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Name of the CRP: Agri-Food Systems CGIAR Research Program for Wheat 
Name of the Lead CGIAR Center: International Maize and Wheat Improvement Center (CIMMYT) 
 
Flagship lead institutions (CGIAR Centers or lead partners) 
Flagship 1: CIMMYT 
Flagship 2: CIMMYT & ICARDA 
Flagship 3: CIMMYT 
Flagship 4: CIMMYT 
Other participating CGIAR Centers: ICARDA – plus management partners: Australian Centre for 
International Agricultural Research (ACIAR), Biotechnology and Biological Sciences Research 
Council (BBSRC, United Kingdom), Indian Council of Agricultural Research (ICAR) – and platform 
partners Bangladesh Agricultural Research Institute (BARI), National Agricultural Research 
Institute (INIA, Bolivia), Jiangsu Academy of Agricultural Sciences (JAAS), Ethiopian Institute of 
Agricultural Research (EIAR), Kenya Agricultural and Livestock Research Organization (KALRO), 
National Institute for Agricultural Research (INRA, Morocco), Institution of Agricultural Research 
and Higher Education (IRESA, Tunisia), National Institute of Agricultural and Forest Innovation 
(INIAF, Uruguay) – and international partners G-20 Wheat Initiative, International Wheat Yield 
Partnership (iwyp.org). The complete list of partners is accessible here. 
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In 2021, Australia (ACIAR), UK (DFID) and USA (USAID) supported the CGIAR Agri-food Systems 
Research Program on Wheat (WHEAT) with Window 2 funding of just short of US$ 3.9 million and 
14 funders supported this CRP with Window 1 funds of $ 7.5 million through the CGIAR Fund, 
including China (CAAS), India (ICAR) and Turkey (TAGEM), via allocations dedicated to partnerships 
under WHEAT. Bilateral funders supported programs and projects matched to WHEAT Flagship 
Projects (FPs) and Clusters of Activity (CoAs) with ca. $29. million. 2021 bilateral funder support will 
be documented in the WHEAT Annual Financial Report and in the CGIAR Financial Dashboards. 
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EXECUTIVE SUMMARY 
Staple cereals will continue to play a critical role in global efforts towards food security, 
contributing nearly half of both daily calories and protein intake in low- and middle-income 
countries. In wheat and maize value chains in Africa and Asia, the stability and utilization dimension 
of food security merits increased research attention. Considerable benefits in yields and 
sustainability were found in integrated systems in sub-Saharan Africa, where maize, wheat, livestock 
production and agro-forestry were practiced together – see Table 10 (4430). In related, CRP-
independent research, scientists found that the diffusion of modern crop varieties during the Green 
Revolution reduced infant mortality by 2.4-5.3% – implying significant health benefits from increases 
in agricultural productivity and improved varieties. 

Better estimates of the number and distribution of crop-specific farms will lay the foundation for 
agricultural policy and R&D efforts in the Global South. A fifth of all farms globally grew wheat in 
2020, a number expected to decrease by 4% in 2030. Wheat is cultivated on 216 M ha (2020); 29% 
of which is in lower- and lower-middle income countries (L/LMICs). Compared to high-income 
countries (HICs), LICs have more than four times the number of farms, ten times the rural 
population, half the agricultural area and a tenth of the average farm size. Farms remain the 
foundation for much of the rural populace in L/LMICs– see Table 10 (4432). 

Climate change will decrease global wheat production by −1.9% by mid-century; the most negative 
impacts are projected to affect developing countries in tropical regions. Models suggest large, 
negative yield impacts for African (-15% by 2050) and Southern Asian countries (-16% by 2050), 
where food security is already a problem. Introducing new, climate change-tolerant crop genetic 
traits as an adaptation response to climate change would improve wheat yield in many regions. One 
hopeful sign is that breeding research continues to deliver increased grain yields despite climate 
warming– See Table 10, (4338) and FP3. Innovations in modeling for resource-constrained scenarios 
will help to maintain breeding breakthroughs – see Table 10, (4341) and FP3.  

However, due to poor soils and nutrient management, many developing countries will only 
successfully climate-adapt if more nitrogen fertilizer were deployed– see Table 10 (4326). In 2021, 
WHEAT co-funded ‘A “more ammonium solution” to mitigate nitrogen pollution and boost crop 
yields,’ which points to Biological Nitrification Inhibition to foster soils with a more even mix of 
nitrogen sources, including the less-chemically-reactive compound, ammonium.  

Scientists investigated dietary adaptation mechanisms to climate change-driven impacts on 
nutrient levels in staple grains, which might drive mineral deficiencies amongst at-risk 
populations. By pairing nutritional, dietary health analyses, researchers found that replacing 
refined grains with whole grains could help compensate for climate change-related reductions in 
iron and zinc concentrations in wheat, rice and maize. Additionally, it could improve fiber intake, 
protein deficiencies, and reduce mortality from chronic disease. Researchers recommend a time-
staggered approach: in the short-term, increase the ratio of whole grains to refined grains in diets; 
in the medium- to long-term, improve healthiness and sustainability of diets – see Table 10 (4420) 
and Innovation #2597. 

COVID-19: WHEAT researchers collaborated with the CGIAR Research Program on Agriculture for 
Nutrition and Health (A4NH)-led COVID-19 Hub to publish a descriptive analysis of the most critical, 
immediate effects of COVID-19 for different kinds of agricultural systems and their associated value 
chains in Central America and Mexico. A similar analysis in South Asia showed that Asian farming 
and food systems were moderately resilient, reinforced by government policies that prioritized 
food availability and affordability. Rural livelihoods and food security suffered from disruptions to 
local labor markets (especially for off-farm work), farm produce markets (notably for perishable 
foods) and input supply chains (i.e. seeds and fertilizers).  

 

https://doi.org/10.3389/fsufs.2020.617009
https://doi.org/10.1016/j.agee.2013.08.020
https://doi.org/10.1016/j.agee.2013.08.020
https://www.cimmyt.org/news/high-yielding-staple-crops-improve-health-and-prosperity-in-developing-countries/
https://www.cimmyt.org/news/high-yielding-staple-crops-improve-health-and-prosperity-in-developing-countries/
https://doi.org/10.1016/j.jhealeco.2020.102373
https://doi.org/10.1016/j.jhealeco.2020.102373
https://doi.org/10.1016/j.jhealeco.2020.102314
https://doi.org/10.1016/j.gfs.2021.100558
https://doi.org/10.1016/j.gfs.2021.100558
https://doi.org/10.1177%2F00307270211025539
https://doi.org/10.1016/j.gfs.2021.100558
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4432&edit=true&phaseID=324
https://doi.org/10.1088/1748-9326/abd970
https://doi.org/10.1088/1748-9326/abd970
https://doi.org/10.1038/s41477-021-00988-w
https://doi.org/10.1038/s41477-021-00988-w
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4338&edit=true&phaseID=324
https://doi.org/10.1088/1748-9326/abd970
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4341&edit=true&phaseID=324
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4326&edit=true&phaseID=324
https://doi.org/10.1073/pnas.2107576118
https://doi.org/10.1073/pnas.2107576118
https://www.cimmyt.org/news/nitrogen-efficient-wheats-can-provide-more-food-with-fewer-greenhouse-gas-emissions-new-study-shows/
https://repository.cimmyt.org/handle/10883/21778
https://repository.cimmyt.org/handle/10883/21778
https://repository.cimmyt.org/handle/10883/21778
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4420&edit=true&phaseID=324
https://a4nh.cgiar.org/covidhub/
https://a4nh.cgiar.org/covidhub/
https://a4nh.cgiar.org/covidhub/
https://doi.org/10.1016/j.agsy.2021.103178
https://doi.org/10.1016/j.agsy.2021.103178
https://doi.org/10.1016/j.agsy.2021.103168
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Part A: NARRATIVE SECTION  

1. Key Results 

1.1 Progress Towards SDGs and SLOs 

Farmer uptake-impacts of conservation agriculture for sustainable intensification. At least 73% of 
adoption levels achieved in Phase II can be attributed to the Enhancing Food Security in the Arab 
Countries (EFSAC) project, implying adoption on 17.7% (231,000 ha) of the total 1.3M ha of wheat 
areas in intervention regions. 154,000 – 183,000 households (0.89 - 1.06 million people) directly 
benefited from average yield gains of 436 kg/ha. EFSAC contributed to greater domestic production 
in five countries by 79 – 474,000 tons, valued at US$ 19.7-118 million (depending on the country). 
Researchers learned that once farmers decide to use the Happy Seeder (HS) in irrigated wheat 
systems of Indo-Gangetic plain, the practice is used on the entire wheat area by 89% of adopters. 
On average, adopting households applied zero-till technologies to more than 90% of their total 
wheat area in the 2017/18 rabi (winter) season, with use-intensities particularly high among 
adopters in the smallest- and middle-landholding groups – see SLO 1.2. 

