
cut habit have been bred to feed the increasing livestock market in certain agro-ecologies. Considering 
the current scenario of micronutrient malnutrition, nutritional traits (high grain Fe and Zn) have been 
mainstreamed in the breeding pipeline to combine productivity and nutrition. Now, with availability of 
advanced genomic tools, and with strengthened screening protocols (diseases and drought), pearl millet 
productivity is increasing almost at the rate of 3% per annum in India, along with better nutritional and 
climatic resilient traits in drylands.

Gupta SK
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
Email: shashikumar.gupta@icrisat.org 



48

Sub-Theme 2.1: Scaling the adoption of new 
seeds through strategic partnerships, capacity 
building, and policy reforms

K Keshavulu
Director,  
Telangana State Seed and Organic Certification Authority, TS  
Email tsscadir@gmail.com

Keynote lecture

Seed systems for adaption of improved seeds in Asia & Africa

Improved seeds are the most cost-effective way to increase agricultural production and productivity as 
they can carry novel genetic potential and modern crop breeding breakthroughs effectively to farmers' 
fields. Public and private seed enterprises, including governments around the world, are focusing on 
the development of crop varieties that are high-yielding and adaptable to particular environmental 
or management conditions and ensuring farmers' access to improved seeds of such crop varieties to 
achieve higher yields and quality. Existing seed systems in Africa and Asia can be broadly categorised 
into 3 types i.e. no seed systems or weak seed systems, moderately developed seed systems, and strong/
advance seed systems. Developed seed systems are very advanced, and dynamic and have diverse 
players dominated by the private sector. It is infused with globally competitive products, technologies, 
infrastructure, and good seed quality control and delivery systems. Moderately developed seed systems 
are organised one and mostly dominated by the public sector with limited private players. Under these 
circumstances, there will be very less competition in the market, farmer’s dependency on their own 
seed persists, the old and obsolete technologies/varieties are continued to be used by the farmers, 
lack of global exposure, low foreign investment, and multi-national technical and knowledge infusion, 
poor globally competitive technologies, flexible quality regulation etc. are a major concern. Whereas, 
in weak seed systems, the farmers use a range of seed sources, primarily obtained from their previous 
harvest or any other informal sources. Therefore, strategies like integrated seed sector development, 
linking of informal and formal seed systems, a balance between public and private-sector involvement, 
providing education to farmers and farmers’ groups on the selection and storage of superior seeds from 
their harvest, farmers’ participatory plant breeding and varietal development, rapid seed dissemination 
through local seed systems, the development of required infrastructure, liberal or flexible market-
level seed quality regulations to promote the participation of more stakeholders, the popularisation of 
improved varieties, demonstrations on quality seeds vs. farm-saved seeds, building capacity in seed 
assurance in developing countries, increasing public investment in crop research, enabling policy support, 
etc. could promote the adoption of improved seeds and the development of effective and resilient seed 
systems in Asia and Africa.
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Scaling the adoption of new seeds through strategic partnerships, capacity building 
and policy reforms

Dryland crops are the most reliable food crops for humans under the scenario of climate change, 
especially for the resource-poor dry-land farmers of the world because they are able to resist climate 
change and ensure sustainable grain production with minimal inputs. Bringing new varieties for 
additional acreage under cultivation and increasing the productivity of dryland crops through seed 
sector holds substantial potential for employment generation for dryland farmers. Seed constraints for 
the crop diversification to promote dryland crops will increase with the commercialization, expanded 
area of these crops and less interest shown by private sector Varietal replacement in drylands has been 
a challenge in developing countries. Our effort is to streamline and strengthen formal and informal seed 
systems to promote and scale the climate resilient seeds through science of delivery and policy advocacy. 
In drylands, informal seed systems are predominant where farmers exchange and share seeds among 
each other. This process is smooth but slow and highly fragile due to its sensitivity to natural disasters, 
and unpredictable and sudden weather changes particularly in the context of locally adapted cropping 
systems that include indigenous and traditional crop varieties preferred by the farmers. Building 
capacity of local seed producers on business aspects of quality seed production makes informal seed 
system relatively more viable and sustainable to ensure the local seed availability. We argue that seed 
systems should deliver new varieties to farmers quickly and then rapidly replace them, keeping pace with 
climate change. Our research in seed and delivery systems has identified the efficient approaches for 
scaling the adoption of new seeds by taking into consideration, the localized community-based needs, 
context specific requirements, enabling policy environment and assessment of available infrastructure. 
Communication of information about quality seeds of new varieties to the farmers remains a weak link 
between innovation and adoption. Sustainability of seed varieties depends critically on the availability 
of adequate supply of new seeds. Women farmers working as organized groups have found to have 
ample opportunities to engage themselves that can contribute to their overall empowerment. Strategic 
partnerships with different stakeholders in seed value chain to build their capacity and provide technical 
support in building seed business enterprises is important. Finally, the role of evidence-based policy 
advocacy for implementing the strategies that accelerate the scaling of new varieties and policy support 
for the mass awareness cannot be disregarded.
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Seed systems for sustainable intensification of agri-food systems opportunities 
and challenges

Seed plays a pivotal role in enhancing productivity which was witnessed through the green revolution 
in cereals. Climate change, hidden hunger, malnutrition, and population explosion are the key issues 
necessitating the need for enhancing the adoption of quality seeds. The seed replacement rate is 
unacceptably low in crops like legumes and oil seeds hovering around 20 percent compared to more than 70 
percent in cereals and vegetables resulting in the non-availability of quality seeds to the small and marginal 
farmers of the globe.  Hence, there is a dire need to build a strong ecosystem for seed delivery and adoption 
by smallholder farmers of the semi-arid tropics of Asia and Africa. The developing countries of Asia have 
witnessed a lot of dynamics in terms of diffusion of high yielding variety seeds to the farming communities. 
These seed systems are diverse and are conceptualized as formal including public institutions and private 
industries and informal by farmers. Over a period, technological advancements took over legislation, and 
liberalization of trade across borders resulted in the rapid growth of seed trade and industries. Several 
success stories and innovations are being documented by public and private institutes focusing on village-
based seed enterprises, seed hubs, and seed revolving funds and these are to be further upscaled. Vast 
genomic resources are developed in many crops and these could be infused for assuring the seed quality, 
protection, and fast track availability of improved variety seeds. There is also a need to deploy artificial 
intelligence and machine learning based on emerging technologies such as blockchain, robotics, drones, 
and mechanization to develop a robust seed inventory, rolling plan, and traceability. Refining seed policies 
and legislations, capacity building, gender sensitization, integration of public and private sectors, linking 
seed and input subsidy, and creation of adequate storage facilities are much needed interventions to 
enhance the adoption of high yielding variety seeds.

Kumar CVS1, Pranati J1,2, Belliappa SH2, Nunavath A1,2, Sharma M2, Sajja S2, Pandey MK2, Sudini H2,  
Kumar AA2, Janila P2, Gangashetty PI2

1Professor Jayashankar Telangana State Agriculture University (PJTSAU), Hyderabad, India 
2 International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
Email:  venkatachanda1968@gmail.com

Seed system innovations for rapid delivery of improved varieties 

ICRISAT has developed innovative seed systems to rapidly replace the farmers’ varieties using improved 
varieties. It takes context-specific approaches that suit the crop, the product, the market, and the prevailing 
policy environment. A variety of approaches are used for the successful transfer of improved varieties to 
farmers and needs greater collaboration between the public and private sectors. We have used context-
specific approaches that suit the crop, the product, the market, and the prevailing policy environment for 
the successful transfer of improved varieties to farmers. The Hybrid Parents Research Consortium (HPRC) is 
one of the most successful public-private partnerships where in ICRISAT and private sector seed companies 
jointly set up the research priorities, private sector supports ICRISAT’s work in terms of grants. ICRISAT 
supplies the hybrid parents as per the consortium guidelines and private sector produces hybrids using 
parents and commercialize to farmers.  Recently we have developed an innovative licensing mechanism 
for dissemination of hybrids. Under this mechanism, the ICRISAT-NARS partnership developed, nationally 
released, and notified hybrids are licensed to private/public sector seed companies with a license fee. 
The companies produce seeds in bulk and supply them to farmers. For dissemination of open pollinated 
varieties, we have used public sector and community-based organizations. Under this, ICRISAT and partners 
supply the breeder seed of the new varieties, train seed farmers, and the public sector seed company gives 
a ‘buy-back’ guarantee for procuring seeds from seed farmers at 20% higher price than the market price, 
certification agencies certify the seed. Using community-based village seed banks, the communities are 
organized into farmers’ groups, self-help groups, or farmers’ producer organizations (FPOs) and train them 
in seed production aspects. The Seed Revolving Fund (SRF) is a strategic partnership involving multiple 
stakeholders including donors – USAID and IRISH AID, Government of Malawi, private sector and most 
importantly smallholder farming communities of Malawi. In line with the mission and vision of ICRISAT, and 
due to under investment by both public and private sector, in seed of self-pollinated crops, the SRF primarily 
was established to support production of early generation seed such as Breeder and Basic Seed and in 
case of under invested crops and nascent value chains, all three classes of seed i.e., Breeder, Basic and 
Certified. This is one of the most successful models for disseminating seeds of improved varieties to farmers 
simultaneously providing revolving fund to sustain it.

Kumar AA
International Crop Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
Email:  ashokkumar.are@icrisat.org
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Sub-Theme 2.2: Strengthening formal 
and informal seed systems to create new 
distribution pathways for sustainable delivery

Jane Ininda
Head, Seed Research & Systems Development  
[PID], AGRA, Kenya  
Email JIninda@agra.org

Centre of Excellence for Seed Systems in Africa; towards ‘Innovations to  
Transform Drylands’

Over the last 15 years interventions in improving seed systems in Africa have resulted in positive impact 
on farmers yields.  Studies show that countries that have invested in seed systems have higher grain 
yields that support increased food security and nutrition.  Increased access to diverse crops and better 
seed has contributed to more farmer choice and resilience.    AGRA together with ICRISAT and other 
partners has worked with governments and private sector in Africa and invented models that scale 
adoption of improved crop varieties of dryland cereals and legumes.  AGRA has established the Centre of 
Excellence for Seed Systems in Africa (CESSA), a one-stop hub that connects seed system partnerships.  
The focus of CESSA will be to provide access to highly practical solutions and expertise to national seed 
system stakeholders to drive sustainable systemic change in Africa’s seed system.

Keynote lecture
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Improving the livelihood of dryland’s smallholding farmer sustainable and inclusive 
development through Castor (Ricinus communis)

Castor belongs to the genus Ricinus, a member of the Euphorbiaceae, which contains a vast number of 
plants mostly native to the tropics. The genus Ricinus is considered to be monotypic and R. communis is 
the only species, which includes many polymorphic types. The cultivated types are dwarf annuals. Castor 
plants have well- developed root system with thick horizontal roots. Castor is grown under varied climatic 
conditions viz., tropical, sub-tropical and temperate its cultivation is largely confined to the countries 
lying between 52’ N to 40’ S latitude. The major countries growing castor are India, China, Brazil, USSR 
and     Thailand. India ranks first in the world in respect of acreage (5.4 lakh hectares) and production (2.6 
lakh tones) in the world. It contributes about 28 % of the world’s acreage and 36 % of total output. The 
Gujarat state ranks first position in the country with respect to area and production and productivity among 
all major castor growing states. It is an important industrial non-edible oilseed crop. Castor seed contain 
45-47% non-edible oil, which is used as domestic, medicinal and industrial purposes. Castor oil is used 
as a lubricant in all moving parts of the machinery and particularly high speed engines and aero planes. 
Hydrogenated castor oil is used in polishes, varnishes, transparent paper, linoleum, plasticizers, ointments, 
waxes, printing ink, cosmetics, hairdressing, soaps etc. In dyeing industries and disinfectants. Package of 
practice of Castor being a deep-rooted crop requires well-prepared seedbed (deep rooting medium). Deep 
ploughing in summer. Castor can be successfully grown on any type of soils except clays as the castor crop is 
highly susceptible to water logged conditions, In poor soil spacing - 90 cm x 60 cm under rainfed and 90 cm x 
20 cm under irrigated. Castor is mostly raised under rained conditions.  It has been observed that it responds 
very well to irrigation. It takes 145-180 days to mature. Harvesting is done when capsules turn yellowish.

Ravindra BG
Navbharat Seeds, Hyderabad, India 
Email: bgravindra@navbharatseeds.com

Industry anchored multi-stakeholder partnerships for restoration and revival of tank 
cascade systems to strengthen rainfed farming and farmer livelihoods

Dry land and rainfed agriculture constitute around 55 % of net sown area, 40% food grain production, 
around 85% millets and pulses playing critical role in India’s food and nutritional security (Draft Policy 
Document, National Rainfed Area Authority, 2022). Rainfed areas (RFA) support two-thirds of country’s 
livestock and 61% of farmer population majority being small and marginal. RFA majorly depends on 
traditional water bodies whose efficiency has significantly reduced over a period due to depletion of 
physical and social infrastructure. Lack of community ownership, shifting to groundwater sources and 
encroachments in catchment are found to be significant issues that led to depletion. Climate change is 
also impacting RFA’s livelihoods. ITC Limited is a diversified conglomerate in India with prominent stakes 
in agri and food sectors. Over the years, ITC has designed and implemented large-scale Sustainable 
Climate Smart agriculture programmes to strengthen farmer livelihoods. Programmes are implemented 
in the areas of farmer capability building, natural resources management (NRM), livelihood diversification 
and strengthening of institutional and financial support mechanisms as well as market linkages. Water 
Stewardship Programme (WSP) is critical component of NRM which majorly focusses on revival and 
restoration of traditional water bodies such as cascade systems in South India and Ahar & Pynes in Bihar. 
Apart from the supply side focus, thrust is also on demand reduction by promoting crop water-use-
efficiency. Successful models created and further replicated through partnerships with Government apart 
from engagement with institutions for technologies and solutions. Partnerships are forged with over 4,100 
newly formed water user groups, 46 with Government, with 50 implementation partners and knowledge 
partnerships with various institutes of repute. As a result, in two decades, in 16 states WSP revived/newly 
constructed 26,000 water bodies, created 46.33 million cu.m water storage benefiting 13.77 lakh acres 
and 4.03 lakh farmers. Additionally, 7.28 lakh acres is under water use efficient practices resulting in 496.5 
million cu.m annual water savings during the year 2021-22. Various third-party studies have documented 
impact on improvement in organic carbon by 50%, yields in range of 60-100%, income in the range of 70-
100% and increase in net area under cultivation by 37%.

Lakshmanan M, Vasireddy VV and Singh J
ITC Limited, India
Email: jagriti.singh@itc.in
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Driving market linkages using Public Private Partnerships (PPP) in dryland 
agriculture

Investments and the expansion of gross capital formation in agriculture are vital to the modernization 
of the agriculture sector. Combining public investments in the form of various Central and State 
government initiatives in agriculture with private sector investment can be a force multiplier for the 
agriculture sector, particularly for dryland agriculture. Government incentives for PPP initiatives in the 
agriculture sector will increase yields, decrease post-harvest losses, and increase farmer incomes. PPP 
initiatives will attract private capital to agriculture, leverage public investment, and align central and 
state governments, the private sector, and farmers around a shared vision of dynamic and value-added 
sector growth. The primary objective of this study is to determine how PPP initiatives would increase the 
income of small farmers through the provision of quality inputs, the extension of technology to market 
linkages, and the addition of value to dryland agriculture. Outcomes from past studies suggest that 
connecting small farmers with agribusiness startups would increase their marketing opportunities and 
profits. The combination of the operational and economic efficiency typical of the private sector with the 
public sector's role offered several possible benefits in agriculture. Numerous partnerships demonstrated 
positive effects on smallholder farmers' net income through improved market access, increased 
productivity, improved product quality or reduced costs through the adoption of new technologies, 
increased capacity of farmer organizations, and the creation of on- and off-farm employment. PPP 
initiatives were also anticipated to result in the modernization of agricultural practices, the development 
of climate-resilient agricultural and rural infrastructure, and the expansion of agricultural exports.

Venkata Rao
National Institute of Agricultural Extension Management (MANAGE), Hyderabad, India
Email: bvrao@manage.gov.in

Enhancing the yield and nutritional quality of certain rainfed crops viz maize and 
oilseed by using effective and simple crop nutrition solutions 

Sustained crop production requires balanced inputs through biological, organic and inorganic sources of 
fertilizers. In this context, Smartchem Technologies Limited (STL) has introduced simple and balanced crop 
nutrition solutions to address the issues related to poor crop nutrition practices followed by farmers. These 
nutrition solutions were developed and evaluated in crops like Maize, Soybean, and Groundnut as well as 
other target crops. The multi-year, multi-location trial results has indicated improvements in crop productivity 
by addressing issues related to the right nutrient source, non-uniform application, and providing balanced 
nutritional needs as per recommendation. Between 2017 to 2022, STL conducted trials using Croptek Crop 
Nutritional Solutions in collaboration with Agriculture universities in different cropping geographies of 
Karnataka, Maharashtra, and Andhra Pradesh. The summary of the results has shown over farmer practices 
that Maize Plant height and leaf biomass increased by 12% & 25% respectively, cob length & Girth increased 
by 10 to 12%, grain filling Percent was 94 to 99%. Ultimately maize grain yield increased by 15%. Likewise, in 
Soybean which is one of the major oilseed crop contributing about 34% of oilseeds production in the country, 
it was observed that the balanced, improved and simple Croptek Crop Nutritional Solutions recorded increase 
in number of pods per plant with more grains per pod. Yield attributing traits translated into an average 
increase in yield by 25% and oil yield by 30%. Similarly, Groundnut which contributes around 27% of oilseeds 
production was also assessed for the impact of improved nutritional management practices. The trial results 
indicated that the plant height and number of branches increased by 10% & 8% respectively, also filled pods 
and 100 seeds weight increased by 10% & 8% respectively. Subsequently, total pod yield increased by 10 to 
12 % with an average increase in oil percent by 5%. Overall, the results strongly suggest that the improved 
‘Croptek Crop Nutritional Solutions’ contains all required macro and micronutrients together in one granule 
which is further powered with Nutrient Unlock Technology (NUT), providing uniform nutrient supply to each 
and every plant thereby bringing consistent crop establishment, growth, higher yields, and better quality.

Gowda P, Singh V, Deshmukh N and Girdhar M
Smartchem Technologies Limited, Pune, India
Email: prakash.gowda@dfpcl.com
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Sub-Theme 2.3: Strengthened product testing 
and seed delivery networks for rapid variety 
replacement

Gubba Kiran
Chief Executive Officer and Director Gubba Cold Storage Ltd.  
Email kiran@gubbagroup.com

Seed Systems: Elevating Public Private Partnerships in Asia and Africa - Strengthened 
product testing and seed delivery networks for rapid variety replacement

India in specific has been proving to be ahead of its time with respect to strengthening it’s core – Indian 
Seed Industry by realizing it’s heart lies in the research & development. For this decade, the Indian 
industry is committed to contribute to the global platter by enhancing the partnership between Asian 
& African countries. It’s time we put our resources together to provide the needed hybrids, latest 
technologies & impeccable testing solutions to tackle the consistent hindrances prevailing to replace 
the rapid variety. The government regulations for international trading could be made more flexible to 
promote the trade between the countries and pave way to invite each other to test & launch their product 
in the respective lands. We have been witnessing the performance of individual countries in terms of 
overall growth with respect to agriculture & seeds in specific & now trading the same with each other to 
elevate the global seed scenario.

Keynote lecture
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Using genetically engineered seeds to manage insect pests in cotton

United States is the third-largest cotton (Gossypium hirsutum L.) producing country in the world. Bt cotton 
which is genetically altered by inserting genes from a common soil bacterium, Bacillus thuringiensis is 
widely adopted in the United States. Since its introduction into US agriculture in 1996, Bt cotton acreage 
have expanded from 15% of US cotton acreage in 1997 to 89% in 2022. Over the years, Bt technology have 
developed from a single-gene trait to multi-gene trait packages. The older generation Bt traits in cotton 
specifically target caterpillar pests such as beet armyworm, cotton collworm, and tobacco budworm. The 
newer Bt technology which is near commercialization in the US target piercing and sucking insects such 
as thrips and plant bugs. In the US, Bt technology has been used with overvelming success and addition 
of newer Bt proteins will further aid in management of broder suite of insect pests with reduced use of 
insecticides. This presentation will provide an overview of use of Bt technology in US cotton. Data will be 
presented from field trials to evaluate performance of different Bt traits and from laboratory bioassays to 
monitor resistance and susceptibility of insect populations to various Bt proteins.

Vyavhare S and Kerns D
Texas A&M University, USA
Email:  suhas.vyavhare@ag.tamu.edu

Diversity and utilization of pearl millet genetic resources for nutritional security

Pearl millet [Pennisetum glaucum (L.) R. Br.] is the most important arid and semi-arid crop widely grown 
on 6.93 million ha area with an average production of 8.61 million tonnes and productivity of 1243 kg/
ha in India.  Nutrient enhancement and yield are important components for improvement of pearl millet. 
Pearl millet breeding programs were predominantly built on restricted genetic resources containing low 
nutrients. However enormous diversity is prevailing in the working genetic resources of pearl millet. The 
extent of variability and effectiveness of its exploitation of genetic resources prompts the potential and 
adaptation of nutritionally dense hybrids/varieties. Towards this goal the genetic resources conservation, 
collection, characterization, maintenance, utilization & distribution is taken for meticulous improvement. 
Results indicate a large variability, genetic differentiation and untapped potential among all DUS & nutrient 
traits. The data indicate distinct genetic clusters and clear differentiation between material was found. 
The high genetic diversity could explain the presence of high nutrients (Fe & Zn) and grain yield. Thus, the 
working genetic resources hold the potential of nutritional richness and yield attributes and efforts must 
be targeted to develop nutritionally dense hybrids/varieties with tolerance to biotic and abiotic stress using 
different approaches. The potential genetic resources may further contribute to breeding programs in 
response to the specific needs or target areas. These findings highlight new insights of diversity and their 
utilization to exploit pearl millet in a better way for nutritional security.

Reddy CVCM, Kumar KA, Sudheer KVS and Reddy BS
Acharya N. G. Ranga Agricultural University, Andhra Pradesh, India
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Investigation on the efficacy and management of seed borne diseases in 
chickpea [Cicer arietinum (L.)]

Seed borne diseases are regarded as major constraints in chickpea production. Seed diseases are caused 
by either biotic or abiotic factor like biotic factor (fungal and bacterial) and abiotic especially by drought, 
resulted in decrease in yield and productivity. Hence studies on the efficacy and management of seed borne 
diseases and economics of seed production in chickpea. The field experiment was carried out in Regional 
Research Agriculture Research Station, College of Agriculture, Vijayapur during rabi 2021-2022. The field 
experiment consisted eight treatments of fungicides and bioagents and combi- product of fungicide and 
bioagents viz.,  T1: carboxin 37%+thiram 37% DS @ 2g /kg of seeds, T2: carbendazim 25 % + mancozeb 50 
% WS @ 3.5 g /kg of seed, T3: thiophanate methyl 45 % + pyraclostrobin 5 % FS @ 4ml /kg of seeds, T4: 
seed treatment with Pseudomonas fluorescens @ 10//kg of seed , T5: seed treatment with Trichoderma 
harzianum @ 10//kg of seed, T6: seed treatment with Bacillus thuringenesis @ 10//kg of seed, T7: seed 
treatment with Trichoderma harzianum @ 10//kg of seed + carbendazim 25 % + mancozeb 50 % WS @ 3.5 g 
/kg of seed  T8: Control (without seed treatment) were  used study to the efficacy of treatments for growth 
yield and economics and percent incidence against R. bataticola in field condition. Among seed treatments 
carbendazim 25 % + mancozeb 50 % WS @ 3.5 g /kg of seed recorded significantly higher growth, seed 
yield, seed quality parameters and reduced per cent disease incidence and higher economics followed by 
thiophanate methyl 45 % + pyraclostrobin 5 % FS @ 4ml /kg of seeds, as compared to control.

Ravaloji GA, Sajjan AS, Jolli RB and Kumbar BB
Regional Agricultural Research Station,Vijayapur, India
University of Agricultural Sciences, Dharwad, Karnataka, India
Email:   sajjanas@uasd.in

Plasma waters – the next green revolution in a sustainable way

With growing food insecurity in the world, the Global Food Security Index (GFSI) score has been declining 
since 2019. Average food costs are increasing, and climate change remains one of the biggest drivers towards 
sustainable and ‘Climate Smart’ agricultural practices. India ranks 68th out of 113 countries and has a GFSI 
score of 58.9 out of 100. A dream solution for Indian agriculture lies in judicious use of water, reduction in 
pesticides and other chemical inputs, and better carbon sequestration, all in the context of higher food 
production.  Plasma waters aims to be this solution for the Indian agriculture sector, by introducing “plasma-
ized water” throughout the supply chain, from seed germination through harvest and transportation. Plasma-
ized water contains essential reactive oxygen and nitrogen species, many or all of which signal important 
function in plants. In sorghum we already see that seed treatment followed by irrigation with aquifer water 
has added 1000 lbs of grain yield per dryland acre, in cantaloupe it has added 200 boxes to fruit per acre, and 
in arugula it has added 1000 lbs of leaf yield per irrigated acre, and in tomato it has reduced Xanthomonas 
spot disease by 50%, each adding 10-20% to commercial productivity in farm operations in the US. Our water 
therefore enables: a. Increased seed germination rate and uniformity in the stand, b. More yield of shoot, 
root and fruit crops, c. better quality produce, d. Disease control and stress tolerance, e. Longer shelf life after 
harvest f. Healthier ‘farm to fork’ proposition, g. Increased carbon sequestration. To make this opportunity 
real, we are applying plasma-ized water to the seeds, transplants, cuttings and buds of commercial crops and 
growing them in real-world settings, adding to yield and productivity, enhancing quality, and preserving yield 
in the face of stress and disease. And we are linking our studies with plasma-ized water to ICRISAT germplasm 
and gene bank collections in crops important for the farmers of India and Africa, in order to identify genotypes 
hyper-responsive to the water and the genes within them responsible for the effects. And we are linking 
our studies with plasma-ized water to ICRISAT crop performance and analysis tools, including imaging and 
physiological analysis tools, in order to define the components of yield that are impacted, the opportunities to 
store and dilute the water. Our strategy and results show that our water can have near-term through long-term 
value in field farming, in high-margin fruits and vegetables, and in row crops. We are establishing a “Plasma-
ized Water-as-a-Service” model. The production units are deployed at the point-of-use. The user pays for the 
use of the technology, not for the capex of the units.

Rogger Pennell
Plasma Water, Maharashtra, India
Email: roger.pennell@plasmawaters.com
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Reviving millets in farms & plates: The Odisha millets mission experience

Dr Arabinda Kumar Padhee has extensive experience in agriculture policy space and has a unique 
understanding of agriculture research and development, at both national, and international level. A PhD 
from the Indian Agricultural Research Institute, New Delhi, Dr Padhee also holds a master’s degree in 
public administration (MPA) from the University of Birmingham, UK. He has taken public policy courses 
at University of Toronto; Civil Services College, Singapore; and University of Cambridge at various points 
in his career.He joined the Indian Administrative Service in 1996. He has held various important positions 
both in Government of Odisha and Government of India. As the Country Director of the International 
Crops Research Institute for the Semi-arid Tropics (ICRISAT) in his immediate past assignment, Dr 
Padhee played a very crucial role in the successful journey of the research Institute. He is recipient of 
various awards and recognitions, such as the National Award for contribution to humanitarian services 
given by the Indian Red Cross Society, AIASA National Award for outstanding Leadership in Agriculture, 
etc. He is a member of World Bank’s India Agricultura Policy Advisory Group. Dr Padhee regularly writes 
opinion pieces and scholarly articles around issues related to climate change, agriculture, nutrition, and 
food policies, and has interests in promoting sustainable, inclusive, and resilient food systems. 

Sustainable diets are emerging as new consumption patterns for an increasingly health-conscious 
population, post-pandemic. They have the capacity to promote the well-being of consumers and farmers, 
besides being environmentally friendly. In a changing climate, switching over to nutritious and climate-
resilient crops has often been suggested to make the food systems sustainable. Hence it is imperative for 
policymakers to re-orient policies and programs towards sustainable crop systems, diets, and livelihoods. 
In this context, millets are recognized as important stakeholders, being climate-resilient C4 cereal 
crops and a powerhouse of nutrition. They need less water and can have very beneficial effects on the 
environment and health.  Realizing the importance, Department of Agriculture & Farmers’ Empowerment, 
Government of Odisha, launched the Odisha Millets Mission (OMM) to revive millets in farms and plates. 
OMM was designed as a multi-stakeholder framework in partnership with farmer collectives, women-
self-help groups, research institutes, the private sector, and civil society organizations with an end-to-end 
value chain approach. OMM aims to transform the consumption pattern of the community and tailor the 
initiatives accordingly. This, along with a slew of policy measures, has made OMM a success story in the 
millet revolution in India. Key strategies adopted include increasing productivity through regenerative and 
agroecological practices, promotion of location-specific and farmer-preferred cultivars/landraces through 
seed system of landraces, promotion of decentralized processing and value addition through women-
self-help groups, aggregation and marketing through farmer producer organizations, market linkages 
and addressing value chain constraints through private sector engagement, promotion of culturally 
appropriate millet recipes, massive consumer awareness, inclusion in public distribution systems (PDS) 
and State nutrition programs, etc. This paper aims to delineate innovative program design and processes, 
policy instruments, and convergent framework of Odisha Millets Mission which is enabling mainstreaming 
of millets leading to better nutrition, better health, and better ecological outcomes.

Theme 3: Regenerative / natural farming systems 
for drylands

Arabinda K Padhee
Principal Secretary, Department of Agriculture and 

Farmers Empowerment, Govt of Odisha  
Email arvind_padhee@yahoo.com
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Regenerative agriculture for building resilience of drylands: discovery to delivery

Dr ML Jat is a well-recognized Systems Agronomist with over 25 years of rich experience in Systems 
Science across the developing world. As a Global Research Program Director for Resilient Farm and Food 
Systems (RF & FS) program of ICRISAT, Dr Jat leads and provides scientific, strategic and partnership 
guidance to dynamic and vibrant research teams of the program across five clusters – Climate Adaptation 
and Mitigation Science, Geo-spatial and Big Data Sciences, Digital Agriculture, Landscapes, soil health 
and water science and ICRISAT Development Center. In addition, he also catalyzes cross program 
linkages. Dr Jat has served CGIAR for 13 years; over 12 years at CIMMYT as Principal Scientist/System 
Agronomist and System Science Strategy Lead and one year at the IRRI and for 12 years at Indian Council 
of Agricultural Research (ICAR) as Systems Agronomist.

World’s drylands form an extensive biome, covering some 45% of the terrestrial surface area supporting 
2.5-3 billion people and 1.4 billion (48%) global livestock. Drylands are home to majority of the world’s 
poor, with around 16% living chronic poverty. Dryland regions are the global ‘hotspots’ for contemporary 
and future climate vulnerability with most stressed natural resources as compared to other regions. 
Drylands are also dominated by the smallholder farmers and most food and water deficit regions of 
the world. The growing climate crisis, rapidly degenerating soils, extinction of Agro-biodiversity and 
highly volatile markets have raised stern fears for achieving the Sustainable Development Goals (SDGs) 
specially related to agriculture, when we have left with only 8 annual harvests to go. The anthropogenic 
climate change has already slowed down the agricultural productivity growth by 21% in last 50 years. 
The climate risks in recent past have been very frequent; leading to significant yield losses, for example 
heat wave- 2022 in India. This has posed a serious threat to food & nutritional security and livelihoods of 
billions. Without long-term corrective measures, the challenges will further compound given the agrifood 
systems’ contribution of a third of global anthropogenic greenhouse gases and rapidly deteriorating soil 
health and drying aquifers. The agrifood systems requires systemic solutions bundling climate-smart, 
regenerative, and profitable innovations for sustainable intensification, regenerating soils and building 
resilience through low-emission and nutrition sensitive innovations and strategies towards food & 
nutrition security and improved livelihoods. However, this would require holistic approaches combining 
genetic innovations, soil, climate and resource informed designing of farming systems, integrated and 
efficient use of production input considering soil-crop microbiome interactions, adaptive measures to 
climate shocks, market inclusivity and ecosystem services. Transforming Agri-food systems therefore, 
must focus on trans-disciplinary multi-stakeholder innovations combined with knowledge intensification 
to build climate safety nets for improved well-being of smallholder farmers and rural poor communities. 
Regenerative Agriculture (RA), in recent past has increasingly been advocated by the civil society, 
agribusiness, farmers, NGOs, researchers and policy planners. RA conceptually is climate smart and 
sustainable but, every actor has their own context which is one of the major bottlenecks for its scaling. 
A common set of principles for RA can be identified, but the huge diversity of farms, farming systems 
and take-off points needs a tailored approach. Therefore, RA essentially need to evolve with science 
evidence based multi-pronged approaches and strategies with a discovery to delivery continuum towards 
sustainable food and nutritional security and other key SDGs.
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Transformative innovations for strengthening water security and yields in drylands

Dr. Praveen Rao Velchala holds a Ph.D degree in Agronomy with specialization in crop water 
requirements, microirrigation scheduling & fertigation solutions of tropical field and orchard crops, and 
crop yield – water modelling. Since 1983 he has served for 33-years as Teacher, Researcher, Extension 
Agronomist and Administrator in different capacities in the Agricultural University viz., Professor & 
University Head of Agronomy; IFFCO Chair; Director, Water Technology Centre; Registrar, Special Officer 
and as Vice Chancellor of Prof. Jayashankar Telangana State Agricultural University. Also served as 
Technical Advisor on Microirrigation to several State Governments and Expert Member on microirrigation 
committees in India & abroad; International Microirrigation Consultant for 5-years in Israel promoting 
implementation of sustainable water conservation technologies in twenty Asia-Pacific, African and Latin 
American Countries. He was also a recipient of “Meritorious Teacher Award” (1998), Leadership Award for 
large scale promotion of Microirrigation Technologies in India from Soil & Water Conservation Society of 
India (2005), Lifetime Achievement Award (2015) from GVK Society, Agra, UP, India for contributions to 
Water management, Mashav Fellowship by CINADCO, Ministry of Foreign Affairs, State of Israel (1995) 
and Net Award for knowledge contribution in the field of microirrigation technologies from Netafim 
Ltd., Israel (2006). Fellow of Telangana Academy of Sciences, Indian Society of Oil Seeds Research etc. 
He handled 13–Research and 6–Consultancy microirrigation projects in India, Israel and South Africa. As 
Technical Advisor he was instrumental in formulation & commissioning of world’s largest microirrigation 
project covering an area of 0.9 million ha. This project was a significant milestone in Indian agriculture 
and set a benchmark for microirrigation technology application on a large scale in India. As an 
International Microirrigation Consultant for 5–Years in Israel contributed to mapping, organisation, 
storage, dissemination & sharing of agronomical knowledge and development of digital knowledge 
content for more than 198 drip irrigated field, vegetable, fruits, plantation and biofuel crops to create 
new capabilities, decision criteria for diffusion and adoption, enable superior system performance, 
encourage innovation and enhance stakeholder value.
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Arvind Kumar
DDG-Research, ICRISAT, India 
Email arvind.kumar@icrisat.org

Arvind Kumar is an experienced crop scientist with more than 28 years’ experience in crop improvement, trait 
discovery to drought tolerance, disease- insect resistance and translational research. As Deputy Director General- 
Research, he leads and provides strategic direction to ICRISAT research in the area of climate resilience, nutrition, 
crop improvement, genomics-trait development, crops-water-soil-disease management, policy, agribusiness, 
market linkages and capacity development for ICRISAT-mandated crops grown mostly in the semi-arid regions 
of the world.He has a PhD from Indira Gandhi Agricultural University, Raipur- International Centre for Genetic 
Engineering and Biotechnology, New Delhi, in plant breeding and post-doctoral training from the International 
Rice Research Institute, Philippines, on molecular breeding.Arvind has been bestowed with several awards during 
his successful research career. These include- Honor from Government of Nepal for contribution to Agriculture in 
Nepal; Rafi Ahmad Kidwai Award, 2014 in Crop and Horticultural Sciences; Government of India, Fellow, National 
Academy of Agricultural Sciences (FNAAS); Best Scientist Award of Indira Gandhi Agricultural University, Raipur; 
Young Scientist Award from Madhya Pradesh Council of Science & Technology (MPCOST), Madhya Pradesh, 
India; and University Gold medal of Indira Gandhi Agricultural University, Raipur, India.

Water budget-based cropping systems designs and scaling strategies for specific cropping-
zones diversification, sustainable intensification and resource conservation in India

India’s agriculture sector is facing serious challenges of diminishing water availability, soil health deterioration, 
climate vulnerability, low resource use efficiency and water-energy-carbon-food nexus. Water is central to both 
positive and negative sides of these challenges in agriculture. Current state of cropping systems across different 
agro-ecological regions don’t have inclusivity of the available moisture/water at the ecosystem level. Adoption of 
water-intensive cropping systems in low rainfall/ rapidly depleting groundwater regions is posing extra pressure 
on available groundwater resources. Groundwater extraction in majority of the regions is higher than the natural 
replenishable rate resulting in declining water tables. This is impacting the availability of existing ecosystem 
services, increasing cost of production, increasing risk of crop failures, and reducing sustainability of agri-food 
systems. On the other hand, the resources especially water in high rainfall, single cropping system regions are 
underutilized.  To address these challenges, ICRISAT has undertaken a water budgeting study aiming to design 
sustainable intensification of cropping systems for different regions/areas that provide higher income for 
smallholder farmers while sustaining the natural resource for a longer-term. In India, there are 21 major cropping 
systems across the 142 million ha net cultivable land. Based on rainfall, temperature, soil moisture retention ability 
and current cropping system management (sowing and harvesting window), we divided the entire country into 
4634 grids for which the water budgets were estimated between 2010 and 2020 on a daily scale. Results indicate 
that resources in rice-fallows are highly underutilized. Despite generating more than 600 mm runoff annually, 
farmers follow single/mono cropping systems leaving their land fallow in the winter (rabi) season. Whereas rice-
wheat cropping systems, particularly in north-western Indian landscapes are developing negative water balance at 
regional scale. Groundwater over-extraction from the rice-wheat cropping system on average is 200 mm and the 
generated runoff is only about 125 mm. Even if all the runoff is harvested and allocated to replenish groundwater 
aquifers, it will still result in about 75 mm/year deficit which is highly unsustainable and may develop negative 
externalities in terms of declining groundwater, high cost of cultivation and energy consumption. The study 
also found that sugarcane-based cropping systems in low to medium rainfall zones is further unsustainable as it 
develops about 400 mm negative water balance at system scale. The study identified the hotspots of groundwater 
overextraction and suggests strategies for rainwater harvesting interventions and appropriate cropping system 
designs including oilseeds, pulses, millets, vegetables and other crops. The study suggests integration of 
landscape resource conservation measures along with climate-resilient agricultural technologies together with 
cost-benefit analysis based on available and predicted future market demands in deciding specific crop zones with 
a set of cropping systems for developing processing, value chain infrastructures, markets and export opportunities 
for enhancing farmers’ incomes and developing sustainable agri-food systems in different regions of India.

Venkataradha A, Garg KK, Anantha KH, Singh R, Gumma MK,  M L Jat and Arvind Kumar
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
Email: arvind.kumar@icrisat.org
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We all demand sustainable foods, but do they always provide sustainable nutrition?

Dr. Ian Givens is currently working as a Professor of Food Chain Nutrition in the Department of School 
of Agriculture, Policy and Development, University of Reading , United Kingdom. Responsibilities: • 
Director, Institute of Food, Nutrition and Health (IFNH) • Leading a research programme in animal-
derived foods and human health • Contribution to teaching nutrition-related topics • Recruitment and 
management of staff and PhD students • Membership of external committees and panels including: o 
UK Food Standards Agency, Advisory Committee (Vice Chair) o Scientific Advisory Committee of the 
British Nutrition Foundation o Advisory Committee of the Institute for Food and Health, University 
College Dublin o International Chair on Cardiometabolic Risk: Member of panel on dietary lipids o 
European Healthy Lifestyle Alliance: Member of panel on obesity o International Expert Movement to 
Improve Dietary Fat Quality o Member, Scientific Council of Bio-Competence Centre for Healthy Dairy 
Products, Estonia

Global temperature rise and increasing world population confirm the need for building sustainable food 
systems. Whilst this will enhance food security, it is vital that this also ensures sustainable nutrient supply, 
particularly noting the increasing burden of diet-responsive non-communicable diseases (NCDs) in both 
developed and developing countries. Currently in the UK there is increasing pressure for a dietary transition 
from animal-derived protein to that from plants, but this often ignores that fact that foods that are rich 
in animal-derived protein also provide a range of other key nutrients that are unlikely to be found in such 
density in plant sources. So, while animal-sourced foods are being targeted because of their environmental 
impact, restricting these foods is likely to have unintended, negative impacts on human health. A key 
example is that already, UK female adolescents in particular, consume less milk than in earlier times and 
have generally low or very low intakes of calcium, magnesium, and vitamin D at a period of life where bone 
development is at its maximum. Sub-optimal bone development in this period increases the risk of bone 
weakness in later life. Indeed, there is also considerable evidence of increased bone weakness in vegetarians 
and vegans than omnivores. Working with ICRISAT over the last three years has given insights on the range, 
severity and prevalence of NCDs in India, notably on anaemia in young women and children and stunting 
in children. The development of millet-based foods, some with enhanced iron content has been impressive 
and yet the systematic reviews have highlighted the limited number of  human randomised control trials 
for evaluating the potential role of millets for reducing the prevalence of these NCDs. One result of this 
has been the development of plans for large, interdisciplinary studies targeted on anaemia and childhood 
stunting. Within these and more generally, there is a need to look at nutritional problems holistically. For 
example, the co-existence of low iron and vitamin D status is now recognised although the reasons for it are 
not clear, but it illustrates the need for ensuring that each nutrient is not looked at in isolation.

Theme 5: Strengthening nutri – Sensitive food 
systems for the drylands

Ian Givens 
Director, IFNH, Professor of Food Chain Nutrition, 

School of Agriculture, Policy, and Development,  
University of Reading, UK  

Email d.i.givens@reading.ac.uk
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Head R&D- Beverages, Unilever Nutrition   
Email sujatha.jayaraman@unilever.com

The worlds food system needs to change: strategies and actions to make that happen!
India faces, conflicting and contradictory health issues – like malnutrition and obesity on the one hand, 
and social and environmental issues like poverty and climate change on the other hand. Addressing this 
problem requires transformation in our food system end to end and participation by everyone who touches 
the consumer. In Unilever, we believe we have a role to play in offering consumers healthy choices for a 
healthy lifestyle. In Unilever, as part of the ‘Future Foods’ initiative, we are committed to reducing nutrients 
of concern like salt sugar and saturated fat and increasing positive nutrition across the foods & beverages 
portfolio and committed that 70% of our foods and beverages will meet World Health Organization-aligned 
nutritional standards. Unilever introduced the Sustainable Agriculture Code (SAC) in 2010 it provides 
comprehensive framework to reduce environmental impact. In this talk, we will share few successful case 
studies where it helped people to choose healthier diets and reduce environmental impact.
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Building communities of practice for human-centered and systems-level solutions 
for sustainable food systems

Sustaining and promoting our ecosystems while supporting a population whose food production needs 
are predicted to double in 50 years requires systemic change across the entire value chain. Achieving this 
change necessitates the development of scientific and technological solutions that consider the social, 
cultural, and historical context where they are implemented. We propose a collaborative approach that 
considers the viewpoints of each stakeholder in the system, identifies common interests and points of 
inflection and establishes communities of practice that work iteratively together across the system. These 
communities of practice must learn from each other, co-create standard solutions, and iteratively enhance 
solutions through regular interaction and reevaluation of the process. Here, I discuss our methodology to 
build trust, value, and responsibility in the agri-food value chain and our current work to build communities 
of practice for ecosystem-based agri-food systems.

Sub-Theme 3.1: Scope of regenerative 
(sustainable) dryland farming methods and 
standards 

Shannon Olsson
Global Director, The Eco network 
Email shannon@echonetwork.in
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Mainstreaming the agrobiodiversity of drylands for climate resilience and nutrition

It is well recognised that high-input, resource-intensive farming systems, which have caused massive 
deforestation, water scarcities, soil depletion and high levels of greenhouse gas emissions, cannot deliver 
sustainable food and agricultural production. Under these challenges, achieving food security in drylands 
is especially challenging. Drylands cover 41% of the earth’s land area and are home to 38% of the world’s 
population, the majority of whom live in poverty. Farm households and rural communities around the world, 
including in dryland systems, have long since used agricultural and tree biodiversity to diversify their diets 
and their production systems, to manage pests, diseases and weather-related stress. The evidence shows 
that biodiversity-based approaches intensify production while reducing pressure on the environment, 
for example, by improving soil quality. At the same time, a diversified diet is essential for human health. 
Alliance of Bioversity International is working on the mainstreaming of agrobiodiversity of drylands for 
Climate Resilience, Nutrition and livelihoods involving >25000 small holder farmers especially those located 
in rainfed dryland regions of 11 states of India.   Mainstreaming native crops and varieties (also called Seed 
for Need) using crowdsourcing approach links farmers to the seeds they need to face the changing climatic 
conditions. This approach puts farmers in the role of citizen scientists, testing, observing, and comparing 
different varieties, trying new techniques, and experimenting with different crop rotations to see what 
works for them. They evaluate different qualities of each variety such as yield, resilience, nutrition, taste 
and resistance to pests and diseases. The idea is to stimulate farmers to experiment with different landraces 
and varieties, while linking to geographical tools to make these efforts more targeted and more efficient. 
In another programme named Improving Nutritional Security of Rural Population through Biodiversity 
multipurpose tree-based production system was found effective for improving productivity, economic 
condition, and nutritional security.

Rana JC and Sonal Dsouza
The Alliance of Bioversity International and CIAT, India 
Email:  j.rana@cgiar.org

Agroforestry regenerates ecosystem services in degraded dryland

Globally, about 25% of the land has been degraded affecting 3.2 billion people especially rural smallholder 
farmers, economically backward sections, women and children causing food insecurity, increased food 
prices, climate change, loss of biodiversity and ecosystem services, and environmental hazards (Global 
Environment Facility, 2021). Agroforestry systems combining forest trees, fruit trees, and grain legumes 
may be a potential option to improve farmers’ livelihoods, restore degraded land, and provide multiple 
ecosystems services for farming communities. Forest deciduous tree species Gmelina [Gmelina arborea], 
fruit tree mango [Mangifera indica], and grain legume pigeon pea [Cajanus cajan] were grown solely and in 
combinations for 10 years (2009–10 to 2018-19) on a red and lateritic soil of West Bengal in northeast India. 
The objective was to evaluate their roles in restoring degraded soils, and in providing higher income and 
multiple ecosystems services. Harvesting of pigeon pea pods/seeds and mango fruits started respectively 
on the first and third year and Gmelina timber on the eighth year in the Gmelina-mango-pigeon pea (GMP) 
agroforestry system. This system produced 1.2-1.7 times higher biomass and stored 1.6-4.3 times higher 
net carbon compared to either sole Gmelina or pigeon pea system. The GMP system also increased the 
soil organic C, N, P, K, Zn, Fe, Mn, water-stable aggregates, water holding capacity, enzymatic activities, 
microbial resilience, and earthworm diversity in the soil compared to sole tree or sole legume system. In 
addition, it resulted in 2.7 times higher annual average net return compared to only pigeon pea cropping. 
Higher synergies between provisioning, regulating, and supporting ecosystem services demonstrated 
that the GMP agroforestry system can restore the degraded red and lateritic soils and provide multiple 
ecosystems services.

Benukar Biswas
Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, India
Email:  kripahi@yahoo.com



67

Invitro evaluation of bio agents against Claviceps fusiformis causing ergot of pearl millet

The world's fourth-most significant staple grain crop is pearl millet, Pennisetum glaucum. It is considered 
ideal for the hard climate of the semi-arid, seasonally hot areas of the Indian subcontinent that are 
prone to drought. Serious challenges to Pearl millet development include biotic and abiotic influences. 
In addition to bacterial and viral diseases, several fungal diseases are also important among which 
ergot plays significant role. The successful growth of Pearl millets was seriously threatened by the ergot 
produced by Claviceps fusiformis. An experiment was carried out to Prove pathogenicity and determine 
the effectiveness of antagonistic organisms against C. fusiformis for the treatment of Pearl millet ergot. 
The ergot infection was isolated from the crops that were spiked (Panicles) and showed the typical 
symptoms of honeydew and thus successfully proving pathogenicity. The isolated pathogen was tested 
in vitro using the dual culture method with a variety of bioagents, including Pseudomonas fluorescens, 
Bacillus subtilis, Aspergillus niger, Trichoderma longibrachiatum, Trichoderma koningii, and Trichoderma 
asperellum which were found to be antagonistic to Claviceps fusiformis. Trichoderma asperellum was 
shown to be the most effective among the bioagents tested, with significantly less mycelial growth (36.23 
mm) and the highest mycelial growth inhibition of the test pathogen (59.73%) .T. harzianum mycelial 
growth (38.23 mm) had the second-lowest growth and the highest mycelial growth inhibition (57.51%).

Kumar ST and Jagtap GP
Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani, India
Email:  sathishkumar1999t@gmail.com

Soil fertility constraints and its management in the dryland farming

Out of the 108 million ha of total rainfed area in India, there are around 47 million ha of drylands. Over 
42% of the nation's food grain production comes from "dryland" agriculture, which also provides food 
for half of the population. More than 90% of sorghum, millets, groundnuts, and pulses are produced in 
these regions, which also contribute 75% of the world's pulses (Patnaik, 2010). Depending on the amount 
of rainfall received in these areas, the soils in dryland regions of India primarily fall under the Alfisols, 
Vertisols, Aridisols, and Entisols categories and have uneven physiographies. Drylands are characterised 
by a lack of water, high rates of evaporation, extremely high daytime temperatures in the summer, a 
lack of humidity, and significant rates of runoff and soil erosion during the monsoon season as a result 
of which soil in this area has low soil organic carbon, numerous nutrient deficiencies, typically has hard 
pan formation in deeper layers, crust formation, salinity/alkalinity problems, in addition to low fertility. 
To combat these constraints, encouraging the establishment of plant cover on bunds, formation of 
graded bunds, development of vegetative filter strips on contours, summer ploughing, contour tillage 
in slope lands, the opening of dead furrows, construction of dugout pond deep tillage once every three 
years for better infiltration and to decrease pest and weed problems, mulching with agro-waste are some 
solution to overcome with the existing problem. Based on soil testing, promoting integrated nutrient 
management (INM), judicious use of chemical fertilisers, bio-fertilizers, and locally available organic 
manures such as farmyard manure, compost, vermicompost, and green manure, and concentrating on 
site-specific individual deficient nutrients in the soil are the approaches to counter the diminishing soil 
nutrient status and to maintain soil health - quality and productivity in dryland.

Firdous S
Vellore Institute of Technology, Vellore, India
Email: Saiyyeda.firdous@vit.ac.in
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Cotton is a major agricultural crop in the Texas High Plains region of the United States, producing over 6.4 
million metric tons of cotton per year. This represents an average of 30% of U.S. cotton and approximately 
4% of world cotton. The Texas High Plains is a semi-arid region with characteristic low rainfall and the 
production agriculture is supported by limited irrigation or rain-fed. As a result, producer decisions are 
complicated by uncertainty of production risks posed by the interaction of biotic (pests) and abiotic (water) 
factors. The western flower thrips (Frankliniella occidentalis) and cotton fleahopper (Pseudatomoscelis 
seriatus) are the most economically significant pre-flower pests of Texas cotton. Thrips and fleahoppers 
impacting cotton production risks were evaluated with four combinations of single versus sequential 
infestations under three water-deficit [full irrigation, limited irrigation (30% of full irrigation), and dryland) 
regimes and developed a dynamic optimization economic model that maximized the net returns for 12 
management scenarios. Water deficit conditions and insect infestations impacted crop growth profile, 
lint yield, and fiber quality. Thrips reduced yield significantly in dryland and full irrigation while cotton 
fleahopper was not a significant yield reducer by itself. However, sequential infestation increased yield 
loss while the effect positively correlated with increased water level. Sequential infestation rendered 
~20% yield loss in dryland and full irrigation and ~11% in deficit irrigation, indicating the impact of drought 
conditions on modulating the effect of insect pests as well as plant’s compensatory ability. Thrips alone 
reduced gross margins across all three water levels, whereas cotton fleahopper alone reduced gross returns 
only under full irrigation ($222/ha). Sequential infestation of thrips and cotton fleahopper reduced gross 
returns by $316, $161, and $450 per hectare. Dryland and full irrigation systems appeared to be more 
vulnerable to sequential infestations than limited irrigation. The scope of this study entails integrating 
production practices and pest management options under numerous cotton management scenarios and 
the management options would be developed based on breakeven value and net return of each option for 
farmers to choose depending on the availability of water resources on their farms.

Sub-Theme 3.2: Economic analysis of 
regenerative (sustainable) dryland farming 
versus conventional/other farming methods 

Megha N Parajulee
Regents Fellow Professor and Cotton Entomology 

Program Leader, Texas, A&M university 
Email m-parajulee@tamu.edu

Economic evaluation of insect-pest management strategies in water-deficit cotton 
production systems
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Natural farming: a tool for sustainable agricultural development

As we know that the population of the world is continuously increasing in multiple progression and the 
production is not increasing as the same. There are different factors which are affecting the crop production 
productivity of land. Due to high use of chemical’s and fertilizer’s and the migration of the farmer’s after leaving 
the agriculture due to high cost of production, fluctuating prices in the market and increasing debt requirements. 
So, it is really a major challenge for the scientists and research scholars that how to deal with such a great issue. 
So here Zero Budget Natural Farming is a better option. Zero budget natural farming (ZBNF) is the best solution 
to reduce the input cost of farmers. It will be very useful for small and semi-medium farmers because as its 
name shows- zero budget means “no credit” and natural farming means “growing of crops without chemicals”. 
The concept of ZBNF used first time by Japanese agriculturist M Fukuoka and in India by Subhash Palekar. 
Subhash Palekar gave many theories, principles and methods of ZBNF in India. There are four pillars of ZBNF i.e. 
Jivamrita, Bijamrita, Acchadana and Whapasa. Ghangeevamrat may be a better option in the Rainfed agriculture. 
The farmers practicing ZBNF uses four concepts as- mulching, soil protection techniques, natural pesticides and 
fertilizers. These four concepts help better soil health, increased microbial population, and enhanced crop yield. So 
we can say that ZBNF is requires low input cost, helps in maintaining good soil health, and produce the chemical 
free grain that reduces health hazards. So it is a better option for the small holder farmer’s.

Mishra S, Shukla M, Yadav A, Ojha PK and Verma AP
Department of Agricultural Extension, Banda University of Agriculture and Technology, Banda, India 
Email:  mishrajicool02@gmail.com

Sustainable horticulture in semi-arid regions

India has 328.76 million hectare of total land, out of which 50.94 million ha (15.49%) land falls under arid, 122.52 million 
ha (37.26%) land under semiarid, 75.42 million ha (22.94%) land under dry sub-humid and 7.0 million ha (22.34%) 
land under cold arid regions (Tewari et al. 2014). Presently, our country is next to China in the area and production of 
vegetables and fruit crops, contributing 10 percent of fruits and 14 percent of vegetables in the world's production. Arid 
and semi-arid regions are considered as the hotspot for abiotic stresses, such as extreme temperatures, intense solar 
radiation, salinity, drought and nutrient deficiency, where the commercial fruit crops either fail to grow or struggle to 
express their potential performance. Under such climatic conditions, integration of under-utilized fruit crops, vegetable 
crops and perennial medicinal crops to sustain the crop productivity is highly essential for enhancing the productivity 
in semi-arid regions. The technological interventions of Horticulture suitable under semi-arid conditions for sustainable 
production includes  identification of appropriate species, choosing the right varieties,  planting site, methods of 
planting (Raised bed, Trench planting, Planting on Terrace) water harvesting practices ( trench water harvesting, 
full moon water harvesting, half-moon water management, provision of micro-catchments, crescent bunding and 
opening of catch pits)  and fruit-based cropping models for crop diversification.  Studies conducted at SKLTSHU 
documented that Balanagar variety of Custard apple with average fruit weight (360g), TSS (27 ºB), Jamun collections 
viz., SRDJC-3 (14.75 kg/tree), SRDJC-8 (14.33 kg/tree) and SRDJC-3 (73.4 kg/tree) from Fruit Research Station, 
Sangareddy, Bael accession TSKMPBA-01 with superior yield (113 kg/tree), TSS (36 ºB) from Horticulture Research 
Station, Kondamallepalli were reported to be suitable for dryland regions of Telangana. Bael, aonla, and jamun based 
cropping models were found to be beneficial in terms of improved yield and income were recommended for dry lands.  
Huge waste of horticulture crop is evident starting from harvest, post-harvest, transport, and storage before it reaches 
to consumers. Minimization of post-harvest losses in value chain through minimal processing and development of 
value added products is the need of the hour. The underutilized fruits have a wide scope of export for various processed 
products in dryland fruits (aonla, custard apple, bael, khirni, karonda, pomegranate, and ber), hence value addition 
and marketing of different value added products may not only enhance the economic level of horticultural farmers 
but also aids in providing balanced nutrition, and livelihood security to the farmers of semi-arid regions with the concept 
of doubling farmers income. Efforts can also be made to create awareness among farmers, fruit and vegetable growers 
regarding innovative technologies such as multiplication of quality seedlings of suitable horticulture crops for dryland 
areas, mulching, integrated nutrient management, use of soil amendments, use of anti-transpirants, organic farming and 
technologies for extending the shelf life of fruits. In addition to this, the integrated farming system by optimal utilization 
of different resources (dairy, livestock, poultry, goat keeping, duckery, apiculture, sericulture, horticulture, mushroom 
cultivation etc) improves socio-economic status of the farmer and also enhances maximum productivity in farming. 
Hence, a strategic shift from monoculture towards more diverse cropping pattern would enable resilience against climate 
and market risks by reducing water consumption and by enhancing the crop productivity reaching an objective of “More 
crop per drop”. Considering the importance of Horticulture, the emphasis should be made towards eradicating global 
malnutrition by exploiting the potential of underutilized fruit crops so as to achieve the goal of sustainable development 
of the United Nations and also to achieve sustainable and stable income to the farming community.

Prabhakar BN, Bhagwan A, Seenivasan N, Joshi V, Kumar ST and Swamy S
Sri Konda Laxman Telangana State Horticultural University, Mulugu, India 
Email:  vcskltshu@gmail.com
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Enhancing the groundnut productivity and profitability through different regenerative 
agricultural/Natural farming practices

Groundnut (Arachis hypogaea L.) is one of the major edible oilseed crops of the country (Desire et al., 
2010) and plays a major role in bridging the vegetable oil deficit in the country. It is primarily grown as 
rainfed crop with rainfall varying between 500-1200 mm and on wide range of soil types having good 
drainage. However, groundnut production in the SATs is low due to inappropriate management practices. 
Thus, the strategic research was conducted during post rainy season 2016-17 and 2017-2018 at the 
ICRISAT Research Farm, India on assessing the performance of different regenerative agricultural (RA)/ 
natural farming (NF) practices on productivity and profitability of high yielding groundnut cultivars. 
The soil at the experimental site was Alfisols and experiment was laid out in a factorial randomized 
block design with 30 treatment combinations and three replications. The treatments comprised of two 
groundnut cultivars viz, ICGV91114 and ICGV00351 which were evaluated against four RA/NF practices 
comprising soil application of humic acid at 20 DAS, foliar application of humic acid, seaweed extract 
(Aquasap), and Vermiwash at 30 and 50 DAS. The results reveled that the all the four RA/NF practices 
performed better compared to normal practice of RDF application. The soil application of humic acid at 
20 DAS recorded highest pod yield (2324 and 2503 kg ha-1 in ICGV91114 and 2176 and 2167 kg ha-1 in 
ICGV00351) in 2016-17 and 2017-2018, respectively, which was followed by foliar application of seaweed 
extract (Aquasap). The soil application of humic acid might have increased soil nutrient contents including 
total and available soil nitrogen, phosphorus and potassium. Humic acid could also enhance microbial 
diversity and physicochemical properties and enzymatic activity of soil, which is beneficial to improve 
the groundnut productivity. The results confirmed that the soil application of humic acid at 20 DAS when 
used as a supplement with 50 per cent recommended dose of fertilizers, is beneficial and promising RA/
NF practice (Joshi et al., 2017) for improving groundnut production in SATs.
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Climate change and farmers’ migration in the semi-arid tropic and eastern regions of 
India: Role of irrigation and local non-farm income diversification

Contributing about 18% to India’s GDP, the agricultural sector plays a significant role in the Indian rural 
economy. Despite being the primary source of livelihood for more than half of India’s population, most 
of them are marginal and small farmers facing several challenges due to  agro-climatic shocks. Climate 
change is expected to increase the risk in the regions that are highly agriculture dependent. With 
systematic and scientific evidence of changes in rainfall, temperature and other extreme climate events, 
migration started to emerge as a survival strategy for the farm households. In this backdrop, our present 
study aims to combine the two strands of literature and attempts to answer the question: Is migration 
the only adaptation strategy for the farmers once they experience crop failures due adverse climatic 
condition? Combining the temperature and rainfall information from the weather data provided by the 
Indian Meteorological Department with the household level panel data on Indian states belonging to 
the Eastern and Semi-Arid Tropics regions from the Village Dynamics in South Asia (VDSA) collected 
by ICRISAT, we form a rich panel data for the years 2010-2014. A Recursive Econometric Model is used 
to establish the three-way nexus between climate change-yield-migration while addressing the role 
of irrigation and local non-farm income diversification. Using Three Stage Least Squares Estimation 
method, we find that climate change induced yield loss is a major driver of farmers’ migration. However, 
irrigation and local level non-farm income diversification are found to mitigate the adverse impact of 
climate change on migration. Based on our empirical results, we suggest for enhancing irrigation facilities 
and making local non-farm income diversification opportunities available to increase farm productivity 
and thereby reduce farmers’ migration.

Sreekumar G and Mandal SK
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Current agriculture production needs to be doubled to meet the demand for the projected 9.7 billion 
population by 2050. Many smallholder farmers follow traditional farming practices, and are considered 
organic-by-default. Organic agriculture (OA) can be practised profitably and sustainably in some agro-
ecologies, but is not advisable for dryland areas. A critical element of OA is to maintain good soil health, 
including soil fertility (organic carbon and essential macro and micronutrients), soil structure and soil 
moisture for good crop production. Most soils in the drylands of arid and semi-arid tropics of the world 
are low in soil fertility and soil moisture for profitable crop production. A study from University of Western 
Australia reports that it is not feasible to maintain organic matter in soils with <600 mm rainfall and daily 
average temperatures of >15C. There is need to take a holistic view of soil health, and consider soil as a 
“bank of nutrients”.  Farmers need to replenish the soil nutrients taken-up by a crop every season, especially 
in the tropical and sub-tropical areas. Organic manures (FYM, compost, and other animal manures) contain 
small quantities of nutrients, and need to be applied in huge quantities. Additionally, the needed macro-
and micro-nutrients should be supplemented based on soil test results. Using geo-referenced soil fertility 
mapping helps scientists to make appropriate recommendations of manures, bio-fertilizers, bio-enriched 
compost, and fertilizers. We need to harness the synergies of integrating the valuable ancient knowledge 
of organic agriculture with modern science-based technologies to meet the challenges of 21st century, 
through “Sustainable Agriculture Practices” (SAP). Scientists, policy makers, and farmers should join hands 
to develop a basket of technological options for SAP and empower the farmers to choose appropriate 
farming practices that are suitable for their farms, agro-ecologies and economic conditions for the 
sustainability of agriculture in the drylands.

Sub-Theme 3.3: Safety, environmental, and 
sustainability of regenerative (sustainable) 
dryland farming

CLL Gowda 
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Email cllgowda@gmail.com

Can organic agriculture be sustainable in the drylands?
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Landscape resource management for sustainable crop intensification: A case 
study of Tribal dominated areas of Eastern India

Odisha lies in the humid and sub-humid region which receives annual average rainfall of 1500 mm. The 
topography is largely characterized with high to medium slopes. Due to high land slope at uplands and 
change in land use, these landscapes are suffering with severe land degradation and poor moisture 
retention ability. A large fraction of rainfall generates surface runoff (in a range of 300-600 mm/year) which 
creates flooding during monsoon and water scarcity in post-monsoon period. This paper presents a case 
study from tribal dominated agriculture landscape of Odisha, Eastern India highlighting the opportunity for 
sustainable crop intensification and strengthening ecosystem services by integrating landscape resource 
conservation measures with field scale climate resilient technologies. Following land resource inventory 
(LRI) based planning and hydrological assessment, a range of natural resource management interventions 
were introduced in four clusters representing different agroecological region of Odisha. In-situ soil and 
water conservation measures including earthen field bunding, field drainage structures, diversion drains 
cum rainwater harvesting cum elephant proof trench were constructed. Excess runoff generated from 
foothills were channelized by providing diversion drains along with masonry plugs at suitable intervals. 
A fraction of runoff harvested at various landscape locations by constructing farm/community ponds, 
structures at foothills using masonry core wall following decentralized approach. A range of agroforestry 
models and good agricultural practices were promoted to enhance resource use efficiency to bridge the 
yield gap. Water budget analysis showed that harvesting 15-20% (90-150 mm) of generated runoff provides 
the opportunity for cultivating second season crop in rice fallow areas. With these interventions, cropping 
intensity increased from 40% (before) to 130% (after). The study clearly demonstrated the opportunity 
for intensifying cropping system in rice fallow areas in eastern India through landscape rejuvenation 
interventions.
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Anupama Sreeramaneni   
NAANDI Foundation, India 
Email: anupama@arakuoriginals.com

Odisha lies in the humid and sub-humid region which receives annual average rainfall of 1500 mm. The 
topography is largely characterized with high to medium slopes. Due to high land slope at uplands and 
change in land use, these landscapes are suffering with severe land degradation and poor moisture 
retention ability. A large fraction of rainfall generates surface runoff (in a range of 300-600 mm/year) which 
creates flooding during monsoon and water scarcity in post-monsoon period. This paper presents a case 
study from tribal dominated agriculture landscape of Odisha, Eastern India highlighting the opportunity for 
sustainable crop intensification and strengthening ecosystem services by integrating landscape resource 
conservation measures with field scale climate resilient technologies. Following land resource inventory 
(LRI) based planning and hydrological assessment, a range of natural resource management interventions 
were introduced in four clusters representing different agroecological region of Odisha. In-situ soil and 
water conservation measures including earthen field bunding, field drainage structures, diversion drains 
cum rainwater harvesting cum elephant proof trench were constructed. Excess runoff generated from 
foothills were channelized by providing diversion drains along with masonry plugs at suitable intervals. 
A fraction of runoff harvested at various landscape locations by constructing farm/community ponds, 
structures at foothills using masonry core wall following decentralized approach. A range of agroforestry 
models and good agricultural practices were promoted to enhance resource use efficiency to bridge the 
yield gap. Water budget analysis showed that harvesting 15-20% (90-150 mm) of generated runoff provides 
the opportunity for cultivating second season crop in rice fallow areas. With these interventions, cropping 
intensity increased from 40% (before) to 130% (after). The study clearly demonstrated the opportunity 
for intensifying cropping system in rice fallow areas in eastern India through landscape rejuvenation 
interventions.
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Application of pheromone trap is boon for maize crop against fall armyworm, 
Spodoptera frugiperda

Maize (Zea mays L.)  is third most important cereal crop after rice and wheat in India. It is staple food of 
country, containing all essential nutrients in adequate amount require for human health. Fall armyworm 
(FAW) Spodoptera frugiperda, a polyphagous insect pest of Maize and several study reported that it causes 
yield losses upto 30 % and more. To control the pest and reduce crop losses, HCL Foundation took initiative 
to make an Integrated Pest Management intervention of pest control against fall armyworm (FAW) in Maize 
which will reduces the cost of cultivation and harmful effect of pesticide. A pilot project was conducted 
in Kharif season to check the efficiency of IPM tool- sex pheromone trap against FAW, in Hardoi district, 
Uttar Pradesh. In the study there were two set of maize farmer, first set was farmers having fields with 
pheromone trap and second set of farmers, control plot had all the same conditions except pheromone 
trap. During the study we found that the main constraint which farmers had in during last two- three year 
was crop damage and yield losses mainly by FAW. They were using broad range of insecticide 4-5 times 
in their field but problem was not resolved and cost of maize cultivation increasing and losing the net 
profit. We have taken the unique innovation to control the male population through IPM tools, to stop the 
breading of harmful insects, which provide amazing result with low cost. We develop the PoP for the maize 
crops and trained the farmer having IPM tools uses for mass trapping of male moth of pest, number of 
insecticide sprayed was only 1 or 2 with less infestation of fall armyworm and found that cob quality was 
better than control plot. With use of IPM tool there was saving of labor cost involved for spray and moreover 
reduce the harmful chemical in food chain as well as ecological chain also. This Innovation reduced the cost 
of insecticide up to 50 % this may be go down in coming year by using the more density of IPM tools.

Pandey U, Tiwari R and Kumar V
HCL Foundation, Samuday, Noida, India
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Dryland production system: Improving productivity and climate resilience

Drylands are land areas with one overriding characteristic: they have uncertain precipitation pattern. 
The optimum size of the rainwater storage and recycling is critical for mitigating rainfall uncertainty and 
bringing sustainability to rainfed farming. The field experiment was conducted in a protective condition 
for “establishing catchment, storage, command relationship and optimizing the irrigation levels for four 
vegetable crops, including broccoli, capsicum, cherry tomato and pole bean with four irrigation level 
viz., 75, 50, 25 % ASM with surface irrigation as check. Study consisting of 16 treatments were replicated 
thrice. From first to last rainy day of year 2021-2022, the total amount of rainwater harvested from 
1500 m2 poly house rooftop was 719 m3 (7,19,000 liters). However, tank was having 1,94,780 liters of 
water from previous year rainfall. The results revealed that, water harvested from roof top was able to 
meet around 95 per cent of the water required for scheduling irrigation at 75 % ASM for raising different 
vegetable crops such as broccoli (71,528 liters), capsicum (63,597 liters), pole bean (59,753 liters) and 
cherry tomato (13,7173 liters) each was grown in an area of about 138.3 m2. Further, scheduled irrigation 
at 75 % ASM recorded significantly higher yield in all the vegetable crops such as broccoli (19.85 t/
ha), capsicum (50.98 t/ha), pole bean (21.59 t/ha) and cherry tomato (51.38 t/ha) and was on par with 
surface irrigation. However, lowest yield was observed in 25 % ASM. This technology will help to improve 
sustainability and productivity of rainfed farming.

Vinutha BB, Thimmegowda MN, Mudalagiriyappa and Vasanthi BG
UAS, GKVK, Bengaluru, India
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Sub-Theme 4.1: Managing soil health for 
sustainable agriculture in dryland areas

Lucrezia Caon 
Coordinator of the Global Soil Laboratory  
Network (GLOSOLAN), FAO    
Email Lucrezia.Caon@fao.org

Soil data are critical to decision making at all levels, from farmers to policy makers and national 
institutions that have to report about country achievements in meeting international targets like the 
Global Development Goals. However, the availability of data (data quantity) is not sufficient to make 
sound decisions. Decision-making should be based on data quantity and quality. Data should also be 
harmonized (at least at the national level) in order to be comparable and allow for the implementation 
of monitoring activities. Because of the importance of soil laboratories in the provision of reliable data, 
the Global Soil Partnership of the FAO established the Global Soil Laboratory Network (GLOSOLAN) 
in 2017. The network aims to build and strengthen the capacity of laboratories in soil analysis and to 
respond to the need for harmonizing soil analytical data. GLOSOLAN work is mostly focused on (i) the 
harmonization of standard operating procedures, (ii) the assessment and monitoring of the precision 
and accuracy of soil laboratories in soil analysis (launch of inter-laboratory comparisons), and (iii) the 
provision of training and equipment to soil laboratories in need. By executing a global soil laboratory 
assessment in 2020, GLOSOLAN pointed out that there is a great need to raise the awareness of 
governments on the key role of soil laboratories for sustainable soil management. There is also the need 
to improve the legislation and services around the management and disposal system of laboratories’ 
waste and to invest on the establishment of laboratories doing physical, biological and other analysis 
like those on pollution. And there is the need to improve local technical and procurement services, 
to harmonize methods and data, to provide continuous training to laboratory staff and to procure 
equipment to laboratories in need that demonstrate to have good laboratory practices in place already. 
In 2022, GLOSOLAN launched an inter-laboratory comparison that involved 240 soil laboratories from 
110 countries and that confirmed the needs anticipated in the 2020 soil laboratory assessment. Results 
showed that uncertainty in measurements is currently too large to monitor changes in e.g. soil organic 
carbon stocks, to make scientific conclusions or to pay for ecosystem services. Therefore, the activities of 
GLOSOLAN and its member laboratories should be supported and advertised as the network is able to 
identify reference values for different soil properties and to guide soil laboratories towards the release of 
reliable and comparable data.

“Data quality and uncertainty in decision making: the contribution of the Global Soil Laboratory 
Network to sustainable soil management”
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Investigating the relationship between groundwater augmentation and 
groundwater quality at micro-watershed scale.

Groundwater augmentation through rainwater harvesting has become a prime strategy to address 
water security and cope with the impact of climate change, especially in the semi-arid regions. Increased 
water availability due to groundwater augmentation and its impact on rainfed agriculture has been 
well documented, but its impact on the groundwater quality was rarely explored. In this study, data 
collected on groundwater quality and groundwater table from a micro-watershed in the semi-arid 
region of peninsular India were explored to assess the association between rainfall, and groundwater 
augmentation, and groundwater quality. It was observed that the groundwater augmentation and related 
changes in the groundwater levels were influenced by the density of rainwater harvesting structures, 
rainfall distribution during the rainy season, groundwater withdrawals around the monitoring wells, and 
the distance between the wells and water storage structures. The results of principal component analysis 
(PCA) and hierarchal clustering revealed that the spatial and temporal variations in the groundwater 
quality governed by hydrogeochemical processes and preferential flow recharge processes might have 
been affected by groundwater augmentation and withdrawal. The fertilizer use in croplands as a non-
point source of NO3-N and NH4-N in groundwater was affected by rainfall distribution. The high NO3-N 
levels in the vicinity of a burial site had indicated a possible point source of groundwater contamination. 
About 5%, 76%, 20%, and 4% of water samples were classified as poor, marginal, fair, and good as per the 
guidelines for drinking water with high fluoride and NH4-N content in groundwater as a point of concern. 
The majority of water samples were also classified as high salinity and low sodium hazard water, which 
may cause salt built-up in the poorly drained soil and affect crop water availability.

Patil M, Davala MS, Kumar RS and Dixit S
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Effect of conservation tillage on soil biological properties in rainfed condition.

Intensive cultivation has not only led to the degradation of natural resources such as soil, water and 
vegetation but also has declined biological soil characteristics and functions, viz., soil microbial biomass 
and activity, carbon and nutrient cycling for the sustainable production of food and feed. Conservation 
agriculture (CA) can be seen as a new way forward for conserving resources and enhancing productivity. 
Among the crop production factors, tillage contributes up to 20% and affects the sustainable use of 
soil resources through its influence on soil properties. Conservation tillage involving zero tillage and 
minimum tillage not only influence the soil microclimate, mineralization and immobilization of nutrients 
but also alters soil microbial biomass and activity. Soil microbial biomass Carbon (C) and Nitrogen (N) 
play a significant role in enhancing soil aggregation and promoting C and N turnover and thus nutrient 
cycling. An experiment conducted to study the effect of different tillage practices (Conventional tillage, 
Reduced tillage and Zero tillage) on soil biological properties. Results showed increased dehydrogenase 
activity (50.67 g TPF µg-1 soil 24 h-1), microbial biomass C (26.03 µg g-1) and N ( 223.57 µg g-1) under zero 
tillage followed by reduced tillage (43.61 g TPF µg-1 soil 24 h-1, 22.80 µg g-1 and 195.86 µg g-1) while 
conventional tillage recorded lower soil biological properties. Thus, conservation agriculture helps in 
enhancing the multifunctionality of microorganisms for sustainable soil health.

Mudalagiriyappa, Vasanthi BG, Sneha MA, Devaraj K and Puneetha KM
UAS, GKVK, Bengaluru, India
Email:snehareddy9972@gmail.com



76

Biomass and nutrient flow dynamics from households to farm fields: an 
experimental study in Southern Mali

In southern Mali, increases in the human and animal populations have placed great pressures on biomass 
and nutrient dynamics, resulting in the development of various soil fertility management systems. In 
this study, we aimed to quantify biomass flows, manure flows, nutrient flows and nutrient balances 
from various manure sources and farm typologies. We performed continuous resource monitoring (of 
cropland, livestock, redistribution units, chemical inputs, biomass, manure, etc.) over two years (July 2018 
to June 2020) within 45 households divided into High Resource Endowment (HRE), Medium Resource 
Endowment (MRE), and Low Resource Endowment (LRE) categories. The results showed that HRE, 
MRE produced 60 t/year and 34 t/year of manure, respectively, compared to the 10.3 t/year produced by 
LRE. The largest amounts of N, P, and K from manure stocks, were produced by the HRE. MRE and LRE 
farmers use the manure they have available on 21 to 35% of their sorghum and millet fields for their own 
consumption, while HRE used manure only on 12% of their sorghum and millet fields. We found that the 
negative nutrient balances observed in the 1990s evolved to be relatively positive regarding nitrogen (± 
3.2 kgN.ha-1) and phosphorus (± 0.25 kgP.ha-1) nutrition. However, a generalized potassium deficiency 
was observed for all crops and across all farm typologies. The residual effects of cotton fertilization were 
not sufficient to maintain nutrient balances under sorghum and millet agriculture. Thus, to improve the 
current cereal system, fertility management needs to be coupled with good agro-advisory services and 
optimal soil management strategies through the application of microdose.

Kasse H, Guindo M, Traoré B, Birhanu BZ and Coulibaly A 
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Optimizing dose of organic manure for sustainable sorghum production

Utilizing the commonly used dose of 5 t ha-1 irrespective of the type of organic manure is an inadequate 
organic fertilization practice. The purpose of this study was to identify the main types of organic manures 
used by farmers in Southern Mali, determine optimal doses, and evaluate the effect of the different 
doses in sorghum cropping system. A survey was conducted to identify farmers’ commonly used organic 
manures as well as the major constraints associated with their production and utilization. The experiment 
design was split-plot with 3 levels of manure (T1 = garbage heap manure, T2 = compost, and T3 = cattle 
manure) as the main factor and 3 levels of fertilization viz. D1 = adjusted doses (7.27 t ha-1, 3.20 t ha-1, 
and 2.18 t ha-1, for the garbage heap, compost, and cattle manure, respectively), D2 = extension dose (5 
t ha-1), and D3 = farmer practice (1.33 t ha-1, 0.88 t ha-1, and 0.25 t ha-1) as the split factor. The results 
revealed that fertilization by spreading had no significant effect on growth parameters such as plant 
height and collar diameter. The highest grain yield of 2042 kg ha-1 was obtained using the adjusted dose 
of garbage heaps manure. This yield was 21% and 46% higher than that of the commonly used dose of 5 
t ha-1 and the control, respectively. Our findings revealed no significant differences in grain yield (2361.5 
kg ha-1) between the extension dose and the adjusted compost dose. The popularized dose of 5 t ha-1 
applied by spreading of compost yielded a grain yield of 2334 kg ha-1, which was 31% higher than that 
obtained using cattle and garbage heaps manures. Regardless of manure type or fertilization dose, a 
biomass yield of 9288 kg ha-1 was obtained, which was 19% higher than the control. Moreover, with the 
exception of the control and farmer practice with cattle manure (3 g/hill), the different treatments yielded 
similar grain yield (2355 kg ha-1) and biomass yield (11023 kg ha-1).
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Sub-Theme 4.2: Landscape-based resource 
conservation: Linking land, water, agriculture, and 
rural livelihoods
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The increasing concerns over the depletion of fossil resources and its associated geo-political issues have 
driven the entire world to move towards sustainable forms of energy. Researchers all over the world are 
trying to develop technologies which utilize renewable resources as they do not cause the climate change 
problems for the production of energy. Solar, wind, tidal, geothermal energy etc. can be used for the 
production of power/ electricity but the organic carbon required for the production of liquid hydrocarbons 
cannot be obtained from the above. Biomass is the only renewable and sustainable source of organic 
carbon which can be obtained from any living or recently living biological material. Lignocellulosic 
biomass which is composed of cellulose, hemicellulose and lignin does not create any food vs fuel issue 
and is obtained from agricultural residues, forest residues or energy crops grown specifically for the 
purpose of bio-fuel production. These biomasses can be converted by many routes which may be bio-
chemical or thermo-chemical conversion methods. Thermo-chemical methods of conversion have some 
advantages and are complementary with bio-chemical routes, as the thermochemical methods requires 
shorter processing times, flexibility in feed handling, complete utilization of feedstock, wide range of 
product slate etc. Under the umbrella of thermo-chemical methods, several processes can be utilized 
depending on the feedstock availability/ characteristics and end product requirement. Pyrolysis forms 
the basis of all thermo-chemical methods of conversion and can be carried out in different reactors with 
different operating parameters. Slow pyrolysis can be carried out in decentralized units which can be 
used for the production of hydrocarbons and electricity. Fast pyrolysis can be used when the production 
of bio-oil is required in huge quantities. Hydropyrolysis followed by hydroconversion will lead to the 
production of fungible hydrocarbons in a single step and self-sustaining manner. Carbonisation can be 
carried out for the production of bio-char in large quantities which has several applications such as soil 
amendment, catalysts/ catalyst supports/ adsorbents etc. In case of biomass with high moisture content, 
hydrothermal liquefaction is the most suitable process as it does not require any energy intensive drying 
step. The inherent moisture present in the biomass under sub-critical conditions helps in hydrolytic 
cleavage of the macromolecular structure of the biomass to yield high value chemicals. The products 
from the residual lignocellulosic biomass can be extended to enhance the organic carbon in the soils, use 
the biooils as snake repellants, insecticides, and veterinary applications by replacing the conventional 
fossil-based hydrocarbons, in addition to energy applications. The circular bioeconomy connected with 
SDGs will provide an excellent pathway for the long term benefits, while providing the healthy food, feed 
and materials in a sustainable manner.