Breeding research-based impacts. Within 6 years, HarvestPlus-led scaling efforts have reached 1.4 
million Pakistani households with high zinc wheat on the basis of CGIAR-derived varieties. NARS 
scientists estimated the return on wheat research in Nepal over the last 19 years: 91% internal rate 
of return (IRR). Of all major crops grown in Nepal, wheat productivity growth was greatest (1990-
2019; 2.61%). In Bangladesh, DNA fingerprinting analysis showed that in farmers’ fields, 68% of 
grain samples were varieties released after 2000, but also wheat blast-susceptible. Varieties 
released in the past 5 years, including BARIGom33 (2017; wheat blast-resistant) were detected in 
4% or less of field samples, translating into roughly 7.3% of Bangladesh’s 340,000 ha wheat area. 
Despite institutional challenges, wheat research in Morocco has paid off. Considering all costs and 
benefits of wheat research investment in Morocco (using 2002 - 2014 data), scientists estimated 
a conservative benefit-cost ratio (BCR) of 19.64 with 623,000 tons (14.8%) of additional wheat 
supply valued at US$355 million p.a. – see Table 1, SLO 1.1, 2.1 & 2.3. 

Mexico-CIMMYT MasAgro partnership outcomes. MasAgro had operated 12 hubs in Mexico, 
incorporating 68 distributed research platforms. Technologies improving the sustainability of 
maize- or wheat-based field practices were adopted on 159,944 ha and monitored through a robust 
data collection system. In 2018, farmers filled 66,384 field logbooks, resulting in a cumulative 
221,961 records since 2012. In side-by-side, multi-year comparisons of technologies, wheat yields 
were 20% higher than control yields, and average wheat profits were 24% higher. Considering 
future adoption pathways, a 2021 case study (Guanajuato, Mexico) argued for disaggregating 
conservation agriculture into smaller component packages that could increase farmer adoption in 
risky contexts – see Table 1, SLO1.2. 

1.2 CRP Progress towards Outputs and Outcomes 

1.2.1 Overall CRP progress      

WHEAT and partner scientists made progress on genetic gains, wheat blast-resistant wheat, seed 
systems and climate-smart agronomic practices, and further developed innovation pathways for 
scale-appropriate innovation. Both MAIZE and WHEAT, together with CCAFS, can point to further 
learnings on climate change mitigation and adaptation measures, as well as scaling – see Tables 3 
(OICR) and 10 (MELIA). 

2021 Innovations. WHEAT and partners generated new knowledge related to value chains 
(consumer demand, farmer adoption dynamics), climate-smart agricultural practices (zero tillage, 

https://repo.mel.cgiar.org/handle/20.500.11766/66374
https://repo.mel.cgiar.org/handle/20.500.11766/66374
https://www.tandfonline.com/doi/full/10.1080/14735903.2020.1834277
https://www.harvestplus.org/harvestplus-brief-unpacks-rapid-scaling-effort-for-zinc-wheat-in-pakistan/
https://www.harvestplus.org/harvestplus-brief-unpacks-rapid-scaling-effort-for-zinc-wheat-in-pakistan/
https://www.harvestplus.org/countries/pakistan/
http://dx.doi.org/10.13140/RG.2.2.33060.40325
http://dx.doi.org/10.13140/RG.2.2.33060.40325
https://doi.org/10.1016/j.jafr.2021.100236
https://doi.org/10.1002/csc2.20579
https://doi.org/10.1002/csc2.20579
https://doi.org/10.1177%2F00307270211023058
https://doi.org/10.1080/14778238.2021.1884010
https://doi.org/10.3390/agronomy11061214
https://doi.org/10.3390/agronomy11061214
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water management and precision fertilizer) and cereal-based nutrition benefits–as well as feeding 
the breeding products pipeline – see Innovations Table 4. 

1.2.2 a) Progress by flagships  

FP1: Enhancing WHEAT’s research for development (R4D) strategy for impact  

Ethiopia could achieve wheat self-sufficiency with existing technologies. Ethiopia is sub-Saharan 
Africa's largest wheat producer, but still imported 1.5 million tons of wheat in 2017. Narrowing the 
efficiency and resource yield-gaps can nearly double actual yields without having to expand the 
wheat area when input-use is increased, and crop management practices are fine-tuned. 
Government policies should foster accessibility and affordability of fertilizers, whilst promoting 
precision management technologies (mechanization and herbicides), which helps to avoid 
environmental externalities – see Table 10 (4428). 

How can we reduce child zinc-deficiency in Ethiopia? WHEAT and MAIZE scientists strengthened 
the evidence base on the potential of zinc agronomic biofortification (e.g. zinc fertilizer leading to 
grains containing zinc) and recommend an integrated strategy that involves both genetic and 
agronomic fortification – see Table 10 (4453). 

Reducing nitrogen dioxide (N2O) emissions from maize and wheat fields (with CCAFS). Scientists 
estimated N2O emission-reduction potential by reducing excess nitrogen applications and keeping 
current yield levels. Results show considerable reductions, particularly in those countries and 
regions where existing nitrogen losses and emissions are very high. Previous studies had shown 
huge (~ 44 Tg yr−1) global total nitrogen losses from maize, wheat and rice fields (mostly China, USA 
and India). There is tremendous potential for improving the nitrogen use efficiency (NUE) in cereal 
production in many countries without compromising yield. 

Other FP1-led foresight study findings are featured in the Executive Summary above. 

FP2: Novel tools for improving genetic gains and breeding efficiency 

High-Biological Nitrification Inhibition (BNI)-wheat: Proof of concept and potential impacts on 
life-cycle greenhouse gas emissions including N2O – with FP1. WHEAT and partner scientists 
successfully bred high BNI-elite lines that also showed greater overall biomass and grain yield, with 
no negative effects on grain protein levels or breadmaking quality. In parallel, FP1 researchers 
developed a new model based on life-cycle assessment (LCA) to evaluate the total greenhouse gas 
(GHG) emissions generated at each stage of wheat production for BNI-enabled wheat. A 9.5% 
reduction in nitrogen fertilizer-derived greenhouse gasses is attainable if BNI-enabled wheat with 
40% nitrification-inhibition were grown on slightly acidic to neutral soils (ca. 30%, or 72 million ha, 
of the world's wheat area of 240 million ha) – see Table 10 (4421 & 4422) and Innovation #2590. 

Private and public sector consensus on priority, pre-competitive wheat productivity research 
domains. A group of public sector and major seed companies' scientists identified key translational 
research areas (e.g. to translate knowledge from pure plant science to crop breeding) with a high 
probability of boosting productivity: research into hormones, recombination, respiration, roots and 
source–sink make it more feasible to explore crop genetic resources and improve breeding 
strategies and the models behind them. The scientists’ focus was on researchable issues that 
benefit from combining breakthrough technologies with proven ones. Companies and institutes 
affiliated with the review are collaborating to develop a partnership to address these challenges in 
pre-competitive space – see Table 10 (4336). 