Integrated approaches for effective utilization of residual biomass: Enhancement in soil quality, 
Value added functional chemicals in sustainable way
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Sustaining crop productivity and improving livelihoods of rainfed regions 
through resource conservation watershed management in SAT of South India

Climate change sensitive global drylands cover ~41% of the Earth’s land surface which accommodates 
38% of the global population and 80% of global rainfed agriculture. Promotion of resource conservation 
linked improved agricultural technologies in drylands are essential for global food security. In the world, 
India ranks first in rainfed agriculture (86 Mha) which produces 40% of its food grains. Watersheds 
management in red and black soils of Karnataka and Andhra Pradesh reduced runoff by 41 to 74% and 
recharged groundwater (13.7% to 14.2% of annual rainfall) resulting in 1.0 to 1.5 m rise of water table 
level in the watershed. Thus, area under irrigation increased from 64% in Ramasagara watershed to 178% 
in Chinnatekur watershed. In P.C. Pyapili watershed in Andhra Pradesh, adopting graded border strips 
produced 23 and 25% higher sunflower and winter sorghum yields, respectively. Adopting graded bunding 
in the Alfisols of G.R. Halli watershed increased the crop yields (29% in sorghum to 130% in bajra). Adopting 
both terrace and inter-terrace measures increased 7 to 23% groundnut yields and 20% sorghum yields in 
Chinnatekur watershed and winter sorghum yields increased 11% and 20% in Joladarasi and P.C. Pypali 
watersheds, respectively. In Netranahalli watershed, Karnataka, improved bajra cultivar of ICTP- 8203 
increased 66% yield over local cultivar. In Ramasagara watershed, Karnataka, Groundnut + redgram yield 
increased from 35% + 47% (TMV-2 + BRG-2) to 45% + 58% (K-6+BRG-2) over local varieties during above 
normal rainfall year. Cultivation of Super 900M Gold hybrid maize increased yield by 27%, net returns by 
47% and B:C ratio by 19% over CP-828 local maize cultivated by the farmers. Cultivation of improved Bt. 
cotton hybrids with micronutrients increased yield from 1.31 to 2.27 t ha-1. Livelihood activities like sheep, 
goat, dairy, vermicomposting improved the income of farmer in the Ramasagara watershed.
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Role of groundwater irrigation in mitigating the impact of climate change on 
wheat production: A district level analysis in India

The adverse impacts of Climate Change on agricultural production are creating a higher demand for 
Groundwater Irrigation. On the other hand, rapid urbanization and changes in the land use pattern 
impact the low infiltration rate of rainfall into the soil, lowering the Groundwater Recharge Rate. This 
study aims to analyze the impact of Irrigation on mitigating the negative impacts of Climate Change on 
Wheat Production while considering Wheat Irrigation Demand as a function of Groundwater Recharge 
Rate. We have used Climatic factors (IMD) and socio-economic and geographical information (ICRISAT-
VDSA Meso Data) for seven major Wheat-yielding states in India from 2000-2011 on a Fixed Effects IV 
Panel Regression model. Based on the coefficients of interactive terms between climate factors and 
Irrigation, we conclude that due to complete coverage of Irrigation, an additional 10-degree days will 
result in 11% more wheat yield than without Irrigation. Besides, we have used a modified version of 
the Chaturvedi Formula (1973) for estimating District-specific Groundwater Recharge Rates, which 
significantly impact (5% significance) on determining Wheat Irrigation Demand. Although Irrigation is 
an effective adaptation to global warming, the inability to Irrigate will increase much sooner in certain 
states, which implies that the negative climate impacts will accelerate in the future—changing electricity 
pricing rules, imposing tax or fees based on the depth of the well and horsepower of the pump set, using 
of solar-based pump set, developing a canal system, use of pipelines in the canal system to avoid the 
extra wastage of water can be considered as alternative adaptation policies of Groundwater Irrigation.
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Predicting soil erosion using land use change and projected climate change 
scenarios (CMIP6) in Mali

Soil erosion (SE) is among the important factors of land degradation in the Sahel, particularly in Mali. This 
study assesses historical and future soil loss rates by erosion in two agroecological zones of Mali (a humid 
and the dry Sahel) by considering scenarios of land use and climate projection. Future land-use changes 
were simulated using the coupled model (CA Markov model) and climate data was derived from the 
simulation of the HadGEM-ES model. The integration of the revised universal soil loss equation (RUSLE) 
and its factors related in a spatial format were used to estimate the soil loss with climate variables derived 
from three scenarios of CMIP6 (RCP2.6, RCP4.5, and RCP8.5). In both zones, the average variation of soil 
loss was higher than the historical variation for all land use for the three scenarios of climate projection. 
For the humid Sahel zone, the scenario RCP8.5 exhibits the most nubile soil erosion with a rate of 0.23, 
0.12, 0.14, 0.06 t.ha-1 y-1 for Agriculture, Savanna, other Vegetation, and Bare soil, respectively. The 
results for the dry Sahel zone revealed that there will be decline in soil loss rate for Savanna, Bare soil, 
and other types of Vegetation for all three-projection scenarios. The present study highlights that the 
climate change scenarios are in favor of the future increase of soil loss within all the land-use types over 
the Sahel regions of Mali. In the region, 95% of rural communities considered erosion as the majors’ 
reason of soil fertility decline and hence productivity. A combination of indigenous and innovative of soil 
and water conservation techniques could be a solution to combat the increase of SE.
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Rejuvenation of traditional rainwater harvesting (Haveli) for transforming 
smallholders agri-food system: a case study from Central India

Traditional rainwater harvesting technique called haveli cultivation is one of the oldest techniques 
in Bundelkhand region, however, became defunct due to apathy and lack of collective action. In this 
method, farmers use to harvest rainwater by making an earthen embankment along with emergency 
spillway. Harvested water remained in the haveli for entire rainy season which facilitates groundwater 
recharge and farmers drain out the water by mid-October and takes rabi crops using residual soil 
moisture. Downstream farmers also got benefited by providing pre-sowing irrigation using released 
water. More than 95% of havelis became defunct due to i) high seepage from embankment, ii) insufficient 
capacity of emergency spillway to dispose of runoff generated from high intensity rainfall events, iii) 
frequent breaching of earthen embankment. To address these issues, masonry core wall was introduced 
which provides stability and intercepts seepage line to prevent breaching of embankment and facilitate 
water impounding for longer duration. Replaced tiled emergency spillway with masonry rectangular weir 
for safe disposal of excess runoff by considering hydrology (peak runoff generated) of the catchment. 
Rejuvenation of haveli system facilitated increased groundwater table by 2-10 m, reduced well recovery 
period from 50 hrs to 10 hrs which reduced energy consumption by multiple folds. All the seasonal and 
permanent fallow lands have been converted into productive agriculture resulted into increased cropping 
intensity from 90% (before) to 170% (after). In addition, farmers started adopting high value crops such as 
groundnut in kharif and wheat and vegetables in rabi season. The productivity of crops in influence zone 
of Haveli system increased by 20-70% and income increased by 40-140%. Haveli rejuvenation is one of 
the promising solutions which can be scaled for building system level resilience addressing number of UN 
sustainable development goals.
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Sub-Theme 4.3: Land use planning and 
management under changing soil and water 
scenario
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The ability of computational models to realistically simulate aspects of farming systems under different 
climatic, edaphic and management scenarios has been well documented. Different models have 
been shown to operate effectively at, for example, i) the subsoil level, capturing biotic processes and 
simulating the emission of key agricultural greenhouse gases such as N2O, ii) the field scale, modelling 
the movement of plants, water and nutrients through the soil and quantifying crop and cropping 
system productivity, and iii) the farm scale, simulating interactions between crops, livestock, labour and 
economics and examining feedbacks and trade-offs across the production system. Models can be used as 
optimisation tools to identify the best management practices to satisfy a particular aim (e.g. maximum 
income, least yield variability, greatest use of available land, lowest greenhouse gas emission, etc) 
and they can also be used to examine in toto the long-term effects of different management practices 
across a range of variables: in this second usage they are often termed ‘decision support tools’. As well, 
the effects of external influences, such as price shocks and sudden or gradual changes in climate, can 
be examined across different scales. While the contribution of modelling tools to agronomic science is 
undoubted, often their practical value to farmers and their support networks is less obvious. To ensure 
that agricultural modelling is feasible and useful for the end-users all agricultural scientists work to 
enable (i.e. farmers, and in this instance smallholder farmers) modellers must operate within local 
research environments, using both bottom-up and top-down approaches. This presentation highlights 
practical options for modellers to increase the value and real-world applications of their skill and 
knowledge.

Agricultural modelling to support smallholder farmers
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Implication of water scarcity on agriculture and land use pattern: a case study 
of Maharashtra, India

This study was done to assess the implications of water scarcity on the land use pattern and cropping 
pattern of Maharashtra, India. Compound annual growth rate and instability (cuddy della valle index) 
of land use indicators and major crops of Maharashtra were calculated by dividing the overall period 
1991-2020 into 3 different periods. A panel regression model was specified for all the selected crops to 
determine the effect of rainfall and groundwater level on the production and yield of major crops. The 
study showed that the net sown area has declined in all three periods with the most negative growth 
rate (-0.48%) in period III. The area under rice showed a negative growth rate in all three periods whereas 
its production has increased in all three periods; P-II accounting the highest growth rate of 1.5%. The 
overall area and production had reduced significantly by 3.99% and 3.46 % for Bajra, 3.37% and 4.06% for 
Sorghum and 3.38% and 3.17% for groundnut. The area under Sugarcane had the highest instability score 
of 31.29 whereas the area under rice had minimum instability (1.61). The instability of pigeon pea (51.81) 
was highest in the case of production. The panel regression showed that 1m increase in groundwater 
depth (m bgl) would have the highest impact on Sugarcane production (-13.3 units) and 1mm increase 
in rainfall would increase the production of Rice, Soyabean and Sorghum (by 0.02 units). The yield of 
sugarcane would decrease the most (by 388.83 kg/ha) with every 1m increase in groundwater level. The 
yield of Pigeon Pea showed the highest increase by 0.22 kg/ha with every 1mm increase in rainfall.
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Impact of natural resource management interventions on hydrological processes 
and ecosystem services: case study of Parasai-Sindh watershed, Central India

There is growing concern about global food security and malnutrition largely due to environmental 
degradation. Increasing population has adversely impacted the land use by rapid conversion of the 
forested landscape into agricultural and grazing land. The degradation of land use is further responsible 
for excessive soil erosion, declining organic carbon and nutrient status. From such land use, a large 
fraction of rainfall generates as surface runoff which creates flooding during monsoon and poor 
groundwater availability in post-monsoon period. As a result, a significant cultivable area remains fallow 
throughout the year especially in uplands. In addition, 40-60% of agricultural land in middle and lower 
topo-sequence of the landscape also suffer with water scarcity and remain fallow either in kharif or rabi 
season resulted into poor resource use efficiency and cropping intensity. Natural resource management 
interventions are promising solutions to address above issues. In this paper, we analyse the impact of 
rainwater harvesting structures on landscape hydrology and associated agricultural services using data 
from Parasai-Sindh watershed of Jhansi district of Bundelkhand region. Hydrological processes were 
monitored intensively to analyze the landscape’s water balance components. Rainwater harvesting 
(RWH) structures altered the landscape’s hydrology, limiting average surface runoff from 250 mm/year 
to 150 mm/year over the study period. Groundwater levels increased by 2–5 m (m), alleviating water 
scarcity issues of the communities in recurring dry years. Nearly 20% of fallow lands were brought under 
cultivation. Crop yields increased by 10–70% and average household income increased from US$ 960/
year to US$ 2700/year compared to that in the non-intervention landscape. The combined soil–water–
vegetation efforts strengthened water resilience and environmental systems in agricultural landscape.
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Land suitability assessment and management options for cotton (Gossypium 
hirsutum) production in the Cote d’Ivoire cotton basin

Declining yields in cotton crops have been recorded over the past years in the cotton basin zone of the 
Northern part of Cote d’Ivoire and current actual yields are very low. In recent years, cotton productivity 
has declined due to various biophysical factors including pests and diseases, seasonal water stress soil 
degradation, and poor crop management practices. One of the problems limiting optimum cotton 
production is the lack of detailed pedological information to guide plantation establishment and 
management. A land suitability evaluation was carried out for some major cotton-producing areas in the 
cotton basin of Cote d’Ivoire to identify land qualities limiting optimal productivity. Four departments 
(Boundiali, Korhogo, Ferkessédougou, and Mankono) were evaluated based on a total of 54 composite 
topsoil samples collected from two villages in each of the four departments of the study area. At each 
plot, a representative soil profile (0-100 cm) was characterized. Results indicate that climate was not a 
major limiting factor for cotton production in the study area. However, soil fertility constitutes limitations 
to cotton production, specifically the limitations in the Sum of basic cations (SBC), and organic carbon 
(OC) are the most limiting in some plots. The pH was not a limiting factor. The analysis reveals that 
the soils of Larazourou, Largatonvo, Ponondougou, and Marahoue are “moderately suitable” (S2) for 
cotton crops. However, the villages of Bafime, Tandokaha, Zaguinasso, and Marandallah are ‘‘marginally 
suitable’’ (S3) for the cultivation of cotton due to low soil chemical properties. Based on the suitability 
classes of the different soils, appropriate site-specific soil management is needed to improve cotton 
yields, in particular by focusing on improving soil fertility and farming practices.
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Estimating soil nitrogen balance with respect to Tamil Nadu

Fertilizer consumption had considerably increased in the irrigated region as compared to the unirrigated 
region in India, endangering the environment. It is imperative to study the status of nutrient inflow, 
outflow and N stock in particular from various sources in Tamil Nadu, spatially and temporally. We 
used time series data on area, production and productivity of irrigated and unirrigated agricultural 
and horticultural crops and livestock population, collected from Season and Crop Reports and 
Statistical Abstract of Tamil Nadu during 1990-91 to 2012-13. Dynamic nutrient balance method was 
applied to assessing the amount of N inflow, outflow and stocks deposited in agricultural land. The 
present study reveals that outflow of N is two times more than the inflow and that the N stock level is 
under optimal balances in most of the regions of the State. It indicates that a higher level of present 
consumption is likely to discount more of future consumption of soil N and increase the social cost on 
the future generation. This measurement acts as a better agriculture environment indicator instead 
of a conventional material balance. In fact, fertilizers act as the major source of N inflow, followed 
by livestock manure and other sources (green manure plus biological nitrogen fixation). Adoption of 
nutrient-intensive crops such as sugarcane, banana, vegetables, maize and paddy need to be aligned to 
suggested doses of nutrients. Further, nutrient supply based on soil status may be given more attention 
to managing nutrient supply and off-take. A couple of regions receive a maximum amount of fertilizer 
inflow, so the distribution of inorganic N is optimized in these regions with excess supply monitored. 
All these should be shared with under supplied regions. As expected, the supply of organic manures is 
found sub-optimal in almost all the regions and hence, there is a need for promoting organic agriculture-
oriented policies and programmes.
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Sub-Theme 5.1: Strategies to address global 
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A food system approach to tackling livestock productivity problems in developing 
countries 
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A convergence model for promoting nutri-sensitive local food system to address 
malnutrition and anemia in the Tribal regions of Telangana State, India

Malnutrition (wasting, stunting and underweight) and anemia are huge public health challenge that developing 
countries face in addition to micronutrient deficiency and other health-related issues. A step towards reducing 
malnutrition in children in the age group of 3 to 6 years has been taken in tribal regions of Telangana, India. A 
community level nutritional intervention was conducted for a period of 18 months among preschool children. 
As part of this intervention, millet-sorghum-pulse-groundnut based foods were provided, to children (3-6years) 
on daily basis. Six products were formulated and chosen, including three ready-to-eat (RTE) products that was 
given as 35g packs and three ready-to-cook (RTC) products that was given as 150g (50g dry) cooked meal to the 
beneficiaries, at the government run community feeding centres (Anganwadi centers). The goal of this intervention 
was to understand the effectiveness of the millet-sorghum-pulse-groundnut based food products on malnutrition 
and anemia. As part of the intervention baseline and endline anthropometry measurements were recorded along 
with focus group discussions (FGDs) with the mothers of the children to understand their feedback on the six 
intervention products and their observation and willingness to continue feeding such nutritious food. There was a 
significant (t = -6.5638, t = -9.8443) increase in height (14.07%) and weight (30.18%) respectively at 1% significance 
level, among the intervention group compared to the control group who consumed regular diet. The children in 
the intervention group shifted from moderate acute malnutrition to normal compared to the control group. The 
mothers of school children and the teachers both confirmed that they noticed the change in children’s growth 
within three months of feeding. The intervention was successful in improving the nutritional status among the 
children from being moderately acute malnourished to normal category. The study provides evidence that if the 
children are given appropriately formulated nutritious food at right time, it is possible to improve their nutritional 
status. This study also provides evidence on the effectiveness of interventions that are co-designed and co-
implemented with the relevant target population and involving key stakeholders’/community participation, have 
high potential for achieving the sustainable impacts, through promoting behavioural changes and dietary diversity.
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Strategies and approaches to promote nutrition sensitive agriculture in 
irrigation development project regions of Rajasthan

Agriculture and livestock rearing are the main occupations in Rajasthan. Around 70 percent of the population 
relies on agriculture and allied activities for their livelihoods. Access to irrigation has been promoted by Japan 
International Cooperation Agency in Pali and Sirohi districts of Rajasthan. This study was conducted to assess the 
gaps and identify potential opportunities to strengthen the link between nutrition and agriculture where irrigation 
is promoted. The assessment was carried out in three major parts at the selected villages. The quantitative surveys 
with systematic stratified random sampling method was used at the household level, focus group discussions, 
and key informant interviews were followed to collect the data. The result indicates that they cultivate sorghum, 
pearlmillet, maize, green gram, and cotton in Kharif and chickpea, wheat, mustard, and cumin in the Rabi 
under both rainfed and irrigated conditions. Recently, pearlmillet and sorghum cultivation have declined and 
wheat has increased due to the availability of canal water. With reference to homestead garden, only 5 percent 
surveyed households have homestead gardens, maintained only for six months in a year. Apart from cropping, 
each household maintain, an average of 3 cows or buffalo. Each household consumes more than 2 liters of milk 
per day. The milk products play an important role in income generation besides, its contribution to household 
consumption. The survey on nutritional status of the farmers point out the practice of lower consumption pattern 
with less than 50 percent protein intake of the recommended standards. The absence of health and nutrition 
awareness leads to prevalence of multiple forms of malnutrition. In this context, the site-specific strategies were 
recommended to promote the Nutritional Sensitive Agriculture programmes. The important ones are: promotion 
of biofortified crops like zinc and iron rich pearl millet, and wheat; the introduction of pigeon pea as a border crop; 
including pulses as intercrop to support and strengthen the agriculture-nutrition linkage through the production 
and income pathways. The paper will elaborate the key drivers of on-going disconnect between agriculture and 
nutrition and discuss the potential systems and pathways to strengthen and mainstream nutrition dimension in 
the newly irrigated regions.
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Sustainable intensification of agrifood systems to ensure food and nutritional security

Indo-Gangetic plains (IGP) of South Asia supports bulk of human and bovine population through major 
agrifood (rice/wheat) systems since ages. Increasing population and resources (soil, water, energy) 
degradation in the region alarms the challenges of malnourishment, factor productivity, soil degradation 
and air quality. Furthermore, monotonous cereal (rice-wheat; RW) system reduced the dietary 
diversity towards carbohydrate rich foods which resulted in nutritionally imbalanced food and causing 
malnourishment and health issues. To address these challenges, a study was conducted on conservation 
agriculture (CA)-based crop diversification options to ensure food and nutritional security. On 3 years mean 
basis, CA-based diversified production scenarios increased the system yield by 15.0%, net return by 29.6%, 
protein yield by 32.0% and irrigation water saving by 52.6% compared to CT-based rice-wheat system 
(Sc1). CA based maize-mustard-mungbean (Sc4) recorded the highest productivity (+44.4%), profitability 
(+66.1%) and saved 80.4% of irrigation water compared to Sc1 (12.02 Mg ha-1; 2223 USD ha-1; 2592 mm 
ha-1) and closely followed by maize-wheat-mungbean (Sc5). With respect to nutritional values, Sc5 was 
more balanced and produced 64.4, 16.4 and 213.3% higher protein, carbohydrate and fat yields, respectively 
compared to Sc1 (1.01, 9.09 and 0.15 Mg ha-1) and able to meet out the nutritional demand of 23, 26 and 35 
extra persons ha-1 year-1. Integration of pulses and oilseeds in to cereal systems improved the soil health 
and its productivity. The soybean-wheat-mungbean (Sc6) system was more economic in protein and fat 
yield. In South Asia, pulse/oilseed based diversification is an idle option to ensure quality and nutritious food 
for the dwelling communities in the region for healthy life.
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Nutrient dense millets germplasm to develop biofortified cultivars for addressing 
nutritional security of poor and small holder farmers in the drylands

To address the food and nutritional challenges of the rapidly increasing population, by 2050, the world 
will need to produce twice as much food as was produced in 2000. Both in developed and developing 
countries, malnutrition, unhealthy diets and lifestyle disorders are the major risk factors for chronic diseases 
in humans. Millets are future smart-food crops, which are gluten-free with a high nutritional index, the 
high levels of tolerance to abiotic stresses, and adaptation to inherent low soil fertility make the millets 
progressively more relevant for food, fodder and nutritional security in the drylands. The potential of millets 
is far greater than what is currently being realized in dryland agriculture. Promoting large-scale production 
and consumption of millets can lead to the diversification of sustainable diets and have a positive impact 
to improve the health of people and the planet. Due to selective domestication, cultivation of most of the 
millets have been confined to marginal lands, mostly in the dry areas of Asia and Sub-Saharan Africa, but 
there is ample scope for expanding millets cultivation globally. Globally, the genebank at ICRISAT holds the 
largest collections of sorghum, pearl millet, and six other minor millets, assembled mostly from Asia and 
African continents. The nutritional characterization of these germplasm resources revealed the diversity of 
various nutrients showing the untapped yield and nutritional potential for breeding biofortified cultivars. 
In sorghum, Fe ranges from 26-61 mg/kg, Zn 17-57 mg/kg; pearl millet, Fe 51-121 mg/kg, Zn 46-87 mg/kg, 
Ca 85-249 mg/kg; finger millet, Fe 22-65 mg/kg, Ca 1840-4890 mg/kg; foxtail millet, Fe 24-68 mg/kg, Zn 
33-74 mg/kg, protein 10-18.5%; proso millet Fe 41-73 mg/kg, protein 11-19%; little millet, protein 6-15.6%; 
barnyard millet, Zn 31.8-62 mg/kg and protein 11.7-19%. The use of these germplasm in breeding benefited 
in the development of the world's first biofortified varieties in pearl millet (Dhanasakthi) and Sorghum 
(Parbhani Sakthi) contributing exponentially to alleviating the hidden hunger in the rural masses, where 
mostly these crops are their staple foods. Continued use of the diverse genetic variability is important in 
developing agronomically desirable climate-resilient and nutrient-dense cultivars in a broader genetic base. 
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components of food systems and role of stakeholders 
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Interdependence of nutrient and water management for nutrition-oriented goals in 
dryland agriculture

While sustaining and improving production goals is primary for agricultural production and food security, 
providing widely accessible nutrition to people is an equally critical responsibility of all countries, particularly 
in the dryland regions of the world. In essence, public health should become a reachable priority for 
countries through economic and resource building programs in these regions. Evidently a comprehensive 
resource conservation is the tool, inherent to drylands, to overcome soil, moisture, labor, and economic 
limitations. Water productivity being primary, often a lockstep nutrient management activity is not 
considered traditionally as essential to ensuring economic yields. Nutrient uptake efficiency peaks when 
transpiration is efficient with adequate nutrients in the conduit, thus making quality as important as the 
quantity of yield. Tissue nutrient accumulation has been shown in certain highly commercial crops to 
exceed typical adequate concentration levels through controlling amount of water applied, consequently 
leading to highly nutritive products. Similarly, diversification to a sod-based row crop production system will 
significantly enhance profitability of row crop production by increasing yields while decreasing production 
costs. It will enhance SOM, reduce runoff, promote efficient root systems, and break harmful pest cycles. 
Animal agriculture can be integrated creating a comprehensive sustainability to smaller and larger farms 
in the dryland agricultural systems. Soil health leads to agronomic and horticultural sustainability, and thus 
food security. Along with adequate food supply an equally high quality and diversified nutrition can ensure 
enhanced public health. 
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Mitigating protein malnutrition through intercropping paddy straw mushroom 
(Volvariella volvacea) in maize cropping system

Paddy straw mushroom (Volvariella volvacea) is the third most important mushroom, cultivated in 
tropical regions of the world. It is commonly known as “straw mushroom”, contains high protein 
(38.10%), compared to button mushroom (29.14%) and Pleurotus spp (19.59%). Temperature and 
relative humidity are considered as key parameters for growing straw mushrooms. Maize is an important 
base crop in irrigated dryland cropping systems and the warm-loving straw mushroom has more 
opportunity as an intercrop in maize. The area of this study was to identify the optimum microclimate 
for straw mushroom production under maize canopy between 55 and 80 days after maize sowing. A 
comparative study was carried out at Tamil Nadu Agricultural University where paddy straw mushroom 
was cultivated as an intercrop under maize ecosystem (outdoor) and polyhouse (indoor). The study found 
that microclimate variables in the polyhouse had favoured more fruiting bodies with lesser weight (25g), 
whereas the maize field microclimate favoured a lesser number of fruiting body with more weight (40g). 
The average yield obtained from three kg substrate bed was 680g and 510g in polyhouse and maize 
field, respectively. However, the high infrastructure investment required for polyhouse farming is out 
of reach to small and marginal farmers. Hence outdoor cultivation of straw mushroom as an intercrop 
in the maize system would require lesser investment, but returns higher additional income to small and 
marginal farmers apart from protein nutritional security.
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Performance of foxtail millet (Setaria italica L.) under varying sowing 
environments in semi-arid regions of Andhra Pradesh in India

Successful crop production in dryland areas is a big challenge in the context of climate change.  The 
agrifood systems in semi-arid regions are more fragile under erratic weather conditions. Hence, selection 
of suitable climate resilient crops like minor millets can be a better option for sustainable production 
besides nutritional security. Further, optimum sowing environment results in congenial weather 
conditions for proper growth and development during the crop-growing period and ultimately enhances 
the grain yield. A field experiment was conducted at Agricultural Research Station, Ananthapuramu, 
Andhra Pradesh, India in the year 2021 during kharif season (June-September) to assess the optimum 
sowing time of foxtail millet (Setaria italica L.) under rainfed conditions. The crop was sown in various 
sowing environments i.e. starting from June to September months at fortnight (FN) interval. Our results 
clearly indicated that maximum yield (2026 kg/ha) was obtained with I FN June sown crop as compared 
to rest sowing environments. Further, it was observed that the rainfall dispersion during the crop 
growing period had more impact on grain yield compared to the total amount of rainfall received. Our 
data analysis showed that a rainfall of 125 mm from emergence to 50% flowering and 104 mm during 
flowering to maturity period resulted in higher grain yield. On the other hand, receipt of higher rainfall 
from emergence to flowering (327 mm in II FN of September sown crop) and/or followed by excess 
rainfall (200 mm in I FN of September sown crop) or deficit rainfall (0.3 mm and 7.4 mm in I FN of July and 
II FN of September sown crops, respectively) during flowering to maturity stage drastically affected the 
grain yield (< 900 kg/ha). Sowing foxtail millet during I FN of June after receipt of sowing rain helps the 
crop in harnessing maximum amount of rainfall during the emergence to flowering stage is not exposed 
to terminal moisture stress conditions resulted in higher grain yield. Hence, it can be concluded that the 
optimum-sowing environment of foxtail millet for realizing higher grain yield under rainfed conditions in 
semi-arid regions of Andhra Pradesh is I FN of June.
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Impact of ICT (Information Communication Technology) intervention on knowledge, 
attitude and practice (KAP) of the tribal and urban respondents on millet 
consumption

Millets are important foods in many underdeveloped countries because of their ability to grow under 
adverse weather conditions and they are rich in micronutrients, particularly calcium and iron, high dietary 
fiber, higher amount of essential amino acids and low glycemic index and thus play an important role 
in the food and nutritional security of the poor. There is a policy gap in all the countries, educational 
approaches for long term dietary change seems to be the way forward in ensuring a step-up consumption 
early and throughout life. Two Hundred adults comprising of 100 men and 100 women were selected from 
each of the tribal and urban populations of Telangana. A subsample of 30 was selected from each area 
for nutrition education intervention. A detailed interview schedule was developed to collect information 
from the tribal and urban population. An information communication technology (ICT) module was 
developed on "Health benefits of millets" (Poshakala nidhulu- chirudhaanyaalu) as nutrition education 
intervention in local language i.e., Telugu. The post intervention results showed to be non-significant 
(P<0.05) with the knowledge about millets among the tribal while urban respondents had significantly 
(P<0.05) increased knowledge level. Significant (P<0.05) attitudinal change was noticed about the inclusion 
of millets in the diets. The frequency of consumption of millets was significantly (P<0.05) increased after 
the intervention among the tribal males, urban males and urban females but not among the tribal females 
(P>0.05). Respondent’s KAP towards the millets had increased after the intervention, which is indicating 
increased awareness and knowledge. It can be suggested to implement awareness programmes on millet's 
health benefits by which metabolic disorders can be prevented and nutritional status can be improved. 
Government initiative should continue to distribute the millets through Public Distribution System (PDS) 
and other health related programs.

Junuthula S and Vijaya Lakshmi V. 
Department of Foods and Nutrition, College of Community Science, Professor Jayashankar Telangana State Agriculture 
University (PJTSAU), Hyderabad, India
Email: siriinscience@gmail.com

Promoting a sustainable local ecosystem linking “agriculture-nutrition-
entrepreneurship” towards achieving community development

Agriculture as an enabling sustainable ecosystem leading to food and nutritional security can be an 
important engine of growth and poverty reduction. Women play a key role in contributing towards the 
agricultural and rural economies in all developing countries and often manage complex households and 
pursue multiple livelihood strategies. To bring in a paradigm shift in traditional roles of tribal women in the 
state of Telangana, India, the Agribusiness, and Innovation Platform (AIP), ICRISAT established 4 millet 
food processing MSME (Micro, Small and Medium Enterprise) units with the aim of accelerating income and 
livelihood of tribal women and youth and transitioning these women into ‘nutri-entrepreneurs’ in various 
tribal pockets of the state, while achieving key UN Sustainable Development Goals (SDGs). These units 
produce “Nutri-Food” (ready-to-cook and ready-to-eat products) using various type of millets, pulses, and 
groundnut. These “Nutri-Food” are further distributed to tribal beneficiaries, under the supplementary 
nutritional scheme (ICDS ) which aims at reducing malnutrition prevalent among tribal children and women. 
MSMEs are one of the strong pillars for Indian economy and aid in promoting employment and growth of 
the national economy. This study examined the perspectives of MSMEs owners (tribal women) regarding 
challenges of managing the established units in their districts and map the change in income and livelihood 
patterns of these owners before and after the interventions, implemented by ICRISAT. The data was 
collected through surveys and focus group discussions. The findings demonstrate a favourable impact on rise 
in income by 65% and guaranteed employment for its members. As the unit members were largely women, it 
empowered them with financial independence and ownership pride of the enterprise. The MSMEs leveraged 
sustainability through market linkages set up by ICRISAT and equipped themselves on skills required to run 
the units. Sustainability was evaluated measuring economic, social, and environmental impacts. ICRISAT 
has enabled a social framework that promotes decentralized planning, implementation and monitoring, 
active participation, while safeguarding the interests of vulnerable sections (women, scheduled caste, and 
scheduled tribe communities) through the creation of these enterprises.

Selvaraj A, Mazumdar SD, Mane H, Durgalla P, Divya N, Christine G and Jaiswal R
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
Email: aravazhi.selvaraj@icrisat.org
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Sub-Theme 5.3: Leveraging science and technology to 
strengthen inclusive nutrition-sensitive food systems: 
challenges and opportunities
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Essential agricultural data for decomposing crop yield gaps and setting adaptation 
priorities in stress-prone environments

McDonald, A.J.1*, Kumar, V.2, Craufurd, P. 3, Brown, B. 3, Urfels, A. 3, Paudel, G. 3, Nayak, H.1, Sherpa, S.5, 
Jat, M.L. 4, Malilk, R.K. 5 and Singh, A.K. 6

1 School of Integrative Plant Science, Cornell University, Ithaca, NY USA
2 International Rice Research Institute, Los Banos, Philippines 
3 International Maize and Wheat Improvement Center, Kathmandu, Nepal
4 International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
5 International Maize and Wheat Improvement Center, New Delhi, India 
6 Agricultural Extension Division, Indian Council of Agricultural Research (ICAR), New Delhi, India 

In many stress-prone environments where farmers exert comparatively less control over growing 
conditions, variations in the annual climate system can strongly influence yield potential and the relative 
importance of different factors to achieved crop productivity. Further, for complex agro-ecologies 
where management and soil properties can also vary widely between farms, yield gap analysis and the 
identification of sustainable intensification pathways must account for the diverse landscape mosaic of 
production factors as they intersect with the annual climate system. Recent advances in machine learning 
provides a useful set of tools for understanding the underlying drivers of crop yield gaps and how they differ 
in time and space. Nevertheless, these methods require rich characterization data at the field or individual 
farm scale that is rarely –if ever–¬ collected in most countries. To close the data ‘gap’ that exists in India, the 
Indian Council of Agricultural Research (ICAR) has collaborated with the CSISA project (www.csisa.org) since 
2017 to develop digitally-enabled production practice and crop yield surveys that have been deployed at 
scale in staple cropping systems (n > 50,000 fields – Landscape Crop Assessment Survey, LCAS). By combing 
theses data with digital soil maps and satellite-estimated weather data, yields gaps have been characterized 
and scenario analysis conducted to understand the benefits and limitations of different sustainable 
intensification strategies. In this talk we showcase: (i) yield gap insights derived for rice and wheat systems 
in Eastern India in a spatial context, (ii) the need for dynamic modeling to be used in conjunction with data-
driven approaches for yield gap assessment, particularly in water-limited environments, and (iii) discuss how 
yield gap analyses can feed-forward into priority setting for climate-resilient agriculture through scenario 
and integrative assessment approaches.



90

Millets in Indian Knowledge Systems – an analysis of pharmacological properties & 
recipes of millets based on deep mining of classical dietetics literature to  
curate opportunities for food plates of today’s world.

Millets are some of the earliest plants to be domesticated and have continued to form part of food 
systems of dry lands through millennia. More recently, there has been a resurgence in interest in 
millets globally due to their sustainability credentials and gluten free composition. As we develop new 
applications of millets to contemporise their use in and adopt them in our diets it is worthwhile to look at 
their usage in traditional knowledge systems. In order to do this, our research program curated all food 
recipes from 34 classical Ayurveda texts spanning 3000+ years (from 1500 BCE to 1600 CE) to create an 
Integrative Food Database. The recipes were then mined for those that used millets as an ingredient. 
Further, pharmacological and dietary properties of millets and health benefits of millets - preventive, 
promotive and curative were mined from the integrative food database. Ayurveda discusses millets 
in detail under the broad cereals food group called dhanya varga. Within this group millets have been 
given subgroups with many synonyms such as trina dhanya, kshudra dhanya and kudhanya. Ayurveda 
has a distinguished the specific qualities and effects of millets from other cereals which include there in 
mouth experience (rasa), the biophysical experience in our gut (guna), the post-digestive effect (vipaka), 
the potency (virya), the physiological & metabolical response to food (dosha) based on which their 
indications and contraindications are elicited. The analysis shows the uniqueness of millets compared to 
other cereals and clearly challenges commonly held notions that a calorie is a calorie, a carbohydrate is a 
carbohydrate, a cereal is a cereal. The analysis suggests opportunities for creating new foods for the food 
plates of today and add to the diversity in our diets. We will be sharing detailed results from our one of a 
kind deep dive analytical exercise in the poster and listing a few opportunity.

Gothe S, Lavanya Devi K and Singh G
The University Of Transdisciplinary Health Sciences And Technology, Bengaluru, India
Email: dr.shridevi.g@tdu.edu.in

Predictive modelling to identifying suitable varieties of “Smart Food” for formulating 
Indian flatbread and biscuit with superior nutritional and sensory traits

In India, majority of population is more acceptable towards vegetarian diet. In contrast, popular Indian 
vegetarian recipes fall short of the daily dietary requirements including protein, iron and calcium intake. 
Iron deficiency anemia continues to be major public health problem. In addition, the dietary calcium 
intake of Indian population is also declining.  Addressing this issue, there is a need to make sustainable 
use of existing sources towards promoting protein rich and balanced diets. Thus a study was done with 
the objective of utilizing the under exploited superior millet varieties for development of nutritionally 
superior (Protein-Calcium-Iron-Zinc) products. Six different varieties of sorghum, pearl millet and finger 
millet were procured followed by their nutritional profiling. Three varieties of sorghum, pearl millet and 
finger millet were selected based on high iron, protein and calcium content respectively. Further, on the 
basis of predictive modeling using nutritional and functional property data of individual flours, millet 
flour blends were formulated to obtain the desired nutritional and functional traits, to achieve the end 
product characteristics. Final products (millet based Indian flatbread and biscuit) made using these blends, 
in combination with soy protein isolate, qualified for the nutritional claims (“high” Protein; “source of” 
calcium, iron and zinc) as per the Food Safety and Standards Authority of India (FSSAI) regulations. The 
millet-soy based flatbread and biscuit was observed to be nutritionally superior in terms of protein, fat and 
micronutrient content (Na, K, Ca, Fe and Zn) and dietary fibre, in comparison to whole wheat/refined wheat 
flatbread and biscuit. Slowly digestible starch (high slowly digestible starch indicates low glycemic index) in 
millet-soy flatbread was found to be greater than that of whole wheat flatbread. Both the products showed 
comparable sensory values while millet biscuits showed more acceptances in terms of aroma and hardness 
at the first bite. This was further substantiated with textural data using texture analyzer.

Durgalla P1, Mazumdar SD1, Nielsen T2, Sajja S1, Raman A1 and Gaidhani D1

1International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
2 Research Institutes of Sweden (RISE), Gothenburg, Sweden
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Pearl millet grains: a storehouse of valuable phenolics

Pearl millet is an important nutricereal crop that is capable of giving economic returns in harsh 
agroecologies. Pearl millet grains are rich in micronutrients and polyphenols. Polyphenols/phenolics 
play an important role in protecting against non-communicable diseases (NCDs) such as cancer, blood 
clots, reducing blood sugar levels, and lower heart disease risk. They may also promote brain function.  
Phenolics contents of 40 diverse lines of Pearl Millet Inbred Germplasm Association Panel (PMiGAP) 
were profiled and a total of 10 representative lines were studied in detail to map the major phenolics. The 
methodologies to extract the free, esterified and bound forms of the phenolics were standardized. The 
various fractions were then profiled for phenolic acids by Reverse phase HPLC (RP- HPLC). Interestingly, 
a vast diversity, both qualitative and quantitative, was observed, not only in the individual phenolics, 
but also their forms. The method is useful to identify and quantify phenolics in pearl millet and thus 
select desired cultivars for use in the development of functional foods. We show that the pearl millet 
germplasm is indeed a phenolics mine, available also to be tapped for downstream value-addition like 
medicine, value-added foods, nutritional supplements, cosmetics, etc. The knowledge phenolics would 
help increase the utilization of the crop and increase the consumer demand for pearl millet. Predictive 
modelling to identifying suitable varieties of “Smart Food” for formulating Indian flatbread and biscuit 
with superior nutritional and sensory traits.

Banerjee R1,2*, Durgalla P1, Mazumdar SD1 and Srivastava RK1

1International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
2Cynteny Solutions Private Limited, India
Email: roopa@cynteny.com

Extending the food application landscape of millets – opportunities & challenges
Singh G and Mateen A
University of Trans Disciplinary Health Sciences & Technology, Bengaluru, India
Email: gurmeet.singh@tdu.edu.in

Millets are resilient crops.  They guarantee food on the plate under stressed environment conditions 
that most other food plants cannot withstand and have therefore been part of the traditional food 
systems of arid and semiarid landscapes.  However, as irrigation networks expand millets find themselves 
marginalized in the diets of the masses.  Several factors contribute to this including their coarseness 
from a consumer sensory perspective, anti-nutritional factors from a nutrition science perspective, low 
profitability from a farm economics perspective, low yield from a public policy perspective that needs to 
maximize productivity. While significant progress has been made in the latter two through crop breeding 
& policy, the first two have lagged.   The focus has been on traditional consumption in home menus 
i.e. use in roti’s, porridges and steamed products.  The consumer constraints set by sensorials and anti-
nutritional factors are not easy to overcome in traditional consumption formats. Food processing offers 
an opportunity to tackle both constraints.  For this to happen, research will be needed on food relevant 
functionality of millets and millet fractions and processing steps to reduce eliminate anti-nutritional 
effects.  Such deep science understanding will result in new applications of millets.  Our group is working 
in one such novel use - the use of millets and millet fractions in plant-based meat analogues.  We have 
been studying the physicochemical properties of millets and their blends with protein rich powders of 
soy, pea, and wheat in the context of creating texturized plant-based proteins.  This work is resulting in 
creating plant proteins & millet blends with unique properties that other cereal & protein sources do not 
provide.  We will share some of our results in this talk.  Such applications can open new food frontiers 
for millets and extend their applications horizon.  We will also discuss the science challenges we need to 
address to seize these new opportunities
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Applying genomic tools to fast-track the improvement of climate-resilient crops: 
finger millet as a case study

Regions all over the world are increasingly experiencing the, in some cases devastating, effects of 
erratic rainfall caused by climate change.  Combating global warming remains a top priority, but we 
also need to tailor agricultural production systems to the changing environment to ensure food security 
for a growing world population.  Dryland cereals such as sorghum, barley, pearl millet and finger millet 
are adapted to harsh agroclimatic conditions and have an important role to play in climate-smart 
agriculture. Unfortunately, these are also the crops that, because of their global neglect by the scientific 
community, entered the genomics era late and hence have least benefited from the genomic revolution for 
improvement.  But this is changing.  Over the past few years, we have seen the generation of high-quality 
genome assemblies and even pangenomes for a number of crops, including chickpea and pigeonpea.  We 
also start to see development of genomic resources for crop pathogens. The genomic resources combined 
with population-level studies can fast-track breeding for target traits.  In my talk, I will use finger millet 
as a case study.  Over the past 10 years, significant efforts have gone into generating genome assemblies 
for both finger millet and the fungal blast pathogen Magnaporthe oryzae, assembling and characterizing 
germplasm resources, population development and trait analyses.  We are enhancing our understanding of 
the infection mechanism of and host resistance to fungal blast by conducting live imaging of the infection 
process and studying the finger millet-blast interactome.  Comparing effector genes across rice- and 
finger millet-infecting blast strains can provide insight into the host-specificity of M. oryzae.  The next big 
challenge is to translate the genomic information to breeding advancements.  

Theme 6: Improving productivity, climate 
resilience, and nutrition in drylands - technologies 
and approaches

Katrien Devos
University of Georgia, USA  
Email kdevos@uga.edu
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The importance of nutritional traits for climate resilient crops

His research interests focus on genetic diversity and germplasm characterisation in crop plants, with a 
focus on marker assisted selection for genetic improvement. He is involved in projects on wheat, oil palm, 
African rice, bambara groundnut, winged bean, foxtail and proso millets, moth bean, Amaranths, quinoa 
and others. He has helped to establish a ‘crops diversification unit’ within the developing Food Institute at 
University of Nottingham UK, before taking up a position at ICRISAT.

Sean Mayes
Global Research Program Director- RPACI, ICRISAT  
Email sean.mayes@icrisat.org
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The Green Revolution (while an incredibly important success) has had a number of unforeseen 
consequences. Intensive input agriculture has led to degradation of soils, eutrophication of rivers and an 
excessive focus on monoculture using limited crop species. In some regions, this has produced fragile 
food systems vulnerable both to natural climatic events exacerbated by climate change and also human 
conflict. A complementary paradigm is required for those regions where Green Revolution crops are 
failing or were never fully established. Our current food system is unsustainable. Indirectly, the Green 
Revolution also made a food revolution possible, with major crops treated as commodities controlled 
by very few companies feeding material into highly processed products meant to appeal to consumers, 
both for flavour and convenience. This has lead to high levels of non-communicable disease (NCD) in 
both developed and developing worlds. NCD is now the world’s major cause of death. Any reformation 
of the current agricultural systems to make them more sustainable and climate resilient must also focus 
on nutritional diversity and density in the crops that we grow. ICRISAT and Partners have helped to 
bring nutritional value into resilient agricultural systems through the use of crops such as pearl millet, 
where there is now a minimum level of iron and zinc in grain before a variety can be released in India. In 
groundnut (and in progress in pearl millet) new varieties have been developed with less saturated oil, 
giving better shelf-life and palatability. Finger millet is remarkably high in calcium content (six times the 
level in milk) and screening genotypes in pearl millet has led to the identification of lines which have very 
slow digesting starch, potentially reducing glucose spikes which can harm diabetes sufferers. In Sorghum, 
we have released a variety which is high in iron and zinc, but is low in phytate – a major antinutritional 
factor for mineral absorption. The focus on nutritional value, through diversification of crops and 
breeding for nutritional value in such crops, is only just beginning and must be an integral part of any 
attempt to develop more sustainable and resilient future agricultural systems.
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Integrating Key Enablers for Enhanced Systems Transformation in the Drylands - ICRISAT’s Approach 

Dr. Victor Afari-Sefa, a citizen of Ghana, is an Agricultural Economist and research for development 
practitioner, with over 20 years post-graduation experience in programmes and projects design, 
implementation management, feasibility and impact assessment and resource allocation. He joined 
ICRISAT in March 2022 as is the Global Research Program Director – Enabling Systems Transformation. 
with oversight for R&D activities. Prior to joining ICRISAT in March 2022, he was the West and Central 
Africa Regional Director of the World Vegetable Center (WorldVeg) from 2017 to 2022 based in Benin. 
From 2011 to 2017, he was WorldVeg’s Global Theme Leader – Consumption based in Tanzania. Victor 
has leadership experience in coordinating agricultural socioeconomic research in sub-Saharan Africa 
and globally by assessing opportunities and challenges in production systems, analyzing constraints in 
value chains, and analysing policy in interdisciplinary context. He has multi-country program/project 
management experience and has been coordinating multidisciplinary research in agricultural value 
chains, in sub-Saharan Africa and Asia. He also has international experience in integrated economic-
biophysical optimization modeling of agricultural water use at river basin level. Victor previously worked 
as a Monitoring, Evaluation and Impact Specialist at the International Institute of Tropical Agriculture 
(IITA), where he assisted in developing and implementing the M&E framework of the defunct Sustainable 
Tree Crops (STCP) Production in 5 West and Central African countries, mainly on cocoa-based systems. 
He was also previously a Senior Research Scientist at the Center for Development Research (ZEF) in 
Bonn, Germany.

Theme 7: Inclusive demand driven value chains 
for the drylands

Victor Afari- Sefa
Global Research Program Director- EST, ICRISAT  

Email victor.afarisefa@icrisat.org

Global food systems are failing people and planetary health due to overarching interconnected challenges, 
including climate change, natural resource depletion, biodiversity loss, malnutrition, food insecurity, gender 
inequality, preventable ill-health, all of which are exacerbated by the fragmentation of food systems and policy 
incoherence. Climate change in particular, is increasingly having severe negative impacts on food systems, 
while food systems themselves are part of the problem through direct and indirect GHG emissions, especially in 
drylands. Such gaps combined with divergent interests and values across constituency groups leave policy makers 
unsure about how to integrate policies that support food systems transformation. Consequently, addressing these 
challenges will require a strong emphasis on undertaking robust food systems analysis as a precursor to carefully 
integrating context specific enablers such as increased representation from diverse value systems and indigenous 
peoples’ traditional knowledge gaps on the interactions among food system activities with technology push and 
consumer behavioural change along with appropriate policies in a 3-pronged push-pull-policy transformation 
approach and an urgent transition to greener and healthier food systems. This includes among others re-orienting 
farming and rural livelihoods to be able to pursue inclusive-business models that address productivity while 
incentivizing climate-resilient behavioural change communication practices that meet dietary needs, de-risk 
livelihoods, farms and value chains, build actor capacities and social capital, resilience, safety nets, enhance 
women’s empowerment and youth programming through building their entrepreneurship skills and acumen. 
In addition, there is a need to re-align policies, provide viable rural financial services and market linkages while 
supporting social movements and innovation to significantly to achieve consumption of ‘Smart food’ to enhance 
dietary shifts of target populations. Through extensive research, ex-ante and ex-post costing analysis and impact 
assessments of interventions coupled with stakeholder consultations, we aimed to identify high priority actions 
that we must collectively take now, for optimal climate change adaptation and mitigation for the desired food 
systems transformation to happen. Taken together, these actions are the basis of the systemic transformation that 
is needed in food systems. This will require the need for major investments in better and more relevant knowledge 
systems and in more efficient science–policy interfaces to ensure more equitable food and nutrition security 
required if we are to sustainably feed current and future inhabitants of the drylands’. ICRISAT and its partners have 
a big role in integrating various enablers to come up with robust evidence-based policy advocacy initiatives, so 
informing governments (or other key groups such as food system activists and citizens) of policy options based 
on a synthesis of our R&D mandate. This involves understanding the current policy environment and key actors 
in that process, to understand opportunities for change in a certain context; and introducing strategic evidence in 
support of food systems that better help marginalized populations to achieve healthy diets, fair livelihoods, and 
safe environments while addressing key SDGs.

Plenary lecture
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Thomas Reardon
Distinguished Professor  

Michigan State University, USA 
Email reardon@msu.edu

Thomas Reardon is a University Distinguished Professor at Michigan State University. Tom has been at 
MSU since 1992; IFPRI Research Fellow 1986-1991; Rockefeller Foundation Post-Doc with IFPRI in Burkina 
Faso 1984-1986; Ph.D. from UC Berkeley in 1984, and masters from the Université de Nice and Columbia 
University. Tom studies the impacts of these transformations on food industry business strategies, on 
farms, consumption/nutrition, and employment. He works mainly in Africa, Asia, and Latin America 
and has stayed 21 years in those regions. His current field survey projects and primary data analysis are 
in Nigeria, Senegal, South Africa, Tanzania, and Kenya, and survey data analysis in Bangladesh, China, 
Colombia, India, and Myanmar.Tom is Fellow of Agricultural & Applied Economics Association (AAEA) 
and Honorary Life Member (equivalent of Fellow) of International Association of Agricultural Economists 
(IAAE). He has more than 39,000 citations in Google Scholar with an H index of 91 as of January 2022. 
He ranks in the top 1.5% of 67,000 economists globally tracked by IDEAS/REPEC. Tom is in Who’s Who 
in Economics; was featured on the front page of the New York Times; was the first agrifood economist 
invitee to the World Economic Forum in Davos.

Policies and strategies to promote the development of inclusive value chains and 
sustainable markets for supporting food and nutrition security in the Drylands

Plenary lecturePlenary lecture
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Theme 8: Integrating gender youth and social inclusion 
in dryland agri-food systems

Abiola Afolayan
Deputy Director, Bread for the World, USA  
Email AAfolayan@bread.org

From the world food programme to Africa’s farms: connecting and feeding Africa through 
women in agriculture

Abiola Afolayan is Co-Director of Bread for the World’s Policy and Research Institute and Professor 
of Gender, Conflict, and Security at the Elliott School of International Affairs at George Washington 
University, in Washington D.C. She has also lectured at Temple University School of Law International 
Law Program in Rome, Italy, and is an active member of the American Bar Association. She advances 
global food security by utilizing her background in international development, policy, law, academia, and 
women's empowerment. She is a recipient of the Humanitarian Award for the 2023 International Law 
Conference on the Status of Women, hosted by the United Nations and African Affairs Committees of 
the New York City Bar Association for her work advancing the human rights of women and girls and the 
pursuit of justice. She is the author of “A Seat at the Table for Women, Girls, and Movements: A Manifesto 
on Peace and Security”; a contributor to the American Bar Association International Legal Developments 
Year In Review: Women, Peace, and Security Chapter; and author of “From the World Food Programme to 
Africa’s Farms: Connecting and Feeding The World Through Women in Agriculture.” (forthcoming). Abiola’s 
policy focus includes the U.S. Farm Bill, the Global Food Security Act, Feed the Future Innovation Research 
Labs, USAID’s Gender Responsive Agriculture Systems Policy (GRASP) initiative, and other U.S. Executive 
Branch policies that enable the success of Bread’s policy focus on nutrition, equity, and the environment, 
such as the Global Malnutrition, Prevention, and Treatment Act, a piece of legislation that Bread for the 
World helped get to the finish line- which was recently signed into law by President Biden: Bill Signed: H.R. 
4693 - The White House.

From Nairobi, Machakos, and Rongai counties in Kenya to Accra, Tamale, and Kumasi, in Ghana, women in 
climate-smart agriculture practices are enabling food security in Africa, notwithstanding the confluence of 
COVID, climate, and conflict. This paper discusses the impacts of women from the University of California 
Davis, the International Crops Research Institute for the Semi-Arid Tropics, African Women in Agricultural 
Research and Development, the International Fund for Agriculture Development, NGOs implementing 
climate-smart innovations on animal farms, representatives from the Crop Systems at Kenya Agricultural 
& Livestock Research Organization, the Kwame Nkrumah University of Science and Technology in Kumasi, 
Ghana, the Ministry of Environment, Science, Technology, and Innovation in Accra, Ghana, the University 
of Ghana School of Agriculture-Soil and Irrigation Research Centre College of Basic and Applied Sciences, 
University of Ghana Department of Agricultural Extension, Ghana Ministry of Agriculture, Crops Research 
Institute (CSIR), CSIR-Science and Technology Policy Research Institute, among others. An objective of 
the paper is to make the investment case for more resources for research for agricultural development by 
female scientists of African descent, including through digital transformation, similar to the U.S.’ Gender 
Responsive Agricultural Systems Policy initiative to catalyze policy change that promotes gender equality 
and women’s empowerment in food systems by empowering at least 100 women to shape policy that 
removes obstacles to women’s full participation in creating food-secure communities in Africa. Another 
objective is to understand the need for more public-private partnerships, including the role of local, religious, 
and technology organizations in empowering women in rural and urban settings to engage in nutritious 
orphaned crops, commercial crops, and animal farming, enabling them to generate revenue to support 
their families, pay for their children’s education and stimulate their local economy. My presentation will 
provide me an opportunity to bring to bear my thought leadership to inform and make the investment case 
to stakeholders on how women researchers, policymakers, farmers, market women, and educators among 
others, are change-makers in the food security space in Africa; confront policy and practical obstacles to 
women’s full participation; and provide insights on how to leverage women’s talents and mobilize resources 
to help them scale up.
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Sub-Theme 6.1: Genetic enhancement for productivity, 
climate resilience, and nutritional quality

Hussein Shimelis
Professor and Chair of Crop Science 
Deputy Director African Center for Crop Improvement  
ACCI, UKZN, South Africa   
Email Shimelish@ukzn.ac.za

Breeding and genetic innovations are crucial for developing, disseminating and adopting demand-led 
crop varieties for food and nutrition security and local, regional and international markets. However, new 
and modern crop varieties are not widely adopted in Africa (with an adoption rate of <35%) compared 
with Asia (>60%) and Latin America (>80%). Market-led Breeding or Demand-led Breeding (DLB) is a new 
approach to developing modern high-performing crop varieties that are customer-focused and adopted 
by farmers. DLB is a market-driven approach with added imputes in plant breeding education, variety 
design and product profiles based on farmer and market preferences. This paper outlines the prospects 
for demand-led plant breeding and shares the learning experiences of DLB and its community of 
practice, outreach and research works involving the new generation of demand-led breeders. Integrating 
academic and business intelligence, championing plant breeding projects and stakeholders along the 
value chains, attracting investment and creating entrepreneurship and enterprises are some enablers for 
demand-led breeders. Business-led and new-generation plant breeders are the drivers to transform the 
public and private sector plant breeding and seed systems.

Enhancing the impacts of breeding and genetic innovations through demand-led plant breeding 
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The role of m6A RNA methylation in plant abiotic stress responses

At the posttranscriptional level, the stress-responsive transcripts undergo alternative splicing, miRNA-
mediated regulation, alternative polyadenylation among others. Recent studies have established 
that the mRNA acquire different modifications such as N6-methyladenosine (m6A), 5-methylcytosine 
(m5C), and N1-methyladenosine (m1A) and represents a novel layer of post-transcriptional regulation 
affecting the fate of mRNA life cycle. The importance of m6A in plant growth and development has 
been appreciated but its significance under stress conditions is only emerging. To assess the role of m6A 
modification during plant stress responses, we analyzed Me-RIP-seq profiles in Arabidopsis exposed to 
drought and cold. The results revealed large scale shifts in this modification under these stresses. The 
m6A modification is known to affect transcript stability, degradation as well as translation, therefore 
we examined these processes. Interestingly, we found that the stress-enriched m6A-containing 
transcripts are more stable and positively correlated with the translation. The significance of the m6A 
epitranscriptome on drought and cold tolerance was further assessed using the mta mutant in which 
the major m6A methyltransferase gene was mutated. The mutant exhibited hypersensitivity to these 
abiotic stresses as determined by growth, biomass and ROS accumulation. Most importantly, compared 
to wild type, expression profiles of the genes with established roles in stress tolerance was significantly 
different in the mutant. These findings suggest a critical role for the epitranscriptome in stress tolerance 
of Arabidopsis.

Sunkar R1, Govindan G1, Sharma B2, Li Y1 and Gregory B2 
1Department of Biochemistry and Molecular Biology, Oklahoma State University, Stillwater, USA
2Department of Biology, University of Pennsylvania, Philadelphia PA, USA
Email: ramanjulu.sunkar@okstate.edu

Unravelling cell wall structure and function in symplasmic intercellular transport 
for the design of strategies to improve food security and sustainable living
Benitez-Alfonso Y, Yeshvekar R, German L, Simonaviciene B and Newcombe E 
Centre for Plant Sciences, University of Leeds, United Kingdom
Email: y.benitez-alfonso@leeds.ac.uk

Climate change calls for actions to generate resilient plants to ensure food security. Symplasmic pathway 
is a promising candidate amongst various mechanisms that could be utilized to enhance tolerance to biotic 
and abiotic stresses and improve nutritional quality and yield. The symplasmic pathway involves cell-to-
cell communication via transport of molecules through plasmodesmata to coordinate developmental and 
environmental responses. Plasmodesmata are channels across specialized cell wall microdomains that are 
formed of an outer plasma membrane domain and an inner ER-derived desmotubule, joining neighboring 
cells. The cytoplasmic sleeve, that is, the space between the plasma membrane and the desmotubule 
provides a channel for intercellular molecular transport. The cell wall around plasmodesmata is rich in 
callose, a β-1,3-glucan that plays a role in regulating transport through the cytoplasmic sleeve. Current 
models suggest that callose forms a collar around plasmodesmata constricting the cytoplasmic aperture. 
As a result, mutations in enzymes that modify callose deposition alter symplasmic transport (Benitez-
Alfonso et al., 2013; Gaudioso-Pedraza et al., 2018).  Work at the Benitez-Alfonso lab aims to understand 
the role of callose and other cell wall polysaccharides in determining plasmodesmata structure and 
function in diverse plant species. The goal is to apply this knowledge in modifying intercellular signaling, 
thus plant developmental and environmental responses, and in the valorization of plant lignocellulosic waste 
as source of important biomaterials.  The ultrastructure and cell wall composition around plasmodesmata is 
studied using immunohistochemistry and electron microscopy. The mechanical properties and interactions 
of callose with other cell wall polysaccharides are also investigated using atomic force microscopy coupled 
with nanoindentation and hydrogels models. Various proteins which contribute directly or indirectly to 
callose metabolism and intercellular trafficking via plasmodesmata are characterized and their role in 
intercellular signaling in response to heat, drought, or nitrogen conditions is being investigated. Tomato and 
the legume Medicago truncatula are used as model species in this research. Specifically, we report results 
on the role of callose and plasmodesmata in legume mutualistic symbiosis and in tomato fruit ripening. We 
also provide data on using tomato lignocellulosic waste as a source for the extraction of cellulose and other 
valuable cell wall components.
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Morpho-physiologcal & molecular mechanisms for development of drought 
tolerant chickpea using GAB: success story of Pusa 10216 and Pusa JG 16

The accomplishment of feeding nutritious food to the expected 9 billion people by 2050 will be particularly 
more challenging in view of hunger, malnutrition and environmental change, worldwide. The frontier 
technologies are to be increasingly used for developing precision breeding and climate resilient crops. 
The rapid progress and strides made in development of genomic tools in chickpea have greatly helped in 
mobilization of genes and QTLs from donors to mega varieties.  The availability of information on chickpea 
genome sequence, SNP platform being in place has boosted application of genomic resources in chickpea 
improvement. Development of mapping populations and association panels for the traits responsible to 
confer tolerance against these abiotic is providing greater insights into abiotic stress’ breeding in chickpea. 
Work on introgression of root trait QTLs conferring drought tolerance in chickpea has been successfully 
accomplished and the introgressed lines have been entered into National Testing Programmes. Mining 
and identification of robust alleles of drought tolerance imparting genes will increase the richness of the 
genomic resources in harnessing their potential in elevating drought tolerance. Identification of Morpho-
physiological traits viz., DSI, RWC, MSI and CTD traits would greatly aid in this trait bifurcation as well as its 
intorgression. The success story of Pusa Chickpea 10216 (in the background of Pusa 372) and Pusa JG 16 (in 
the background of the mega variety JG 16) are a testimony in exploiting genetic gains and yield resilience to 
the chickpea farmers of arid and semi arid regions. Both the varieties released by ICAR-Indian Agricultural 
Research Institute in partnerships with NARS partners and ICRISAT having high yields under drought 
conditions with the drought QTL hot spot introgressed from ICC 4958 using MABC approaches.
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Genomic toolkit for Fusarium wilt resistance breeding in Castor  
(Ricinus communis L.)
Senapathy S, Prasad MS and Mohanrao MD
ICAR-Indian Institute of Oilseeds Research, Hyderabad, India
Email: senthilvel.senapathy@icar.gov.in

Castor is an industrially important oilseed crop. Vascular wilt caused by Fusarium oxysporum f.sp. ricini is 
a major disease of castor. Deployment of resistant cultivars is the viable option for disease management 
considering the soil borne nature of the pathogen. With the ultimate aim of developing a marker kit that can 
be used by castor breeders in breeding durable wilt resistant cultivars, 10 resistant lines viz., 48-1, AP-42, AP-
48, AP-56, AP-70, AP-111, AP-125, AP-127, AP-156 and AP-163 were crossed with a common susceptible line 
JI-35 and F1, F2 and BC1F1 populations were generated. The screening of F1s and segregating populations in 
the wilt sick plot indicated that wilt resistance is controlled by single recessive gene in 48-1 and AP-156; single 
dominant gene in AP-42, AP-56, AP-111 and AP-125; two recessive genes with complementary interaction in 
AP-48, AP-163 and AP-70; and two dominant complementary genes in AP-127. Simultaneously the segregating 
populations were genotyped using the SNP markers putatively associated with wilt resistance in the earlier 
QTL and association mapping studies. The SNP loci, Rc_29706-482910 on chromosome-7 predicted the 
resistance and susceptible phenotypes in the F2 populations derived using 48-1, AP-156, AP-48 and AP-163 
with >92% accuracy. The SNP marker Rc_29609-103709 located on chromosome-8 predicted the resistant and 
susceptible phenotypes of segregating populations derived from AP-56, AP-111 and AP-127 carrying dominant 
resistant genes. Another SNP marker on chromosome-8, Rc_43141-440 was linked with resistance locus in AP-
42 indicating that the wilt resistance loci in AP-42 was non-allelic to the other sources carrying dominant genes 
for resistance. Thus, the resistant lines and markers linked to resistance loci would facilitate wilt resistance 
breeding in castor.
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Sub-Theme 6.2: Cutting-edge genomic and gene-editing tools
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Distinguished Professor,  
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Email bsgill@ksu.edu

The chromosomes are the material basis of heredity. Chromosomes control the organization, expression 
and transmission of genetic information. Therefore, the knowledge of chromosome structure and 
behavior are crucial for any strategy for genome manipulation for crop improvement. In addition, 
nuclear limited extra-chromosomal circular DNA (eccDNA) elements have been described recently 
(Koo et al.(2018) PNAS 115:332-337) that defy controls of mitosis and meiosis. The eccDNAs generate 
soma cell heterogeneity during the growth of the organism, respond to stress for plant survival and are 
the material basis of acquired inheritance. I will illustrate the principles of chromosome and eccDNA 
manipulation for crop improvement from our work in weeds and wheat. In wheat, our chromosome 
research identified active (euchromatic) and inactive (heterochromatic) regions of chromosomes. 
Furthermore, we discovered structural and functional differentiation along the length of chromosomes 
including recombinationally active and inactive regions of chromosomes. The chromosome 
neighborhood determines as to how a gene will repond to selection. The chromosome analysis tools 
were also crucial in identifying genes that regulate recombination for alien genetic variation in crop 
improvement. In crop weeds, we found eccDNA and chromosome breakage-fusion-bridge cycles created 
soma cell heterogeneity which empowered evolution of herbicide resistance. At the end, I will discuss 
how these tools and knowledge can be employed for genome manipulation for crop improvement in 
dryland agriculture. 

Chromosomal  and extra-chromosomal genetic element structure and behavior informed  crop 
genome manipulation for dry land agriculture
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Improving the quality of Pearl Millet reference genome assembly and its 
deployment in breeding

High-quality reference genome assemblies, representatives of global heterotic patterns, offer an ideal 
platform to accurately characterize and utilize genetic variation in the primary gene pool of hybrid crops. 
Here we report three platinum grade de-novo, near gap-free, chromosome-level reference genome 
assemblies representing the active breeding germplasm in pearl millet with a high degree of contiguity, 
completeness, and accuracy. An improved Tift genome (Tift23D2B1-P1-P5) assembly had a contig N50 
~7,000-fold (126 Mb) in relation to the previous version, including significantly better alignment in 
centromeric regions. Pangenome analyses of the three lines clearly demonstrated a high level of collinearity 
and multiple structural variations, including inversions greater than 1Mb. Novel genes identified in the 
improved Tift genome are enriched for serine O-acetyltransferase and glycerol-3-phosphate metabolic 
process which play a significant role in improving the nutritional quality of protein in seed and disease 
resistance in plants, respectively. Genome-wide association studies (GWAS) uncovered multiple marker-trait 
associations for a range of agronomic traits, including grain yield. Improved genome assemblies and marker 
resources developed in this study provide a comprehensive platform for future applications such as marker-
assisted selection (MAS) of mono/oligogenic traits as well as whole-genome prediction (WGP)/genomic 
selection (GS) and haplotype-based breeding of complex traits.

Ramu P
Corteva Agriscience, Hyderabad, Telangana, India
Email: punnaramu@gmail.com

AgriSeq targeted GBS and Axiom Microarrays – modern genotyping tools for 
improving crops across the continuum
Srinivas Chadaram
Agrigenomics, Thermo Fisher Scientific, Austin, Texas, USA
Email: srinivas.chadaram@thermofisher.com
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Identify, Validate and Routinely Screen Genotype in Translational Agrigenomics

NGS has revolutionised the way plant genetics practice molecular breeding and functional genomics 
efforts. There are decent studies deciphering the whole genome and transcriptome in important plants. 
Efforts are also seen to make more tools and technologies to enable data analysis and applicability still 
tools are required to make large scale efforts to minimise experimental TAT, Analysis and Applicability. 
We examine some efforts and tools in easing the validation and regularly screening technologies in 
democratising the molecular testing. 

Pankaj Khanna
Imperial Life Sciences, Hyderabad, India
Email: Pankaj.khanna@imperialls.com

Harnessing the bioeconomy
Yvonne Pinto
Eagle Genomics, London, England, United Kingdom
Email: Yvonne.pinto@eaglegenomics.com

The extensive connections between agricultural practices, food production, human-gut microbiomes, 
diets and health is evidenced by a large and ever-growing body of scientific research. Alongside the rise 
in understanding of the importance of microbiomes has been a recent raft of new, innovative soil-to-fork 
initiatives, many of which have immense potential to harness the Bioeconomy and provide regenerative, 
sustainable agricultural solutions. There is increasing evidence for the interaction between the soil 
and plant microbiomes, and various nature-based solutions which will allow us to increase soil health, 
plant and microbial biodiversity, improve climate resilience, increase nutrient quality and density, and 
enhance carbon sequestration. The microbiome is a tool to understand the potential for precision soil 
management, which may help reduce input costs and agrochemical use. Reduced soil and plant health is 
linked to deteriorating animal and human gut microbiomes. Advancing the potential to use nature-based 
solutions may enhance opportunities that are game-changing in how we manage natural ecosystems, 
resources and regeneration. The One Health concept stresses the ecological relationships between human, 
animal and environmental health. Originally focused on the transfer of pathogens from animals (e.g., 
emerging zoonoses) and the environment to humans, the one-health view has now expanded to include 
the study of entire microbial communities. Few existing tools successfully address the reciprocal influences 
of human, animal, and environmental microbiomes on one another to be able to design interventions that 
take a holistic and more systemic approach to nature-based solutions. This requires the power of network 
science and connected data.
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Crop pests and diseases threaten agriculture worldwide, but their impact is particularly felt in countries 
located in Semi-Arid tropics. Progress in the development and application of chemical control and 
resistant varieties, improvement in agricultural practices and globalisation of trade have reduced the 
risk of devastating famines and helped to mitigate their impact on the human population. However, 
the risk of large crop losses has not gone away, and indeed a combination of factors is leading to its 
increase as pests are only precariously held under control. Many farmers in these areas are at the edge 
of survival and lack the means of implementing more advanced prevention and control methods. In 
this talk, I will identify key factors affecting plant health globally, climate change, the evolution-driven 
rise of resistance, economic pressure to limit the varieties, and global trade introducing invasive pests. 
Based on this evidence, I will argue that to prevent future outbreaks we will need to integrate the 
disciplines of crop science, ecology, economics, and health. I will also present examples of how statistical 
and mathematical modelling, including computing, big data, and artificial intelligence, can be used to 
facilitate this integration.

Plant pests and diseases: a holistic approach to prevention and control
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Satellite remote sensing to support digital agriculture

Recent research has demonstrated that satellite remote sensing is a valuable tool to improve agricultural 
practices. This is especially valid and impactful when space agencies use freely available data policies 
(e.g. ESA, NASA). Satellites offer the attractive capability to monitor large portion of land at a very little 
cost, providing perspectives that are hard to obtain from the ground. This has been demonstrated to 
help in several applications, from forecasting yield to early detection of plant stress (pest/drought). In 
this talk, we will be covering the use of radar technologies, which is especially useful during periods of 
cloud cover. Additionally, radar allows to observe parts of the plant that are below the canopy, offering a 
view that optical systems are not able to provide. Among other examples, we will cover the monitoring 
of underground carbohydrates for asparagus in semi-arid Peru and phenology of rice in South Spain. We 
will exploit methodologies based on machine learning and other types of physical models.These results 
will show how remote sensing could be a formidable tool to add to Digital Agriculture, which will improve 
practices in semi-arid regions, delivering on precise agriculture and food security.

Marino A and Silva C
The University of Stirling, Scotland, United Kingdom
Email: armando.marino@stir.ac.uk

Sensor based crop phenotyping technologies
Raj Khosla
Kansas State University, USA

The joint ICRISAT & Plantix Journey: How we scaled AI to millions of farmers
Strey S and Strey R 
Plantix, Berlin, Germany

SERVIR West Africa Phase 2: Building a regional earth observation marketplace
Paul Bartel 
Chief of Party SERVIR West Africa
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Sub-Theme 7.1: Digitalization and disruptive 
innovations that build transparency, feedback 
loops and demand into the last mile
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Digital tools for improving smallholder farming
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Drones for sustainability of Agri-ecosystem

Precision Agriculture has a great role in reducing input costs for farmers with evidence from high 
resolution multispectral cameras integrated to UAVs for food security, environmental protection, and 
sustainable use of natural resources, as well as its economic benefits. The cameras on satellites and 
manned aircrafts have also historically been insufficient to map fields clearly, making it impossible to 
gain an exact picture of plants. In contrast, using “close sensing and deep vision model” UAV technology 
provides users with an accurate picture of the different plant parts – even allowing the early identification 
of pests and diseases. This analysis can apply for optimal delivery of fertilizers, water and pesticides 
to crops only when and where these are required.  As a result, reduce inputs costs for food production 
and resource efficiency can be maximized, without waste or damage to the environment, such as can 
occur from excessive fertilizer or pesticide applications. Not only would this encourage more efficient 
operations but enabling more frequent health assessments would also help improve sustainability 
throughout the industry.

Vinod Kumar S
Sensacre Pvt. Ltd, Hyderabad, India
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Building equitable e-marketplaces to enable discovery and price parity

Farm produce and SHG products are diverse in nature including a multitude of categories with each 
category having several types and grades. Physical marketplaces are not equitable due to: (i) limited 
buyers and sellers (ii) discovery and match-making challenges (commodities not standardized), and (iii) 
extra costs associated to trade. Further, owing to these challenges, farmers do not realize fair price to 
maximize their profits. Kalgudi Digital has developed a convergence digital platform solution, wherein 
– through digitization and engagement – all the stakeholders in the ecosystem are connected and 
information is microtargeted. Kalgudi’s platform solution provides core services (digitization, advisories, 
Q&A, surveys and dashboards) and market linkages for both inputs and outputs (B2B and B2C), enabling 
ecosystem-wide interactions. Further, these digital interactions are coupled with physical assistance 
assures gratification for all the ecosystem players on the platform. The outputs marketplace solution is a 
pure-play e-Marketplace that includes commodity standardization, listing of products with traceability 
enabled and features such as price enquiry, back-end support for negotiation and fulfilment. Further, 
Kalgudi provides end-to-end services to promote rural products including creating digital communities 
of collectives (SHGs, FPOs, CBOs), eStore (examples include Kalgudi’s outputs store, e-Mahila and 
Swayam-Sikkim), marketing, ordering, fulfilment, and settlement. The ultimate objective of Kalgudi is to 
enable equitable e-Marketplaces providing price parity through commodity standardization, discovery, 
and match-making at scale, eventually benefiting everyone in the ecosystem. Sustainability of these 
e-Marketplaces and digital solutions requires public private partnerships to build trust among the 
stakeholders and break the existing unviable traditional ecosystem practices

Margam VM
Kalgudi Digital Private Limited, Hyderabad, India 
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Detection of the 2018-19 invasion Fall Armyworm in India by mobile 
technologies: A statistical analysis

Invasive plant pests pose a major threat to agriculture worldwide, particularly in the Semi-Arid Tropics. 
As the inspection system is severely underdeveloped in these areas, farmers need other ways to 
successfully detect, control, and manage the pests. Many farmers can now access modern technology 
via smartphones, facilitating novel detection methods via artificial intelligence (AI). PEAT GmbH has 
implemented an android AI application, ‘Plantix’, for the rapid assessment of plant health. The app is 
widely used in India, but the advanced statistical analysis is needed to improve the diagnosis. An invasive 
insect pest, fall armyworm (FAW, Spodoptera frugiperda), has caused massive losses to India's maize 
production since its invasion in 2018. Here we analyse two years of Plantix notifications for maize (2018-
19). The data consist of 138,351 observations, with time, location, and a “similarity” index which quantifies 
detection accuracy. Although the Plantix app detection involves expert verification, there is no "gold 
standard. Based on the internal evidence, we found that the similarity index distributions for FAW, non-
FAW, and healthy maize are bimodal. By fitting a bi-normal mixture model we provided the classification 
of data into “true” and “false”, positives and negatives. Although "false negatives" are crucial in the 
detection of the pest, "false positives" need to be discounted as they can cause false alarms and lower the 
prediction’s reliability. We show that the FAW invasion first affected South India in Rabi 2018 and the pest 
became established there since, while North India was only significantly affected from Rabi 2019. We also 
found records of FAW from January 2018, much earlier than the official reports. Our results demonstrate 
that a combination of Plantix app rapid detection and wide geographical cover with statistical analysis 
can be used to quantify pest invasion. The methodological framework is transferable to other hosts, pests 
and diseases.

AL-Rubkhi A 1*, Kleczkowski A1, Rupavatharam S2 and Strey R3 
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The digital agriculture opportunity: applying machine learning to identify and 
manage water risk

Water can be viewed as both the primary limiting or enabling factor with respect to environmental, 
financial and socioeconomic sustainability. Economies and livelihoods are oftentimes determined on 
the availability of our most precious resource. Digital technologies can help us better understand the 
role of water, and how to effectively identify, manage and distribute water risk and opportunity. Here 
I will describe some of the machine learning techniques that have been developed at Climate Alpha 
which highlight how water and agriculture can serve as the foundation for equitable global economic 
development.

Michael Ferrari
Climate Alpha 

Email: Michael@climatealpha.so
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Repurposing Agricultural Policies and Public Support to transform the Food System
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Understanding the dynamics of sorghum value chain in India: Contrasting 
aspirations and outcomes

India is home to 23.4% of the world’s malnourished people including a high proportion of its children 
that are malnourished. One of the factors contributing to this problem is the steady decline of the 
production and consumption of nutritious staple Sorghum and Millets. The rapid changes in diets and 
lifestyles in India, similar to many other countries in transition, have led to chronic non-communicable 
diseases (NCDs) including obesity, diabetes mellitus, cardiovascular disease (CVD), hypertension and 
stroke— all causes of disability and premature death. A large decline in the production and consumption 
of nutritious crops is puzzling, and the policy interventions to arrest it are fragmented. On the supply 
side, in semi-arid tropics (SAT) of India where annual precipitation is lower than evapotranspiration, 
Sorghum has traditionally provided both subsistence to farmers and insurance against climatic variability 
is being being replaced by commercial crops like cotton and maize despite their higher cost of production 
and comparatively lower resilience to drought. On the demand side, despite the growing awareness 
about the importance of these Nutri-cereals among the health-conscious urban residents, why is their 
aspirational demand for these grains not manifesting into real demand? Added to this are the disparate 
policy incentives both on the demand and the supply side for Sorghum and the alternative crops 
that compete with it. In light of this complexity, we investigate the factors that explain the persisting 
disconnect between the aspirational demand for sorghum and its production/supply? We utilize the 
expert knowledge, past data collection, and focus discussions with stakeholder during 2019-2020 to build 
a system dynamics model that illuminates the factors causing the above supply-demand disconnect. 
The model has seven sectors: Production, Distribution, Inventory Management, Demand Generation, 
Price Discovery, Cost Calculation, and Farmer Income. By exploring the base case model behavior under 
four different scenarios of changes in demand and supply through change in yield and consumption we 
demonstrate how and why the disconnected interventions on either the supply or the demand side, 
despite their short term gains, destabilize the sorghum economy in the longer term. 

Kumar S, Das A and Vaishnav C
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Production performance, instability and decomposition analysis of pulses in hot 
arid western India

India is the largest producer (25% of global production), consumer (27% of world consumption) and 
importer (9%) of pulses in the world. Area under pulses up from 24.91 Mha in 2015-16 to 30.37 Mha in 
2021-22. The major contributing states are Madhya Pradesh, Maharashtra, Uttar Pradesh, Rajasthan 
and Andhra Pradesh. The productivity of the pulses in India has increased from 656 kg ha-1 in 2015-16 
to 888 kg ha-1in 2021-22, which is still lower than the world average. The majority (19.6 Mha) of the hot 
arid zone falls under north-western part of Rajasthan covering 69% of the Indian hot arid region. In the 
Rajasthan state as whole, productivity of pulses is very low (550 kg ha-1) which becomes highly unstable 
and uncertain in North-Western arid hot region due to uneven and scanty rainfall and very less access of 
irrigation water. Wide yield gaps still exist between the realized and potential yields of pulses with varying 
range across crops and geographies. In the present study, an attempt has been made to examine the 
pattern of growth and instability in area, production and productivity of total pulses in hot arid region 
Rajasthan. The time series data from 1980-81 to 2020-21 regarding area, production and productivity of 
total pulses were used for computation of compound annual growth rate, to know factors behind change 
in production i.e. decomposition analysis and Coppock’s Instability Index (CII). To know the decadal 
changes, the analysis was done for four time period (1980-81 to 1989-90, 1990-91 to 1999-2000, 2000-
01 to 2009-10 and 2010-11 to 2020-21). During, 1980-81 to 2020-21, CAGR is positive and statistically 
significant while coppock’s instability indexes vary across the decades.  Factors contributing growth 
in the production of pulses, yield effect is major factor contributing positively followed by area and 
interaction effect between yield and area. An appropriate policy is proposed to enhance the production of 
vegetarian’s protein and took a step forward to achieve the goals of National Food Security Mission.
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Inclusive, Market Oriented and Nutri-Sensitive Agricultural value chain for 
enhancing livelihood and nutrition in rural areas of drylands

Literature on inclusion more often tends to focus only on economic understandings. It fails to consider 
the values, the social context, and the priorities that come into the picture once the value chain is 
operational in a specific local environment. In response, value chain analysis has shifted its agenda 
to developing pro-poor inclusive value chains. Such value chain analysis has raised the need for new 
dimensions of inclusion that define how poor smallholder farmers, women, and youth can be part of 
the value chain. In this paper, we present an inclusive, market-oriented, and nutrition-sensitive value 
chain framework developed and implemented for dryland smallholders to ensure farmers’ participation 
through farmers’ collectives along the value chain through primary and secondary processing of their 
crops to enhance the farm income and realize better prices for the product and also to build the resilience 
and enhance the nutritional status of the farm households

Nedumaran S, Selvaraj A and Mazumdar SD
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, Telangana
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Smallholders can play a significant role in value chain development in drylands by producing high-
value crops like pulses, oilseeds and millets and improving the quality of agricultural products and 
meeting consumer demands. Value chain development involves a coordinated approach to increase the 
competitiveness of these products by linking producers with consumers and export markets, providing 
access to finance, technology, and infrastructure and institutions, and improving the quality and 
standards of agricultural products so that the consumer is willing to pay higher prices. By producing high-
quality crops and improving the efficiency of their operations, smallholders can create more value in the 
agricultural supply chain. This paper discusses the new opportunities for dryland smallholder farmers in 
value chain development to meet the growing consumer tastes and preferences through value creation 
and value capturing in both national and international markets. Smallholders can also participate in 
various value chain activities, such as post-harvest handling, processing, and marketing, which can 
help to increase their income and improve the quality of their products. By participating in value chain 
activities, smallholders can gain access to larger markets, increase their bargaining power, and improve 
their livelihoods. Across the world there is a growing demand for nutri-cereals, healthy legumes as 
populations with obesity and diabetic are increasing. There is a great opportunity for smallholder farmers 
in meeting the consumer demand in high end markets like ragi-biscuits, ready to cook and value-added 
products from millets and pulses related snacks. In the non-food use, there is again growing demand 
for feed, fodder and as raw material for breweries and starch industries. Again, there is a good scope for 
enhancing the use of sorghum for biofuel and ethanol production. For large-scale production of these 
items, there is a need for not only technological innovations, but also institutional innovations. The 
recent government emphasis on Farmer Producer Organisations (FPOs) and startups initiatives, various 
forms of farmers collectives like land pooling collectives, etc are needed. There is a need for increased 
emphasis on the export market for value added products. 

Contribution of smallholder in value chain development in drylands



115

Sensitivity analysis of SAR data for monitoring of pearl millet crop

The recent expansion of remote sensing data for crop monitoring has proven benefits over conventional 
surveying. This study investigates the potential of space borne Synthetic Aperture Radar(SAR) in 
monitoring complex scattering dryland crops. Pearl Millet is the fourth largest cultivated food crop of our 
country after cereal crops. Being mostly grown as short-duration Kharif season crop, the availability of 
optical data is limited and thus capability of SAR in efficient monitoring was explored. Both RADARSAT-2 
and Sentinel-1 data were assessed for its sensitivity towards the crop. The fully polarimetric RADARSAT-2 
was acquired at different phenological stages Early, Peak Vegetative and Panicle Initiation stage of 
the crop. The response of various polarimetric parameters like Yamaguchi-4 decomposition, HAA 
decomposition, Radar Vegetation Index(RVI), co and cross-pol ratios etc were analyzed for its sensitivity 
with crop parameters like Wet & Dry Biomass, Height, Leaf Area Index(LAI) and Vegetation Water 
Content(VWC). Yamaguchi-4 was better response towards the biomass. High temporal Sentinel-1 data 
was also explored. Time series analysis of backscatter responses, RVI, Microwave Polarization Difference 
Index(MPDI) and VV/VH ratio performed in Google Earth Engine(GEE) were utilized for conditional 
monitoring. The results demonstrate the promising potential of SAR data to address the growing 
importance of coarse cereals.