WHEAT and NARS partner researchers dissected the genetic architecture of wheat grain yield (GY) 
potential and stress-resilience by performing a large-scale genome-wide association study (100 
datasets, 105,000 GY observations from 55,568 wheat lines evaluated 2003-2019). The analysis 
substantiated the positively-correlated performance of lines in optimum and stressed 
environments, indicating that simultaneous improvement for GY potential and stress-resilience is 

https://doi.org/10.1007/s13593-020-00654-z
https://doi.org/10.1007/s13593-020-00654-z
https://doi.org/10.1007/s13593-020-00654-z
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4428&edit=true&phaseID=324
https://doi.org/10.1038/s41598-021-88304-6
https://doi.org/10.1038/s41598-021-88304-6
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4453&edit=true&phaseID=324
https://doi.org/10.1016/j.scitotenv.2021.146696
https://doi.org/10.1016/j.scitotenv.2021.146696
https://doi.org/10.1016/j.scitotenv.2021.146696
https://doi.org/10.1016/j.scitotenv.2021.146696
https://doi.org/10.1111/gcb.15588
https://doi.org/10.1111/gcb.15588
https://www.jircas.go.jp/en/release/2021/press202107
https://doi.org/10.1073/pnas.2106595118
https://doi.org/10.1007/s11356-021-16132-2
https://doi.org/10.1007/s11356-021-16132-2
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4421&edit=true&phaseID=324
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4422&edit=true&phaseID=324
https://doi.org/10.1038/s41477-021-00988-w
https://doi.org/10.1038/s41477-021-00988-w
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4336&edit=true&phaseID=324
https://doi.org/10.1038/s41598-021-84308-4
https://doi.org/10.1038/s41598-021-84308-4
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feasible. The scientists demonstrated the association of Yld.cim-1BS.10 with GY in all studied 
environments, indicating its exceptional value in breeding for GY in optimum, drought- and heat-
stressed environments. 

Deep learning (DL) applications for genomic prediction and selection in wheat breeding. Scientists 
cite strong evidence that DL algorithms capture nonlinear patterns more efficiently than 
conventional genome-based ones. DL algorithms are able to integrate data from different sources, 
implying their ability to improve prediction accuracy for large plant breeding data – see Table 10 
(4501). 

With regard to future research priorities, WHEAT and partner scientists from five countries looked 
at wheat root systems, which capture the water and nutrients needed to support crop growth. 
Improved root systems tailored to specific environments could improve climate resiliency. Authors 
listed these critical steps to underpin future direct selection of root traits for improved crop 
performance: (1) establishment and routine use of high-throughput, high-precision, field-based 
phenotyping approaches, (2) development of molecular tools with which to track and combine 
beneficial alleles controlling RSA, and critically, (3) record detailed knowledge of which Root System 
Architectures (RSA) are best suited to a given agricultural environment and to the wider genetic 
architecture of the germplasm used in a breeding program. In ‘Recognizing the hidden half in wheat: 
Root system attributes associated with drought tolerance,’ researchers conclude that known 
functions of key genes (e.g. association with seedling biomass) will provide information for the 
genetic dissection of root development of wheat in a wide range of conditions and will be beneficial 
for molecular breeding.  

FP3: Better varieties reach farmers faster  

At least 70 CGIAR-derived varieties were released in 13 countries in 2021 - see table here and in 
Table 4. 

 
 

 

 
  

https://doi.org/10.1186/s12864-020-07319-x
https://doi.org/10.1186/s12864-020-07319-x
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4501&edit=true&phaseID=324
https://doi.org/10.1007/s00122-021-03819-w
https://doi.org/10.1007/s00122-021-03819-w
https://doi.org/10.1007/s00122-021-03819-w
https://doi.org/10.1093/jxb/erab124
https://doi.org/10.1016/S2095-3119(20)63192-6
https://archive.wheat.org/download/2021-wheat-variety-releases/
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WHEAT international germplasm exchange for research    

CIMMYT & ICARDA 
distribution 

2018 2019 2020 2021 

No. Recipient Countries 87 100 50 88 

No. Recipients 423 580 392 330 

No. Samples 300,464 149,919 166,396 170,152 

No. Unique Accessions 101,758 26,038 37,870 22,969 

No. Provider Countries 4 4 3 3 

SMTAs CIMMYT 601 834 534 317 

SMTAs ICARDA 81 56 76 70 
 

Scientists identified a multi-pronged, applied research pipeline to boost heat- and drought-
resilience. Current yield gains will not meet 2050 needs and too few upstream ideas for climate-
resilience technologies are rigorously tested in a breeding context.  WHEAT scientists identified 
priority translational research areas (linking promising ideas to improved crop cultivars) focused on 
heat and drought. This was done by improving crop design targets using big data approaches and 
applying genomic technologies to elucidate the bases of climate-resilience traits–and then applying 
these outputs to developing next-generation breeding methods – see Table 10 (4335).  

Introgressions and chromosomal rearrangements appear to have made a major contribution to 
genetic diversity in wheat variety collections. Scientists reported on introgression case studies 
demonstrating that quantitative trait locus (QTL) for complex traits can be identified in gene bank 
accessions and successfully transferred into the current breeding pool. Novel introgressions have 
provided new genetic diversity that provided disease- and insect-resistance and stress tolerance. 
Advanced research institute (ARI) and WHEAT researchers tracked the history of the 2NvS 
translocation from Ae. Ventricosa, which is frequently used in breeding programs globally. The 2NvS 
segment provides direct yield benefits in the absence of disease pressure, i.e. certain physiological 
and yield benefits are independent of disease resistance. In another ARI-WHEAT collaboration, 
scientists reported that high-resolution SNP-based GWAS enabled rapid identification of putative 
resistance genes – in this case, the TraesCS2B01G513100 gene – causing resistance to yellow/stripe 
rust. This improved marker-assisted selection efficiency. 

Ongoing, applied research with partners aims to shorten the breeding cycle: proof-of-concept for 
early generation genomic section, validation of a high-throughput phenotyping approach to 
measuring plant height, tailoring crops by combining genetic resources and transformative 
capabilities (e.g. genomic breeding, synthetic biology); and a multi-CRP collaboration, in which 
scientists argued for a way forward with genomic breeding approaches (e.g. marker-assisted 
selection, -backcrossing, genomic prediction, etc.) for six crops. 

WHEAT and partner scientists discovered through reserve genetics that Ae. tauschii is a reservoir 
for unique, high molecular weight glutenin (Glu-D1) alleles. This provides the genomic resource to 
begin utilizing new alleles for end-use quality improvement, a key priority for most breeders – see 
Table 10 (4364). After analysis, WHEAT scientists concluded that current methods used for 
evaluating wheat breadmaking quality are effective to predict low-sodium bread–but not whole 
meal bread quality. Given that eating whole meal bread is more nutritious, breeders will want to 
select lines with high whole meal bread-making potential in the future. With this in mind, the 
authors proposed to use grain hardness and SDS-sedimentation volume as predictive traits. 
Innovative CIMMYT and ICARDA scientists validated a new tool (e.g. standardized database with 

https://doi.org/10.1093/jxb/erab256
https://doi.org/10.1093/jxb/erab256
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4335&edit=true&phaseID=324
https://doi.org/10.1038/s41477-020-00845-2
https://doi.org/10.1038/s43016-021-00380-z
https://doi.org/10.1038/s43016-021-00380-z
https://doi.org/10.1007/s00122-020-03712-y
https://doi.org/10.1007/s00122-020-03712-y
https://doi.org/10.1007/s00122-020-03712-y
https://doi.org/10.1007/s00122-020-03712-y
https://doi.org/10.1007/s00122-020-03712-y
https://doi.org/10.1111/pbi.13452
https://doi.org/10.1111/pbi.13452
https://doi.org/10.3389/fpls.2021.718611
https://doi.org/10.1002/ggn2.202100017
https://doi.org/10.1002/ggn2.202100017
https://doi.org/10.1016/j.jplph.2020.153351
https://doi.org/10.1016/j.jplph.2020.153351
https://doi.org/10.1038/s42003-021-02563-7
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4364&edit=true&phaseID=324
https://doi.org/10.1002/cche.10457
https://hdl.handle.net/20.500.11766/66345
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API) that enabled use of big data to create more precise models to predict destructive, time-
consuming and expensive wet chemistry tests using the near-infrared spectroscopy (NIR) spectra of 
grain, flour and straw samples. 

FP4: Sustainable intensification of wheat based-farming systems  

NARS partner scientists investigated six farm management scenarios (multi-year, on-farm trials in 
India) and showed that Climate-Smart Agricultural Practices (CSAPs) reduced global warming 
potential (e.g. mitigation impact thru GHG reductions) and improved nitrogen productivity, eco-
efficiency and yield during good and bad years (compared to business-as-usual). CSAPs can cope 
better with climatic extremes and should be promoted in South Asian rice-wheat belts and beyond, 
so farmers can better adapt and contribute to climate change mitigation – see Table 10 (4413). The 
results of a survey-based study in Bihar suggest that a reduced knowledge gap among women 
farmers would increase CSAPs adoption and consequently reduce the likelihood of male out- 
migration - see Table 10 (4593). 