Dharanya T and Haldar D
Indian Institute of Remote Sensing, Indian Space Research Organization, Dehradun, India
Email:  dharanya71@gmail.com

SAI Tribal Tradition: Local to Global

A tribal woman from a remote village in Odisha marketing millet products to American and European 
citizen?  Seems like a distant dream. But that is the reality. That’s the potential power of local agro 
industries when nurtured well. These tribal women entrepreneurs not only support their male 
counterparts and families in leading a decent life, they also provide nutritive & tasty chemical free millet 
premium food products to families abroad.  The women entrepreneurs procure the millet from farmers 
at farmgate, aggregate them at village level, clean and then transport them to processing unit around 40 
kms from Koraput, Odisha which they manage by themselves. While the women entrepreneurs received 
training under Odisha Millet Mission by the Agricultural Department experts, the co-founder of SAI 
received mentoring and incubation support from Indian Institute of Millet Research (IIMR) /Nutrihub, 
Hyderabad for promoting millet value addition and marketing. He used his fellowship to establish this 
processing unit. The tribal women use their traditional wisdom in manufacturing unique millet products 
which are marketed under the trade name “SAI Tribal Tradition”. SAI co-founder earlier worked in more 
than 18 countries with multilateral organizations at very senior levels, and as such has strong network. 
SAI also established its office in USA, and in the process of establishing in UK and Germany. These 
networks help developing consumer base as well as predicting consumer trends and behaviour.  With the 
increased interest in millet-based products, and with the levels of quality and the purity in food products 
provided by tribal communities, the women entrepreneurs quickly establish niche market. These women 
have their stall in the exhibition. You can not only taste their products, but also interact with them to learn 
how they are developing inclusive demand driven value chain. SAI vision is "A world where marginalized 
sections of society are not looked as recipients but partners in development, actively contributing to the 
economy while improving their own social and economic status."

Jitendra Sinha 
Co-founder-SAI, Mumbai, India
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Sub-Theme 8.1: Advancing gender equity and social 
inclusion in food systems transformation
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Women have historically played a significant role in food systems. However, women’s contribution is 
often downplayed at household, community, national and transnational levels. They face systemic 
barriers in accessing productive resources, services and information. Gender inequality is both a 
cause and a consequence of food insecurity. Various studies across the world have documented and 
demonstrated that gender-based discrimination is one of the major causes of poverty and food and 
nutrition insecurity. The (1) denial of rights and entitlements, through formal and informal institutions 
and laws, (2) access-related problems with assets, services and information such as – land, credit, 
education, training, employment opportunities, mobility, market information, agricultural inputs and 
technologies and (3) Climate Change along with the compounding impact of (4) Covid-19 have left 
women in a more precarious situation than ever before. Covid-19 and Climate Change has depicted how 
women are more vulnerable to chronic food and nutrition insecurity caused by shocks. In 2019, across 
all the continents, women were impacted more than men in terms of food insecurity and fall in nutrition 
level caused by shocks. 

This interlinkage between SDG 2 - achieving food security and nutrition and SDG 5- gender equality 
and women’s empowerment need more policy attention to understand how gender norms and social 
customs that underpin food insecurity, health and nutrition deprivation regimes need to be addressed 
at esoteric levels. Women and men experience differential vulnerability within food systems. Therefore 
interventions cannot simply focus on women and ignore more complex and intimate relations and socio-
political dynamics. This talk will help in developing a transformational framework rooted in the agency, 
structures and relations mediating women’s live to provide rationale approaches that help in capacity 
building, changing relations and transforming structures aimed at contributing towards, food security, 
nutrition, gender equality and women’s empowerment. Gender Transformative Approaches (GTAs) tackle 
these relational biases and injustice by engaging with persons from all gender identities and foster more 
equitable strategies to make food systems more sustainable.

Advancing gender equity and social inclusion in food system's transformation
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Agriculture mechanization and gender influence: a case study for the adoption 
of machine harvestable chickpeas in Kurnool, Andhra Pradesh, India

Some states in India have been experiencing rural labor shortages and are seeking to reduce farming 
labor requirements. The first machine-harvestable chickpea variety, NBeG47, was released by 
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) and its national partner, 
Regional Agricultural Research Station (RARS) in Nandyal, in 2015 to reduce the on-farm labor burden 
from manual harvesting and maintain sufficient protein supply for the increasing population in India. 
This paper uses logistic regression to study factors influencing the household probability of adopting 
machine-harvestable chickpeas and harvesting using machines, and ordinary least squares (OLS) 
regression to study the impact of adopting machine-harvestable chickpeas on reducing female labor 
on-farm working time in rural India. We found that factors such as receiving technical training and 
participating in agricultural organizations significantly affect the household's decision to adopt the 
machine-harvestable chickpea variety and harvest mechanically. We also discover that adopting 
machine-harvestable chickpeas has the potential to help release female labor on farms conditioning 
on households harvesting chickpeas mechanically. However, we should also consider negative social 
spillover effects during the adoption of machine-harvestable chickpeas and the shift towards harvesting 
mechanization. Combing innovations in multiple fields, such as policy, socioeconomic supports, 
extension services, etc., will ease the transformation process and enable the optimal interaction between 
agricultural innovations and social development.

Jialu Li1, Abraham M1 and Ravula P2
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Analyzing gender differentials in dietary diversity across urban and peri-urban 
areas of Hyderabad, India

India’s recent increase in urbanization alongside with feminization of rural agriculture could increase 
the existing gender disparities in dietary diversity. With many rural men migrating to urban areas, 
women have increased domestic burdens as well as productive burdens such as making informed crop 
production decisions so household members consume a diverse diet. Given the rapid and recent onset 
of this phenomenon, there is a need to explore gender differentials in diet diversity across urban and 
rural areas to assess if certain populations are being disproportionately impacted by this trend. There 
are limited established quantitative studies discussing this gender disparity with respect to urbanization. 
The goal of this paper is to compare dietary diversity among adult men, adult women, adolescent males, 
and adolescent females residing in urban and peri-urban locations. The authors also assess if various 
sociodemographic factors correlate with dietary diversity. Adult women and adolescent females had a 
higher diet disparity between peri-urban and urban areas when compared to adult males and adolescent 
males. Multivariate analyses followed by post hoc multiple comparisons testing of dietary diversity 
scores (DDS) further support that peri-urban adult women consume a less diverse diet compared to their 
urban counterparts and less than other peri-urban adult men and adolescent women. It was also found 
that marital status, type of household card owned, and the highest degree of education are statistically 
significant correlators of an individual’s dietary diversity. Given that urbanization could negatively impact 
already vulnerable populations such as peri-urban adult women, the authors suggest providing support to 
these populations through government subsidization of peri-urban farmers to grow more diverse crops, 
fortifying easily accessible foods with commonly lacking micronutrients, including Vitamin A, folic acid, 
and iron, market access, and affordable prices.

Marla K1 and Padmaja R2
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Gender differentiated farmers’ perception of climate risk, access to climate 
information and adaptation strategies: A systematic review

Global climate change has become the most significant challenge of modern times, confronting the 
lives and security of vulnerable societies around the world. Smallholder agriculture where women play 
a major role is highly vulnerable to climate change however it affects men and women differently due 
to agroecological, socioeconomic, and cultural factors. Very little is known about how men and women 
perceive climate change and its causes; how it affects men and women differently and do we need 
different strategies and policies to support women to adapt to climate change. In this systematic review, 
we aimed to understand the gender-differentiated farmers’ perception of climate risk, their access to 
climate information, and adaptation strategies at the local level and enhance their resilience towards 
climate risk. The preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
technique was used for a systematic review from three databases namely Web of Science, PubMed, and 
CABI review. We identified 73 related studies from 26 countries.   Irrespective of gender, the farmers 
perceived climate risk as rainfall variability, floods, terminal drought, temperature, seasonal variations, 
extreme weather events, and heat waves. The evidence of gender differences in climate susceptibility 
was found to be an important reason for the differences in climate risk adaptation by men and women. 
Both male and female farmers had resorted to using different strategies to adapt to climate variability, 
however, there was a substantial difference between adaptation practices used by men and women 
farmers such as changing planting dates, use of drought tolerant cultivars, shade management, livestock 
rearing and income from assets disposal. The studies show that women often react to changes through 
coping strategies rather than adaptation strategies. In coping with the changing conditions, women are 
relying on their local knowledge. This review identifies the need for and suggests ways to design gender-
sensitive climate adaptation strategies considering women’s needs, resources and perspectives. It clearly 
highlights the vitality of women in climate risk management for sustainable agriculture and livelihoods.

Ningombam S, Das A and Kumar S
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India 
Email:abening123@gmail.com

Sorghum for increased food security and improved livelihood in the asals in the 
arid and semi-arid lands
Nelly Chebet
Egerton University, UK
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Sub-Theme 8.2: Making agricultural technology development  
more gender-sensitive and socially inclusive
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Dryland agriculture, which constitutes a significant portion of the rural economy, is facing a persistent 
income crisis due to a combination of factors, including falling yields and declining profitability. This has 
resulted in a mass migration of able-bodied men from these regions in search of better employment 
opportunities, leaving behind a largely female population that is left to fend for themselves and their 
families. Given this challenging scenario, it is imperative to identify alternative sources of income 
generation that can help sustain the livelihoods of those residing in dryland regions. In the absence of 
a significant working-age male population, women have emerged as the primary drivers of economic 
change in these areas. However, despite their crucial role in sustaining their families and communities, 
women in dryland regions often face a number of socio-economic barriers that limit their economic 
potential and opportunities. Therefore, empowering women to participate fully in the economy, 
and providing them with the necessary support and resources to do so, is critical to addressing the 
income crisis in dryland agriculture and enhancing the overall prosperity of these regions. By exploring 
innovative and sustainable approaches to augmenting income, we can help build a brighter future for the 
communities and families that call these areas home.

Exploring alternative livelihood avenues in dryland regions
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Assessment of gender-responsive technologies in drylands for inclusive agriculture.

Women in dryland agriculture face a number of unique challenges to their livelihoods, from gender 
disparities in land rights and access to technology and resources to increased workloads due to limited 
labor availability. This paper presents an overview of the potential benefits of gender-responsive 
technologies in dryland agriculture with examples from ICRISAT’s Research and Development contribution 
to highlight the findings and observations towards realizing its vision of improved well-being of the 
poor people of the dry tropics. In recent years, there has been an increasing focus on gender-responsive 
technologies for inclusive agriculture. Gender responsive technologies in agriculture refer to the design, 
development, and implementation of technologies that take into account the specific needs and 
constraints of both women and men farmers. These technologies aim to address the gender-based barriers 
that women farmers face in accessing and using inputs, information, and services, as well as participating 
in decision-making processes. Examples of gender responsive technologies in agriculture include tools 
and equipment that are ergonomically designed, reduce drudgery, easy to use, as well as digital tools and 
platforms that provide information and resources for women farmers. Additionally, these technologies 
can also help to increase the productivity and income of women farmers, which in turn can lead to 
improved food security and economic empowerment for both women and their families. The assessment 
examines different types of technologies, such as improved farm inputs, mechanization, production and 
post-harvest technologies that can be used to support women's access to resources and enhance their 
economic participation in agricultural activities. Also reviews the barriers to adoption of these gender-
responsive technologies and suggests ways for policy makers, public and private sector actors and 
development organizations to facilitate their uptake by smallholder farmers in drylands. Finally, it calls 
for more research on gender-responsive technology use in order to better understand how best to design 
effective interventions that empower women and improve outcomes for them. Overall gender responsive 
technologies in agriculture have the potential to play a key role in achieving gender equality, inclusiveness 
and improving the livelihoods of smallholder farmers in drylands.

Rudraraju P and Das R
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Inclusive participation in integrated watershed development programmes: 
insights from Bundelkhand, Central India

Watershed development programmes (WDP) in India primarily focuses on improving ecological 
landscapes in semi-arid regions. There has been more than $14 billion invested in India over two decades 
for integrated watershed management programs to address issues like water scarcity and environmental 
degradation, improving groundwater availability, better crop and livestock productivity, and sustainable 
crop intensification across water-scare ecosystems in the country. However, local level hierarchies 
based on caste and gender inhibit equal participation for all in decision making, access, and distribution 
of programme benefits. Policy guidelines have time and again called for attention towards improving 
community level participation and improving gender integration. This paper presents evidence from 
drought affected rural Bundelkhand, in Central India to critically examine how participation is practiced at 
the ground level. Using mixed-methods data, we interrogate the importance of gender and social inclusion 
in ensuring environmental justice in natural resource-management activities such as integrated watershed 
management. Bundelkhand region in Central India has been plagued by acute water scarcity resulting in 
distress migration, loss of agriculture-based livelihoods and increased burden of water collection on women 
in the community. Micro-level experience from an integrated watershed project in the region shows that 
women and marginalised social groups get limited benefits in the presence of caste and patriarchal context. 
Inclusion of local community in the planning and implementation phase is essential to address gender 
and caste-based inequities that might result in loss of income and increased time poverty for some social 
groups. We reason that donor agencies and implementation partners need to be attuned to the social 
context while leveraging support from local community to ensure successful implementation of integrated 
watershed programs. Such programs can bring about social transformation only if they focus on both 
environmental and social sustainability concerns.

Chakraborty A1, Ravula P2, Kasala K2 and Whitbread A3
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Time preferences of women in non-farm work: evidence from rural indian 
households

Evidence on income diversification into non-agricultural livelihoods by rural households has majorly 
focused on poverty alleviation effects. Literature has not explored how time preferences may be 
shaped due to employment in non-agricultural activity. We hypothesize that these preferences are 
more pronounced when women diversify into non-farm employment. This paper specifically explores 
whether women engaged in non-farm work in rural India have future time preference. We argue that 
a positive bargaining power effect resulting from non-farm employment leads to higher control over 
wages that promotes future time preferences. We use cross section data of around 260 households from 
a novel dataset built from a primary data survey conducted in Anantapur, Andhra Pradesh. The dataset 
contained questions on the control over wages, among other information related to employment type of 
the respondent, decision making and demographic details. Questions on time preferences were choice 
questions asking the respondent to choose between an amount payable in the present versus an amount 
payable in the future. We employ a 2-stage least squares estimation method and instrument variables 
such as being employed in non-farm work and ownership of land for wage use. We find that females 
are more likely to choose the future options when they exercise greater control over wages. We argue 
that being engaged in non-farm work affects an individual’s decision making in utilizing their wages 
or incomes, which in turn affects their future time biases.The paper empirically establishes that when 
women have higher control over wages, they are more likely to choose future options, thus reflecting a 
future bias. These results suggest that interventions fostering the engagement of women in non-farm 
activities can promote investment effects. The insights from the study can be useful to frame gender 
specific policies that promote collective organizations in line with time preferences. 

Bose D and Vemireddy V
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Gender participation in dryland restoration: challenges and perspectives for 
sustainable land management in the North Region of Cameroon.

Land degradation in the drylands is a threat to sustainable food production. Despite growing attention 
by policymakers, scientists, and other stakeholders to address dryland restoration in recent years, 
gender is still not sufficiently taken into consideration. Consequently, dryland restoration initiatives 
often do not fully achieve their objectives, partly because they fail to recognize the specific perspectives, 
priorities, capacities and needs of some major land users, i.e., women and minority groups. The study 
set out to examine constraints to women’s participation in dryland restoration. To meet this objective, 
we reviewed documents of tree planting projects and desktop literature. Also, 5 focus group discussions 
(FGD) were carried out separately with 2 men’ groups and 3 women’s groups using the Fulfulde native 
language and a series of guiding questions. The guiding questions were based on gender integration 
into the different phases of a project cycle, decision making processes, and costs and benefits of the 
project. A total of 23 men and 76 women from 3 communities (Badankali, Lagdo and Rabingha) where 
a tree planting project had been undertaken by an NGO, participated in the FGDs.  It should be noted 
that this was an exploratory study to bring out major issues and more in-depth research will follow. The 
data was analyzed qualitatively based on a set of themes generated from the literature review.  Findings 
reveal that sociocultural factors such as access to land improved seedlings, finance, and rural advisory 
services, as well as cultural gender norms play the greatest role in limiting women’s participation in 
dryland restoration. This paper recommends that more attention should be devoted towards increasing 
women’s access to resources, especially land but also to knowledge and skills on land restoration options, 
to enable their full participation in dryland restoration.
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Narrowing the Gender Gap: Challenges and Realities
The concept of work is a gendered one and economic institutions have definitely led to the creation and 
perpetuation of different forms of gender inequality. Labour is both visible and invisible and we know 
that feminist sociologists have struggled to expand and include different forms of work. In patriarchal 
society, when a woman is asked what you are doing, she often replies “nothing” rendering her labour 
invisible. Women’s movements talk about equal pay for equal work. The gender gap report of the World 
Economic Forum in 2018 shows that India ranks 108 of the 149 countries in the gender gap. The gender 
gap is about 19% according to the data but the complexity is much more as there are so many kinds 
of work that get done by women, the poor and the underprivileged that documenting it also means 
making visible the invisible. Women are involved in the subsistence economy as part of the family and 
their contribution has not been seen as central although the economy would collapse without that 
contribution. Studies show that by defining women who are home-based labour as housewives, and 
by denying their contribution, capitalist owners are able to enforce economic exploitation of these 
women. The economic and familial institutions either don’t see women’s contribution or provide a sexist 
description of their work as contingency work. When the workplace enters the home, the women are 
managing the household work as well as the home-based labour such as beedi work or craft work. In 
the fields, women do much of the work that it is not accounted for. There is no workplace which may 
provide some parameters of equality but the inequality of the patriarchal household percolates into the 
work sphere and often does not provide a sense of liberation or empowerment. Devaki Jain has said that 
all women’s work yields an output but all women’s work does not provide an income (Jain, 1996). This 
is one of the major reasons for undervaluation so it is important to recognise that the time contributed 
by women must be the valuator and not necessarily the wage. The absence of a gender perspective in 
the labour laws and the absence of any labour rights perspective by the state is quite blatant. The state’s 
obligations under the Constitution are to be fulfilled by establishing gender sensitive labour laws and 
transforming mindsets about definitions of work.
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Determinants of diet diversity: A case study on tribal women from Adilabad and 
Kumaram Bheem, Telangana

Nutrition is a multidimensional concept which has an elaborate casual loop so the main objective of 
the research was to understand the factors (such as time-use, education, sanitation, income, drinking 
water sources, cultures, policies etc) that contribute to diet diversity in the context of tribal women?  The 
conceptual framework was borrowed from 'Multidimensional Nature of Nutrition' by Pingali and Ricketts 
(2014) to demonstrate the relation between different factors. This is a mixed methods study which used 
data from survey (collected by ICRISAT under 'Nutri-Food Basket' initiative 2018) to empirically identify 
determinants of diet diversity through diet diversity scores (DDS). There were 1755 respondents in the 
survey. DDS were build using FAO's food group classification. DDS was regressed with independent 
variables (caste, education, income, religion, source of income, livestock, toilet type, time-use) using 
ordered logit regression.  For qualitative aspect (cultural and policy factors), FGD was done with 7 tribal 
women and 3 field experts of the region. The regression revealed that only variables like caste, religion, 
source of income, owning livestock and type of toilet were significant and influenced diet diversity. FGD 
revealed that Adilabad being a cotton market was the major driver for farmers to shift their cropping 
pattern which did affect the consumption pattern. Furthermore, the enactment of forests act, 2006 
consumption of animal protein has reduced drastically. Respondents wanted their traditional crops 
under PDS. Under Mid-day meals, children are fed non-traditional diets Cultural practices influenced 
diet diversity as well, such as month long fasting by pregnant women during "shravan mass". As an 
implication of this research, it builds a case for state-specific policies with this case study. Policy shifts are 
required especially focussing on nutrition security. Policies should have tailored approach towards region 
and vulnerable communities. Similar studies focussing on different states or communities should be 
conducted to build more evidence on factors impacting their diet diversity.
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Food Insecurity and Diet Diversity: A case study of tribal community from 
Adilabad and Kumaram Bheem, Telangana

The main research objective was to understand the relation between food security and diet diversity 
especially in context to COVID-19. To understand food insecurity, I used the FAO's Food Insecurity 
Experience Scale (FIES) for a thirty day recall period. A pre-tested questionnaire was administered to 
40 respondents, 20 each from both the study sites. For calculating diet diversity scores, FAO's food 
group classification was followed on the data collected for 24 hour recall period of different food items 
consumed. This was a mixed methods study. A survey was designed which has FIES questions and 
diet recall questions, followed by a FGD with same set of people. The findings of the analysis revealed 
that both the districts faced high levels of food insecurity, considered as ‘hidden hunger’ under the 
FIES. Barring low food insecurity, medium diet diversity reduced to low diet diversity as we progressed 
on FIES. Consumption of most of the respondents was starchy staples, legumes, other vegetables. 
The direction of relationship between DDS and FIES is inversely related but statistically insignificant. 
Respondents discussed meaning of food security, challenges like loss of produce, mainly vegetables, due 
to inaccessibility with closed markets due to COVID-19. The consumption was primarily dependent upon 
the food grains under the PDS. Consumption of fruits and vegetables deteriorated tremendously. The 
implication of the research is that household food insecurity was reflected in poor diet quality and less 
diversified diets. Policies should focus on nutrition security especially during emergencies. They should be 
tailored for the region specificity. However, studies at larger scale are required to significantly establish 
the relation particularly for tribal communities.
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Evaluating nutritional knowledge, attitudes and practices among the 
vulnerable population in selected tribal locations in Telangana, India

Among the tribal populations in Telangana, pregnant women and lactating mothers are more susceptible 
to undernutrition because of low socioeconomic status, gender norms, dietary habits and practices, 
market access, and availability of nutritious food. Knowledge, Attitudes and Practices (KAP) studies 
offer an opportunity to better understand the socio-cultural-psychological-behavioral determinants of 
nutrition, providing evidence for planning knowledge interventions. This paper aims to assess nutrition 
KAP during pregnancy and lactation in selected locations in Adilabad and Kumaram Bheem-Asifabad 
districts of Telangana, India. A cross-sectional KAP survey was conducted on 536 individuals in the 
selected locations from February-March 2020. Tablet-based data collection was implemented for 
pregnant women, lactating mothers, young mothers, and functionaries/frontline workers [Anganwadi- 
rural child care center in India, school teachers and Accredited Social Health Activists (ASHA) workers]. 
Alongside descriptive statistics, different weightage method was adopted to generate the KAP scores for 
the respondents. The results reveal that regarding the three micronutrients (iron, vitamin A, and iodine), 
the knowledge levels of pregnant women, lactating mothers, and young mothers were low i.e., less than 
50 percent when compared with the functionaries/frontline workers. Pregnant women scored low on 
attitudes regarding micronutrients compared to lactating mothers, young mothers, and functionaries/
frontline workers. Attitudes translate into practices; however, the data revealed that pregnant women, 
lactating mothers, and young mothers were not adopting appropriate dietary and nutrition practices 
except for the micronutrient iodine. The inadequate knowledge of all categories of respondents 
indicates a gap in nutrition literacy and education. The results point to the urgent need for policy action 
for nutrition education interventions among the vulnerable population.  Some of the impactful policy 
actions would include a. All ICDS staff operating in the field have to mandatorily take nutrition knowledge 
sessions, these could be developed by the ICDS; b. Mandatory training for all ICDS functionaries on 
maternal and child nutrition and health; c. Regular trainings for young mothers  to be part of the ICDS 
activities in the anganwadis.

Kasala K, Ravula P and Das A
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
Email: kavitha.kasala@icrisat.org

Impact of obesity: health, economic and gender perspectives

Obesity is a global public health issue with more than one billion people currently affected with obesity. 
According to the estimates of the World Health Organization, more than 167 million people are likely to 
become less healthy each year because of either being overweight or obese. The intricacies of obesity 
vary between countries, and also between men and women. Gender is one of the most important risk 
factors for obesity in both developed and developing nations. When compared to men, women are at a 
higher risk for developing obesity and related co-morbidities such as cardiovascular diseases, diabetes 
and mental health issues. Apart from impacting health, obesity also causes tremendous economic 
impact. According to World Obesity Federation, by 2060, economic impact from overweight and obesity 
are projected to rise > 3% of GDP globally. Further, reducing the projected prevalence annually by 5 
percent from current trends will translate into savings worth US$430 billion or US$2.2 trillion in costs 
respectively every year between 2020 and 2060. The current review presents a systematic analysis of 
the impact of obesity in terms of health, economic and gender outlook and strategies to mitigate the 
condition. The objective of this analysis is to understand the determinants of gender gaps, evaluate 
strategies and policies currently in place that can help to strengthen gender equity and social inclusion in 
dry land food systems.

Deepthi Harkar
Independent Consultant
Email: deepthi.harkar@gmail.com
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T1PP001:
Low in-put technologies for sustainable increase in productivity of 
sorghum-based systems in the semi-arid zone of Nigeria
Ajeigbe HA1*, Akinseye FM1, Angarawai II1 and Jonah J2

1International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Kano, Nigeria.
2Centre d’étude régional pour l’amélioration de l’adaptation à la sécheresse (CERAAS), Thies Escale, Senegal
Email: H.Ajeigbe@cgiar.org

Soils in semi-arid regions of Nigeria are degraded with low nutrient availability. This among others is a 
major constraint to production in the region coupled with climatic variability and change having significant 
impacts on food security. The economic returns from sorghum-based cropping systems were assessed 
using different fertilizer sources (organic, inorganic, or combinations sources) applied using micro-dose 
applications strategy and its effects on water use efficiency (WUE). Additionally, we evaluated the effect 
of conservation agriculture (CA), seed dressing and sorghum-legume intercropping patterns. Significantly 
higher WUE were found in treatments with organic and inorganic fertilizers, resulting in higher grain and 
biomass yields. The application of 2-tons Poultry manure + 100 kg NPK per ha produced the highest grain 
and stalk yields (22-56 % increase), followed by the application of 2-tons Cow Manure + 100 kg NPK which 
were higher than the blanket recommendation of 200 kg NPK plus 100 kg Urea. This implies that farmers 
should be encouraged to keep livestock for possible integration into their farming systems. Conservation 
agriculture suggests minimum tillage improves productivity than conventional tillage practices in a drier 
area, with yield increase of 14% over conventional tillage practices. Higher total grain and crop residues 
were produced in strip cropping of ratio 2 :2 row arrangement using improved sorghum varieties. The strip 
cropping not only produce higher grain and residue, but also the quality of the crop residues was higher 
for livestock utilization compared to sole sorghum or the traditional intercropping systems. An average of 
3195 and 6438 kg/ha grain and stover respectively compared with 1747 and 5241 grains and stover yields 
in Strip cropping and sole cereal respectively implying higher income, food and feed for the farmer. Higher 
planting population (88,888 plant/ha) produced over 100% sorghum grain yield increase compared to 
farmers average population of 26,666 plant/ha.

mailto:H.Ajeigbe@cgiar.org
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T1PP002: 
Teff (ErogrostisTef [zucc.] rainfed yield response to planting method and 
varied nutrient levels
Ashoka P and Nagangoudar MB
ICAR-KVK of University of Agricultural Sciences-Dharwad, Haveri, India
E-mail: ashokapuas@gmail.com

Around 68 per cent of the cultivated Indian farmlands falls under dryland agriculture i.e., agriculture 
that limits the crop growth to a part of the year due to lack of sufficient moisture in soil, yet plays key 
role in food security by contributing 44 per cent of total food production in India. Degraded soils with 
low water holding capacities along with multiple nutrient deficiencies and depleting ground water table 
contributes to low crop yields making the dryland agriculture. The search for an efficient crop both in 
terms of sustainable yield and higher monetary returns for dryland farmers lead to introduction of exotic 
nutri-millets like teff. Hence, the present field investigation experiment was conducted at ICAR-KVK, 
Haveri, UAS, Dharwad, Karnataka state on red sandy loam soil to promote the teff millet as a superfood 
under dryland conditions with standard production practices. The experiment was laid out in Randomized 
Complete Block Design with Factorial concept, consisting two factors viz., Factor 1: Two Planting methods 
(M1: Line sowing and M2: Transplanting) and Factor 2: Five Nutrient management (N1: Control, N2: 100 
% organics (6 t FYM ha-1), N3: 20:10:10 kg N:P2O5:K2O ha-1, N4: 30:15:15kg N:P2O5:K2O ha-1 and N5: 
40:20:20 kg N:P2O5:K2O ha-1) replicated thrice during Kharif- 2019 and 2021(two years). Results revealed 
that, transplanting of teff seedlings recorded significantly higher grain yield (240 and 189 kg ha-1) and 
straw yield (407 and 324 kg ha-1) during 2019 and 2021, respectively over line sowing method. Among 
the varied nutrient levels, application of 20:10:10 kg N:P2O5:K2Oha-1 resulted in significantly higher 
grain yield (269 and 220kg ha-1 during 2019 and 2021, respectively) which was on par with application of 
30:15:15 kg N:P2O5:K2O ha-1. In contrast to grain yield, significantly higher straw yield was attained under 
application of 40:20:20 kg N:P2O5:K2Oha-1 (433 and 353 kg ha-1 during 2019 and 2021, respectively) yet 
on par with application of 30:15:15kg N:P2O5:K2O ha-1. However, the interaction effect was found to be 
non-significant with respect to both grain and straw yield of teff during both the years.

T1PP003:
Sorghum and millet’s as household food and livelihood security crop in 
North-Eastern Zone of Karnataka
Chinmayi V and S B Goudappa
College of Agriculture of University of Agricultural Sciences-Raichur, Gangavathi, India
E-mail: suchitarao33@gmail.com

Crop diversification that uses climate-smart and robust crops, like sorghum and millets, can assist 
smallholder farmers in dryland regions in guaranteeing their food supply and way of life. These crops can 
withstand a variety of abiotic stresses, such as heat and drought. In addition, these crops are the primary 
food source in Karnataka’s north-eastern region and also highly desired for additional uses, including 
animal and poultry feed. Through that, farmers preserved the landraces of sorghum, pearl millet, and 
other minor millets out of respect for regional traditions and cultural preferences. Moreover, the ability 
of the region’s rural poor to produce revenue, uphold a wholesome food culture, and assure their access 
to food security depends on these landraces. Furthermore, millet is used in the production of commercial 
value-added goods such as cattle feed, poultry feed, and potable alcohol; however, in smallholder 
households, it is primarily used to prepare a variety of meals and other forms such as an unleavened 
bread as a daily staple food, Uppitu, Sandige/chakali, Kadabu, Ambali, Ghuggari, sorghum, or Seetani in 
their local festival. Thus, it has a variety of uses that could help increase access to food, and it increases 
household income, thereby enhancing livelihoods.

mailto:ashokapuas@gmail.com
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T1PP004:
Effect of micro irrigation systems, irrigation levels and mulches on 
economics of potato production cv. Kufri Jyoti.
Chicham S, Jatin k, Sharma J, Singh S P, and Sasode D S
Rajmata Vijayaraje Scindia Krishi Viswa Vidyalaya, Gwalior, India
E-mail: chicham30@gmail.com

A field experiment was conducted during the year 2018-19 and 2019-20 at ICAR – CPRI-RS, Gwalior (M.P) 
for evaluation of micro irrigation for improving productivity and water use efficiency in potato cv. Kufri 
Jyoti. The investigation comprised of sixteen treatments and each treatment was repeated thrice in split 
plot design. The treatments comprised of irrigation systems- S1: drip irrigation system, S2: sprinkler 
irrigation system; irrigation levels- L1: deficit irrigation, L2: sufficient irrigation; mulching- M1: no mulch, 
M2: paddy straw mulch @ 5 t/ha, M3: polythene sheet mulch (25µ thickness), M4: spray of chemical 
formulation at TIS & Bulking stage (40 & 65 DAP) and their combination. The results show that plant 
population per plot found higher with treatment S1L2M3 at 30 DAP (88.17) and at maturity (90.50); 
number of compound leaves/plant found higher with treatment S1L2M3 at 30 DAP (39.70), at 60 DAP 
(53.09) and at maturity (54.90); number of tubers/plant found maximum with treatment S2L2M3 at 30 
DAP (2.90), at 60 DAP (12.41) and at maturity (13.04); higher root shoot ratio found higher in treatment 
S1L2M2 at 30 DAP (0.334), at 60 DAP (0.293) and at maturity (0.297) treatment S1L1M1 recorded 
maximum root shoot ratio; chlorophyll content found higher in treatment S1L2M3 at 30 DAP (51.78), at 
60 DAP (45.67) and at maturity (39.56); Fresh haulm yield (26.047 t/ha) found higher with S2L2M2; Fresh 
tuber yield (38.415 t/ha) found higher with S2L2M2; starch content of potato tuber (13.8%) found higher 
in treatment S1L1M2; water content of potato tuber (81.84%) found higher in treatment S1L1M1; N 
(91.074 kg/ha), P (19.891 kg/ha), K (140.855 kg/ha) uptake by potato tuber is found higher with treatment 
S2L2M2; N (66.258 kg/ha), P (15.956 kg/ha), K (68.883 kg/ha) uptake by potato haulm is found higher with 
treatment S2L2M2; significantly higher gross return (Rs. 1,92,075/-), net return (Rs.1,13,056/-), B:C ratio 
(2.43) and harvest index (60.23%). While minimum gross return (Rs. 1,11,045/-), net return (Rs. 33,026/-), 
B:C ratio (1.42) and harvest index (53.07%) recorded with treatment S2L1M1.

T1PP005:
Benchmarks for prosperous smallholder farming
David Harris
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
E-mail: d.harris@bangor.ac.uk

The predominant paradigm for agricultural development, particularly pertaining to smallholder farms in 
LDCs, is Sustainable Intensification, a technocratic approach that relies for its success on farmers recognizing 
the benefits of doing things differently and adopting ‘improved’ technologies, such as modern crop varieties, 
animal breeds and more efficient or productive ways of raising them. Together with more effective value 
chains for inputs and outputs and more efficient markets, this should result in higher yields, increased local 
and global food security, and reduced poverty. Most discourse on sustainability has focused on the alleviation 
or avoidance of damage to the physical environment but it is also important to consider the economic 
sustainability of farming households. After all, if new farming methods do not provide adequate returns on 
investment of time, money, effort, etc., farmers might not have sufficient incentive to continue with them, 
or even to adopt them in the first place. This would apply particularly to the millions of smallholder farming 
households that predominate in LDCs because small farms are limited in the amount of value that can be 
generated from them even when following best practice advice. The average personal daily income of a 
household member is a function of the household land per capita and the farm’s annual productivity (or 
profitability) per hectare. However, ‘person’, ‘productivity’ ‘farm size’, ‘prosperity’ and the currency used can 
all be defined in various ways depending on the aims of any analysis. This paper uses published information 
on the productivity and profitability of ‘best practice’ farming technologies, together with values of land 
per capita in a range of LDCs, to assess the direct economic benefits of intensification for smallholder rural 
households. The implications of those benefits, and other less tangible incentives, for adoption of new 
technologies and hence Sustainable Intensification are discussed.

mailto:d.harris@bangor.ac.uk
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T1PP006: 
Using learning-by-doing to engage farmers sustainably increase crop 
and animal production in complex landscapes of Northern Cameroon: 
Achievements and lessons learnt.
Tata-Ngome, Ijang P, Herve BS, Siewe Pougoue EB, Sali B, Simon DB and Ann D
Institute of Agricultural Research for Development (IRAD)- World Agroforestry Centre (ICRAF), Nairobi, Kenya
E-mail: ijang2001@yahoo.fr

Northern Cameroon has a fragile environment with thinning vegetation, high temperatures, long hot dry seasons 
and short but very stormy rainy seasons, often resulting in flooding. High population density, intensive agricultural 
practices, livestock trampling, and increased land scarcity are exacerbating the degradation of this already fragile 
environment.  In recent years, in addition to climate change, the incursion of Boko Haram and the Anglophone 
crisis has led to disorderly migration, increased farmers-grazers conflicts and conflictual transhumance activities. 
All these have increased the pressure on natural resources, threatened biodiversity, enflamed more conflicts 
and increased instability and social unrest. In 2020, a project was put in place to improve people’s livelihoods 
through increased agricultural and livestock production while preserving natural ecosystems. The global objective 
of this project was to promote economically profitable, ecologically durable and socially equitable agricultural, 
pastoral and sylvicultural production systems. The project was designed to capitalize, repackage and valorize the 
actions of past and on-going initiatives and uses a multistakeholder approach to empower local communities. The 
project developed four rural resource centers, all in the peripheries of protected areas, and supported activities 
to co-generate improved crop and animal production techniques that are respectful of environmental and social 
concerns. Rural resource centers are places where farmers convene for meetings and trainings. Here, working 
with farmers and extensionists, researchers put in place tree nurseries, seed multiplier plots and demonstration 
farms for different varieties of food and fodder crops. From these demonstrations and trainings, farmers learn 
and then apply the acquired knowledge and skills on their own fields. Community members are also coached to 
subsequently take over ownership and management of these centers. To increase social cohesion, various sub-
committees were setup for managing various aspects of the rural resource centers. Efforts were made to include all 
categories of land users found i.e., autochthone farmers and pastoralists, women, youths and marginalized groups 
like the Mbororos, migrants and internally displaced people. In this presentation, experiences and lessons learnt 
from the first steps of implementation of this project will be shared and feedback from other experts and projects 
working in dryland areas will be gathered.

T1PP007:
Do small farmers benefit from participating in producer companies? – 
Evidence from Telangana, India
John J1, Ghosh RK2, Vemireddy V2 and Lagerkvist C-J3

1Jindal Global University, India
2Indian Institute of Management (IIM), Ahmedabad, India
3Swedish University of Agricultural Sciences (SLU), Uppsala, Sweden
E-mail: makonijane@gmail.com

In this paper, we empirically analyse the impact of membership to a farmer producer company (FPC) on certain 
pre and post-harvest decisions of its members using cross sectional data from farmer surveys in rural Telangana, 
India. We employ different matching techniques to assess the average treatment effect on treated (ATT) of FPC 
membership and compare it to non-member farmers. We also use non-parametric tests for the control and 
treatment group to analyse their ability to remediate for institutional voids they encounter in agricultural product 
markets. We find a significant positive impact on the farmer welfare indicated through his agri-intensification 
activities, choice of sale channel and price realization indicators. We also find evidence that producer companies 
provide timely price and market information on agricultural schemes, access to pre and post-harvest facilities 
and access to modern methods of payments to participating farmers thereby overcoming institutional gaps like 
information asymmetry, aggregator activities, and transaction facilitator. Through application of an institutional 
voids framework that helps identify market linkage mechanisms in emerging economies, we seek to contribute to a 
deeper understanding of agricultural product markets and farmer organization efficiency in such conditions.

mailto:makonijane@gmail.com
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T1PP008:
Making farm income drought resilient: Evidence from drylands in South India
Samuel J, Rama Rao CA, Raju BMK, Pushpanjali, Amarender Reddy A, Kumar RN, Gopala Krishna Reddy A,  
Beevi A, Prabhakar M and Singh  VK
ICAR-Central Research Institute for Dryland Agriculture (CRIDA), Hyderabad, India
E-mail: josilysamuel@gmail.com

The drylands in India represent the arid and semi-arid regions of the country occupying about 53 percent of 
the geographical area. These regions are more vulnerable to climate shocks leading to irreversible drought 
impacts. And are home to small and marginal farmers (86 % of all farmers). The micro level evidence of droughts 
impacts on farm income and benefits of resilience enhancing technologies across farm sizes are scant.  This 
study investigates the relationship between farm household income, its composition across land holding 
sizes, technological interventions and quantifies the income loss due like drought and benefits of adoption 
of climate resilient interventions. The study was conducted in two semi-arid tropical districts Nalgonda and 
Kalaburagi from Telangana and Karnataka respectively based on their climate vulnerability. Sixty farmers each 
from a village adopted under the National Innovations in Climate Resilient Agriculture program and a control 
village in each district, making a total sample of 240, were interviewed. Primary data on the socio-economic 
characteristic of farmers, income composition, farm size, productivity of major crops, employment and climate 
resilient interventions adopted by farmers were collected using a well-structured schedule. The major resilience 
enhancing technologies include improved crop varieties, insitu moisture conservation, location specific cropping 
systems and livestock interventions. Difference in Difference estimate was used to bring out the change in the 
income attributable to technological interventions across the landholding categories and impact of climate 
shock. Major factors influencing the farm income of dryland farmers were also analyzed.  More than 60 percent 
of the sample farmers were small farmers and incidence of drought reduced the income of farmers in Nalgonda 
by Rs. 31877 and by Rs.54716/farm household/year in Kalaburagi district. But with climate resilient technologies 
the small farmers got 80 per cent higher income compared to 41-43 % in case of medium and large farmers. 
Income gains from adoption of climate resilient interventions were about Rs.29062 and Rs.17928/FHH/Yr in 
Nalgonda and Kalaburagi districts respectively. Farm size, adoption of technologies and livestock possession 
were found to major determinants of farm income. Efforts are needed for scaling out of location specific 
technologies for enhanced resilience.

T1PP009:
Biology of azuki bean weevil and its management through attapulgite clay 
dust, biopesticides and hermetic storage studies in semi-arid tropics
Sathish K, Jagdish J and Mishra SP
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India 
E-mail: sathishyadav1114@gmail.com

Legume grains are challenging to store than cereals and infested greatly by insects and microbes. Genus 
Callosobruchus are one of the most important insects causes both quantitative and qualitative reduction in stored 
grains. In the recent decades, the agricultural pests are causing the 30-60% losses which are mostly by the bruchids  as 
these are the most primary, destructive, cosmopolitan and polyphagous pests of post-harvest legume commodities 
in godowns, warehouses, farmers’ traditional bulk seeds storage units and fields in the semi-arid areas. So, current 
study aimed to study life cycle and morphometrics and also to replace the synthetic insecticides by using attapulgite 
clay, botanical powders extract and Purdue Improved Crop Storage (PICS) bags against Callosobruchus chinensis (L.) 
on stored grains of pigeonpea and chickpea were studied in the room conditions at International Crops Research 
Institute for the Semi-Arid Tropics, Telanagana, India during 2018-19 and 2019-2020. The findings of the current studies 
clearly indicated that ICPL 161 is highly conducive for large scale rearing this insect under laboratory conditions and 
management consequences have proved that the both attapulgite clay extract showed 80.03 % mortality followed 
by sweet flag 76.67 % when compared control exhibited 0.0 % mortality. The hermetic storage studies revealed that 
seed damage, adult emergence and weight loss percentage in both pigeonpea and chickpea seeds stored in Purdue 
Improved Crop Storage (PICS) bags (10.67 and 11.00), (9.93 and 6.45) and (4.33 and 5.86) were significantly lower than 
the gunny bags percentage (68.00 and 82.33), (53.26 and 28.56) and (13.49 and 14.46) respectively. Therefore, they 
may be recommended for storage pest management as these are eco-friendly and can also be included in the food 
security programmes, non-phytotoxic and safe substituents to synthetical produced pesticides in the market.
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T1PP010:
Dragon fruit (Kamalam) – A future crop for human heath, farmer’s wealth 
and climate security
Potdar M
Maharashtra Dragon Fruit Association (MDFA), Pune, India 
E-mail: mvpotdar@gmail.com
Dragon fruit (Kamalam - Hylocereus spp. and Selenicereus spp.) has emerged as a Climate-Smart Super Fruit 
Crop worldwide, due to its high        nutraceutical and functional properties, attractive returns to farmers, wide 
adaptability in different agro-climatic zones and potential for mitigating climate change. Dragon fruit - a climbing 
cactus vine originated from Central and South America has high tolerance to many abiotic and biotic stresses, 
multiple harvest of fruits in a year, potential to sustain high yields (20-50 MT/ha) up to 20 years with high 
economic returns. This exotic crop was introduced in India in 1990’s as       an ornamental crop in home gardens 
but now it has become as commercial fruit crop in different states of India. The major states growing dragon 
fruit are Gujarat, Maharashtra, Andhra Pradesh, Telangana, Karnataka, Mizoram, and West Bengal. Currently, the 
crop is grown on an area of approx.. 4000 ha in India (2021-22). Whereas, the leading countries growing Dragon 
Fruit (Pitaya) are Vietnam (54,000 ha), China (40,000 ha), Indonesia (8491 ha), Brazil (3,500 ha) and Israel (150 
ha) as per 2021-22 statistics. This crop has high market demand worldwide, potential for processing and high 
economic returns to small and marginal famers in dry-lands and degraded lands including arid deserts of Kutch 
and Rajasthan. This crop belongs to CAM (Crassulacean Acid Metabolism) photosynthesis with high water use 
efficiency (WUE), multi-purpose use and has hih value in global market. Under the current climate change crisis, 
Kamalam is an ideal choice for food, nutrition, farmer’s income and climate security. In view of multiple benefits 
of Dragon Fruit (KAMALAM) the Govt. of India has decided to increase its cultivation to 50,000 ha in next five 
years (2022-2027).Therefore, there is an urgent need to standardize agronomic practices in different agro-
climatic regions, introduction and evaluation of different exotic varieties, supply of quality planting materials, 
processing into value added products, cold storage facilities and marketing network (domestic and export), 
better policies and public awareness.

T1PP011:
Castor as a commercial and sustainable crop for improving the livelihoods of dry 
land farmers in Ananthapuramu district of Andhra Pradesh
Manjunatha T, Pavan Kumar Reddy Y, Sahadeva Reddy B, Suresh G, Kumar GDS and Lavanya C
ICAR-IIOR and ARS-ANGRAU, Ananthapuramu, India
E-mail: arsmanju@gmail.com

Castor (Ricinus communis L.) is a drought tolerant non-edible oilseed crop amenable for cultivation both under rainfed and 
irrigated conditions in tropical and sub-tropical India. This study was taken up to assess the sustainability and remunerative 
potential of castor crop in the context of changed climatic conditions and rapidly declining groundnut area in one of the 
most drought affected district, Ananthapuramu, Andhra Pradesh, India. Groundnut crop area has rapidly declined, since 
three years, from 8.3 lakh ha to 3.7 lakh ha in the district (season crop coverage report, 2022, Govt. of A.P.) due to increased 
cost of cultivation (≈ Rs 40000-50000 ha-1) and high probability (3/4) of crop failure due biotic and abiotic stresses. 
Furthermore, a study (2001-2018) from ICAR-CRIDA revealed that only 18 out of 63 mandals were suitable for profitable 
groundnut cultivation in the district. Groundnut farmers have been unable to harvest even the seed cost most of the time. 
Development and popularization of drought resistant and improved castor hybrids, ICH-66 and ICH-5, significantly increased 
area, productivity and profitability of castor vis-a-vis other crops in the district. Farmers have realized castor yields of 1200 
to 1800 kg ha-1 under rainfed cultivation (kharif -June to October) and 3000 to 5000 kg ha-1 during rabi season (October 
to May) with drip irrigation. Many characters of castor crop viz., improved and drought resistant hybrids, low cost of 
production (<25000-30000 ha-1), high phenotypic plasticity, sequential branching, perennial nature with deep root system 
and associated drought tolerance, absence of viral and bacterial diseases, amenability for sole cropping/intercropping with 
groundnut/redgram, drip irrigation, mechanized intercultivation and absence of vivipary plays a major role in its sustainability 
and profitability in the changed climatic conditions and biotic stresses in the district. Lack of shattering and intactness of 
matured capsules on spikes even for weeks/months provides flexibility in harvesting in the context of shortage of labour. 
Absence of storage pests and relatively stable market prices (Rs 40 to 65 per kg) and export potential also ensures flexibility 
in marketing of castor. Hence the castor crop has huge potential to improve the livelihood conditions of dryland farmers.
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T1PP012:
Energy budgeting and carbon footprint for castor production in rainfed province 
of Ananthapuramu
Reddy PK1, Durga Prasad AVS1 and Sahadeva Reddy B2  
1AICRP-Castor, ANGRAU- Agricultural Research Station, Ananthapuramu, India
2AICRP-Dryland Agriculture, ANGRAU- Agricultural Research Station, Ananthapuramu, India
E-mail: y.pavankumarreddy@angrau.ac.in

The Anantapur district of Andhra Pradesh, which is tucked in the state’s sparse rainfall zone and includes red and 
sandy loam soils, is perfect for castor cultivation due to its low water requirements. In order to understand the 
energy consumption and carbon footprint of castor farmers in context of the rise in greenhouse gas emissions and 
other factors, researchers in the Anantapur region of India interviewed them in 11 mandals of Ananthapuramu 
domain during kharif,2020 with respective to castor yields, energetics and carbon footprint. Among the 11 
mandals, the higher castor yields were reaped by kanaganapallin (1450 kg ha-1) mandal farmers and lowest yields 
were reaped with vannedoddi (650 kg ha-1) farmers. The higher energetics was consumed for the diesel (2231 
MJ ha-1) as an input followed by pesticides (1457 MJ ha-1) consumed next higher energetics. Among the various 
energetics the mean input energy for castor production was 1067 MJ ha-1, the mean output energy for castor 
production 26,667 MJ ha-1. The energy efficiency, energy productivity, specific energy,net energy 5.22MJ ha-1, 
0.21MJ ha-1, 4.85 MJ ha-1,5.22 MJ ha-1. The higher input energetics were documented with kanaganapalli madal 
(7527 MJ ha-1) and the lowest input energetics were invested with Gooty (3301 MJ ha-1) mandal farmers for 
castor production under rainfed conditions. With reference to carbon footprint higher carbon and greenhouse gas 
emission equivalents was left with labour (244 kg Co2-eq ha-1) and lowest greenhouse gas emission equivalents 
with machinery (0.82 kg Co2-eq ha-1). In the various mandals that represented the castor higher greenhouse gas 
emission equivalents were reported with Bathalapalli (1086 kg Co2-eq ha-1) Mandal for castor production and the 
lowest greenhouse gas emission equivalents were noticed in Gooty (539 kg Co2-eq ha-1) mandal.

T1PP013:
Effect of foliar application in chickpea (Cicer arietinum L.) through organics 
under rainfed condition
Prem Sagar SP1, Raghavendra VC1, Sridhara MR2, Channabasava1 and Yashaswini R1  
University of Agricultural Sciences, Raichur, India
E-mail: nspremsagar@gmail.com

An experiment was conducted to study the effect of organic foliar application for growth and yield attributes of 
chickpea (Cicer arietinum L.) under rainfed condition in medium black soils at Regional Agricultural Research Station, 
Vijayapur, during Rabi, 2020-21. The experiment was laid out in split plot design with three replications. There 
were total fifteen treatment combinations, constitutes of five organic sources (vermiwash @ 10%, cowurine @ 
10%, jeevamrutha @ 25%, bio digester filtrate @ 25% and urea @ 2%) in main plots and three stage of application 
(pre flowering, pod initiation and pre flowering + pod initiation) in sub plots. Foliar application of jeevamrutha @ 
25% both at pre flowering and at pod initiation exhibited taller plant (33.3 cm) and significantly higher number of 
branches (6.27), dry matter accumulation in leaves (3.29 g plant-1), dry matter accumulation in stem (5.17 g plant-1),  
leaf area index (0.473), crop growth rate (84.07 mg dm-2), relative growth rate (17.38 mg g-1) and absolute growth 
rate (0.370 g plant-1) as compared to other treatment combinations. The yield attributing characters like pods 
per plant, grain weight per plant and hundred seed weight showed a significant effect due to foliar application of 
jeevamrutha @ 25% both at pre flowering and at pod initiation stage as compared alone application. Significantly 
higher number of pods per plant (46.53), grain weight per plant (9.45 g) and hundred seed weight (22.40 g) was 
recorded at harvest. Pre flowering and pod initiation foliar applications of jeevamrutha @ 25% or cowurine @ 
10% improve growth and yield attributes, seed yield, maximum net returns, and benefit cost ratio in chickpea. 
Correlation studies also support this view. The results clearly indicated a positive and significant association between 
grain yield with yield components viz., total dry matter (r=0.849**), number of pods per plant (r=0.858**), seed 
yield per plant (r=0.857**), haulm yield per hectare (r=0.989**). Due to their increased ability to conserve soil 
organic carbon and soil moisture, these organics have the potential to increase pulse production and quality while 
also improving soil fertility, productivity and environmentally safe.
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T1PP014:
Does non-farm income raise farm productivity? New evidence from India
Mandal SK1 and Drall A2
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2T A Pai Management Institute, Manipal, India
E-mail: sabujecon@gmail.com

In the face of uncertain and fluctuating farm income due to various agro-climatic factors, diversification into 
non-farm activities for income smoothening and sustainable livelihoods has become increasingly common by 
the farm households in developing economies like India. However, the earnings from non-farm sources may be 
invested in the farm sector, with vital implications for agricultural and rural development policy. Hypothesizing 
a non-linear impact of non-farm income on farm productivity, we empirically estimate the same for semi-arid 
tropics and eastern regions of India using household level panel data from 2010-2014. We find a U-shaped 
relationship between non-farm income and farm productivity. We also examine the role of risk preferences 
in investing non-farm earnings in the farming business. Our results show that risk aversion adversely affects 
farmers’ decisions to invest non-farm earnings on farm inputs. Policy implications of our empirical results are 
also discussed.

T1PP015:
A novel study of bio-insecticidal properties of Annona reticulata on major 
insect pest of dry land cereal and legume crops
Prabhu S, Mishra S, Kota S and Jaba J
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Niamey, Niger
E-mail: sarveshprabhu97@gmail.com

Chemical Insecticides have done immense damage to the core of environmental systems.  The alternatives 
present in the market are unaffordable or inaccessible to the marginal farmer. In search of an alternative, 
one peculiar feature of Ramphal, Annona reticulata was noticed its surprising for managing insect pests. A. 
reticulata is also widely cultivated across the world. The crude aqueous extract was prepared from the leaves 
and used for in-vitro mortality bioassays  against  major dry land crop pest viz., Pod borer, Helicoverpa armigera, 
Sorghum Stem borer, Chilo partellus, Green peach aphid, Myzus persicae, and fall armyworm, Spodoptera 
frugiperda. Results of the assays indicate significant insecticidal properties with 78-88 %   mortality at 10% 
concentration. The extract was also applied to plants such as Murraya  koenigii,  Momordica  charantia,  and 
Solanum  lycopersicum. It proved extremely effective as it reduced infestations by 85%.  Several tests such as 
stability tests and phytochemical analysis tests have been conducted, these tests the quantified shelf life of 
the extract and secondary metabolites present. The driving force behind these properties is believed to be a 
combination of compounds like Germacrene D, Caryophyllene Oxide, and Phytol which was identified by GCMS 
analysis, and a secondary class of compounds – Acerogenins. In combination, they cause apoptosis as well as 
act as repellents. They also inhibit insect growth and development and also insect behaviour. It reduces the 
expenditure of the farmer on Insecticides by 80% while providing them with an additional source of income by 
selling surplus extracts or fruits.  Therefore, it was concluded that the extract of A.reticulata is  a  cost-effective  
Bio-  insecticide.
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Leveraging on networks to communicate climate information and climate 
smart agriculture to smallholder farmers in Zambia
Tui S H-K1, Moyo M1, Ngwira A1, Wilkinson M2, Poulos A3, Schutz T3, Gbegbelegbe S4, Pele WK4 and Jacobs-Mata I5
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Agriculture in Zambia is facing a growing number of climate related vulnerabilities, variability effects and extreme 
events, compounded with other challenges and risks. The impacts of climate variability and risks under the context 
specific conditions of farming systems are not well communicated and that influences farmers choices, decisions, 
and capacities to cope and adapt to climate change and make best use of climate smart agriculture. It also affects 
agribusinesses and enterprises improving farmers’ access to agricultural markets and availability of inputs, 
technologies, finances and services.  The Accelerating Impacts of CGIAR Climate Research for Africa (AICCRA) 
program in Zambia supports innovations on climate smart agriculture (CSA), climate information services (CIS) and 
agribusiness, leveraging on various communication channels. They are set up to stimulate networks of actors at 
multiple levels (macro, meso, micro) to ultimately disseminate climate information and climate smart agriculture 
to smallholder farmers. Media programs strengthening networks could provide an important bridge for research, 
development, climate and agri-business to achieve their targets of enhancing uptake of climate information and 
climate smart agriculture. This study shares baseline results on farmers’ access to climate information, assessment 
tools and multi-stakeholder feedback for media with agri-business entrepreneurs to leverage on networks, 
partnerships and strategic stakeholders, contributing to local impact pathways. Results highlight the importance 
of combining local with modern educational knowledge and short-term climate forecasts, integrated with market 
information. Multiple communication channels, contextualized and co-designed, ensure outreach to farmers. 
Providing learning opportunities for farmers is important to interpret and act on climate and related information, 
given that farmer-to-farmer exchange and lead farmers ranked highest as source for climate information.

T1PP017:
Designing sustainable smallholder farming systems in global south: Integrating 
multidimensional and whole farm perspective using systems tool box
Kumar S1*, Pramanik S1, Descheemaeker K2 and Whitbread A1

1International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
2Wageningen University & Research, Wageningen, The Netherlands
Email: Shalander.Kumar@icrisat.org

A holistic systems-oriented approach is strongly recommended to address the intractable challenges of complex 
smallholder farm and food systems in different ecologies, and cultures. In the present study, we have developed 
and piloted a multidimensional framework for assessing the farming system’s sustainability which is easily 
measurable and comparable. It considers five major sustainability domains: environmental, economic, productivity, 
social and human well-being. Further, each domain is divided into different themes, sub-themes, and indicators. 
The indicators have been finalized with rounds of stakeholders’ consultations involving farmers, researchers, and 
development actors from India and Sub-Saharan Africa besides literature. We identified 124 measurable indicators: 
environmental (35), economic (26), productivity (17), social (23), and human well-being (23) in the final framework 
which is aggregated into an index with a maximum value of 100 representing the level of sustainability and 
resilience at different scales. The tool then has been developed into an automated dashboard under validation. 
In our case study, the overall sustainability index scores ranged between 42 to 47 across farm types which 
indicates that the farming systems are underperforming. The overall and domain-level sustainability scores varied 
widely across individual households and farm types suggesting the potential for different entry points. The final 
sustainability scores were further validated by the farmers through FGDs. Further, the whole farm bio-economic 
modeling tool is used to evaluate the potential impact of different interventions on various sustainability domains 
of the farming and livelihood systems. The framework, the automated tool, and the toolbox could be very useful 
for researchers, development actors, and institutions to identify entry points and design context-specific strategies 
to improve the sustainability and resilience of farming systems in vulnerable regions.
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T1PP018:
Identification and selection of fodder sorghum genotypes suitable for 
cultivation under higher altitudes of Kashmir valley
Waza SA1, Dar MH2, Majid A1, Habyarimana E2, Kumar A1 and Sheikh FA1
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2International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
E-mail: s.ahmad.rec.2023@gmail.com

Livestock rearing is not only an important industry, but also a way of living for most of the people residing in 
high altitude ecologies of Kashmir valley. Most of these areas are rainfed with low availability of nutritious 
fodder which acts as a major limiting factor for commercial rearing of livestock. Under these conditions, it’s 
indispensable to identify the proper fodder and feeds for cattle rearing in the Kashmir valley. Fodder Sorghum 
with its high nutritive value can serve as one of the most important, easily available and economically feasible 
options to feed the livestock in these areas. In this context, 28 early maturing fodder sorghum genotypes from 
ICRISAT Hyderabad were evaluated for their possible cultivation under the hilly areas of Kashmir valley. The 
genotypes were evaluated for yield, other agro-morphological attributes and fodder quality features during 
Kharif 2022 at Mountain Crop Research Station Larnoo (SKUAST-K) situated at an altitude of 2290 m amsl. Data 
was recorded on grain yield, dry fodder yield, days to 50% flowering, days to maturity, plant height, protein 
content and fodder digestibility traits. The genotypes ICSR 93012, ICSR 93014, ICSR 93018, ICSR 93020, ICSR 
93021, ICSR 93026, ICSR 93028, ICSV 25271 and SP 55690 were found to show promising results and can be 
suitably exploited for cultivation under the valley conditions. This experiment is first of it’s type in which the 
seed of some fodder sorghum genotypes were produced under the high altitude conditions of Kashmir valley. 
The genotypes will be re-evaluated during Kharif 2023 to select the best performing genotypes for commercial 
cultivation. The first and foremost beneficiaries of the cultivation and adoption of fodder sorghum will be the 
tribal areas where poorest of the poor among J&K farmers reside and depend upon cattle rearing as a main 
means of their livelihood.

T1PP019:
Evaluation and identification of Jackfruit varieties and genotypes suitable 
for value addition under dry land conditions
Shyamalamma S, Vidyashree H V, Valeeta M D, and Dileep, V. 
Dept. of Biotechnology, University of Agricultural sciences, GKVK, Bangaluru, India
E-mail: shyamala_reddyrs@yahoo.co.in

Jackfruit (Artocarpus heterophyllus Lam.) is one of the most important tropical fruits belonging to family 
Moraceae. Its an evergreen, monoecious tree, and is commonly called as “poor man’s food” due to its 
availability in plenty. The tender fruit is used as vegetable, mature fruit for preparation of value-added products 
such as chips, papad, dried and dehydrated flakes/flake powder. The flakes are rich in nutritive value; every 100 
g of ripe flakes contains 191-407 mg potassium, 20-37 mg calcium, 38-41 mg phosphorus, 0.5-1.1 mg iron and 
11-19g carbohydrates. Due to its immense nutritional benefits but being underexploited crop, it is often called 
as the ‘forgotten kalpavriksha’. The fruits exhibit variations in size, shape, flakes colour, flakes size, seed size, 
shape, and fruits availability. Considering the huge variations in above characteristics, selected 16 genotypes 
were characterised using DUS descriptors provided by PPV&FRA New Delhi for Jackfruit. The age of the plants 
was between 8-10 years.  The results revealed higher fruit weight in Palur-1 (13.28 Kg) and minimum in Raja 
Rudrakshi (3.55 Kg), The greater number of flakes per Kg fruit was noticed in Ramachandra (34.00) compared 
to less number of flakes per Kg fruit in Talavani plus and Lalbagh Raja (10.00). The weight of flakes per Kg 
fruit was higher in Byarachandra (700g/Kg) and less in Singapore Jack (483.33 g). Number of flakes per Kg 
fruit significantly correlated with the individual flake weight, which plays is an important trait for commercial 
purpose. The big flakes have more demand in value addition. Among all the evaluated genotypes Lalbagh 
Madhura and Lalbagh Raja had bigger flakes (75 to 85 g), The higher flake length was observed in Palur-1 (8.18 
cm) followed by Talavani plus (7.66 cm) and Lalbagh Madhura (7.30). The sweetness of the fruit is an important 
character for value addition.  Higher TSS (º Brix) was recorded in Lalbagh Madhura (34.33º B) and Byrachandra 
(33.33º B). These flakes were suitable for table purpose and value addition. The TSS was less in Lalbagh Raja 
(17.3 ºBrix) and Raja Rudrakshi (19.66º B) and are suitable for chips and papad preparation.
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T1PP020:
Transferring dryland technologies to the farmers for climate resilient 
agriculture: A case study
Shirahatti MS1, Surakod VS1, Kiresur VR1, Hundekar ST1, Kumar S2, Reddy BS3, Kanti SG1 and Patil HS1
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2Research Program-Innovation Systems for Drylands, ICRISAT, Hyderabad, India
3Acharya N.G. Ranga University, Guntur, India
E-mail: msshirahatti@gmail.com

In recent years, due to climate change, the weather aberrations such as delayed onset of monsoon, prolonged 
dry spells and high rainfall events during the crop growth period have become common, thereby reducing the 
yields of rainfed crops. For developing the climate resilient agriculture practices, the CGIAR- CRP-Dryland systems 
project was implemented through ICRISAT during 2014-16 at Karnataka, Andhra Pradesh and Rajasthan. In the 
Karnataka state, the project was implemented in three villages of Vijayapura district with the broad objective of 
transferring dryland technologies to the farmers for climate resilient agriculture. In the project, various CGIAR 
institutes viz., ICRISAT, IWMI, ILRI, ICARDA and CYMMYT and University of Agricultural Sciences, Dharwad were 
involved in the successful implementation of the project activities. The major activities carried out under the 
project were; Water  conservation and harvesting activity-harnessing green water and blue water and farm 
typology specific diversification options with resource conservation and high value crops (arid horticulture),Small 
Farm mechanization-  promoting  economic ways of farm operations and reduce drudgery particularly of women 
by establishing the custom hiring service Centre, Crops and cropping systems- dual purpose high yielding cultivars 
and context specific integrated crop management as part of metrics of intensification and resilience building 
for legumes and cereals, Capacity strengthening- training of stake holders, Innovation platform & convergence- 
interacting with various line departments for finalizing action plan and convergence. The impact analysis of system 
approach for sustainable intensification of potential interventions revealed that there was significant increase in 
the pulses and cereal yield and net returns. The establishment of the custom hiring service centers helped the 
farmers to hire the implements at nominal charges for the timely completion of their agricultural operations. The 
agromet advisories help farmers in adopting timely weather- based operations like sowing, irrigation, spraying and 
harvesting.  The several hundred of men and women farmers were trained on various crop production and animal 
husbandry aspects.  The government of Karnataka has noted the outcomes of the project with intent to draw policy 
formulation, especially in the areas of climate resilient cropping systems, rainwater harvesting and custom hiring 
service centers.

T1PP021:
Nano urea for enhancing productivity and nutrient use efficiency in finger 
millet 
Sneha MA, Mudalagiriyappa, Vasanthi BG, and Latha HS 
University of Agricultural Sciences, Bengaluru, India
E-mail: snehareddy9972@gmail.com 

Drylands make significant contribution to the food and nutritional security of the country where about 40% of the 
nation’s food grains are produced. But crop production in drylands is impeded by insufficient and erratic rainfall 
and low soil fertility. Plant nutrition is critical for increased development and productivity. Nitrogen (N) is the most 
important element limiting agricultural production at a global scale. Despite many efforts, the N use efficiency 
(NUE) is less than 50%. Hence, innovative solutions has led to the application of nanotechnology in the form of nano 
fertilizers. Nano fertilizers with smaller particle size and large surface area not only increases penetration into the 
plant but also improve uptake and nutrient use efficiency. In this view, foliar application of nano urea along with 
conventional fertilizers on growth and yield of finger millet was evaluated through field experiment during Kharif 
2021. Application of 100 per cent N + recommended PK + spraying of nano - N twice at 25 and 45 DAS recorded 
significantly higher grain yield (3284 kg ha-1) and straw yield (4510 kg ha-1) and was on par with the application of 
75 per cent N + recommended PK + spraying of nano-N twice (3038 kg ha-1 and 4320 kg ha-1, respectively). Further, 
greater mobility of nano urea led to higher nitrogen use efficiency and partial factor productivity with the application 
of 75 per cent N + recommended PK + spraying of nano-N (26.51 kg kg-1 and 40.16 kg kg-1) compared to application 
of 100 per cent N + recommended PK + spraying of nano – N (22.71 kg kg-1 and 32.94 kg kg-1). Thus, with the 
optimization of doses of conventional fertilizer along with nano urea can lead to highly efficient production system in 
near future. 
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T1PP022:
Management of weeds in safflower under dryland ecosystem
Somanagouda G, Salakinkop SR, Channakeshava R and Banu H
University of Agricultural Sciences, Dharwad, India
E-mail: sgouda111@gmail.com

Safflower is a poor competitor with weeds and weed control is one of the major production challenges for 
improving its productivity in drylands. Safflower seedlings remain in the rosette stage for 3 to 4 weeks after 
emergence and early emerging weeds species can easily outgrow and shade the crop. Hence the experiment 
was conducted during rabi season of 2019 and 2020 at MARS, Dharwad in RBD with eight treatments consisted 
of pendimethalin 30% EC @ 1 kg ai/ha, sulfentrazone 48% F @ 105 g ai/ha and their combinations with and 
without intercultivation.  Pooled data of two years showed that, application of sulfentrazone 48 % F @ 105 
g ai/ha + inter cultivation at 30 DAS recorded significantly higher safflower yield (1324 kg/ha) compared to 
application of pendimethalin 30% EC @ 1 kg ai/ha + intercultivation at 30-35 DAS. It was found on par with 
application of sulfentrazone 48 % F @ 105 g ai/ha without intercultivation and pendimethalin 30% EC @ 1 kg ai/
ha with inter cultivation at 30-35 DAS. Similarly, it recorded significantly higher yield attributes such as number 
of primary branches, capsules and test weight (12.0, 31.0 and 29.5 g respectively). The treatments which 
consisted of sulfentrazone 48 % F @ 105 g ai/ha recorded the lowest weed population (55.5, 40.0 and 29.5 at 
30, 60 and at harvest respectively) and weed dry weight (11.8, 9.3 and 9.2 at 30, 60 and at harvest respectively). 
Therefore, it recorded the highest weed control efficacy (86.9, 90.6 and 91.0 per cent at 30, 60 and at harvest 
respectively) compared to other weed control treatments. Hence pooled data of two years showed that it 
recorded the highest gross return, net return and B-C ratio (Rs. 41054, Rs. 26528 and 2.8 respectively) and it was 
on par with all treatments consisted of sulfentrazone and pendimetahlin with intercultivation.

T1PP023:
Improving the Livelihood of Smallholder farmers through small ruminant 
production in dryland regions of India.
Mukartal SY1 and Kharate A2
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Livestock rearing is one of the major occupations in India and is making significant contribution to the country’s 
GDP. India has diverse production systems and agro-climatic conditions. Livestock plays sustainable livelihood 
of poor people of dry land, because of uncertain rainfall and recurrent droughts making crop farming very risky. 
Small ruminants are important components of smallholder production systems in dry regions of the country and 
require technological transformation for bringing the farmers out of the vicious cycle of poverty. There is huge 
scope of improving the income and livelihood of farmers in these harsh topographies because of expanding 
market and demand for small ruminant products. Live animal sale is the main source of income from small 
ruminants contributes up to three-fourths-of total income. Milk of sheep is produced in negligible amount and 
consumed in households while goat milk is well in demand but small portion is sold by farmers and mostly used 
in households. The price of wool is depressed, whereas carpet wool produced in some regions receives prime 
price in the market. The main factors affecting small ruminant production in dry areas are feed scarcity, poor 
genetic make of animals, poor health cover facilities, lack of proximity to market and climate change effects. The 
technological adoption for enhancing productivity of small ruminants in dry areas has been discussed in this 
overview. The genetic improvement of small ruminant resources, valuation of breeds, exploring value addition/
alternative uses of wool and goat milk, improvement of range management, feed base, use of unconventional 
feeds, flock health management, reproduction management, improving feed efficiency, value addition, quality 
issues, creating farmers’ organizations, improving market access are some of the issues that need priority 
in research and development for improving productivity of small ruminants for better livelihood security 
and income generation of farmers in dry land regions. With the concerted efforts of research, extension and 
development workers, living conditions of small ruminants farmers can be improved which will alleviate poverty, 
create employment opportunity in rural areas and reduce migration of younger generation to the cities.
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T1PP024
Dryland production system: improving productivity and climate resilience
Vinutha BB, Thimmegowda MN, Mudalagiriyappa and Vasanthi BG
University of Agricultural Sciences (UAS), GKVK, Bengaluru, India
E-mail: vinuthabb0@gmail.com

Drylands are land areas with one overriding characteristic: they have uncertain precipitation pattern. The 
optimum size of the rainwater storage and recycling is critical for mitigating rainfall uncertainty and bringing 
sustainability to rainfed farming. The field experiment was conducted in a protective condition for “establishing 
catchment, storage, command relationship and optimizing the irrigation levels for four vegetable crops, 
including broccoli, capsicum, cherry tomato and pole bean with four irrigation level viz., 75, 50, 25 % ASM with 
surface irrigation as check. Study consisting of 16 treatments were replicated thrice. From first to last rainy 
day of year 2021-2022, the total amount of rainwater harvested from 1500 m2 poly house rooftop was 719 
m3 (7,19,000 liters). However, tank was having 1,94,780 liters of water from previous year rainfall. The results 
revealed that, water harvested from roof top was able to meet around 95 per cent of the water required for 
scheduling irrigation at 75 % ASM for raising different vegetable crops such as broccoli (71,528 liters), capsicum 
(63,597 liters), pole bean (59,753 liters) and cherry tomato (13,7173 liters) each was grown in an area of about 
138.3 m2. Further, scheduled irrigation at 75 % ASM recorded significantly higher yield in all the vegetable crops 
such as broccoli (19.85 t/ha), capsicum (50.98 t/ha), pole bean (21.59 t/ha) and cherry tomato (51.38 t/ha) and 
was on par with surface irrigation. However, lowest yield was observed in 25 % ASM. This technology will help to 
improve sustainability and productivity of rainfed farming.

T1PP025:
Assessment of spineless cactus (Opuntia ficus indica) accessions for growth 
and yield performance in Maharashtra
Kauthale V  and Punde KK
BAIF Development Research Foundation, Pune, India
E-mail: vitthal.kauthale@baif.org.in

Cactus pear (Opuntia ficus indica) is a xerophytic species widely cultivated in arid and semi-arid regions. A field 
experiment was undertaken at BAIF Development Research Foundation, Pune to study the growth and yield 
performance of various spineless cactus accessions during 2020-22. Fifteen cactus accessions were received 
from Indian Grasslands and Fodder Research Institute, Jhansi planted in sandy clay loam soil in a randomized 
block design replicated three time at a spacing of 2 x 1 m during March 2020. Basal dose of 10 MT farmyard 
manure and 60:30:30 kg NPK kg/ha was applied and protective irrigation was provided during the summer 
season. The first biomass harvest was done at 12 months after planting and second harvest at 12 months from 
first cutting. The plant growth parameters and fresh biomass yield was recorded at 12 and 24 months of harvest. 
The nutritional analysis of fresh biomass was carried out for dry matter, crude protein, ash, NDF and ADF. It 
was revealed that fresh biomass yield was ranged from 4.18 to 18.81 MT/ha and 17.98 to 97.83 MT/ha during 
first harvest at 12 months after planting and second harvest at 12 months after first cutting. The highest fresh 
biomass yield (18.81 MT/ha) was recorded in accession Mora Da during first harvest and Yellow San Cono (97.83 
MT/ha) during second harvest respectively. The growth parameters indicated that the plant height was ranged 
from 114.00 to 154.25 cm, No. of cladodes per plant 7.00 to 31.50, cladode length 26.05 to 43.05 cm, cladode 
width 13.20 to 17.45 cm and cladode thickness 0.94 to 1.91 cm at second harvest. The nutritional analysis 
shown dry matter in the range of 6.56 to 14.44 per cent, crude protein 5.36 to 8.44 per cent, NDF 41.35 to 47.23 
per cent, ADF 30.14 to 34.19 per cent and ash 12.34 to 24.54 per cent. Among the studied accessions, Yellow 
San Cono recorded better growth performance, biomass yield and protein content followed by Trunzara Red 
Bronte and Seedless Rocca Plumba which can be cultivated under Maharashtra conditions as a potential source 
of green fodder for livestock
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The agrarian question and socio-ecological transformation in India: a case 
study of two villages
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This paper aims to examine the extent and ways by which changes in agriculture act as a cause and consequence 
of ecological transformation of the region. It is based on fieldwork conducted in two villages in the South Indian 
state of Tamil Nadu, which have been previously studied in 1993-95. Though agriculture in India has been 
subjected to strenuous research, not many studies have sought to systematically link changes in agriculture to 
changes unfolding in the ecology and the relationship thereupon. Agriculture in the study villages is marked by 
prolonged crisis resultant of a complex interplay of neo-liberal policies, worsening ecology, and changing climatic 
patterns. The high extraction of groundwater using bore wells has taken a toll on the local ecology and the agrarian 
environment. The competitive digging and deepening of bore wells caused the water table to go down in the study 
villages. Water shortages and salinity has caused crop damage many a time. This is indicative of the ecological 
embeddedness of the transition underway in crop production in the study villages. With ecological deterioration, 
crop production in the villages turned unprofitable. When the crop yields had only increased minimally during 
1994-2018, the cost of production witnessed a major escalation. Though this applies to all farms, the degree 
of its impact differed by the specific crop cultivated and class position of the farmers. This has resulted in an 
unprecedented income squeeze of the farmers. The degradation of the local ecology puts constraints on increasing 
production and productivity. The growing threat of climate change has increased the uncertainties of the already 
fragile ecology in the locality. The small parcels of land on which the crop production is based also limit the farmers 
to reap the benefits of the economies of scale. On the whole, the agricultural transformation underway in the 
study villages is ecologically and socially embedded. While ecological embeddedness along with other structural 
factors puts limits to the expansion of production, the social embeddedness of the village economies and lack of 
gainful alternative employment ensure that small scale cultivation goes more or less unfettered even amidst distress.

T1PP027:
Agriculture in Malawi: challenges and prospects with special reference to 
dryland agriculture
Gonawamba C and Jena D
KIIT Deemed to be University, Bhubaneswar, India
E-mail: gonawambac@gmail.com

Malawi’s economy is mainly dependent on agriculture, which employs 80% of the total workers. On the other 
side, agriculture contributes less than one-third (29.4%) of GDP, mainly due to multiple reasons including 
its vulnerability to external shocks, particularly climatic shocks; the paucity of irrigation (0.5% of the total 
agricultural land) and other necessary infrastructural facilities; lack of access to innovation and dryland-
based appropriate technology; and vulnerability to food insecurity induced nutritional deficiencies and other 
household amenities.  In this context, this paper discusses the following objectives: to ascertain the important 
vulnerable factors of dryland farming in Malawi and analyze the respective challenges; and to work out the way 
forward in addressing the climate change-induced challenges, improving dryland productivity and identifying 
the mechanism to access the appropriate technologies and market systems in accelerating value-addition and 
post-harvest storage. The paper is mostly based on secondary data available from different authentic sources 
including the World Bank. Besides, it has critically reviewed the related literature along with expert views from 
different schools of thought. The paper has also reviewed the provisions of related policies on the trade and 
commerce of agricultural goods. Mann-Kendall Test has been conducted to establish climate change concerning 
actual rainfall. The important findings include: there is a significant change in climate conditions, especially in 
the fluctuation of rainfall and delay of monsoon; fluctuation of rainfall and delayed monsoon with the paucity 
of irrigation accelerates the uncertainty in Malawi agriculture and induces the farmers more indecisive on 
crops, and available provisions are found to be not enough in ensuring the farmers a sustainable income. The 
study suggests enabling the farmer institutions to ensure the followings: adapting the innovation to address 
the climate change-induced challenges and new technologies; following the collaboration and convergence 
approaches; taking up farm-based risk coverage measures; and improving the governance system.

mailto:chandran.yadu@gmail.com
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Millets have established their dietary advantages for its consumers and their role have been proven as 
nutraceuticals in combating many lifestyle diseases. There are many types of millets which have been 
traditionally cultivated and consumed in various parts of India and the world especially in dryland. Millets 
have different types of advantages with varied challenges in post-harvest handling and processing which limits 
their market demand and value chain. Development of various technologies along with suitable processing 
machines have made it possible to overcome major challenges related to decortication/pearling, shelf life, 
off-flavours, rancidity etc. Processing of millets into various ready-to-cook or ready-to-eat products presents a 
great opportunity for entrepreneurship in dryland. These technologies have also made it possible to prepare 
diversified food products at industrial scale with higher efficiencies. Many such products could find a place in 
nutrition-related programmes for women and child development and also serve as functional foods. Moreover, 
recent initiatives of Government in popularizing millets, not only at national level, but at international level has 
paved the way for creating a niche for millet-based food products.

T1PP029:
 Debt and investment of farm household in semi-arid region of India
Perumal A1 and Verma AK2

1ICAR-Indian Agricultural Research Institute, Pusa, New Delhi, India 
2Indian Farmers Fertilizer Cooperative Limited (IFFCO)
E-mail: anbueconomic@gmail.com

The objective of the present paper is to assess the pattern, sources of credit and its determinants, the incidence 
and magnitude of borrowing in the semi-arid region. This research is based on secondary data collected at the 
household level from the Village Dynamics Studies in South Asia (VDSA) project semi-arid region of India. the 
Multinomial Logit Model to examine the factors that determine the probability of farmers’ choice of source of 
credit, the Heckman selection model has been used to estimate the determinants of access to and the amount 
of formal credit taken by farm households in SAT region of India. The majority of the farm household availed 
credit from friends and relatives followed by input dealers/shopkeepers, cooperatives, commercial banks, 
self-help groups, money lenders, etc. in both years. The share of households borrowing for the purpose of 
agriculture, social functions, repaying old debts, marriage and major repairs had increased while the share of 
households in borrowings for the purpose of consumption, medical, education and business had decreased 
in 2014 as compared to 2009. Out of the total sampled households, the share of farm households borrowed 
only from formal sources had increased from 16.09 per cent to 29.89 per cent in 2014. The farmers should be 
encouraged to avail of credit in the Kisan Credit Card scheme to reduce and depend on the non-institutional 
sources. Farmers should be motivated to benefit from a digital platform like Phonepe and Gpay. Banks need to 
monitor investment for consumption needs. SHG loans should be encouraged to include people to participate in 
the institutional credit market.
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Building resilience at production system level through adoption of 
integrated management practices 
Sawargaonkar G
International Crops Research Institute for Semi-Arid Tropics (ICRISA), Hyderabad, India
Email: Gajanan.Sawargaonkar@icrisat.org

Crop and soil productivity in the semi-arid tropics (SATs) is rapidly dwindling due to flawed crop cultivation practices 
comprising indiscriminate use of water, chemicals, and pesticides. Moreover, the lack of knowledge/ignorance of farming 
communities in adoption of integrated approach of crop-land-water-nutrients at production system level and gaps in the 
available policies to support/ promote natural farming (NG)/regenerative agricultural (RA) practices, resulted in declining 
factor productivity. ICRISAT along with consortium partners and stakeholders identified and demonstrated different 
innovative solutions/practices comprising the principles of NF/RA at production system level which resulted into 
enhancing crop production and profitability on sustainable basis. The RA/NF components namely nutrients management 
using organics, zero tillage, mulching, retention of crop residues, crop rotation/diversification/intensification etc were 
promoted at different production system level, both in Vertisols and Alfisols across different project sites in Indian states. 
The RA components found promising due to the synergistic effect of biological treatment (for ex use of Humic acid/see 
weed extract/PGPR/compost/biological consortium etc) on other production factors by enhancing the use efficiency 
of nutrients as well as water and thereby contributing to increase the crop and soil productivity. In an experiment at 
ICRISAT, the soil application of humic acid at 20 DAS along with reduction of 50 per cent recommended dose of fertilizers, 
helped improved the groundnut productivity in Alfisols by 15-18 per cent compared to use of 100 per cent of RDF. 
Similarly, the cropping system intensification by introducing climate smart pulses in rice fallows using zero-till seed drill 
cum fertilizer machine helped in effectively utilizing the residual soil moisture and obtaining an additional yield benefit 
of ~540 kg/ha (chickpea), ~466 kg/ha (greengram/blackgram), and ~621 kg/ha (fieldpea) in the tribal dominated districts 
in Odisha viz, Nabarangpur, Koraput, Rayagada and Gajapati. Thus, besides helping to maintain the soil health and get 
enhanced yield and income at production system level, the NF/RA holds the key to unlock vast potential of drylands and 
helps in maintaining agricultural productivity and profitability on sustainable basis.

T1PP031 
Systems approach and investment planning to mainstream climate smart 
agriculture under drylands
Shalander Kumar
International Crops Research Institute for the Semi-Arid Tropics (ICRISA), Hyderabad, India
Email: Shalander.Kumar@icrisat.org

The strategies that integrate food security, adaptation and mitigation options in agriculture are of high importance 
to manage the increasing risk of climate change in vulnerable dryland regions. This paper presents a framework 
adopting a systems approach and evidence-based designing of strategy for scaling up Climate Smart Agriculture (CSA) 
in Telangana State of India. Climate risk and vulnerability mapping at disaggregate level; Identifying context specific CSA 
practices; multi-criteria analysis employing participatory approach for prioritization of location specific CSA practices 
and identifying barriers and incentives; ex-ante impact analysis of potential adoption of CSA practices, investment 
and infrastructure needs and strategy for CSA integration into district level plans have been the key steps of this 
unified approach. Indices for climate smartness and ease of adoption for each proposed practice formed the basis of 
prioritizing CSA interventions. Ex-ante impact analysis of selected CSA interventions in different regions of Telangana 
considering cropping systems, soil types and access to irrigation helped generating geospatial mandal level maps of 
prioritized CSA interventions. The ex-ante assessment considered district wise actual area and yields of major crops 
and rainfall level for 5 years from 2010-11 to 2014-15. We used optimization technique to analyse the trade-off and 
role of climate smart technologies in minimizing the trade-off between expected agricultural income and deviation 
from it under drought and normal weather scenarios. We found that the adoption of CSA technologies in Telangana, 
compared to farmers’ traditional practices (FTPs), can lead to a 16% reduction in production risk due to drought while 
achieving optimum levels of crop income and it is likely to be reduced by 25% under the scenario of high probability 
of drought. The proposed unified framework helped to understand the district wise potential for promotion of CSA 
practices/technologies, public and private investment needs, economic impacts of the interventions to enable informed 
decision making for climate smart agriculture. Continuous stakeholders’ engagement during this process was crucial for 
integrating their perspective and creating ownership. Piloting of evidence based scientific framework guides investments 
and policy making decisions on scaling CSA in Telangana state. 
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Rise of Gig Economy: A new era in employment
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The emergence of the gig economy, which is defined by short-term, flexible labour, has piqued worldwide 
interest. Driven by improved connectivity and the spread of the internet, labor relationships are changing and gig 
economies are becoming more important in a number of sectors in developed as well as developing countries and 
it has the potential to create jobs and livelihoods for millions of low-income workers while unlocking economic 
value and GDP growth. Global gig-economy transactions are expected to expand at a 17 percent annual rate to 
$455 billion by 2023, according to Mastercard analysis. As per India Staffing Federation study (2019), India is the 
fifth largest country for flexi-staffing, after United States, China, Brazil, and Japan. The Indian gig economy, headed 
by internet retail, had a significant surge as a result of the COVID-19 pandemic-induced lockdown, according to the 
Economic Survey 2020-21.  The rural gig economy in India has been largely ignored till date. With 1.3 billion people 
employed in the sector, agriculture is the second greatest source of employment worldwide after services and it 
accounts 28% of global employment. Work force working in the agriculture and allied sectors are also considered 
as part of gig workforce because many farmers and farm workers pursue agriculture as a part-time activity and has 
other more or less important sources of income and also agriculture is characterized by seasonal labour peaks, 
where large numbers of workers may be hired for relatively short periods.  The future holds limitless possibilities 
for the gig economy, as more and more organisations and employees are inclining towards independent work 
dynamics. The government has enacted the 'Code on Social Security' to assist gig workers, which will offer them 
with life and disability insurance, accidental insurance, health and maternity benefits, old age protection, and 
other benefits. With this back drop present study also attempts to throw light into the scenario of agricultural gig 
economy in India.

T1PP033:
Role of autonomous adaptation to climate change in agriculture: a survey-
based analysis of Bihar, India
Saheli Das*, Mehra MK* and Paulson J
*Jawaharlal Nehru University, Barcelona School of Economics, New Delhi, India
E-mail: sahelidas.2008@gmail.com

Climate change is having adverse implications for agriculture yields in India, especially in the agriculture-dependent 
economy of the state of Bihar. The agricultural productivity in Bihar is one of the lowest in the country. Bihar is also 
less resilient to climate change, deeming it necessary to rely on climate adaptation strategies. Within adaptation, 
it is important to understand the channels of autonomous (spontaneous) adaptation in addition to planned 
adaptation measures. So far, most of the studies and government policies have had the focus on technology-based 
planned adaptation strategies, while autonomous adaptation (one that does not result from any deliberate policy 
but instead is adopted spontaneously by the farmers) has been gaining eminence in transitioning agriculture 
towards sustainability. This research fills the gap to tease out the role of autonomous adaptation – through the 
means of inherent ability/ ancestral knowledge and community networks – on agricultural productivity in case 
of two staple crops, paddy, and wheat, for understanding adaptation to climate change. We have undertaken a 
mix of quantitative perception analysis and survey econometric method to delineate the role of inherent ability 
and community networks, both formal and informal, in adaptation of agriculture in Bihar to climate change. The 
survey of farmers is based on stratified random sampling for two districts of Bihar, belonging to different agro-
climatic zones, so as to capture the role of adaptation channels in agricultural adaptation to climate differences. 
One is Gaya, a drought-prone location and other is Purnia, a flood-prone location. Our research finds that farming 
communities are discerning about climate change and have been relying on various adaptation measures to cope 
with it, through both planned and autonomous adaptation channels. Moreover, the effectiveness of planned 
adaptation channels to cope with climate change is found to be rather weak in the case of both the surveyed 
districts. The main empirical finding is that ancestral knowledge and community networks, in general, have positive 
impacts on both paddy and wheat yields. However, the results differ between the two community networks. 
Formal community networks boost crop yields in both the surveyed districts.
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Integrated weed management for sustainable crop production in drylands
Chhokar RS*, Gill SC, Kumar N, Tripathi SC, Khippal AK, Meena RP and Singh G
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*Email: Rajender.chhokar@icar.gov.in
The drylands are considered those areas where rainfall is less than the potential evapotranspiration having 
aridity index up to 0.65. Globally, drylands occupy about 40% of land area and are important for food, feed and 
nutritional security. These areas face many challenges, including limited access to moisture, poor soil fertility, 
and the threat of pests and diseases. Among pest, weeds are major biotic constraints limiting production and 
productivity of crops in drylands. The weed problem is more severe in summer and rainy season and causes 
heavy losses in crop yields. Weed control practices in dryland are largely based on use of mechanical method 
using tools like wheel hoe, power weeder and inter row cultivator. The other agronomic approach of mulching 
(soil, straw and plastic) also helps in weed management under dryland besides conserving the moisture. The 
chemical weed control is preferred due to cost and time effectiveness. As limited herbicide options are available 
for the crops being grown under dryland areas, there is a need to explore greater number of herbicides and 
their mixtures for effective control of diverse weed flora. However, the sole dependence on herbicide should 
be refrained so as to avoid the weed flora shift and evolution of herbicide resistance in weeds. Nevertheless, 
the more effective and economical way to control weeds in dryland is through integration of herbicides with 
cultural, mechanical and biological methods.

T1PP035:
Diversified wheat based cropping systems for small and marginal farmers in 
dryland areas
Tripathi SC*, Gill SC, Meena RP, Kumar N, Chhokar RS, Khippal AK and Singh G
ICAR-Indian Institute of Wheat and Barley Research, Karnal, India
*Email: sc.tripathi@icar.gov.in
Small and marginal farmers (<2.0 ha land holding) comprised more than 85% of total farmers in India. Presently, 
the major challenge is to increase the productivity, profitability and nutritional security of these farmers. India 
is the largest producer, consumer and also importer of pulses, accounting for 25% of global production from 
35% of global area under pulses. India would require 39 million tonnes of total pulses by 2050, to achieve 
this, India would require 2.2%annual growth rate of pulse production.   Intercropping of pulses in a cropping 
system perspective provides opportunity to increase the productivity, profitability and risk bearing capacity of 
farmers. Experiments were conducted on intercropping of pulses viz green gram, black gram, cluster bean and 
cowpea with main maize crop followed by wheat. Intercrops were also tested with recommended and 75% of 
recommended N application in wheat to find out the residual effect of legume intercrops. All other package of 
practices were adopted as per recommendation. Wheat equivalent yield was calculated by multiplying yield 
with minimum support price/market price of each crop. All the maize + pulses intercrops exhibited higher 
wheat equivalent yield (WEY) as compared to maize-wheat. Maize + cowpea-wheat produced higher WEY and 
was non-significant when 2 5 lesser N was applied in wheat. This showed that intercropping of pulses with 
maize saves 25% N in wheat. Higher WEY was in above cropping system was mainly attributed by green pod of 
cowpea. Among pulses as intercrops, it was found that cowpea crop produced maximum return, owing to green 
pod sale, whereas other pulses also produced higher return than sole maize-wheat. This will be very much 
helpful for small and marginal farmers for providing not only extra income in the lean period but also protein 
requirement for poor farmers along with employment generation. Moreover, continuous growing of this system 
will save water and enrich the soil fertility to great extent compared to rice-wheat system.
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Intrapopulation variation in the responses of Tamarindus indica L. juveniles 
to weed competition and planting pit sizes in Guineo-Congolian region
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Investigating the determinants of early growth in Indigenous Fruit Trees is fundamental for their effective 
domestication and integration into farming systems. This study documented the extent of within-population 
variation in the responses of T. indica juveniles vis-a-vis weed competition and planting pit sizes in the upper 
Guineo-Congolian region of Benin. Seeds were collected from three different healthier and distant mother trees 
randomly selected in riparian populations of the Sudanian region of Benin. They were raised in nursery and 
subjected to two levels of weed competition viz., presence (C0) and absence (C1) of weed competitors, and three 
planting pit sizes viz., 10, 20 and 30 cm wide, and 20, 30 and 40 cm deep holes, respectively. Weed competition 
significantly affected (p<0,05) the monthly average branch number per plant but not the monthly mean height 
and collar diameter of tamarind genotypes during a six-month period. The planting pit sizes showed no evidence 
of significant effect (p˃0,05) on the mean height, collar diameter and branch number. However, some arithmetic 
differences were observed in the measured variables, with the weed-free environment (C1) presenting the higher 
mean values of all variables. The average number of branches was positively correlated with the planting pit size. 
Among the investigated factors, the study recommended 30 cm wide and 40 cm deep holes, or broader and deeper 
holes, and a weed-free environment, for vigorous and branchy tamarind cultivation. Further additional scientific 
investigations over a longer period of time are likely to be more insightful on these horticultural practices studied.

T1PP037:
Climate change and cocoa production: a contextual analysis for cameroon
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Agriculture is the mainstay of Cameroon's economy with cocoa as one of its key export crops. However, cocoa 
production is greatly affected by climate stressors. This study assesses the economic influence of climate 
change on cocoa performance in Cameroon. This study makes use of time series data for temperature, rainfall, 
carbon dioxide emission, land use, labour hours, pesticide quantity, and cocoa output in Cameroon for 60 years 
(1961 to 2021). Data is obtained from the World Bank data group, FAOSTAT, and the National Cocoa and Coffee 
Board. Trend analysis is carried out to assess the evolution of crop production. Based on the perennial crop 
supply response model, the econometric technique VECM is employed to examine both short-run and long-
run impacts of climate variables on cocoa production using STATA version 17.0. The time series econometric 
estimation reveals that variations in cocoa output are determined by the climatic and economic parameters 
analyzed. More specifically, the short-run results present temperature, CO2 (g) emission, land use, and pesticide 
quantity to have a significant positive relationship with crop output while rainfall shows a significant negative 
link. Furthermore, the long-run analysis posits that temperature, rainfall, carbon dioxide emission, and land use 
are significant negative determinants of the yearly changes in crop output. On the other hand, labour hours and 
pesticide quantities reflect a positive association with cocoa production. The study recommends government 
policy reforms including access to land, subsidies, use of improved production technologies that reduce the 
rate of greenhouse gas emission, and improve farmers' adaptive capacities to climatic stressors, leveraged on 
internet of things technology to automate the prediction and control of climate factors. This will increase cocoa 
output, with direct translation on agricultural export earnings, and hence, guarantee economic development 
and growth.
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Agricultural soil degradation is particularly high in Africa (65%) and Central America (75%). The use of biochar in agriculture allows better 
sustainability and productivity of crops by improving the quality and structure of the soil conducive to the development of microbial flora, 
to a reduction in the leaching of nutrients. This study aims to evaluate the impact of the use of biochar based on rice husk combined with 
rhizbacteria to improve soil fertility and increase crop yield (rice, okra and eggplant) in a real environment with small farmers. Rice husks 
were used as a support for the production of biochar from a local device consisting of a half barrel and a funnel. The test was carried 
out on sub-plots of 1m2 with an application of 0.14g of biochar. Four treatments and one control: To (control), T1 (Biochar alone), T 
(Biochar+Bacteria), T3 (Biochar+Fert50) and T4 (Ferti-recommanded) were repeated three times in a device in completely randomized 
blocks. The results showed that the contribution of biochar generated a better mineral reserve, increased soil fertility and significantly 
increased the growth and production of the three speculations compared to the controls. The best fruit yields on eggplant were observed 
with the Biochar+ Bacterium treatment (5380 g) followed by Biochar alone (4675 g) compared to the control (2570 g). On the the best 
yields of okra fruit were obtained with the Biochar treatment alone (415g) followed by the Ferti-complete treatment (332g) against (83.1g) 
for the non-inoculated control with an improvement in the yield by weight of okra fruits. 20%. In rice, the best seed yields were obtained by 
the Biochar + Bacteria treatment with 6.4105 kg/ha followed by the Ferti-complete treatment (5887 kg/ha) and 5784 kg/ha for the Biochar 
treatment alone. The use of biochar alone or combined with other fertilizers has shown a positive effect on the growth and yield of these 
crops. It is therefore difficult in this type of agriculture to judge the relevance of using biochar as a soil amendment to mitigate the impact 
of climate change.

T1PP039:
The resilience of fodder shortage and yield improvement of kodo millet 
through goat grazing
Mariyappillai A
Vel’s Institute of Science, Technology & Advanced Studies, Chennai, India
E-mail: manbarasu102@gmail.com

Agriculture crop production is not only a purpose of food production but also for fodder production. At present, 
the nutritive food and fodder shortage is the talk of the country. Both need to be fulfilled by the way of 
cultivation Kodo millet. Kodo millet is one good green graze and dry fodder for domestic animals, especially the 
Goat. The pruning practice of Kodo millet to improve the yield at the time of the tillering phase. This practice 
is done by Goat grazing to save labor costs and filled the fodder need. Keywords: Kodo millet, goat, grazing, 
fodder, yield.
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Influence of cowpea intercrop density and row orientation on 
evapotranspiration, water use efficiency and grain yields of sorghum -cowpea 
cropping systems in semi-arid Kenya 
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In the semi-arid and sub-humid tropics of Kenya, rainfall is the only source of water for crop growth and yield.  Due 
to it’s aberrant and irregular reception in farmers’ fields, crop failure is common, particularly for cropping systems 
that don’t utilize the limited rain-water efficiently. Field experiments were therefore conducted at a farmer’s 
field site at Rongi, Kenya to determine the influence of the cowpea intercrop population and row orientation 
on crop evapotranspiration, combined grain yields and water use efficiencies of sorghum-cowpea cropping 
systems. Treatments comprised of sorghum (main crop) planted at a constant population of 55,555 plants/ha and 
intercropped with cowpea at varying populations of 55,555, 111,111 and 166,666 plants/hectare in rows-oriented 
East-West (E-W) and North-South (N-S), respectively. Cowpea and sorghum were also planted as sole stands at 
respective populations to evaluate pure stand yields. The experiment was laid out in a randomized complete 
block design and replicated thrice. Crop evapotranspiration (ETc), water use efficiency (WUE), above ground dry 
matter biomass (DM) and grain yields were determined.  Increase of cowpea (intercrop) population from 55,555 
to 166,666 plants/ha resulted in significant increase in seasonal ETc; combined (sorghum+cowpea) DM and grain 
yields.  WUE increased up to an optimum, beyond which it declined. Evapotranspiration-yield, WUE-ETc and WUE-
plant population relationships were developed and explained by fitting quadratic functions. Optimum intercrop 
populations were observed at about 111,111 plants/ha. This density produced maximum combined DM, grain 
yields (2623.7 and 2872.7 kg grain/ha) and WUE (3.76 and 5.56 kg/ha-mm), respectively, in both seasons. Row 
orientation significantly (P< 0.05) affected ETc and combined grain yields but not WUE. The N-S row oriented crops 
produced higher ETc, combined grain yields than the E-W oriented crops of the sorghum-cowpea intercropping 
systems.  However, cowpea grain yields were best when oriented in the E-W direction in both seasons.  Farmers 
should therefore grow their sorghum-cowpea intercrop in a N-S row orientation to obtain highest combined 
sorghum plus cowpea grain yields and WUE.  However, for obtaining the highest cowpea grain yields and WUE the 
rows should be oriented along the E-W direction.

T1PP041:
Access to water for sustainable agriculture intensification in the savanna 
ecological zone, Ghana
Boateng ENK1, Nyarko BK1, Johnson FA2 and Furst C3   
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Population growth and climate change have been found to have negative implications on food security, especially 
in the Savanna Ecological Zone. To mitigate the effect of population growth, and climate change on food security, 
several experts such as scholars have been advocating for sustainable agriculture intensification (SAI) among 
smallholder farmers. However, there remains a dearth of knowledge about smallholder farmers’ access to water 
for SAI in the Savanna Ecological Zone. This study sought to examine smallholder farmers’ access to water for SAI in 
the Savanna Ecological Zone of Ghana. Using a survey, data was gathered from a total of 698 smallholder farmers’ 
in 25 communities using a questionnaire. The data was subjected to factor analysis and multinomial order logistic 
regression. The results revealed that the average distance traveled to access water from a dam and river was 11km 
and 9km respectively. Most of the respondents disagreed with all the six indicators used to measure their access to 
water. The main predictors of smallholder farmers’ access to water for SAI included soil type, nature of vegetation, 
cost distance to dam, and cost distance to river. Since there is limited access to water for SAI, we recommended 
that smallholder farmers are educated on efficient soil-water conservation practices. Additionally, the government 
and NGOs should construct community-level dams to improve access to water for SAI.
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Studies on pearl millet blast caused by Pyricularia grisea (Cooke) Sacc.
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Pearl Millet (Pennisetum glaucum (L.) R. Br.) is one of the most widely grown millet and an important crop in India. It is 
extensively cultivated in arid and semi-arid regions after rice, wheat and sorghum. India is the single largest producer 
of pearl millet in the world. The crop is best suited for areas with low soil fertility, drought, high temperature, low pH or 
high salinity. Therefore, present investigation on Pyricularia grisea were undertaken with the objectives viz., isolation, 
pathogenicity, cultural and morphological study, efficacy of fungicides, bioagents and botanicals. The research studies 
revealed that isolates collected from Aurangabad zone grown well on PDA up to 90 mm colony diameter. The results 
obtained on morphological characteristics and conidial size of the isolate included asexual conidia of Pyricularia grisea 
were pyriform, hyaline, and mostly 3 celled with a small appendage on the base cell. Conidia measure approximately 
21.5-27.6 x 7.9-9.8 µm. The conidiophores of the pathogen are produced in clusters from each stoma. They are rarely 
solitary with 2-4 septa. Studies on in vitro evaluation of the fungicides, revealed that at 1000 ppm mycelial growth 
inhibition of Azoxystrobin 25 EC was found most effective with 95.55 per cent inhibition which acts as fungistatic. 
The second best fungicide was found Difenoconazole (94.44 per cent). At 1000 ppm mycelial growth inhibition of 
Propiconazole 25 EC was found 91.85 per cent which acts as fungistatic. At 1000 ppm mycelial growth inhibition 
of Iprobenphos 48 EC was found 85.55 per cent which also acts as fungistatic. Whereas among bioagent tested, 
Pseudomonas fluorescens was found most effective with significantly least mycelial growth and highest mycelial growth 
inhibition of the test pathogen (64.61%) having mean colony diameter 32.00 mm followed by Trichoderma asperellum 
having mycelial growth inhibition of the test pathogen (62.39%) having mean colony diameter 37.16 mm. All the eight 
botanicals tested were found effective against Pyricularia grisea. Mean radial mycelial growth of the test pathogen was 
ranged from neem leaf extract (33.00 mm) to bouganvillea leaf extract (67.00 mm). However, significantly least mycelial 
growth was recorded with neem leaf extract (33.00 mm) followed by the botanicals onion leaf extract (36.33mm), 
Nirgudi leaf extract (41.00 mm). Hundred cultivars screened against blast of pearl millet, none of the cultivar was found 
immune. Thirty-one released varieties / commercial hybrids showed moderately resistant reaction and fifty eight 
cultivars were moderately susceptible.

T1PP043:
Pearl millet (Pennisetum glaucum L.) intensification for managing climate risk and 
increasing productivity in the semi-arid agro-ecological zone of Zinder and Maradi (Niger)
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Agriculture is the main economic activity in Niger. Unfortunately, many challenges affect the development of this 
activity, including land degradation and climate threats. This study evaluates seeding modes combined with fertilization 
options for better climate risk management and increased productivity. We conducted experiments in Maradi and 
Zinder (Niger), where pear millet is the main crop for smallholder farmers and a staple food for the population. A split-
plot experimental design with 43 replicates was set up in five villages per region. The three seeding modes representing 
the main factors (direct sowing, pre-sowing seed drenching, transplanting) were combined with three sub-factors 
representing the three fertilization options (control, organic micro-dosing, mineral micro-dosing). We used GenStat 
software for the analysis of variance. As result, in both Maradi and Zinder, in terms of precocity, there is a highly 
significant difference (p: 0.001) between the sowing modes. The least number of days before maturing was observed in 
transplanting mode (81 in Maradi and 83 in Zinder) compared to pre-sowing drenching and direct sowing (between 100 
and 103). In terms of yield, the analysis of variance revealed highly significant differences between fertilization options in 
both regions (p: 0.001). The mineral micro-dosing recorded the highest yields with 883 kg/ha and 972 kg/ha respectively 
in Maradi and Zinder. The lowest yields were recorded at the control level with 388 and 479 kg/ha respectively in Maradi 
and Zinder. Likewise in Maradi, the analysis revealed significant differences between the combination of the two factors 
(p:0.021). Thus, drenching combined with mineral micro-dosing provided the best yield (1015 kg/ha) followed by the 
combination of direct seeding and mineral fertilization (108 kg/ha). From the result, we can recommend farmers to 
choose between mineral micro-dosing fertilization options to enhance productivity or transplanting sowing mode to 
manage climatic risks, especially the delayed start of the rainy season.
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In the village lands of North Cameroon, trees appears to be a product of first necessity because of numerous 
benefits derived from them. Today, in these areas, tree resources are decreasing in quantity and quality. This 
study was conducted in six (06) village of the North region of Cameroon through field visits and interviews with 
groups of agro-pastoralists and nomadic pastoralists. The goal is to know the preferences of the farmers of the 
region concerning the woody species of their land in relation with the services provides by these tree; and to 
identify the different agroforestry practices adopted by these farmers as well as the practices and constraints of 
tree management. The results show that farmers preferences for trees vary according to the services provided 
by each tree, socio-professional group and availability of the tree resource. Twelve tree species have been 
identified as preferred for food, fifteen for fodder, fourteen for wood energy, ten for shade, fourteen for soil 
fertility and twelve for living hedges. Several agroforestry practices have been identified in the study areas, 
these are crops under tree cover, living hedges, improved fallows and tree groves. The implementation of these 
practices varies according to the groups, the localities and the control of the land. The different methods of tree 
management such as pruning, coppicing, felling and debarking are based on the needs of smallholder. Several 
constraints of tree management and adoption of agroforestry practices have been identified: control of forest 
services, little accessibility to agroforestry plants, lack of access to land, common grazing, bush fires, anarchic 
cutting of wood by charcoal miners. To support the dissemination and management of tree resource, it would 
be important to take into account farmers preferences and the constraints mentioned by them related to 
planting, preservation and management of the tree in their land.

T1PP045:
Crop productivity under basins and furrow ridges for water conservation 
using upland rice (Oryza sativa) as a crop model
Makoni J and Zonke F
Agronomy Research Institute, Department of Research and Specialist Services, Ministry of Lands, Agriculture, Water, Climate and Rural 
Resettlement, Zimbabwe
E-mail: makonijane@gmail.com

Climate change has caused drought in some parts of the world. Drought affects agriculture productivity because 
yield is reduced. Farmers also consider reducing hectarage and grow drought tolerant crops only. In order to 
alleviate crop production challenges caused by water scarcity an experiment was carried out to determine the 
effectiveness of basins and furrow-ridges on crop productivity, as a water conservation technique in Zimbabwe. 
The study was to evaluate effects of basins and furrow-ridges on upland rice growth and yield during 2020/2021 
season at Harare research centre, Gwebi variety testing center and Panmure experimental station. The study 
was done to evaluate the possibility of addressing water scarcity challenges in rice production by adopting 
basins and furrow-ridges. In comparison to flat land, both basins and furrow-ridges exhibited significant 
(p＜0.05) improvement with respect to plant height, effective tiller number, number of filled grains, 1000grain 
weight and grain yield of upland rice. There was no significant difference between basins and furrow-ridges. 
To ascertain results from 2020/2021 season, the experiment was repeated during 2021/2022 season. The trial 
was repeated at Harare research station, Gwebi variety testing centre and Panmure experimental station. Again, 
when compared to flat land, both basins and furrow-ridges exhibited significant (p＜0.05) improvement with 
respect to plant height, effective tiller number, number of filled grains, 1000grain weight and grain yield of 
upland rice. There was no significant difference between basins and furrow ridges. Hence it can be concluded 
that basins and furrow-ridges have positive effect on upland rice growth and yield.
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Climate change and the current COVID-19 pandemic are two examples of global phenomena that have brought 
significant impacts to agriculture and food systems. These two phenomena pose a threat to human survival that 
has been generating a global food crisis. Agricultural systems that tend to rely on wetland agriculture system 
creates a high dependence on certain commodity crops produced in this structure, which leads to a a massive 
demand on those crops. Such high demand is not proportional compared to the availability of food and land to 
cultivate these commodities, which makes it difficult for people to meet their food needs. However, a farming 
community in Kawalelo Village, East Flores, Indonesia, has succeeded in developing an agricultural system that 
is adaptive to these conditions by cultivating sorghum in accordance with its dry climate and natural landscape. 
The community once experienced a food crisis due to extreme drought during the prolonged El Niño in 2015-
2016, made them strive to diversify the types of food crops cultivated and people have been growing sorghum 
to date. Therefore, this article attempts to investigate how dry land optimization through sorghum cultivation 
can contribute to improving the livelihood of the smallholder farmers in Kawalelo Village, East Flores. In doing 
so, the author will apply desk study by collecting information from secondary data sources. It is arguably that 
the sorghum crop which able to adapt with extreme climate and landscape in East Flores has been able to 
increase farmers’ income and this vegetation can fulfill and guarantee the availability of food sources that is 
easily accessible for people in Kawalelo Village, since the occurrence of extreme drought to date. In addition, 
it is known that children who are diagnosed with stunting in this village, have experienced changes in their 
nutritional status and health conditions after consuming sorghum.

T1PP047:
The needs to develop a simple bagging system for potatoes and effective 
distribution in the federal capital territory, Abuja, Nigeria
Oke MA 
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E-mail: maof2020@gmail.com

Nigeria is the fourth biggest producer of potato in Sub- Saharan Africa with a production of about 843, 000 
tonnes per year. Because of an inadequate supply of good quality seeds, poor bagging systems, inadequate 
storage, poor diseases and pest management the average yield (3.1 ton/ hectare). Potatoes are typically grown by 
smallholder farmers; in Nigeria there is now large-scale potato farming. Ayuba (2012) estimates a total of 300,000 
potato-producing households, which means that the average yearly cultivated area per household is around 1 
hectare. The needs arises to increase potatoes supply, with respect of the various demands, and short supply 
of the potatoes of which the different production it is low and poorly marketing strategies. Food insecurity, few 
farming activities, the social impacts of the producers that will make production available throughout the period, 
innovates ways that value chains. A multistage random sampling method was selected in the markets will attract 
customers, preservation’s and aid distribution along the different and open environment of the wholesalers 
and fifty retailers were interviewed and pictures were taken. Data were also collected by the help of structured 
questionnaire. While the global demands of potatoes it is increases, but the supply short fall, due to the different 
constraint in production, poor bagging systems, imperfect marketing systems and this supposed to be a serious 
challenge globally, and to get the supply of potatoes and in the areas of needs for the populace at large, such of 
consumption’s and making the country to get sufficient money from farming, distribution, transportation and for 
the industrial purposes. Government and Authority should set up a manufacturing companies that will design and 
introduce new bagging systems, develop policies directed to marketing.
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Socio-economic analysis of the effects of FAO interventions on the 
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region, Niger
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In accordance with its vision of development, the Food and Agriculture Organization of the United Nations 
(FAO) took action in Niger in the Tahoua region through the implementation of four types of interventions. 
These include the distribution of unconditional cash (Action 1), the distribution of agricultural inputs and 
technical training (Action 2), unconditional cash followed by distribution of agricultural inputs and technical 
training (Action 3), through the combination of Action 3 followed by distribution of zootechnical inputs (Action 
4). This study was carried out to analyze the effects of these interventions on improving the living standards of 
vulnerable populations. Also, a household survey was carried out with 10% of the beneficiaries of the villages of 
the commune of Kalfou, region of Tahoua. A total of 40 heads of households were surveyed. The results showed 
that Action 1 enabled 30% of the beneficiaries to set up working capital to carry out an activity that generates 
income. Improved food availability is observed in 100% of beneficiaries with Action 2. Actions 3 and 4 have 
enabled 40% and 70% of beneficiaries respectively to increase their income. The results of the study will enable 
decision-makers to choose the options for strengthening the resilience of the most vulnerable households.

T1PP049:
The use of GPS guidance system for conservation tillage and controlled 
traffic in drylands
Musa MM
Geolongitude Limited, Dar es salaam, Tanzania
E-mail: mishamomusa@gmail.com

The use of GPS guidance system on tractors is a key component for precision agriculture including conservation 
tillage and controlled traffic farming in drylands. The GPS guidance systems are used almost in all field 
operations from land preparation (minimum or zero tillage) to harvesting. Passages of heavy agricultural 
machinery across a field are a common practice nowadays but they are mainly random. Conservation tillage 
is a tillage system that creates a suitable soil environment for growing a crop and that conserves soil, water, 
and energy resources mainly through the reduction in the intensity of tillage and retention of plant residues: 
Environmental Indicators for Agriculture – Vol.3: Methods and Results, OECD, 2001, glossary, pages 389-3. 
Controlled traffic farming (CTF) is all about managing soil compaction – confining it to narrow strips across the 
land and maximizing the remaining undamaged soil area for cropping. In practice it means matching machinery 
tracks, so they take up the least possible area. Although this is made simpler by satellite guidance, it can be 
achieved with conventional marking systems: (Jelgava, 27.-28.05.2010), Engineering for rural development. Soil 
compaction in drylands can lead to poor root growth which reduces productivity through reduced water and 
nutrient absorption, difficulties with soil cultivation and seedbed preparation, a decrease in water infiltration in 
soil through rain or irrigation. Reduced soil structural ability and fertilizer efficiency are negative effects of soils 
compaction in drylands. In compacted areas Land preparation using tractors leads to high fuel consumption and 
ineffectiveness of implements like plough, harrow and planters and hence poor germination is the result. GPS 
guidance system are brand agnostic and can be installed to any brand and model of tractor from low number of 
horsepower tractors owned by smallholder farmers for example 75Hp and above. The systems can work with 
variety of implements for different farm operations including planting, spraying and fertilizer spreading. The GPS 
guidance systems and Controlled Traffic Farming system, which is based on maintaining the same wheel lane 
for several years for each field operation, are one of the tools which can be used in soil protection against soil 
compaction in dryland.
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Dolichos (Lablab purpureus L.) is an underutilized drought tolerant legume used as food/feed and improvement of 
soil fertility. The production of dolichos in Kenya, Nakuru County is however limited by insect pests like bean aphids, 
pod borers and whiteflies. Field studies were conducted to determine the effect of cropping systems (dolichos 
monocrop and maize-dolichos intercrop) and field margin vegetation on bean aphids and their natural enemies. The 
experiment was conducted in Njoro (high field margin vegetation) and Rongai (low field margin vegetation) during 
May–December 2019 and March−November 2020 cropping seasons. Bean aphid percent incidence, severity of 
damage and abundance was assessed at seedling, early vegetative, late vegetative and flowering dolichos growth 
stages. The populations of natural enemies in the plots and field margin vegetation were monitored using pan traps 
and sweep nets. Species diversity and composition of the field margin vegetation was determined using a quadrat. 
Results showed that location and cropping system had significant effects on bean aphid infestations. A high bean 
aphid incidence (38.13%) was observed in Njoro compared to Rongai (31.10%). Dolichos monocrop had significantly 
higher bean aphid infestation (51.63%) than the maize-dolichos intercrop system (24.62%). A highly diverse 
Shannon-weaver index was observed in Rongai (1.90) compared to Njoro (1.67). Dolichos monocrop had a more 
diverse Shannon-weaver index (1.8) than the maize-dolichos intercrop system (1.7). Rongai had the most abundant 
annual and perennial field margin vegetation species. The field margin species richness and diversity were higher in 
Rongai (81%) than in Njoro (54%). The findings of this study have demonstrated that a maize-dolichos intercrop in 
Rongai can reduce bean aphid damage in dolichos

T1PP051:
Strengthening farm resilience through the innovative pave irrigation 
technology for dry season farming in Northern Ghana – From dry lands to 
flourishing fields.
Owusu-Achiaw R, Osei-Owusu Y and Osei-Owusu PK
Conservation Alliance International, Haatso, Ghana
E-mail: owusu.achiaw@gmail.com

Flooding and waterlogging negatively affect agriculture productivity particularly for women and youth farmers in 
Northern Ghana, by limiting access arable farmlands, destroying planted crops, and facilitating prevalence of crop 
diseases. This results in low yields which gets worsened by little-to-no farming activities during the dry season. In 
the light of this, Conservation Alliance (CA) in 2015 conducted a number of scoping activities in local communities 
to gather in-depth information on the dynamics of climate resilient technologies but found just a few (shallow wells, 
dugouts etc.) which possess a number of challenges to farmers. Further probing led to the identification of suitable 
technologies that would enhance the resilience of smallholder farmers in Northern Ghana and this included the 
Pave Irrigation Technology (PIT). PIT is solar-powered, water harvesting, aquifer recharge irrigation technology that 
injects and stores excess water underground (within unsaturated soil layers) during periods of rainy days and floods 
by storing water for dry season farming, and also supplementing irrigation during short rainy periods. The PIT was 
therefore piloted in eight communities in the Northern Ghana from 2016 to 2021. With this intervention, beneficiary 
communities have been able to cultivate vegetables in the dry season leading to an all-year-round farming. A total 
of 500 households totaling 4000 people benefited directly from the project and some of the income generated 
from the vegetable sale were used in purchasing other food crops to supplement their household food supplies. 
On the average, each household gained about $100-$120 in additional income during the dry season. Additionally, 
the project also reduced the rate of migration in target communities by about 25% where most participant farmers 
often moved to Southern Ghana to work in menial jobs. Alternatively, the project offered them an opportunity to 
stay during the dry season, hence increasing the availability of farm labour during the dry season. This has enhanced 
the local economy through the sustainable supply of vegetables to the local markets thereby minimizing vegetable 
importation from other parts of Ghana. Furthermore, the project empowered 500 women directly and about 1,000 
others who are members of the women’s families to benefit indirectly.

mailto:christinenkuene@gmail.com


151

T1PP052:
Risk reducing measures for the drylands and scaling with digital agriculture 
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In the drylands, low and variable rainfall patterns often leave poor communities dependent on rainfed pastoral 
and agropastoral production highly vulnerable. Risk reducing measures in the form of innovative insurance 
schemes for livestock producers or climate risk tools for tactical agronomic and livestock management have 
been piloted by the CGIAR and its partners in many dryland geographies. For example, for pastoralists in Kenya, 
Ethiopia and Somalia, the index-based livestock insurance (IBLI) products have been scaled to regional level as 
de-risking instruments. There is evidence to suggest significant household welfare improvement and behavioural 
changes can result and potentially, anticipatory actions put in place to respond early to impending drought 
events. In crop-based systems, a decision support tool ‘iSAT’ has brought context specific climate informed 
agro-advisories for use in strategic planning as well as tactical agronomic management decisions at the farm 
level. Low-cost internet, affordable smartphones, mobile network penetration and cloud computing also offer 
an unprecedented opportunity for the dissemination of information to farmers through digital channels and to 
re-imagine agriculture advisory. Digital technologies also enable innovative and affordable methods of acquiring 
and sharing data, ground truthing, and user feedback especially in data sparse and hostile environments.  
KAZNET, a mobile based platform is one such innovation which sources data on rangeland conditions, animal 
numbers, markets, household consumption patterns etc for ground truthing using citizen science principles. 
Data collected through such innovations can contribute to improvements in insurance product design while also 
helping in timely decision making at household and institutional levels, contributing to building the resilience of 
the pastoral community to climate and non- climate related shocks.

T1PP053:
Characterizing potential agroecological intensification options to tackle the 
main identified constraints in family farms of Niger.
Sanoussi SIM and Saidou S-I
Ecole Doctorale EDSTM Université des Sciences Techniques et de Technologie de Bamako & West African Science Service Centre on Climate 
Change and Adapted Land Use, Ghana
E-mail: mahamansanoussi@gmail.com

In the context of global change, farming systems in Niger are facing several challenges which impede crop 
productivity. Efforts are needed to explore sustainable agricultural resources use that will meet the needs of 
the smallholder farmers. The goal of this study was to identify the current bottlenecks constraining family 
farms and the existing agroecological intensification (AEI) options. We surveyed 108 family farms of about 50% 
of the sampled population in each of the six selected villages. Results showed that family farms are mainly 
characterized by the presence of the main field (98%) led by the head of the household and the presence of 
women field(s) (78%) led by the women. The main identified constraints were soil fertility decline (79.8%), 
increase of dry spells frequency (50.85%), farmers’ low income (60.85%) and the limited access to market 
(51.28%). Fifteen (15) potential agroecological intensification (AEI) were identified across the study sites. In 
the main field of the family farm, the major AEI options practiced by farmers were: the application of organic 
manure as fertilizer (92%), cereal-legume intercropping (85%), Farmer Managed Natural Regeneration (45%) 
and the use of new climate resilient cowpea varieties (28%). The main AEI options in the field led by women 
were: application of organic manure (63%), mixed cropping (29%) and the use of compost (20%). While the 
identification of AEI options is necessary to tackle the farming systems constraints, tailoring AEI options through 
both cluster and multivariate analysis based on farm structure in the family farm contexts will be useful to better 
identify recommendation domains to advancing agroecological transition.
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Pearl Millet [Pennisetum glaucum (L.) R. Br)] is one of the assured Kharif crop under environment domesticated in the 
annual rainfall of 150 mm to 1000 mm in India. After rice, wheat, and sorghum, it is the most frequently grown cereal 
in India. It is a member of the Poaceae (Formerly, Gramineae) family and is an African native. It grows well in regions 
with drought, poor soil quality, and high temperatures (Singh and Nainwatee, 1999). With a high quantity of protein 
(11.60%), carbs (67.10%), fat (5.00%), calcium (0.05%), phosphorus (0.35%), and iron (8.80 mg) per 100 g of grain, pearl 
millet is a good source of nutrients. The current study on Pyricularia grisea was therefore carried out with the following 
objectives viz., survey, collection and isolation, pathogenicity, cultural, morphological, physiological, and nutritional 
study, effectiveness of bioagents, and phyto-extract. The study findings showed that isolates obtained during the survey 
from various talukas in the Aurangabad region grew well on PDA media up to 90 mm colony diameter. Asexual conidia 
of Pyricularia grisea were pyriform, hyaline, and primarily three-celled with a tiny appendage on the base cell, according 
to the results of morphological characteristics and conidial size of the isolate. Conidia are roughly 21.5-27.6 x 7.9-9.8 
m in size. Each stoma of the pathogen produces a cluster of conidiophores. They are rarely solitary with 2-4septa. The 
pathogenicity of the test pathogen was demonstrated utilizing Koch’s postulates and a susceptible local variety under 
the controlled conditions of the screen house. The test pathogen was determined to be Pyricularia grisea based on 
symptoms, cultural, physiological, and morphological characteristics, microscopic observations, and a pathogenicity test, 
and its further identity was confirmed. Pyricularia grisea proliferates better and sporulates excellently on the culture 
media, where morphological characteristics were assessed and studied. The growth of the test pathogen was confirmed 
on various culture media, including yeast malt agar, malt extract agar, corn meal peptone yeast agar, saboured maltose 
agar, and czapek malt agar. Studies on the in vitro evaluation of the bioagent tested against Pyricularia grisea revealed that 
Trichoderma longibrachiatum was the most successful, with considerably less mycelial growth and the highest mycelial 
growth inhibition of the test pathogen (84.12%), having mean colony diameter (14.28 mm), followed by Trichoderma 
asperellum, with mycelial growth inhibition of the test pathogen (82.99%), having mean colony diameter (14.28 (15.30 
mm).

T1PP055:
A data-driven approach to enhance the agriculture ecosystem.
Quader T and Mahmud M
a2i (Aspire to Innovate), Bangladesh
E-mail: md.khaled@a2i.gov.bd

Barind Tract, a lowland area in the northwest region of Bangladesh, is one of those cases where water scarcity is a 
significant challenge for an efficient production system. Due to the extremely dry nature of the climate, there is very little 
rainfall within that area which fails to replenish the groundwater system correctly. As a result, it becomes an arid region. 
In addition, the low irrigation efficiency makes the production cost of agricultural products more cost-inefficient within 
that area. Overall, the adverse effects of multiple challenges cause smallholder farmers to face unsustainable livelihoods. 
The solution to this challenge is to make a data driven ecosystem for farmers and other stakeholders in agriculture 
sector. Data driven decision making is pivotal to the agriculture sector because different crops have a diverse variety of 
biodiversity. Farmers need granular data on rainfall patterns, water cycles, fertiliser requirements, and more to ensure 
a sustainable agricultural system. Big Data Farming has proven to be an effective technique for gathering and analysing 
agricultural data from private and public stakeholders, social media, sensors, GPS, and private and other internet sources. 
Big Data farming is a highly automated operation that necessitates accurate production estimates and optimal water 
resource management. The use of technology such as the internet of things (IoT), Big Data Farming, cloud computing, 
and analytics will enable farmers to enhance the entire process in real-time significantly. Therefore, a data dashboard 
platform for tracking and monitoring agriculture data will assist the policymaker in making data-driven decisions for the 
betterment of smallholder farmers by allocating agriculture inputs like seeds, fertilisers, and pesticides and managing 
resources for the betterment. The Data dashboard will ensure climate-sensitive forecasting for the farmers to make 
production and harvesting more efficient. It will also focus on collecting big data from various sources, analysing them 
and generating insight. The digital approach toward agricultural enhancement will benefit the farmers, policymakers, 
and other stakeholders by generating the following list of benefits: Agri data warehouse, Big data collection techniques, 
Big data analytics and visualization platform, Climate forecasting, Data literacy capacity development and Dashboard for 
policymakers ’decision making.
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This study is based on a nationally representative sample survey of 2,560 farm households drawn from 27 
provinces of Turkey. We found that 135 wheat varieties were under cultivation. At an adoption level of 25.4% 
for varieties under ten years of age, the facultative wheat growing agro-ecological zone is leading the winter 
and spring wheat growing agro-ecologies. The most desirable traits of the top-3 varieties other than yield in the 
winter agro-ecology are tolerance to yellow rust, resistance to cold, and high resistance to leaf rust and septoria 
diseases while in the spring agro-ecology, tolerance to yellow rust, resistance to bend, and resistance to rust 
diseases and septoria are important. In the facultative production ecology, drought resistance and resistance to 
diseases are most important. CEYHAN99, BEZOSTAJA-1, and Pehlivan are the top-3 varieties which are cultivated 
across all agro-ecologies and their yields exhibit no statistical difference across agro-ecologies. Generally, yields 
are the highest in the facultative agro-ecology followed by the winter and spring agro-ecologies, respectively. 
The high percentage of wheat area covered by more recent varieties in the facultative agro-ecology may provide 
part or the explanation. Old varieties such as BEZOSTAJA-1 (released in the 1960s) still occupy substantial areas. 
Results of an instrumental variables model showed that the adoption of improved wheat varieties led to 1,136 
kg/ha (32.4%) higher yields, US$337.4 (41.7%) per ha higher gross margins, and an 11.5 kg/capita/year (19.7%) 
increase in wheat consumption from own production. To enhance the adoption of more recent improved 
wheat varieties by farmers, the country needs to improve access of all farmer categories to credit. Moreover, 
policymakers and technology developers must understand farmers’ needs and trait preferences where 
superiority in marketability and consumption qualities need to make up the minimum breeding objectives for 
new improved varieties to command high adoption and wider diffusion.

T1PP057:
SERVIR West Africa Phase 2:  Building a Regional Earth Observation 
Marketplace
Paul Bartel, Bako Mamane and PCS Traore

SERVIR West Africa is a regional hub of a global programme jointly implemented by the US Agency for 
International Development and NASA.  With the aim of increasing resilience to climate change through the use 
of earth observations (EO), SERVIR West Africa develops demand-driven information services based upon co-
development and open science. The toolkit developed by SERVIR is presented along with selected examples 
of the services developed by SERVIR West Africa.  These services are described in terms of the opportunities 
to promote a regional earth observation marketplace for information services that meet expressed demand, 
generate value and have on-the-ground impact on local beneficiaries.
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Introduction: Agricultural production is one of the food system domains that would be affected mostly by climate 
change and related factors. As an indispensable option the climate smart agricultural practices technology 
intervention in agriculture sector helps to enhance production and productivity of the enterprise for improving 
small holder farmers’ food and nutrition security. Taking this in consideration the double cropping practice research 
activity was undertaken in Dire Dawa rural areas and Harari region with objectives of evaluate the productivity and 
profitability of double cropping practices technology under farmers condition, build farmers’ knowledge and skill of 
different crop combination production and management practice and strengthen stakeholders’ linkages. Materials 
and Methods: A total of fifteen trial and follower farmers were selected and organized in form of farmers research 
groups. Improved varieties of common bean (KATB-1 and Batu) and Sorghum (Melkam and Local) were replicated 
on the plot of 10mx10m. Results and Discussion: The yield performance of the improved varieties (Batu, KATB-1, 
Melkam and Local sorghum) were 12.13, 13.43, 31.91 and 26.57qt/ha at Sofi, and 12.13, 13.66, 31.96 and 26.47qt/
ha at Wahil, respectively. The double cropping practices preferred as it diversify the crop, more yield obtained, and 
shorter crop cycle, better to cope up the dry spell, efficient use of land, reduce risks of striga and reduce risk of bird 
infestation. Moreover, based on the obtained result, Batu, KATB-1 and Melkam combination preferred by farmers 
since they could able to harvest twice within single season. The knowledge means score test before and after 
intervention is improved. Therefore, it is batter to be promoted and scale-up on wider area and reach large number 
of farmers for improving small holder farmers’ food and nutrition security in the similar agro-ecology.
Keywords: climate smart, double cropping, farmers research groups
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A modeling approach to evaluate micro-dosing fertilization strategy on sorghum 
productivity in Mali Savanna agro-ecologies under the projected climate 
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Enhanced livelihoods of the ever-increasing population within the dryland areas, especially smallholder farmers 
in West Africa’s semi-arid regions could also be achieved through improved cropping systems in the context of 
climate change. The study presents the results of improved cropping systems evaluated under climate change by 
applying both organic and inorganic fertilizers using a micro-dosing strategy over three improved sorghum cultivars 
(Soumba, Fadda, and CSM335). The Agricultural Production Systems sIMulator (APSIM) model was used to evaluate 
the response of weather, soil properties, and crop management option under the projected mid-century (2040-
2069) climate scenario. However, the model was calibrated and validated using data from trials in both on-station 
and multi-location farmer fields. A series of simulations were performed to simulate the future scenarios of the 
improved sorghum cultivars tested based on climate projection using different fertilization strategies at varying soil 
characteristics. The study showed that the performance of the model was highly accurate for phenology with MBE= 
± 3 days and nRMSE = ≤10%; and good to fair accuracy was predicted for grain yield and water use with nRMSE 
varied from 10-20% and 8-18% respectively. Simulation results showed that different N and P fertilization sources 
greatly affected sorghum productivity that may be considered suitable crop management options to reduce 
climate risks under the projected climate in the mid-century within the Savanna agro-ecological zone of Mali, but 
the magnitude of the impact was positive and varied by location. Our study could be concluded that the use of 
the APSIM-Sorghum model has been demonstrated as a promising tool to spot the most effective micro-dosing 
fertilization rate alongside improved sorghum variety that supported the length of the crop cycle for adapting to 
climate change within the region.
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Theme 2: Seed systems: Elevating public-private  
partnerships (PPPS) in Asia and Africa

T2PP001:
Seed health testing of germplasm for long-term conservation in ICRISAT 
Genebank
Humayun P, Devamani B and Sharma R,
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
E-mail: rajan.sharma@icrisat.org

Genebanks are considered as reservoirs and sources of useful alleles for crop improvement. The ICRISAT Genebank 
established in 1979 at Patancheru, India serves as a world repository for the conservation and distribution of germplasm 
of the six mandate crops: sorghum, pearl millet, chickpea, pigeonpea, groundnut, finger millet and five small millet crops: 
foxtail millet, little millet, kodo millet, proso millet and barnyard millet. It conserves 129,699 accessions collected from 
144 countries which are available as International Public Goods (IPG). It is important to conserve healthy germplasm 
in the genebanks which is free from quarantine significant pests. Plant Quarantine Unit of ICRISAT supports genebank 
in conserving healthy germplasm for the safe distribution of germplasm. Moreover, pathogens reduce the germplasm 
longevity during storage thus it is essential to conserve healthy germplasm in genebank. To assess the seed health 
status of ICRISAT germplasm, a total number of 24332 accessions of chickpea (4218), finger millet (2559), groundnut 
(5771), pearl millet (3036), pigeonpea (3320) sorghum (4436) and five small millets (992) were tested during 2019 to 
2022. Of the 24332 accessions, 3602 accessions (chickpea: 1160, finger millet: 555, groundnut: 871, pearl millet: 251, 
pigeonpea: 292, sorghum: 213, small millets: 260) were free from fungal infections. Saprophytic fungal contamination 
was found in 15392 accessions [chickpea (2304), finger millet (1452), groundnut (3372), pearl millet (2211), pigeonpea 
(2543), sorghum (3089), five small millets (421)] which can be cleaned. A total of 5338 accessions comprising chickpea 
(754), finger millet (552), groundnut (1528), pearl millet (574), pigeonpea (485), sorghum (1134) and five small millets 
(311) were found unfit for long term conservation and need to be regenerated as these accessions were infected with 
pathogenic fungi such as Pyricularia grisea, Fusarium oxysporum, Phoma spp, Bipolaris spp, Exserohilum spp. Curvularia 
spp., Colletotrichum spp, Alternaria alternata, Aspergillus flavus, Sclerotium rolfsii, Rhizoctonia solani and Macrophomina 
phaseolina.

T2PP002: 
The potential of the tricot methodology to accelerate sorghum variety 
dissemination: a case study with tribal farmers of Adilabad District, India
Voorhaar M1, Garin V1, Anbazhagan K1, Ramini P2, Kumra VR2, Kholová J1, Choudhary S1, Bulte E3 and Lensink R4
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Email: marijn.voorhaar@gmail.com

Citizen science is a powerful tool to collectively develop and implement new technologies. The triadic comparison of 
technologies (tricot) approach is a recent application of this principle for participatory varietal selection and has shown 
to successfully accelerate the adoption of several crops like rice, beans, and wheat. We evaluated this methodology with 
200 tribal farmers from the Adilabad District (Telangana, India) to select dual-purpose sorghum varieties. To the extent of 
our knowledge it is the first application of the tricot approach for sorghum varietal selection. Each farmer blindly tested 
three sorghum varieties out of six, using their own management practices. At the end of the experiment, farmers were 
asked to rank the tested varieties from best to worst for traits like pest- and disease resistance, grain yield, and general 
appreciation. Specific statistical methods for ranking data were used to determine variety preference. We extended the 
tricot methodology by evaluating the influence of socio-economic background, environment, management practices, and 
culture on the varietal selection process. Cultural values were measured using an adapted version of Hofstede’s Cultural 
Dimensions Scale. In parallel with the farmer trials in Adilabad, we also performed an on-station experiment with 
breeders, using the same design and methodology on a reduced number of plots. A general comparison of farmers’ and 
breeders’ results showed agreement about the most preferred variety. However, covariables like soil quality and cultural 
values had significant effects on the farmers’ choices, which highlights the need to account for farmer specific situations, 
to supply the most suitable technologies. Our experiment illustrates the high potential of the tricot method, because 90% 
of the farmers accepted to re-sow the variety that they liked the most in a follow-up experiment currently monitored.

mailto:rajan.sharma@icrisat.org
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T2PP003:
Necessity for implementing quality management system in genebanks
Baig M, Singh K, Vetriventhan M, Ramachandran S, Peerzada OH, and Kanchanapally A
Genebank, International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India 
Email: Muzamil.Baig@icrisat.org

Globally genebanks have a critical function as a source of biological genetic diversity, especially when climate 
change is threatening agriculture and its diversity. Apart from preserving germplasm under long-term 
conditions, characterization, regeneration, viability testing, distribution and safety duplication are some of the 
major activities of the genebank which involve significant human and machine intervention. To manage these 
factors efficiently and effectively and mitigate the risks involved, genebanks require strong quality management 
system (QMS). A QMS for genebank can be defined as a set of policies, processes and procedures required to 
plan and execute the operations. Risk management is essential for achieving an effective quality management 
system, it enables an organization to determine the factors that could cause its processes to deviate from 
the planned results. ICRISAT’s R.S Paroda genebank which conserves over 129,900 accessions of 11 dryland 
cereals and legumes, has implemented a QMS complying to the requirements of FAO’s Genebank Standards, 
International policies and donor specific requirements. Standard operating procedures (SOP) are developed 
for Acquisition, Conservation, Distribution, Safety Duplication, Information management, Characterization and 
Regeneration of germplasm. The measuring and testing equipment is periodically calibrated to ensure that 
they make correct and accurate measurements, guidelines and operating instructions are available with safety 
precautions, Staff is being trained regularly to improve their skills and competencies. Implementing a QMS 
within an organization needs to be a top management decision. QMS helps to instill confidence in interested 
parties like users, partners, statutory & regulatory bodies and donors about the competence of genebank. A 
large number of under-resourced genebanks require more investment to meet QMS requirements, key to such 
investments is the commitment to performance and quality management. 

T2PP004:
Seed quality management of genetic resources conserved at ICRISAT 
Genebank
Peerzada OH, Vetriventhan M, Ramachandran S, Kumar A, Rameshbabu V and Singh K
Genebank, International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India 
Email:  ovais.peerzada@icrisat.org

Seed quality plays a major role in enhancing agricultural productivity. Several pre-and post-harvest factors such 
as production environment, time of harvesting, processing and storage conditions have a great impact on initial 
seed quality and subsequent longevity. The ICRISAT genebank conserves over 129,900 accessions of 11 dryland 
cereals and legumes, that have originated from 144 countries, conserved under medium-term storage (MTS; 4°C 
and 20% RH) and long-term storage (LTS, –20°C in vacuum packed aluminum foil pouches) conditions. Maintaining 
seed quality of such a large collection requires a careful planning and standard protocols for seed production 
and storage, and the ICRISAT genebank follows the International Genebank Standards (FAO 2014) for germplasm 
conservation. The longevity of seeds can be improved to a larger extent with comparatively little investment. 
A walk-in seed-drying room with 15°C and 15% RH is used for drying seeds of different crops with initial moisture 
contents between 8.6 to 11.9% are safely dried to 3.2 to 5.9% within four weeks for long-term conservation. 
Groundnut seeds dried up to 4% moisture content under 15°C and 15% RH retain viability considerably for longer 
periods and storing seeds in the vacuum packing further enhanced seed longevity. Similarly, observations on seed 
moisture content and viability of pearl millet accessions under different periods of humidification revealed that 
diverse pearl millet seeds could be safely dried and germinated over wide seed moisture regimes (5–11%). Such 
processes save time, space and resources for handling large numbers of germplasm accessions during testing/
monitoring seed viability. Mean viability of active collections conserved for 3 to 25 years at ICRISAT genebank 
ranged between 93% and 98 % and the mean of all accessions (129,935) is 95%, which is well above the minimum 
standards (85%) for active collections. The viability of seeds stored in a genebank decrease gradually during storage 
and genebank accessions (active and base collections) are monitored regularly. The full benefits of any conservation 
system are realized only when the seeds that go into storage have high initial quality. Therefore, maximum seed 
quality and vigour are of paramount importance in germplasm management and productivity enhancement.

mailto:Muzamil.Baig@icrisat.org
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T2PP005:
Inclusive value chain analysis of farmer producer organization in dryland 
agriculture
Akshay SD
Institute for social and economic change, Bengaluru, India
Email: akshayisec@gmail.com

As per Agricultural Census 2015-16, 86 per cent of landholdings in India are operated by small and marginal 
farmers withholding a size less than or equal to two hectares. They are facing several problems like access to 
inputs, quality seeds, lack of economies of scale for their production, access to credit; infrastructural issues like 
irrigation, power mechanization, market access, value addition and remunerative prices for their product. Given 
the small size of holdings in India, the government has initiated several steps to enhance farmers’ welfare. Since 
2013, Government has been taking initiatives to strengthen FPOs through implementing agencies like SFAC, 
NABARD, NCDCs, NGOs and state government agencies. alleviate the worsening condition of small and marginal 
farmers needs a different policy approach. Regarding this, the Government has envisaged a new approach of 
farmers’ collective or cooperation as “Farmer Producer Organizations.  This paper deals with the detail of the 
Systematic literature review, which is segregated into two parts. The first part is about the theoretical framework 
(New Institutional economics theories like transaction cost (coase and Williamson) and value chain framework 
by (Porter and Gereffi) used in the study. And second, the empirical literature on the FPOs in India. In the past, 
cooperatives and producer companies have emphasized more on dairy, milk processing, fruits, vegetables and 
irrigation in the states like Gujrat, Maharashtra and Southern India. But crop-based cooperatives and producer 
companies are not well-developed compared to the dairy sector. The livelihood of small and marginal farmers in 
the dryland regions is more based on crops like Oilseeds, soybeans, Pulses and food grains and other essential 
crops (Ganesh 2017; Singh et al 2018).  The focus of the study will be on such producer organizations who are 
engaged more in crops like Soyabean and Bengal gram commodity-specific FPOs in dryland agriculture.

T2PP006:
Crop diversification pattern in Nalgonda district, Telangana state of India
Bulduri H and Prabhakar G
Osmania Univeristy, Hyderabad, India
Email: harishbalduri.ougeog@gmail.com

The paper aims to study crop diversification patterns in the Nalgonda district of Telangana state of India. Its focus 
is on the spatial distribution of crops, changes in crop patterns, spatial distribution and temporal variation in the 
study area. The study's time frame is twenty years, from 2001 to 2020. In this study, 12 crops were selected and 
categorized, and their spatial distribution was examined in the study area. The study found that agriculture's 
crop selection and production method will be influenced frequently by the experience and the farmer's 
preference. Moreover, other factors also help the local farmers to opt for the crop and diversify their cropping 
pattern. These factors can be human activities, market price variation, people's purchasing power, socio-
economic condition, expertise and, above all, farmer's choice. In the present study, primary and secondary data 
have been incorporated. The current study will be useful to academicians, researchers, agriculture practitioners 
and policy-makers.
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Characterizing farmer research networks and knowledge in sorghum seed 
systems in homabay and tharaka nithi counties, Kenya
Wafula CK1, Chimoita E2 and Kinama JM2

1Kenya Agricultural and Livestock Research Organization, Kenya 
2University of Nairobi, Kenya 
Email: ckhalayi@yahoo.com

Smallholders make use of multiple channels to acquire their seed, a basic input to crop production. The 
distribution of improved quality varieties as well as efficient seed production can contribute a lot to increased 
agricultural production, food and nutrition security in Kenya.  The Farmer Research Networks work in partnership 
with researchers, development organizations, farmer organizations, or broader networks to test new ideas, such 
as new, improved sorghum seed, share information, and learn from others in their network. The aim of the study 
was to characterize farmer research networks and farmer groups in sorghum seed systems and knowledge among 
smallholders in Homabay and Tharaka Nithi counties, Kenya. The study randomly samples 354 respondents.  
Descriptive statistics, cross tabulations, Independent Samples Test and measures of tendency were applied to 
analyze data through SPSS. The results showed a larger representation of female respondents (70 %) and (68%) 
in Homabay and Tharaka Nithi counties respectively. Most farmers in both study regions participate in Farmer 
Research Network related activities. The independent results showed significant influence (0.024) of FRN in 
sorghum seed systems.  Farmers are involved in participatory (attribute testing, seed moisture determination, 
varietal testing & selection, techniques, soil fertility and scouting) and field experimental research areas.  The 
conventional extension approaches and telephony technologies are the two types of knowledge and information 
sharing systems identified.  Knowledge sharing in Farmer Research Network is high while moderate in farmer 
groups.  Main sources of sorghum seed in Homabay were Farmer Research Networks/NGO (88%), local market 
(86%) and farmer to farmer (84)%.  While in Tharaka Nithi the Research Institutes (88%) and agro-inputs (87%) 
dominated.  Twenty three varieties of sorghum (local and improved were identified.  Over (60%) of farmers in 
both counties sell sorghum seed. The study recommends strengthening of farmer research networks and also 
farmer groups to enhance the seed systems for a sustainable food system and food security.

T2PP008:
Farmers’ perception of climate variability, risk management, and maize 
production in Southwestern Cameroon
Bomdzele EJr1,2, Molua ELb 2, AkaminAb2 
1Graduate Institute of International Development & Applied Economics (GIIDAE), University of Reading, Reading, Berkshire, United Kingdom
2Centre for Independent Development Research (CIDR), Southwest Region, Cameroon
Email: *e.bomdzele@student.reading.ac.uk1
Conventional wisdom holds that agriculture is the backbone of most developing economies. As such, increased 
weather risks and climate variability could significantly affect these economies. This study examines farmers’ 
perception of climate variability and the effects of weather shocks on maize production in Southwestern 
Cameroon. Maize farmers are exposed to various forms of climatic stress such as temperature and rainfall 
variations meanwhile, the overall predictability of climatic elements is imperative for the day-to-day and 
medium-term planning of farm operations. Primary data were collected from 500 maize farmers in 10 villages 
in Buea Sub-Division and Cobb Douglas production function was employed to explore the effects of climatic 
variables, as well as other factors such as the adoption of risk management strategies on maize output. We 
found that, as expected, climate-smart agricultural strategies paid-off for maize farmers who adopted them. 
Curiously, maize production tends to increase with the application of farm chemicals and with increased rainfall. 
On the other hand, increased temperatures instead led to high output, against all logic. Economically important 
coping strategies practiced by the farmers include change of planting dates, artificial irrigation, and mulching. 
The study recommends the reinforcement of institutional capacity to provide forecasts on climatic parameters 
thereby ensuring proper adjustments in agricultural calendar. Better packaging of government policies and 
programs will increase farmers’ capacity to cope with the current weather risks and climate variability through 
resilient climate-smart agricultural (CSA) strategies.

mailto:ckhalayi@yahoo.com
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Kenya
Wafula CK1, Gudu S2 and Ouma E2

1Kenya Agricultural and Livestock Research Organization, Kenya
2Rongo University, Rongo, Kenya
Email: ckhalayi@yahoo.com

Sorghum production is an important agricultural activity to many households in the East African. The crop provides 
food security and a source of income for many smallholder farmers in Kenya.  The farmer’s seed channels, 
determine the success of crop productivity and stability.  A seed system security assessment (SSSA) reviews the 
functioning of seed systems which farmers use, both informal and formal. It assesses whether seed of good 
quality is available and accessible to farmers. The study therefore, presents the results of a Seed System Security 
Assessment (SSSA) in two counties of Eastern Kenya (Kitui and Makueni), undertaken in October 2021.  The 
study performed a seed system security assessment among sorghum smallholders and also determined factors 
influencing choice of sorghum seed sources. Fifty sorghum growing households were randomly sampled and 
interviewed using a structured questionnaire. The study employed a Seed System Security Assessment (SSSA) 
approach focussing on functioning of seed channels that sorghum smallholder farmers use. The collected data was 
analyzed using SPSS software.   In Kitui County, Research Institutes (56%) and recycled seed (36%) were found to be 
the main sorghum seed sources. In Makueni (80%) of farmers preferred recycled seed as their source of sorghum 
seed.  There was no significant difference in sharing of sorghum seed among neighbors and friends in Kitui County 
as compared to Makueni where sharing of seed dominated among friends. Farmers in Makueni County (72%) sell 
their sorghum at the cereal shop, while (68%) in Kitui County don’t sell sorghum seed.  Factors such as level of 
education, age, farm size were found to be significantly influencing the choice of sorghum seed sources in terms 
of seed quality, cost and influence from friends.  Delayed supply of sorghum seed was highly mentioned in both 
counties as one of the major problems farmers’ face when procuring seed, followed by seed affordability and fake 
seed.  For both counties, the formal and informal seed channels were found to be important and hence should be 
strengthened and broadened to ensure adequate and affordable supply of sorghum seed to smallholder famers at 
community level to reduce seed insecurity and hence a reliable food system.

T2AB010:
Democratic voting for farmers’ preferred crop varieties selection face to 
climate variability in Southern Niger
Abdourazak AM, Traoré B1, Gaoh BSB2 and Abdoussalam I2 
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With the limited amount of available new arable land, the food demand will have to be met through improved 
agronomic management practices and using improved varieties that are high-yielding and well adapted to current 
climate changes. Participatory varietal selection is one of the most rapid and cost-effective ways for breeders 
and agronomists to identify varieties that perform well on-station and on-farm and to obtain feedback from 
the potential end users in the early phases of the breeding cycle. A democratic voting for selection of improved 
and local varieties of pearl millet, sorghum, cowpea, and groundnut was conducted in Southern Niger during 
the growing seasons of 2020 and 2021. Forty-four (44) on-farm trials of improved varieties were performed in 
32 villages from 10 municipalities in the region of Zinder in Niger. Farmers’ varietal and trait preferences were 
identified through on-farm participatory variety testing and focus group discussions. The findings showed that 
farmers’ preferred varieties match most often with scientists, and farmers’ most preferred traits in the study area 
for the four crops evaluated were yield, yield components, and earliness. The highest average grain yields across 
environments were recorded from pearl millet variety ICRI-TABI (502 kg/ha), sorghum variety SSD35 (751 kg/ha), 
cowpea variety Dan Hajia (403 kg/ha), and groundnut variety 55-437 (606 kg/ha). Farmers' strategies for tackling 
climate change and variability included selecting early maturing varieties with high yields and tolerant to drought, 
pests, and diseases. The selected improved varieties could therefore be critical for increasing farmers’ farming 
systems productivity and thereby contributing to poverty alleviation and food security in the Sahel. These varieties 
will also be useful sources of genes for future breeding programs.

mailto:ckhalayi@yahoo.com
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Industry anchored multi-stakeholder partnerships for restoration and 
revival of tank cascade systems/to strengthen rainfed farming and farmer 
livelihoods
Lakshmikanthan M, Vasireddy VV and Singh J 
ITC Limited, India
E-mail: jagriti.singh@itc.in

Dry land and rainfed agriculture constitute around 55 % of net sown area, 40% food grain production, around 
85% millets and pulses playing critical role in India’s food and nutritional security (Draft Policy Document, National 
Rainfed Area Authority, 2022). Rainfed areas (RFA) support two-thirds of country’s livestock and 61% of farmer 
population majority being small and marginal. RFA majorly depends on traditional water bodies whose efficiency 
has significantly reduced over a period due to depletion of physical and social infrastructure. Lack of community 
ownership, shifting to groundwater sources and encroachments in catchment are found to be significant issues 
that led to depletion. Climate change is also impacting RFA’s livelihoods. ITC Limited is a diversified conglomerate in 
India with prominent stakes in agri and food sectors. Over the years, ITC has designed and implemented large-scale 
Sustainable Climate Smart agriculture programmes to strengthen farmer livelihoods. Programmes are implemented 
in the areas of farmer capability building, natural resources management (NRM), livelihood diversification and 
strengthening of institutional and financial support mechanisms as well as market linkages. Water Stewardship 
Programme (WSP) is critical component of NRM which majorly focusses on revival and restoration of traditional 
water bodies such as cascade systems in South India and Ahar & Pynes in Bihar. Apart from the supply side focus, 
thrust is also on demand reduction by promoting crop water-use-efficiency. Successful models created and further 
replicated through partnerships with Government apart from engagement with institutions for technologies and 
solutions. Partnerships are forged with over 4,100 newly formed water user groups, 46 with Government, with 
50 implementation partners and knowledge partnerships with various institutes of repute. As a result, in two 
decades, in 16 states WSP revived/newly constructed 26,000 water bodies, created 46.33 million cu.m water storage 
benefiting 13.77 lakh acres and 4.03 lakh farmers. Additionally, 7.28 lakh acres is under water use efficient practices 
resulting in 496.5 million cu.m annual water savings during the year 2021-22. Various third-party studies have 
documented impact on improvement in organic carbon by 50%, yields in range of 60-100%, income in the range of 
70-100% and increase in net area under cultivation by 37%.
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Theme 3: Regenerative / natural farming systems for 
drylands

T3PP001:
SSR based screening of pearl millet genotypes against blast disease
Parihar P1 and Pandya RK
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Pearl millet (Pennisetum glaucum) is an important nutri-cereal for human as well as a forage/fodder crop for livestock. It 
is the only cereal crop that is capable for adopting harsh climate condition and marginal soil. Blast incited by Pyricularia 
grisea (Cooke) Sacc. has occupied a key position among the pearl millet diseases resulting severe losses in high yield 
potential hybrids/ varieties particularly cultivated for fodder purpose. Blast disease is a major biotic threat in the 
cultivation of pearl millet in northern Madhya Pradesh. Genotypes screening against blast disease on the basis of blast 
scale rating and SSR molecular markers that may be used as parents in crossing programmed to breed varieties tolerant 
or resistant against blast in future by using conventional or molecular breeding approaches. Molecular markers such as 
SSR linked to the blast resistance genes are also important tools for identification of resistant genotypes. These markers 
will help the undergoing mapping projects on pearl millet for disease resistance. Fourty four genotypes of pearl millet 
were selected for Screening of pearl millet material against blast using allele specific markers. Initially a total no. of 
28 SSR markers were screened out. Out of 28, five SSR markers consistently produced strong amplification products. 
Genetic diversity ranged between 0.4742 (SSR 7) to 0.5 (SSR4) having mean genetic diversity of 0.4874. PIC value ranged 
in between 0.3618 to 0.3750 had an average PIC of 0.3686. Similarly, major allele frequency differed from 0.50 to 0.61 
with an average value of 0.56. The UPGMA tree revealed that, 44 pearl millet genotypes were grouped into three 
clusters viz., cluster A, B and C. Cluster A had 11 genotypes. Most of highly resistant genotypes grouped themselves 
under this cluster. Group B had ten genotypes. Cluster B had mixture of resistant, moderately resistant and susceptible 
genotypes. Cluster C had 23 genotypes in which ICMB9544 is a susceptible check.  All the susceptible and highly 
susceptible genotypes gruped themselves under this cluster.

T3PP002:
Management of pearl millet leaf blast
Pandya RK, Kashyap VK, Parihar P and Tripathi MK
RVSKVV, Gwalior, India
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Pearl millet [Pennisetum glaucum (L.)R.Br.] is one of the important cereal crop subsequent to rice, wheat, maize and 
sorghum. It is staple food for millions of people. It is also used widely as fodder for cattles. In Northern region of Madhya 
Pradesh pearl millet is the most important kharif crop cultivated in more than 2.3 million hectares for grain and fodder 
purposes. Pearl millet leaf blast (Pyricularia grisea) is spreading at an alarming rate in the major pearl millet growing 
regions of India effecting adversely in grain and green fodder yield. In northern region of Madhya Pradesh the disease 
has occupied a key position among the biotic constraints. For the management of the disease trial consisting of 6 
treatments was carried out under AICRP on Pearl millet at college of agriculture Gwalior during kharif 2020 to 2022 using 
Dhanshakti as test variety. 3 years pooled data revealed that foliar application of Trifloxystrobin +Tebuconazole @0.04% 
at 20 and 35 DAS was found most effective and significantly superior over rest of the treatments in controlling blast at 45 
and 60 DAS. The minimum per cent disease intensity was found in the treatment Trifloxystrobin +Tebuconazole (24.88) 
followed by spray with Pseudomonas fluorescens @ 10 gm/lt. after 20 DAS & Trifloxystrobin+Tebuconazole@0.04% at 
35 DAS (36.82). while maximum disease intensity was recorded in control (65.77%). Foliar application of Trifloxystrobin 
+Tebuconazole@0.04% at 20 and 35 DAS also enhanced the grain and fodder yield significantly. Two sprays of Trifloxy
strobin+Tebuconazole@0.04% at 20 and 35 DAS gave maximum grain yield 2096 kg/ha while 1791.3 kg/ha grain yield 
was obtained in control.  The maximum fodder yield (59.4 q/ha) was also recorded in two sprays of Trifloxystrobin 
+Tebuconazole @0.04% at 20 and 35 DAS while it was minimum in control (53.75q/ha). In respect of fodder yield two 
sprays of Trifloxystrobin+Tebuconazole@0.04% was significantly superior over control and seed dressing with chitosan 
followed by foliar application of Pseudomonas fluorescens and Bacillus subtilis but it was statistically at par with one spray 
of Trifloxystrbin+Tebuconazole@0.04% supplemented with spray of either Pseudomonas fluorescens or Bacillus subtilis.
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Crop monitoring requires precise mapping and forecasting in order to ensure regional and potentially global 
food security. In this work, we demonstrate how open-source satellite data can be used on an open-source GIS 
platform, Google Earth Engine (GEE), to develop a crop monitoring system. Sentinel-1 and Sentinel-2 satellite 
information is processed on the Google Earth Engine platform, creating a number of crop-based indicators to 
gauge the status of the crops. Sentinel-2 data were used to estimate crop metrics such as cropped area, leaf 
area index (LAI), canopy chlorophyll content (CCC), and crop water content (CWC), whereas Sentinel-1 data 
were used to examine crop phenology and the differentiation between traditional (control plots) and advanced 
farming techniques (demo plots). Additionally, by merging Sentinel-1 and Sentinel-2 data and applying machine 
learning techniques, the crop yields were predicted prior to crop harvesting at two stages, F1 and F2, the 
anthesis and harvesting stages, respectively. The results revealed that an enhanced package of procedures 
had a substantial impact on the wheat crop. When the estimated yields from the demo and control plots were 
compared, it was discovered that model-based discrepancies mirrored the differences observed with ground 
truth yields. For yield estimation from satellite data, the random forest model outperformed other AI and 
ML models for the F1 and F2 stages, with an R2 of 0.84 and 0.90 and 0.55 t/ha and 0.48 t/ha RMSE for the 
calibration datasets, respectively. For validation datasets, the model R2 was 0.78 and 0.88, with 0.65 t/ha and 
0.40 t/ha RMSE for F1 and F2 stages, respectively. Thus, using open-source platforms and satellite data, this 
study presents a novel approach to non-destructive, remote crop monitoring from planting through harvesting, 
coupled with ultimate yield estimation.

T3PP004:
Enhancing the groundnut production through weather-based crop 
management: A case study from South India
Akuraju VR, Dixit S, Garg K, Ananth KH, Anjaneyulu, Mosesshyam, Singh R, and Jat ML
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
E-mail: a.venkataradha@icrisat.org

Agricultural production depends upon many factors, of which weather is the major factor. Weather varies with 
space and time; hence, its forecast can help to minimize farm losses through proper management of agricultural 
operations. The complete avoidance of all farm losses due to weather factors is not possible but it can be 
minimized to some extent by making adjustments through timely and accurate information of weather forecast. 
Weather forecast and weather-based agromet advisories help in increasing the economic benefit to the farmers 
by suggesting them the suitable management practices according to the weather conditions. A study was, 
therefore, undertaken on the adaptation of agromet advisory bulletin and the economic impact of agromet 
advisory services for groundnut farmers from Kurnool, Ananthapur districts of Andhra Pradesh and Tumakuru 
district of Karnataka during 2019-20. Results showed that the farmers, who followed the AAS are able to reduce 
the input cost and increases in the net profit as compared to the non-AAS farmers. Crop-cutting experiments 
conducted in the 13 pilot villages revealed that farmers who followed weather-based agro-advisories were able 
to reduce crop losses and enhance yields compared to non-advisory farmers in both kharif 2019 and 2020. Crop 
yields of advisory farmers were enhanced by 21.7-29.3% in Anantapur, 11.7-29.7% in Tumakuru, and 19.9-24.6% 
in Kurnool in kharif 2019, and by 23.7-25.9% in Anantapur, 19.4-31.1% in Tumakuru and 20.3-37.8% in Kurnool 
in kharif 2020 compared to non-advisory farmers. Crop productivity varied with rainfall in the respective years, 
but yields achieved by advisory farmers were consistently higher compared to those by non-advisory farmers. 
The increased yield level and reduced cost of production led to increased net returns for farmers. Thus, the 
application of AAS based on current and forecasted weather is a useful tool for enhancing production and 
income by reducing the farm input cost.
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The Kyoto Protocol (KP) lists agriculture as an emission source of greenhouse gasses (GHGs), particularly methane (CH4), 
nitrous oxide (N20), and carbon dioxide (CO2) in terms of enteric fermentation, manure management, rice cultivation, soil 
management, field burning, and deforestation. Soil is one of the important sources and sinks of greenhouse gases (GHGs) 
and scientists estimate that about 80 per cent of global C is stored in soils. Literature shows that soil C can be increased 
through adoption of various land use and management practices.  In this context, this paper is designed with the following 
objectives: 1) explore the determinants of SOC sequestration capacity of different crop and management systems; 2) Cost-
benefit analysis of C- sequestration under different agricultural management systems and also consideration of carbon credit 
concept in profits. We also used econometric models to estimate productivity differences among geographies and soil types; 
interaction of biochar with crops and soil types; water utilization differences among cropping systems and shadow prices of 
soil organic carbon.  This paper uses a process based model simulation output data of The Agricultural Production Systems 
sIMulator (APSIM), of five cropping systems of Maharashtra for the analysis.  These are cotton-fallow; soybean + pigeonpea 
intercrop, soybean-chickpea, maize-chickpea, maize-sorghum sequences in Maharashtra.

T3PP006:
Mustard oilcake: an effective nutrient management sources for organic 
cultivation of mustard in Upper Gangetic Plain
PC Ghasal, Amit Kumar, Jairam Choudhary, D Dutta, Chandra Bhanu, AL Meena, Lalit Kumar and RP Mishra
ICAR-Indian Institute of Farming Systems Research, Modipuram, Meerut, India
*Email: pcghasal@gmail.com

In India the annual growth rate of area under organic farming is ranging between 20-23% since inception of Parmaparagat 
Krishi Vikash Yojana (PKVY) in the year 2015. India is leading country in the world with 1.60 million certified organic growers. 
Further introduction of National Mission on Natural Farming during year 2022 may improve the area, awareness and 
demand for chemical free produce. However, production and profit during conversion period/initial years of organic farming 
adoption have been always challenge for researchers as well as practitioners. Among the different problems, proper nutrient 
management, weed management, lack of technical knowledge, non-availability of quality organic inputs was identified 
major technological and research gaps under organic farming. Several efforts were made by previous researchers for organic 
nutrient management using bulky organic manures, concentrated manures (mostly neem cake) along with biofertilizers in 
different combination to provide nutrient as per crop need. Though, poor quality, higher prices and non-availability at locally 
has restricted neem cake use on organic farms of small and marginal farmers of north India. Further, it was also reported that 
nitrification inhibitory substances present in neem cake reduces the nutrient mineralization (up to 34 days) at critical nutrient 
demanding stages of crops. Keeping all these points in mind a field experiment was initiated for standardization mustard 
oil cake (MOC) (locally easily accessible) application as an alternate concentrate organic manure for higher productivity and 
profitability of mustard (major rainfed crop) during 2019-2021. Treatments consisting viz. i. application of 5.0 t/ha MOC; ii. 
Application of 2.5 t/ha MOC; iii. Application of 1.25 t/ha MOC; iv. Application of recommended dose of nitrogen (RDN) through 
FYM and vermicompost (VC); and v. inorganic management. Different growth, physiological and yield parameters of mustard 
were significantly improved under different MOC applied treatments over FYM and VC application. On the mean basis, highest 
plant height (206 cm), leaf count/plant (36.2), SPAD meter reading (47.5 at 60 DAS), green seeker reading (0.868 at 60 DAS), 
chlorophyll A (1.40 mg/g fresh weight), chlorophyll B (0.24 mg/g fresh weight, total chlorophyll (1.64 mg/g fresh weight), 
carotenoids and xanthophyll (101.3 mg/g fresh weight), secondary branches (20.1), no. siliqua/plant (553) were recorded 
highest under application 5.0 t/ha MOC followed by 2.5 t/ha MOC application and inorganic management. Irrespective of 
dose of application, seed yield was recorded higher under MOC applied treatments and highest seed yield was found under 
application of 5.0 t/ha MOC (2656 kg/ha) followed by 2.5 t/ha MOC (2233 kg/ha) and inorganic management (2067 kg/ha). 
Application of MOC improved seed yield by the tune of 108%, 75% and 53% under 5.0 t/ha MOC, 2.5 t/ha MOC and 1.25 t/
ha MOC applied treatments over application of FYM and VC, respectively. This is indicating that MOC might be having better 
mineralization and nutrient release and provided better nutrition to the crop. Better nutrition was also reflected in improved 
crop growth particularly leaf count, chlorophyll content, SPAD and green seeker reading. Though, the application of MOC 
increased the cost of cultivation (higher prices due to its animal feed use) and highest cost (Rs. 110600/ha) was realized under 
application of 5.0 t/ha MOC. Among different organic nutrient managements, net return (Rs. 71308/ha) and B:C ratio was 
found highest under 1.25 t/ha MOC followed by 2.5 t/ha MOC applied treatment. This study concludes that MOC have great 
potential to provide efficient crop nutrition, better productivity and higher profitability particularly during initial years which is 
very crucial for adoption as well as retention of organic practitioners.
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Urban tree-based food production system for climate action and 
biodiversity conservation in West Africa dryland cities: Insight from Niger
Moussa Soulé
University Dan Dicko Dankoulodo of Maradi, Niger
Email: s.moussa@futminna.edu.ng
Urbanization is affecting the food production system worldwide, mostly in West Africa Sahel where there is an 
unsustainable land use change which affect the urban and peri-urban food production systems. However, urban 
areas in West Africa present some opportunities for food production like urban tree-based food systems such as 
urban food forests which offer a myriad of ecosystem services including carbon sequestration potential. Despite 
the urban tree-based food system is not well described from West African Sahel’s perspective, there is also little 
research on the structure and carbon stock of urban food forests. Therefore, this study determined the structure 
and carbon sequestration potential of urban food forest types across different urban land use and land cover 
types in Niamey and Maradi in Niger. We used urban forest inventory for data collection. We assessed urban 
forest structure and carbon stock for the urban food forest biomass in Niamey and Maradi cities in Niger. A total 
of 4483 individual trees (DBH ≥ 5 cm) was measured comprising 59 food tree species belonging to 25 families, 
with Fabaceae as the dominant family in both cities. The Shannon diversity index shows medium diversity as 
the overall values are greater than 2 in the different urban food forest types in the two cities (H′ = 2.11 ± 0.76 in 
Niamey and H′= 2.70 ± 0.30 in Maradi). We found that the carbon stock ranged from 2.85 ± 1.92 t/ha in urban 
food forests in Niamey to 3.58 ± 2.11 t/ha in urban food forests in Maradi. The study recommends greater use 
of food tree species in urban forestry policy in the two cities for urban food production and the inclusion of the 
carbon stock in the Nationally Determined Contribution of Niger to mobilize more climate funds for urban food 
forestry for sustainable Sahel cities.