Multi-year, on-farm trials in the Eastern Indo-Gangetic Plains showed that improved conservation 
agriculture-based sustainable intensification management practices (CASI) reduced both labor-
use and total cropping system production costs by around 40%, and increased gross margins by 
up to 25%. Results showed the potential to increase livelihoods and reduce the impact of labor 
shortages for smallholder farmers living in diverse climatic, edaphic and social circumstances. 
Findings are relevant to labor-constrained smallholder cropping systems in South Asia and beyond, 
especially because of the potential for reduced drudgery for women and youth who do the majority 
of menial, laborious tasks – see Table 10 (4442). 

Farmers who adopted only one or two of the three conservation agriculture (CA) principles 
obtained higher yield and income than those who continued with conventional agriculture. 
Adoption of all three components led to higher socioeconomic benefits than both partial adoption 
and conventional practices. In the face of the low and slow adoption of CA in Morocco, an 
incremental approach toward full CA adoption might prove effective and is worth testing for 
contrasting climates, soils, and cropping systems in MENA drylands. Recent estimates showed CA 
adoption on about 24,000 ha of Moroccan wheat area, mainly in the rainfed areas, indicating its 
efficacy in soil moisture-retention.  

A comprehensive review of Conservation Agriculture practices (CA) in the Middle East North Africa 
(MENA) region (6% of world population in 2019) highlighted that about 25–40% of the 53 million 
hectares of arable land is suitable for climate-smart CA. Successful sustainable intensification of 
wheat-based systems depends on greater CA adoption and clustering and tailoring of solutions, such 
as affordable and versatile no-till seeders and integrated crop management practices – see Table 10 
(4617). 

A new study identified two major limitations of the land sparing/sharing analytical framework: 
(1) the reliance on yield-density relationships that focus on trade-offs and overlook synergies 
between agriculture and biodiversity, and (2) the overemphasis on crop yield, neglecting other 
metrics of agricultural performance, which may be more important to local farmers, and more 
strongly associated with positive biodiversity outcomes.  

1.2.2 b) Relevance to COVID-19  

See Executive Summary on p.5 above. 

CIMMYT and ICARDA maintained their Business Continuity Plan to protect the continuity of critical 
operations, steered by a Crisis Management Team that managed each centers’ contingency plan. 
Monitoring tools and traffic light reports were also implemented to track project deliverables from 
all funding sources affected by COVID-19. 

https://hdl.handle.net/20.500.11766/66345
https://doi.org/10.3390/agriculture11121269
https://doi.org/10.3390/agriculture11121269
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4413&edit=true&phaseID=324
https://cgspace.cgiar.org/handle/10568/116794
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4593&edit=true&phaseID=324
https://doi.org/10.1016/j.worlddev.2020.105266
https://doi.org/10.1016/j.worlddev.2020.105266
https://doi.org/10.1016/j.worlddev.2020.105266
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4442&edit=true&phaseID=324
https://doi.org/10.1016/j.still.2021.105067
https://doi.org/10.1016/j.still.2021.105067
https://repo.mel.cgiar.org/handle/20.500.11766/66826
https://repo.mel.cgiar.org/handle/20.500.11766/66826
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4617&edit=true&phaseID=324
https://www.cimmyt.org/blogs/sharing-or-sparing-land/
https://doi.org/10.1016/j.biocon.2021.109167
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1.2.3 Variance from planned program for this year  

No research lines were dropped. FPs’ impact pathways and Theories of Change (e.g. direction) 
remain unchanged.  

CIMMYT and ICARDA maintained their suspension of project operations and offices in Iran                    
and temporarily moved international staff out of Ethiopia. Both Centers also shut down their offices 
in Afghanistan.  

1.2.4 Communications 

Key thematic information and advocacy campaigns in 2021 were:  
https://www.cimmyt.org/news/high-yielding-staple-crops-improve-health-and-prosperity-in-
developing-countries/  
https://www.cimmyt.org/news/nitrogen-efficient-wheats-can-provide-more-food-with-fewer-
greenhouse-gas-emissions-new-study-shows/ 
https://www.cimmyt.org/news/cimmyt-to-dedicate-historic-wheat-experimental-station-to-sanjaya-
rajaram/ 
https://www.cimmyt.org/news/lightbulb-moments/  
https://www.cimmyt.org/news/digital-nutrient-management-tool-reduces-emissions-improves-
crop-yields-and-boosts-farmers-profits/ 
https://www.cimmyt.org/news/unleashing-the-potential-of-plant-health/ 
https://archive.wheat.org/the-importance-of-an-inclusive-environment-in-wheat-research/ 
https://www.cimmyt.org/blogs/far-reaching-impacts/ 
https://archive.wheat.org/the-science-behind-the-perfect-bread-and-pasta-flour/ 
https://www.cimmyt.org/news/less-water-for-better-crops/ 

Social media and website metrics: 23,761 users visited the WHEAT Website, with 29,032 sessions 
counted; WHEAT Facebook experienced a 25% increase in followers, reaching 6,704 followers by the 
end of the year.  

Legacy website and photo exhibit 

In December 2021, the MAIZE and WHEAT communications teams respectively launched new legacy 
websites to celebrate the closing of the programs and communicate the impacts of 10 years of 
research. To document and share this legacy, the old websites (all content archived) were 
redesigned to highlight the accomplishments of the programs and to capture their impact across the 
five main CGIAR Impact Areas: nutrition, poverty, gender, climate and the environment. Visit 
http://wheat.org to view the WHEAT legacy website.  

Additionally, the teams co-produced a public photo exhibition in central Mexico City, Mexico, titled 
“Maize and Wheat Research in Focus: Celebrating a Decade of Research for Sustainable Agricultural 
Development Under the CGIAR Research Programs on Maize and Wheat.” 

1.3 Cross-cutting dimensions (at CRP level) 

1.3.1 Gender  

Strategic gender research: While investigating debates surrounding the relationship between 
progressive national policy and changing gender norms at the local level in rural Tanzania, 
WHEAT and partner scientists added more evidence to established findings. This showed how the 
continuous performance (observable behavior), reproduction and renegotiation of gender takes 
place as part of everyday lived experience as new livelihood opportunities challenge local, 

https://www.cimmyt.org/press_release/suspension-of-cimmyt-activities-in-iran/
https://www.cimmyt.org/news/high-yielding-staple-crops-improve-health-and-prosperity-in-developing-countries/
https://www.cimmyt.org/news/high-yielding-staple-crops-improve-health-and-prosperity-in-developing-countries/
https://www.cimmyt.org/news/nitrogen-efficient-wheats-can-provide-more-food-with-fewer-greenhouse-gas-emissions-new-study-shows/
https://www.cimmyt.org/news/nitrogen-efficient-wheats-can-provide-more-food-with-fewer-greenhouse-gas-emissions-new-study-shows/
https://www.cimmyt.org/news/cimmyt-to-dedicate-historic-wheat-experimental-station-to-sanjaya-rajaram/
https://www.cimmyt.org/news/cimmyt-to-dedicate-historic-wheat-experimental-station-to-sanjaya-rajaram/
https://www.cimmyt.org/news/lightbulb-moments/
https://www.cimmyt.org/news/digital-nutrient-management-tool-reduces-emissions-improves-crop-yields-and-boosts-farmers-profits/
https://www.cimmyt.org/news/digital-nutrient-management-tool-reduces-emissions-improves-crop-yields-and-boosts-farmers-profits/
https://www.cimmyt.org/news/unleashing-the-potential-of-plant-health/
https://archive.wheat.org/the-importance-of-an-inclusive-environment-in-wheat-research/
https://www.cimmyt.org/blogs/far-reaching-impacts/
https://archive.wheat.org/the-science-behind-the-perfect-bread-and-pasta-flour/
https://www.cimmyt.org/news/less-water-for-better-crops/
http://archive.wheat.org/
https://wheat.org/
https://www.cimmyt.org/news/a-decade-of-world-leading-maize-and-wheat-research/
https://repository.cimmyt.org/handle/10883/20923
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normative understandings of what it means to be a woman or a man. They conclude that although 
national and local discourse embraces the idea of gender equality, reality is quite often different.  