T3PP008:
Effect of cattle night corralling on the sustainability of sorghum (Sorghum 
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In southern Mali, particularly in the Koutiala region, demographic pressure on agricultural land and the high cost 
of mineral fertilizers have constrained farmers to grow crops on the same land without adequate organic matter 
compensation in the soil, thereby depleting soil nutrients and severely restricting crop yields. This study aimed to 
assess the effect of cattle night corralling on soil fertility and sorghum productivity. Animal droppings (faeces and 
urine) were evaluated per Tropical Livestock Unit per night (TLU/N). The experiment was carried out in farmers’ 
fields in 2020 and 2021, and consisted of using 10 TLU for 3 nights (3N), 7 nights (7N), 10 nights (10N), and 15 
nights (15N). The production system’s sustainability was assessed through four indicators including productivity, 
profitability, environmental and food security. The findings showed that soil organic matter with the control 
(1.41%) has significantly increased by 1.57%, 2.13%, and 4.32% with 7N, 10N, and 15N treatments, respectively 
and corresponding to the improvement of soil organic matter of 39 t ha−1, 43.2 t ha−1, and 48.1 t ha−1, respectively. 
The highest grain yield of 2,651 kg ha−1 was obtained with 7N, 10N, and 15N, which was significantly higher, by 24% 
than that of 3N treatment. Similarly, the largest biomass production of 12,116 kg ha−1, was achieved by 7N, 10N, 
15N, which was 23% higher than that of the control. In addition, the 7N, 10N, and 15N treatments contributed 
up to 90% to the sorghum grain production, profitability, and food security. Moreover, soil nitrogen balance 
significantly increased from 17% to 97% as the penning period increases. This indicators’ performance highlights 
the sustainability of the production system.
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Bananas are generally an annual crop ratoon cultivation eventuated. A farmer who innovates a new technique 
for banana cultivation will improve production by stacking up banana cultivation. In stack-up, 4 numbers are 
planted crosswise to each other. The subsequent sucker and harvesting bananas every 4 months, increases 
two times higher yield than the conventional one. Each stack-up contains 4 numbers of matured bananas 
(Bananas with bunches), 4 numbers of middle-aged (Banana with flowers), and 4 numbers of suckers (young 
ones) at end of 8 months per stack-up contains 12 banana plants, through this cultivation cyclic production is 
occurring. The elongated banana leaves crossed from one another will dwindle the sunlight penetration into 
the soil. Thus, referred to as "Banana Forest." As a result, evaporation losses are maintained, and the soil's 
moisture content is augmented. The counterpart of the rainforest will be a banana forest. When banana forests 
emerge in substantial numbers, the amount of rainfall will rise. This may lead to climate-changing elements. 
A stack-up plant inclined at 40-600 embraces all seasons. Soil and water are enriched with nutrients; obtain 
from a technique of “Smart integrated farming.” Smart integrated farming incorporates, Primary tank (capacity 
of water – 1 lakh liter (Running water -1,500 liter), secondary tank for aquaculture farms (capacity of water – 
70,000 liters) (construct poultry, duck, and sheep shed across the tank), Tertiary tank divided into two segments 
(anaerobic lagoon and aeration tank + Biogas digest slurry), Final tank comprising fortified water (Randomized 
addition of organic fertilizers). Procured enriched manure water-A preceding process enriched the nutrient 
content of the water, when it is irrigated, the nutrient content of the soil also improves. Its consequences to 
boost productivity increases the soil nutrients and rainfall.

T3PP010:
Effect of crop geometry on growth, development and yield of chickpea 
varieties
Ankit Kumar Shridhar and P. K Tyagi
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The study was carried out at Research Area, J.N.K.V.V., College of Agriculture, Tikamgarh (M.P.)during rabi 2020-
21 on “Effect of crop geometry on growth, development and yield of chickpea varieties” with the objective 
to study theinfluence of crop geometry and varieties on growth, development and yield ofchickpea. The 
experiment was laid out in the split plot design with threereplications comprising fourmain plot treatments as 
crop geometry viz., 30x10cm,45x10cm, 30x15cm and 45x15cm and three varieties viz., JG-12, JG-36 and RVG-
201 were placed as sub plots. The results revealed that the crop geometry of 30x10cmexhibited significantly 
higher plant height, seed yield (kg ha-1), biological yield(kg ha-1) and straw yield (kg ha-1)as compared to other 
planning geometries. Among the varieties, RVG-201 exhibited significantly higher plant height, dry matter 
accumulation plant-1, number of primary branches plant-1, leaf area index, number of nodules plant-1,dry 
biomass weight of nodules plant-1, number of pod plant-1, seed index, seed yield (kg ha-1), biological yield(kg 
ha-1), straw yield (kg ha-1) and harvest index at all growth intervals followed by JG-36. Interactional effect 
of crop geometry30x10cm with RVG-201 was superior in higher plant height, seed yield (kg ha-1), biological 
yield(kg ha-1) and straw yield (kg ha-1) whereas interaction between crop geometry of 45x15cm with RVG-
21was superior with respect to higher dry matter accumulation plant-1, higher number of primary branches 
plant-1, leaf area index, number of nodules plant-1,dry biomass weight of nodules plant-1, number of pod 
plant-1, seed index and harvest index.The results could be summarized thatRVG-201 was found to be the most 
suitable cultivar and 30x10cmis the optimal spacing under the agro-climatic condition of Tikamgarh (M.P.).
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Access to plant genetic resources and availability of an associated passport, characterization, and evaluation data are 
critical for enhancing the use of germplasm in crop improvement. Genebank at ICRISAT is one of the largest international 
genebanks conserving over 129,000 germplasm accessions of 11 crops, including eight dryland cereals (sorghum, 
pearl millet, finger millet, foxtail millet, proso millet, barnyard millet, kodo millet, and little millet) and three dryland 
legumes (chickpea, pigeonpea, and groundnut), and their wild and weedy relatives, each accession with a unique 
DOI. The germplasm has been collected/acquired from 144 countries, following the international genebank standards 
and policies. The germplasm conserved comprises about 81% landraces, 16% breeding lines/advanced cultivars/
genetic stocks, and 3% wild and weedy relatives. Information on passport and characterization data of the entire set of 
germplasm conserved at the ICRISAT genebank is available in open access to researchers through the ICRISAT Genebank 
database (http://genebank.icrisat.org/). Researchers can view the list of diversity subsets and traits-specific subsets, and 
also use the filter function available in the database to select desirable germplasm. Germplasm resources at the ICRISAT 
genebank are linked through another database, Genesys-PGR (https://www.genesys-pgr.org/), an online platform on 
Plant Genetic Resources for Food and Agriculture conserved in genebanks worldwide. The Genesys-PGR contains over 
4,283,000 germplasm digital information of different crops conserved ex-situ in genebanks, worldwide, including over 
260 germplasm subsets, and >440 germplasm characterization and evaluation datasets for researchers. This database 
provides easy access to plant genetic resources for use in crop improvement. ICRISAT Genebank distributed over 1.59M 
germplasm seed samples through 8658 signed SMTAs to researchers belonging to 150 countries globally.

T4PP002:
Solar-powered irrigation system as a game changer to improve agricultural 
practices in west Africa: a case study from Mali
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In rainfed agricultural systems, sustainable and efficient water management practices are key to improved agricultural 
productivity and natural resource management. The agricultural system in sub-Saharan Africa (SSA) relies heavily on the 
availability of rainfall. With the erratic and unreliable rainfall pattern associated with poor and fragile soils, agricultural 
productivity, however, has remained very low over the years. Much of the SSA agricultural land has been degraded with 
low fertility as a result of ongoing cultivation and wind and water erosion. This has resulted in an increased food shortage 
due to the ever-increasing population and land degradation. Better agricultural and nutritional security are also further 
hampered by the lack of reliable access to the available water resources in the subsurface hydrological system. In this 
study, socio-economic data from 112 farm households and Boolean and Fuzzy methods were employed to understand 
farmers’ perception and identification of suitable areas to implement Solar Based Irrigation System (SBIS) in the agro-
ecologies of Bougouni and Koutiala districts of southern Mali. Results revealed that the usage of SBIS has been recent 
(4.5 years), majorly (77%) constructed by donor-funded projects for the purpose of domestic water use (60%), followed 
by livestock (28%), and irrigation (15%). Vegetable production was the dominant water use (60%) enabling rural farm 
households to gain over 40 % of extra household income during the dry season. Results further showed that 4274 km2 
(22%) of the total land area for the Bougouni district, and 1722 km2 (18%) for the Koutiala district are suitable for solar-
powered irrigation installation. As smallholder farmers cannot afford hydrocarbon-energized motor pumps or electrical 
pumps and the affordability of solar panels in many rural places makes SBIS to be an emerging climate-smart technology 
for most rural Malian populations.
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In southern Mali, particularly in the Koutiala region, demographic pressure on agricultural land and the high 
cost of mineral fertilizers have constrained farmers to grow crops on the same land without adequate organic 
matter compensation in the soil, thereby depleting soil nutrients and severely restricting crop yields. This study 
aimed to assess the effect of cattle night corralling on soil fertility and sorghum productivity. Animal droppings 
(faeces and urine) were evaluated per Tropical Livestock Unit per night (TLU/N). The experiment was carried 
out in farmers’ fields in 2020 and 2021, and consisted of using 10 TLU for 3 nights (3N), 7 nights (7N), 10 nights 
(10N), and 15 nights (15N). The production system’s sustainability was assessed through four indicators including 
productivity, profitability, environmental and food security. The findings showed that soil organic matter with 
the control (1.41%) has significantly increased by 1.57%, 2.13%, and 4.32% with 7N, 10N, and 15N treatments, 
respectively and corresponding to the improvement of soil organic matter of 39 t ha−1, 43.2 t ha−1, and 48.1 
t ha−1, respectively. The highest grain yield of 2,651 kg ha−1 was obtained with 7N, 10N, and 15N, which was 
significantly higher, by 24% than that of 3N treatment. Similarly, the largest biomass production of 12,116 kg ha−1, 
was achieved by 7N, 10N, 15N, which was 23% higher than that of the control. In addition, the 7N, 10N, and 15N 
treatments contributed up to 90% to the sorghum grain production, profitability, and food security. Moreover, 
soil nitrogen balance significantly increased from 17% to 97% as the penning period increases. This indicators’ 
performance highlights the sustainability of the production system.

T4PP004:
Krishi Bhagya Scheme: an efficient and innovative water management 
strategy for dryland agriculture
Chaithra NR
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Agriculture is one of the primary occupation where more than 50.00 percent of Indians depend on it and main 
source of livelihood for people in India. One-third of people in India live in poverty which also accounts for a 
quarter of the world’s hungry people. By 2050 the food production has to be 450 MT which could be next to 
impossible without proper management of water resources. In the backdrop of climatic changes like floods, 
drought, market volatility and widespread poverty farmers in the dryland are at stake. In the current market driven 
agriculture it is must to adopt the smart water management techniques to transform the future of the farmers 
and to attain sustainability in agriculture. The challenge is to stash away the runoff water from the farmer’s field 
and use stored water for crops during the dry spell. The present study was conducted in the Shivamogga district 
of Karnataka state during the year 2019-20 to analyze the impact of Krishi Bhagya Scheme on beneficiaries. A 
total of 120 respondents were selected, consisting of 60 beneficiaries and 60 non-beneficiaries, respectively. The 
study results revealed that the majority of beneficiaries (53.33%) and non-beneficiaries (48.33 %) have medium 
overall knowledge. The calculated ‘z’ statistic shows a highly significant increase in paddy and vegetable yield, 
with a moderate cropping pattern of 4 to 6 crops followed by low crop yields in the case of non-beneficiaries. The 
‘z’ statistic shows a significant difference in cropping intensity, employment generation and annual farm income, 
and self-sufficiency in comparison to non-beneficiaries. The majority of the beneficiary farmers (53.33%) had an 
enterprise combination of agriculture + horticulture + animal husbandry and low-implementation possession 
(55.00%). In contrast, non-beneficiaries possess agriculture + horticulture as a significant enterprise (38.33%) with 
not much possession of new implements (45.00%). And 95.00 per cent of the beneficiary farmers use the stored 
water to provide protective irrigation, 81.67 per cent used for growing additional crop in summer.
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T4PP005:
Role of various techniques to restore soil health and mitigate soil 
degradation in dryland agriculture: a review
Mahapatro D and Debnath S
School of Agricultural and Bio-Engineering, Centurion University of Technology and Management, Gajapati, India
Email: 203001170050@cutm.ac.in

Increasing human population, rising expectations of living standards, and scarcity of natural resources have 
made “soil degradation” a major issue of the modern era because it poses a serious threat to human well-
being. Dryland agriculture, in which soil erosion and soil degradation are very common problem, provides 
food for up to 40% of the human being and 60-62% of the livestock population. In India, dryland agriculture 
is currently spread over an area of 65-68% of country’s net cultivated area. Drylands are most likely found 
in arid and semi-arid regions, which are rain-fed and prone to mild to severe droughts. Past studies revealed 
that soil deterioration affects 33% of all soil. Therefore, an integrated management strategy is needed to 
improve soil quality and decline soil degradation. The goal is to generate “more from less” by cutting waste and 
improving the use of nutrients, water, and soil. Local site-specific techniques, such as conservation agriculture, 
integrated nutrient management, continuous vegetative cover, are essential for reducing the four forms of 
soil deterioration (physical, chemical, biological, ecological) and to restore soil health. The objectives of the 
study are (i) to review role of various techniques to reverse soil degradation trends and finally (ii) to identify an 
optimistic strategy to minimize soil erosion, create positive SOC and N budgets, enhance activity and species 
diversity of soil biota (micro, meso, and macro), and improve structural stability and pore geometry.

T4PP006:
Spatio-temporal dynamics of Land Surface Temperature and its impact on 
water bodies of semi-arid districts of Andhra Pradesh
Lingireddy H, Shaik J, Gogumalla P, and Rupavatharam S
International Crops Research Institute for the Semi-Arid Tropics, Patancheru, Hyderabad, India 
Email: hemalatha2010a@gmail.com

Climate change is impacting ecosystems and natural resources in various ways leading to land degradation, 
changes in rainfall patterns, longer periods of drought, extreme weather events, and decline in water resources. 
Arid and semi-arid regions are the most affected regions due to the climate change and global warming scenario. 
Apart from this, it is the main reason for increase in the frequency and severity of hydrological and agricultural 
droughts. Government of Andhra Pradesh has identified Ananthapur, Kurnool and Kadapa districts as drought 
prone areas. In the last 10 years, there was increased drought incidence due to decline in rainfall. We have used 
Landsat satellite data which has a long term repository to study the impact of increasing temperatures on the 
water resources in the drought prone districts of Andhra Pradesh. The time series of monthly Landsat surface 
temperatures (Band 10 –TIR) as well as area under different land use classes were estimated using Landsat data 
from the year 2001-2021. Then, comparative trend analysis was done for the LST and Land use area of water 
bodies in the study area. Due to cloud cover during monsoon months, data for January - May and November – 
December months was used in the impact analysis. The results show that there is 0.1°C, 0.15°C, and 0.1°C rise in 
annual average temperatures in Kadapa, Ananthapur and Kurnool districts respectively during the period 2001-
2021. From the study, it was observed that each year there was an average loss of 62.5 square kilometers of 
water surface area in each district. Since 2001, Ananthapur, Kadapa and Kurnool districts have been estimated to 
have lost about 16.00, 19.75, 12.42 percentage of area under water bodies respectively. Few water bodies which 
were severely depleted were identified by Otsu method of water body detection. Thus, remote monitoring 
provides solution for precisely planning measures like replenishment and conversation of severely affected 
resources to stop further loss.
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Application of automatic compartment bund former in dry land farming
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The present intervention relates to the development of automatic compartment bund former for performing 
operation rectangular compartmental bunds formation in agricultural field. Mechanization widely contributed 
and well accepted solutions for all the agricultural practices under different soil and cropping system in field. 
Water and energy are two important aspects which mainly influence on the dry land production system.  To 
overcome these challenges various conservation practices have been recommended but they are energy 
and labour oriented hence level of adoption is challenging till today. Therefore, the need for prime mover 
drawn automatic and mechanized equipment for compartmental bund forming is inevitable. With the use of 
high performance and efficient tractors, developed suitable mechanical equipment which would be easy to 
operate in the field and which can prepare the soil with compartmental bunds for better results in conserving 
the moisture. Compartment bund helps to increase the moisture conservation by 26 percent and yield by 12 
percent. This equipment reduces the cost of compartment bund farming by 35 percent.

T4PP008:
Impact of precision irrigation technologies on the dryland farmers: Field 
evidence from Karnataka, India
Deshmukh AS and Bhuvaneshwari TH
Institute For Social and Economic Change, Bengaluru, India
Email: akshayisec@gmail.com

Water is a relatively scarce resource in India since we have 18 per cent of the world’s population, but only four 
per cent of its water resources make it among the most water-stressed in the world and uses more than 80 per 
cent of the available water for irrigation purposes. However, India promotes precision-irrigation technologies for 
a variety of reasons. Water use efficiency in agriculture can be increased by using micro-irrigation technologies 
such as IoT sensors, drip irrigation and sprinkler irrigation. The current precision irrigation area in India remains 
a small portion of its potential, despite the government and NGOs’ concerted efforts. Keeping in mind the 
present study was conducted in rain-fed regions that fall under high-adopter and low-adopter typologies. 
Furthermore, to evaluate the benefits of the newly adopted technology, a study was conducted in Vijayapura 
grape farms by ten IoT-connected drip irrigation farmers. Researchers hypothesized that precision irrigation 
technologies affect not just agricultural production but also farmers’ livelihoods. A comparison of quantitative 
indicators has been made between adopters and non-adopters to assess the efficacy and impact. The effect of 
precision irrigation is evaluated in terms of crop diversification, production efficiency, and water use efficiency, 
while the impact of precision irrigation is evaluated in terms of household expenditure, income level, and asset 
ownership. According to the results of the study, precision irrigation affects agricultural production, livelihoods, 
water use efficiency, and crop diversification through increased return from farming, it also increases household 
non-farm and diversified livelihood strategies by a significant amount.
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T4PP009:
Assessment of various agricultural practices to increase the yield in dryland 
areas: A review
Choudhury L and Debnath S
School of Agricultural and Bio-Engineering, Centurion University of Technology and Management, Odisha, India
Email: lipsitachoudhury2001@gmail.com

Dryland farming is an improved system of cultivation, in which maximum quantity of water conserved by 
soil and water management. Eroded and degraded soils with low water-holding capacity, multiple nutrient 
deficiencies, declining groundwater table contribute to low crop yields that lead to further land degradation. 
As a results, the productivity levels of rainfed dryland crops are very low as compare to other crops. The 
objective of the present study is to identify most appropriate strategy for enhancing crop yield, protecting 
the environment from deterioration, and promoting the wise use of natural resources. The common practices 
in dryland agriculture are use of improved crop varieties, conjunctive usage of rainfall, surface water and 
groundwater, practice of contour bunding, drip irrigation etc. Comparative study of past research revealed 
that the investments in bunding and trenching reduced soil erosion, however it did not improve soil moisture 
much. Farmers claimed that application of supplemental irrigation to save their dryland crops was not feasible 
due to the slope and position of the land. However, supplemental irrigation facilities from channel reservoirs 
increased crop production in Central Java. As alternative solution, farmers typically grow dryland crops on the 
steeper, sloping plots. Farmers with land near drainage or check dams reported higher dryland crop yields than 
uphill farmers. Past studies also revealed that rainwater and runoff harvesting can enhance the sustainability 
of agricultural systems in dry environments, decrease the rate of erosion, sedimentation, and even the risk of 
flooding. Finally, it is concluded that dryland productivity can be increased if (1) the problem of water availability 
fluctuations can be reduced, (2) watershed's storage capacity can be increased by naturally or artificially, (3) 
rate of evaporation is reduced, (4) utilization of drought tolerant crops, (5) improved cropping system and (6) 
practice of conservation agriculture in the study area.

T4PP010:
Soil test-based nutrient application - Towards reducing environmental foot 
prints
Choudhari P*, Jat ML, Dixit S, Sawargaonkar G, Pasumarthi R and Singh A
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
*E-mail: pushpajeet.choudhari@icrisat.org
Increasing awareness of climate change and food security has spawned an interest in the reduction of 
greenhouse gas emissions from agricultural ecosystems.The main preventive strategies in agriculture involve 
cutting back on the application of excess nutrients and using fertilisers in a balanced way. As the largest 
source of agricultural emissions is fertilizer application, optimizing the fertilizer amount may help mitigate 
greenhouse gas emissions from agriculture systems. Application of synthetic N fertilizers is recognized as the 
most important factor contributing to the emissions from agricultural soils. Synthetic nitrogen fertilizers such 
as urea are a necessity for food production, making them invaluable toward achieving global food security. 
Despite consuming carbon dioxide in the synthesis, the overall process is carbon positive due to the use of fossil 
feedstocks, resulting in significant net emissions. Agriculture-related GHG emissions are significantly influenced 
by the use of synthetic N fertilizers for paddy in India's croplands. Odisha being one of the leading producers of 
paddy in India, we evaluated the possibility of reducing GHG emissions by optimising the fertilizer application 
during cropping seasons in paddy fields, as opposed to conventional blanket recommendation practises. The 
modified IPCC GHG emission coefficients for mineral fertilizers urea in soils were considered to calculate the 
potential GHG emission from paddy fields in pilot sites of Odisha. Applying nitrogen fertilizer in accordance with 
the soil test-based recommendation rather than a blanket application was calculated to minimize greenhouse 
gas emissions by 20–40%, which also decreased cost of cultivation and increased yields by 10-15%. This study 
shows that switching to an appropriate fertiliser dosages could be an effective way to curtail GHG emissions 
from agricultural systems. 
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A Potential challenge in global and regional agriculture is water. Furthermore, there are worries about future 
availability and demand for water under the combined effects of climate change, growing population and 
competition from other economic sectors. One of the most effective way is to harness the rain water from poly 
house rooftops. Thus, the main objective of the study was to evaluate smart irrigation practices using sensors 
under protective cultivation for four high value vegetable crops such as broccoli, capsicum, cherry tomato and 
pole bean comprising of four irrigation level viz., 75, 50, 25 % ASM with surface irrigation as check. As a whole 
16 treatments were replicated thrice, scheduling irrigation at 75 % ASM for all the four vegetable crops resulted 
in early fruit set (52, 37, 67 DAT and 43 DAP, respectively), minimum days for first harvest (64, 48, 75 DAT and 54 
DAP, respectively) and longer harvesting period (56, 102, 122 and 108 days, respectively) and was on par with 
surface irrigation. However, scheduling irrigation at 25 % ASM resulted in delayed fruit formation (64, 48, 78 DAT 
and 49 DAP) and first harvest (72, 56, 88 DAT and 60 DAP) with shorter harvesting period (42, 94, 103 and 94 
days, respectively). Similarly, scheduling irrigation at 75 % ASM recorded higher plant physiological parameters 
such as SPAD value (ranges between 55.1 to 74.2) and relative water content (85.63 to 93.37 %) compared to 25 
% ASM (48.5 to 68.19 and 69.59 to 76.2 %, respectively) at harvest for all four crops. finally, rainwater harvesting 
and recycling can increase the crop harvesting period and yield potential of rainfed crops. 

T4PP012:
Climate smart agriculture practices demonstration to agricultural growth 
program-II districts of Harari and Dire Dawa, Ethiopia: double cropping 
practices
Usmane IA1, Umer AT2, and Siraj N1
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2Oromia Agricultural Research Institute, Fadis Agricultural Research Center, Harar, Ethiopia
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Agricultural production is one of the food system domains that would be affected mostly by climate change and 
related factors. As an indispensable option the climate smart agricultural practices technology intervention in 
agriculture sector helps to enhance production and productivity of the enterprise for improving small holder 
farmers’ food and nutrition security. Taking this in consideration the double cropping practice research activity 
was undertaken in Dire Dawa rural areas and Harari region with objectives of evaluate the productivity and 
profitability of double cropping practices technology under farmer’s condition, build farmers’ knowledge and 
skill of different crop combination production and management practice and strengthen stakeholders linkages. 
A total of fifteen trial and follower farmers were selected and organized in form of farmers research groups. 
Improved varieties of common bean (KATB-1 and Batu) and Sorghum (Melkam and Local) were replicated on the 
plot of 10mx10m. The yield performance of the improved varieties (Batu, KATB-1, Melkam and Local sorghum) 
were 12.13, 13.43, 31.91 and 26.57qt/ha at Sofi, and 12.13, 13.66, 31.96 and 26.47qt/ha at Wahil, respectively. 
The double cropping practices preferred as it diversify the crop, more yield obtained, and shorter crop cycle, 
better to cope up the dry spell, efficient use of land, reduce risks of striga and reduce risk of bird infestation. 
Moreover, based on the obtained result, Batu, KATB-1 and Melkam combination preferred by farmers since they 
could able to harvest twice within single season. The knowledge means score test before and after intervention 
is improved. Therefore, it is batter to be promoted and scale-up on wider area and reach large number of 
farmers for improving small holder farmers’ food and nutrition security in the similar agro-ecology.
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Climate variability and change are impacting food production systems across Sub-Saharan Africa. In the Sahel, 
different initiatives have been implemented to address the declining productivity in rainfed agro-ecologies. The 
adoption of soil and water conservation technologies in the dryland ecologies of the West African Sahel have been 
minimal. To increase adoption of proven agricultural and water management technologies, the Technologies for 
African Agricultural Transformation Water Enabler Compact (TAAT-WEC) employed Participatory Demonstration 
Approach (PDA) in the scaling of soil water conservation and small-scale irrigation practices in the sorghum and 
rice production in Burkina Faso, Mali, and Nigeria. The scaling activities included participatory technologies 
selection through innovation platforms, field demonstration establishment, extensionists and lead farmers training, 
and farmers’ field schools. Matching technologies and prevailing land and water challenges were jointly conducted 
with the farmers. In Burkina Faso, Stone Lines + Zai (SL+Z) and Stone Lines + Half Moon (SL+H), Mali, Contour Ridge 
Tillage (CRT), and Nigeria Double Density Planting (DDP) and Tie Ridge (TR) were deployed in the rainfed sorghum 
system while Tube-well for shallow groundwater abstraction was used in lowland rice system in the 3 countries. 
The sorghum yields from PDA fields were better than the farmers’ practices or baseline value, which is about 1t/ha 
in the Sahel although observed yields varied in magnitude depending on ecology and varieties – SL+Z (1.85 – 3.35), 
SL+H (1.78 – 2.19), CRT (1.2 – 4.4), DDP (2.21) and TR (1.8), The introduction of Tube well in Burkina Faso and Mali 
turned around dry season production. Rice yields were 4.34 – 8.36, 3.75 – 5.63 and 1.75 – 2.80 and 3. 75 t/ha in 
Nigeria, Burkina Faso, and Mali, respectively. Over 1000 farmers and extension workers were trained and became 
innovation promoters, PDA practice improves selection of appropriate conservation technologies and practices in 
the Sahel. Scaling innovations in dryland environments depends on a combination of the right yield, ecologically 
matched technology, and involvement of direct beneficiaries.

T4PP014:
Does biochar is a promising soil amendment to enhance perennial crop 
yield and soil quality in tropics?
Atapattu AJ and Dissanayak DKRPL
Agronomy Division, Coconut Research Institute, Lunuwila, Sri Lanka. 
Email: aaajatapattu@gmail.com

Biochar is gaining significant attention due to its potential for carbon sequestration, soil health improvement, 
fertility enhancement, and crop productivity and quality. Soil quality improvement is crucial in tropical soils to 
enhance crop productivity. In this review, we discuss the effects on soil health, including physical, chemical, and 
biological parameters of soil quality and fertility, nutrient leaching, and crop productivity and quality. At present, 
several methods of biochar production are available. An ample body of literature supports the idea that soil 
amended with biochar has a high potential to increase crop productivity due to the concomitant improvement 
in soil structure, high nutrient use efficiency (NUE), aeration, porosity, and water-holding capacity (WHC), 
among other soil amendments. Organic matter incorporation is not a viable approach regarding perennials as 
it completely degrades within a year. Hence, biochar is a sustainable solution to boost crop productivity in the 
tropics. Biochar has been utilized in agriculture for decades attributed to its inherent properties that enhance the soil-
mediated properties associated with soil fertility, such as effects on nutrient retention and their uptake, crop growth 
and productivity, and microbial activities. The impact of biochar on tropical perennial intensive cropping systems has 
been understudied, possibly as a consequence of the high initial input demand. This paper highlights the facts related 
to soil chemical, physical and biological property enhancement upon biochar incorporation relating to long-term 
impacts on perennial crops. 
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T4PP015:
Soil quality indicators and functions under tree-based land use systems in a 
semi-arid watershed in Northern Ethiopia
Gelaw AM
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Population growth and increasing resource demands in Ethiopia are stressing and degrading agricultural 
landscapes. Most Ethiopian soils are already exhausted by several decades of over exploitation and 
mismanagement. Since many agricultural sustainability issues are related to soil quality, its assessment is 
very important. Physical, chemical and biological soil quality indicators were determined within the surface 
0-15 cm depth for two tree-based agricultural land uses and a control: (1) Faidherbia albida agroforestry (AF), 
(2) irrigated guava fruit production (IR) and (3) a tree-less rain fed crop cultivation (RF). Each land use was 
replicated five times within a semi-arid watershed in Northern Ethiopia.  Major soil physical quality indicators 
such as bulk density, water stable aggregates (WSA), and total porosity (TP) improved under AF than other 
land uses. Among the soil chemical quality indicators, CEC was significantly higher (P < 0.01) under AF than 
that under the other land uses. Soils under AF also contained the highest total nitrogen (TN) stock (1568.6 kg 
ha-1), and it was significantly higher (P < 0.05) than that under IR and RF land uses. Further, soil organic carbon 
(SOC) and microbial biomass carbon (MBC) were assessed as principal soil parameters which affect biological 
processes and soil quality. The highest SOC was measured under AF (6.4 g kg-1) followed by that under IR (5.9 g 
kg-1), and the lowest under RF (3.2 g kg-1). Thus, SOC in AF was significantly higher (P < 0.05) than that in soils 
under RF land use. When soil quality indicators were combined into soil functions, higher WSA, TN and SOC 
measured under AF land use resulted in improved water entry, movement and availability than those under IR 
and RF. Similarly, higher levels of AVK, CEC, SOC, TN and AVP resulted in improved nutrient supplying capacity of 
soils under AF than RF land use. Generally, the results of this study highlighted the potentials of F. albida based 
AF systems for improving soil quality and productivity of smallholder farms in the region.

T4PP016:
Studies on the use of locally available (Coxs Bazar and Saint Martin) 
alternative renewable seaweeds wastes as compost organic fertilizer 
resources.
Roy D
Bangladesh Open University, Dhaka, Bangladesh
Email: kdr2021@gmail.com

Marine red algae from the Bangladesh Bay of Bengal Hypnea Sp are often regarded as an underutilized bio-
resource seaweed have been used as organic materials due to the presence of a number of plant growth stimulating 
compounds. The effect of various seaweed species on plant growth and development with an emphasis on the 
use of this renewable bio-resource in sustainable agricultural northern fertilizers raw materials system. A plant 
needs organic fertilizer for it to grow in a balanced way . The combined use of organic and inorganic fertilizers can 
improve crop production and maintain soil health. Many important soil properties depend on to some degree on 
the quality of organic matter. Organically made fertilizers play an important role in increasing the crop yield and 
the quality of crops promises improvements considering climate adaptation. Research on marine products has 
enormous unexploited potential and significant advantages. Although Bangladesh possesses a part of the Bay 
of Bengal, the vast ground of our marine resources is yet to be explored and the application of biotechnology to 
marine biodiversity remains poorly developed. This part of the study is directed towards the analysis of the future 
trend and performances of Composting Seaweeds wastes. Demo plot- one Zoom production betel-leaf 2880 per 
day, Control plot-one zoom production betel-leaf 2780 per day. Difference 100 leaf meaning increased plucking 
100 leaf production per day used by seaweeds wastes mixed compost organic fertilizer.
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Alfalfa is widely distributed throughout the world as a forage crop  of high protein feed production. It is known 
for its soil-improving and ecological properties due to the activity of nodule bacteria, which are in symbiosis 
with cultured bacteria. Traditionally, in regions of Kazakhstan, the local population has been using young shoots 
of alfalfa for food for many centuries. New ideas are emerging to using alfalfa biomass in food supplements 
and for medicinal purposes on an industrial scale. The territory of Kazakhstan, bordered by the Tien-Shan 
mountain systems and various natural landscapes, is unique in the richness of wild species of alfalfa. Endemic 
species grow in different types of plant associations: diploid (2n = 16): Medicago coerulea Less., M. difalcata 
Sinsk., M. trautvetteri Summ. and tetraploid (2n = 32): M. varia Mart., M. falcate L., M. sativa L. subsp. They 
are the ancestors of M. sativa L., the most common cultivated species with many commercial varieties around 
the world. In nature, there is a formation process based on introgressive hybridization, especially within 
species of the same ploidy. Wild species are usually drought and salt tolerant. The use of germplasm of wild 
species, methods of expeditionary collection and hybridization in connection with global climate change 
towards aridization. Expedition collected wild alfalfa spesies, created introductory nurseries, the gene pool was 
replenished with 190 samples from 5 species. 86 interspecific hybrids were obtained with the participation of 
wild species as a donor in backcrosses to improve varieties in terms of adaptive properties.

T4PP018:
Soil properties and tomato productivity improvement by use of polyter and 
turbo-bio in Sudanese zone of Burkina Faso.
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A trial was carried out in under greenhouse at Institute of Research for the Development (IRD) in Ouagadougou 
to apprehend the influence of polyter and turbobio on one tropical ferruginous and a browned soils properties 
and the production of tomato. The trial was set up according to a fully randomized complete block design with 4 
repetitions. Ten treatments resulting from combination of factors fertilization at five level and water stress at two 
level were compared. Observations focused on height growth and biomass production assessment. Soil samples 
were collected and some following parameters were analyzed in the laboratory: pH, moisture content, organic 
carbon, total nitrogen and available phosphorus. Results showed that polyter and turbo-bio improved pH, organic 
carbon, total nitrogen and assimilable phosphorus of soil. Also, they induced an increase the moisture content 
from 2.57 to 113.41% and biomass production from 4 to 75.78% compared to the controls. In the context of global 
changes, polyter and turbo-bio could be an alternative for improving soil fertility and the productivity of vegetable 
crops in the Sudanese zone of Burkina Faso.
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Cropland products are of great importance in water and food security assessments, especially in South Asia, 
which is home to nearly 2 billion people and 230 million hectares of net cropland area. In South Asia, croplands 
account for about 90% of all human water use. Cropland extent, cropping intensity, crop watering methods 
and crop types are important factors that have a bearing on the quantity, quality and location of production. 
Currently, cropland products are produced using mainly coarse-resolution (250-1000 m) remote sensing data. 
Recently, Thenkabail et al. (2021) produced a GFSAD (global food security-support analysis data) cropland 
extent product (CEP) at 30 m resolution using Landsat data (www.croplands.org). As multiple cropland products 
are needed to address food and water security challenges, our study was aimed at producing three distinct 
products that would be useful over all of South Asia. The first of these, Product 1, was meant to assess irrigated 
versus rainfed croplands in South Asia using Landsat 30 m data, taking the GFSAD CEP mentioned above as the 
baseline in GEE platform. The second, Product 2, was designed for cropping intensity (single, double and triple 
cropping) using MODIS (Moderate Resolution Imaging Spectroradiometer) 250 m data with Product 1 as the 
baseline. The third, Product 3, was tailored for major crop types using MODIS 250 m data with Product 1 as the 
baseline. For the kharif season (the main cropping season in South Asia, Jun-Oct), 9 major crops (5 irrigated 
crops: rice, soybean, maize, sugarcane, cotton; and 5 rainfed crops: pulses, rice, sorghum, millet, groundnut) 
were mapped. For the rabi season (post rainy season, Nov-Feb), 5 major crops (3 irrigated crops: rice, wheat, 
maize; and 2 rainfed crops: chickpea, pulses) were mapped. The irrigated versus rainfed 30 m product showed 
an overall accuracy of 79.8% with the irrigated cropland class providing a producer’s accuracy of 79% and the 
rainfed cropland class 74%. The overall accuracy demonstrated by the cropping intensity product was 85.3% 
with producer’s accuracies of 88%, 85% and 67% for single, double, and triple cropping respectively. Crop types 
were mapped to accuracy levels ranging from 72% to 97%. A comparison of the crop type area statistics with 
national statistics explained 63-98% variability. The study highlights production of multiple cropland products to 
support food security studies using multiple satellite sensor big-data, and RF machine learning algorithm that 
were coded, processed, and computed. 
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Cropland products play a significant role in the evaluation of water and food security. Quantifying the temporal 
and spatial changes due to interventions is important for assessing the effectiveness of natural resource 
management practices. Kaleshwaram Project envisioned to provide Irrigation to 670000 Hectares in drought-
prone areas of Telangana State. In this study, we evaluated the impact of the Kaleshwaram project in terms 
of crop intensity and identified the areas with high impact using satellite imagery and geospatial techniques. 
The study found out the cultivation of another crop in the Rabi (winter) season before it was fallow, increased 
double-crop throughout the command area. This type of study will help the stakeholders and policymakers to 
locate the areas and help the farmers with better recommendations. 
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Sunflower is commonly grown as a dryland crop. This study aimed to isolate, characterize and evaluate the 
Trichoderma isolated from oyster mushroom-growing beds for their ability to antagonistic and promote plant 
growth in sunflowers. The morphological and cultural characteristics of isolates of Trichoderma were studied. 
Sequence analysis of Trichoderma isolates was done to confirm species identity. Screening of Trichoderma 
isolates for their antagonistic ability by dual cultures as well as their capability of producing lytic enzymes 
(exoglucanases, endoglucanases, chitinases, and proteases) against Macrophomina phaseolina and Sclerotium 
rolfsii of sunflower. Compatibility studies were carried out among the Trichoderma isolates. We have developed 
a formulation product based on the most effective isolates. A consortium of Trichoderma isolates fortified 
with composted paddy straw (CPS) mixed with dried cow manure (DCM) at 1:25, 1:50, 1:75, and 1:100 
proportions. Trichoderma-fortified CPS-DCM was kept for 25 days in plastic bags. The Trichoderma populations 
were increased with increased proportions and an extended shelf-life of up to one year. Soil application 
of Trichoderma consortia fortified CPS-DCM at the rate of 250, 500, 750, and 1000 kg/ha against root rot 
pathogens determined in the glasshouse and field studies. Trichoderma consortia formulations were applied 
once in two weeks until the flowering stage. Disease incidence reduced as well as a plant stand and plant 
growth increased as rates were increased. Sunflower head diameter and seed yield and weight were recorded. 
The Trichoderma populations fluctuated during experiments, but generally had positive linear relationships 
with proportions. A strong correlation was recorded between disease suppression and Trichoderma population 
activity in the rhizosphere region.

T4PP022:
Morpho-physiological response of Plectranthus aboinicus under varying 
water levels
Asiedu SK, Wang Z, Chada S, Ofoe R and Abbey L
Department of Plant, Food and Environmental Sciences, Dalhousie University, Truro, Canada
Email: sasiedu@dal.ca

Water stress is one of the major limiting factors of crop growth and productivity worldwide. Plectranthus 
aboinicus (Jamaican Thyme) is an aromatic, spicy and medicinal plant which exhibit diverse pharmacological 
effects. Although the plant is generally known to tolerate some levels of drought, its response to sequences 
of different water stresses is unknown. In this study, we investigated the effect of flooding and drought on the 
growth and development of Plectranthus aboinicus. The treatments were regular watering (RW), flooding (FL), 
drought (DR), and rehydration (RH) after drought. The result showed that plant height was significantly (p < 
0.001) reduced in DR and FL plants while fresh aboveground weight was increased by ca. 17.4% in FL compared 
to RW. Stomatal conductance and transpiration rate were higher in FL plants but reduced drastically in DR. 
Moreover, chlorophyll fluorometric indices including maximum quantum yield efficiency of Photosystem II (Fv/
Fm) and potential photosynthesis capacity (Fv/Fo) were significantly (p < 0.001) increase in the FL but decreased 
in DR plants. Leaf relative water content was significantly (p < 0.01) highest in the RH followed by the RW, and 
the least in DR and DH. Leaf cell electrolyte leakage was significantly (p < 0.05) higher in the RH followed by the 
RW while FL recorded the least cell electrolyte leakage. These results indicate that Jamaican thyme regulate 
physiological characteristics to tolerate flooding and demonstrates that DR posses a severely threat to the plant 
development.

mailto:rajaj_au@yahoo.co.in
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T4PP023:
Standardizing water requirements for upland taro cultivation in dry seasons 
of humid tropical zones of India
Sunitha S, Jose S and Suresh Kumar J
ICAR-Central Tuber Crops Research Institute, Thiruvananthapuram, India 
Email: josesandra170@gmail.com

Taro (Colocasia esculenta L. Schott) is 9th important food crop of the world. It is one among the oldest crops, 
dating back to more than 10,000 years. This crop is mostly cultivated with monsoon rains and supplemental 
irrigation using furrow system in low lands. Still, it remains as an underexploited crop in terms of water needs 
and response to stress at various stages of growth. Most of the varieties and land races are season insensitive 
and can be grown in any part of the year. In this background a study was carried out at the research farm 
of ICAR- Central Tuber Crops Research Institute, Thiruvananthapuram, Kerala, during 3 summer seasons of 
2016–17, 2017–18 and 2018–19 to assess the crop water requirement of upland taro and to arrive at a suitable 
irrigation schedule under humid tropical conditions. The experiment was conducted in randomized block design 
(RBD), with 7 treatments as 5 levels of drip irrigation, [50% (I1), 75% (I2), 100% (I3), 125% (I4) and 150% (I5) of 
the crop evapotranspiration, ETc], furrow irrigation and a rainfed crop with 3 replications. Crop water requirement 
was calculated as same as crop evapotranspiration (ETc) assuming that there are no other water losses. Pooled 
analysis of the data collected for three seasons indicated that, I3, drip irrigation at ETc 100% is optimum for 
producing maximum cormel yield and optimum water productivity. The optimal water requirement for upland 
taro was observed as 610–628 mm, including effective rainfall, based on the crop, soil and climatic parameters. 
The information will support the farmers to develop irrigation plans in advance during summer season, and for 
ensuring effective usage of irrigation water in water scarce dry areas and uplands, in this era of climate change.

T4PP024:
Manipulating planting geometry to improve microclimate and grain yield in 
a semi-arid environment 
Thapa S1, Xue Q2 and Stewart BA3

1University of Central Missouri, Warrensburg, Missouri, USA 
2Texas A&M AgriLife Research, Amarillo, Texas, USA 
3West Texas A&M University, Canyon, Texas, USA 
 Email: sthapa@ucmo.edu

Drought or water stress has been the primary factor limiting crop yields in many parts of the world. The 
impact of drought is usually severe in dryland farming areas because precipitation is considerably less than 
the potential evapotranspiration. In such areas, the adoption of suitable planting geometry is critical in 
determining plant growth, development, reproduction, and yield. Various field and greenhouse studies were 
conducted between 2013 and 2018 to investigate the feasibility of alternative planting geometries in improving 
microclimate and grain yield in corn (Zea mays L.) and grain sorghum (Sorghum bicolor L. Moench). Clump 
(three plants close together), cluster (five plants close together), and skip-row (one row planted, one row 
skipped) geometries were tested against the standard evenly spaced planting within the row (ESP) under rainfed 
as well as irrigated conditions. Results clearly showed the benefits of alternative planting geometries, such as 
reduced canopy temperature, improved microclimate within the crop canopy, less tillering, greater rooting 
depth, and increased grain yield and harvest index compared to ESP. Although the alternative geometries 
outperformed ESP in all environments, the yield benefit was more evident under drought stress. Therefore, 
alternative geometries appear to be a potential strategy for sustainable crop production in water-limited (semi-
arid) environments.

mailto:josesandra170@gmail.com
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T4PP025:
Effect of plant density and deblossoming on tuber cowpea  
(Vigna vexillata)–An underutilized, nutritious, tuberous vegetable
Priyadarsini S*1, Nandi A1, and Nedunchezhiyan M2

1Institute of Agricultural Sciences, Siksha ‘O’ Anusandhan(Deemed to be University), Bhubaneswar, India
2Central Tuber Crop Research Institute (CTCRI), Regional Centre, Bhubaneswar, India
Email-srijasanu1229@gmail.com

A field experiment was conducted at the Central Tuber Crop Research Institute (CTCRI), Regional Centre, Bhubaneswar, 
during the winter season of 2021-22 in order to study the effects of plant density and deblossoming on performance of 
tuber cowpea. The trial was laid out in the Split plot design with 8 treatments and 3 replications. There were 4 levels of 
spacings (S1-45 cm ×15 cm, S2- 45 cm × 30 cm, S3- 60 cm ×15 cm and S4- 60 cm ×30 cm) in the main plot and 2 levels of 
deblossoming (F1-flower removal and F2-flower retention) treatments in the sub plot. Results revealed that maximum 
final plant height (69.03 cm), leaves /plant (11.13) and branches/plant (13.10) were observed in S4. Highest leaf area/
plant (545.95 sq. cm.) was observed in S3. Maximum tuber length (16.17 cm), tuber girth (16.08 cm), fresh tuber 
weight (322.39 g), dry tuber weight (107.08 g), tubers/plant (2.6) and tuber yield/plant (121.85 g) were found in case 
of S4. Highest tuber yield (150.85 q/ha) was obtained at the closest spacing S1(45 cm x 15 cm). Deblossoming resulted 
in maximum final plant height (72.45 cm), plant girth (3.31 cm), branches / plant (13.72), leaves / plant (11.81), leaf 
area/plant (592.62 sq.cm.), tuber length (16.07 cm), tuber girth (16.39 cm), tubers / plant(2.47), fresh weight of tuber 
(363.02 g), dry weight of tuber (124.55 g),tuber yield/plant(129.94 g) and tuber yield/hectare (120 q/ha). Among the 
interactions, maximum tuber yield/hectare was produced in S1F1(158.14 q/ha). 

T4PP026:
Effect of foliar spray of nano urea and 2% urea on biochemical parameters 
and oil yield of Safflower 
Shinde SA, Anu Gayathri P and Ghuge SB
All India Coordinated Research Project on Safflower, Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani, India
Email: santoshashinde338@gmail.com

Foliar application of nano urea in addition to urea topdressing to soil is beneficial for the crop in improving the physiological 
traits, growth and yield of safflower. Split application of 100% N at vegetative stage and foliar spray of nano urea at flowering 
and seed filling stages recorded maximum values of chlorophyll content, chlorophyll stability index, relative water content and 
hull content of safflower. The results showed that interaction effect of soil applied urea at vegetative stage and foliar applied 
nano urea at reproductive stage was found significant and showed greater oil yield and nitrogen uptake by crop at the time of 
harvest. The experiment was carried out at the research farm of All India Coordinated Research Project (AICRP) on Safflower, 
VNMKV, Parbhani, Maharashtra during rabi season of 2021-22 on medium black soil. The experiment was conducted on PBNS 
86 variety of safflower in a split plot design with three replications. Each replication consists of three main plots include F1 
with 100% N, F2 with 75% N and F3 with 50% N which are divided into five sub plots each include N0 with No spray of nano 
urea, N1 with nano urea spray at flowering stage, N2 with nano urea spray at flowering and seed filling stages, N3 with 2% 
urea spray at flowering stage and N4 with 2% urea spray at flowering and seed filling stages thus, each replication has total 
fifteen treatment combinations. The results showed that split application of nitrogen in the form of urea at vegetative stage 
and foliar spray of had significant effect on the total chlorophyll content, chlorophyll stability index and relative water content 
of safflower. Among the given nitrogen doses, 100% N (F1) application and nano urea spray twice at flowering and seed filling 
stages (N2) showed the highest chlorophyll content of leaves as compared to 50% N (F3) application. Several studies reported 
the positive effect of nitrogen fertilizer application on leaf chlorophyll content. The results from the current study also indicates 
a positive relationship between chlorophyll content and nitrogen. Application of urea (100% N) as split doses and foliar spray of 
nano urea twice at reproductive stage showed higher chlorophyll content, hull content and oil yield as compared to the control 
where only soil applied nitrogen was given and the interaction found significant. Nitrogen uptake by the crop at the time of 
harvest (seed + remaining dry matter) was significantly influenced by the soil applied nitrogen and foliar applied nano urea. 
Nitrogen uptake was recorded maximum with 100% N (F1) application at vegetative stage and with foliar spray of nano urea 
twice at flowering and seed filling stages (N2). The lowest was recorded for control (N0).  It was observed that with reducing 
the applied nitrogen dose to half, there is reduction in the yield and nitrogen uptake by the crop. However, by supplying the 
required nitrogen through soil application of urea and foliar spray of nano urea and 2% urea optimum yields were obtained. 
In addition to soil fertilization, foliar spray of nutrients is beneficial for the crop to improve the yields. Furthermore, Nano 
fertilizers are advantageous over conventional fertilizers as they increase soil fertility, yield and quality parameters of the 
crop, they are nontoxic and less harmful to environment and humans, they minimize cost and maximize profit. Nano urea will 
enhance the nutrient use efficiency of the plant because of its slow release of nutrients and it also reduces the soil and water 
pollution due to draining off of the applied chemical fertilizers into water bodies
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T5PP001:
Utilizing millets in plant-based meat analogue applications: Effect of 
incorporation of millets at different levels in a high moisture extrusion.
Mateen A and Singh G
The University of Trans-Disciplinary Health Sciences and Technology, Bengaluru, India
Email: abdulmateen@tdu.edu.in

Millets are cereal grains that are an ecologically sound choice for arid and semi-arid environments because they 
can resist drought & high temperatures, have a low water footprint, are energy efficient, and reduce greenhouse 
gas emissions. Given these ecological positives of a millet food system, there is a need to popularise their use by 
creating new product applications. In this study, we present the results of our work on developing plant-based 
meat analogues using blends of millet flours with protein isolate. To our knowledge, this is the first time anyone 
has successfully demonstrated the utilization of millets in plant-based meat analogues. Three major millets were 
chosen: Sorghum, pear millet, and finger millet, and incorporated with soy protein isolate at different levels 10%, 
20%, and 30%. These blends were extruded at high moisture with predefined process conditions and evaluated 
the textural, structural, and colour properties. The results showed that blends from sorghum showed harder and 
chewier extrudates, whereas, the values for resilience and cohesiveness were lower. On the other hand, finger 
millet blends showed softer, less chewy, more resilient, and more cohesive extrudates. The textural values for peal 
millet blends were in between the other two millet blends. Slight lower springiness values were seen in sorghum 
blends, but pearl millet and finger millet blends showed similar springiness. Anisotropic structure from cutting 
strength along and across the extrudates showed higher anisotropy in sorghum and lower in finger millet blends. 
Colour results also showed interesting results, less colour difference was observed in sorghum blends with whitish 
extrudates, and more difference was seen in finger millet blends with dark brown colour. From these results, partial 
incorporation of millets up to 30% will create good texturized high moisture meat analogues with inherent colour 
differences.

T5PP002:
Standardizing organic nutrient sources for enhancing soil biological properties 
and quality of Chia crop (Salvia hispanica L.) in eastern dry zone of Karnataka
Chaitanya A, Murali K and Devakumar N
University Agricultural Sciences, GKVK , Bengaluru, India
Email: chaitanya13185@gmail.com

Potential crops are the plants that acts as life support species in extreme environmental conditions, with promising 
nutritional utility for the present and future needs of human kind. Salvia hispanica commonly known as chia 
seeds is a pseudo cereal belonging to Lamiaceae family. To standardize the organic nutrient sources for chia crop 
in eastern dry zone of Karnataka a field study was conducted at Research Institute on Organic Farming, GKVK, 
Bangalore during Rabi 2020-2021 and Rabi 2021-22 with two bulky organic manures and two liquid organic 
manures viz., Farm yard manure, vermicompost, jeevamrutha and panchagavya. The experiment was laid out in 
factorial randomized complete block design with three factors, the first factor was nutrient sources (S1) = FYM 
(100%) on N equivalent basis, (S2) = FYM + VC (50:50) ratio on N equivalent basis, (S3) =FYM + VC (75:25) ratio on 
N equivalent basis, jeevamrutha levels J0 = without jeevamrutha, J1= with jeevamrutha@ 1000 liters ha-1 being 
second factor and panchagavya levels as third factor P0= without panchagavya, P1= with panchagavya 5% foliar 
spray. The result of the experiment revealed that higher seed yield (920 kg ha-1), soil microbial load and plant 
nutrient content was obtained with application of S2 and was found on par with application of S3. Among the 
liquid organic manures soil application of jeevamrutha and foliar spray of panchagavya improved the seed yield, 
plant nutrient content and soil biological properties as compared to without application of liquid organic manures.
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T5PP003:
Exploring finger millet (Eleusine coracana) in formulating extruded high 
moisture meat analogous (HMMA)
Gaidhani D1, Singh G2, Mateen A2, Durgall P1 and Mazumdar SD1

1International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India 
2University of Trans-Disciplinary Health Sciences & Technology, Bengaluru, India
Email: dhanashrirg05@gmail.com

A study on development of meat analogues, incorporating climate-resilient and nutritious Finger millet (Eleusine 
coracana) using wet extrusion was undertaken. Physicochemical properties of Finger millet (VR – 847)-particle 
size distribution, water absorption capacity (WAC), oil absorption capacity (OAC), gelling concentration, water 
solubility index (WSI), water absorption index (WAI), sulphur reduction test, protein solubility and fractionation, 
bulk density and emulsion stability were evaluated. 36 trials of wet extrusion were undertaken for two blends 
(Soy isolate + Finger Millet Flour- 90:10 and 80:20) on Brabender TwinLab F-20/40 extruder at 8 different 
conditions: Barrel Temperature (110, 130 & 150 ⁰C), Feed Moisture (60, 65 & 70 %), Screw Speed (300 and 
900 rpm). Texture analysis of the extrudates, comparing the values with the real meat texture and selection of 
the superior extrudate for productization followed. A recipe for plant based burger patty included extrudate/
HMMA, binder (methyl cellulose), pea protein, potato starch, oil, water and seasonings were prepared. 9 
different products were prepared with 2 different variables [mincing of HMMA (Cold-press, Mincer, and Grinder) 
and binder percentage (Methyl Cellulose- 1, 2, 3%)]. Finger millet imparted positive results on the texture along 
with better fibration. Hardness and chewiness values of whole meat (cooked – boiled, pressure boiled, fried, 
roasted) and extrudates were comparable. Resilience values of whole meat and 80:20 blend extrudate were 
found to be comparable. Springiness of 90:10 blend extrudate was comparable to the values of cooked whole 
meat. Degree of texturization of extrudate was comparable to the degree of texturization of raw chicken leg, 
chicken breast roasted, chicken breast pressure boiled and chicken leg fried. Productization results indicated that 
cold press as well as high speed grinding gives better minced product and textural properties. Finger millet has 
the potential to be used as a key ingredient to obtain good quality extruded HMMA/plant based meat analogues. 

T5PP004:
Mitigating protein malnutrition through intercropping paddy straw 
mushroom (Volvariella volvacea) in maize cropping system
Chakradhar Reddy DVS1, Dheebakaran G1, Thiribhuvanamala G1 and Sathyamoorthy N2

1Agro Climate Research Centre, Tamil Nadu Agricultural University, Coimbatore, India
2Department of Plant Pathology, Tamil Nadu Agricultural University, Coimbatore, India
Email: devanakonda.chakri9@gmail.com

Paddy straw mushroom (Volvariella volvacea) is the third most important mushroom, cultivated in tropical 
regions of the world. It is commonly known as “straw mushroom”, contains high protein (38.10%), compared 
to button mushroom (29.14%) and Pleurotus spp (19.59%). Temperature and relative humidity are considered 
as key parameters for growing straw mushrooms. Maize is an important base crop in irrigated dryland cropping 
systems and the warm-loving straw mushroom has more opportunity as an intercrop in maize. The area of this 
study was to identify the optimum microclimate for straw mushroom production under maize canopy between 
55 and 80 days after maize sowing. A comparative study was carried out at Tamil Nadu Agricultural University 
where paddy straw mushroom was cultivated as an intercrop under maize ecosystem (outdoor) and polyhouse 
(indoor). The study found that microclimate variables in the polyhouse had favoured more fruiting bodies with 
lesser weight (25g), whereas the maize field microclimate favoured a lesser number of fruiting body with more 
weight (40g). The average yield obtained from three kg substrate bed was 680g and 510g in polyhouse and maize 
field, respectively. However, the high infrastructure investment required for polyhouse farming is out of reach to 
small and marginal farmers. Hence outdoor cultivation of straw mushroom as an intercrop in the maize system 
would require lesser investment, but returns higher additional income to small and marginal farmers apart from 
protein nutritional security.

mailto:dhanashrirg05@gmail.com
mailto:devanakonda.chakri9@gmail.com


181

T5PP005:
A compositional and physicochemical property comparison of millets with 
other cereals and legumes - identifying innovation opportunities for new 
product development.
Lavanya Devi K, Gothe S, Mateen A, Nain S, Mathpati M and Singh G
The University of Trans-Disciplinary Health Sciences and Technology, Bengaluru, India
Email: lavanya@tdu.edu.in

The last few years has seen a growing conversation globally around sustainable farming, doubling rural incomes, 
diversity of food ingredients on the plate, gluten intolerance and gluten free food movement.  Millets are in 
a sweet spot with respect to this conversation as they have a low environmental footprint, offer livelihood 
potential in arid & semi-arid areas where nothing else grows, and have the potential to provide a gluten free 
alternative to the food industry.  This has resulted in appearance of millet-based products on the shelves of 
urban grocery stores.  Additional efforts are needed to further develop the demand while also making sure the 
farmers benefit from this. Food processing can play a significant part here by creating products with textures and 
tastes that are consumer desirable and countering some of the antinutritional factors in millets.  In this poster 
we will present our analysis of the nutritional & antinutritional profile of millets and its comparison with the 
major cereals.  We will also present the physicochemical property comparison millets and major cereal flours 
and legumes.  This will include amino acid profile of millet proteins and the functional properties of millets 
relevant for food industry such as capacities for water holding, oil holding, gelling, emulsification and foaming. 
The analysis identifies knowledge gaps and key research areas that will unlock innovation opportunities for 
millet-based foods in areas such as baked products, expanded snacks and extruded plant-based meat analogues.

T5PP006:
Performance of millets and soybean intercropping systems under rainfed 
condition
Manjunath M, Salakinkop SR and Somanagouda G
Department of Agronomy, University of Agricultural Sciences, Dharwad, India
Email: salakinkop@gmail.com

A field experiment was conducted at Agricultural Research Station, Bailhongal, Belagavi district, Karnataka on 
mixed red and black medium soil during kharif season to study the growth and yield of soybean and millets 
in intercropping systems (foxtail millet, finger millet and little millet) under different row proportions. The 
experiment was RBD with ten treatment combinations replicated thrice. Millets were intercropped with 
soybean at different row proportions (2:1 and 4:2) along with sole millets and soybean. Significantly higher 
leaf area (LA), leaf area index (LAI), and total dry matter was recorded in sole cropping. Whereas, among the 
significantly lower leaf area, leaf area index, and total dry matter was recorded in 2:1 row ratio of soybean + 
little millet intercropping systems. Among the intercropping systems, higher seed weight plant-1of soybean 
was recorded in 2:1 row ratio of soybean + foxtail millet(14.6g). It was on par with 4:2 row ratio of soybean + 
foxtail millet(14.5g) and 2:1 row ratio of soybean + finger millet (13.6 g). Significantly lower seed weight plant-
1of soybean was recorded in 2:1 row ratio of soybean + little millet (12.8 g. Among the intercropping systems, 
higher grain weight of millets was recorded in 4:2 row ratio of soybean + foxtail millet (85.4g). It was on par with 
2:1 row ratio of soybean + foxtail millet (84.4g) and4:2row ratio of soybean + finger millet (75.8 g). Significantly 
lower grain weight of millets in 30 cm row length was recorded in 2:1 row ratio of soybean + little millet (10.4 
g). Further, soybean equivalent yield, land equivalent ratio, area time equivalent ratio were higher in 4:2 ratio of 
soybean + foxtail millet (14.64 g, 85.3 g, 2334 kg ha-1, 1.50 and 1.47 respectively) compared to any of the sole 
and intercropping of soybean and little millet at 2:1 row ratio due to efficient utilization of available resources 
such as space, nutrients and light compared to other intercropping systems. 
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T5PP007:
Identifying critical food loss and food waste points in the millet supply 
chain and their potential to address nutrition security 
Sharma N
World Resources Institute, India
Email: NITYA.SHARMA@WRI.ORG

With the declaration of International Year of Millets (IYM) 2023 by the United Nations General Assembly at its 
75th session in March 2021, an opportunity has opened up to raise awareness of, and direct policy attention to the 
nutritional and health benefits of millets and their suitability for cultivation under adverse and changing climatic 
conditions. Along with this, it also promotes sustainable production of millets while also highlighting their potential 
to create sustainable market opportunities for producers and consumers. According to the Communication 
Handbook and Toolkit, recently released at the launch event of IYM 2023 on 6th December 2022, the year aims to 
contribute to various UN 2030 Agenda for Sustainable Development, including, SDG 12 (Responsible consumption 
and production). And as per SDG 12.3, which states ‘By 2030, halve per capita global food waste at the retail and 
consumer levels and reduce food losses along production and supply chains, including post-harvest losses’, it is 
imperative to identify the the drivers of food loss and food waste in the millet supply chain, so that we can control 
the loss and wastes that could be created with over exploitation of millets in this scenario. The present work aims 
at identifying critical food loss and food waste generation points and suggest possible interventions to reduce 
them or to utilize them as an alternative source of nutrition. The study would pave a way for the development of 
a package of best practices for possible use by potential supply chain actors for a much resilient and sustainable 
supply chain for millets.

T5PP008:
Development and optimization of the questionnaire for Knowledge 
Assessment with Nutrition-Sensitive Agriculture Scale (KANSAS)
Junuthula S1, Kumari V2 and Srinivasan C3 
1Innovative Methods and Metrics for Agriculture and Nutrition Actions (IMMANA), Friedman School of Nutrition Science and Policy, Tufts 
University, Medford, USA
2National Institute of Agricultural Extension Management (MANAGE), Hyderabad, India 
3School of Agriculture, Policy and Development, University of Reading, Whiteknights, Reading, United Kingdom
Email: siriinscience@gmail.com

Extension and Advisory Service (EAS) providers are links between farmers and governance. The world is still facing 
malnutrition, and nutrition-sensitive agriculture (NSA) is foreseen as one of the greatest solutions to combat it. To 
implement the NSA up to the grass root level, the most connected points are EAS providers, and we are proposing 
to develop a validated standardized scale for EAS staff in the context of the NSA. Governments and policymakers 
can use the scale as a standard throughout the country to assess the training needs of EAS staff. KANSAS will 
measure EAS knowledge on 9 important dimensions of NSA and training priorities. This will help tailor specific 
training programs according to the lacking and felt priorities of EAS providers based on the final score classification. 
The scale developed and validated with qualitative and quantitative methods. The Content Validity Index of the 
Item-CVI (I-CVI) and the Scale-level-CVI (S-CVI), for internal reliability Cronbach’s Alpha, content validity ratio 
(CVR) was calculated by following the methods of Zamanzadeh et al 2015; Shi et al 2012; Yamada et al.,2010. The 
average proportion of items judged as relevant across the 16 experts was also calculated. The 16 experts (10 men, 
6 women) from the fields of agriculture (5 N), nutrition (4 N), extension (4 N) and policy research (3 N) are based 
at different government institutions and nongovernmental organizations (NGOs). Calculation of the item level CVI 
(I-CVI) for relevancy, comprehensibility, and level of difficulty for each item showed that 30 items were below 0.79 
CVI scores, S-CVI was above 0.82 within the acceptable range. CVR of 11 items was below the acceptable range. 
The average proportion of items judged as relevant across the 16 experts is 0.89, which shows good agreement 
between the panellists. Cronbach’s alpha was 0.96, indicating excellent internal consistency. After revisiting the 
items out of 103, 95 items were retained, and 8 questions were eliminated for the 9 dimensions. KANSAS was 
standardized by using scientific methods and will measure EAS knowledge on 9 important dimensions of NSA and 
training priorities, which help in the tailoring of specific training programs.
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T5PP009:
Wheat quality from dryland areas for enhanced nutritional security 
Kumar V, Tyagi BS, Ram S, Gupta V and Singh G
ICAR-Indian Institute of Wheat & Barley Research, Karnal, India
*E-mail: director.iiwbr@icar.gov.in

India harvested a record food grains production of 315 m t during 2021-22, where wheat contributed nearly 34 
% of the total food grain production occupying 25 % area under food grains. The overall irrigation under wheat 
was reported 95 %, however the states of Maharashtra, Chhattisgarh, Karnataka, Gujarat and parts of Madhya 
Pradesh were largely having sufficient irrigation facilities and the crop was majorly grown with lifesaving one 
or two restricted irrigations. Therefore, the drylands of these states facing weather vagaries, terminal heat, 
drought stress and other biotic stresses contribute significantly in the total wheat production. Besides focusing 
on yield enhancement, abiotic stresses and rust resistance, the grain quality and micro-nutrient dense wheat 
variety development is one of the key targets in the breeding programmes. In addition to the grain physical and 
chapati quality (LMW & HMW) the grain iron, zinc and protein content have been decided as major criteria for 
releasing wheat varieties in India. The wheat quality of dry parts of the country, especially central India has been 
recognized and this region also has potential for wheat export by identifying Karnal bunt free niches. Moreover, 
the efforts at genetic and molecular level are effective and the varieties and advance breeding materials of 
north west plains zone (NWPZ) are also having significant improvement in grain micronutrients. During rabi, 
2021-22 the grain iron content ranged from 35.2 ppm (DBW222) to 39.7 ppm (DBW187) under irrigated timely 
sown (IR-TS), 35.3 ppm (HD3059) to 41.8 ppm (DBW173) under irrigated late sown and 37.2 ppm (HD3418) to 
41.7 ppm (DBW296) under restricted irrigated conditions (RI-TS) in NWPZ. Whereas, in central zone grain iron 
was observed as 37.1-42.6 ppm under IR-TS and 35.1-39.9 under RI-TS condition, respectively. Still there is need 
to attain high grain iron, zinc and protein levels coupled with faster seed delivery system for availability among 
farmers. The utilization of wild species and synthetics for wheat quality improvement can further have better 
impact.

T5PP010:
New breeding tools (NBTs) in Sorghum for sustainable agriculture and 
enhancing the nutritional security
Sudhakar Reddy P 
International Crops Research Institute for the Semi-arid tropics (ICRISAT), Hyderabad, India
Email: Sudhakarreddy.palakolanu@icrisat.org; palakolanusreddy@gmail.com 
Collaborators: Corteva Agriscience; University of Amsterdam

Climate change is expected to impact dryland regions more adversely than other regions. Continued dependence 
on outdated crop varieties developed for the specific environment is no longer economically or environmentally 
sustainable. Hence, New Breeding Tools (NBTs) such as CRISPR/Cas is needed to develop value-added, must, game-
changing, and future traits. These NBT tools have shown immense potential in accelerating the development 
of elite materials by unlocking the allelic variation for the relevant traits. To undertake precision breeding, trait 
discovery, gene identification, efficient transformation protocols, and crop-based CRISPR tool kits required to 
understand gene functions and their interactions. These tools and approaches have been used for developing 
Striga resistance by targeting the Strigolactone (SL) biosynthesis pathway and co-expressed genes in BTx623 and 
Parbhani Shakti sorghum backgrounds. Quick crop transformation method deployed for immature embryo-based 
CRISPR constructs in Sorghum and developed homozygous putative T-DNA-free- SDN1-type gene-edited sorghum 
plants with reduced expression of targeted and downstream genes of SL pathway with altered host germination 
signals and improved resistance against Striga infection. In addition, key traits include the development of 
haploid inducer lines by targeting the MATRILINEAL, a sperm-specific phospholipase gene, and understanding the 
HCN induction under drought stress conditions for improving the forage quality. These improved traits further 
contribute towards sustainable agriculture and nutritional Security.
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Gendered impact of market participation on household’s nutritional 
outcomes: panel data evidence from pigeonpeas and common beans 
producers in rural Malawi.
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Understanding the gender differences in market participation is crucial for formulating informed and 
effective policies aimed at livelihood improvement and rural income growth in Malawi. Using the nationally 
representative Integrated Household Panel Survey data collected by the National Statistics of Malawi between 
2013 and 2019, the study analyses the gender gap in the marketing of legumes such as Pigeon Peas and 
Common Beans. In addition, the study employed an Oaxaca-Blinder decomposition approach to examine the 
market participation gaps and their causes between female-headed households and male-headed households. 
The empirical analysis was conducted separately for Pigeon Pea and Common Beans producers. Furthermore, 
the gendered impact of Pigeon Peas and Common Beans market participation on the household’s nutritional 
outcomes was assessed using varying panel data regression models. The findings reveal that the gap between 
female farmers and male farmers regarding quantities of Pigeon Peas and Common Beans sold was largely 
explained by endowment effects. The results imply that closing the observed market participation gaps will 
require policy interventions that facilitate equal access to productive resources for both female farmers and 
male farmers as well as access to information. In addition, the study reveals that gendered market participation 
has a significant influence on Household Dietary Diversity. However, the influence on calorie intake is not 
statistically significant even though the relationship is positive, particularly for the Pigeon pea crop. The 
variation in the nutritional impact of gendered market participation of Common Beans and Pigeon Peas suggests 
that policy orientation towards improving food and nutrition security through the market pathway should be 
crop specific.

T5PP012:
Biomass and nutrient flow dynamics from households to farm fields: an 
experimental study in southern Mali
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In southern Mali, increases in the human and animal populations have placed great pressures on biomass 
and nutrient dynamics, resulting in the development of various soil fertility management systems. In this 
study, we aimed to quantify biomass flows, manure flows, nutrient flows and nutrient balances from various 
manure sources and farm typologies. We performed continuous resource monitoring (of cropland, livestock, 
redistribution units, chemical inputs, biomass, manure, etc.) over two years (July 2018 to June 2020) within 
45 households divided into High Resource Endowment (HRE), Medium Resource Endowment (MRE), and Low 
Resource Endowment (LRE) categories. The results showed that HRE, MRE produced 60 t/year and 34 t/year of 
manure, respectively, compared to the 10.3 t/year produced by LRE. The largest amounts of N, P, and K from 
manure stocks, were produced by the HRE. MRE and LRE farmers use the manure they have available on 21 to 
35% of their sorghum and millet fields for their own consumption, while HRE used manure only on 12% of their 
sorghum and millet fields. We found that the negative nutrient balances observed in the 1990s evolved to be 
relatively positive regarding nitrogen (± 3.2 kgN.ha-1) and phosphorus (± 0.25 kgP.ha-1) nutrition. However, a 
generalized potassium deficiency was observed for all crops and across all farm typologies. The residual effects 
of cotton fertilization were not sufficient to maintain nutrient balances under sorghum and millet agriculture. 
Thus, to improve the current cereal system, fertility management needs to be coupled with good agro-advisory 
services and optimal soil management strategies through the application of microdose.
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Spot application of organic manures to Bt Cotton (Gossypium hirsutum) and 
its impact on growth and yield attributes under rainfed situation
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An experiment to know the effect of spot application of organic manures on growth and yield of Bt cotton in red sandy 
loam soil was conducted at College of Agriculture, Hanumanamatti, Karnataka INDIA. Initial soil properties at the 
experimental site were; pH=6.7, EC=0.032 ds m-1, Organic Carbon 0.41%, soil available Nitrogen 265 kg ha-1, Phosphorus 
54 kg ha-1, Potassium 236 kg ha-1. It was laid out in split plot design with two main plot treatments viz., M1: Ridge and 
furrow method of planting and M2: Flat bed method of planting and six sub plot treatments replicated thrice viz., S1: 
RDF-Control, S2: RPP-Package of practice, S3:S1 + Blanket application FYM @5t ha-1, S4:S1 + Spot application FYM @5t ha-

1, S5: S1 + Blanket application Vermicompost @ 2.5t ha-1, S6: S1 + Spot application Vermicompost @ 2.5t ha-1. The results 
obtained from the experiment indicated that M1:Ridge and furrow method of planting recoded significantly higher seed 
cotton yield (1913.43 kg ha-1), lint yield (985.71 kg ha-1), kapas yield (2899.14 kg ha-1), number of monopodial (3.32 
plant-1), sympodial (24.36 plant-1) branches and plant height (139.28 cm) as compared to other methods of planting 
systems. The experimental results also revealed that in the sub plot treatments, seed cotton yield (2439.92 kg ha-1), lint 
yield (1256.93 kg ha-1), kapas yield (3696.84 kg ha-1), number of monopodial (4.36 plant-1), sympodial (26.45 plant-1) 
branches and plant height (146.33 cm) were recorded significantly higher in S6: S1+ Spot application Vermicompost 
@ 2.5t ha-1. The treatment combinations showed that, M1×S6: Ridge and furrow method of planting with S1+ Spot 
application Vermicompost @ 2.5t ha-1 recorded significantly higher seed cotton yield (2538.75 kg ha-1), lint yield (1307.84 
kg ha-1), kapas yield (3846.59 kg ha-1), plant height (145.27 cm), number of monopodial (4.40 plant-1) and sympodial 
(27.11 plant-1) branches as compared to other treatment combinations. Under the rainfed situation, spot application of 
organic manure(vermicompost), full dose of chemical fertilizers under ridge and furrow method of sowing is possible to 
get better yield and improved soil physical conditions as well as fertility status.

T5PP014:
Evaluation, identification and selection of fodder sorghum genotypes 
suitable for cultivation under higher altitudes of Kashmir valley
Waza SA1, Dar MH2, Majid A1, Habyarimana E2, Kumar A2 and Sheikh FA1
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Livestock rearing is not only an important industry, but also a way of living for most of the people residing in high 
altitude ecologies of Kashmir valley. Most of these areas are rainfed with low availability of nutritious fodder which acts 
as a major limiting factor for commercial rearing of livestock. Under these conditions, it’s indispensable to identify the 
proper fodder and feeds for cattle rearing in the Kashmir valley. Fodder Sorghum with its high nutritive value can serve 
as one of the most important, easily available and economically feasible options to feed the livestock in these areas. In 
this context, 28 early maturing fodder sorghum genotypes from ICRISAT Hyderabad were evaluatied for their possible 
cultivation under the hilly areas of Kashmir valley. The genotypes were evaluated for yield, other agro-morphological 
attributes and fodder quality features during Kharif 2022 at Mountain Crop Research Station Larnoo (SKUAST-K) situated 
at an altitude of 2290 m amsl. Data was recorded on grain yield, dry fodder yield, days to 50% flowering, days to maturity, 
plant height, protein content and fodder digestibility traits. The genotypes ICSR 93012, ICSR 93014, ICSR 93018, ICSR 
93020, ICSR 93021, ICSR 93026, ICSR 93028, ICSV 25271 and SP 55690 were found to show promising results and can be 
suitably exploited for cultivation under the valley conditions. This experiment is first of it’s type in which the seed of some 
fodder sorghum genotypes were produced under the high altitude conditions of Kashmir valley. The genotypes will be 
re-evaluated during Kharif 2023 to select the best performing genotypes for commercial cultivation. Evaluation, selection, 
cultivation and dissemination of nutritionally rich fodder sorghum can boost the rural and tribal economy under high 
altitude areas of Kashmir valley. Moreover, the first and foremost beneficiaries of the cultivation and adoption of fodder 
sorghum will be the tribal areas where poorest of the poor among J&K farmers reside and depend upon cattle rearing as a 
main means of their livelihood.
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Pearl millet [Pennisetum Glaucum (L) R. Br.] is a highly nutritious, climate-resilient orphan cereal grain grown extensively in 
arid and semi-arid zones of south Asia (SA) and Sub-Saharan Africa (SSA). Even with such supreme features, the worldwide 
acceptability of pearl millet is very less due to its low-keeping quality milled flour. The stored flour is briskly rancid and 
must grind freshly, which causes drudgery to women. Rancidity is a major reason behind less consumer acceptability of this 
nutritious grain. In this study, we investigated flour quality’s underlying biochemical and molecular mechanisms in contrasting 
inbreds under accelerated aging conditions. The rapid breakdown of storage lipids (triacylglycerols) was accompanied by free 
fatty acid accumulation in the high rancidity genotype compared to the low rancidity one. Further, it manifested a substantial 
accumulation of volatile compounds in the former, an inevitable product of lipid oxidation. DNA sequence polymorphisms 
observed in two lipase genes (PgTAGLip1 and PgTAGLip2) revealed loss-of-function mutations that were functionally 
characterized in the yeast system. Further, expression analyses revealed the prevalence of lipases in flours from high rancidity 
lines. Further, expression analyses revealed the prevalence of lipases in flours from high rancidity lines. We outline a direct 
mechanism for mutations in these key lipase genes and lipid stability from hydrolytic and oxidative rancidity. The genetic 
variation identified in lipase genes can be exploited through molecular breeding or precision genetic technologies to develop 
elite pearl millet cultivars with improved shelf-life.

T6PP002:
Breeding for climate resilience in agricultural crops
Lone AA, Dar ZA, Wani SH, Gul A, Rashid M, Ara A, Ali G, Bahar FA, Ahmad L and Dar SS
Dryland Agriculture Research Station, Sher-e-Kashmir University of Agriculture Sciences & Technology of Kashmir, Kashmir, India
Email: ajaz999@gmail.com

Climate change impacts agriculture in numerous ways including rising average temperatures, rainfall, changes in pests and 
diseases, rise in atmospheric carbon dioxide, ozone concentrations at ground level and changes in the nutritional quality 
of certain foods. Therefore, achieving global food security increasing global population under limited arable land is a major 
challenge in the twenty-first century. They are subjected to variety of abiotic and biotic challenges as a result of their growing 
in resource-limited circumstances, which results in severe production losses. Additionally, the effects of climate change brought 
on by global warming have made them more susceptible to fresh biotic and abiotic pressures that could get considerably 
worse in the years to come. Climate-resilient smart pulse and cereal crop breeding and development have become more 
difficult as a result of the changing climate situation. Although pulses are climate smart, adapting to consequences of climate 
change while also reducing them, their limited genetic variety has always been a key barrier to their ability to become more 
adaptable. For the development of cultivars that are climate-resilient, however, the genetic variety that currently exists still 
offers chances to take advantage of unique traits. Therefore, it is necessary to generate maize ideotypes with favourable trait 
architecture for greater stress resistance and higher yield under changing climatic conditions. Abiotic stress in maize, such as 
drought, causes a delay in silking, which increases the anthesis-silking gap and is a key contributor to yield losses. Every crop 
improvement programme must inevitably put a strong emphasis on making significant use of wild germplasm and unlocking 
the genetic diversity store. However, current developments in genomics, high-throughput phenomics, sequencing, and 
breeding methods, as well as state-of-the-art genome-editing tools coupled with artificial intelligence, open up new directions 
for the enhancement of climate-resilient crops. Adaptive characteristics that confer tolerance or resistance to climate-smart 
pulses and maize can be mined and exploited more quickly by applying cutting-edge biotechnological techniques including 
transgenics, genome editing, and epigenetics. In order to combat climate change and create new crop types that are better 
suited to the changing climate, holistic smart breeding approaches is a feasible solution.

Theme 6: Improving productivity, climate resilience, and 
nutrition in drylands - technologies and approaches

mailto:rasikaaher24@gmail.com


187

T6PP003:
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Methylglyoxal (MG) is a metabolically generated highly cytotoxic compound, found to be accumulated in all 
living organisms from E. coli to human under stress conditions. To detoxify MG, nature has evolved with reduced 
glutathione (GSH) dependent glyoxalase and nicotinamide adenine dinucleotide phosphate (NADPH) dependent 
Aldo-keto reductase systems. But both GSH and NADPH have been reported to be limiting in plants under 
stress conditions, and thus detoxification might not be performed efficiently. Recently, glyoxalase III (GLY III) like 
enzyme activity has been reported from various species that could detoxify MG without any cofactor. In the 
present study, we have tested whether an E. coli gene, hchA, which encodes a functional GLY III, could provide 
abiotic stress tolerance to living systems. Overexpression of this gene showed improved tolerance in E. coli 
and S. cerevisiae cells against salinity, dicarbonyl and oxidative stresses. Transgenic tobacco plants ectopically 
expressed E. coli GLY III gene (EcGLYIII) conferred tolerance against salinity at both seedling and reproductive 
stages as reflected by their height, weight, membrane stability index and total yield potential. Transgenic plants 
showed better glyoxalase and antioxidant enzymes activity that resist the accumulation of excess MG and 
ROS during stress. Moreover, transgenic plants showed more anti-glycation activity to inhibit the formation of 
advanced glycation end product (AGE) that might prevent transgenic plants from stress-induced senescence. 
Taken together, all these observations indicate that overexpression of EcGLYIII confers salinity stress tolerance in 
plants that could be explored further for the generation of stress-tolerant plants.

T6PP004:
Application of parametric stability methods in chickpea (Cicer arietinum L.) 
genotypes under diversified environments
Anilkumar Vemula1,2*and Parthasarathy S2
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Identification of stable crop genotypes is key in any crop breeding program. Applied parametric test for genotype 
x environment (GEI) interactions on 27 chickpea genotypes evaluated for Fusarium wilt across 10 environments. 
Combined analysis of variance (ANOVA) across environments indicated the significance of genotype, 
environments, and interactions of GEI. Based on Spearman’s rank correlation and cluster analysis, all stability 
parameters are classified into two clusters that lead to the concept of static (Cluster-II) and dynamic stability 
(Cluster-I). Under Cluster-I, all parametric stability statistics are positively correlated with each other along with 
mean Fusarium wilt i.e., to choose any one of the methods of parametric stability to define adaptable genotypes 
for the specific environments. Under cluster-II grouping, all stability parameters are positively correlated with 
each other and choose any one of the methods to define the static stability of genotypes i.e., genotypes that are 
stable across all the environments. According to the stability and corresponding parametric stability statistics, 
genotype G26 was identified as the most stable with low wilt mean, whereas genotypes G7 and G17 are highly 
unstable. Finally, both wilt and stability should be considered simultaneously to achieve the effect of GEI and the 
selection of genotypes more accurate and sophisticated. Parametric stability statistics of S2Xi, Wi

2, σ2
i, S

2di, and 
ASV are more useful for simultaneously selecting for low mean wilt and high stable. According to COI (Cross Over 
Interaction), identified E3 and E4 had more diverse with E7 and which will be helpful for the selection of stable 
genotypes and E2 and E8 had no cross-over with any of the environments due to low discrimination and which 
will not be useful for further experimental studies.The objective of this study was to find the interrelationship 
among various parametric phenotypic stability statistics for the selection of stable genotype(s), to evaluate the 
similarity between these methods, and to find cross-over interaction among diverse environments.
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Sorghum (Sorghum bicolor L. Moench) belongs to the tribe Andropogoneae of the grass family Poaceae (alt. 
Gramineae), characterized by large variation for the duration of their vegetative phase, depending on the sowing date 
linked with the duration of the rainy season in their production environment. Understanding the crop duration and 
photoperiod sensitivity, given the impact of climate change could be of immense help in developing  modernized and 
accelerated crop improvement strategies, as there are no blanket” approach applicable. Although the importance of 
matching sorghum flowering date to the end of the rainy season has long been known, relatively little has been done 
to improve photoperiod-sensitive varieties. Better understanding of the response to photoperiodism is needed among 
Nigeria landrace in order to develop new products with increased yield and ultimately improved nutrition, the cause 
of this research. 785 entries of sorghum landraces were evaluated at Bagauda Nigeria during 2018 cropping season on 
1 row plot of 5m spaced .75m intra-row at 2 planting dates (30th June and the second sowing was on 15th July 2018) 
for photoperiod sensitivity assessment. Data were collected for Days to Number of days to 50% flowering (days), plant 
height (cm) and grain yield (kg/ha). Result showed a wide and significant variation for Photoperiod responses among the 
genotypes with KPI mean values ranging from 0.1044 to 0.9778 implying non-photoperiod sensitive and photoperiod 
sensitive genotypes respectively grouping into 3 clusters. The earliest flowering genotypes exhibiting Kp values near 0, 
and the latest flowering lines with Kp values approximating 1.0.

T6PP006:
Molecular characterization of Magnaporthe grisea causing finger millet 
blast disease in Kenya
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Characterization of the germplasm, core collections, released and farmer preferred varieties revealed varieties from 
eastern and southern Africa (ESA) region to be relatively low in yield and nutrient content. A program to increase yield 
and to biofortify varieties especially for Ca, Fe and Zn was initiated. Reported are the results of a PYT set evaluated in 
2017LR and 2018LR. High diversity was observed in all the traits evaluated. Yield ranged from 1.48 t/ha to 5.59 t/ha 
with mean of 3.39 t/ha, thresh percent from 65.4 to 85.4 % with a mean of 79.0% and days to flowering from 49 to 98 
with a mean of 89 days, plant height from 65 to 118 cm. Main nutrients in finger millet- Ca, Fe and Zn ranged from 2335 
to 6211 mg/kg, 21.9 to 129.8 mg/kg and 4.78 to 82.8 mg/kg, with means of 3091 mg/kg, 50.37 mg/kg and 31.3 mg/
kg respectively. Nutrients were highly correlated to each other, signifying that, you can biofortify most of the nutrients 
in the finger millet grain simultaneously. Yield and yield related traits (1000 Seed mass, thresh percent and number of 
productive tillers), and Days to 50% flowering were not significantly related to either of the nutrient traits, implying that 
you can biofortify most of nutrients without necessarily compromising on yield. High heritability values were estimated 
for agronomic traits-plant height (0.71) and yield traits-productive tillers (0.53), panicles harvested (0.65), panicle weight 
(0.52), 1000 seed weight (0.72), grain yield (0.53) and thresh percent (0.44). A relatively lower value was estimated for 
days to 50% flowering (0.29). Higher heritability estimates were estimated for the traits from the 2018LR data compared 
to the 2017LR. Results indicate that it is possible to biofortify finger millet with the different nutrients while increasing 
yield using conventional breeding methods.
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Chickpea is a crop of global importance due to its nutritional status as well as its ability to withstand adverse 
environmental conditions. Due to changing cropping systems and intensive cropping practices, sowing of chickpea 
is delayed. The temperatures below 100C during the germination stage drastically reduces the germination 
percentage and seedling survival of the chickpea seeds. Higher temperatures exceeding 35°C during maximum 
flowering as well as pod filling result in considerable yield loss due to decreased seed size and seed quantity.The 
current study was carried out in 2022 at the RLBCAU research farm to assess 500 chickpea genotypes for various 
agro-morphological, cytological and physiological features for effective screening and identification of chickpea 
genotypes for cold and heat stress. The experiment was laid out in augmented design. The estimation of variability 
parameters revealed highest genotypic and phenotypic coefficient of variation for seed yield per plant followed by 
number of filled pods per plant. The highest and significant positive correlation was exhibited by number of filled 
pods per plant (0.916**) with the seed yield per plant which is followed by number of pods per plant (0.681**).The 
results suggest that these characters can be employed for the selection of superior genotypes for cold and heat 
stress. The path analysis revealed that the number of filled pods per plant exhibited a direct positive effect on the 
seed yield per plant (0.526) and also the number of pods per plant exhibited a direct positive effect on the seed 
yield per plant (0.336). Number of pods per plant exhibited a indirect positive effect on the seed yield through the 
component character, number of filled pods per plant (0.416) suggesting that this character can be employed for 
indirect selection. Cluster analysis revealed that the maximum intra cluster distance was in cluster 3(6.65) which was 
followed by cluster 4(6.19).Similarly, maximum inter cluster distance was found between cluster 3 and cluster 4(11.26) 
which was followed by cluster3 and cluster 5(11.04) suggesting that the genotypes from these clusters can be used for 
generating novel and desirable segregants. Based on statistical analysis and various observations recorded, genotypes 
ICC 5105, ICC 3439, and ICC 3396 performed better than the check varieties JG 14, and IPC 2006-77.
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Influence of harvesting time on seed germination and physiological quality 
of perennial grass Sewan (Lasiurus sindicus Henr.) in desert climate of 
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The grasslands lie in desert area of Rajasthan dominated by Dichanthium-Cenchrus-Lasiurus are under highly 
deteriorated stage due to socioeconomic and ecological consequences of land degradation. Sewan (L. sindicus) 
an indigenous grass has potential to be used as fodder and can also be used for restoration or rehabilitation of 
degraded rangelands. In this perennial pasture species, non-synchronous flowering and seed shedding are major 
constrain for collection of pure seed. The experiment was conducted to study the maturation process of seed in 
order to determine optimum harvesting time aiming at maximum seed quality. During inflorescence emerging 
phase, spikes were labeled after emergence. The first seed harvesting was done 10 days after inflorescence 
emergence and the other harvest were done at 5-day intervals up to 30 day (total 5 harvest). In each harvest, 
seeds were assessed for water content (%), dry matter weight (mg), germination (%), mean germination time 
(days), first radicle emergence, seedling length (cm), seedling dry matter (mg) and electrical conductivity. The 
physiological maturity of sewan grass seed (maximum germination, dry matter weight and vigor) occurs from 25 
to 30 days after inflorescence emergence and optimum for seed harvesting.  
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T6PP009:
Characterization of fibre quality and agronomic traits using CRISPR/Cas 
platform in cotton (Gossypium hirsutum L.).
Thangaraj A, Kaul R, Motelb KFA, Shradda S and Kaul T
International Centre for Genetic Engineering and Biotechnology & Amity University
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Cotton (Gossypium hirsutum) is an allotetraploid and simultaneous improvement of fibre quality and 
productivity in cotton is a herculean task. CRISPR/Cas genome editing techniques has allowed scientists to 
precisely edit the expressions of target genes.  Inplanta transformation based gene knockout of PHYA1, a key 
gene responsible for Fiber Quality and Yield Potential was done to develop edited cotton plants. PCR validation 
of edited plants for Cas9 confirmed the successful transformation. Sequencing the targeted site revealed 100% 
mutation in both sgRNA1 and sgRNA2. Confirmed edited plants showed enhanced fibre quality in terms of 
length (2 fold) as compared to unedited plants. Significant yield increase by 25-30 % was also observed in the 
edited cotton plants. Interestingly, the edited plants also showed enormous morphological growth in terms of 
plant height, leaf size, root length and number of balls per plant. In addition, early flowering was also observed 
in the edited plants. These results validate the development of early-maturing and productive Upland cultivars 
with superior fibre quality.

T6PP010:
Effect of temperature on pollen viability and seed set percentage in 
sorghum genotypes [Sorghum bicolor (L.) Moench] 
Kalyan A1 and Hanamaratti NG2

1University of Agricultural Sciences, Raichur, India
2AICRP on Sorghum, University of agricultural Sciences, Dharwad, India
Email: ashwinikalyan2168@gmail.com

Sorghum (Sorghum bicolor) is an often-cross-pollinated crop which belongs to the family poaceae. Global climate 
change, especially, increases in carbon dioxide (CO2) concentration and the associated increases in temperature 
will have significant impact on the crop production. The prime objective of this study was to understand the 
effect of temperature on pollen viability and seed set percentage in 75 sorghum genotypes which includes 25 
kharif varieties, 25 kharif hybrids and 25 rabi genotypes. These 75 genotypes were evaluated in rabi and summer 
season, pollen viability and seed set percentage were carried out for all the genotypes in rabi and summer 
season, the correlation studies of maximum and minimum temperature (during flowering week, one week 
before flowering ) with pollen viability and seed set percentage revealed that the kharif varieties and hybrids 
during rabi season have shown a negative association with mean maximum temperature during flowering 
week, mean minimum temperature one week before flowering had shown a positive association with seed set 
percentage. In the current study the rabi sowing was done in the month of November and most of the genotypes 
flowered in the month of January and the minimum temperature in that month was not below 13°C so it has not 
affected the seed set in rabi season. The pollen viability percentage had shown a significant negative association 
with mean maximum temperature at the time of flowering and one week before flowering. The pollen viability 
percentage had shown a positive association with seed set percentage in kharif varieties and hybrids during 
summer season. Pollen viability percentage had shown a negative association with mean maximum temperature 
during flowering in kharif hybrids and rabi genotypes in summer season, the mean maximum temperature was 
not more than 35⁰C in the flowering week. If the temperature was more than 36⁰C it would have affected the 
pollen viability and seed set percentage. Overall pollen viability and seed set percentage are important traits 
to be considered to identify and develop sorghum varieties and hybrids suitable for current and future climatic 
conditions. 
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Involvement of autophagy pathway in rendering differential salinity stress 
tolerance in various rice genotypes.
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Salinity drastically affects plant growth and reproduction and is a major contributor to annual crop loss. Thus 
to understand the salinity tolerance mechanism of naturally tolerant rice vis-à-vis susceptible genotypes, the 
present study, deals with characterising two tolerant (Luna Shanki, CSR-23) and two sensitive (BPT5204, IR-
64) rice varieties under moderate salinity level. The higher susceptibility of IR-64 and BPT5204 was reflected 
by higher electrolyte leakage, higher malondialdehyde content, increased accumulation of H2O2 and reduced 
pigment levels as compared to tolerant genotypes. Activities of key antioxidant enzymes were also differentially 
modulated. Furthermore, time scan analysis of ion homeostasis revealed a selective uptake of K+ ion over Na+ 
ion in the tolerant varieties which was reflected as enhanced tissue ion tolerance in the form of increased 
total chlorophyll content in tolerant genotypes. Microscopic analysis revealed salinity stress induced enhanced 
acidification of the cytosolic components of cells along with an increased accumulation of autophagic punctae in 
sensitive genotypes. Moreover, the expression of autophagy-related genes were differentially modulated in two 
sets of genotypes. Among them, ATG12, ATG5 and ATG8d are of particular interest as they form an ATG5-ATG12 
complex to impel the lipidation of the key autophagy protein i.e., ATG8 for autophagosome formation. Thus, 
these genes will further be characterised for their role in salt tolerance mechanism. The study thus provides 
crucial insights into the regulation of autophagy pathway under salinity stress in different rice genotypes.  

T6PP012:
PPFM – Impact on aerobic rice cultivation
Aswathy JC and Pillai SP
College of Agriculture of Kerala Agriculture University, Vellayani, Kerala, India
Email: aswathy-2020-21-030@student.kau.in

The study was carried out as two experiments at the Integrated Farming System Research Station, Karamana, 
during December 2019 to April, 2020, with test variety Uma (MO 16). The first experiment was a pot culture 
study in completely randomised design with six treatments and four replications. The treatments comprised 
seed treatment of rice with five superior isolates of PPFM and control (distilled water).  The second experiment 
was conducted to assess the effect of the five PPFM isolates on growth and yield of aerobic rice. The experiment 
was laid out in randomised block design with [(5 x 2) + 2] treatment combinations, replicated thrice. The 
treatments were five PPFM isolates (p1 - PPFM 16, p2 - PPFM 26, p3 - PPFM 35, p4 - PPFM 37, p5 - PPFM 38) 
and two methods of application viz., m1 – seed treatment (1%), m2 – seed treatment (1%) + foliar application 
(2%) at 30 and 50 days after sowing (DAS), compared against two controls (c1 – KAU POP, c2 – KAU POP + water 
spray at 30 and 50 DAS).  The results of experiment I revealed uniform effect of PPFM isolates on emergence 
percentage. However, emergence rate index was the highest for PPFM 38 (160). Seed treatment of rice with 
PPFM 38 recorded significantly longer seedling roots, higher seedling dry weight and greater seedling vigour 
index I. The results of experiment II showed that among the PPFM isolates tested, PPFM 38 (p5) resulted in 
taller plants, more number of tillers per square metre, leaf area index, dry matter production and root shoot 
ratio. Growth and growth attributes were significantly superior with the treatment combination p5m2 (PPFM 38 
as seed treatment + foliar application). Treatment with PPFM 38 and seed treatment + foliar application elicited 
significant positive effect on yield attributes. Grain yield, straw yield and harvest index were also superior with 
PPFM 38. The treatment combination p5m2 resulted in better economics. The present study revealed the 
treating rice seeds with PPFM 38 at 1 per cent resulted in vigorous seedlings as evidenced by the greater root 
length, dry weight and seedling vigor index. Seed treatment (1%) followed by foliar application (2%) of PPFM 38, 
twice, at 30 and 50 days after sowing enhanced the growth, yield and economics of aerobic rice. 
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Sensory evaluation of pearl millet inbred germplasm association panel 
(PMiGAP) to determine rancidity
Loyal A1, Pahuja SK1 and Srivastava RK2*   
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Pearl millet is a short-duration, climate-resilient, warm-season crop. Pearl millet flour & flour products have a 
very short shelf-life and due to which, the use of pearl millet is restricted. Rancidity is the most potent reason 
for this. Due to this, the flour produces a foul smell and becomes bitter and unfit for consumption. Rancidity is 
an ages-old problem and still an enigma for scientists. It is an interplay of consecutive enzymatic and oxidative 
reactions. A Pearl Millet inbred Germplasm Association Panel (PMiGAP) comprising 345 lines with 5 checks 
was critically evaluated for rancidity at CCSHAU, Hisar. All lines were subjected to screening for taste and 
aroma by a panel of 5 experts at an interval of 10 days starting from day 0 to day 30. Hedonic scale was used 
for scoring (9 for “liked extremely” whereas 1 was for “disliked extremely”). 11 lines performed better than 
the best check (KSB) both in terms of aroma as well as taste. Based on sensory scores, these lines can be used 
in the development of hybrids and can be subjected to further biochemical and molecular analysis such as 
comprehensive acid value (CAV) and comprehensive peroxide value (CPV).

T6PP014:
CRISPR/Cas- An effective breeding tool for drought and heat stress 
tolerance
Santhoshkumari B and Lohithaswa HC
University of Agricultural Sciences, GKVK, Bengaluru, India
Email: santhoshibanakar66@gmail.com

In India, dryland agriculture plays an important role in food security as it contributes about 44 % to the total 
food production. But the crop productivity the dry farming areas is highly affected by drought and heat stress. 
Development of suitable varieties that possess essential characters like short duration, dwarfness, extensive 
root growth system and efficient photosynthetic machinery for the effective conversion of inputs to yields is 
critical. Enhancing drought and heat stress through cross breeding programme has achieved limited progress 
because of multigenic inheritance and high genotype by environment interactions. Genomic assisted breeding 
and transgenic approaches like gene/QTLs discovery, gene pyramiding and gene editing can be utilized for 
enhancing stress tolerance in crop plants. The stress responsive genes and signalling pathways that are 
differentially expressed during stress and non-stress condition can be understood, exploited, and precisely 
modified using the gene editing technologies. Amongst the available genome-editing platforms, the clustered 
regularly interspaced short palindromic repeat-Cas (CRISPR/Cas) system has emerged as a revolutionary tool for 
its simplicity and wide applicability. Different variants of CRISPR/Cas technology has made it possible to develop 
drought tolerance through targeted alteration of important sensitive and tolerant genes in diverse plant species. 
Besides, CRISPR/Cas based alteration of cis-regulatory sequences hold great promise in the regulation of gene 
expression that are crucial for drought tolerance. The use of emerging techniques like edited pollens and 
immature embryos can be utilized for avoiding the off targets and regeneration problems. Hence, CRISPR/ Cas9 
and its variants can be effectively exploited in stress resistance breeding programmes for crop improvement.
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Identification of early maturing, drought-tolerant and high-yielding germplasm 
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Cotton is nature’s precious gift to mankind. Since time immemorial, cotton have a profound influence on people than all 
other agricultural commodity in the world. The genus Gossypium has made available bread and butter to people around 
the world by its textile industry. In India, a major area of 67 percent of cotton is grown on rainfed condition which 
is more prone drought stress leading to failure of crop and reduced yield. Developing high-yielding climate resilient 
varieties along with the good fiber quality has always been challenge for cotton breeders to deploy under drought 
conditions. Strategy of identifying early maturing and drought tolerant genotypes among accessible germplam collection 
is an initial and promising breeding approach for genetic enhancement of cotton. This aids in developing breeding 
population with the high yielding, short-duration and drought tolerant traits suitable for rainfed cotton cultivation 
which frequently experiences drought stress. In the current study, the set of 205 cotton (G. hirsutum) accessions were 
evaluated in the augmented design along with 5 local checks for the irrigated and drought environment during Kharif 
2021. Important morphological, physiological and yield traits were recorded. The results exhibited a wide spectrum of 
genetic variability in terms of drought tolerance and crop maturity among the germplasm lines. This study identified 4 
accessions viz., A-138, A-165, A-173 and A-204 as early, drought tolerant and high-yielding lines which mature within 
140-145 DAS with the estimated yield of 31.90, 30.00, 32.80 and 30.30 q ha-1 respectively. Further, these lines were 
found to have superior fibre quality parameters viz., UHML and fibre strength. Hence, the germplasm identified can 
serve as potential parental lines to develop superior early maturing, drought tolerant hirsutum hybrids or to derive 
advanced breeding lines suitable for rainfed conditions.

T6PP016:
Deployment, development and validation of a comprehensive suite of SNP 
markers for application in groundnut breeding in Eastern and Southern 
Africa
Gimode DM1, Eric Owuor1, Avosa M1, James Mwololo2, Korani W3, Clevenger J3 and Odeny DA4
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Groundnuts are some of the most important legume crops in eastern and southern Africa (ESA), where they are grown 
across diverse environments for various uses. In the region, production lags far behind the optima observed in other 
areas under high intensity production. This is attributable to constraints resulting from abiotic stresses such as low 
soil fertility and drought, as well as biotic stresses including pests and diseases. Although most breeding programs in 
the region have relied on conventional selection to address these challenges, routine use of molecular markers would 
improve the efficiency and reliability of selection toward groundnut improvement. In this study, we sought to develop 
a suite of SNPs for rapid and accurate selection of groundnut genotypes. To accomplish this, 188 ICRISAT breeding lines 
were subjected to Skim sequencing to generate whole genome sequence data. The data were processed and filtered 
using the HaploSWEEP pipeline and resulted in high confidence non-homeologous SNPs. A hundred high quality SNPs 
with polymorphism information content (PIC) above 0.3 and minor allele frequency (MAF) above 0.05 were selected 
for primer design and validation. Fifty of the top SNPs were successfully validated using KASP assays across a panel of 
376 genotypes comprising ICRISAT breeding lines (188) and diverse germplasm from Africa (188). A majority of the SNPs 
(44) had good polymorphism and amplification across the germplasm tested. The mean PIC and MAF were 0.35 and 
0.37 respectively. The amount of variance captured by the first two principal components was 48% across all genotypes, 
43% across the diverse germplasm set and 54% across the ICRISAT breeding lines. Discriminant analysis of principle 
components (DAPC) indicated ability of the SNPs to cluster the genotypes by region and market classes. This SNP toolkit 
will be a useful resource for applications such as quality control, hybridity testing and diversity analysis in the quest to 
develop groundnut varieties that are robust to biotic and abiotic challenges in ESA.
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Identification of genomic regions and candidate genes for fresh seed 
dormancy in groundnut
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During the process of domestication and man-made selection, the groundnut subspecies fastigiata has lost fresh 
seed dormancy (FSD) resulting in pre-havesting sprouting (PHS) of seeds at times of unseasonal rains. Genomics-
assisted breeding can accelerate the pace of equipping the commercial groundnut cultivars with 2-3 weeks of FSD 
with greater precision. With this purview, genetic analysis using the genotyping data with 5000 SNP markers and 
phenotyping the recombinant inbred line (RIL) population derived from the cross ICGV 02266 (Non-dormant) × 
ICGV 97045 (Dormant) identified five major QTLs on Ah01, Ah11, Ah06, Ah16 and Ah17 chromosomes. In parallel, 
the genome-wide association studies performed using whole genome re-sequencing data and phenotyping data 
from 184 groundnut mini-core accessions identified 11 marker-trait associations (MTAs) on Ah04, Ah08, Ah09, 
Ah13, Ah15, Ah18, Ah19 chromosomes. Complimenting this, our earlier QTL-Seq studies on a RIL population (ICGV 
00350 × ICGV 97045) also identified two FSD associated genomic regions on A09 and B05 chromosomes. Finally, 
histone deacetylases, cytochrome P450, protein kinases, serine threonine protein phosphatase, Ring-H2 finger 
protein and ethylene-responsive transcription factor etc., were identified as probable candidate genes regulating 
seed dormancy. One allele specific and six Kompetitive Allele Specific PCR (KASP) markers were developed and 
successfully validated in the diverse panel of selected RILs, germplasm lines and reference set of groundnut. These 
validated markers could facilitate faster breeding of new varieties with desired dormancy using marker-assisted 
early generation selection.

T6PP018:
Defining the genetic architecture of agronomic traits and blast resistance 
utilizing genome wide association mapping in finger millet
Joshi DC1, Sood S1, Rajashekara H2, Bhinda MS2 and Kant L2
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Finger millet (Eleusine coracana L.) is climate resilient minor millet of Asia and Africa with wide adaptation and 
unparallel nutritional profile. To date, genomic resources available in finger millet are scanty and genetic control 
of agronomic traits remains elusive. Further, blast caused by the fungus, Pyricularia grisea is the most important 
biotic constraint which severely affects the finger millet production across the world. It affects the finger millet 
plant at all the growth stages and express symptoms in the form of leaf blast (LB), neck blast (NB) and finger 
blast (FB). In endemic and hot spot areas yield loss of 70–80 % has been reported Here, a collection of eco-
geographically diverse 186 genotypes was quantified for variation in 13 agronomic traits and reaction to blast to 
identify marker-trait associations (MTAs) using genotyping-by-sequencing (GBS) and genome-wide association 
study (GWAS). GBS generated 2977 high quality single nucleotide polymorphism (SNPs) markers and identified 
three subpopulations with varying admixture levels. General linear and mixed model approaches of GWAS to 
correct for population structure and genetic relatedness identified 132 common MTAs for agronomic traits across 
the years. The phenotypic variance explained by the makers varied from 4.8% (TP692389-flag leaf width) to 20% 
(TP714446-green fodder weight). Of these, 26 MTAs showed homology with candidate genes having role in plant 
growth, development and photosynthesis in the genomes of foxtail millet, rice, maize, wheat and barley. We also 
found 4 common MTAs for neck blast resistance, which explained 5.9–15.1% phenotypic variance. Three MTAs 
for neck blast resistance showed orthologues in related genera having putative functions in pathogen defense in 
plants. The results of this work lay a foundation for understanding the genetic architecture of agronomic traits and 
blast resistance in finger millet and provide a framework for genomics assisted breeding.

mailto:manish.pandey@icrisat.org
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Dry land smart crop of brown top millet (Brachiaria ramose L.) for 
performance if genotypes optimization of seed rate and planting geometry
Ashoka P
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Browntop millet (Brachiaria ramose L.) is one of the rare crops among millets belonging to family Poaceae. It 
is an annual warm-season grass and majorly used in forage management systems. It is originated in Southeast 
Asia. It is mainly grown in Western Asia, Africa, China, Arabia and Australia. It appears to have been a major 
staple crop in the late prehistory of the wider region of the Deccan (Fuller et al., 2004). In several parts of India, 
browntop millet is known by local names which translate to relative of little millet. A field study was conducted 
during Kharif  2020 at ICAR-Krishi Vigyan Kendra, Hanumanamatti, Haveri, Karnataka, India, under rainfed 
condition in red sandy loamy soil. The experiment was laid out in split-split plot design with three replications. 
The treatments comprise three planting geometry (30, 45 and 60 cm row spacing) in main plots, two genotypes 
(Dharwad local and IIMR Y II) in sub plots and three seed rates (5, 7.5 and 10 kg ha-1) in sub-sub plots. Planting 
geometry of 45 cm row spacing recorded significantly higher growth parameters like, number of tillers per 
meter row length (157.56), leaf area (362.50 cm2 plant-1), dry matter production (15.02 g plant-1) and yield 
attributes like number of effective tillers per m2 (333.08), ear head length (15.1 cm), grain yield (624.2 kg ha-1), 
straw yield (1370.1 kg ha-1) and economic values as compared to 30 cm row spacing, which was on par with 60 
cm row spacing. Genotypes had no significant effect on growth, yield parameters and yield. However, genotype 
IIMR Y II recorded higher growth attributes, yield attributes, grain yield (575.4 kg ha-1), straw yield (1297.6 kg ha-
1) and economic values when compared to Dharwad local. Among different seed rates, seed rate of 7.5 kg ha-1 
recorded significantly higher number of tillers per meter row length (153.88), leaf area (348.18 cm2 plant-1), dry 
matter production (14.49 g plant-1), number of effective tillers per m2 (327.43), ear head length (15.07 cm) grain 
yield (585.6 kg ha-1), straw yield (1321.8 kg ha-1) and economic value than the rest of the seed rates.

T6PP020:
Effect of foliar application of sodium nitroprusside (SNP) on   certain 
morpho-physiological, Biochemical and yield parameters of kharif maize 
(Zea mays L.) grown under rainfed condition.
Ahmad MA, Madhusudhana Reddy KN, Ahmad MA, Sanodia P, Naik BV and Jat M
Department of Plant Physiology, Department of Agronomy, Institute of Agricultural Sciences, Banaras Hindu University BHU, Varanasi, India
Email: afjalahmad@bhu.ac.in

An experiment was performed in the kharif season - 2022 at the Agricultural research farm of the Institute of 
agricultural sciences, BHU, Varanasi to study the effect of foliar application of Sodium nitroprusside (SNP) with 
respect to certain morpho-physiological, biochemical and yield attributing parameters in kharif maize taking 
Variety CPP-858. Significant differences were observed with respect to morpho-physiological parameters like 
LAI (Leaf area index), sink size, test weight and harvest index was found to increase in the plants treated with 
SNP (a nitric oxide donor) than those grown under control plot. Similar results were obtained with regard to 
biochemical parameters such as chlorophyll ‘a’, ‘b’ total chlorophyll, Protein content, total soluble Sugar content 
in leaves and seeds which showed an increasing trend in response to exogenous application of SNP. Similar 
observations were recorded with respect to the yield and yield attributing parameters. Hence, the above work 
done essentially reflects the importance of sodium nitroprusside as a potent growth modulating substance for 
crop plants especially grown under water stressed/ dryland conditions.
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196

T6PP021:
Towards trait mapping and comprehensive transcriptome profiling to 
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Finger millet [Eleusine coracana (L.) Gaertn.] is a key C4 grain crop cultivated in southern Asia and eastern Africa. Its 
grain possesses exceptional nutritional value with climate-resilience properties. Finger millet blast disease, caused 
by Pyricularia oryzae, is a serious constrain of crop production and is threatening global food security especially in 
the arid and semi-arid regions. This disease causes leaf, neck and finger blast which results upto 80% yield losses.  
However, the genetic mechanism underlying blast disease resistance in finger millet remains largely unknown. In 
the present study, QTL mapping and RNA-seq approaches are employed to identify genomic regions and molecular 
mechanisms associated with blast resistance in finger millet. Two mapping populations using contrasting parental 
genotypes for blast disease resistance, VR 708 (susceptible)  IE 4497 (resistant) and IE 5306 (susceptible)   IE 4497 
(resistant) have been made using novel hot water emasculation crossing method. F1 seed was harvested and 
hybridity confirmation of F1s is underway using the Quality Control 48 SNP panel developed at ICRISAT. QTL analysis 
will be performed using F2:3 lines to detect genomic loci controlling blast resistance. Also, transcriptomics of blast 
resistant and susceptible genotypes to identify differentially expressed genes (DEGs) is being performed using RNA-
seq approach.  Functional analysis of DEGs by gene ontology (GO) and KEGG pathway analysis will be performed 
to gain insights into the biological processes and molecular mechanisms associated with blast disease resistance. 
SNPs and indels associated with potential candidate genes identified through combined QTL mapping and 
transcriptome analysis will be targeted for marker development. Findings from this study will serve as a valuable 
resource for developing blast resistant finger millet varieties through genomics assisted breeding.

T6PP022:
Rapid mapping of genomic regions and candidate genes governing seed 
protein content in chickpea using QTL-seq
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Protein is an important component of nutrition in human diet. It can be obtained from plants and animals, but 
protein obtained from plants is cheaper and healthier than from animals. Inadequate intake of protein leads to 
Protein Energy Malnutrition (PEM). Vulnerable people from South-Asia and Sub-Saharan Africa cannot afford 
animal-based protein and hence they often experience PEM. To combat PEM, consumption of plant-based protein 
is an affordable and more sustainable approach. Chickpea (Cicer arietinum L.) is a major legume crop cultivated in 
the semi-arid tropics and is a rich source of seed protein content (SPC) which varies from 17-25% among different 
accessions. Improvement of SPC in high yielding chickpea varieties will meet the demand of food and nutritional 
security. Identification of candidate genes/ alleles governing SPC is crucial in genomics assisted breeding for 
chickpea quality trait improvement. In the present study, we intend to identify genomic regions and candidate 
genes governing SPC in chickpea using QTL-seq approach. Crossing the parental lines (ICCV 10 × ICC 9848 and NBeG 
119 × ICC 6263) for SPC yielded 49 and 15 F1 seeds, respectively. Hybridity confirmation is in progress and true F1s 
will be advanced to F2:3 generations. Phenotyping for SPC will be performed using F2:3 seeds, and lines with high 
and low protein bulks will be identified. WGS of bulks and parental lines, followed by a comprehensive analysis of 
sequencing data will facilitate the identification of genomic regions associated with SPC in chickpea. Furthermore, 
potential genes underlying the genomic regions and SNPs/indels associated with SPC will be identified. This study 
facilitates understanding of molecular mechanisms underlying SPC and marker development for use in molecular 
breeding program for development of high yielding and protein rich chickpea varieties.
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Owing to its adaptability to different climates, high nutritional value and industrial use in brewing, the demand for sorghum 
(2n=2x=20) is gradually increasing in Kenya. However, the production and profitability of sorghum is still extremely low due to 
diverse biotic and abiotic factors. Anthracnose disease (Colletotrichum sublineolum) can cause up to 100% yield losses in Kenya 
but remains uncharacterized across the major sorghum growing regions. A study was conducted on-station at ICRISAT Alupe 
Research Sub-center (ARSC) of the Kenya Agricultural and Livestock Research Organization (KALRO) in Western Kenya with the 
following objectives: establish the response of different sorghum genotypes to natural field resistance; identify the extent of 
variation across anthracnose isolates; and to optimize reliable in vitro screening methods. Eighteen sorghum genotypes were 
evaluated in the field in 2019 and 2021 planting seasons using natural inoculum in a randomized complete block design in three 
replications. Twenty anthracnose isolates were collected from experimental fields and surrounding farmers’ fields and cultured 
on potato dextrose agar (PDA) for morphological and molecular characterization. Virulence was determined by disease reaction 
scoring on sorghum mesocotyls. The most virulent pathogen isolate was subsequently submitted for whole genome sequencing 
using Illumina Sequencing Technology. The strain was further used to optimize in vitro screening conditions with etiolated 
seedlings of each genotype. We observed morphological differences among the pathogen isolates seven days after plating based 
on mycelial color, elevation and margin suggesting differences in the pathotypes. Field evaluation results revealed that three 
genotypes (Brandes, Nakhadabo, PI570726) were statistically the most resistant cultivars based on area under disease progress 
curve (AUDPC) means. Analysis of variance showed significant differences among genotypes (P ≤ 0.001) and genotype by season 
interactions (P ≤ 0.01). Clean pathogen sequencing reads were mapped to a known reference genome in public databases and 
>90% mapped to the reference. Sequencing of C. sublineolum from Kenya will enhance our understanding of the pathogen 
adaptation and evolution mechanisms that can be deployed in its management. The resistant sources identified in the current 
study will aid in expanding the genetic diversity and in the development of new resistant varieties. 
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The large capacities of digital tools to manipulate, produce, and synthesize information make them everyday more central 
in agriculture. In this contribution, we present three digital applications covering the whole agricultural research process: a) 
environment and socio-economic context characterization, b) cultivar development; and c) technology extension through 
on-farm testing. The first application allows the user to navigate through 20 years of pearl millet production data to grasp a 
detailed understanding of the macro-level constraints for this crop in India in terms of weather, soil properties, competitors, or 
prices. The application also allows the simulation of production scenarios to compare the expected yield and economic gain. 
The second application compiles the results of the genetic analyses of one of the most advanced West-African sorghum genetic 
resource (multi-reference BCNAM population). Extending the environmental characterization, it can help (molecular) breeders to 
identify genomic region of interest and extrapolate future variety behaviour in the target environment. Such a tool increases the 
possibility to design climate-smart varieties. Finally, moving to farmers’ field, the third application synthesises the results from the 
first sorghum tricot experiment. It shows how selection of a certain variety is influenced by micro-environmental conditions at 
the field level and how we can better identify those to meet the farmers’ needs. Even if the examples are not directly connected, 
they represent a possible way to articulate the flow of information from the macro-level to the micro-level. They emphasize the 
need to improve the connection between the different steps of the research and development process in agriculture and how 
data science could facilitate that.

mailto:vincent.garin6@gmail.com
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Pearl millet is one of the most important crops that provide food, fodder, feed, and fuel to millions of poor 
families and their livestock. The objective of this study was to identify the best pair of mapping population and 
assessment of variability for fodder traits. A total of 45 parents representing 23 mapping populations were used 
for characterization in a two-replication alpha lattice design during summer 2019. Pairwise t-test analysis reported 
significant differences for targeted traits. Mapping population with significant contrast was identified (Jakhrana 
S8-28-2-P4 × RIB 335/74-P1). In variability analysis, In-vitro Organic Matter Digestibility (IVOMD) ranged from 
54-72.22%, acid detergent fiber (28.6-52.3%), neutral detergent fiber (60-75.2%), metabolizable energy (5.81-
9.67MJ/Kg) and crude protein (7.11-14.2 g/kg). The range for biomass-related traits, total Biomass (TB) (70-859q/
ha), total leaf weight (43-134), total stem weight (65-156), 50% flowering (36-119 days) and number of tillers 
(2.9-12.59), plant height (48.43-186cm), leaf length (18.72-65cm), leaf breadth (1.6-4.32cm) and stem girth (6.15-
17.73mm), leaf stem ratio (0.27-2.06) was reported. Top five lines identified for IVOMD were (ICMB841)-P3-P4, 
ICMB95333-P5, LGD-1-B-10, ICMB-89111-P2 and RIB335/74-P1, while for TB, top five genotypes were P1449-
2-P1, IP18293, H77/833-2-P10(P5), ICMP451-P6 and ICMS8511-S1-17-2-1-1-B-P03. The significant differences 
between pairs would be further used for crop improvement purpose such as the mapping of QTLs/alleles for fodder 
traits. Furthermore, genotype differences reveal diverse genetic make-up of cultivars, which could be valuable in 
identifying superior gene combinations for key traits along with application in heterosis breeding.
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Genomic resources and molecular markers play an important role in designing novel breeding programs to 
accelerate genetic gains in crops. Next generation sequencing (NGS) and genotyping technologies have impacted 
enormously in the crop improvement process. Genomics approaches such as association studies, QTL analysis, 
muti-omics etc. provided opportunities to study genetic variation and identify useful alleles in genome for use 
in molecular breeding. Several genomics resources have been generated and successfully deployed in different 
crops resulting in improved lines/ developed cultivars. However, these success stories have been largely 
restricted to major cereal/ legumes and is time to generate genomics resources for utilization in other minor 
food crops including millets. Finger millet [Eleusine coracana (L.) Gaertn.], a climate-resilient nutrient-dense crop 
among the six small millets has been recently added in research portfolio of the ICRISAT as one of its mandate 
crops. Cureently, the genebank at ICRISAT conserves nearly 7,500 finger millet germplasm accessions. Towards 
development of genomics resources, ICRISAT in collaboration with several national and international partners have 
initiated research in this direction to dissect and understand biological mechanisms of complex traits for finger 
millet improvement. For instance, whole genome re-sequencing of 172 lines resulted in identification of 65,04,522 
SNP markers. Data analysis revealed classification of identified SNPs into A and B genomes, chromosome-wise 
distribution, SNP density, transitions and transversions. Utilizing high quality non-redundant SNPs, precise and cost-
effective SNP genotyping assays like Quality Control (QC; 48 SNPs) and Mid-density SNP array (3000 SNPs) panels 
were developed for deploying in finger millet breeding programs. These SNP panels are being used for hybridity 
testing, fingerprinting of the released varieties as well as assessing their adoption in addition to genetics and 
breeding applications. In another study, genome wide association studies have provided significant marker-trait 
associations and candidate genes for nutritional traits in finger millet. Efforts are underway to dissect the genetic 
basis of blast resistance mechanism through QTL mapping and RNA-seq approaches. All these genomic resources 
along with the above-mentioned approaches will be used for strengthening the finger millet breeding.  
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Characterization of the germplasm, core collections, released and farmer preferred varieties revealed varieties from 
eastern and southern Africa (ESA) region to be relatively low in yield and nutrient content. A program to increase yield 
and to biofortify varieties especially for Ca, Fe and Zn was initiated. Reported are the results of a PYT set evaluated in 
2017LR and 2018LR. High diversity was observed in all the traits evaluated. Yield ranged from 1.48 t/ha to 5.59 t/ha 
with mean of 3.39 t/ha, thresh percent from 65.4 to 85.4 % with a mean of 79.0% and days to flowering from 49 to 98 
with a mean of 89 days, plant height from 65 to 118 cm.Main nutrients in finger millet- Ca, Fe and Zn ranged from 2335 
to 6211 mg/kg, 21.9 to 129.8 mg/kg and 4.78 to 82.8 mg/kg, with means of 3091 mg/kg, 50.37 mg/kg and 31.3 mg/
kg respectively. Nutrients were highly correlated to each other, signifying that, you can biofortify most of the nutrients 
in the finger millet grain simultaneously. Yield and yield related traits (1000 Seed mass, thresh percent and number of 
productive tillers), and Days to 50% flowering were not significantly related to either of the nutrient traits, implying that 
you can biofortify most of nutrients without necessarily compromising on yield. High heritability values were estimated 
for agronomic traits-plant height (0.71) and yield traits-productive tillers (0.53), panicles harvested (0.65), panicle weight 
(0.52), 1000 seed weight (0.72), grain yield (0.53) and thresh percent (0.44). A relatively lower value was estimated for 
days to 50% flowering (0.29). Higher heritability estimates were estimated for the traits from the 2018LR data compared 
to the 2017LR. Results indicate that it is possible to biofortify finger millet with the different nutrients while increasing 
yield using conventional breeding methods.
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Finger and pearl millet form an important part of the traditional norms in the ESA region, finger millet, mainly grown in 
eastern Africa and pearl millet mainly in southern Africa. They are staple to many people in the region where they are 
used as weaning food, food for expectant and breast-feeding mothers and play a critical role in traditional functions like 
birth initiations, marriages and funeral functions. Despite their importance, millets production and use has been declining 
due to negligence in research. The resilient nature of the crops, their nutritional advantage and the favorable impact 
on environment (good for farmer, good for the consumer and good for the environment) has led to renewed interest in 
the improvement, production and utilization of these crops. National research institutions in the region, coordinated by 
ICRISAT, have developed high yielding resilient varieties and hybrids, coupled with GAPs, appropriate post-harvest and 
value addition techniques. Yields of improved released varieties have more than doubled from an average of 0.8 t/ha 
from farmer varieties to 1.5-2.0 t/ha for improved varieties on farmers fields which can improve to 3.5-4.0 t/ha if GAPs are 
followed. The lines in the pipelines have shown higher potential of up to 6.0 t/ha with improved nutritive value.  Finger 
millet varieties with Ca levels as high as 6000 mg/kg (about 5 times higher than milk), Fe content as high as 80 mg/kg and 
pearl millet varieties with Fe content higher than 100 mg/kg are at advanced stages for release in Uganda, Zimbabwe, 
Kenya and Namibia. To address the issue of labor demand on women and youth, varieties with special attribute “snapping 
trait” have been developed to ease harvesting; and two of these have already been released in Kenya. Because of the 
ongoing sensitization on the nutritive value of the millets, demand of the millets grain in the region has gone up, leading 
to increased production and productivity. Millets are therefore poised to be cereals of great importance in the region as 
signified by their new assigned names-cereals of the future, nutri-cereals and crops of the future.
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Stem rot is a most devastating disease in peanut (Arachis hypogaea L). caused by the fungus Sclerotium rolfsii 
leading to severe yield losses (40-80%) worldwide. Better understanding on genetic control and developing 
genomic tools can accelerate the process of developing new resistant varieties faster and with more precision, 
however, it needs information on genes and markers. In this context, we have phenotyped a diverse panel 
(minicore collection) in a sick plot for four seasons (Rainy-2014 to Rainy 2017) along with oxalic acid assay 
(2022) at ICRISAT, Hyderabad. We further used the whole genome re-sequencing data for this diverse panel 
to filter high quality 2.5 lakh genome-wide SNPs followed by performing the genome-wide association study 
together with phenotyping data. After filtering the associated marker-trait associations (MTAs) to avoid false 
discovery rate (Bonferroni correction), nine promising genomic regions associated with stem rot resistance 
were identified on seven chromosomes with R-square ranging from 0.14 to 0.26. Seven of these MTAs were 
found associated with the component trait PDI (percent disease incidence) at 30 DAS (days after sowing), and 
one each for PM (percent mortality) at 30 DAS and PM at 60 DAS. Further analysis is in progress for identifying 
candidate genes in these associated genomic regions followed by possible haplotype discovery and marker 
development. 
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Agriculture is one of the main source of economy in some major parts of Himalayas. However, continuous 
change in meteorological variables (Temperature and Precipitation) due to climate change have drastically 
affected the agricultural production, hence altered the economic stability of millions of people living in 
Himalayas. Kashmir valley is one of the major saffron (Crocus sativus L., Golden Condiment or Red Gold) 
producing areas in the world. Saffron being a niche crop is grown under narrow micro-climatic conditions 
has become a victim of changing climatic conditions. In the present study we used meteorological data 
(Temperature and Precipitation) and Saffron production data to understand the impact of changing climate on 
Saffron production. The results suggested that temperature has increased from 0.1 ⁰C per decade from 1901 
to 2014 to about 0.3 °C per decade from 1951 to 2021. It was observed that the temporal changes in climatic 
variables have strongly influenced the Saffron production. The results further suggested that the saffron 
production has decrease from 15.95 metric tons in 1997 to 9.6 in 2015 metric tons, respectively. The area under 
Saffron has also declined from 5707 hectares in 1997 to 3674 hectares in 2015. Our study highlights the role 
of changing climate in declining the saffron production from last 2 decades and also attempted to analyse the 
problems which hinders the crop production and therefore the economy of Kashmir Valley.
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The fall armyworm, Spodoptera frugiperda is also been an important pest of sorghum in recent years in both 
India/Asia and Africa. Therefore, it is important to identify stable sources of resistance to develop cultivars with 
specific and multiple pest resistance. The recent invasive pest fall armyworm also causing major damage after 
maize crop, especially during vegetative stage. Cultural practices and host plant resistance are effective measures 
to mitigate the losses caused by FAW. In the present study, around 144 elite breeding lines were screened for 
FAW with an artificial infestation with neonates under screen house/phenotyping facility along with resistant (IS 
18551) and susceptible (Swarna) checks were also planted during the rainy and post-rainy seasons of 2021–2022. 
The traits such as total plants, per cent damage, and damage scores for fall armyworm (1-9 scale) during both 
seasons There were significant differences in resistance between the lines across seasons. The least leaf damage 
score recorded on ICSV 15013, IS 20743(4.0 DR) followed by IS 26694, ICSH 14002 and ICSH100002(4.50DR) and 
highest leaf damage score recorded on ICSB 29016(9.0DR) during rainy 2021. In case of post rainy, the least leaf 
damage score recorded on ICSV 17304(1.5), ICSB 219(3.0), ICSB 467, ICSV 25308, IS 33871, ICSH 100027, ICSH 
100035 and ICSH 100035(3.50DR). The lines ICSH 100027, ICSR 93036, ICSSH 28 exhibited the least leaf damage 
scores for across two seasons. These genotypes can be used in sorghum breeding programs for developing 
cultivars FAW resistance lines.
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Pod borer, Helicoverpa armigera (Lepidoptera: Noctuidae) the single largest yield shrinking factor in food 
legumes – causes an estimated loss of US$ 317 million in pigeon pea and $328 million in chickpea. In general, 
the estimates of yield losses vary from 50 to 100% in the tropics and 5–10% in the temperate regions. In present 
studies, monitoring of pod borer population using pheromones traps data of AICRP’s for both crops results 
revealed that activity of male moths trapping were monitored for eight consecutive (2014 to 2021) years by 
installing 2-3 traps /acre of both crops field at different hot spot locations of India. The pooled peak population 
of male moths of H. armigera trap catches of different locations were found to be highest during the year 2015-
16 (1051.16 trap catches), followed by three fourth population decreased trend was noticed during 2016-17 
(306.65 trap catches) and lowest adults trap catches were noticed during 2021-22 (219.68 trap catches) in 
chickpea fields across India. The similar diminishing trend of H. armigera trap catches also found in pigeonpea 
crop for 2014(318 trap catches) to 2021-22 (57.65 trap catches) across the different locations of India. Keeping in 
view present studies has been carried out see how population trend of pod borer declining across different hot 
spot locations for both crops from 2014-2021 period and this studies further help on future predication model 
also how trend of this pest also effect on other hosts of horticultural and other crops. 
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Successful crop production in dryland areas is a big challenge in the context of climate change.  The agrifood systems 
in semi-arid regions are more fragile under erratic weather conditions. Hence, selection of suitable climate resilient 
crops like minor millets can be a better option for sustainable production besides nutritional security. Further, optimum 
sowing environment results in congenial weather conditions for proper growth and development during the crop-growing 
period and ultimately enhances the grain yield. A field experiment was conducted at Agricultural Research Station, 
Ananthapuramu, Andhra Pradesh, India in the year 2021 during kharif season (June-September) to assess the optimum 
sowing time of foxtail millet (Setariaitalica L.) under rainfed conditions. The crop was sown in various sowing environments 
i.e. starting from June to September months at fortnight (FN) interval. Our results clearly indicated that maximum yield 
(2026 kg/ha) was obtained with I FN June sown crop as compared to rest sowing environments. Further, it was observed 
that the rainfall dispersion during the crop growing period had more impact on grain yield compared to the total amount of 
rainfall received. Our data analysis showed that a rainfall of 125 mm from emergence to 50% flowering and 104 mm during 
flowering to maturity period resulted in higher grain yield. On the other hand, receipt of higher rainfall from emergence 
to flowering (327 mm in II FN of September sown crop) and/or followed by excess rainfall (200 mm in I FN of September 
sown crop) or deficit rainfall (0.3 mm and 7.4 mm in I FN of July and II FN of September sown crops, respectively) during 
flowering to maturity stage drastically affected the grain yield (< 900 kg/ha). Sowing foxtail millet during I FN of June after 
receipt of sowing rain helps the crop in harnessing maximum amount of rainfall during the emergence to flowering stage 
is not exposed to terminal moisture stress conditions resulted in higher grain yield. Hence, it can be concluded that the 
optimum-sowing environment of foxtail millet for realizing higher grain yield under rainfed conditions in semi-arid regions 
of Andhra Pradesh is I FN of June. 
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Safflower (Carthamus tinctorius L.) is an important edible oilseed crop in the semi-arid tropics. Aphid (Uroleucon compositae 
Theobald) is the major insect pest of safflower in India causing yield loss. Tolerance to aphid has been found in safflower 
germplasm and efforts are under way to decipher its genetic basis. In this study, a previously reported major QTL, QUc-Ct3.1 
for tolerance to safflower aphid (based on the phenotype of days-to-wilt after aphid infestation) in F6-RIL population of CO-1 
(susceptible) x EC-523368-2 (tolerant) cross was fine-mapped and validated across different generations (F8, F10 and F11 
RILs and BC1F3) of the same cross using additional tolerance related phenotypes (chlorophyll content and biomass under 
aphid infestation). A genetic linkage map of F8-RIL population was constructed using 279 lines with 121 markers including 
SSRs and SNPs, which were distributed on 12 linkage groups (LG). QTL analysis in F8-RIL population using days-to-wilt data 
redetected the major QTL, QUc-Ct3.1 with the flanking markers, SafM-1160 and AMPCt-131 on LG-3 (LOD=41.4; R2=42.5%). 
The QUc-Ct3.1 region was fine-mapped with additional three markers namely AMPCt-131, SafM-1160 and SafM-1137. 
Based on this, five markers namely SafM-1160, SafM-1137, SafM-290, SafM-23 and AMPCt-131, linked to QUc-Ct3.1, were 
selected for QTL validation in different generations: F10, F11 and BC1F3, of CO-1 x EC-523368-2 cross. The F10-RIL (239) 
and BC1F3 (206) populations were phenotyped based on days-to-wilt and chlorophyll content (measured at different time 
points) after aphid infestation. Single marker analysis in F10-RIL and BC1F3 populations revealed that QUc-Ct3.1 linked 
markers, SafM-1160 and SafM-1137 showed strong association with days-to-wilt and chlorophyll content explaining R2 
of >40% and >30% in F10-RIL and BC1F3 populations, respectively. Furthermore, the same markers (AMPCt-131, SafM-
1160 and SafM-1137) showed strong association with biomass in F11-RIL population explaining R2 of 10%, 42% and 40%, 
respectively. The results clearly demonstrated that QUc-Ct3.1 could be repeatedly detected across different generations of 
CO-1 x EC-523368-2 cross with different tolerance related phenotypes such as days-to-wilt, chlorophyll content and biomass 
under aphid infestation in safflower. Further fine-mapping and discovering candidate gene underlying QUc-Ct3.1 are in 
progress, which would enable marker-assisted breeding for tolerance to aphid in safflower.
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Groundnut (Arachis hypogaea L.) plays a significant economic role for small-scale farmers as the third most 
important source of vegetable protein. However, pre and postharvest aflatoxin contamination, caused by the 
fungal pathogen Aspergillus flavus is a serious threat to groundnut production due to diminished crop quality 
value. Aflatoxin possesses a greater threat as carcinogenic and hepatotoxic to the health of both humans and 
livestock. Moreover, Groundnut is predominantly grown as a rainfed crop in India and is often exposed to end-of-
season dry spells during harvest aggravating the chances of infection. Hence improving the aflatoxin resistance of 
groundnut is, therefore, a top priority to uplift the regional economy and protect human health. No remarkable 
success has been achieved through breeding so far due to the dearth of reliable screening techniques. To unravel 
the molecular mechanism/s of groundnut resistance to A. flavus growth and aflatoxin accumulation, a non-
targeted metabolomics analysis was performed in two contrasting peanut genotypes, TMV2 (susceptible) and 
55-437 (resistant), mock- or pathogen-inoculated. The resistance-related metabolites, which had high fold change 
in abundance, mainly belonged to phenylpropanoid, flavonoid, fatty acid, and alkaloid chemical groups and were 
induced higher in resistance genotypes than susceptible genotypes. Several resistance-related metabolites with 
secondary metabolic pathways were strongly induced in the resistant genotypes including, 4-hydroxycoumarin, 
4-coumarate, trans-3-hydroxycinnamate, L-phenylalanine, sinapylalcohol, feruloylagmatine, and feruloyltyramine, 
indicating their roles in resistance. Most of the phenylpropanoids identified here are hydroxycinnamic acid amides 
and lignin-related compounds, which are known to be associated with secondary cell wall thickening. Following 
validation, these metabolites can be used as resistance biomarkers for screening genotypes against aflatoxin 
contamination. 

T6PP036:
Status of Striga infestation in Uganda: Magnitude, dynamics and 
implications for management
Kakeeto R1, Kasule F1, Adikini S1, Biruma M1, Aru C1, Senabulya S2 and Odeny DA3
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3International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India 

Email: kakeetor@gmail.com
Striga is an important parasitic weed that causes severe yield losses of up to 100% in major cereals of Uganda, 
thereby persistently threatening food security. The objective of this study was to assess farmers’ perception of level 
of infestation, distribution, damage, and current management options of striga in Uganda. A survey was conducted 
in selected districts of eastern Uganda in the 2021 and 2022 cropping seasons. A total of 147 (75 women and 
72 men) farmers were purposively selected. Data were collected on major crops, cropping history and patterns, 
striga prevalence, awareness and management options using a questionnaire and observations. The survey results 
revealed that; maize (38%), sorghum (24.5%) and finger millet (11.6%) were the predominant cereals in eastern 
Uganda for the last decade and sole cropping (59.9%) was the most adopted cropping pattern. The prevalent Striga 
species in farmers’ fields were; S. hermonthica (95.9%) and S. asiatica (4.1%). S. hermonthica level of infestation 
was over 31 striga plants per m2 due to low soil fertility, continuous cropping, recurring drought episodes, and 
limited access to resistant varieties. Most sought management approaches for striga control were weeding 
(61.2%) and crop rotation (14.2%). However, only 2% of the respondents used tolerant varieties. More than 67.3% 
of farmers anticipated to have poor yields with striga infestation highlighting an urgent need to harness robust 
knowledge of striga – host plant relationship to reduce striga seed banks and employ modern breeding/genomics 
tools to develop durable striga resistance within the broad framework of integrated striga management.
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T6PP037:
Identification of high fresh and dry bean yielding and powdery mildew 
resistant vegetable type germplasm accessions in soybean [Glycine max (L.) 
Merril]
Mugali KP, Onkarappa T, Sowmya HH, Siddu CB, Basanagouda G and Ramesh S
AICRP on Soybean, UAS, GKVK, Bengaluru, India
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Vegetable soybeans are special type of soybeans. While fresh pods are harvestable economic products, fresh 
immature beans are vegetable purpose consumable products. Breeding vegetable soybean is still in infancy. 
Exploitation of natural genetic variability is the short-term strategy to cater to immediate cultivar needs of the 
farmers. Based on these premises, 116 vegetable soybean germplasm accessions along with two vegetable 
type check varieties were evaluated for fresh pod and seed yield and their component traits during 2019 rainy 
season. These 116 germplasm accessions were also screened for responses to powdery mildew disease under 
natural infection condition using infector row technique. A total of 18 high yielding genotypes selected from 116 
germplasm accessions were evaluated for both fresh bean and dry bean yield in the replicated trials during 2019-
20 post rainy season. Results indicated substantial variability as evidenced by standardized range and phenotypic 
coefficient of variance (PCV). Fresh bean and dry seed yield were significantly correlated (r = 0.43). Fresh bean 
yield of genotypes was higher during rainy season than during post rainy season. The seven out of eight best 
genotypes selected based on fresh pod yield plant-1 and 100 fresh bean weight from among 18 (evaluated during 
2019-20 post rainy season) also showed resistance to powdery mildew disease. These results are discussed in 
relation to strategies to breed vegetable soybean with acceptable resistance to powdery mildew.

T6PP038:
Genetic enhancement to improvement productivity, resilience and 
nutrition of sorghum in Sub-Saharan Africa
Jumbo MB, Ojulong HF, Mushoriwa H, Mwololo J, Sheunda P, Chepkorir W, Furaha V, Manyasa E, Muchiwanga N, 
Maya M, Mutari B and Mamourou S
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Malawi
Email:b.jumbo@cgiar.org

Sorghum [Sorghum bicolour (L.) Moench] is an indigenous crop to Africa and is a basic staple food for many rural 
communities. Sorghum ranks second among cereal crops in Sub Saharan Africa (SSA) in terms of area of cultivation. 
World annual sorghum production is over 60 million tonnes, of which Africa produces about 20 million tonnes. 
More than 35% of sorghum is grown for grain for human consumption while the rest is used for animal feed, 
fodder, alcohol production and industrial products. Sorghum is grown on 24.8 million hectares in SSA; however, 
on-farm grain yields remain poor with reported average of 1 tha-1 but has improved to average of 2 tha-1 over 
recent times with current improved varieties and hybrids having 6 to 8 tha-1 grain yield potential where good 
agricultural practices (GAP) are applied. Sorghum has wide adaptation and is grown in diverse environment but 
being a hardy crop has more advantage in performance in drier areas compared to most cereal crops such as maize 
and rice, therefore; sorghum together with other millets are considered as best suited crops for ensuring food 
security in a changing climate. Sorghum grain is rich in bioactive phenolic compounds, such as ferulic acid, gallic 
acid, vanillic acid, luteolin, and apigenin, 3-deoxyanthocyanidins (3-DXA), known to provide many health benefits, 
including antioxidant, anti-inflammatory, anti-proliferative, anti-diabetic, and anti-atherogenic activities. Some 
new varieties screened for Iron and Zinc, have shown high levels for these two micronutrients. Considering rising 
demand for grain for human food, animal feed and fodder, grain for brewery and other industrial use; our research 
focus has been on developing high yielding, dual purpose sorghum varieties and hybrids with enhanced grain iron 
and zinc. Our sorghum breeding pipelines are designed based on market segments and product profiles in the 
region, applying single seed descent breeding method supported with genomic tools; and research activities are 
implemented through collaboration and partnerships with key stakeholders including national agricultural research 
and extension systems (NARES), private sector and farmers. Several new high yielding and stress resilient varieties 
and hybrids have since been released across the region through these partnerships
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Climate smart plant protection for food security and environmental 
conservation
Sharma M1
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Email: mamta.sharma@icrisat.org

Climate change and the production of sustainable, healthy and nutritious food to a rapidly growing world 
population remains one of the biggest challenges for our world society today. Globally, 30-40% of crop produce 
is lost to pests and diseases annually, with overall losses in yield far greater in Asia and Africa. We need 
sustainable technologies and methods to support solutions to this challenge and continuously improve the use 
and exploration of precious agricultural resources. Under Govt of India mutli-institutional national initiative 
“CoE-Climate change research for plant protection”, several novel tools and technologies is being generated to 
predict the potential threat of pests and diseases under changing climate. Risk vulnerability atlas for potential 
emerging disease in pulses for 2030/45 has been generated for 98 districts in major production regions of 
chickpea and pigeonpea. Further, weather-based prediction models have been developed to predict the first 
appearance and peak severity of pest/diseases in a crop season. Weather based agro advisory for real time 
management of pests and diseases (http://ccrpp.iari.res.in/coe-pest) is being developed. Studies on impact of 
elevated temperature and CO2 on primary productivity parameters of dry land cereals and legumes indicated 
significant shift in the pattern and severity of diseases, yield and nutrition under future climate scenarios. 
Increased proportion of soil borne diseases; shift in the resistance/susceptibility of the pathogen as well as up 
to 20-40% reduction in macro/micronutrients has been observed under increased temperature and CO2 thus 
posing a challenge to food and nutritional security. Adequate knowledge and tailored awareness of pest and 
disease outbreaks alongwith reliable, consistent access to new tools and technologies with a seamless decision 
support system are indispensable among stakeholders to improve the management strategies and promotion 
of plant health under changing climate. Thus effective plant health management is critical for improving the 
productivity, profitability, sustainability and resilience of agrifood systems

T6PP040: 
Stability of chickpea genotypes against Ascochyta blight under multi-
environmental conditions
Sharma M1,6, Chandran US1,6, Rani U2, Singh SK3, Basandrai AK4 and Basandrai D4

1Precision Phenotyping for Biotic-Abiotic Stresses & Nutrition, International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), 
Hyderabad, India; 2Department of Plant Breeding and Genetics, Punjab Agricultural University, Ludhiana, India; 3Organic Farming Research 
Centre, Sher-e -Kashmir University of Agricultural Sciences & Technology of Jammu, Chatha, India; 4Department of Plant Pathology, CSK 
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Ascochyta blight caused by Ascochyta rabiei is a devastating disease of chickpea, which is favoured by climatic 
factors such as high humidity and prolonged spell of low temperature. The disease scenario is predicted to 
exacerbate in future due to rapidly changing climatic conditions. The emergence of fungicide-resistant pathogen 
strains is also likely to worsen this situation. The only logical way to tackle this crisis is by tapping into host-
plant resistance. In chickpea, sources with high levels of stable resistance against AB is not yet identified. The 
present study of multi-environment testing of potential chickpea genotypes was undertaken to address the 
above lacuna. The key objectives were to identify the resistant chickpea genotypes, evaluate their stability 
across different environments and assess the magnitude of the interaction between the genotypes and 
environment. We utilized the GGE biplot method to analyze the multi environment disease trial data. Among 
the 19 screened we were able to identify 3 genotypes showing moderate resistance consistent across all the 
tested environments. As for the tested locations, Ludhiana and Palampur were identified as the most ideal for 
AB screening in the future; while Jammu proved to be highly suitable for discerning poorly performing chickpea 
genotypes. The controlled environment facilities in ICRISAT was best suited for preliminary screening of large 
plant populations to rouge out highly susceptible genotypes. The results of this study will be utilized for future 
downstream AB resistance breeding programs.
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T6PP041:
Cost-effective and high-throughput genotyping assays for trait genetics and 
genomic breeding in groundnut 
Pandey MK
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
Email: Manish.Pandey@icrisat.org

Sequencing and high throughput genotyping large number of samples have become affordable due to 
tremendous cost reduction including for the crops with large genome size such as groundnut. The availability 
of high-quality reference genome sequence assemblies of wild diploid progenitors, wild tetraploid and both 
the subspecies of cultivated tetraploids, and resequencing of diverse germplasm lines along with sequencing-
based trait mapping approaches provided genome-wide SNPs as well as trait associated SNPs. These genomic 
resources have enabled to develop high-density Axiom_Arachis array with 58233 SNPs suitable for genetic 
diversity and trait mapping. We also developed two mid-density genotyping assays i.e., 5000 SNPs at 
Thermofisher’s Agriseq platform and 2500 SNPs at DArTseq platform and included trait associated SNPs as 
well to make them suitable for performing foreground selection in addition to background selection, genetic 
diversity and genomic selection.  We also developed a QC panel of 20 SNPs in order to perform marker based 
genetic purity and hybridity testing. Further, validated KASP assays were developed for diagnostic SNPs markers 
associated with key traits such as high oleic acid, rust resistance, late leaf spot resistance, seed weight and fresh 
seed dormancy. Deployment of these markers resulted in improvement of several elite and popular varieties 
including release of three new high oleic varieties in 6-7 states of India for commercial cultivation. Currently 
these genotyping assays are being deployed in genetic improvement of groundnut by performing genetic 
purity of parents/germplasm lines, checking hybridity, early generation foreground selection for key traits and 
background selection for background genome recovery and avoiding linkage drag in prebreeding populations, 
gene pyramiding, haplotype-based breeding and genomic selection. The integration of these new genotyping 
assays hold great promise in increasing the precision, efficiency and speed of breeding improved varieties.

T6PP042:
Distribution and molecular variability of pigeonpea sterility mosaic virus 
(PPSMV) and Aceria cajani causing sterility mosaic disease (SMD) of 
pigeonpea in Southern India
Rao MK1,2, Sunkad G2, Chandran USS1, Tarafdar A1, Srinivas K1 and Sharma M1 

1International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
2University of Agricultural Sciences Raichur (UASR), Karnataka, India
Email: mamta.sharma@icrisat.org

Sterility mosaic disease (SMD) is a major constraint for pigeonpea cultivation in the Indian sub-continent. The 
disease is caused by a single stranded negative sense RNA containing Emaraviruses viz. PPSMV I and PPSMV 
II and primarily transmitted by eriophyid mite (Aceria cajani). Intensive survey was conducted during two 
consecutive seasons in rabi 2021 and 2022 to ascertain the SMD incidence followed by the prevalence of two 
distinct Emaraviruses. 30 districts from 5 states viz. Andhra Pradesh, Karnataka, Maharashtra, Tamil Nadu, 
and Telangana states were considered for the survey. The results showed a significant difference in the SMD 
incidence between the surveyed seasons, ranging from 0-82.64% in 2021 and 0-36.80% in 2022. Infected 
samples were collected from the surveyed regions to study the Emaravirus variability associated with the SMD 
using RT-PCR based molecular characterization of CP gene (RNA-3 Segment). Amplicons of lengths of 322 bp 
and 284 bp was resulted when amplified using primers specific to the RNA-3 segment of PPSMV-I and PPSMV-2, 
respectively. Among the thirty isolates, only 4 isolates tested positive for PPSMV I while the remaining 26 tested 
positive for PPSMV II. Further, based on specific primer amplification using PCR, we found only the presence of 
eriophyid mite species, A. cajani, indicating that this is the only species of mite involved in the transmission of 
PPSMV I and II throughout the Southern India.

mailto:Manish.Pandey@icrisat.org
mailto:mamta.sharma@icrisat.org


207

T6PP043:
Small RNA sequencing revealed various microRNAs involved in regulating 
autophagy to mediate salinity stress response in rice 
Sharma I and Talakayala A
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MicroRNAs (miRNAs) are a class of small endogenous RNA that are central to maintaining the subtle and 
dynamic spatiotemporal regulation of gene expression to modulate diverse developmental processes and 
stress responses.  MiRNAs bind in a homology-dependent manner to target transcripts for their site-specific 
cleavage and/or translational repression leading to either complete suppression of target accumulation or 
translational repression at the cellular level thereby regulating the abundance and function of the target mRNA. 
In the present study, we utilized high-throughput sequencing to detect the miRNAs in the seedlings of two rice 
varieties contrasting in their tolerance to salinity i.e. BPT 5205 (salt-sensitive) and CSR-23 (salt- tolerant). A total 
of more than 13 million small RNA reads ranging in size from 18 to 35 nucleotides were obtained in each of the 
four libraries treated with or without salinity. 145 known and 1273 novel miRNAs were detected in BPT treated 
with salt stress. In CSR-23, 133 known and 677 novel miRNAs were identified under salt stress conditions. 
Furthermore, the potential target genes of the known and novel miRNAs were predicted and were subjected to 
Gene Ontology (GO) and Kyoto Encyclopaedia of Genes and Genomes (KEGG) pathway annotation. GO and KEGG 
revealed enrichment of numerous developmental and RNA-related processes. Several miRNAs were identified 
to target core autophagy genes and were differentially expressed in both the varieties. This was in consensus to 
our related study where we explore involvement of core autophagy genes in regulating salinity stress response 
in these two varieties. Expression changes of specifically autophagy related miRNAs and their targets were 
validated by qRT-PCR.  The results add novel miRNAs to the rice transcriptome, providing a useful resource for 
the further elucidation of their functional roles in salinity stress regulation and provided insights to hitherto 
uncharted miRNA led regulation of autophagy for salinity stress tolerance in rice.

T6PP044:
Temperature induced response of seedling is not associated with pod yield 
under heat stress in groundnut (Arachis hypogaea L.)   
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Groundnut (Arachis hypogaea L.) is an important economical crop, mainly grown in tropical and subtropical 
regions of the world. In the changing climatic scenario, heat stress is a serious threat and a major challenge 
in crop production. Temperature Induction Response (TIR) technique was used to screen genotypes for 
thermotolerance in several crop species like chickpea, rice, cotton, tomato etc. The present study is conducted 
to evaluate the seedling tolerance by TIR with pod yield. With this perspective, 36 groundnut genotypes 
were subjected to TIR and field screening under heat stress. TIR experiment was conducted in WGC-450 
programmable plant growth chamber, using uniformly germinated seedlings (48h old), for screening under 
induced temperatures (38-54oC for 5h and 58oC for 3h), non-induced (58oC for 3h) and control. Based on 
seedling survival % (Ger%), percent reduction in growth (PRG); ICGV 16598 (Ger% - 83%; PRG - 26.93%) was 
identified as heat tolerant and ICGV 181023 (Ger% - 77%; PRG – 35.60%) as susceptible genotypes. Under 
field conditions, screening for heat tolerance was done in two heat stress environments. Genotypes showed 
significant differences for plant height, days to 50% flowering, pod yield, kernel yield, shelling %, pod growth 
rate, partitioning factor, harvest index and relative injury in both environments. Significant positive correlation 
was observed for pod yield with pod growth rate, crop growth rate, partitioning factor, and harvest index under 
heat stress. Based on the pod yield of genotypes across the environments, ICGV 16606 (3960, 5046 kg/ha) was 
identified as heat tolerant and ICGV 181023 (2073, 1807 kg/ha) as susceptible genotypes. These experimental 
results indicate differential response of genotypes at different growth stages under high temperature and 
identified that seedling tolerance by TIR is not associated with pod yield under heat stress.
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Millets germplasm resources to breed climate-resilient cultivars for 
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With dryland food supply being challenged by climate variabilities, the world may be leaning towards a global food 
crisis.  This will effect largely the poor and the smallholder farmers because of low crop and livestock productivity, 
income and nutrition. Drylands occupy about 41% of the global land. Millets with C4 photosynthetic mechanism 
are the potential crops which can drive drylands towards climate resilience and sustainability because of higher 
productivity with minimal input, adapting to diverse ecologies and the grains are more nutritious than the major 
cereals. The ICRISAT Genebank conserves global collections of millets including sorghum (42799), pearl millet 
(24633), finger millet (7519), foxtail millet (1542), proso millet (849), barnyard millet (749), Kodo millet (665) 
and little millet (473), and distributed over 776,000 seed samples of these crops globally. Extensive evaluation of 
germplasm and diversity subsets such as core and mini-core collection resulted in the identification of trait-specific 
sources for breeding climate-resilient and nutrient-dense crops. The key trait-specific sources identified in sorghum 
include drought, low-temperature stress tolerance, photoperiod and temperature insensitivity, grain nutrients, 
fodder quality, and several insect pests and diseases resistance; in pearl millet for early maturity, fodder yield and 
quality, drought, salinity and heat stress tolerance, and resistance to downy mildew, rust and blast; finger millet 
and foxtail millet for drought and salinity tolerance, resistance to blast and high grain nutrients; and proso millet, 
kodo millet, little millet and barnyard millet for yield, and grain nutrients. ICRISAT is working towards large-scale 
high-throughput phenotypic and genomic characterization and trait discovery to support breeding climate-resilient 
nutrient-dense cultivars in millets for increasing productivity and resilience in the drylands. Researchers can 
obtain seed samples of millets germplasm from the ICRISAT genebank (http://genebank.icrisat.org/) following the 
Standard Material Transfer Agreement.

T6PP046:
Haplotype mining for EPSPS and ALS herbicide resistance genes in diverse 
sequenced panel of 401 pigeonpea lines
Dube N1, Gandham P1,2, Bajaj P1, Bomireddy D1, Saxena RK1,3, Varshney RK1,4, Kaul T5, Gangashetty P1, and  
Pandey MK1
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Weeds are among the difficult-to-control biotic stresses that have continually disrupted crops, resulting in low 
grain yield including pigeonpea. Finding genetic solution for weed control is more resource saving and ecofriendly 
in view of huge genetic diversity in pigeonpea germplasm. In this context, the whole genome sequencing on 401 
diverse pigeonpea with average ≥ 10X coverage sequencing data and genome mapping of 99.18%, along with the 
improved version of Asha reference genome was used. SNP calling identified 21,404,811 SNPs and InDels 5,542,227, 
which was reduced to 8,33,756 SNPs on applying filter of maf 2% and missing call <20%. Two candidate genes 
EPSPS (5-enolpyruvylshikimate-3-phosphate synthase) and ALS (Acetolactate synthase), which are reported for its 
high herbicides resistance levels in crops were analyzed for sequence variation in this diverse panel. These genes 
were searched in annotation file of newly developed reference genome of pigeonpea and its similarity at complete 
sequence and domain level was confirmed using blastn, blastx and HMMer programs. As a result, four haplotypes 
for one copy of EPSPS gene located on chromosome 1, and 30 haplotypes for two gene copies of ALS genes located 
on chromosome 9 were identified. Thirty-three variants were identified for ALS gene, 6 missense (Cc_v2.0_22271) 
and 22 intronic variants (Cc_v2.0_22275 and Cc_v2.0_22271). EPSPS (Cc_v2.0_02093) have one 3’UTR and three 
intronic variants. To validate the results, the selective lines would be phenotyped for herbicide tolerance for trait 
confirmation and potential use in breeding herbicide tolerant pigeonpea lines. This also opens up opportunities for 
identifying natural variation in other related crop species such as chickpea and groundnut.

mailto:vetriventhan.mani@icrisat.org
mailto:manish.pandey@icrisat.org


209

T6PP047:
Stability analysis of medium duration pigeonpea lines for yield and its 
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India is the largest producer of pigeonpea [Cajanus cajan (L.) Millspaugh]. However, the yield potential has 
always oscillated between 800-850kgs/ha. Breaking the yield plateau by developing high yielding, stable and 
climate resilient varieties is the current necessity. In this context, an experiment was designed to identify 
stable, high yielding pigeonpea lines in medium duration by multi-location study. Accordingly, thirty-seven 
pigeonpea lines along with two checks (ICPL 87119 and ICP 8883) were evaluated for yield and its related traits 
in five locations viz, ARS Badnapur, COA, Vijayapura, ARS Tandur, BAU Ranchi, GKVK Karnataka and ICRISAT 
Patancheru. The experiment was laid in alpha-lattice design with three replications during kharif 2021. ANOVA 
revealed significant differences between genotypes, environments and genotype × environment. GGE biplot, 
AMMI biplot, AMMI stability value (ASV) and Stability index (SI) assisted in identifying ICPL 19405, ICPL 19426, 
ICPL 19427 as the high-yielding and stable pigeonpea lines. BLUP values were used to estimate YREM values 
which ascertain yield reduction across environments. ICPL 20204 and ICPL 19411 has the highest YREM values 
(0.84) indicating the lowest grain yield reduction in comparison to other test genotypes. The identified stable 
genotypes can be progressed through AICRP testing pipeline further validating the high potential. The potential 
lines have the capacity of breaking the yield sealing, improving the lives and livelihoods of small and marginal 
farmers in India. 

T6PP048:
Multi-location testing for the identification of stable sources of blast and 
downy mildew resistance in pearl millet  
Nimmala N and Sharma R
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
E-mail: rajan.sharma@icrisat.org

Blast and downy mildew (DM) cause a considerable yield loss in pearl millet. These diseases can be best 
managed through host plant resistance. For the identification of stable sources of disease resistance, it is 
essential to test the promising lines in the multilocation disease nursery. Thirty pearl millet genotypes were 
evaluated for DM resistance at eight locations in India during 2018 and 2019 in collaboration with private 
sector partners. Pooled analysis of DM incidence indicated that there was a significant (P<0.001) difference 
among genotypes for disease resistance. Though none of the entries in the DM nursery was resistant at all 
the test locations, IP 6193-2, DMRRL-2, DMRRL-5 and ICHPR 18-2 were resistant at 7 of the 8 test locations 
across the years. Similarly, 29 lines were evaluated for blast resistance at eight locations during 2020 and 2021. 
Blast severity was quite high at all the test locations. Five lines, ICMR11003, IP 17396-4-1-1, IP 12374-1-1-2, 
ICMR 06666, and ICMR 11666, were resistant to blast at 3-5 locations across years, whereas 15 lines exhibited 
moderate resistance based on mean disease severity across genotypes and years. Pearl millet lines having 
resistance to the pathogen across locations hold promise in developing disease resistant pearl millet hybrids 
which is essentially required owing to the high variability in the pathogen populations. 
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GWAS has been widely used to identify the markers associated with the trait of interest and it has been 
continuously modified and upgraded in order to overcome its limitations. One of the major shortcomings is 
its inability to identify the low impact and rare variants associated with the complex traits. For the efficient 
incorporation of rare variants, we propose Pooled-GWAS, a combination of bulk segregant analysis and GWAS, 
where the available genome sequence information is used to concentrate and quantify rare alleles. The pooled-
GWAS method was evaluated in rice (Oryza sativa) in the well-studied yield under drought trait, so that the 
efficiency of this method could be measured through comparative study with the conventional GWAS and 
previously reported QTLs (qDTYs). The method has identified 54 signals to be associated with the yield under 
drought and these signals are spread across the genome except in the 7th chromosome. This covered two 
of the major effect QTLs (qDTY2.2 & qDTY12.1) along with novel variants which were not reported by GWAS 
MLM method. Candidate gene search of these novel variants showed multiple genes to be involved in drought 
response. Haplo-Pheno analysis of the candidate genes resulted in the identification of superior haplotypes 
of genes involved in biosynthesis (Os01g0754200, Os02g0811800), transcription regulation (Os02g0812600), 
stress response (Os06g0248500) and transcription factors (Os01g0753500, Os01g0755600, Os02g0179400, 
Os01g0954500). The superior haplotypes were validated by comparing with known drought tolerant and 
susceptible varieties. These findings prove that the Pooled-GWAS is a cost-effective approach that can be used 
for the precise identification of low to medium impact loci those can’t be identified by GWAS and/or rare 
variants associated with the trait of interest.

T6PP050:
Cobalt chloride: A promising tool for mitigating terminal heat stress and 
enhancing seed yield of chickpea in drylands 
Gudadhe NN, Sukanya E and Usadadiya VP
Department of Agronomy, N. M. College of Agriculture, Navsari Agricultural University, Navsari, India
E-mail:nitbioworld@gmail.com 

Recently in India, arrival of winter is late and cessation is very early. Chickpea enjoys a short window of 
winter and the day temperature starts shooting sharply after January end. Hence chickpea cut short its life 
cycle due to this sudden heat stress and reduction of crop yield is witnessed. CoCl2 has the property of delay 
senescence.  Accordingly, the field experiment was executed during rabi season of 2016-2017 at Navsari 
Agricultural University, Navsari, India. The experiment was conducted with two factors namely cobalt chloride 
and biofertilizers seed treatment. Seed treatment of cobalt was given at 0, 1, 1.5 and 2 g kg-1 seed and seed 
treatment of biofertilizers was given through Rhizobium, Arbuscular mycorrhiza (AM), Plant Growth Promoting 
Rhizobacteria (PGPR), Rhizobium + AM and Rhizobium + PGPR. The results showed seed treatment of CoCl2 at 
1.5 g kg-1 seed has gave extra 9 and 9.5 days, respectively over no seed treatment for days to 50% flowering 
and crop maturity and gave significantly higher seed (2318 kg ha-1) and stover yield (3631 kg ha-1). Rhizobium 
+ AM has gave extra 10.7 and 14.8  days to 50% flowering and crop maturity for over sole PGPR and gave 
highest chickpea seed (2433 kg ha-1) and stover yield (3726 kg ha-1). Seed treatment of CoCl2 at 1.5 g kg-1 seed 
registered highest cobalt content in chickpea seed (1.86 mg kg-1). However, Rhizobium + AM (2.01 mg kg-1) 
and sole AM (1.84 mg kg-1) were more efficient to absorb cobalt from soil over other biofertilizers. Hence CoCl2 
delays crop maturity and can give extra time for pod filling and thus mitigate terminal heat stress.  
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Enhancing the yield and nutritional quality of certain rainfed crops viz 
maize and oilseed by using effective and simple crop nutrition solutions 
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Sustained crop production requires balanced inputs through biological, organic and inorganic sources of 
fertilizers. In this context, Smartchem Technologies Limited (STL) has introduced simple and balanced crop 
nutrition solutions to address the issues related to poor crop nutrition practices followed by farmers. These 
nutrition solutions were developed and evaluated in crops like Maize, Soybean, and Groundnut as well as 
other target crops. The multi-year, multi-location trial results has indicated improvements in crop productivity 
by addressing issues related to the right nutrient source, non-uniform application, and providing balanced 
nutritional needs as per recommendation. Between 2017 to 2022, STL conducted trials using Croptek Crop 
Nutritional Solutions in collaboration with Agriculture universities in different cropping geographies of 
Karnataka, Maharashtra, and Andhra Pradesh. The summary of the results has shown over farmer practices 
that Maize Plant height and leaf biomass increased by 12% & 25% respectively, cob length & Girth increased 
by 10 to 12%, grain filling Percent was 94 to 99%. Ultimately maize grain yield increased by 15%. Likewise, in 
Soybean which is one of the major oilseed crop contributing about 34% of oilseeds production in the country, it 
was observed that the balanced, improved and simple Croptek Crop Nutritional Solutions recorded increase in 
number of pods per plant with more grains per pod. Yield attributing traits translated into an average increase 
in yield by 25% and oil yield by 30%. Similarly, Groundnut which contributes around 27% of oilseeds production 
was also assessed for the impact of improved nutritional management practices. The trial results indicated 
that the plant height and number of branches increased by 10% & 8% respectively, also filled pods and 100 
seeds weight increased by 10% & 8% respectively. Subsequently, total pod yield increased by 10 to 12 % with 
an average increase in oil percent by 5%. Overall, the results strongly suggest that the improved ‘Croptek Crop 
Nutritional Solutions’ contains all required macro and micronutrients together in one granule which is further 
powered with Nutrient Unlock Technology (NUT), providing uniform nutrient supply to each and every plant 
thereby bringing consistent crop establishment, growth, higher yields, and better quality.

T6PP052:
Identification of genomic regions and gene expression analysis for high 
grain iron and zinc content in pearl millet
Deva PA1,2
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Iron (Fe) and zinc (Zn) deficiencies are one of the most prevalent micronutrient deficiencies globally. 
Consumption of biofortified food crops may ensure human health and nutrition. Pearl millet [Pennisetum 
glaucum (L.) R. Br.] is a highly nutritious crop with higher grain micronutrient (Fe and Zn) concentrations. In 
this study, a world diversity panel, Pearl Millet inbred Germplasm Association Panel (PMiGAP) with 345 lines 
consisting of germplasm, landraces, and breeding lines representing pearl millet diversity from 27 countries was 
evaluated. The experiment was conducted at three locations in a two-replication alpha lattice design. The trials 
were evaluated for grain Fe and Zn content and important agronomic traits. The range of performance for 345 
lines along with five checks for different traits is days to 50% flowering (DFF) (30-90 days), plant height (PH) (48-
388 cm), 1000 grain weight (TGWT) (3.2-12.9 gm), Grain Fe content (22.9-163 ppm) and grain Zn content (8.7-74 
ppm). Heritability (H2) ranged from 63.8% for PH to 96% for DFF. We identified and selected key genes from FER 
(1), NRAMP (3), NAS (3), ZIP (8), VIT (2) YSL (5) gene families. Pair of contrasting lines for grain Fe and Zn content 
was selected for differential gene expression studies from the Fe and Zn metabolism. Attempts are being made 
to correlate GWAS results with that of gene expression analysis for grain Fe and Zn content.
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A recent emerging and innovative concept of haplotype-based breeding enable the development of designer 
crop varieties via the exploitation and exploration of superior alleles/haplotypes among the target genes to 
create new traits in breeding programs. In this regard, whole-genome re-sequencing data of 399 genotypes from 
the 3000 rice genomes panel (3K-RG) was mined to identify the superior haplotypes for 95 drought-responsive 
candidate genes. Candidate gene-based association analysis of these genes on the 399 genotypes revealed a 
strong association of 69 marker-trait associations (MTAs) in 16 genes for single plant yield (SPY) under drought 
stress conditions. Haplo-pheno analysis of the 16 strongly associated genes resulted in the identification of 
superior haplotypes for seven genes, namely, OsGSK1(H2), OsDSR2 (H3), OsSRO1c (H3), OsDREB1C (H8), 
OsDERF1 (H22), OsDSG1 (H12) and OsDIL1 (H2) associated with the higher SPY under drought stress conditions. 
Our study revealed that the performance of lines possessing superior haplotypes had significantly higher SPY 
(OsGSK1-15.4 %, OsDSR2-17.9 %, OsSRO1c-31.9 %, OsDREB1C-36.5 %, OsDERF1-37.6% and OsDSG1- 41.4 
% and OsDIL1-12.1%) as compared to lines without the superior haplotypes. Further validation of superior 
haplotypes for seven genes was done by re-sequencing drought-tolerant and drought-susceptible released rice 
varieties. Furthermore, cross-validation results showed that a superior haplotype for the DREB transcription 
factor (OsDREB1C) was present in all the tolerant rice varieties and absent in all susceptible rice varieties. This 
reveals that lines carrying the superior haplotypes for yield under drought stress conditions could be utilized as 
potential donors in haplotype-based breeding to develop high-yielding drought-tolerant rice varieties.