Researchers, when looking at zero-tillage users and subsequent herbicide applications in the 
Eastern Gangetic Plains of Bangladesh, India, and Nepal, observed that zero-tillage does not 
reinforce or deepen existing inequalities within households. By last year, other scientists had 
already proposed policy options to promote climate-smart technologies in India that have the 
potential to mitigate GHG emissions and reduce women's labor drudgery. 

The 'Women, work, and wage equity in agricultural labor in Saiss (Morocco)' study led to a 
collective bargaining agreement between workers in wheat-based systems and the Government of 
Morocco, and a new project, which aims to integrate gender interventions into conservation 
agriculture in crop-livestock systems in Tunisia. 

Researchers called for policies in Southern Ethiopia that not only ensure equal levels of      
production resources, but also help households to build their capacity, improving both transitory 
and chronically food-insecure situations. Based on a representative Zambian household study, 
other WHEAT/MAIZE scientists recommended policies that promote equitable access to production 
resources, such as land, to reduce the gaps in market participation between men and women. 

Outcomes. MAIZE and WHEAT researchers, together with colleagues from within and outside the 
CGIAR, contributed to two important policy impacts and practices (Morocco) and published findings 
with clear policy implications based on gender-transformative research and methods (Bangladesh, 
India, Nepal, Ethiopia, Malawi and Tanzania). With this knowledge, researchers are also able to 
influence policy decisions with potentially longer-term social change impacts (Nepal and Zambia). 
See OICR4387. 

What have you learned? What are you doing differently? Embedding W1&2-funded strategic 
gender research in larger bilateral R4D projects has proved useful.  

Have any problems arisen in relation to gender issues or integrating gender into the CRP’s 
research? Key constraints remain unchanged: Gender research capacity. 

1.3.2 Youth and other aspects of social inclusion / Leaving no one behind 

With USDA funding, CIMMYT and the Afghan Agricultural Research Institute (ARIA) started to build                          
a roadmap towards improving ARIA’s basic wheat research capacity. This was halted by the Taliban 
takeover of government. Afghanistan remains a major source of landrace-based genetic diversity, in 
particular for drylands. 

Under the bilaterally funded CSISA-Mechanization project in Bangladesh, CIMMYT partnered with 
104 agriculture-based light engineering (ABLE) enterprises, which included youth entrepreneurs. 85 
of them had signed agreements with CSISA-MEA during 2021 and 53 received workforce and 
business management training. 120 workforce staff received foundries' practices training. More than 
50% trainees were youth and they had 2-15 years’ work experience in this sector. 

1.3.3 Capacity Development  

275 training and learning events of all shapes and sizes took place in 2021, several of them in virtual 
format, including the Basic Wheat Improvement Course that has been running since 1968. WHEAT 
has supported young(er) scientists' on-the-job learning since 2012: 75% of WHEAT trainees 2012-
2021 were from low- and middle-income countries. With eleven advanced courses on Conservation 
Agriculture- Asia & North Africa running since 2010, nearly 200 young researchers from NARS got 
hands-on learning for building resilience of wheat-based systems. The 2nd cohort of Arab Women 
Leaders in Agriculture (AWLA) started in September, co-funded by WHEAT and led by the 
International Center for Biosaline Agriculture (ICBA) - see also evidence for Table 8.  

https://doi.org/10.1177/00307270211013823
https://doi.org/10.1177/00307270211013823
https://doi.org/10.1007/s10584-020-02941-w
https://doi.org/10.1007/s10584-020-02941-w
https://repo.mel.cgiar.org/handle/20.500.11766/8916
https://repo.mel.cgiar.org/handle/20.500.11766/12773
https://repo.mel.cgiar.org/handle/20.500.11766/8916
https://marlo.cgiar.org/projects/Wheat/studySummary.do?studyID=4387&cycle=Reporting&year=2021
https://doi.org/10.3390/crops1020007
https://csisa.org/wp-content/uploads/sites/2/2021/11/211028-FtF-CSISA-MEA-FY2021-AR-USAID-BD_web.pdf
https://academy.cimmyt.org/group/1284
https://wheat.org/gender/
https://wheat.org/gender/
http://www.awlafellowships.org/
http://www.awlafellowships.org/
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1.3.4 Climate Change  

Climate-smart practices’ research outcomes. Based on survey data collected from 691 wheat fields 
in 3 major wheat-producing provinces, 19.3% of total wheat area in the three Egyptian provinces is 
cultivated with raised beds (RB). Modeling results showed that RB adoption enabled a reduction in 
irrigation water application (15-21% irrigation water savings reported) and 5.56% water productivity 
increase. By 2023, approximately 800,000 ha wheat area in Egypt will be planted with raised bed 
technology (Alwang et al, 2018). In northern Ethiopia, the long-term (2005–2013) influence of 
conservation agriculture-based systems (with permanently-raised beds) on soil health and crop 
productivity showed the potential of improving crop productivity through CA-improved soil health – 
see Table 1, SLO2.4. 

Scientists gained insights into the influences of climate change on India’s future water footprints 
(WF) of cereal crop production and put forth regional strategies for future water resource 
management. In view of future variability in WFs, a water footprint-based optimization can be 
conducted by relocating crop cultivation areas with the aim of minimizing blue water use (fresh, 
non-renewable) as a possible management alternative – see Table 10 (4433) CCAFS collaboration. 

In related CCAFS/WHEAT research, scientists calculated that if all rice and wheat farmers in India 
adopted the Nutrient Expert Tool-based fertilizer recommendation practice, 13.92 million tons 
(Mt) more rice and wheat production would follow, with 1.44 Mt less N fertilizer use, and a 
reduction in GHG of 5.34 Mt CO2e per year–a significant improvement over farmers’ current 
practice – see Table 10 (4504). 

Understanding farm households’ climate risk-coping strategies: Evidence from five countries in 
Eastern and Southern Africa (ESA). Droughts, floods and crop pests and diseases are major climate 
change-induced risks. Farm households in ESA have adopted four major strategies to cope with 
climate risk, including changing farming methods and decreasing consumption. Farmers who are 
better-off tend to change their farming methods but are unlikely to adopt other risk-coping options. 
There are substantial differences among the countries in the study – see Table 10 (4448). 

A systematic evaluation of CIMMYT’s work on climate change-food system interactions (e.g. 
research portfolio, including bilateral and CGIAR Research Program projects, 2012-2021) showed 
that the Center’s research-for-development efforts contributed to scaling out several climate-smart 
technologies and practices in climatically challenged locations and production systems in Asia, Africa 
and Latin America. This analysis showed that CIMMYT’s outputs have been distributed to more than 
150 countries – see Table 10 (4448). 

 
2. Effectiveness and Efficiency 

2.1 Management and governance 

The WHEAT Independent Steering Committee (WHEAT-ISC) held two meetings together with 
MAIZE-ISC to understand OneCGIAR consequences for WHEAT and MAIZE CRPs’ continuity, as well 
as the future of independent scientific advice at the research program level under OneCGIAR. 
Together with RTB and MAIZE-Independent Steering Committees, the WHEAT-ISC Chair continued to 
lead advocacy efforts, which culminated in a meeting with two of the new Global Science Directors 
in November and ISDC advice to System Council taking on some of the joint-ISC’s concerns and 
recommendations. 

The WHEAT Management Committee (WHEAT-MC) managed uncertainties with regard to CRP 
closure and associated staff continuity in the face of CGIAR-EMT/SO guidance coming late. Most 
important for WHEAT-MC was to maintain research pace, capacity and quality in the face of some 

https://doi.org/10.1016/j.agwat.2021.106802
https://doi.org/10.1016/j.agwat.2021.106802
https://mjae.journals.ekb.eg/article_190474_5673c0d56ba21985d7d7963a16d7f26f.pdf
https://link.springer.com/article/10.1007/s12571-018-0794-3
https://doi.org/10.1002/ldr.3816
https://doi.org/10.1002/ldr.3816
https://doi.org/10.1038/s41598-021-88223-6
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4433&edit=true&phaseID=324
https://doi.org/10.1038/s41598-020-79883-x
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4504&edit=true&phaseID=324
https://doi.org/10.1016/j.scitotenv.2021.145236
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4448&edit=true&phaseID=324
https://www.dropbox.com/s/frl07hf2cp11d1b/CIMMYT-report-final-v4.pdf?dl=0
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4448&edit=true&phaseID=324
https://archive.wheat.org/independent-steering-committee-meeting-minutes/
https://archive.wheat.org/independent-steering-committee-meeting-minutes/
https://archive.wheat.org/independent-steering-committee-meeting-minutes/
https://archive.wheat.org/wheat-management-committee-meeting-minutes/
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scientists engaging in Initiative Design Teams; and of COVID-19 consequences, which also affected 
some WHEAT long-time partners – and thus, certain running partner grants (Bolivia, Myanmar, 
India). WHEAT experienced some core staff turn-over during 2021 (FP1 and FP4 Lead; ICARDA DDG-
R; MEL specialist; Communications). 