T6PP054:
Functional validation of candidate resistance genes for late leaf spot and 
rust in groundnut
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Rust and late leaf spot (LLS) are the two major foliar fungal diseases caused by Puccinia arachidis and 
Nothopassalora personata, respectively, in groundnut (Arachis hypogea L.), and their co-occurrence leads to 
significant yield loss (50-70%) in addition to the deterioration of fodder quality. The genetic mapping and QTL-
seq analysis using the recombinant inbred line population (TAG 24 × GPBD 4) identified associated genomic 
regions on A02 and Ao3 chromosomes followed by discovery of candidate resistance genes rust and LLS 
resistance. These candidate genes were identified from the one major QTL for rust resistance (qRustA03 with 
upto 87% PVE) and two major QTLs for LLS (qLLSA02 with upto 55% PVE and qLLSA03 with upto 69% PVE). 
Among several genes identified for disease resistance, we have shortlisted three genes encoding, TIR-NBS-
LRR (A03), Pentatricopeptide repeat-containing protein (A03), and C2H2-like zinc finger protein (A03). These 
genes are reported to depict significant role in disease resistance. The functional validation of these genes is in 
progress through overexpression studies in groundnut. Beside these resistant genes, there are two additional 
genes encoding calmodulin binding heat shock proteins (A02) and calcium binding EF family proteins (A02) 
which are depicted to possess role in susceptibility towards the disease. The functional validation will facilitate 
development of functional markers for marker-assisted breeding while the validated genes for gene editing for 
breeding rust and LLS resistant varieties. 
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New crossing procedures to enhance recovery of true F1s in Finger millet  
(Eleusine coracana L.)
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Genetic variation is a major driver of evolutionary diversification and is needed to safeguard potentially vital 
traits that could be used to combat unexpected biotic and abiotic stresses. However, there is difficulty in making 
crosses in finger millet due to its complex floral morphology and lack of efficient crossing techniques, which limit 
the number of genetic studies and, consequently, little improvement of finger millet. In general, the widely used 
method by breeders for crossing finger millet is the direct contact method, which has a very low success rate 
(about 1%) of developing true hybrid. This study aims to develop a reliable technique for crossing in finger millet. 
Here, we analyzed three different crossing techniques, including a mechanical technique (hot water treatment 
with four different temperatures and 3 different time durations) and two chemicals (Gibberellic acid (GA3) and 
Trifluoromethanesulfonic acid (TFMSA)) with 11 and 5 different concentrations of GA3 and TFMSA, respectively. 
Both chemicals are applied at different crop stages to induce male sterility, and pollen viability was confirmed 
using acetocarmine test. All three crossing techniques were good at inducing male sterility if temperature, 
concentration, and time of application is standardized properly. The identified efficient crossing techniques were 
used for F1 production, and putative F1s were confirmed using KASP genotyping. A set of 48 SNPs panels was 
developed by ICRISAT recently to identify true hybrids in finger millet. In this study, a subset of 10 SNPs was used 
to confirm the hybridity of F1s. The study revealed the successful crossing percentage of 0-80% using GA3 with 
concentration vary from 1500 to 2100 ppm. However, the best results (80%) were achieved when GA3 applied in 
1500 ppm at booting stage of panicle emergence in finger millet. The success rate in TFMSA was about 7-80% with 
concentration vary from 5-15mg, with the best result (80%) were achieved when TFMSA applied @10mg during 8 
to 10 days before panicle emergence. In hot water treatment the success rate of true hybrid varied from 0-75% for 
different genotypes at 52°C for 2 mins with overall mean of 19% across all crosses. This study indicated that crossing 
procedures using GA3/ TFMSA treatment can enhance recovery of true F1s from 1% (present breeders’ practice) or 
through hot water treatment (15-20%) to significantly higher levels of 70-80%. It was also revealed that 87.5% of 
the F1s identified as true crosses based on morphological appearance of plants (Breeders’ judgement) were found 
to be true F1s as confirmed by the SNPs (QC markers). Theses identified treatments can be utilized by finger millet 
breeding program to enhance crosses in the future.

T6PP056:
Evaluation and characterization of lucerne (Medicago sativa L.) and maize 
(Z. mays) genotypes for drought conditions
Takawale PS, Jade SS, Khedkar PA and Bahulikar RA
BAIF Development Research Foundation
E-mail: pramodkumar.takawale@baif.org.in

India comprises of world’s 15% livestock population, which comes to approximately 535.78 million (20th livestock 
census 2019). Since the cultivation of cash and food grain has priority over fodder crops, in India ~4 % of the 
land is utilized for fodder production. Overall, India is facing a shortage of about 35.6% in green fodder. Abiotic 
stresses such as drought are the limiting factors in the cultivation of fodder plants. In India, 74.6 million ha of land 
was affected by drought. Lucerne and maize are important legumes and cereal fodder crops worldwide. Both are 
cultivated for green fodder production over a wide range of soil and climatic conditions. Under drought conditions 
productivity is significantly hampered. To overcome that, the need of today is to develop a variety/ies of lucerne and 
maize that may enable cultivation under abiotic stress to meet fodder demand. Drought stress imposes alteration 
in the growth and other morphological characters to cope with stress. A pot trial was conducted in a polyhouse 
to evaluate ten genotypes of lucerne and three genotypes of maize under drought treatment. Each genotype was 
watered to attain drought treatment regimens of 50, 25, and 15% of field capacity. Two genotypes of lucerne, 
Alamdar-51, and CO-1 resulted in the least reduction of green biomass under the severe drought condition, and a 
reduction in plant height, leaf length, and internodal distance was also observed. Under water stress conditions, 
all maize genotypes showed the lowest stomatal density, and relative water content in addition, a reduction in 
the number of leaves and leaf length. In maize cv. African tall, silk formation was not observed. Identification of 
the effects of drought on morphological changes in response to the drought can be important for the selection of 
promising genotypes and the breeding of drought resistance genotypes.
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Climate resilience in conjunction with nutritional security is a major groundnut (Arachis hypogaea L.) breeding 
objective in the semi-arid tropics of Africa and Asia. A multi-parent advanced generation intercross (MAGIC) 
population, consisting of 600 lines (F8/9 generation) along with eight founder parents and twelve checks was 
subjected to intermittent drought under a managed stress environment using quantitative matrix at pod filling 
stage. Nutritional profiling of kernels was carried out using near-infrared reflectance spectroscopy (NIRS) to 
estimate oil, protein, oleic acid, linoleic acid, stearic acid and palmitic acid content for water stress (WS) and 
well-watered (WW) plots. Based on post-rainy 2018-19 and 2021-22 NIRS data, more than 25 MAGIC lines 
(MLs) have been identified at par (55%) or superior (>55%) than the check ICGV 05155 for oil content in WW 
condition. Protein content between genotypes varied from 19 to 34 percent in WW condition and from 21 to 35 
percent in WS condition. Oil, protein and linoleic acid content were significantly affected under WS compared to 
WW; whereas oleic acid, stearic acid and palmitic acid content remain unaffected. Interestingly, protein content 
increased by 7 to 8 percent under the effect of moisture stress in comparison to WW conditions. Among all the 
studied nutritional traits, oil content was found to be highly heritable (h2= 0.66). During 2018-19 Mean Score 
Index (MSI=9-10) of productivity and resilience indices selected 20 MAGIC lines as drought adapted genotypes. 
More than 10 MAGIC lines that are stable for nutritional quality under WS conditions were identified. The above 
identified drought adapted MLs that maintained their nutritional status under WS environment are invaluable 
sources for breeding climate resilient and nutritious groundnut cultivars. A better understanding of the molecular 
mechanism underlying these nutritional traits in MAGIC population could pave path for genomic assisted breeding 
for nutrition in coming days.

T6PP058:
Genetic enhancement of sorghum (Sorghum bicolor (L.) Moench) 
productivity and charcoal rot resistance through mutation Breeding.
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Mutation is recognized as one of the driving forces of evolution. Present study seeds were induced through 
both physical and chemical mutagens, in which gamma radiation is an important tool for inducing the genetic 
variability, which intern throw potential mutants for enhancing yield and yield contributing traits. 1% Sodium 
azide is utilized as induced mutation in sorghum for enhancing germination rate, root length, shoot length, bold 
seeds and yield attributing traits. The present experiment was conducted to study variability and screening of 
charcoal rot resistance in 200 mutant lines of M4 generation of sorghum along with seven checks during rabi 
2020 in augmented block design. In any crop, yield is a complex character that is regulated by a number of the 
contributing traits that are governed by polygenes and environmental conditions. Understanding the genetics of 
yield, its component traits, and the relationship between each component trait and yield is therefore essential for 
formulating an efficient selection strategy to create high-yielding mutants. 13 observations were recorded viz., 
SPAD  45, SPAD 90, Days to 50% flowering, Days to maturity, Number of leaves, Stem girth, Plant height, Panicle 
length, Panicle width, Panicle weight, 100-seed weight, fodder yield, grain yield per plant on five randomly selected 
mutant plants in each entry. Results of the study revealed that high heritability along with high genetic advance 
as per cent of mean was recorded for traits viz., stem girth, panicle width, panicle weight, panicle length, 100-
seed weight, grain yield per plant and fodder yield, which indicates that these traits were showing additive gene 
action and hence these traits can be fixed by selection. The charcoal rot investigation results showed that 3 lines 
were Resistant, 75 mutant lines were Moderately resistant, 66 lines were Moderately susceptible, 53 lines were 
Susceptible and 10 lines were Highly susceptible.
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Trichoderma formulation for the suppression of root rot pathogens of 
sunflower
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Sunflower is commonly grown as a dryland crop. This study aimed to isolate, characterize and evaluate 
the Trichoderma isolated from oyster mushroom-growing beds for their antagonistic ability and promote 
plant growth in sunflowers. The morphological and cultural characteristics of isolates of Trichoderma were 
studied. Sequence analysis of Trichoderma isolates was done to confirm species identity. Screening of 
Trichoderma isolates for their antagonistic ability by dual cultures as well as their capability of producing lytic 
enzymes (exoglucanases, endoglucanases, chitinases, and proteases) against Macrophomina phaseolina and 
Sclerotium rolfsii of sunflower. Compatibility studies were carried out among the Trichoderma isolates. We 
have developed a formulation product based on the most effective isolates. A consortium of Trichoderma 
isolates fortified with composted paddy straw (CPS) mixed with dried cow manure (DCM) at 1:25, 1:50, 1:75, 
and 1:100 proportions. Trichoderma-fortified CPS-DCM was kept for 25 days in plastic bags. The Trichoderma 
populations were increased with increased proportions and an extended shelf-life of up to one year. Soil 
application of Trichoderma consortia fortified CPS-DCM at the rate of 250, 500, 750, and 1000 kg/ha against root 
rot pathogens determined in the glasshouse and field studies. Trichoderma consortia formulation were applied 
once in two weeks until the flowering stage. Disease incidence reduced as well as a plant stand and plant 
growth increased as rates were increased. Sunflower head diameter and seed yield and weight were recorded. 
The Trichoderma populations fluctuated during experiments, but generally had positive linear relationships 
with proportions. A strong correlation was recorded between disease suppression and Trichoderma population 
activity in the rhizosphere region

T6PP060:
Fast and precise detection and quantification of chickpea infecting 
pathogens
Ghosh R and Sharma M
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
*E-mail: mamta.sharma@icrisat.org

Fusarium oxysporum f. sp. ciceris (Foc) and Dry root rot (DRR) caused by the fungus Rhizoctonia bataticola 
(Taub.) Butler (Rb) are devastating pathogens of chickpea. In chickpea, various soil borne pathogens produces 
similar symptoms, therefore cannot be distinguished simply at field level. There is real requirement for a rapid, 
inexpensive, and easy to operate and maintain molecular tool to enable precise disease diagnosis for better 
management of these disease outbreaks. In this study, we developed a loop-mediated isothermal amplification 
(LAMP) assay targeting the fungal specific 5.8S rDNA sequence for visual detection of Foc and Rb. The LAMP 
reaction was optimal at 63°C for 60 min using minimum 10fg of DNA. After adding SYBR Green I and HNB 
in LAMP products, the amplification was found to be highly specific in all the isolates selected for the study 
collected from diverse geographical regions as well as Foc and Rb infected plants and sick soils but those 
without DNA or with the DNA of six other plant pathogenic fungi did not. Results indicated that LAMP is a fast, 
specific, sensitive, inexpensive, and suitable method for diagnosis of chickpea infecting pathogens. The LAMP 
assay does not require specialized equipment, hence can be used in the field for the rapid detection of Foc and 
Rb. The presented LAMP method delivers a specific, sensitive and rapid diagnostic tool for the distinction of Foc 
and Rb, with the potential to be standardized as a detection method for Foc and Rb in endemic areas and will 
be very useful for monitoring the disease complex in the field further suggesting the management strategies. 

mailto:rajaj_au@yahoo.co.in


216

T6PP061:
Fine mapping of Stg3B genomic region in Sorghum
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Sorghum (Sorghum bicolor L.) is the fifth most important cereal crop, cultivated in arid and semi-arid regions of 
the world. Staygreen trait in sorghum is a post-flowering drought stress tolerant phenomenon. There are six stg 
QTL’s (stg1, stg2, stg3A, stg3B, stgC and stg4) that have been identified so far. Stg3B is mapped on chromosome 
2 and is one of the most important QTLs for Staygreen trait. Large QTL interval in Stg3B and lack of polymorphic 
markers have impacted the recurrent parent recovery under Marker-assisted Backcrossing (MABC) programs. 
The current study was set up with the objective of fine mapping the Stg3B QTL region. Crosses were made 
between sorghum genotypes K359W (Staygreen) and R16 (non-Staygreen). True F1 hybrids were identified 
using SSR marker, Xtxp-211. The confirmed F1’s were selfed to obtain segregating F2 population. Around 1200 
F2 plants were phenotyped for plant height, days to flowering, SPAD at flowering, SPAD at maturity, days to 
maturity and seed yield. At seedling stage, the leaves were collected for genotyping purpose. The F2’s were 
advanced to F3 generation by selfing as per single seed descent method. The F3’s of around 200 individuals along 
with parents and few standard checks were sown in the field as per alpha lattice design in two replications and 
screened under well-watered and water stress conditions. Further marker development was done by designing 
KASP markers for SNPs identified in the Stg3B region. Preliminary results indicate more recombinants in the 
region with the potential that additional SNP markers can be identified for future MABC.

T6PP062:
Phenotyping of chickpea germplasm resources to unleash the disease 
resistance potentials
Ramanagouda G, Chobe D, Kshirsagar D, Senthil R, Singh K and Sharma M
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Email : mamta.sharma@icrisat.org   

Chickpea (Cicer arietinum L.) is a major food pulse crop which serves as an important source of dietary proteins 
especially for Indian population. Apart from this, chickpea also carries out biological nitrogen fixation, reducing 
dependence on nitrogen fertilizers. However, increased frequency of climate extremes interrupts the chickpea 
cultivation, this often leads to moisture stress towards the end of the cropping season and more prone to 
biotic and abiotic stress. Therefore, a total of 3567 chickpea accession (~ 2800 composite core collection and 
remaining core collection developed from phenotyping and genotyping characterization) have been screened 
for chickpea Fusarium wilt (FW), Dry root rot (DRR), Ascochyta blight (AB) and Botrytis gray mould (BGM) 
disease under field and controlled environmental conditions.  During 2021-22 cropping season 900 accessions 
were evaluated at ICRISAT FW sick field, found 11 resistant accessions (< 10 rating) and these resistant lines 
were subjected reconfirmation in the current cropping season with another 900 lines. In addition to this, 700 
accessions evaluated for DRR under controlled condition by using paper towel technique, found 40 accession 
as resistant with rating of ≤3 rating on 1-9 scale. Further, 3500 and 1700 accessions were screened for BGM 
and AM diseases under controlled environment condition. At total, 32 and 35 accession lines were found to be 
moderately resistant with ≤5 and ≤4 rating on 1-9 scale. The levels of resistance in these lines will be confirmed 
again to identify stable multiple disease accession which can be used for chickpea resistant breeding. 
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Globally, tomato allergenicity has been observed in 12-14% of the population, accounting for hypersensitivity 
reactions. Tomato is an integral vegetable because of its numerous health benefits, and it is still neglected owing 
to its allergenic properties. The precise modification of target gene expression is now achievable because of 
CRISPR/Cas genome editing technology. Developing allergen-free tomato plants through Crispr/cas9 genome 
editing could be a promising strategy from the nutritional standpoint, where precise knockout of the target gene 
could be attained. After a thorough literature review, three candidate genes, viz., Lyc e1 (Profilin), Lyc e2 (Beta 
glucourinidase), and Lyc e3 (Lipid transfer protein) were selected for knock-out through Multiplexed-CRISPR 
genome editing in our study. Molecular validations of edited Plants via PCR followed by sequencing analysis 
of PCR products (to verify Lyc e1, e2, and e3 knocked out regions). Expression analysis was also performed for 
these target sites. These analyses revealed that the edited events showed 100% mutation rate in comparison 
to WT. This study would be the first to utilize the CRISPR/ Cas toolkit as an approach to alleviate food allergens 
from tomatoes.

T6PP064:
Reproductive biology and breeding system of Lasiurus sindicus Henr.: a key 
fodder grass for arid ecosystem.
Rani R1, Rajora MP1 and Sanyal A1

1ICAR-CAZRI, Jodhpur, India
e-mail: saharanreena23@gmail.com

Lasiurus sindicus Henr. is one of the most prominent perennial grass species, occupying a large area in the Thar 
desert. The goal of this study was to provide insight into the reproductive behavior of L. sindicus. A total of 150 
plants were raised in isolation in the field conditions by growing single grains to study the reproductive biology. 
Covering of 1330 single inflorescences with parchment paper bag revealed an average 13.3% grain formation. 
At the initiation of flowering, 30 whole plants were individually covered, including 10 plants with plastic clear 
sheet, 10 with malasiya cloth and 10 with white khadi cloth bag. Out of the covered plants, 5 different plants 
each were harvested from November to March, where the inflorescences showed an average 11.13% grain 
formation. Moreover, some floral characteristics of L. sindicus including number of days to first flowering, 
number of hermaphrodite and staminate flowers per inflorescence, stamen length, pistil length, etc. were 
recorded. The results of this study will help in getting a more clear picture about the breeding behavior of L. 
sindicus which will be helpful for future crop improvement programs.
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T6PP065:
Mapping QTLs and mining candidate genes for foliar blast resistance in 
pearl millet [Pennisetum glaucum (L.) R. Br.]
Mohammed RJ1,2, Mohammad LA2 and Srivastava RK1*
1International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
2Department of Genetics and Plant Breeding, Acharya N.G. Ranga Agricultural University, Bapatla, India 
e-mail: reshmijahan103@gmail.com

Pearl millet [Pennisetum glaucum (L.) R. Br.] is a nutritious staple food crop capable of growing in harsh agro 
– ecologies. In the past two decades, severe outbreaks of Magnaporthe blast disease have been reported in 
pearl millet growing states of India indicating the need for broadening of genetic base of pearl millet breeding 
programmes. The blast disease is reported on a wide range of gramineous hosts, including rice. So far, over 100 
blast resistant genes or quantitative trait loci (QTLs) have been identified in rice. A total of five resistant parents 
for leaf blast resistance have been identified from multi-year, multi-location trails. The present study aimed to 
identify QTLs and candidate genes for blast resistance in pearl millet using the identified resistant parents. A 
total of five blast resistant parents were crossed to a common susceptible parent to produce five F6 bi-parental 
RIL population by using single seed descent (SSD) method at ICRISAT. Phenotypic evaluation of this F6 bi 
parental mapping populations at the blast hot-spot locations is under progress. Key genes involved in foliar blast 
resistance from rice and related taxa were compared using BLAST alignment tool against pearl millet genome. A 
total of eleven genes have been selected. These along with genes identified from QTL mapping will be used for 
expression analysis in tissue samples such as leaf, root and stem using qRT- PCR for detecting putative candidate 
genes for blast resistance.

T6PP066:
Genetic improvement of pearl millet for resistance to Striga hermonthica in 
West and Central Africa
Mohammed R1, Salamatou S1,2, Gangashetty P3 and Gaoh BS1

1International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Niamey, Niger 
2Abdou Moumouni University, Niamey, Niger
3International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India

Pearl millet (Pennisetum glaucum L.) is an important staple crop of the smallholder farmers of West and 
Central Africa. The root parasitic plant Striga hermonthica is a major threat to global food security, causing 
enormous losses in yields of millet in sub-Saharan Africa. Efforts were made to identify the resistance sources 
and develop novel pearl millet varieties and hybrids. The present study was carried out to identify the genetics 
involved in the inheritance of the resistance and also the response of the Striga using the synthetic strigolactone 
compounds. To identify the genetic nature of the inheritance 450 F2 plants were screened against Striga 
which gave a ratio of 3:1 of susceptible to resistance indicating the recessive nature of the resistance. Suicidal 
germination is an effective method to control striga. A field experiment with synthetic strigolactones is carried 
out which showed that MP3 is effective in inducing the germination of the Striga seeds without the host. Hence 
this synthetic strigolactone can be effectively engaged in further research to standardize the formulation and 
take it to the farmer’s fields.
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T6PP067:
Identification of heat shock transcription factors for seedling stage heat 
tolerance in pearl millet
Sai Bindu KC1,2, Roja Rani A2 and Srivastava RK1*
1International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
2Department of Genetics, Osmania University, Hyderabad, India. 
e-mail: kcsaibindu88@gmail.com
Pearl millet is capable of growing in harsh environments. Therefore, we investigated heat shock transcription 
factors (HSFs) that transcriptionally regulate heat shock proteins (HSP) genes leading to heat stress response in 
pearl millet. We identified and characterize the hsf genes in pearl millet. About 250 hsf sequences from closely 
related genera such as Setaria italica, Zea mays, Oryza sativa, Brachypodium distachyon, Sorghum vulgare and 
Triticum aestivum, were aligned and compared against the pearl millet genome using BLAST tool. A total of 
21 genes coding for hsf and 49 genes coding for heat shock transcription proteins (hsps) have been identified. 
Based on the structural characteristics and phylogenetic analysis of these sequences, the identified hsf genes 
were classified into three group classes A, B, and C using MEGA 5.1 and phylogeny was represented by circoss. 
Their chromosome and subcellular localization, DNA binding domains (DBD), promoter analysis, conserved 
motifs, transmembrane helices, nuclear localisation signal (NLS), nuclear export signal (NES) and protein 
sequences were also analysed in-silico using different suitable bioinformatics tools. Later, PMiGAP inbred lines 
(Pearl Millet inbred Germplasm Association Panel) comprising of 345 lines were subjected to heat stress to 
identify seedling stage heat tolerant and susceptible lines. BLUPs were identified using the Random Model test 
(parametric) and Kruskal-wallis’s test (non-parametric), for GWAS to be performed. Further, expression analysis 
of the identified genes in tissue samples such as root, stem, and leaf are being analysed using real-time PCR for 
detecting puta¬tive candidate genes for seedling stage heat tolerance in pearl millet.

T6PP068:
Biology of azuki bean weevil, Callosobruchus chinensis (L.) (Coleoptera: 
Bruchidae) and its management through attapulgite clay dust, biopesticides 
and hermetic storage studies in semi-arid tropics
Kota S, Jaba J * and Mishra S
International Crop Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
Email: jagdish.jaba@icrisat.org 

Legume grains are challenging to store than cereals and infested greatly by insects and microbes. Genus 
Callosobruchus are one of the most important insects causes both quantitative and qualitative reduction in 
stored grains. In the recent decades, the agricultural pests are causing the 30-60% losses which are mostly by 
the bruchids  as these are the most primary, destructive, cosmopolitan and polyphagous pests of post-harvest 
legume commodities in godowns, warehouses, farmers’ traditional bulk seeds storage units and fields in the 
semi-arid areas. So, current study aimed to study life cycle and morphometrics and also to replace the synthetic 
insecticides by using attapulgite clay, botanical powders extract and Purdue Improved Crop Storage (PICS) 
bags against Callosobruchus chinensis (L.) on stored grains of pigeonpea and chickpea were studied under 
room conditions at International Crops Research Institute for the Semi-Arid Tropics, Telanagana, India during 
2018-19 and 2019-2020. The findings of the current studies clearly indicated that ICPL 161 is highly conducive 
for large scale rearing this insect under laboratory conditions and management consequences have proved 
that the attapulgite clay extract showed 80.03 % mortality followed by sweet flag 76.67 % when compared 
control exhibited 0.0 % mortality. The hermetic storage studies revealed that seed damage, adult emergence 
and weight loss percentages in both pigeonpea and chickpea seeds stored in Purdue Improved Crop Storage 
(PICS) bags (10.67 and 11.00), (9.93 and 6.45) and (4.33 and 5.86) were significantly lower than the gunny bags 
percentage (68.00 and 82.33), (53.26 and 28.56) and (13.49 and 14.46) respective crops. Therefore, they may 
be recommended for storage pest management as these are eco-friendly and can also be included in the food 
security programmes, non-phytotoxic and safe substituents to synthetical produced pesticides in the market.

mailto:jagdish.jaba@icrisat.org
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T6PP069:
Identification of genomic regions and candidate genes for nutritional traits 
in groundnut 
Parmar S1,2, Variath MT1, Manohar SS1, Janila P1, Varshney RK1,2, Singam P2 and Pandey MK1*
1International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India; 2Centre for Crop and Food Innovation, Food 
Futures Institute, Murdoch University, Murdoch Australia; 3Department of Genetics, Osmania University, Hyderabad, India
*Email: manish.pandey@icrisat.org

Malnutrition is a major challenge globally and groundnut is highly nutritious self-pollinated legume crop blessed 
with ample genomic resources including routine deployment of genomic-assisted breeding. In order to identify 
genomic regions and candidate genes for iron (Fe), zinc (Zn), protein and oil content, we have performed genome 
wide association study (GWAS) (diverse 184 accessions). GWAS analysis using 58K high density SNP array 
genotyping data and two seasons of phenotyping data identified 12 MTAs (marker-trait associations) for Fe, 45 
MTAs for Zn, 21 MTAs for protein and 13 MTAs for oil content. Interestingly, the MTA (Ah03_ 42618206) and 
MTA (Ah03_23761976) were found common for both season for protein and oil respectively. Additionally, we 
have performed genetic mapping using recombinant inbred population (ICGV 00440 × ICGV 06040; 218 lines). 
Genetic mapping and quantitative trait locus (QTL) analysis (474 mapped SNP loci; 1536.33 cM) using two seasons 
phenotypic data and genotypic data with 5K mid-density assay identified six main-effect QTLs for Fe content with 
phenotypic variation explained (PVE) ranging from 7.3% (qFe-Ah11) to 30.0% (qFe-Ah14). Similarly, five main effect 
QTLs were identified for Zn content with PVE ranging from 5.6% (qZn-Ah11) to 32.8% (qZn-Ah08). Interestingly, 
we found three co-localized QTLs (qFe-Ah01, qZn-Ah03 and qFe-Ah11) for Fe and Zn content. Consequently, Ah03, 
Ah04 and Ah07 genomic regions were found common for Fe and Ah01, Ah03, Ah11 and Ah13 were found common 
for Zn through genetic and association mapping. These genomic regions harboured key candidate genes such as, 
ZIP transporter, bZIP transcription factor, vacuolar iron transporter, protein kinase superfamily protein and acyl 
carrier protein etc. for Fe, Zn, protein and oil. These results may further facilitate fine mapping and haplotype 
analysis for high Fe, Zn, protein and oil in groundnut. 

T6PP070:
Dryland legumes genetic resources for breeding crops adapting to climate 
change
Ramachandran S1, Baraskar S1,2, Pawar G1, Sen M1, Reddymalla S1, Reddy VG1, Peerzada OH1

, Kumar A1 and  
Singh K1

1Genebank, International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India; 2Professor Jayashankar Telangana 
State Agricultural University (PJTSAU), Rajendranagar, Hyderabad, India
Email ID: Senthil.Ramachandran@icrisat.org 

Global climate change combined with population growth is imposing huge pressure on increasing crop 
productivity. Crops having climate-smart adaptation together with better nutritional quality supports sustainable 
agriculture and nutritional security. Dryland legumes such as chickpea, pigeonpea, and groundnut are climate-
smart crops with enormous agronomic features and nutritional quality, which offer myriad of benefits for 
sustainable production systems. In addition, growing these crops enhances soil fertility through fixing atmospheric 
nitrogen. Globally, over 268,000 germplasm accessions of three dryland legumes, chickpea (>98,700), pigeonpea 
(>40,800), and groundnut (>129,000) are conserved in the ex-situ genebanks. ICRISAT Genebank conserves the 
largest collections of chickpea (20,993 from 61 countries), pigeonpea (13,787 from 74 countries), and groundnut 
(15,896 from 92 countries) and distributed over 822,709 seed samples of these crops globally. These collections 
comprise of landraces (68.73%), breeding/advanced materials (4.34%) and wild and weedy relatives (3.11%). 
Germplasm diversity subsets such as core (10% of the entire collection) and mini core (10% of the core) have been 
established and evaluated extensively, which resulted in the identification of promising sources for agronomic and 
grain quality traits, and for tolerance to biotic and abiotic stress. Evaluation of the chickpea mini core consisting 
of 211 accessions was carried out for morphological, physical, and hydration traits, and promising sources have 
been identified for biotic and abiotic stress. Similarly, the evaluation of groundnut and pigeonpea mini core 
collections resulted in the identification of multiple resistance and nutritionally dense germplasm for use in crop 
improvement. A recent study on grain nutrient variability revealed a large potential of pigeonpea for protein 
(23.35–29.50%) and calcium (353.71–877.66 mg/kg in seed coat) besides other nutrients. Exploiting these trait-
specific germplasm sources in crop improvement holds the key to addressing the food and nutritional security of 
smallholder farmers in a changing climate scenario.

mailto:manish.pandey@icrisat.org
mailto:Senthil.Ramachandran@icrisat.org
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T6PP071:
Democratic voting for farmers’ preferred crop varieties selection face to 
climate variability in Southern Niger
Abdourazak AM, Traoré B, Gaoh BSB and Abdoussalam I
1International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Niamey, Niger
2Abdou Moumouni University, Niamey, Niger
E-mail: abdoulrazakalio@gmail.com

With the limited amount of available new arable land, the food demand will have to be met through improved 
agronomic management practices and using improved varieties that are high-yielding and well adapted to 
current climate changes. Participatory varietal selection is one of the most rapid and cost-effective ways for 
breeders and agronomists to identify varieties that perform well on-station and on-farm and to obtain feedback 
from the potential end users in the early phases of the breeding cycle. A democratic voting for selection of 
improved and local varieties of pearl millet, sorghum, cowpea, and groundnut was conducted in Southern 
Niger during the growing seasons of 2020 and 2021. Forty-four (44) on-farm trials of improved varieties were 
performed in 32 villages from 10 municipalities in the region of Zinder in Niger. Farmers’ varietal and trait 
preferences were identified through on-farm participatory variety testing and focus group discussions. The 
findings showed that farmers’ preferred varieties match most often with scientists, and farmers’ most preferred 
traits in the study area for the four crops evaluated were yield, yield components, and earliness. The highest 
average grain yields across environments were recorded from pearl millet variety ICRI-TABI (502 kg/ha), 
sorghum variety SSD35 (751 kg/ha), cowpea variety Dan Hajia (403 kg/ha), and groundnut variety 55-437 (606 
kg/ha). Farmers' strategies for tackling climate change and variability included selecting early maturing varieties 
with high yields and tolerant to drought, pests, and diseases. The selected improved varieties could therefore be 
critical for increasing farmers’ farming systems productivity and thereby contributing to poverty alleviation and 
food security in the Sahel. These varieties will also be useful sources of genes for future breeding programs.

T6PP072:
Biosecurity for food security: Safeguarding crop genetic resources from 
invasive biological threats
Sharma R1*, Humayun P1 and Anitha K2

1International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
2ICAR-National Bureau of Plant Genetic Resources, Regional Station (NBPGR), Hyderabad, India
*E-mail: rajan.sharma@icrisat.org

Crop genetic resources have formed the basis of agriculture for more than 10,000 years, and they continue 
to provide food security globally. Studies on the origin and use of food crops indicated that about 68% of 
national food supplies are derived from crops of a foreign origin. This emphasizes the importance of the intra- 
and intercontinental exchange of seed for use in crop improvement and grains for consumption. However, 
international seed transfers have been recognized as important pathways for the transboundary spread of 
pests through human activities associated with collection and distribution. The introduction of economically 
important alien pests, a term used for non-indigenous pests introduced into new territory, from their centers 
of origin into new environments, has been reported in many different parts of the world. Considering that 
every plant serves as a host for several insects and microbes of both a beneficial and harmful nature, every 
introduction of plant material is expected to result in the introducing exotic organisms. Therefore, it is essential 
that every nation must have an effective biosecurity system to safeguard its food production system and 
associated trade from biological threats. Plant Quarantine Unit of ICRISAT has facilitated export of more than 
1.34 million seed samples to 174 countries and import of 199000 seed samples from 96 countries during 1974-
2022 in close collaboration with NBPGR. All this has taken place in the backdrop of strictly adhering to the 
highest and modern phytosanitary standards and protocols with no record of introduction of any exotic pests 
into India or in any other country.

mailto:rajan.sharma@icrisat.org
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T6PP073:
Breeding for low soil phosphorus tolerance: A need to check the overuse of 
non-renewable fertilizer.
Shruti1, Diwan JR2, Tembhurne BV2, Swamy M2, Raveendra Ch1, Honnappa1, Sundaram RM1, Subbarao LV1,  
Gireesh C1 and Anantha MS1*
1ICAR - Indian Institute of Rice Research (IIRR), Hyderabad, India
2University of Agricultural Sciences, Raichur, India
e-mail: shrutir.2013@gmail.com

Phosphorus (P) is an essential macronutrient for all living organisms. P deficiency in soils is a major limiting 
factor for crop growth and is widespread in Bangladesh, India, Indonesia, Nepal, Pakistan, South China and 
Vietnam. In India, nearly 61.02% (<11kg/ha) of the soils are found low in available P, 25.89 (11-22 kg/ha) and 
13.09% (>22 kg/ha) are found medium and high in available P content. The source of all P fertilizers depends 
on non-renewable phosphate rock reserves, which are predicted to be exhausted in near future. P availability is 
dependent on pH of the soil. In acidic soils, it interact with Fe and Al oxides and in alkaline soils, it form bonds 
with calcium and eventually unavailable to the plants for absorption. Due to fixation of P, it requires higher 
amounts of phosphatic fertilizers for high-yielding farming systems which increases the production costs and 
also hampers the soil fertility. Plants have evolved two major strategies to overcome P limitation in the soil, 
which are P internal utilization and P uptake. Improvement of P efficiency can be achieved either by enhanced 
P uptake from the soil (P acquisition efficiency) and/or by improved production (biomass or yield) per unit of P 
acquired (P utilization efficiency). Identification of QTLs and/or the underlying genes (OsPSTOL1 in rice, TaPSTOL1 
in wheat, and GmACP1 in soybean) now offers an important strategy to improve P efficiency. Introgression of 
identified genes into cultivated varieties through conventional or molecular breeding approaches would check 
the overuse of phosphatic fertilizers. Screening of landraces and wild relatives of crop plants for root efficiency 
traits like denser root system, lateral branching, root hair density, and root angle of inclination for increased P 
uptake. Most of the landraces and wild species contain rare genes which are mostly absent in the present day 
cultivars and screening of such germplasm will help in biotic and abiotic stress resistance.

T6PP074:
 Exploring the annual wild relative, Cajanus platycarpus for diversifying the 
pigeonpea cultivated gene pool
Shruthi H B, Naresh B, Pranati J, Devipasad J, Arun Z and Gangashetty PI*
International Crops Research Institute for Semi-arid Tropics (ICRISAT), Hyderabad, India
Email: Prakash.Gangashetty@icrisat.org

Pigeonpea (Cajanus cajan L. Millsp.) is well regarded as a sustainable multi-purpose legume. The narrow 
genetic base in the latter is a matter of concern for further diversification. A tertiary gene pool relative, Cajanus 
platycarpus holds numerous untapped useful traits for genetic enhancement of the cultivated germplasm 
through wide hybridisation. In this aspect, 16 accessions of C. platycarpus were characterised for various 
morphological traits at ICRISAT. These lines displayed considerable variability for all the traits and are bestowed 
with annuality and early flowering. While pereniality and regeneration are the major setbacks in the current 
cultivated lines, complimenting annual life cycle with earliness would expand the protein pulse into new 
niches especially the moisture stress habitats. A range of 37 to 42 days was observed for days to first flowering 
with ICP 15661, ICP 15662, ICP 15663 and ICP 15921 flowering at 37 days. ICP 15666 followed by ICP 15668 
reported higher number of pods per plant whereas ICP 16146 reported higher seeds/pod. Additionally, the 
wild accessions possess trichomes on leaves and pods providing a possibility for pod borer resistance, which is 
one major detrimental stress in the elite lines. These accessions own a range of other beneficial traits including 
absence of flower drop, medium to high pollen load and successful crossability with the primary gene pool. This 
further opens a new range of opportunities to address the dryland regions necessitating the package of early 
maturity, stress resistance and productivity from the croplands through introgressive breeding. 

mailto:Prakash.Gangashetty@icrisat.org
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T6PP075:
Breeding potential of MAGIC populations in chilli (Capsicum annuum L.)  
based on usefulness criterion
Chindi SB1, Channabasava1, Prasad G1, Rao AM1 and S Ramesh1

1UAS, GKVK, Bengaluru, India
E-mail: siddubc16@gmail.com

Chilli being a part of human diet as spice, condiment and vegetable, dominates the world of spices. MAGIC 
(Multiparent Advanced Generation Inter-Cross) populations (MPs) are being used as potential breeding 
populations to combine multiple desirable traits into a single genotype in several crops including chilli. 16 trait-
specific accessions (includes fruit yield and stress related traits) were used in different combination to generate 
10 MAGIC populations. An investigation was carried out to identify best MPs which were likely to result in high 
frequency of superior recombinant inbred lines (RILs) in advanced generations based on usefulness criterion 
(Uc), a summary statistic which combines mean, variance and heritability for average fruit length, average fruit 
weight, fruits plant-1 and green fruit yield plant-1. MAGIC population with high Uc is considered to possess 
higher breeding potential. Results indicated that the MP D4 × D2 hadhigher breeding potential for average 
fruit length and average fruit weight while, MP D5 × D2 with higher Uc had higher breeding potential for fruits 
plant-1 and green fruit yield plant-1 at 1, 5, 10 and 20 per cent selection intensities. Selection from these two 
MPs are likely to result in high frequency of RILs. We believe that Uc could be used an objective criterion to 
identify potential population to maximize the frequency of RILs for use as pureline cultivars or as hybrid parents.

T6PP076:
High throughput phenotyping of water saving traits: utilization of genetic 
variability and their geographic adaptation towards chickpea crop 
improvement
Kaliamoorthy S1, Tharanya M1, Kholova J1,2*, Choudhary S1, Halime MH3, Kar S4, Baddam R1, Priyanka G5 and Vadez V1, 6

1International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India; 2Czech University of Life Sciences, Prague, 
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Montpellier cedex 5, France
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Chickpea (Cicer arietinum L.) is the 2nd most important legume and terminal drought stress leads to 
substantial yield losses. Water conservation at vegetative growth (due to canopy conductivity, canopy size, and 
development) allows plants to increase soil water extraction during grain filling and is hypothesised to help 
chickpea adaptation to water-limited environments. With the aim of i) identifying genotypic variation for canopy  
development (3D-Leaf area, projected leaf area, plant height, canopy structure, and shoot dry weight) 
and conductance (transpiration and transpiration rate) related traits in the chickpea reference set (288 
including checks), we also tried to link the canopy development trait variation with the site of origin and 
their agrometeorological conditions. This phenotyping was done at the vegetative stage under well water 
conditions using a high throughput phenotyping platform (LeasyScan). Results revealed that most of the canopy 
development related traits showed significant phenotypic variation with high heritability and were found in the 
association mapping panel. As expected within canopy development traits, 3D-leaf area and plant height were 
highly correlated (0.71) and 3D-leaf area was weekly associated with transpiration rate (0.15). Canopy structure 
was positively associated with leaf area index and plant height. Latitude showed a significant positive correlation 
with canopy structure (0.19) and plant height (0.13), by contrast, a significant negative correlation  
with temperature (-0.52), rainfall (-0.48) and vapour pressure deficit (-0.22). Longitude showed a significant 
positive correlation with vapour pressure deficit (0.45) and temperature (0.27); by contrast, a significant 
negative correlation with plant height (-0.35), leaf area index (-0.26), relative humidity (-0.24), and canopy 
structure (-0.14). In summary, high genetic variation for canopy development and conductance traits  
offers substantial breeding opportunities to enhance chickpea adaptation to waterlimited environments. Also 
linkage between component traits and site of origin with agro-meteorological parameters can help to generate 
trait-specific genetic collections enriched with climate-adaptive traits.
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How plant roots can be targeted for breeding for climate resilience?
Sowmya MS1, Lohithaswa HC2 and Hegde V3 
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Increasing human population and changing climate are the major challenges faced by the breeders and 
have various impacts on the ecosystem and ecology. To tackle these issues and to break the yield plateau, 
less explored areas like root system architecture can be banked on. Roots the hidden half of the plant is an 
essential plant part which is needed for water and nutrient uptake from soil. Apart from these functions, plant 
roots offer a range of benefits to mankind in the form of food and secondary metabolites, having medicinal 
values. Roots are known to harbour a substantial untapped reservoir of variability ready to be exploited in crop 
improvement.  Perception of stress condition by the plant organs is the major step in the stress response, roots 
are known to have a key role in signal transmission and stress perception through various means. Difficulty in 
root phenotyping has limited the usage of root system architecture in breeding for climate resilience. To break 
yield plateauing and to increase productivity in dry marginal lands, along with shoot architectural traits focus 
should be laid on roots that can play an immense role in improving productivity, resilience to abiotic stresses 
and resource use efficiency in crop plants. With advancement in the phenomics and next generation sequencing 
technologies root systems can be targeted easily. DNA markers which are effective surrogates for difficult to 
phenotype traits and advanced mapping techniques viz., association mapping (GWAS) and genomic selection 
could be employed to breed for root system architecture. Developing an ideotype of roots and breeding for root 
system architecture under changing climate could be an effective strategy for enhancing food production in dry 
lands and improving nutritional security of the country.  

T6PP078:
Mining alleles for nitrogen use efficiency (NUE) in pearl millet [Pennisetum 
glaucum (L.) R. Br.]
Bollam S, Pujarula, Pusuluri M, Gupta R and Srivastava RK*
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
E-mail: srikanth.bollam@cgiar.org

Pearl millet [Pennisetum glaucum (L.) R. Br.] is the sixth most important cereal widely grown in arid and semi-
arid regions of the world. Optimizing Nitrogen (N) use by crop plants is a major goal in plant nutrition research. 
This is the first attempt to study the genetic variability and genome-wide association studies (GWAS) for 
nitrogen use efficiency (NUE)-related traits in a set of400 diverse pearl millet accessions including Pearl millet 
Inbred Germplasm Association Panel (PMiGAP), mapping population parents and checks under varied N regimes 
for three seasons. Wide variability was observed among the genotypes in different seasons and treatments 
confirm the genotypic variability in pearl millet accessions for NUE traits. Nitrogen In-sensitive (NIS)/high NUE 
and Nitrogen Sensitive (NS) genotypes were identified based on grain yield performance under low N conditions. 
Identified phenotypic variations across the pearl millet genotypes were further utilized to develop marker-trait 
associations (MTAs) using GWAS with 68000 high-quality informative SNPs. Significant marker-trait associations 
(MTAs) were identified for all the measured traits across the seasons and treatments. Associated SNPs for grain 
yield were majorly identified on the linkage groups 2 and 6 across the summer seasons under low N conditions. 
Interestingly combination of MTAs found for panicle weight & grain yield, leaf area & leaf number, fresh weight 
& dry weight was observed at both seasons and different N regimes. RNA-sequencing of contrasting pearl millet 
accessions reveals involvement of differentially regulated genes from carbon fixation cycles and may contribute 
to N insensitivity among the pearl millet genotypes.
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Pigeonpea (Cajanus cajan), is the most important grain legume in tropical and subtropical regions of the world. India 
produces and consumes more than 85% of the world’s pigeonpeas, making it a crucial crop for the nation’s food 
and nutritional security. Despite having a narrow genetic base in pigeonpea, availability of vast genetic resources in 
pigeonpea lays the foundation for its continuous improvement. ICRISAT’s pigeonpea association mapping panel (1000 
genotypes) includes accessions from core collection, minicore collection, released cultivars, wild species and relatives 
representing the diversity of entire germplasm collection. This composite collection was genotyped with high-density 
Axiom Cajanus SNP array with 56K SNPs (56,127 SNPs and 385 InDels). They were distributed on 11 chromosomes of 
the pigeonpea genome with and average of 5137 SNPs per chromosome. The same set was evaluated at six locations in 
India for eleven agronomic traits to identify agronomically superior accessions. Phenotyping of the composite collection 
for 11 quantitative traits resulted in the identification of promising diverse accessions which were superior over checks 
for the important agronomic traits: early flowering (12 accessions), early maturity (12 accessions), resistance to fusarium 
wilt (134 accessions), higher grain yield per plant (156 accessions), higher 100 seed weight (110 accessions), higher 
secondary branches (371 accessions) and higher primary branches (261 accessions). All the genotypes in composite 
collection revealed normal distribution for all the traits. These diverse accessions hold potential for their utilization in 
pigeonpea breeding programmes to develop improved cultivars with a broad genetic base. 

T6PP080:
Data driven decision making to increase agricultural productivity for small 
farmers – an approach
Janakiram S
Digital Agriculture Advisor
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Lack of close to real time data-based decision making to improve agricultural productivity across the seed to stomach 
value chain is a problem facing all who work in the area of promoting sustainable and climate resilient agricultural 
development for small farmers in India and other developing countries. This paper presents one approach to address 
this problem. Develop sustainable business models to provide close to real time free to fee based services by farmers, 
local, district, state, national and international specialists and related institutions to improve efficiency and productivity 
at all stages of the agricultural value chain. Rapid advances in affordable digital tools and applications, untapped 
potential of farmers, young women and men, availability of local, district, national and international specialists in all 
aspects of agriculture, declining costs of internet services and devices and availability of free communication interactive 
platforms. Farmers would be provided with training in specialized areas of seed to market value chain and use of 
relevant digital tools and applications to collect relevant data. Data will be collected as frequently and as needed 
to design and implement timely interventions at each stage of the agricultural value chain. This will be the basis to 
provide targeted, personalized advisory services by specialists to improve agricultural productivity in a timely manner 
by experienced service providers and experts.  A clear career path will be developed for the participating members to 
become specialists in their chosen areas of passion rather than being seen as simply data collectors. This close to real 
time data will be made available to relevant and interested organizations for a fee to help contribute to sustainability 
of this proposed business model. Provision of timely advice to improve agricultural productivity and incomes of the 
rural household; Development of skilled professionals with digital skills in various aspects of agriculture and other 
areas – ranging from Agriculture to Zoology and Establishment of transaction - outcome - community owned, operated, 
managed, maintained, web-based data, information and knowledge services.
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The climate action (SDG 13) would require breeding for better crop varieties that sustain future climate 
scenarios like increased drought and heat periods. Many traits need to be combined to generate a new 
Climate Smart Crops. This process is majorly constrained by science based dynamic & rigorous phenotyping 
called phenomics. Phenomics, the future of phenotyping, brings opportunities and challenges in increased 
throughput, objectivity, precision, dynamic measures, and integration that demand new approaches for 
standardization, data management, and analysis to address the complexity associated with drought adaptation 
in changing climate scenario. There are range of phenomics tools and sensors (e.g., Lidar, RGB, multispectral, 
hyperspectral, thermal by UAVs or gantry, NIRS, CT, XRF etc) used by our group to bring the precise and rapid 
large-scale phenotyping for component traits of adaptation. Nevertheless, HTP system generates big data set 
therefore large efforts were also made to standardized and automate the data analysis pipeline so sensor-base-
technology should not be a bottleneck in analysis of target traits. We have highlighted several cases where 
phenomics already enabled rapid development of climate-smart crops and our ongoing efforts to effectively 
integrate the relevant technology into the ICRISAT (International Crops Research Institute for SAT) breeding 
programs to practically support improvement of dry-land cereals and legumes-based cropping systems. We will 
take an opportunity to discuss the transformation of phenotyping to phenomics based on 15 years of research 
in area of drought in our journey to serve the semi-arid tropics.
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Breeding for drought environments, selection can be either conducted directly under stressed geo-agro-
ecologies or indirectly under managed stress environment (MSE) or both. Direct selection most of time is 
logistically constrained and expensive for many R&Ds. The efficiency of indirect selection will only be equivalent 
to direct selection if heritability of selected trait is high and genetic correlation between the indirect and 
direct selection environments is comparative. The component traits of grain yield which play important role 
in adaptation are simple traits with high heritability. The precision in measurement of these component traits 
of adaptation in any MSE can reduce the error variance and improve the genetic variance i.e. heritability. The 
UAV (Drone) based digital technology can escalate the precision phenotyping of component traits of adaptation 
in MSEs. We conducted drought and low N managed stressed experiments for sorghum and groundnut as 
representative crops tall and short stature plants. In total 30 flights were taken at different stage with different 
sensors (RGB, multispectral and hyperspectral) and 4 stagger harvests taken for ground truth at vegetative, 
flowering, grain filling and maturity stages. Different image analysis model and ML algorithms used for 
different traits. Plant height (R ≥ 0.92), canopy cover (R ≥ 0.85), N content (R ≥ 0.83) and biomass (R2 ≥ 0.79) 
demonstrated high great potential for photogrammetric measurements. Algorithms were validated for different 
plant growth stages. Study showed that leveraging the UAV based technology for MSE has great scope in 
improving the drought selection in crop improvement programs.
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Chickpea, the second important pulse crop globally, fixes the atmospheric nitrogen into plant usable ammonical 
form with the help of soil micro-organisms like Rhizobium. A total of 224 RILs (Recombinant inbred lines), that 
varies for the trait nodulation were developed by RGA from a cross between ICC 4918NN and ICC 4918 in semi-
controlled conditions till F8. The population was evaluated for two consecutive cropping seasons (2020-21 and 
2021-22) under normal conditions to determine the impact of nodulation on yield and its attributing traits. 
Seed yield (SY), 100 seed weight and harvest index (HI) in the nodulating genotypes (N) showed an increase 
of 62.55%, 12.21% and 6.40% respectively than the non-nodulating genotypes (NN). The analysis of variance 
showed a significant difference (P<0.01) between the genotypes for the yield attributes. A significant positive 
correlation (P<0.01) was observed for SY with number of pods per plant (r=0.64 and 0.63); number of seeds per 
plant (r=0.66 and 0.61); HI (r=0.27) and number of primary branches per plant (r=0.31) in N and NN genotypes 
respectively. The results revealed that most of the genotypes with high yield were nodulating in nature. These 
findings demonstrate the beneficial effects of nodulation on yield and its contributing traits and can help 
developing new cultivars with high yield and nodulating nature.

T6PP084:
Novel crop breeding methods for increased rice production
Vasanthrao T, Saikiran V and Naganna R
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Rice is the staple food crop in the world. Qualitative and quantitative traits must be improved to meet the 
growing population’s escalating dietary needs in the face of climate change. It has been estimated at least a 50% 
improvement in rice yield is necessary. Plant breeders are continuing to work hard to increase production by 
manipulating conventional breeding methods based on plant biology, either self-pollinating or cross-pollinating. 
On the other hand, traditional approaches require a decade, space, and resources to make crosses and release 
improved varieties. Recent advances in genome editing tools (GETs) have increased the chances of precise 
and rapid genome editing. To fill the void left by selection cycles and limited genetic diversity, new GETs such 
as CRISPR/Cas9, CRISPR/Cpf1, prime editing, base editing, dCas9 epigenetic modification, and several other 
transgene-free genome editing approaches are now available. These technologies have resulted in revolutionary 
developments in recent years, and researchers have quickly achieved remarkable results. However, GETs are 
associated with several bottlenecks that impede the scaling development of new varieties. These bottlenecks 
can be addressed by combining GETs with improved conventional breeding methods such as speed breeding, 
which would take plant breeding to the next level. In the present study, we summarized all these traditional, 
molecular, and integrated approaches to speed up rice breeding procedures.
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Groundnut is the important oilseed crop cultivated in Tamil Nadu in 3.35 lakhs ha. Kernel and pod yield, being 
the most important and complex character governed by quantitative genes and is much more influenced by 
environmental factors in which the plant is grown. Therefore, the present study on Spanish bunch genotypes 
was conducted to study the correlation and path coefficients in the yield and yield contributing characters. 
Among the nine characters studied, kernel yield recorded highest Genetic advance (%) of mean (60.4) indicating 
that, when going for selection of genotypes in the population, selection of the plant with kernel yield will give 
very good cultures in the varietal improvement program of groundnut. The next priority to be given for pod per 
plant followed by branches per plant to improve the yield of groundnut. Kernel yield governed by additive gene 
action indicating that pedigree method of breeding can be followed for improvement of yield in groundnut. 
Among the characters studied, pods per plant recorded higher positive association with seed yield genotypically 
followed by shelling percentage and sound mature kernel indicating that indicating that the importance to be 
given for the plant with pods per plant when going for selection of groundnut plant will improve the yield of 
groundnut. Among the nine characters studied, 100 kernel weight recorded higher direct effect followed by 
plant height and pods per plant indicating that it has high positive association with yield indicating that selection 
of above traits will give cultures with very good yield. Shelling percentage had high indirect effect on 100 seed 
weight indicating indirect selection among the above trait will improve the yield indirectly. Residual effect is very 
less indicating that the effect of environment is very less on the experiment conducted.

T6PP086:
Association analysis studies in redgram
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Redgram (Cajanus cajan) is a often cross pollinated crop belonging to the family Leguminaceae. It is an 
important pulse crop in India and mainly consumed in the form of split pulse as Dal, which is an essential 
supplement of cereal based diet. Being a drought resistant crop, it is suitable for dryland farming and 
predominantly used as an intercrop with other crops. pod yield, being the most important and complex 
character governed by quantitative genes and is much more influenced by environmental factors in which the 
plant is grown. Therefore, the present study on redgram genotypes was conducted to study the correlation 
and path coefficients in the yield and yield contributing characters. Among the characters studied, seed yield 
recorded highest genetic advance as percentage of mean indicating that, when going for selection of genotypes 
in the population, selection of the plant with high yield will give very good cultures in the varietal improvement 
program of red gram. Among the characters studied, pods per plant recorded higher value indicating that it 
has high positive association with yield indicating that the importance to be given for the plant with more 
number of pods when going for selection of redgram plant will improve the yield of redgram. Pods per plant 
recorded higher value indicating that it has high positive association with yield phenotypically indicating that the 
importance to be given for the plant with more number of pods when going for selection of redgram plant will 
improve the yield. Also, pods per plant recorded higher path coefficient value indicating that it has high positive 
association with yield phenotypically indicating that selection of plant with high number of pods per plant will 
give cultures with very good yield.
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Sorghum is the fifth most important cereal crop grown as a part of rain-fed agriculture in semi-arid regions. 
Due to drastic climatic changes, special efforts are being taken to increase the yield and vigor of Sorghum. 
The apomixis is an asexual mode of reproduction to produce clonal seeds without fertilization. It can improve 
the agricultural productivity and adaptability of hybrid crops by fixing the heterosis by altering meiotic 
recombination genes in combination with haploid-induced genes. In the present study, we would be mimicking 
the asexual seed production through the knockout of meiotic recombination genes involved in Mitosis instead 
of the Meiosis (MiMe) process to produce diploid male and female gametes that are genetically identical to 
their parent. We used CRISPR/Cas9 tool for targeting the OSD1, REC8, and PAIR1 genes to understand their role 
in meiotic recombination in Sorghum. sgRNAs were designed for these candidate genes, cloned into RV008586 
plant expression vector, and further mobilized into Sorghum through quick crop transformation protocol. 
Sorghum plants integrated with npt II and Cas9 genes were subjected to mutation detection using surveyor 
assay and Sanger sequencing. DNA sequencing analysis of the target regions from E0 lines shows different 
kinds of mutation patterns, including no edits, mutations, multiple peaks due to the presence of biallelic or 
heterozygous, and homozygous mutations E0 edited plants were further selfed and advanced for the next 
generation. Further, studies would be conducted to confirm the stable homozygous mutation in E1 generation 
and cytological studies of meiotic recombination genes.
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The aim of this study was to investigate the discriminating ability of testers for selection of advanced generation 
hybrid parental (seed and restorer) lines for grain yield, grain Fe content and Zn content. The study was 
conducted in two sets, set I had 22 B (seed parent) lines and set II had 26 R (restorer) lines. These lines were 
crossed with 5 testers (B-lines with R-line testers and vice versa) and resulting hybrids were evaluated in 
multilocation trials. Based on, biplot analysis, in set I, following testers were found to have most discriminating 
ability: ICMR 1203 and ICMR 14888 for grain yield, ICMR 1202 and ICMR 15222 for grain Fe content, and 
ICMR 1203 and ICMR 15222 for grain Zn content. In case of set II, following testers were found to have most 
discriminating ability: ICMB 04999 and ICMB 1508 for grain yield, ICMB 04999 and ICMB 98222 for grain Fe 
content, and ICMB 04999 and ICMB 1508 for grain Zn content. This information will help in selection of parental 
lines for better hybrid development in future. It is important to note that tester ICMB 04999 was found very 
efficient in selection for all three traits whereas tester ICMR 1203 found very efficient for selection for grain yield 
and Zn content. From this study, best testers were identified for identification of good combining lines, in future 
ICMR 1203 and ICMR 15222 will be used for evaluation of B-lines, and ICMB 04999 and ICMB 1508 will be used 
for evaluation of R-lines.
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High-quality genomic data generated will provide us a proxy to mine most of the variations captured to be used 
in breeding programs in the current and future challenges of rice production with respect to yield and market 
segments. The 3K Rice Genome Project offers 17 terabytes of raw sequence data of diverse rice germplasm. 
Millions of SNPs, indels and several structural variations are extracted from the 3K RG project data. SNPs and 
structural variations composed as the haplotypes can regulate the phenomenal trait values. Earlier we have 
identified and reported the superior haplotypes for the 21 previously cloned genes controlling grain yield and 
quality. In the current experiment, we have deployed a superior haplotype based breeding approach to develop 
the next generation of high yielding rice varieties. Crosses were made between recurrent parents of national 
importance (MTU-1010 & DRR Dhan-44) and donors of superior haplotypes of genes for the yield-related traits 
(Panicle length-DEP3-H2, tiller number-MOC1-H9, single plant yield-PHD1-H14 and panicle branch number-
LAX1-H5). Haplotype-specific foreground markers and background analysis were used to develop BC2F7 lines in 
the background of both the recurrent parents. Haplo-NILs with superior haplotypes of targeted trait genes have 
15% and 20% yield advantage over their recurrent parents MTU1010 and DRR Dhan-44 respectively. This serves 
as the proof of concept that capturing haplotypic variations and utilizing them in breeding programs will lead in 
the direction of sustainability and product development. 
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Groundnut or peanut productivity and quality have been impeded by rising temperatures in semi-arid 
environments. Hence, having an understanding of the effects and molecular mechanisms of heat stress tolerance 
will aid in tackling yield losses. In this context, a RIL population was developed and phenotyped for eight seasons 
at three locations for agronomic, phenological, and physiological traits under heat stress. A genetic map was 
constructed using genotyping-by-sequencing with 478 SNP loci spanning a map distance of 1961.39 cM. QTL 
analysis using phenotypic and genotypic data identified 45 major main effect QTLs for 21 traits. Intriguingly, three 
QTL clusters (Cluster-1-Ah03, Cluster-2-Ah12, and Cluster-3-Ah20) harbor more than half of the major QTLs (30/45, 
66.6%) for various surrogate traits, explaining 10.4–38.6%, 10.6–44.6%, and 10.1–49.5% of phenotypic variance, 
respectively. Furthermore, important candidate genes encoding DHHC-type zinc finger family protein (arahy.
J0Y6Y5), peptide transporter 1 (arahy.8ZMT0C), Pentatricopeptide repeat-containing protein (arahy.4A4JE9), Ulp1 
protease family (arahy.X568GS), Kelch repeat F-box protein (arahy.I7X4PC), FRIGIDA-like protein (arahy.0C3V8Z), 
and post-illumination chlorophyll fluorescence increase (arahy.92ZGJC) were underlying three QTL clusters. The 
putative functions of these genes suggested, they might be involved in seed development, regulating plant 
architecture, yield, genesis and growth of plants, flowering time regulation, and photosynthesis. Our results could 
provide a platform for further fine mapping, gene discovery, and the development of markers for genomics-
assisted breeding to develop heat-tolerant superior lines/varieties.
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Rice (Oryza sativa L.), is the most important cereal crop and primary source of staple food for more than half of 
the global population. Rice is grown on 160.6 million hectares across the world with a total production of 738.20 
million tonnes. India harbors a large number of landraces, which are adaptable to different agro-climatic zones 
with unique characteristics like aroma, taste and disease resistance. Unfortunately, thousands of landraces of 
rice are being extinct from the agricultural fields of India and the remaining are on the way to extinction due to 
the demand for high-yielding variety. In this scenario collection, restoration, and conservation of this enormous 
valuable germplasm is a need of the hour. Characterization and evaluation of germplasm by various markers, 
such as morphological and molecular markers provide basic information on desirable traits for a breeding 
program to develop improved varieties. The study on morphological and agronomic characters as per DUS 
guidelines and genetic diversity was undertaken at BAIF Development Reserch Foundation, Pune during 2016 to 
2019 covering 144 landraces and 16 farmer’s varieties of rice collected from six districts of Maharashtra. Very 
high diversity was observed in both qualitative and quantitative characters. As far as quantitative characters are 
concerned, high variations were observed in plant height (55.7 to 174.3 cm), number of productive tillers per 
plant (3.33 to 33.80), 1000 grain weight (9.8 to 42.3 g), days to maturity (65 to 155) and grain yield per ha (16.12 
to 59.85 q). Separate PCA of qualitative suggested no geographical distribution except some landraces from 
Kudal whereas it was totally absent in quantitative characters.  Genetic diversity of 45 selected rice landraces 
using five ISSR primers revealed a total of 106 polymorphic bands giving an overall 90.02% polymorphism. 
Dendrogram and PCoA revealed the absence of geographical structuring in the landraces, possibly due to the 
introduction of the gene pool from different locations due to sharing of material among the farmers.
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Maize is the basis for food security in some of the world’s poorest regions in Africa, Asia and Latin America. 
With the increasing biotic and abiotic stress constraints due to havocof climate change, it is a clarion call to 
develop and deploy climate resilient germplasm adapted to different maize growing regions. Among the myriad 
of blights, Southern Corn leaf Blight or Maydis Leaf Blight (MLB) (Bipolaris maydis) is a serious foliar menace 
that is distributed widely in warm and humid areas of the world The present study was conducted for two years 
under multi-location trials in Punjab: Ludhiana and Gurdaspur (2020 & 2021) with the aim to identify significant 
marker trait associations using Genome Wide Association Studies (GWAS). A diverse panel of tropical origin: 
CAAM (CIMMYT Asia Association Mapping Panel) developed by CIMMYT, was used for the study of disease 
expression Artificial epiphytotic was used to record disease expression. The disease scoring data were recorded 
by using standardized scale of 1-9. The evaluation of inbred lines represented the disease rating scale from 2-8 
i.e. percent disease ranging from 33.33% to 77.77%. The lines that exhibited the score class of 1-3 were resistant 
with very less number of lesions subjected to lower foliage and Susceptible (8-9). The resistant lines exhibited 
similar tolerance score in second year evaluation. Out of the 381 test lines, 65 were found resistant to MLB 
under artificial inoculation condition. These lines will serve as important genetic resource to breed for MLB 
resistant hybrids. The two year, phenotypic data will be subjected to genomic BLUPs for analysing the variance. 
For deciphering the marker trait associations GAPIT is used. From significant SNPs, putative candidate genes 
are identified. Prediction accuracies through genomic prediction conferring maximum variation are deciphered 
through the same package. The study rationalizes that Genomic Prediction by incorporating the significant 
marker trait association from GWAS is a promising tool for MLB resistance in maize.
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In India, 80% of maize areas are rain-fed, erratic behaviour of rains during wet season is affecting the 
productivity. The rationale behind our study (conducted during 2021-22) was to decipher the variability of 
root and shoot traits for water use efficiency (WUE) using a less labour intensive and less destructive method 
of hydroponics and understanding the changes at anatomical level under osmolyte driven conditions. 72 
maize inbred lines comprising of indigenous, CIMMYT maize inbreds and semi-exotic lines maintained at PAU, 
Ludhiana were used for study. The water stress was created using an osmolyte PEG 6000 (10%).The lines showed 
differential response under osmolyte for ten important traits viz; fresh root and shoot weight, dry root and 
shoot weight, chlorophyll, vigour, root length (total), number of root tips, forks and Avg. root diameter. These 
traits weaned out after principle component analysis and image analysis through root scanner (Biovis PSM- 
R2000). Based on drought tolerances indices (DTI) and cluster analysis a core set 20 lines which were evaluated 
at higher concentration of PEG (15% and 20%) vs. control in pot culture. LM22, CML 574, PML 98 and LM26 
showed higher performance in both evaluation methods. Two extreme lines LM22 (highly tolerant in the entire 
set of 72 inbreds) and CML494 (susceptible) were selected based on DTI values for studying the anatomical 
alterations at 20% concentration of PEG by Scanning electron microscopy (SEM) (JSM-7610FPLUS:JOEL). Among 
the secondary tissues the effect was profound on number and diameter of meta xylem and xylem which was 
reduced in CML494 but least affected the tolerant genotype: LM22. The study has recommended that the 
seedling traits and root anatomical features viz, number and diameter of meta xylem and xylem can serve as 
excellent reliable selection criteria to identify donor lines to breed for WUE in maize

T6PP094:
Genome wide association mapping for early canopy traits recorded at high 
throughput phenotyping platform in groundnut (Arachis hypogaea L.)
Wankhade AP1, Chimote VP2, Viswanatha KP2, Deshmukh MP2, Purohit A1,3, Vemula A1,  Kholová J1,  Choudhary S1, 
and Pasupuleti J1*
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Groundnut is an important food, and cash crop of Asia and Africa. Being a semi-arid tropic crop, groundnut 
frequently faces different abiotic stresses. Moisture stress during the pegging and early pod filling stages of 
groundnut can reduce pod and haulm yield significantly. Groundnut varieties with improved drought tolerance 
hold promise for a changing climate in semi-arid tropics. In the present study, an eight-way multi-parent 
advanced generation inter cross (MAGIC) population comprised of 620 genotypes, which included 600 MAGIC 
lines (MLs), eight founder parents, and 12 checks, was screened on a high-throughput phenotyping platform 
(LeasyScan). Observations on eight early canopy traits such as digital biomass, leaf area, leaf area index, leaf 
angle, plant height, projected leaf area, leaf inclination, and light penetration were recorded. The phenotypic 
data recorded high heritability for all eight traits. A genome-wide association study (GWAS) was conducted 
for eight early canopy traits recorded under LeasyScan using genotypic data generated on 620 lines using 48K 
Axiom Arachis SNP array. Most of the marker traits associations (MTAs) were identified on chromosome A10. 
Two genes, Araip.VDU5V and Aradu. U39XE play role in plant growth and development, were positioned beside 
the significant SNPs. Previous studies found early canopy traits to be an effective selection filter to narrow 
down the number of test genotypes to be tested under managed stress. The identified SNP markers and genes will 
further be used in marker assisted selection upon validation. Selections based on early canopy traits using marker-
assisted selection would improve the precision and enhance genetic gain for drought tolerance in groundnut. 
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Crop productivity is crucial in meeting food demands to feed the growing population in the face of endemic 
biotic and abiotic stresses. Groundnut (Arachis hypogaea L.,) is self-pollinating allotetraploid legume crop 
belonging to the Fabaceae family. Genetic variability for disease resistance is very important for efficient crop 
improvement. An investigation was carried out to understand genetic variability in F3 and F4 generations of 
crosses TMV 2 × ICGV 86699, TMV 2 × GBFDS 272, TMV 2 × ICGV 91177, GKVK 4 × ICGV 91177 and GKVK 4 × 
GBFDS 272 for Late Leaf Spot (LLS) disease resistance, pod yield and its attributing traits in field. A study was 
conducted with the experimental material consisting of 121 F2 developed from the cross TMV 2 × GPBD 4 in 
summer 2020 and forwarded to F3 progeny rows during kharif 2020-2021 to phenotype for LLS disease response 
along with pod yield related traits at GKVK, Bengaluru. Analysis of results revealed moderate GCV and PCV, 
moderate to high heritability coupled with GAM for pod yield related and disease traits for all the five crosses. 
Hence, selection for LLS disease resistance could be carried out in five crosses of F4 generation. Estimates of 
correlation and path coefficient analysis resulted with strong correlation among major pod related traits and 
showed negative correlation with LLS disease trait. There was considerable amount of variability noticed for LLS 
reaction at 90th day after sowing. A linkage map was developed with 100 SSR markers on 20 linkage groups using 
genotypic data of 94 F2 plants. The length of linkage map spanned 3346.43cM with an average of 33.46 cM inter-
maker distance. Thirty-eight QTLs were identified with 1.57-31.10% of phenotypic variance explained. Two major-
QTLs each for pod yield/plant and kernel yield/plant, eight major-QTLs for LLS resistance were detected at LOD 
2.5. The QTLs identified in the study can be utilized for MAS after validation in RILs. F3-36-13, F3-28-2, F3-1-4 are 
superior promising lines that could be used in future breeding for LLS resistance with high pod yield potential.

T6PP096:
Genome-wide association studies (GWAS) for shoot fly, Atherigona soccata 
resistance in sorghum (Sorghum bicolor)
Taddi S and Jaba J 
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Sorghum (sorghum bicolor L.), the world’s fifth major cereal and self-pollinated, diploid (2n = 2x = 20), with a 
small genome (730 Mbp), this makes the sorghum genome about 60% larger than that of rice, but only about 
1/4 the size of the genomes of maize or human. It is makes sorghum an attractive model for functional genomics 
of C4 grasses. It is plays a key role in both food security and economies around the globe. Shoot fly is a major 
insect pest of sorghum damaging early crop growth, establishment and productivity. Host Plant Resistance is an 
efficient approach to minimize yield losses due to shoot fly infestation. A germplasm set of 102 lines were field 
evaluated for two years for Abaxial Trichome Density, Adaxial Trichome Density, Phenol, Protein, Cu, Fe, Zn, Mg, 
Nitrogen, LSP, DF, TSFDH, GS, tannin and NBI traits known to be associated with shoot fly resistance. All traits 
revealed significant phenotypic variation and high heritability (>0.60) for individual and across seasons. The 
STRUCTURE analysis provided the evidence for the presence of five subpopulations at K=5. A total of 198,992 
SNPs were generated through GBS. We obtained 73,486 SNPs polymorphic with minor allele frequency (MAF) > 
0.05. Further Genome-Wide Association Studies (GWAS) identified, a total 54 SNPs across 15 traits significantly 
associated to traits imparting shoot fly resistance. Significant SNPs were annotated by SnpEff_ version_4.0. 
These marker trait associations can be used in sorghum improvement program for developing cultivars with 
enhanced resistance to shoot fly.
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Chickpea (Cicer arietinum L.) is the second largest cultivated legume crop after dry beans globally. High protein 
levels in chickpea make them a valuable source of protein in developing countries. Fusarium wilt caused 
by Fusarium oxysporum f. sp. ciceris (Foc) is a potential threat to chickpea production, affecting the crop 
irrespective of its cropping system, cultivar grown, or soil type. The primary mode of Foc infection is through 
conidia. Monoconidial isolation, purification, and preservation of Fusarium are a time-consuming and, chaotic 
process. Therefore, sensitive and reliable methods catering to this, in addition to estimating infection severity 
are desirable in the strategic management of this disease. Here, we present a protocol for the isolation of Foc 
from infected plants, its monoconidial purification using glucose germination solution, preservation of isolates 
using glucose-glycerol stock, and in planta infection technique of chickpea seedlings. These methods will serve 
as an important tool in disease phenotyping platforms for rapid and reliable screening against Fusarium wilt 
disease of chickpea and further host-pathogen-environment interaction studies.

T6PP098:
Single seed and pod chipping based high-throughput genotyping in 
pigeonpea
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Gangashetty P1 and Pandey MK1*
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Marker-assisted selections are performed in segregating populations of ICRISAT pigeonpea breeding program 
using either trait-associated markers or confirmation of hybrid plants. The existing process is laborious, 
expensive and time consuming as it includes planting of segregating populations, labelling, leaf sampling from 
20-25 days old plants followed by high throughput genotyping. In order to reduce the time and resources, 
we have optimized single seed and pod chipped based genotyping using different kind of tissues such as leaf, 
seed, green and dry pod samples from 16 diverse genotypes in replicates. For seed sampling, we chipped 
posterior portion of seed from each genotype without damaging the embryo (2 chips weighing 8-10 mg/seed). 
Similarly, for sampling of leaf, green and dry pods, two discs were collected for each tissue/sample using paper 
puncher. Genotyping was carried out using 10 Kompetitive allele specific PCR (KASP) markers. Genotyping 
results revealed good quality calls for leaf, seed, green and dry pod chipped samples for most of the genotypes. 
Comparison of genotyping calls from leaf discs and seed chipped samples demonstrated similar efficacy on 
calls. Interestingly, green and dry pod based chipping based genotyping can also be explored for breeding 
applications. There was no adverse impact on germination due to chipping. Chipping based genotyping has 
potential to save time as well as resources in pigeonpea breeding (marker-assisted early generation selection 
and hybridity confirmation) in addition to possible applications in checking genetic purity in seed system.
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Molecular diversity in A. glabrata and prebreeding for introgressing novel 
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The perennial Arachis glabrata belongs to Rhizomatosea section with tetraploid (R2; 2n=40) genomes and is 
mostly known for forage, ornamental or soil conservation crop. The genotyping of 77 accessions of A. glabrata 
using Thermofisher’s Agriseq assay containing 5000 genome-wide SNPs showed significant diversity. In parallel, 
significant phenotyping diversity was observed upon phenotyping these accessions for two most important 
diseases of the groundnut namely stem rot and late leaf spot. Among LLS and stem rot resistant sources, several 
accessions showed immune reaction but most of them possessed thick and rubber like leaf structure and 
thicker stem structure which might have served as physical barrier for these pathogens. Promising resistance 
sources were identified for LLS resistance (ICG 8161, ICG 8165, ICG 8166, ICG 8185, and ICG 8965) and stem rot 
resistance (ICG 8185, ICG 8167, ICG 8175 and ICG 8924) for potential use in pre-breeding. Interestingly, accession 
ICG 8168 has demonstrated resistance for both the diseases along with leaf structure similar to cultivated 
groundnut, therefore, we have initiated pre-breeding research for the introgression of resistance segments into 
elite background of high oleic genotype ICGV181008. Further research is required to understand the genetics 
and molecular mechanism of these resistance sources in addition to intensifying efforts in introgressing these 
segments in the genetic background of elite varieties.
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Genetic variation in CaTIFY4b improves adaptation to terminal drought 
conditions in chickpea
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Chickpea (Cicer arietinum) is a major cool-season legume crop typically cultivated on residual soil moisture 
during the post-rainy season, and it is often exposed to a late-season water deficit towards the end of the crop 
cycle. Identifying the genetic components underlying adaptation to terminal drought stress is important for 
improving chickpea productivity. Here, we present the fine mapping and functional characterization of “QTL-
hotspot”, a genomic region on linkage group 04 (CaLG04) in chickpea that harbours major-effect quantitative 
trait loci (QTLs) for key drought-adaptive traits. We report that a non-synonymous mutation in the plant-specific 
transcription factor CaTIFY4b regulates seed weight and organ size, and contributes to drought adaptation in 
chickpea. Ectopic expression of CaTIFY4b in the model legume Medicago truncatula increased root growth and 
architecture under water deficit. Gene expression analysis indicated that CaTIFY4b might control organ size 
under drought in chickpea by regulating the expression of GRF-INTERACTING FACTOR1 (GIF1), a transcriptional 
co-activator of Growth-Regulating Factors. Phenotypic characterization of chickpea homozygous lines linked 
CaTIFY4b to the regulation of key physiological parameters, including pre-anthesis water use, transpiration 
efficiency, root architecture, and canopy development, enabling high yield performance under rainfed field 
conditions. Taken together, our study offers new insights into the role of CaTIFY4b and diverse molecular and 
physiological mechanisms underpinning chickpea growth and production under terminal drought scenarios.
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Sorghum (Sorghum bicolor (L.) Monech) is a fifth major cereal widely used as a multipurpose crop across the 
world. The utilization of sorghum as a major forage crop is limited due to the cyanogenic glycoside dhurrin in 
the vegetative tissues and harmful to livestock when fed as a fodder crop. Initial physiological and biochemical 
screening of 11 genotypes under progressive drought stress distinguished those two genotypes, i.e., ICSV 93046 
and Parbhani shakti (PS), showing contrast in drought tolerance and HCN potential (HCNp). Where ICSV 93046 
showed drought tolerance and reduction in HCNp, PS showed vice versa. To understand the molecular mechanism 
behind these contrasting characteristics (drought tolerance and HCNp), we performed a transcriptome analysis for 
these genotypes, including an intermediate genotype (CSH 24-MF). Transcriptome analysis revealed that dhurrin 
biosynthesis and cyanoaminoacid metabolism pathways were induced significantly in PS under water stress. The 
candidate genes were selected from these pathways and validated using quantitative real-time-PCR (qRT-PCR). 
Three primary dhurrin biosynthesis pathway genes (CYP79A1, CYP71E1, and UGT85B1) observed differential 
expression across the genotypes selected. CRISPR constructs targeting the dhurrin biosynthesis pathway genes 
were developed and transformed in the PS background through an immature embryo-based Agrobacterium-
mediated transformation system. The putative-edited plants were further screened for homozygous T-DNA-free 
SDN1-type gene edits. The phenotypic evaluation of these edited lines is undergoing, including the progressive 
drought stress and HCNp estimation. This study helps understand the underlying molecular mechanism for 
reducing HCN under water stress conditions and developing acyanogenic sorghum lines to improve animal 
nutrition and forage quality by providing safe feed to livestock.

T6PP102:
Increasing wheat productivity under dryland areas by augmenting 
contribution of morpho-physiological traits 
Sareen S*, Tyagi BS, Kumar V, Mamrutha HM, Rinki and Singh G
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The global food security is at risk due to climate change and climate variability, which is responsible for yield 
variability in maize, rice, wheat, and soybean to the tune of 60%. The challenge to meet about 70% increase in crop 
productivity by 2050 for the increasing human population is enormous under IPCC prediction of 1.5°C increase in 
global warming and 4–27% decrease in precipitation in the next decade. Global warming is causing losses to the 
tune of 7.7 billion dollars annually, which will increase to around 18 billion dollars by 2025.Wheat is fed to about 
one-third of the world’s population and its demand is expected to increase by 40% in 2030 but its production might 
decline by 29% due to climate change. The current yield gains in wheat are between 0.5 to 1% per year against 
the requirement of 2.4% to meet global demand. Among all the abiotic stresses, drought and heat have the most 
detrimental effects on wheat productivity. The negative impacts of heat and drought stresses cause up to 60% and 
40% yield losses, respectively. About 20–25% of the wheat area is exposed to drought which results in 10% to 76% 
reduction in grain yield depending on the growth stage and stress severity. Past temperature trends show that 
wheat yield has declined by ~5.5% for the period from 1980 to 2010 due to 0.13oC decadal temperature increase. 
The two stresses, drought, and heat are more likely to occur simultaneously rather than separately in semi-arid 
and hot growing regions. Because of its low water requirement and ability to survive substantial reductions in 
water availability over relatively extended periods, there is no replacement for wheat even in drier areas. However, 
still wheat production depends on water availability during and before the crop-specific and typically unirrigated 
growing season. The rainfed (dryland) wheat yield will lead to a 9–25% profit loss for every 2–3.5°C rise in 
temperature. The combined effect of drought and heat on wheat crop can cause severe yield losses. The present 
study encompasses the role of morpho-physiological traits in enhancing yield under these two stresses.
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Agricultural productivity depends on increasingly extreme weather events and the use of germplasm that 
breeders must constantly improve to withstand various biotic and abiotic stresses. Plant stress is the adverse 
reaction of plants to environmental conditions that are unfavourable to growth, such as lack of sufficient 
nutrients, inadequate watering, flooding, high or low temp., disease, or insect infestation. Molecular plant 
biologists seek to understand the mechanisms involved in stress responses and provide information that could 
be used in breeding programs.  Plant stress can be divided into two primary categories namely abiotic stress 
and biotic stress. Abiotic stress imposed on plants by environment may be either physical or chemical, while as 
biotic stress exposed to the crop plants is a biological unit like diseases, insects, etc. Some stresses to the plants 
injured them as such that plants exhibit several metabolic dysfunctions. A plants first line of defence against 
abiotic stress is in its roots. The chances of surviving stressful conditions will be high if the soil holding the plant 
is healthy and biologically diverse. One of the primary responses to abiotic stress such as high salinity is the 
disruption of the Na+/K+ ratio in the cytoplasm of the plant cell. The phytohormone abscisic acid (ABA) plays an 
important role during plant adaptation to environmental stress such as high salinity, drought, low temperature, 
or mechanical wounding. Future research demand in particular areas of crop stress physiology is discussed, as 
well as the importance of translational research and investigations directly in elite crop plants and in the genetic 
resources available for breeding
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Crop diversification pattern in Nalgonda district, Telangana state of India.
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The paper aims to study crop diversification patterns in the Nalgonda district of Telangana state of India. Its 
focus is on the spatial distribution of crops, changes in crop patterns, spatial distribution and temporal variation 
in the study area. The study's time frame is twenty years, from 2001 to 2020. In this study, 12 crops were 
selected and categorized, and their spatial distribution was examined in the study area. The study found that 
agriculture's crop selection and production method will be influenced frequently by the experience and the 
farmer's preference. Moreover, other factors also help the local farmers to opt for the crop and diversify their 
cropping pattern. These factors can be human activities, market price variation, people's purchasing power, 
socio-economic condition, expertise and, above all, farmer's choice. In the present study, primary and secondary 
data have been incorporated. The current study will be useful to academicians, researchers, agriculture 
practitioners and policy-makers.
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Our country has a sweet tooth since beginning and no happy occasion is complete without sweet cravings. But 
the sad fact is that, India is 2nd worldwide in terms of Diabetes, heart diseases. Main culprit being sugar, refined 
carbs and sedentary lifestyle. My startup works on this problem by promoting value added jaggery especially 
Low GI palm jaggery and millets. Value addition is done with other super foods like sesame, flax, nuts and seeds 
(sugar free sweets kind of). Palm jaggery is a natural sweetener high in natural fructose, low GI, hence doesn’t 
let the glucose level spike rapidly. Palm trees are climate resilient, decentralized production increases rural 
employment, good for prediabetic, weight loss seekers and super delicious in taste. Alternatives available like 
sugarfree sweetener chemical (sucralose, aspartame, saccharine etc) 1st taste not so good, expensive, have side 
effects on longer run like hormonal and gut microbial imbalance in body.
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About 44% of India’s food production is from rainfed farming, which occupies 57% (80 M ha) of the net 
cultivated area. Rainfed farming in India is characterized by low productivity, frequent weather variability, policy 
bias, poor market and infrastructure, and degraded natural resources, which leads to low farm income and 
farm households’ vulnerability. Along with these challenges, changing climate and socio-economic conditions 
in the future are a severe threat to rainfed farming and household profitability. In this paper, we use the AgMIP 
Regional Integrated Assessment methods to assess the potential impacts of climate change on the average 
farm net returns and economic vulnerability of farm households in rainfed farming systems in the semi-arid 
region of southern India. We will also explain our approach to using collected socio-economic household 
survey data in Andhra Pradesh to represent rainfed farming systems, together with down-scaled climate data, 
site-specific crop model simulations, future representative agriculture pathways (RAPs), and data from global 
economic model projections. This integrated modeling approach is then used to assess the potential impact of 
climate change on crop productivity, average farm net revenue, and vulnerability in low and high rainfall zones 
across different future climate scenarios. The simulation results showed that the majority of fallow-chickpea-
based farm households are vulnerable (68% in warmer climates and 42% in wet climate) to climate change if 
current production systems are used in the future. Vulnerability is not uniform across the Kurnool district, and 
climate impacts vary across climate scenarios. Therefore, the development and promotion of location-specific 
adaptation strategies linking technologies, policies, and infrastructure is needed to improve the resilience and 
adaptive capacity of farm rainfed farm households to climate change.
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Agriculture is a critical sector for ensuring food and nutrition security in India, which is facing many challenges 
due to rapidly depleting natural resources, increasing population, and changing climate. Climate change 
has further exacerbated these issues posing a substantial threat to food and nutrition security especially for 
the developing countries like India. Climate change, agriculture, nutrition, and food systems are inherently 
interconnected. Using the International Model for Policy Analysis of Agricultural Commodities and Trade 
(IMPACT), this study explores the future of India's food and nutrition security for alternate climatic and 
socioeconomic scenarios. The scenario analysis shows that by 2050 under the pessimistic scenario (hot wet 
conditions; RCP 8.5), production of staple cereal crops will be negatively impacted (rice by 11%, maize by 
8%, wheat by 6%, sorghum by 7%, and millets by 5%). In the case of pulses, a significant decline is likely to 
be experienced for beans and lentils by 5% and 7%, respectively. Among oilseeds, rapeseed, sunflower, and 
soybean production is expected to be negatively impacted in the range of 3−5%. The future projected impacts 
on production also affect overall food availability relative to the baseline (no climate change). The consumer 
price of staple food is projected to experience a steep increase impacting the affordability of the food, which will 
also affect food utilization. The study also shows that the corresponding impacts on availability and affordability 
are relatively lower under the optimistic scenario (cool wet conditions; RCP 8.5). Despite the progress in 
achieving self-sufficiency in food production over the decades, context-specific climate-smart and holistic 
policies need to be formulated and implemented to address plausible long-term challenges of climate change 
and meet the country's growing food and nutrition demand.

T6PP108:
Soil test-based nutrient application - Towards reducing environmental foot 
prints
Choudhari P, Jat ML, Dixit S, Sawargaonkar G, Pasumarthi R and Singh A
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*E-mail: pushpajeet.choudhari@icrisat.org

Increasing awareness of climate change and food security has spawned an interest in the reduction of 
greenhouse gas emissions from agricultural ecosystems. The main preventive strategies in agriculture involve 
cutting back on the application of excess nutrients and using fertilisers in a balanced way. As the largest 
source of agricultural emissions is fertilizer application, optimizing the fertilizer amount may help mitigate 
greenhouse gas emissions from agriculture systems. Application of synthetic N fertilizers is recognized as the 
most important factor contributing to the emissions from agricultural soils. Synthetic nitrogen fertilizers such 
as urea are a necessity for food production, making them invaluable toward achieving global food security. 
Despite consuming carbon dioxide in the synthesis, the overall process is carbon positive due to the use of fossil 
feedstocks, resulting in significant net emissions. Agriculture-related GHG emissions are significantly influenced 
by the use of synthetic N fertilizers for paddy in India's croplands. Odisha being one of the leading producers of 
paddy in India, we evaluated the possibility of reducing GHG emissions by optimising the fertilizer application 
during cropping seasons in paddy fields, as opposed to conventional blanket recommendation practises. The 
modified IPCC GHG emission coefficients for mineral fertilizers urea in soils were considered to calculate the 
potential GHG emission from paddy fields in pilot sites of Odisha. Applying nitrogen fertilizer in accordance with 
the soil test-based recommendation rather than a blanket application was calculated to minimize greenhouse 
gas emissions by 20–40%, which also decreased cost of cultivation and increased yields by 10-15%. This study 
shows that switching to an appropriate fertiliser dosage could be an effective way to curtail GHG emissions from 
agricultural systems. 
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In most of the world's countries over the past few decades, climate change has had a negative impact on 
both the physical and biological systems, which results in a decline in agricultural productivity every ten years. 
Climate smart villages are a novel idea that was developed to lessen these changes. To reduce climate change 
and its negative effects at the local level, the term "climate smart village" (CSV) has gained popularity. A 
climate smart team of several professionals operating as a consultative service for farmers in the climate smart 
community. Increasing adaptive ability, guaranteeing food security, and reducing the negative effects of climate 
change are the three main goals of the climate smart village (CSV) model. This approach places a lot of emphasis 
on young men and women, working collaboratively with various stakeholders to innovate in climate resilient 
agriculture A climate-smart community should have weather, water, carbon, nitrogen, energy, and knowledge 
smarts. The agricultural system of the recent years requires some climate resilient and sustainable farming 
practices, therefore the climate smart village (CSV) is both a means of sustainable development at the local level 
and a requirement of the future to offset the negative consequences of climate change.

T6PP110: 
Fruit borer resistance in genotypes of egg plant, Solanum melongena
Thoppe SR
University of Rwanda
Email: srinitrs@gmail.com

Egg plant is a non-tubiferous solanaceous staple vegetable, which originated in India, widely cultivated in Asia 
and Africa and  popular in the diet worldwide.  It is also known  as  brinjal, aubergine or baingan.  It forms 
an important component of Indian diet and has high nutritional value.  The shoot and fruit borer Leucinodes 
orbinalis Guen, is a key pest that limits the productivity of egg plant. The damage caused by the pest ranges 
from a 21 to 71% in the fruit yield.  Reports indicate at 50%  loss to pests such as fruit and shoot borers.  S. 
auriculatum is resistant to little leaf. Reports indicate 16 possible criteria that could be used to evaluate the 
insect resistance in plant among which correlation of morphological factors with injury has much significance 
for screening against   L. orbonalis.  A study was undertaken to select cultivars of brinjal by screening them at 
growing shoot stage and at fruitng phase under field conditions. Fifty four brinjal cultivars and accessions were 
evaluated. Percent damage in fruit was taken as the parameter for assessment of the degree of resistance in 
all the varieties.  Volatile profiles of fruits were obtained  with SPME (Solid Phase Microsyringe Extraction Unit) 
and analysed by GC-MS.  Data on the shape, colour, of fruits internal characters of fruit and shoot were also 
recorded grades was given for each variety.  Thickness of pericarp of brinjal fruit had negative correlation with 
damage symptom. Thicker the pericarp, lower was the pest damage, a co-efficient of -0.5481.  These varieties  
had thick shoot pith which could not harbor the larvae while feeding. They were observed to have tightly 
arranged seeds in the mesocarp, heavily lignified and thickly packed vascular bundles. This nature precluded the 
young larvae from making entry into the fruit  due to the non preference by the larvae. Volatile profiles of fruits 
showed significant differences in deterrent alkaloids in the tissue. Use of resistant plant source should lead to 
reduced pesticide use.
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Agricultural production depends upon many factors, of which weather is the major factor. Weather varies with 
space and time; hence, its forecast can help to minimize farm losses through proper management of agricultural 
operations. The complete avoidance of all farm losses due to weather factors is not possible but it can be 
minimized to some extent by making adjustments through timely and accurate information of weather forecast. 
Weather forecast and weather-based agromet advisories help in increasing the economic benefit to the farmers 
by suggesting them the suitable management practices according to the weather conditions. A study was, 
therefore, undertaken on the adaptation of agromet advisory bulletin and the economic impact of agromet 
advisory services for groundnut farmers from Kurnool, Ananthapur districts of Andhra Pradesh and Tumakuru 
district of Karnataka during 2019-20. Results showed that the farmers, who followed the AAS are able to reduce 
the input cost and increases in the net profit as compared to the non-AAS farmers. Crop-cutting experiments 
conducted in the 13 pilot villages revealed that farmers who followed weather-based agro-advisories were able 
to reduce crop losses and enhance yields compared to non-advisory farmers in both kharif 2019 and 2020. Crop 
yields of advisory farmers were enhanced by 21.7-29.3% in Anantapur, 11.7-29.7% in Tumakuru, and 19.9-24.6% 
in Kurnool in kharif 2019, and by 23.7-25.9% in Anantapur, 19.4-31.1% in Tumakuru and 20.3-37.8% in Kurnool 
in kharif 2020 compared to non-advisory farmers. Crop productivity varied with rainfall in the respective years, 
but yields achieved by advisory farmers were consistently higher compared to those by non-advisory farmers. 
The increased yield level and reduced cost of production led to increased net returns for farmers. Thus, the 
application of AAS based on current and forecasted weather is a useful tool for enhancing production and 
income by reducing the farm input cost.

T6PP112:
Haplotype specific gene based markers for grain yield, quality as well as 
biotic stress related traits to enable haplotype based breeding in rice
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Haplotype based breeding is the incorporation of superior haplotypes of candidate genes into the breeding 
program. In order to successfully implement a haplotype-based breeding strategy, it is essential to develop 
haplotype-specific markers which differentiate the haplotype groups of genes in a given population. To develop 
haplotype-specific gene markers we have taken 13 genes of seven different traits of grain yield and quality, that 
are; single plant yield (PHD1, AGO7, ROC5), primary branch number (LAX1), tiller number (MOC1, IPA1), panicle 
length (DEP1, DEP3, SP1), glycemic index (LOC_Os08g12590), Fe, Zn (OsNAS3) and two genes for biotic stress, 
blast (LOC_Os01g66640, LOC_Os06g37710). The Kompetitive Allele Specific-PCR (KASP) assay was used to 
develop haplotype-specific gene markers, which were validated using three populations: 26 parental population, 
324 diverse germplasms, and 3000 segregating populations resulted from 69 crossings. A total of 77 markers 
were developed, with 76 markers showing definite differentiation among the parents in diverse and advanced 
breeding lines. These 76 markers, when converted into 13 functional haplotype tags with respective genes, have 
showed significant differentiation among the studied populations. Our results revealed that there is a specific 
haplotype differentiation between the breeding and diverse population. Hence, we propose developing a new-
age haplotype-specific marker chip for all the functionally characterized cloned genes to identify the donor 
haplotypes for haplotype based breeding program.
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Agricultural productivity depends on increasingly extreme weather events and the use of germplasm that 
breeders must constantly improve to withstand various biotic and abiotic stresses. Plant stress is the adverse 
reaction of plants to environmental conditions that are unfavourable to growth, such as lack of sufficient 
nutrients, inadequate watering, flooding, high or low temp., disease, or insect infestation. Molecular plant 
biologists seek to understand the mechanisms involved in stress responses and provide information that could 
be used in breeding programs. Plant stress can be divided into two primary categories namely abiotic stress 
and biotic stress. Abiotic stress imposed on plants by environment may be either physical or chemical, while as 
biotic stress exposed to the crop plants is a biological unit like diseases, insects, etc. Some stresses to the plants 
injured them as such that plants exhibit several metabolic dysfunctions. A plants first line of defence against 
abiotic stress is in its roots. The chances of surviving stressful conditions will be high if the soil holding the plant 
is healthy and biologically diverse. One of the primary responses to abiotic stress such as high salinity is the 
disruption of the Na+/K+ ratio in the cytoplasm of the plant cell. The phytohormone abscisic acid (ABA) plays an 
important role during plant adaptation to environmental stress such as high salinity, drought, low temperature, 
or mechanical wounding. Future research demand in particular areas of crop stress physiology is discussed, as 
well as the importance of translational research and investigations directly in elite crop plants and in the genetic 
resources available for breeding.

T6PP114:
Developing next-generation direct-seeded rice varieties for sustainable 
agriculture
Paul PJ1, Patil SB1, Jain A1, Sagare D1, Vipparla AK1, Venketeshwarlu C, Balaraju E1, Kalia S3, Kumar A1,4, Sinha P1, 
and Singh VK
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2International Rice Research Institute (IRRI), South-Asia Regional Centre (SARC), Varanasi, India 
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Climate change drives global agriculture to adapt to a more sustainable future by necessitating the development of 
new technology and crop-growing methods. Rice is chastised for its greenhouse gas emissions and excessive water 
use. Around the globe, rice breeders attempt to develop varieties that require the least water while maintaining 
maximum production potential. Direct-seeded rice (DSR) is a viable alternative to conventional puddled 
transplanted rice with good potential for conserving water, reducing labor needs, mitigating greenhouse gas 
emissions, and adapting to climatic risks. Parallelly, the yield can be comparable with transplanted rice if the crop 
is appropriately managed. An effort has been made to accumulate all the desired trait QTLs/genes ~ qCS1.1: culm 
strength; qEUE11.1, qEUE3.1: early uniform emergence; qLDG3.1, qLDG4.1: lodging resistance; qAG9.1, qAG9.2: 
anaerobic germination; qGYDS1.1, qGYDS6.1, qGYDS9.1, qGYDS10.1:  grain yield under DSR; qNR5.1: nutrient 
uptake; qEVV9.1: early vigor, qRHD1.1: high root density; GM4, GM8: Gall midge; Pi9: Blast; Bph 3, Bph 17: BPH; 
for DSR from different sources for developing DSR-friendly varieties. The attempt successfully produced over 1100 
forward breeding lines with various DSR-related gene accumulations from 12 donors that have been developed and 
maintained. Similar to this, more than 150 marker-assisted backcross lines have been produced in the background 
of MTU 1010 and IR 91648-B-89-B. The developed lines were screened with molecular markers for diseases, pest 
resistance, and essential DSR traits such as anaerobic germination. The three-stage selected promising lines are 
now at the seed multiplication stage for nomination, with the two lines already nominated to AICRIP for variety 
release. The other potential two-stage selected lines are in multi-location testing in various agro-climatic zones 
in India. These lines will eventually be selected for nomination in AICRIP. These developed next-generation high-
yielding DSR-adapted varieties will serve as valuable resources for DSR breeding in rice.

mailto:bajyamamta57@gmail.com
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Rice brown spot, caused by fungus Bipolaris oryzae, is a chronic disease that affects millions of hectares of rice 
worldwide. Brown spot is widely reported across India and more generally in the South and South-East Asian 
countries. Reported yield losses in relative terms vary from 4 to 52 %. Brown spot has been found devastating in 
DSR condition. So far, there are very few resistance sources reported. Hence, it is prerequisite to identify novel 
alleles/superior haplotypes in which resistance has co-evolved along with the pathogen. In the present study, a 
diverse panel of 141 rice accession from 3K RGP to identify loci/genes associated with resistance to three highly 
virulent isolates of B. oryzae. A total of 39 significant marker-trait associations (MTAs) associated with resistance 
to three highly virulent isolates were identified. 39 candidate genes were identified which involve in key cellular 
and biological pathways. For isolate BS-24-1, a total of 22 candidate genes were identified, out of which only 
four candidate genes (LOC_Os05g11970-H154b (1.00), LOC_Os08g29580- H9b (2.25), LOC_Os11g34680- H2c 
(2.5) and LOC_Os01g70660- H14 (1.50) possess superior haplotypes. Seven candidate genes were identified 
in case of BS-45, out of which only three candidate genes (LOC_Os04g03850- H14 (1.50), LOC_Os04g25280- 
H34b (1.80) and LOC_Os11g31300- H7c (2.0) possess superior haplotypes for brown spot resistance. For isolate 
BS-53, a total of 10 candidate genes were identified, out of which LOC_Os08g01950- H43b (2.50) possess 
superior haplotype. 19 resistant accessions collected from six different countries (China, India, Korea, Pakistan, 
Phillipines, and Sri Lanka) were identified carrying the superior haplotype for eight candidate gene through 
Haplo-Pheno analysis. Superior haplotypes identified in the current study are expected to be useful in the 
development of next-generation disease resistance tailor made variety through haplotype-based breeding.

T6PP116:
Genotype analysis and multi-trait selection in pigeonpea(Cajanus cajan L. 
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Earliness and yield-related traits were most concerned with developing crop resilience in pigeonpea. With this 
point of view, the multi-trait genotype ideotype distance index (MGIDI) was employed for genotype selection. 
The experiment was conducted at AC,Vijayapura during kharif 2021, comprising 55 pigeonpea mutants with 
replicated design. Plant height, days to fifty per cent flowering, days to maturity, number of pods per plant, 
hundred seed weight, seed yield per plant and yield per hectare were the multiple traits considered for 
evaluation. Genotype analysis by mixed-effect models (Genotype as a random effect) affirmed the variability 
among mutants by the presence of significant differences for all the traits under study, which was attributed to 
selection. Projected heritability (> 60 %) and genetic variance figured that all traits were highly heritable and had 
a complex inheritance pattern. Using MGIDI, eight mutants were selected with a 15 per cent selection pressure. 
Further, the strengths and weaknesses of the selected mutants were assessed using factor analysis (FA), in which 
7 were grouped into three factors. Plant height, number of pods per plant, seed yield per plant and yield per 
hectare were grouped under FA1.Where mutants TS-M5-54 and TS-M5-21 found desirable with positive gains. 
Days to fifty percent flowering and days to maturity falls in FA2. Mutant TS-M5-17 found desirable for traits in 
FA2. Hundred seed weight alone represented FA3, the mutant entries TS-M5-10 and TS-M5-11 shown strength 
for this trait. The selected mutants can be exploited in future with conferring to their strengths and weaknesses.
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Zinc (Zn) is one of the essential micronutrients for human health, and its deficiency is considered as the fifth largest health 
risk factor according to the World Health Organization report. Zn deficiency leads to a decline of the immune system that 
develops into chronicity.  But unfortunately, Zn cannot be stored in the body in significant amounts and must be given 
as a supplement. Since rice is one of the major staple crops worldwide and sustainably enhances the Zn content in rice 
grains through biofortification can address this challenge. In this regard, we need to understand the genetic basis of Zn 
accumulation in rice grains by mapping the QTLs associated with Zn and identifying the genes involved in its accumulation. 
GWAS is one of the powerful tools employed in genomic studies to detect the natural variations associated with various 
crop traits. But the limitations of GWAS regarding the phenotypic data, such as the “large p small n problem,” missing 
heritability, and high-quality data, is a challenge. Additionally, due to negative correlation between higher grain yield and 
grain zinc, it is difficult to develop a variety possessing both the traits. Artificial Intelligence (AI) based models offer a suite 
of methods that can resolve the challenges in the GWAS and connect the genomic information to the ultimate phenotypic 
expression. Additionally, it can help to develop varieties with higher grain yield and higher grain zinc content. In this study, 
we present an AI-based framework that can identify the patterns in the genotypic data and predict the Zn content in rice. 
This model incorporates each marker’s effect and their pairwise interaction effects as a predictor variable. The model was 
trained and validated with an accuracy of >86% in a 300-line dataset. Based on this, we will utilize the ~3000 rice genome 
sequence information available in open source to predict the trait value. The predicted Zn values, along with the observed 
Zn values, will be subjected to GWAS and through which we will identified – MTAs and – candidate genes associated with 
Zn content in rice grain.

TT6PP118:
Farmers’ knowledge and perception of finger millet parasitic weeds and its 
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Finger millet (Eleusine coracana (L) is the oldest indigenous cereal grown in arid and semi-arid regions of East 
Africa. The crop is largely cultivated by resource-poor farmers and serves as a food and nutritional security 
crop because of the high micronutrient content and extraordinary storage qualities. However, its productions 
are extremely low at ≤1.3 t ha-1 in comparison to its potential of up to 10 t ha-1. Various biotic and abiotic 
constraints are responsible for the low yields. Among the constraints, hardly few studies mentioned parasitic 
weed invasions in finger millet production systems in Tanzania. The aim of this research was thus to determine 
the awareness of Tanzanian finger millet farmers on the prevalent parasitic weeds. We assessed parasitic 
weed occurrence across the country and interviewed 189 farmers (66% women) in seven (7) finger millet 
growing regions of Tanzania. Our results revealed that Striga spp. was prevalent in ~ 55% of the surveyed areas, 
with Striga asiatica and Striga hermonthica dominating the southern and central regions of Tanzania and the 
northern and lake regions respectively. About 8% of the surveyed farmers used crop rotation to manage Striga 
infestation while 5% used intercropping. This study revealed that most of the finger millet farmers in Tanzania 
were aware of parasitic weed invasions but a majority of the finger millet smallholder farmers (mainly women) 
lack functional and proven control strategies for Striga spp. We propose that any mitigation of Striga should 
aim at improving farmers’ adoption of best practices through development of resistant varieties and the use of 
sustainable management options.
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Chickpea (Cicer arietinum L.) is an ancient and one of the most important pulse crop grown all over the world. 
However, the productivity of chickpea may be hampered due to fungal disease wilt caused by Fusarium 
oxysporium f. sp. ciceris. Chickpea is the predominant crop in rabi season and has the largest area among all 
the rabi crops grown in Vidarbha. An average loss due to this disease in Vidarbha is 8-15 %. It has a potential 
to cause up to 100% yield losses in congenial condition. Gene targeted markers may provide an important and 
focused link between DNA sequence polymorphism and traits. The different molecular markers like SSR linked 
with foc genes can also be used for introgression of resistance in chickpea cultivars by marker assisted selection 
program (foreground selection). Markers mapping entire chromosomes of recurrent parents will be used for 
marker-based genome recovery studies (background selection). Long term objective is to develop Chickpea 
variety having Fusarium resistance, which can be used to mitigate the losses imposed by Fusarium wilt. In the 
present investigation, a popular variety among the chick pea growers, PKV Kabuli 4 developed at Dr. P.D.K.V. 
Akola is being used as recurrent parent and WR-315 variety, well-proven resistance source to all races of wilt, is 
used as a donor parent. Before commencing back crosses to transfer the wilt resistance in the variety PKV Kabuli 
4, parental polymorphism survey was carried out using different molecular markers and identified the true 
crosses of chickpea based on polymorphic markers. These true crosses were used to develop BC1F1 population. 
The introgressed plants were selected in BC1F2 generation using linked foreground markers i.e. TR-19, TA-59, TA-
110, TA-194 and used for the execution of BC2F1 crosses. Recurrent parent genome recovery was calculated in 
BC1F2 generation through the background selection. 
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A phenotypic variable compact-dwarf mutant pigeonpea genotype NPM-2 and tall genotypes GT-1 and GT-104 
was experimented. The research was aimed at the characterization of dwarfism in pigeonpea [Cajanus cajan (L.) 
Millsp.] under the influence of exogenous GA3 application followed by molecular characterization of key genes of 
the gibberellic acid (GA) biosynthesis pathway. Factorial complete randomized block design with three repetitions 
consisting of four different levels of GA3 treatments viz., 0 (water), 25, 50 and 100 mg L-1 concentration. The 
observations of germination parameters were taken at 24 hrs, 48 hrs, and 72 hrs after treatment and observation of 
morphological parameters were recorded at 10, 20 and 30 DAS. Quantification of endogenous GA3 in GT-1, GT-104 
and NPM-2 seeds was examined via UHPLC-MS/MS. The molecular characterization of several GA biosynthesis genes 
of dwarf and tall genotypes NPM-2 and GT-1, respectively viz., GA20ox and GA3ox. Mainly, full-length sequence 
of gibberellin 3β-dioxygenase gene ID: LOC109805633 and GA20-oxidase genes viz., gene ID: LOC109790335, 
LOC109790470 and LOC109796072 retrieved from the genome browser of pigeonpea. These annotated sequences 
were re-sequenced by gene-specific primer designing and isolation of GA-biosynthesis genes from both tall and 
dwarf genotypes of piegonpea. Treating pigeonpea seeds with GA3 application influenced germination. The 
morphological evaluation revealed that NPM-2 retained internodal length after two rounds of exogenous application 
GA3.  The quantification analysis exposed NPM-2 produces less quantity of GA3 than the tall varieties. The 
molecular characterization by multiple alignments revealed SNPs in GA biosynthesis gene sequences. The obtained 
computational protein gene sequences revealed predicted variation in amino acid chains. The Pigeonpea dwarf 
plant type was characterized as a gibberellin-sensitive mutant.  A lower amount of initial GA concentration resulted 
in dwarf stature, which was reflected in the morphological estimation under the exogenous application of GA3. 
Moreover, it is also supported by GA3 quantification. Structural variation present in the GA biosynthesis pathway will 
pave the road for the future investigation and manipulation of the dwarf trait.
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Tamarindus indica L. is an indigenous but orphan fruits tree species of the arid and semi-arid tropics, prioritized 
in the breeding programs due to its high nutritional, economic, therapeutic and drought-resistance potential. 
However, the very limited knowledge about the genetic structure within and among its natural populations 
hinders its effective domestication and improvement process in Africa. This study assessed the extent and spatial 
structure of gene diversity of T. indica populations in Benin by dissecting its genome’s Inter-microsatellite regions. 
Using 9 ISSR primers, a total of 149 loci (83.89 % polymorphic and 16.11 % monomorphic) were analyzed from 60 
genotypes originated from 10 geographically distinct populations, 6 phytodistricts and 3 ecological regions. Jaccard 
similarity coefficients ranged from 0.2 to 0.7 for all pair of genotypes. Fifteen major clusters of genotypes were 
found at a Jaccard distance of 0.51 unrelatedly to their geographical origin. At intra-population level, the observed 
number of alleles (Na), effective number of alleles (Ne), Nei’s gene diversity (H) and Shannon’s Information index (I) 
ranged from 1.68 to 1.824, 1.4217 to 1.5692, 0.2481 to 0.3193 and 0.3707 to 0.468 for all populations, respectively. 
The total genetic diversity (Ht = 0.3479) was similar to the total intrapopulation genetic diversity (Hs = 0.3363). At 
interpopulation level, a lower genetic differentiation (Gst = 0.0334) estimated among populations was confirmed 
by a higher effective gene flow estimate (Nm = 14.458) between populations. The study suggested that genetic 
diversity conservation measures be primarily focused on Natitingou and Bassila’s populations as they bear the 
lowest amount of gene diversity. To ensure capturing sufficient amount of genetic variation in T. indica for breeding 
programs, a large number of samples from few populations is recommended. 
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PHT1 transporters and arbuscular mycorrhizal fungi in P acquisition in 
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Phosphorus (P) is the second most limiting nutrient for crop production and 50% of the world’s agricultural soils 
have sub-optimal P availability. P is an essential, non-substitutable component of many biological macromolecules. 
Plants directly assimilate inorganic phosphate (Pi) via phosphate transporter proteins belonging to the PHT1 
family, meaning plant access to soil P can be limited by the amount and form of P available. Through associations 
with arbuscular mycorrhizal fungi (AMF) in the roots many plants are able to access and assimilate forms of soil P 
otherwise unavailable to them (e.g. organic and mineral-bound). In exchange the fungi are provided with plant-
fixed carbon. To overcome P limitation to crop growth and yield, P-based fertilisers are often used. However, 
production and application of such fertilisers is unsustainable, relying on high energy inputs and finite natural 
resources. As such, alternative strategies to maximise plant P assimilation while minimising fertiliser usage are 
needed. As well as their role in P acquisition PHT1 transporters play central roles in redistribution of Pi within 
the plant during development. As such, PHT1 transporters are potentially important targets to improve crop Pi 
acquisition and Pi use efficiency. Howeverthere is little information about how PHT1 function in plants influences 
crop-AMF interactions. Foxtail millet is a model small millet which is grown extensively for food and fodder in 
much of South and East Asia. It is both highly nutritious and drought tolerant. We characterised the PHT1 family in 
foxtail and developed a transformation procedure to test gene function by RNAi. This revealed overlapping but non 
redundant functions for PHT1 family members in Pi homeostasis in root and leaf tissue. Expression of two family 
members was linked to arbuscular mycorrhizal colonisation (AMF). Comparison of growth of a panel of genotypes 
in field vs greenhouse conditions showed large variation in performance and poor correlation between field and 
greenhouse. Comparison of the effects of AMF colonisation on two different genotypes showed differences in the 
extent of colonisation and AMF-dependent P acquisition. The interplay between genotype, AMF colonisation and 
Pi transport offer promising opportunities to improve foxtail millet for P acquisition.

mailto:ferdinandayimasse@gmail.com
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Groundnut or peanut as they known in different parts of the globe is scientifically named as Arachis hypogaea. 
Although a legume; it is mostly considered as an oilseed due to high oil content in the seeds. In Sri Lanka, 
it is among the main oilseed crops which are being cultivated in dry and intermediate zones. Recently the 
production is having an increasing trend as it reached to 36,376 MT during the year 2020. Generally, kernels of 
peanut are processed into various snacks and confectionary products. When considering Nutritional superiority 
and the health benefits of peanut, oil content and fatty acid composition is highly important in determining 
the quality and flavour of peanut products. The aim of this work is to analyze the fatty acid profile of twelve 
advanced peanut breeding lines, one local cultivar and two ICRISAT lines available at Grain Legumes and Oil 
Crops Research and Development Center, Sri Lanka. Fat content was determined on dry weight basis according 
to AOAC 935.52 (2012) and AOAC 948.22 (2012) standards. Total fat content of large seeded peanut types (6 
genotypes) was ranged from 35.2% to 40.5% while in medium seeded types (9 genotypes) it was ranged from 
47.6% to 35.6%. Oleic acid content was high in large seeded types, which ranged 52.5 -48.4%. The oleic/linoleic 
ratio was varied between 0.72 to 1.83. In addition, the palmitic acid content was ranged between 10.6 % to 
12.7% in the tested genotypes. Since many countries have used high oleic genotypes to improve their varieties, 
it is important to introduce those lines to the breeding programs in Sri Lanka.

T6PP124:
Genetics analysis and performance evaluation of sodium chloride salt 
stress tolerances in rice (Oryza sativa L)
Adesina BO 
Adekunle Ajasin University, Akungba, Nigeria
E-mail: Bable345@yahoo.com
Rice is probably the most significant and important cereal crop in the world. Its origin and history is obscure, 
but it is known to have been a staple food for over 50% of the world population. Orzya sativa is believed to be 
associate with wet, humid, climate through it is not a tropical plant. The goal of this study is to find genotypes 
that is tolerance to salinity, five different genotypes of rice (Oryza sativa L) were compared for variation in 
plant height at days (30and50),panicle initiation, tiller measurement at days (30 and 50), panicle length, rate 
of maturity, grain of shape grain length (short/long),1000 grainsweight,100grains weight, days of harvest, grain 
length, total grains weight, and number of spikelet per panicle in response to sodium chloride (NaCl¯) stress, at 
the Department of Plant Science and Biotechnology, Adekunle Ajasin University, Akungba Akoko Ondo State, 
Nigeria, the study materials were organized in a completely randomized design(CRD) that was repeated four 
times in the field and planted inside perforated polythene bags. The genotypes used were ITA212, NERICAU-2, 
NERICAU-7, NERICAU-8, and NERICAL19 collected from Africa rice, IIT AIbadan, Nigeria. With an average length 
of 47.46cm, the control had a high rate of panicle initiation. The highest germination rates are more than 95% 
for the genotypes U-8,U-7, NL-19, and U2, and less than 95% for ITA212. For capturing environmental and 
adaptive resources, genotypes with high Grain Weight% at a certain salinity level would undoubtedly have 
better competitive advantages than genotypes with lower Grain Weight %.

mailto:Bable345@yahoo.com
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The major objective of dolichos bean breeding is to develop high yielding, photoperiod- insensitive (PIS) 
determinate cultivars. A dependable information on genetic basis of growth habit provide useful clues for most 
appropriate selection strategy to enhance the efficiency dolichos bean for desired traits. The basic genetic 
material consisting of two genotypes namely, HA 4 and HA 5. These two genotypes are high yielding pureline 
cultivars released for commercial production by University of Agricultural Sciences (UAS), Bangalore. The F1’s 
from this cross was grown during 2020 post rainy season and were selfed to obtain F2 population. This F2 
population constituted the mapping population for identifying the SSR markers linked to genes controlling 
growth habit. The SSR markers linked to genes controlling growth habit were identified based on significant 
departure of observed joint segregation of growth habit phenotypes and marker class genotypes from that 
expected assuming independent segregation using 2 × 2 contingency chi square statistic. The strength of linkage 
in terms of recombination fraction (RF) of the linked marker was estimated by square root method. Only one 
of 86 polymorphic SSR marker, LPD-19 was found linked in coupling phase to genes controlling growth habit. 
Growth habit loci was estimated at 16.7 cM, 17.32cM and 20.3cM distance from LPD 19 based on Morgan, 
Kosambi and Haldane mapping functions, respectively on Linkage Group (LG)1. LPD-19 after validation could 
be used as a diagnostic marker for selecting determinate plants in germplasm / breeding populations in 
seedling stage itself. Use of marker saves substantial resources and enhance the pace and efficiency of breeding 
determinate cultivars.

T6PP126:
Genetic studies on drought tolerance through physiological traits in 
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1University of Agricultural Sciences, Dharwad, India
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Email: patilmd@uasd.in

Chickpea is an important legume crop being cultivated across arid and semi-arid tropics majorly under residual 
moisture conditions. Due to changing climatic conditions resulting into uneven rainfall, frequent droughts, 
prolonged dry spells, seasonal changes etc the crop suffers from various stresses leading to poor productivity. 
One of the major stresses is drought leading to significant yield reduction.  An experiment was conducted to 
evaluate the elite chickpea genotypes under two moisture regimes, well-watered (WW) and low moisture stress 
(LMS) to analyse drought tolerance. The physiological parameters, relative water content (RWC), normalized 
difference vegetation index (NDVI), SPAD chlorophyll meter reading (SCMR), photosynthetic rate, transpiration 
rate, stomatal conductance and proline content were recorded under both the conditions. Wide range of 
variability for the traits under consideration was evident. The mean RWC of 74.23 and 60.86, NDVI of 0.41 and 
0.36, SCMR of 40.85 and 39.45 at 30DAS, 40.37 and 37.18 at 60DAS were observed respectively under WW and 
LMS conditions. While, 15.85 and 11.67 μmoleCO2m-2s-1 photosynthetic rate, 4.90 and 3.98 mmolesH2Om-
2s-1 transpiration rate, 0.211 and 0.166 moleH2Om-2s-1 stomatal conductance was recorded under both 
the conditions respectively. Proline content, an important parameter for assessing drought tolerance, varied 
significantly among the genotypes across moisture regimes. The mean proline content under WW was 1.99 
µmoles/g whereas it was 11.08 µmoles/g under LMS condition. Based on positive trend of the traits and 
seed yield the genotypes were ranked. Among the genotypes tested, ICCX 120044-31, M112, ICCX-100103-
9, BGD 7050, ICCX110053-8, BGD 9123 and DIBG 205 were found promising for drought tolerance, while ICC 
4958 and JG 11 checks were among top 10 ranks. The isolated superior genotypes will be evaluated for per se 
performance and other leaf canopy parameters to further decipher drought tolerance and to utilise in chickpea 
breeding programme aimed at climate resilience. 
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Finger millet blast disease caused by the fungus Magnaporthe grisea, is an important major disease causing 
severe yield losses of 50 to 90%, thereby persistently threatening food and income security in the Uganda. 
Several phytosanitary measures have been employed to reduce the effect of blast but are not easily applicable 
for the resource-limited smallholder farmers. Therefore, resistance breeding is the most efficient and 
economical way to manage blast in finger millet. In this study 843 finger millet accessions obtained from 
the Gene Bank of Kenya (13), Uganda National Gene Bank (363), NaSARRI Gene Bank (109), International 
Crops Research Institute for the Semi-Arid Tropics (ICRISAT) (22) and different agro-ecologies of Uganda (336) 
representing major finger blast disease hotspot in Uganda were evaluated for blast resistance at NaSARRI using 
augmented randomized complete block design of 30 blocks with four checks during 2020 and 2021 under 
natural field conditions. Disease severity was assessed using a 1–5 disease rating scale. PCA of traits showed 
two principal components where PC1 and PC2 explained 41.9% and 28.2% of the total variation. Cluster analysis 
grouped 843 finger millet accessions into four distinct clusters on the basis of Euclidean distance for blast. A 
total of 172 accessions showed finger blast severity of 1.0, 139 accessions had neck blast severity of 1.0 while 
148 accessions had blast incidence of 0 %. Therefore, these accessions can be utilized as sources of resistance 
to finger and neck blast in finger millet, and can be crucial for effective utilization in a breeding programme. Key 
words; Finger millet (Oburo), Germplasm, finger blast, neck blast, resistance, Uganda
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At the posttranscriptional level, the stress-responsive transcripts undergo alternative splicing, miRNA-mediated 
regulation, alternative polyadenylation among others. Recent studies have established that the mRNA acquire 
different modifications such as N6-methyladenosine (m6A), 5-methylcytosine (m5C), and N1-methyladenosine 
(m1A) and represents a novel layer of post-transcriptional regulation affecting the fate of mRNA life cycle. The 
importance of m6A in plant growth and development has been appreciated but its significance under stress 
conditions is only emerging. To assess the role of m6A modification during plant stress responses, we analyzed 
Me-RIP-seq profiles in Arabidopsis exposed to drought and cold. The results revealed large scale shifts in this 
modification under these stresses. The m6A modification is known to affect transcript stability, degradation as 
well as translation, therefore we examined these processes. Interestingly, we found that the stress-enriched 
m6A-containing transcripts are more stable and positively correlated with the translation. The significance of the 
m6A epitranscriptome on drought and cold tolerance was further assessed using the mta mutant in which the 
major m6A methyltransferase gene was mutated. The mutant exhibited hypersensitivity to these abiotic stresses 
as determined by growth, biomass and ROS accumulation coupled with the impaired expression of genes that 
confers stress tolerance. Taken together, our findings suggest that the m6A epitranscriptome play critical roles in 
abiotic stress responses of Arabidopsis. 
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Conceptual framework for crop breeding success under drought-prone 
environments: where does Ethiopia stand?
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Ethiopia has primarily been an agrarian country since antiquity and crop production has not only been a means 
of life but also a tradition and heritage that deeply rooted into the lives of the people. A significant portion 
of the crop production areas in the country has, unfortunately, been situated in drought-prone environments 
where the prevailing biophysical and socio-economic challenges are aggravated by inadequate technological 
interventions. Under drought-prone environments, genetic solution through plant breeding is preferred in 
terms of sustainability, affordability and profitability to the continual manipulation of the growing environment. 
Investments made on crop breeding efforts hitherto to reverse the situations of low productivity in drought-
prone environments have resulted in the development and provision of improved varieties with a relatively 
satisfactory productivity at farm level. It is, however, hardly possible to claim, in relation to the situation under 
normal environments, the varietal provisions have resulted in technological breakthroughs and full realization 
of the goals we would have liked to achieve in terms of boosting productivity. A conceptual framework of 
breeding approaches that maximizes the technical relevance of improved varieties needs to be sought for a 
better success under drought-prone environments, particularly in terms of matching of the phenotype with the 
resource base. This review paper, based on the analysis of existing scientific evidence and the synthesis thereof, 
discusses the conceptual framework for breeding success, and pinpoints areas where we failed to meet the 
conceptual frameworks under drought-prone environments in Ethiopia. The prime theme of the paper is not to 
argue that the past breeding endeavors under drought-prone environments were ineffective, but rather, with 
due respect to the efforts made and the relative achievements thereof, the paper justifies the need to optimize 
the approaches in variety development scheme and make them more target-oriented and objective towards 
better serving poor farmers. I believe that this review paper will provide a better insight to more meaningfully 
apply plant breeding in the face the prevailing drought that has rather been worsened by the changing climate.

T6PP130:
A data-driven approach to enhance the production system in dryland areas
Mahmud M and Quader MT
a2i (Aspire to Innovate), Bangladesh
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Barind Tract, a lowland area in the northwest region of Bangladesh, is one of those cases where water scarcity is a 
significant challenge for an efficient production system. Due to the extremely dry nature of the climate, there is very little 
rainfall within that area which fails to replenish the groundwater system correctly. As a result, it becomes an arid region. 
In addition, the low irrigation efficiency makes the production cost of agricultural products more cost-inefficient within 
that area. Overall, the adverse effects of multiple challenges cause smallholder farmers to face inefficient production 
and unsustainable livelihoods. Farmers need granular data on rainfall patterns, water cycles, fertiliser requirements, 
and more to ensure a sustainable production system. Therefore, the solution to this problem requires designing and 
constructing an agriculture data architecture and implementing agriculture information exchange between public and 
private stakeholders and other sources.The agriculture data architecture will open a gateway for both farmers and 
policymakers to data-driven decision-making. For instance, Big Data Farming will be an effective technique for gathering 
and analysing agricultural data from private and public stakeholders, social media, sensors, GPS, and private and other 
internet sources. Big Data farming is a highly automated operation that necessitates accurate production estimates 
and optimal water resource management. The use of technology such as the internet of things (IoT), Big Data Farming, 
cloud computing, and analytics will enable farmers to enhance the entire process in real-time significantly. Therefore, a 
data dashboard platform for tracking and monitoring agriculture data will assist the policymaker in making data-driven 
decisions for the betterment of smallholder farmers by allocating agriculture inputs like seeds, fertilisers, and pesticides 
and managing resources for the betterment. The Data dashboard will ensure climate-sensitive forecasting for the 
farmers to make production and harvesting more efficient. It will also focus on collecting big data from various sources, 
analysing them and generating insight.
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Mungbean is an important food and cash legume crop in Asia. The productivity of mungbean however, is affected by 
myriads of environmental challenges including salinity stress. Development of high yielding varieties with resistance to 
various biotic stresses and abiotic stress tolerance including salinity is hindered by the absence of information on the 
effect of various environmental challenges in mungbean. The present study, thus, analyses the salinity tolerance levels 
in three high yielding mungbean varieties with an aim of assessing various physiological traits, which could be used as 
markers for screening genotypes for stress adaptation and furthering our understanding of the salt tolerance strategies 
deployed by various genotypes. Three mungbean genotypes, viz., MGG 295, MGG 351 and LGG 460 were subjected 
to NaCl stress equivalent to 8 ds m-1 and 16 ds m-1 at early vegetative stage. Growth and different physiological 
observations (pigment content, photosynthetic rate, transpiration rate, membrane damage, osmolyte production, ROS 
production and scavenging) suggested a superior salt tolerance of MGG 295 and MGG 351 as compared to LGG 460 with 
an overall trend of salinity tolerance as MGG 295>MGG 351>LGG 460. Furthermore, interesting mechanistic insights 
were gained at the level of differential regulation of ion homeostasis in different genotypes. While MGG 295 and MGG 
351 are both tolerant to salinity, MGG 295 showed low-ionic discrimination and non-selective uptake of Na+ and K+ 
in roots and shoots with passive K+ retention capacity for salt tolerance. Low shoot and root Na+ content in MGG 351 
on the other hand suggested Na+ extrusion and sequestration much like LGG 460. Expression of different Na+ and K+ 
transporter genes suggested SOS1, SOS2 mediated ion exclusion in LGG 460, NHX1 mediated ion sequestration in LGG 
460 and MGG 351 and AKT1 mediated K+ uptake in tolerant genotypes. As most of the breeding programs favor Na+ 
exclusion strategy for salt tolerance, these findings could provide some insights into the alternate approaches of low ion-
discrimination and non-selective uptake of Na+ and K+ that will potentially be less energy intensive to withstand stress.
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Inheritance of Determinate (DT), Semideterminate (SDT) and Indeterminate (IDT) growth habits in pigeonpea 
was studied during Kharif 2020 at ZARS Kalaburagi using 240 NAM population lines of F9 generations. These 
lines were developed by Single seed descent (SSD) method involving cross between determinate (ICPL-87) and 
indeterminate (ICPL-87119) parents. These materials were obtained from Centre of Excellence in Genomics (CEG), 
ICRISAT Hyderabad. The segregation pattern showed 183 indeterminate: 52 determinate: 5 semi-determinate.  
These numbers were in good fit with the ratio of expected value of 180 indeterminate: 60 determinate with the 
ratio of 3 indeterminate: 1 determinate growth habit (χ2 value 1.11, P=0.574), indicates that IDT growth habit 
is governed by a single dominant  gene. Our results confirmed the presence of two independent genes (Dt1_ 
Dt2_) for growth habit pattern in pigeonpea. The expression of Dt2 gene controlling semideterminate flowering 
pattern was completely suppressed in the presence of Dt1 gene controlling indeterminate flowering pattern. 
Both the genes in homozygous recessive form (dt1dt1dt2dt2) caused determinate flowering pattern. ANOVA 
for seed quality parameters such as germination percentage, seedling length and seedling vigour revealed that 
there was no significant difference between determinate and indeterminate genotypes. Indeterminate genotypes 
took comparatively more number of days to first flowering, 50% flowering, maturity and gave more yield than 
determinate genotypes.
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Striga hermonthica affects cereal productivity due to the lack of durable resistance in host crops. Terminal 
drought due to regular early rainfall cessation also hampers sorghum production. The objective of this study is 
to induce a source of resistance in sorghum using gamma irradiation and to identify mutant lines with high yield 
and early maturity. Seeds of sorghum varieties, Grinkan, ICSV1049 and Sariaso14 were irradiated at doses of 200 
Gy to 500 Gy. The screening against Striga was carried out in two successive years in field and in the greenhouse 
where the sorghum mutant lines, their parents and a resistant control (Framida) were artificially infested with 
Striga seeds. Under field conditions, gamma-induced genetic variability was observed between the lines and 
forty mutant lines significantly reduced the number of emerged Striga plants and high grain production despite 
Striga infection. The greenhouse experiment confirmed the resistance of seven sorghum mutants, which did not 
induce Striga emergence with a high resistance index (RI) and a low Striga damage score. In Vitro tests indicated 
that BF7, BF3 and BF4 mutants have low production of Striga seed germination stimulant (DMG<1 cm), low 
haustoria formation and high growth inhibition of Striga seedlings which are respectively 45.9% and 70.5% 
for BF7, 48.7% and 73.1% for BF3, 71.96% and 49.76% for BF4. Four mutants (BF2, BF8, BF9 and BF10) caused 
severe necrosis of Striga seedlings at 28.2%, 47.2%, 35.3% and 35% respectively. Two mutant lines (BF4 and 
BF15) showed high grain yield and early maturity.

T6PP134: 
Smallholder vegetable Framers’ Perceptions and Willingness to Accept 
Agribusiness Model: A Study in Central Region of Ghana
Opoku-Agyemang W and Alexander T.K.N
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The main objective of the research was to analyze Smallholder Vegetable Framers’ Perceptions and Willingness 
to accept an Agribusiness Model Innovation (AMI): Primary data, based on quantitative method protocol, was 
conducted in the Central Region of Ghana. A multistage sampling technique was used through a cross-sectional 
descriptive survey to select various vegetable farmers from two communities in the central region, Dehia (n=100) 
and Ayensudo (n=150). A structured questionnaire was used for the collection of the data. The results were 
analyzed using descriptive statistics, Kendall Coefficient of Concordance, Binary logistics regression, and Probit 
model regression. The findings of the study indicated that out of the twelve (12) variables presented to find the 
best-predicted variable, the probit regression revealed that just three (3), that is, educational level (p-value=0.040), 
landholding status (p-value=0.021), and access to financial services (p-value=0.011) were the best predictors. 
However, among several significant variables, the farmer’s years of experience affect their decision on preferred 
Agribusiness Model Innovations (AMI) using binary logistic regression.  The level of awareness of the vegetable 
farmers about AMI was more significant in both communities hence, a greater willingness to accept AMI. The 
farmers’ perception index was positive, indicating a willingness to accept AMI. The study further revealed that 
farmers prefer (x ̅=4.10) contract farming to the other AMIs. The study concluded that the probability of vegetable 
farmers willing to accept Agribusiness Model Innovation was significant with educational level, landholding status, 
and access to financial services. The study recommended, among others, that more studies should be done in 
vegetable farming, considering the effects of AMI on farmers’ income. The government of Ghana, MoFA, and NGOs in 
agriculture should help provide more access to finance to vegetable farmers to boost their farming activities.
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More than 80% of chickpea is grown under rain-fed conditions where drought stress due to unpredictable rainfall 
patterns is the most common limiting factor affecting its chickpea growth and productivity. Developing superior 
germplasm adapted to future climate-change conditions, would be an efficient and sustainable way to reduce 
the adverse effects of drought stress. A controlled glasshouse experiment was undertaken to study the morpho-
physiological responses of six chickpea genotypes (ICC 4958, BG 4005, Pusa 362, BGM 10218, RSG 888 and ICC 1882) 
comprising drought QTL-hotspot introgressed lines, their donor and recurrent parents to drought stress (DS) at the 
early podding stage. The plants were grown in PVC tubes (1 m long, 15 cm in diameter) filled with 25 kg soil, which 
were weighed daily using a custom-made balance to determine transpiration. After DS (at early podding stages for 
each genotype) was imposed, pods and flowers were counted and tagged. At maturity seed yield and yield components 
of both well-watered (WW) and DS plants were measured. Physiological parameters (e.g., leaf photosynthesis, stomatal 
conductance, transpiration, chlorophyll and carotenoids contents, osmotic potential, canopy temperature depression, 
relative water content, membrane stability index) were recorded on several occasions. Other growth parameters were 
also measured, including shoot and root growth, pollen viability, and pollen germination. Water use patterns varied 
significantly between the six genotypes. Significant genotype ´ water treatment interactions occurred for all measured 
morpho-physiological traits. Seed yields ranged from 8.6–30.1 g plant−1 under WW, and 1.2–15.1 g plant−1 under DS. 
DS decreased yield the most in ICC 1882 (86%) and the least in ICC 4958 (50%) relative to WW. The large genotypic 
variation in morpho-physiological traits and water-use patterns generate scope for understanding mechanisms encoding 
drought tolerance and developing drought−adapted cultivars.

T6PP136:
Assessment of pearl millet germplasm for genetic diversity and multicut 
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Livestock development activity in India is largely dependent on feed and fodder. Presently, the country faces a 
net shortfall of 35.6% green fodder, 10.5% dry crop residues, and 44% concentrate feed ingredients. The option 
for increasing the land area under fodder cultivation is very limited. The development of fodder cultivars and 
management to meet the fodder requirement for an ever-increasing livestock population is imperative. Pearl millet 
is a potential crop that is fast growing, short duration, and produces good biomass; it uses less water per unit of 
forage production, tolerates both lower and higher soil pH, and is rich in minerals, making it as an ideal crop for 
the arid and semiarid regions. In view of identifying the best genotypes of Pearl millet for high green biomass 
and multi-cut ability, 33 accessions collected from farmer’s fields and ICRISAT, Hyderabad was evaluated during 
summer 2022 with limited water supply. The data for growth, yield and quality parameters were generated for 
three cuts and pooled together. A wide range of variation was observed for the morphological and yield traits 
among the accessions studied. The accessions ICMV-2502, BAIF INC- Bajra -6, and BAIF- INC Bajra-32 recorded 
significantly higher green fodder yields of 1135, 1095, and 1090 q/ha respectively over National check Moti 
bajra (754.50q/ha). BAIF-INC- Bajra11-1 recorded the highest dry matter yield 283.32 q/ha followed by BAIF-INC-
Bajra-32 with a yield of 277.08 q/ha.  Also, BAIF-INC-Bajra-32 recorded the highest crude protein yield of 26.18 
q/ha. The genetic diversity of bajra accessions were studied using seven ISSR markers. The study revealed 145 
bands with 97.93% polymorphism. Dendrogram and PCA demonstrated no geographical structuring and ICMV 
19629 accession was form an outgroup showing its genetic distinctness. These accessions showed multi-cut and 
regeneration ability, which can be utilized in further breeding programs and advancement through molecular tools.
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T6PP137:
Adaptability for yield and its contributing characters in some exotic 
genotypes of rice (Oryza sativa L.) over six environments.
Karande SS, Bhave SG and Thaware BL
MKCL Knowledge Foundation BSKKV, Dapoli, India
Email:satishkarande_78@rediffmail.com 
 
The experimental material consists of 53 exotic genotypes and one local variety of rice. The experiment 
was conducted in randomized block design with three replications at three locations during Kharif 2013 and 
Rabi 2013-14. The mean sums of squares due to G x E interaction were significant. The mean squares due to 
environment (linear) were significant for all the characters studied, indicating that the differences were present 
between environments. Among the fifty-four genotypes studied, the genotype EC723526 was well adapted to all 
environments under study. The genotype EC723510, EC723528, EC723541 and EC723557 were found adapted 
to favorable environments. None of the genotype was stable for all the characters studied.

T6PP138:
Genotype analysis and multi-trait selection in pigeon pea (Cajanus cajan L. 
Millsp.) mutants (repeated with different first author)
Soregaon CD1

, Vishwasgowda C2, Shruti H B and Gangashetty PI2

1University of Agricultural Sciences, Dharwad, College of Agriculture, Vijayapura, India
2International Crops Research Institute for Semi-Arid Tropics (ICRISAT), Hyderabad, India
Email: soregaoncd@uasd.in

Earliness and yield-related traits were most concerned with developing crop resilience in pigeon pea. With this 
point of view, the multi-trait genotype ideotype distance index (MGIDI) was employed for genotype selection. 
The experiment was conducted at AC,Vijayapura during kharif 2021, comprising 55 pigeon pea mutants with 
replicated design. Plant height, days to fifty per cent flowering, days to maturity, number of pods per plant, 
hundred seed weight, seed yield per plant and yield per hectare were the multiple traits considered for 
evaluation. Genotype analysis by mixed-effect models (Genotype as a random effect) affirmed the variability 
among mutants by the presence of significant differences for all the traits under study, which was attributed to 
selection. Projected heritability (> 60 %) and genetic variance figured that all traits were highly heritable and had 
a complex inheritance pattern. Using MGIDI, eight mutants were selected with a 15 per cent selection pressure. 
Further, the strengths and weaknesses of the selected mutants were assessed using factor analysis (FA), in which 
7 were grouped into three factors. Plant height, number of pods per plant, seed yield per plant and yield per 
hectare were grouped under FA1.Where mutants TS-M5-54and TS-M5-21 found desirable with positive gains. 
Days to fifty percent flowering and days to maturity falls in FA2. Mutant TS-M5-17 found desirable for traits in 
FA2. Hundred seed weight alone represented FA3, the mutant entries TS-M5-10 and TS-M5-11shown strength 
for this trait. The selected mutants can be exploited in future with conferring to their strengths and weaknesses.
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T6PP139:
Development of drought smart potato (Solanum tuberosum L.) through 
genome editing
Islam T, Sharmi NS, Sultana T and Hoque MI
University of Dhaka, Dhaka, Bangladesh
E-mail: t.islam@du.ac.bd

Potato (Solanum tuberosum L.) is the third most important staple food crops which is a member of Solanaceae 
family. It is highly heterozygous and auto tetraploid. Potato is relatively susceptible to drought stress and 
often considered to be drought sensitive which results in yield loss. In response to drought, plants start ABA 
accumulation which causes overexpression of drought related genes, stomatal closure and ultimately enhance 
plant tolerance to drought stress. The amount of ABA level inside a plant depends upon the balance between 
ABA biosynthesis and catabolism. ABA 8’’-hydroxylase, a cytochrome p450 monooxygenase, catalyzes the 
oxidative degradation of ABA and considered as the pivotal enzyme controlling the degradation. This ABA 
catabolism increases drought sensitivity in potato. In previous studies, it was reported that ABA 8’-hydroxylase is 
encoded by three homologous genes, namely, OsABA8ox1, OsABA8ox2 and OsABA8ox3 and decreased expression 
of OsABA8ox3 can enhance resistance to extreme drought in rice. In potato, two orthologous of Arabidopsis 
CYP707A gene were identified. So, development of a CRISPR-Cas9 construct targeting the key ABA catabolic 
gene CYP707A orthologous can help to increase drought resistance. Target sites have been designed through an 
extensive analysis of gene of interest and cloned into the MoClo vectors (CRISPR-CAS9 construct) for genome 
editing. Besides, plant regeneration system for potato has been established. Agrobacterium mediated genetic 
transformation has been used for the insertion of CRISPR-Cas9 construct into potato plant genome. Successfully 
edited plants allow to develop new varieties with increased drought resistance in local Bangladeshi varieties

T6PP140:
Genetics analysis and performance evaluation of sodium tolerance in rice 
(Oryza sativa L) 
Adesina BO and Adebayo OI
University of Lagos
Email: bable345@yahoo.com

Rice is probably the most significant and importance real crop in the world. Its origin and history is obscure, 
but it is known to have been a staple food for over 50% of the world population. Oryza sativa is believed to be 
associate with wet, humid, climate through it is not a tropical plant. The goal of this study is to find genotypes 
that is tolerance to salinity, five different genotypes of rice (Oryza sativa L.) were compared for variation in 
plant height at days (30 and 50), panicle initiation, tiller measurement at days (30 and 50), panicle length, rate 
of maturity, grain shape, grain length (short/long), 1000 grains weight, 100 grains weight, days of harvest, grain 
length, total grains weight and number of spikelet per panicle in response to sodium chloride(NaCl¯) stress at 
the Department of Plant Science and Biotechnology, Adekunle Ajasin University, Akungba Akoko OndoState, 
Nigeria, the study materials were organized in a completely randomized design (CRD)that was repeated four 
times in the field and planted inside perforated polythene bags. The genotypes used were ITA212, NERICAU-2, 
NERICAU-7, NERICAU-8 and NERICAL19 collected from Africarice, IIT AIbadan, Nigeria. With an average length 
of 47.46cm, the control had a high rate of panicle initiation. The highest germination rates are more than 
95% for the genotypes U-8, U-7, NL-19 and U2 less than 95% for ITA212. For capturing environmental and 
adaptive resources, genotypes with high grain weight% at a certain salinity level would undoubtedly have better 
competitive advantages than genotypes with lower grain weight%.
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T6PP141:
Climate change and cocoa production: A contextual analysis for Cameroon
Bomdzele E Jr1,2 and Molua E L2

1 University of Reading, Berkshire, United Kingdom; 2Centre for Independent Development Research (CIDR), Buea, Southwest Region, 
Cameroon Email:  e.bomdzele@student.reading.ac.uk
 
Agriculture is the mainstay of Cameroon's economy with cocoa as one of its key export crops. However, cocoa 
production is greatly affected by climate stressors. This study assesses the economic influence of climate change 
on cocoa performance in Cameroon. This study makes use of time series data for temperature, rainfall, carbon 
dioxide emission, land use, labour hours, pesticide quantity, and cocoa output in Cameroon for 60 years (1961 
to 2021). Data is obtained from the World Bank data group, FAOSTAT, and the National Cocoa and Coffee Board. 
Trend analysis is carried out to assess the evolution of crop production. Based on the perennial crop supply 
response model, the econometric technique VECM is employed to examine both short-run and long-run impacts 
of climate variables on cocoa production using STATA version 17.0. The time series econometric estimation 
reveals that variations in cocoa output are determined by the climatic and economic parameters analyzed. More 
specifically, the short-run results present temperature, CO2 (g) emission, land use, and pesticide quantity to have 
a significant positive relationship with crop output while rainfall shows a significant negative link. Furthermore, 
the long-run analysis posits that temperature, rainfall, carbon dioxide emission, and land use are significant 
negative determinants of the yearly changes in crop output. On the other hand, labour hours and pesticide 
quantities reflect a positive association with cocoa production. The study recommends government policy 
reforms including access to land, subsidies, use of improved production technologies that reduce the rate of 
greenhouse gas emission, and improve farmers' adaptive capacities to climatic stressors, leveraged on internet of 
things technology to automate the prediction and control of climate factors. This will increase cocoa output, with 
direct translation on agricultural export earnings, and hence, guarantee economic development and growth. 

TT6PP142:
Farmers’ perception of climate variability, risk management, and maize 
production in Southwestern Cameroon
Bomdzele E. Jr1,2, Molua E. Lb2 and Akamin. Ab 
1University of Reading, Berkshire, United Kingdom
2Centre for Independent Development Research (CIDR), Southwest Region, Cameroon, Buea, Southwest Region, Cameroon
Email: e.bomdzele@student.reading.ac.uk

Conventional wisdom holds that agriculture is the backbone of most developing economies. As such, increased 
weather risks and climate variability could significantly affect these economies. This study examines farmers’ 
perception of climate variability and the effects of weather shocks on maize production in Southwestern 
Cameroon. Maize farmers are exposed to various forms of climatic stress such as temperature and rainfall 
variations meanwhile, the overall predictability of climatic elements is imperative for the day-to-day and 
medium-term planning of farm operations. Primary data were collected from 500 maize farmers in 10 villages 
in Buea Sub-Division and Cobb Douglas production function was employed to explore the effects of climatic 
variables, as well as other factors such as the adoption of risk management strategies on maize output. We 
found that, as expected, climate-smart agricultural strategies paid-off for maize farmers who adopted them. 
Curiously, maize production tends to increase with the application of farm chemicals and with increased rainfall. 
On the other hand, increased temperatures instead led to high output, against all logic. Economically important 
coping strategies practiced by the farmers include change of planting dates, artificial irrigation, and mulching. 
The study recommends the reinforcement of institutional capacity to provide forecasts on climatic parameters 
thereby ensuring proper adjustments in agricultural calendar. Better packaging of government policies and 
programs will increase farmers’ capacity to cope with the current weather risks and climate variability through 
resilient climate-smart agricultural (CSA) strategies.



257

TT6PP143:
Assessment of various agricultural practices to increase the yield in dryland 
areas: A review
Choudhury L and Debnath S
Centurion University of Technology and Management, Odisha, India
Email: lipsitachoudhury2001@gmail.com

Dryland farming is an improved system of cultivation, in which maximum quantity of water conserved by soil and 
water management. Eroded and degraded soils with low water-holding capacity, multiple nutrient deficiencies, 
declining groundwater table contribute to low crop yields that lead to further land degradation. As a results, 
the productivity levels of rainfed dryland crops are very low as compare to other crops. The objective of the 
present study is to identify most appropriate strategy for enhancing crop yield, protecting the environment from 
deterioration, and promoting the wise use of natural resources. The common practices in dryland agriculture are 
use of improved crop varieties, conjunctive usage of rainfall, surface water and groundwater, practice of contour 
bunding, drip irrigation etc. Comparative study of past research revealed that the investments in bunding and 
trenching reduced soil erosion, however it did not improve soil moisture much. Farmers claimed that application 
of supplemental irrigation to save their dryland crops was not feasible due to the slope and position of the land. 
However, supplemental irrigation facilities from channel reservoirs increased crop production in Central Java. 
As alternative solution, farmers typically grow dryland crops on the steeper, sloping plots. Farmers with land 
near drainage or check dams reported higher dryland crop yields than uphill farmers. Past studies also revealed 
that rainwater and runoff harvesting can enhance the sustainability of agricultural systems in dry environments, 
decrease the rate of erosion, sedimentation, and even the risk of flooding. Finally, it is concluded that dryland 
productivity can be increased if (1) the problem of water availability fluctuations can be reduced, (2) watershed's 
storage capacity can be increased by naturally or artificially, (3) rate of evaporation is reduced, (4) utilization of 
drought tolerant crops, (5) improved cropping system and (6) practice of conservation agriculture in the study area.

TT6PP144:
Smart integrated farming for environmentally sustainable banana 
cultivation
Kayalvizhi T, Alagesan P and Shanmugasudaram  
MYRADA-KVK
E-mail: kayalvizhiagri1611@gmail.com

Bananas are generally an annual crop ratoon cultivation eventuated. A farmer who innovates a new technique 
for banana cultivation will improve production by stacking up banana cultivation. In stack-up, 4 numbers are 
planted crosswise to each other. The subsequent sucker and harvesting bananas every 4 months, increases 
two times higher yield than the conventional one. Each stack-up contains 4 numbers of matured bananas 
(Bananas with bunches), 4 numbers of middle-aged (Banana with flowers), and 4 numbers of suckers (young 
ones) at end of 8 months per stack-up contains 12 banana plants, through this cultivation cyclic production is 
occurring. The elongated banana leaves crossed from one another will dwindle the sunlight penetration into 
the soil. Thus, referred to as "Banana Forest." As a result, evaporation losses are maintained, and the soil's 
moisture content is augmented. The counterpart of the rainforest will be a banana forest. When banana forests 
emerge in substantial numbers, the amount of rainfall will rise. This may lead to climate-changing elements. 
A stack-up plant inclined at 40-600 embraces all seasons. Soil and water are enriched with nutrients; obtain 
from a technique of “Smart integrated farming.” Smart integrated farming incorporates, Primary tank (capacity 
of water – 1 lakh liter (Running water -1,500 liter), secondary tank for aquaculture farms (capacity of water – 
70,000 liters) (construct poultry, duck, and sheep shed across the tank), Tertiary tank divided into two segments 
(anaerobic lagoon and aeration tank + Biogas digest slurry), Final tank comprising fortified water (Randomized 
addition of organic fertilizers). Procured enriched manure water-A preceding process enriched the nutrient 
content of the water, when it is irrigated, the nutrient content of the soil also improves. Its consequences 
to boost productivity increases the soil nutrients and rainfall. KEYWORDS: Aeration tank, Anaerobic lagoon, 
Aquaculture farms, Banana forest, Enriched manure water, Smart integrated farming.
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TT6PP145:
Virulence and Cross-host Interactions of Striga hermonthica
Mulaa EE1,2, Avosa M2, Mallu TS1, Githiri SM1 and Odeny AD2*
1Jomo Kenyatta University of Agriculture and Technology, Nairobi Kenya
2International Crops Research Institute Nairobi Kenya
Email: mulaaliz@gmail.com

Quantifying Striga hermonthica germination percentages and infection levels on hosts of known resistance 
determines population structure, virulence of the parasite and also elucidate host resistance. Host and 
geography specific variations have been observed among Striga hermonthica ecotypes, calling for further 
analyses of ecotypes to elucidate variation in populations and host-specificity. A laboratory experiment was set 
up at ICRISAT to study cross-host Striga interactions. Six ecotype sets of Striga hermonthica seeds (2 from maize, 
2 from sorghum and 2 from finger millet fields) sampled in Bunyala and Alomodoi Kenya were used. Crude root 
exudates, to use as germination stimulants were obtained from the susceptible and resistant checks of maize 
KSTP94 and WH403, sorghum SRN 39 and KARI Mtama1, and finger millet Okhale1 and P224 in a completely 
randomized design. Each set of the ecotypes of Striga were pre-conditioned and pregerminated using the 
exudates from each genotype cross-host, with GR24 as a positive control. Significant differences were observed 
among genotype and ecotype at P=0.001. Striga ecotype from Alomodoi sorghum field exhibited highest 
germination across all genotypes with a mean of 34.57, Alomodoi maize ecotype having 23.33 and Alomodoi 
finger millet ecotype recording the least mean germination percent of 16.70 pointing to differentiation within 
a region and between regions. Alomodoi sorghum ecotype exhibited higher germination percentages across 
all genotypes thus could be more virulent. Maize resistant (KSTP94) and susceptible (WH403) checks clustered 
similarly with highest mean germination percentages of 57.94 and 45.57 respectively across all ecotypes while 
all the sorghum and finger millet genotypes clustered similarly. Maize had higher root mass thus a possibility 
of higher concentrations of exudates compared to sorghum and finger millet hence would highly be affected 
by Striga hermonthica regardless of region compared to millets whose root masses were smaller. The results 
suggest that breeding for resistance to Striga should thus incorporate the high parasite diversity between and 
within regions.

TT6PP146: 
Effect of plant density and deblossoming on tuber cowpea (Vigna vexillata)– 
An underutilized, nutritious, tuberous vegetable
Priyadarsini S1, Nandi A1 and Nedunchezhiyan M2

1Institute of Agricultural Sciences, Siksha ‘O’ Anusandhan (Deemed to be University), Bhubaneswar, Odisha, India
2Central Tuber Crop Research Institute (CTCRI), Regional Centre, Bhubaneswar, Odisha, India
Email-srijasanu1229@gmail.com

A field experiment was conducted at the Central Tuber Crop Research Institute (CTCRI), Regional Centre, 
Bhubaneswar, during the winter season of 2021-22 in order to study the effects of plant density and 
deblossoming on performance of tuber cowpea. The trial was laid out in the Split plot design with 8 treatments 
and 3 replications. There were 4 levels of spacings (S1-45 cm ×15 cm, S2- 45 cm × 30 cm, S3- 60 cm ×15 cm and 
S4- 60 cm ×30 cm) in the main plot and 2 levels of deblossoming (F1-flower removal and F2-flower retention) 
treatments in the sub plot. Results revealed that maximum final plant height (69.03 cm), leaves /plant (11.13) 
and branches/plant (13.10) were observed in S4. Highest leaf area/plant (545.95 sq. cm.) was observed in S3. 
Maximum tuber length (16.17 cm), tuber girth (16.08 cm), fresh tuber weight (322.39 g), dry tuber weight 
(107.08 g), tubers/plant (2.6) and tuber yield/plant (121.85 g) were found in case of S4. Highest tuber yield 
(150.85 q/ha) was obtained at the closest spacing S1(45 cm x 15 cm). Deblossoming resulted in maximum final 
plant height (72.45 cm), plant girth (3.31 cm), branches / plant (13.72), leaves / plant (11.81), leaf area/plant 
(592.62 sq.cm.), tuber length (16.07 cm), tuber girth (16.39 cm), tubers / plant(2.47), fresh weight of tuber 
(363.02 g), dry weight of tuber (124.55 g), tuber yield/plant(129.94 g) and tuber yield/hectare (120 q/ha). 
Among the interactions, maximum tuber yield/hectare was produced in S1F1 (158.14 q/ha).
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TT6PP147:
Role of autonomous adaptation to climate change in agriculture: A survey-
based analysis of Bihar, India
Das S, Mehra MK and Paulson J
Jawaharlal Nehru University, Barcelona School of Economics
E-mail: sahelidas.2008@gmail.com

Climate change is having adverse implications for agriculture yields in India, especially in the agriculture-
dependent economy of the state of Bihar. The agricultural productivity in Bihar is one of the lowest in the 
country. Bihar is also less resilient to climate change, deeming it necessary to rely on climate adaptation 
strategies. Within adaptation, it is important to understand the channels of autonomous (spontaneous) 
adaptation in addition to planned adaptation measures. So far, most of the studies and government policies 
have had the focus on technology-based planned adaptation strategies, while autonomous adaptation (one 
that does not result from any deliberate policy but instead is adopted spontaneously by the farmers) has been 
gaining eminence in transitioning agriculture towards sustainability. This research fills the gap to tease out the 
role of autonomous adaptation – through the means of inherent ability/ ancestral knowledge and community 
networks – on agricultural productivity in case of two staple crops, paddy, and wheat, for understanding 
adaptation to climate change. We have undertaken a mix of quantitative perception analysis and survey 
econometric method to delineate the role of inherent ability and community networks, both formal and 
informal, in adaptation of agriculture in Bihar to climate change. The survey of farmers is based on stratified 
random sampling for two districts of Bihar, belonging to different agro-climatic zones, so as to capture the role 
of adaptation channels in agricultural adaptation to climate differences. One is Gaya, a drought-prone location 
and other is Purnia, a flood-prone location. Our research finds that farming communities are discerning about 
climate change and have been relying on various adaptation measures to cope with it, through both planned 
and autonomous adaptation channels. Moreover, the effectiveness of planned adaptation channels to cope with 
climate change is found to be rather weak in the case of both the surveyed districts. The main empirical finding 
is that ancestral knowledge and community networks, in general, have positive impacts on both paddy and 
wheat yields. However, the results differ between the two community networks. Formal community networks 
boost crop yields in both the surveyed districts.

T6PP148:
Scaling AI to millions of farmers - A collaborative journey of ICRISAT & 
Plantix
Strey S and Strey R
PEAT GmbH, Berlin, Germany & Plantix Agritech India Pvt. Ltd., Indore, India 
Email: rob@plantix.net or simone@plantix.net 

Plantix is a German-Indian company that is changing the way smallholder farmers in India and around the globe 
get good agricultural advice and the right products and services, when they need them. The startup's mission 
is to connect small-scale farmers and suppliers in one digital ecosystem with customized solutions, reliable 
products and trusted services. With the help of Artificial Intelligence (AI) Plantix android application helps 
the user to automatically detect pest, diseases and nutrient deficiencies. Once the farmer uploads a picture 
Plantix identifies the damage and the needed remedy to fight it. A journey that progressed with a collaborative 
partnership with ICRISAT, the International Crops Research Institute for the Semi-Arid Tropics in 2016. Presently, 
the AI backed app is used by millions of farmers around the globe covering 18 languages and around 500 
diseases on 60 different crops. Plantix not only provides targeted advisory to farmers, in India it also connects 
farmers with a fitting retailer in his area. With more than 60 million crop images in its database, Plantix knows 
exactly where diseases occur and what product is needed where. Combined with a network of over 70,000 
retailers, Plantix ensures that every Indian farmer not only knows which product to apply, but also where to get 
it. Plantix envisions to become a leader of digital transformation in agriculture towards environmentally and 
economically sustainable farming
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Theme 7: Inclusive demand driven value chains for 
the drylands

T7PP001:
Enhancing the groundnut production through weather-based crop 
management: A case study from South India.
Venkata Radha A, Dixit S, Garg K, Ananth KH, Anjaneyulu, Mosesshyam, Singh R and Jat ML
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
Email : a.venkataradha@icrisat.org

Agricultural production depends upon many factors, of which weather is the major factor. Weather varies with 
space and time; hence, its forecast can help to minimize farm losses through proper management of agricultural 
operations. The complete avoidance of all farm losses due to weather factors is not possible but it can be 
minimized to some extent by making adjustments through timely and accurate information of weather forecast. 
Weather forecast and weather-based agromet advisories help in increasing the economic benefit to the farmers by 
suggesting them the suitable management practices according to the weather conditions. A study was, therefore, 
undertaken on the adaptation of agromet advisory bulletin and the economic impact of agromet advisory services 
for groundnut farmers from Kurnool, Ananthapur districts of Andhra Pradesh and Tumakuru district of Karnataka 
during 2019-20. Results showed that the farmers, who followed the AAS are able to reduce the input cost and 
increases in the net profit as compared to the non-AAS farmers. Crop-cutting experiments conducted in the 13 pilot 
villages revealed that farmers who followed weather-based agro-advisories were able to reduce crop losses and 
enhance yields compared to non-advisory farmers in both kharif 2019 and 2020. Crop yields of advisory farmers 
were enhanced by 21.7-29.3% in Anantapur, 11.7-29.7% in Tumakuru, and 19.9-24.6% in Kurnool in kharif 2019, 
and by 23.7-25.9% in Anantapur, 19.4-31.1% in Tumakuru and 20.3-37.8% in Kurnool in kharif 2020 compared to 
non-advisory farmers. Crop productivity varied with rainfall in the respective years, but yields achieved by advisory 
farmers were consistently higher compared to those by non-advisory farmers. The increased yield level and 
reduced cost of production led to increased net returns for farmers. Thus, the application of AAS based on current 
and forecasted weather is a useful tool for enhancing production and income by reducing the farm input cost

T7PP002:
Gamification as tool to internalize farmer management practices and 
carbon farming: case of MRIDA mobile game application.
Nagaraji S*, Falk T, Singh K, Perumal C, Roja M, Kumar A, Singh A, Anupama GV, Jat ML, Chander G and 
Mequanint M
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
Email: Satish.Nagaraji@icrisat.org

MRIDA (Managing Resources for Integrated Development of Agriculture) is a mobile game application that 
facilitates behaviour change in farmers to internalize and adapt appropriate management practices to conserve 
and store carbon in soil alongside water. The mobile app game will create awareness about the short- and long-
term benefits of SOC sequestration and water saving due to various agricultural management. It is intended that 
the tool will allow farmers to experience in a virtual learning environment with short term productive gains, long 
term improved returns from agriculture, effects on water availability. The mobile adapts gamification as a strategy 
to internalize the key management practices including application of biochar and fertilizers. The game builds on the 
APSIM model outputs simulated for selected districts of the two Indian states, Maharashtra and Odisha. The game 
app also builds on the cost-benefit analysis of adapting different management practices. The application introduces 
real-life scenarios to players to choose the crops, management practices and mimic the irrigation availability for 
each season. The game also introduces farmer to the concept of carbon credits. A game is governed by a series of 
interlinked rules that combines incentives and penalties for the decisions made by the players. The paper aims to 
describe the process of gamification of the APSIM model outputs and the various interlinked rule that leverages 
the decision triggers of the players. 
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T7PP003:
Smallholder Vegetable Framers’ Perceptions and Willingness to Accept 
Agribusiness Model: A Study in Central Region of Ghana
Opoku-Agyemang W and Alexander TKN
University of Cape Coast, Cape Coast, Ghana
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The main objective of the research was to analyze Smallholder Vegetable Framers’ Perceptions and Willingness 
to accept an Agribusiness Model Innovation (AMI): Primary data, based on quantitative method protocol, was 
conducted in the Central Region of Ghana. A multistage sampling technique was used through a cross-sectional 
descriptive survey to select various vegetable farmers from two communities in the central region, Dehia 
(n=100) and Ayensudo (n=150). A structured questionnaire was used for the collection of the data. The results 
were analyzed using descriptive statistics, Kendall Coefficient of Concordance, Binary logistics regression, and 
Probit model regression. The findings of the study indicated that out of the twelve (12) variables presented 
to find the best-predicted variable, the probit regression revealed that just three (3), that is, educational level 
(p-value=0.040), landholding status (p-value=0.021), and access to financial services (p-value=0.011) were 
the best predictors. However, among several significant variables, the farmer’s years of experience affect 
their decision on preferred Agribusiness Model Innovations (AMI) using binary logistic regression.  The level 
of awareness of the vegetable farmers about AMI was more significant in both communities hence, a greater 
willingness to accept AMI. The farmers' perception index was positive, indicating a willingness to accept 
AMI. The study further revealed that farmers prefer (x ̅=4.10) contract farming to the other AMIs. The study 
concluded that the probability of vegetable farmers willing to accept Agribusiness Model Innovation was 
significant with educational level, landholding status, and access to financial services. The study recommended, 
among others, that more studies should be done in vegetable farming, considering the effects of AMI on 
farmers’ income. The government of Ghana, MoFA, and NGOs in agriculture should help provide more access to 
finance to vegetable farmers to boost their farming activities.

T7PP004:
Waste management practices adopted in hospitals of Rajasthan
Kirti Khatri
Email: khushi011@gmail.com

In country like India, where there is big and complex health care system, mixed economy, private and government 
hospitals working together; while providing services generate lot of waste. Till July 1998, there was no system 
for proper waste disposal. Most of the hospitals were disposing their waste along with general waste. For 
prevention of these improper practices, the Government of India had launched a law known as ‘Biomedical 
Waste (Management and Handling) Rule, 1998”. Under this law the Government has given specific guidelines for 
management of biomedical waste. Biomedical waste is defined as any solid, fluid, liquid waste including container 
and intermediate product, which is generated during diagnosis, treatment or immunization of human beings or in 
research activities or in production or testing of biological products. The Government of India notification, 1998 
specifies that biomedical waste management is a part of hospital hygiene and maintenance activities. Biomedical 
waste can be categorized based on the risk of causing injury and infection during handling and disposal. Improper 
handling of biomedical waste has threat associated with it. It is risky for hospitals, doctors, nursing staff, patients 
and the environment at a macro level. Unfortunately, absence of proper waste management, treatment facilities, 
lack of awareness about the health hazards from biomedical wastes, insufficient financial and human resources 
and poor control of waste disposal are the most critical problems connected with biomedical waste management. 
The biomedical waste management has diverse 14 ramifications as it not only affects the health of patients but 
also of healthcare workers (doctors, nurses, attenders, housekeeping staff etc.) & general public. Awareness 
regarding biomedical waste management is very less among health care personnel. The health care workers 
play a very important role in biomedical waste management; hence they should have thorough knowledge and 
practice to provide safety and safe environment including protection. A clear and safe environment will attract 
clients by building up public confidence. Health and safety of the nursing staff is cardinal feature of biomedical 
waste management. The Medical Superintendent or head of the institute must provide training to strength.
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T7PP005:
The Value and Pertinence of Avocado in Ethiopia’s Sector Policy
Dessie E
Ministry of Industry, Ethiopia
Email: enquahoned@gmail.com

Avocado is expected to become the second-most traded major tropical fruit by 2030, after bananas. It will 
overtake the export volume of both pineapples and mangoes. Production is accordingly projected to reach 
12 Mt by 2030 – more than three times its level in 2010. The growing demand for avocado is also expected 
to rise sustainably in European countries, Asia and the Middle East, which provides a potentially high value 
international market for Ethiopian producers. In addition to direct consumption of avocado, the value chain for 
processed avocado is also on the rise, from dips to chips, to cosmetics or oils.

T7PP006:
The Scope of AI in Agriculture: Farmers as AI engineers?
Dixit D1, Kanyam D1 and Dixit S2

1University of Cumberlands, KY, USA,
2International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
Email: divyasd100@gmail.com

Technology has long been used in agriculture to improve the efficiency of the factors of production involved 
in farming. From improved plows to tractors and flood irrigation to micro irrigation, improved technology has 
revolutionized modern agriculture. There has been a continuous endeavor in the farm sector to take advantage 
of cutting-edge technologies to bring down costs and maximize productivity and profits. In recent times, the 
IT revolution has opened new vistas for agriculture by enhancing the precision and timeliness of agricultural 
operations besides improving resource-use efficiency. This has also helped farmers to access new information 
and remunerative markets. With rapid changes occurring in climate, environment, and global food needs, AI 
is being seen as a new-age tool for taking farming to new heights in terms of adapting to changing conditions. 
Although it is early days for the widespread application of AI-based technologies in agriculture, there are 
umpteen cases of successful deployment of AI technologies to avail solutions to region-specific problems. For 
instance, AI is considered an apt tool to rationally allocate resources, monitor in real-time the weather and the 
health of the produce, and trace the produce until it reaches the food plate. In view of this, the new-age farmer 
is fraught with several complexities that AI can help simplify. Against this backdrop, the paper reviews the recent 
studies involving the application of AI in the farm and food sectors and the need for farmers to explore the 
potential of AI applications in the changing scenario
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Theme 8: Integrating gender youth and social inclusion in 
dryland agri-food systems

T8PP001:
Unlocking gender responsive technologies and approaches for improved 
productivity, nutrition and climate change resiliency: evidence from 
smallholder farming enterprises in drylands, Kenya
Ngenoh GC
Kaplomboi ROTU Farmers Cooperative Society Limited, Kenya
E-mail: ngenoffrey@gmail.com

Smallholder agri-enterprising (small-scale farming) in drylands Africa is currently gaining more attention and 
support from various stakeholders across the country. The main concern is how they can build resiliency 
and improve their farming activities and performance (productivity) under changing climatic conditions. In 
African countries, small-scale farmers hardly produce to sell but mainly for home consumption. They have 
been forced by resource unavailability for decades and now facing the negative effects of climate change. 
There is a need for interventions to enable them to adopt and adapt climate-smart agriculture hence building 
resiliency to adverse effects. This has called for the application of smart value chain development technologies 
and approaches to enable them to achieve their agripreneurial goals in unfavorable farming environments. To 
ignite further development in Africa, smallholder agripreneurs have been encouraged to redirect their focus 
towards resilient crops to climate changes as a smart practical aspect with high potential to curb the threatening 
livelihood challenges such as adverse climate changes, food and nutrition insecurity, and unemployment. 
Such challenges are connected with the gaps (operational) and barriers as their root causes and vice versa 
is also true. With the advancement of technology, knowledge, and empowerment strategies, value addition 
is inevitable and it will offer a wide array of farm produce expanding their markets and marketability hence 
achieving commercialization at the farm levels. With an aim to fill production gaps and marketing barriers 
in nearly all supply chains, strategic marketing among the smallholder farmers in drylands. An enterprise’s 
product positioning and service delivery depend on the performance and implementation of intellectual and 
good strategic plans. An enterprise must go for continuous growth with an aim of increasing resiliency or 
simply maintaining their good performance to guarantee their survival under ever-changing market and climate 
conditions for sustainability. There is a need for technological advancement and redefining approaches to 
improved livelihoods, food and nutrition security, and Climate resiliency in African drylands.
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T8PP002:
Gender Transformative Approaches for empowering communities in rural India: 
a social networks perspective
Padmaja R, Parthasarathy D, Bantilan MCS and Kavitha K
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad, India
Email: padmaja.ravula@icrisat.org

From the analysis of Social networks  based on caste/kinship in selected villages of semi-arid tropics, it was found that 
women have been missing in the frame of social networks with regard to their participation in the technology related 
transactions. In relation to caste, the dominant caste (in this case, majority belonged to backward caste category) men 
were most prominently had linkages in all the transactions while the marginalized groups had less linkages.  Therefore, 
policy interventions and government support must target areas where inclusive network linkages create a space for women 
specially whose share of participation in agriculture is immense. This paper clearly brings out that in some villages located 
in South India, the women have been involved in various transactions to a much higher extent than the villages in central 
India and this can be attributed to the social structure existing in these rural communities. The interventions and support 
should be geared at building or facilitating such connections and networks. Especially from a gender perspective, these 
kinds of linkages and networks with the external community either within the village or outside the village must inclusive 
so that it can help in empowering women. Alongside this, the paper also  presents that the formal networks through SHGs 
are an important vehicle for mobilizing women activities in Aurepalle and promoting social empowerment aside from 
economic empowerment. In Aurepalle, SHGs have become a dominant, important and effective means for empowering 
women. When run on participatory lines and within enabling partnerships, they can enable the strengths of rural women to 
transform their position away from being marginalized and towards change agents and participating citizens. The analysis 
from a network perspective clearly brings out that SHGs have enhanced the status of women in decision making and 
beneficiaries on the democratic, economic, social and cultural spheres of life and sensitized the women members to take 
active part in socio-economic progress of their communities.  By examining social actors through their effective relational 
contacts, social network analysis provides a realistic view of the flows of capital, information, and resources that potentially 
cut across social groups or categories, such as tribes, villages, or social classes.
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