WHEAT-MC and -ISC spent significant amounts of time on keeping up to date on OneCGIAR progress 
and possible consequences for WHEAT research scope and continuity. 

MAIZE and WHEAT researchers developed 22 Golden Egg ideas, of which 4 made it to the Transfer 
Marketplace. 

2.2 Partnerships 

2.2.1. Highlights of External Partnerships 

See also Table 9, below. No new partnerships were set up in 2021, because WHEAT was in its final 
year. Thus, the focus was on maintaining W1&2-funded partnerships and closing the running partner 
grants, also in view of future partner funding uncertainty. 

Long-term effects of organic manure and inorganic fertilization on soil quality (soybean-wheat 
rotation in mid-Himalaya India). NARS partner scientists, based on a 21-year fertilization 
experiment, showed that NPK (nitrogen, phosphorus and potassium fertilizer) plus farmyard manure 
embodied the best management practice for soil biological sustainability and for sustainable food 
production.  

WHEAT has been a partner to the G20 Wheat Initiative since 2012, which celebrated its first decade 
of operation. 21 WHEAT (CIMMYT & ICARDA) scientists continue to engage in 10 of the 11 Expert 
Working Groups (EWG). During 2021, the Durum EWG established an open source grant program. 
The Agronomy EWG made a call for action on transformational agronomy for impact; to establish an 
Associated Program to mitigate the interference of climate on wheat yield-stability. The Wheat 
Initiative set up AHEAD - Alliance for Adaptation to Heat and Drought, to coordinate projects that 
engage in wheat heat and drought research. 

2.2.2. Cross-CGIAR Partnerships (Centers, other CRPs and Platforms) 

Collaborations with A4NH, Big Data, CCAFS, MAIZE, PIM/COVID-19 Hub and RICE were maintained. 
CCAFS collaborations are featured in the Climate Change section above. 

FTA, GLDC, MAIZE and WHEAT scientists make the case for a reforestation pathway not previously 
described in the literature: A return to a more diverse agricultural landscape mosaic provided more 
secure and diversified income sources along with better provisioning of construction materials, 
fuelwood, and higher livestock numbers. In a related study, scientists show that tree species 
diversity matters as much as the amount of tree cover for the production of food, and it can 
contribute to improve food security (parklands in Central Senegal) – see Table 10 (4426). 

2.3. Intellectual Assets 

Have any intellectual assets been strategically managed by the CRP (together with the relevant 
Center) this year? Note: Further information can be found here.  

CIMMYT and ICARDA maintained their relevant policies to support greater transparency, including 
in partnerships and results dissemination, in line with the CGIAR Principles. 

WHEAT is not a legal entity. The management of legal assets relevant to the CRP is managed by 
WHEAT Lead and participant centers, both of which annually submit a detailed and confidential 
intellectual asset report to the System Board and the information contained therein is not repeated 

https://doi.org/10.1016/j.apsoil.2020.103754
https://doi.org/10.1016/j.apsoil.2020.103754
https://www.wheatinitiative.org/
https://www.wheatinitiative.org/ahead
https://doi.org/10.1002/ldr.3806
https://doi.org/10.1016/j.agsy.2021.103312
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4426&edit=true&phaseID=324
https://wheat.org/annual-reports/
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here. Flagship projects, WHEAT and CIMMYT-PMU do not, on their own, manage intellectual assets 
without consulting with the Lead Center’s legal department; the same applies to ICARDA. 

 (b) If relevant, indicate any published patents and/or plant variety right applications (or 
equivalent) associated with intellectual assets developed in the CRP and filed by Centers and/or 
partners involved in the CRP, giving a name or number or link to identify them.  

CIMMYT and ICARDA have not filed, nor has any CIMMYT or ICARDA partner informed 
CIMMYT/ICARDA, of any application for patent or plant variety protection associated with 
intellectual assets (IA) developed under WHEAT. 

 (c) List any critical issues or challenges encountered in the management of intellectual assets in 
the context of the CRP (or put N/A).] 

Critical issues and challenges that remain relevant: 

● Ensure sufficient funding and adequate human resources to implement on a timely basis all 
actions needed for a proper IA management. During 2021, COVID-19 made replacing a 
specialist in the legal staff difficult. 

● Lack of IP policies in some NARS; lack of knowledge among NARS of IA management 
practices at CGIAR Centers and/or insufficient capacity to conduct adequate IA 
management; in certain CGIAR donor country NARS, reluctance to apply ITPGRFA standards 
(STMA). 

● Collecting, exporting and licensing seed in view of the ITPGRFA and the Nagoya Protocol. 
● Some intellectual property policies or practices from certain MAIZE/WHEAT partners are 

not aligned with CGIAR IA management Policies. 

2.4 Monitoring, Evaluation, Impact Assessment and Learning (MELIA) 

During 2021, WHEAT was part of the Monitoring, Evaluation and Learning Community of Practice 
(MEL Cop) Steering Committee, participated in the impact indicator collection exercise to contribute 
to a stronger impact delivery in One CGIAR and supported implementation of IATI standards.   

Via the MEL CoP, WHEAT also contributed to developing CGIAR evaluation policy (CAS) and co–
hosted the annual MEL CoP meeting (Day 1: CRPs Theory of Change lessons learnt and scaling 
readiness in the new OneCGIAR context). 

WHEAT actively participated in the CGIAR-wide discussion about professionally wrapping CRPs by 
contributing to the Golden Eggs activity (e.g. ensure knowledge hand-over to new Initiatives), 
sharing MAIZE and WHEAT close-out plans and contributing to CRP leader consensus positions on 
technical and financial closing down matters. 

Of the 62 MELIA studies published this year, 15 focus on foresight and future targeting of R4D, 
including breeding research. Another 10 studies relate to climate change adaptation or mitigation 
issues, whilst 16 projects and post-project assessments investigated adoption and innovation 
pathways or drivers. 2 MELIA studies addressed strategic gender research. 

2.5 Efficiency 

No reporting this year. 

2.6 Management of Risks to Your CRP  

Two major risks remain unchanged during Phase II: 1) W1&W2 budget insecurity and delayed 
transfer of W1&2 funds, which could directly affect CRP research and development operations; 2) 
Unfulfilled obligations by the partners for commissioned and competitive (sub)-grants. 
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Budget insecurity was lower than in 2020 (see section 3, below). Because partners, as well as 
CIMMYT and ICARDA scientists, could not complete all deliverables on time, mostly due to COVID-19 
consequences, several partners asked for no-cost extensions and a number of W1&2-funded 
milestones remain only partially achieved. 

The risk of effectively double-booked resources that negatively impact CRP delivery, visible in 2020, 
grew stronger during 2021. Approximately 20-25% of WHEAT scientists were pulled into Initiative 
Design Teams during much of 2021, whilst COVID-19 restrictions affected some of their regular field 
work.  

Planning ahead for a semi-structured hand-over of CRP’s outputs, learnings, and also program 
management practices to the new Initiatives, did not take place, apart from the Golden Egg activity 
and some SO-led CRP/FP/Initiatives matching efforts.  

‘Lack of a systematic and integrated approach for monitoring and evaluation at the outcome level’ 
no longer presented a major risk, as the CRPs Phase 2 annual reporting standards, methods and 
tools proved to be effective and functional, with very few exceptions.  

2.7 Use of W1-2 Funding 

No change compared to 2020 annual reporting.  

WHEAT is guided by the high-level framework for W1&2 deployment shown below, while Table 12 
shows in more detail where W1&2 has been invested during 2021, based on the 80+ work packages 
in the W1&2-per-FP annual work plan delivered by CIMMYT and ICARDA scientists and their 
implementation partners.  
 

 Strategic, longer-term research, 
seed invests 

Rapid response 
(incl flexibility) 

Cross-Portfolio, -CRP learning 
for impact 

CRP Gov. & Mgmt. 

Discovery 
(upstream) 

FP1, 4: ex ante IA & ex post IA / 
adoption studies for new knowledge 
for better targeting, prioritizing; ARI, 
national partners 
FP2-4: Generate new knowledge for 
R-to-D pipeline: New alleles for heat 
and drought, other climate change-
related traits identified; GS models 
using high throughput phenotyping 
and / or environmental data; 
Biological Nitrification Inhibition  

FP3 new diseases 
& pests: Wheat 
blast in S-Asia 
 
 

FP2-3: Germplasm 
improvement methodologies, 
methods, data management 
(e.g. Genetic gain, cross-crops) 
FP4: Research on scaling out, 
innovation pathways 

WHEAT-ISC, 
WHEAT-MC, MEL 
CoP co-leadership, 
OneCGIAR working 
groups (e.g. IDTs, 
other) 
 

Validation FP3: New traits into elite lines: Heat 
and Drought. Precision Phenotyping 
Platforms with NARS partners; 
expanded yield testing 

 FP4: Country coordination, 
systems research approaches 

Scaling out 
(down-
stream) 

FP1, FP4: Research on adoption 
dynamics, scaling out, targeting, 
prioritizing, M&E approaches 
FP3: Research on farmer adoption, 
seed systems innovation 

FP3-4: post-
conflict 
emergency 
support 

FP3.7, 4.4: Country 
coordination, companion 
crops into wheat-based 
systems, capacity 
development 

CGIAR-SRF 
Cross-cutting 
themes 

Gender / social inclusion applied to 
WHEAT innovations and rapid value 
chain assessments with proper 
gender lens 

 FP1, 4: AFS-CRPs & CCAFS 
FP3: WHEAT & A4NH on 
improved nutrition 
Inter-CRP: How to improve 
gender mainstreaming into 
research 

 

 

 

https://cgspace.cgiar.org/bitstream/handle/10568/113253/Wheat-POWB-2021.pdf?sequence=1&isAllowed=y
https://cgspace.cgiar.org/bitstream/handle/10568/113253/Wheat-POWB-2021.pdf?sequence=1&isAllowed=y
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3. Financial Summary  

In 2021, WHEAT shall receive a total of US$3.92M W2 support from Australia (ACIAR) and UK (DFID) 
and $7.46M W1 from Australia, Belgium, Canada, France, India, Japan, Korea, Netherlands, New 
Zealand, Norway, Sweden, Switzerland, UK and the World Bank. Total new W1&2 income was 
planned at $11.38M, up from $10.476M (2020). As in 2020, USAID shifted earlier W2 contributions 
to W3, linked to the AGG and Crops to End Hunger bilateral projects. Bilateral funder support is 
documented in the WHEAT Annual Financial Report and in the CGIAR Financial Dashboards.  

W1&2 funding level and disbursement was more stable than in 2020. The risk of a lower W2 
contribution from FCDO did become a reality in late August/September but was fully buffered by 
CGIAR Stabilization Fund. Notwithstanding intentions documented in the original 2017-21 CGIAR 
Financial Plan, 2021 disbursements did not all take place in the first two quarters. A final 
disbursement (ca. 7% of 2021 W1&2 budget) remains to be issued in 2022. 

In view of the CGIAR-EMT decision to allow only $60,000 residual expenditure in 2022 for closing 
CRPs, both MAIZE- and WHEAT-MCs noted that 2021 annual reporting would very likely be at a 
lower quality than previous years during Phase II, because required resourcing and scientists’ 
commitment might not be secured, and their priorities and reporting lines may have changed. To 
mitigate this risk, both MCs committed to starting and finishing the 2021 annual reporting process 
earlier. 

https://www.cgiar.org/funders/trust-fund/trust-fund-disbursements/
https://www.cgiar.org/impact/finance-reports/dashboard/program-analysis/
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Part B. TABLES 

Table 1: Evidence on Progress towards SRF targets  

(Sphere of interest)  

SLO Target (2022) Brief summary of new evidence of CGIAR contribution  Geographic Scope 

1.1 ADOPTION: 100 
million more farm 
households have 
adopted improved 
varieties, breeds, trees, 
and/or improved 
management practices. 

Based on survey data collected from 691 wheat fields in 3 major wheat-producing provinces, ca. 830,000 farmers cultivated 
19.3% of total wheat area in three Egyptian provinces with raised beds (4.3M farmers grow wheat on 1.45M ha; see p.7). 
Endogenous switching regression model results showed that the adoption of RB increased yield by 937 kg/ha (12.79%), 
providing a US$77.60/ha (9.47%) increase in gross margins and 11.80% reduction in downside yield risk. Adoption of RB 
did not have significant effects on soil salinity. ICARDA and ARC have developed Mechanized Raised Bed (MRB) machines 
which are now widely being disseminated by a large national government wheat campaign. By 2023 approximately 800,000 
ha of wheat will be planted with the technology (Alwang, 2018). In 2015, adoption across 22 governorates stood at ca. 
105,000 ha (Swelam, 2016). Above results are based on ICARDA, the Agricultural Research Council (ARC, Egypt) and other 
partners’ research between 2004 and 2008 (proof of concept) and subsequent research and scaling efforts (since 2012).  

 

• Geographic Scope:  
National.  • Countries: Egypt.  

 

 

ROI of Enhancing Food Security in the Arab Countries project (EFSAC; 10 countries since 2011; 5countries during 4-year-
Phase II ) funded by the Arab Fund for Economic and Social Development: EFSAC focused on improving wheat production 
and yield in wheat-based systems. 24% of farm households in project areas in all five countries adopted new improved 
varieties, plus at least two of the other components of the technology packages. At least 73% of adoption levels achieved 
in Phase II can be attributed to EFSAC, implying an adoption on 17.7% (73% x 24.35%; or 231,000 ha) of total 1.3M ha wheat 
area in intervention regions: Average yield gain (436 kg/ha) directly benefitted 154 – 183,000 households (0.89 - 1.06 million 
people). Under conservative scenario, EFSAC increased total domestic production in five countries by 79 – 474,000 tons, 
valued at about US$ 19.7-118 million (depending on the country); benefit: cost ratio ranged from 12-73.  

• Geographic Scope:  Multi-
national.   

• Countries: Algeria, Egypt, 
Iraq, Jordan, Lebanon, 
Morocco, The Republic of the 
Sudan, Tunisia, Syrian Arab 
Republic.  

 In Bangladesh, wheat production meets only 16% of consumer demand. Bangladesh Wheat and Maize Research Institute 
(BWMRI) released more than 30 varieties in the past 30 years and has collaborated with CIMMYT since 1983. Because 
BWMRI lacks the regulatory framework and infrastructure to accurately track adoption rates, it conducted DNA 
fingerprinting across the 6 wheat growing regions (2018–2019 season). Scientists documented that of 1,791 samples from 
farmers’ fields, 50% of samples were from varieties released since 2010; 32% matched with older varieties. The 3 most 
common varieties, all wheat-blast susceptible, were well distributed across the 6 regions, showing broad adoption of 
CGIAR-derived varieties. Varieties released in the past 5 years, including BARIGom33 (2017; wheat blast resistant) were 
detected in 4% or less of field samples, with total coverage of 7.3% of wheat area, equivalent to ca 25,000 of Bangladesh’s 
340,000 ha. Recent Government initiatives aim to speed up seed supply. Currently, it takes 4-5 years to get seed to all 
farmers. Ca. 12 million Bangladeshi rice-wheat farmers (of 16.5M total farmers) grow ca. 1.1 million tons of wheat on ca. 
320,000 ha (USDA, 2021-22 season). 

 

 

• Geographic Scope:  
National.  • Countries: 
Bangladesh.  

https://doi.org/10.1016/j.agwat.2021.106802
https://doi.org/10.1007/s12571-018-0794-3
https://link.springer.com/article/10.1007/s12571-018-0794-3
https://repo.mel.cgiar.org/handle/20.500.11766/5900
https://repo.mel.cgiar.org/handle/20.500.11766/66374
https://repo.mel.cgiar.org/handle/20.500.11766/66374
https://doi.org/10.1002/csc2.20579
https://doi.org/10.1002/csc2.20579
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1.2 EXIT POVERTY: 30 
million people, of which 
50% are women, 
assisted to exit poverty 

Considering all costs & benefits of wheat research investment in Morocco (2002 - 2014 data), scientists estimated 
a conservative benefit-cost ratio (BCR) of 19.64 based on varieties released before 1993 and grown by farmers, which 
resulted in 623,000 tons (14.8%) of additional wheat supply, equivalent to net economic benefit of US$355 million 
annually. Ca. 48% of wheat farmers (ca. 500,000) have grown improved varieties released 2000 or later and are likely to 
have benefited more from improved yields than non-adopting farmers. Institutional problems in the seed system are causing 
the country to lose at least 746.600 tons (17.7%) wheat production and net economic benefit of US$75.2 million. Ca 1 million 
wheat farmers grow bread and durum wheat on 3.2 million ha. 85% are subsistence farmers with average 5.8 ha land 
holdings. 

Despite institutional challenges, wheat research in Morocco is paying off. By addressing the seed sector problems 
and radically improving upon farmer adoption of ZT (currently only 1% of total wheat area), farmer and consumer impacts 
could be greater: BCR of 23.79, based on post-1998 released INRA-CGIAR varieties. Scientists used a nationally 
representative sample survey of 2,296 wheat fields and applied narrow definition of adoption (e.g. post-1998 releases). 

 

• Geographic Scope:  
National.  • Countries: 
Morocco.  

 

 

Researchers estimated significant wheat production and irrigation water cost savings when Happy Seeders (HS) are 
deployed in Punjab. Strong evidence points to a reduction in residue burning. Once farmers are convinced by the 
technology, they use it on their entire wheat area. On average, adopting households applied zero-till technologies to 90%+ 
of total wheat area (2017/18), with use intensities particularly high among those in the smallest and middle landholding 
terciles. According to government records (p. 2), by 2020, 76,626 crop residue management machines were deployed in 
Punjab state, including 13,316 Happy and 17,697 Super Seeders that, if fully deployed, would cover 1.7 million ha (up from 
1.3M ha in 2019). Significant constraints to full deployment (pp.14ff) - and less stubble burning - remain, despite sustained 
public and NGO partner promotion efforts. Other studies  indicated that HS technology could be an alternative for elevating 
energy productivity in Indo-Gangetic Plains rice-wheat systems.  

 

• Geographic Scope:  
National.  • Countries: India.  

 

 

MasAgro operated 12 hubs in Mexico, incorporating 68 distributed research platforms. Technologies improving sustainability 
of maize- or wheat-based field practices were adopted on 159,944 ha, monitored through a robust data collection system. 
In 2018, farmers filled 66,384 field logbooks, resulting in a cumulative 221,961 records since 2012. In side-by-side multi-year 
comparisons of technologies, wheat yields were 20% higher than control yields, and average wheat profits were 24% 
higher. Considering future adoption pathways, a 2021 case study (Guanajuato, Mexico)  argued for disaggregating 
Conservation Agriculture (CA) into smaller component packages that could increase farmer adoption in risky contexts. The 
ex-ante economic impact model showed that the two-component scenarios with a legume crop outperformed all other CA 
adoption scenarios (higher average farm net profit). These scenarios/practices offer greater potential that more farmers 
transition to more sustainable farming practices.  

 

• Geographic Scope:  
National.  • Countries: 
Mexico.  

2.1 YIELD INCREASE: 
Improve the rate of 
yield increase for major 
food staples from 
current < 1% to 1.2-
1.5% per year 

 

Using the economic (producer/consumer) surplus approach, NARS scientists estimated the return on wheat research in 
Nepal over the last 19 years: An internal rate of return (IRR) of 91%. Farmers planted modern varieties on 90% of Nepal’s 
wheat area; nearly 60% with varieties released after 2004. Average varietal age is 15 years. Ca. 90% of varieties grown are 
CGIAR-derived. Ca. 28 million Nepalese consume wheat-based food. Since 1960, Nepal has released 54 varieties. Wheat 
area, production and yield increased from 111K ha to 708K ha, 126K to 2,185K tons and 1.0 to 3.0 ton/ha respectively 
(Ministry of Agriculture / MoALD, 2021). Wheat production and productivity was indeed driven by investments in research. 
Of all major crops, wheat productivity growth was greatest over the 1990-2019 period (2.61%).  Significant challenges to 

 

• Geographic Scope: National.  
• Countries: Nepal.  

https://doi.org/10.1177%2F00307270211023058
https://doi.org/10.1177%2F00307270211023058
https://doi.org/10.1177%2F00307270211023058
https://doi.org/10.1111/agec.12640
https://www.tandfonline.com/doi/full/10.1080/14735903.2020.1834277
https://www.ceew.in/sites/default/files/ceew-study-on-paddy-stubble-burning-in-punjab-and-how-to-solve-challenges-with-solutions.pdf
https://www.ceew.in/sites/default/files/ceew-study-on-paddy-stubble-burning-in-punjab-and-how-to-solve-challenges-with-solutions.pdf
https://www.tatatrusts.org/insights/opinions/the-happy-seeder-ensures-happy-farmers
https://doi.org/10.1016/j.energy.2021.120680
https://doi.org/10.1080/14778238.2021.1884010
https://doi.org/10.1080/14778238.2021.1884010
https://doi.org/10.3390/agronomy11061214
http://dx.doi.org/10.13140/RG.2.2.33060.40325
https://repo.mel.cgiar.org/handle/20.500.11766/6023
https://www.cgiar.org/news-events/news/historic-release-of-six-improved-wheat-varieties-in-nepal/
https://www.cgiar.org/news-events/news/historic-release-of-six-improved-wheat-varieties-in-nepal/
https://doi.org/2010.15547/ast.2019.02.022
https://doi.org/10.1016/j.jafr.2021.100236
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closing the yield gap remain: Mean farmer technical efficiency (at 81%) could be significantly higher, if more farmers better 
irrigated and sowed at the optimum time, among other practices.  

2.2 MINIMUM DIETARY 
REQUIREMENTS: 30 million 
more people, of which 50% 
are women, meeting 
minimum dietary energy 
requirements 

 

N/A 

 

 

2.3 MICRONUTRIENT 
DEFICIENCIES: 150 
million more people, of 
which 50% are women, 
without deficiencies of 
one or more essential 
micronutrients 

Within 6 years, HarvestPlus-led scaling efforts have reached 1.4 million households (7 million people) with high zinc 
wheat, including flour, on the basis of CGIAR-derived varieties Zincol-16 (released 2016), Akbar-19 (2019) and Nawab-21 
(2021); with Akbar about to overtake the leading variety FD-08. The scaling partnership involves many national and 
international partners, including Punjab Seed Corporation, CIMMYT, Family Farm Foods, GAIN, as well as 6 funders of 
HarvestPlus and WHEAT. Combining both high yield and high zinc has been a recent breeding success (see MELIA study 
4534); future genetic discovery research will help to sustain it. Research to improve molecular breeding for zinc is ongoing. 

 
• Geographic Scope:  
National.   

• Countries: Pakistan.  

2.4 WOMEN’S NUTRITION: 
10% reduction in women 
of reproductive age who 
are consuming less than 
the adequate number of 
food groups 

 

N/A 

 

 

3.1 WATER AND 
NUTRIENT EFFICIENCY: 
5% increase in water 
and nutrient (inorganic, 
biological) use efficiency 
in agro-ecosystems, 
including through 
recycling and reuse 

Based on survey data collected from 691 wheat fields in 3 major wheat-producing provinces, 19.3% of total wheat area in 
the three Egyptian provinces is cultivated with raised beds. Modelling results showed that the adoption of RB enabled a 
reduction in irrigation water application (elsewhere, 15-21% irrigation water savings reported) and 5.56% increase in water 
productivity.  
 
By 2023, approximately 800,000 ha wheat area in Egypt will be planted with raised bed technology (Alwang et al, 2018). In 
2015, adoption across 22 governorates stood at ca. 105,000 ha (Swelam, 2016). Above results are based on ICARDA, 
Agricultural Research Council (ARC, Egypt) and other partners’ research (2004-2008) and subsequent research and scaling 
efforts (since 2012).  
 
An investigation of the long-term (2005–2013) influence of Conservation Agriculture-based systems  (permanent raised bed) 
on soil health and crop productivity in northern Ethiopia concluded that they have the potential to improve crop productivity 
through improved soil health.  

 

• Geographic Scope:  Multi-
national.   

• Countries: Egypt, Ethiopia.  

3.2 REDUCED 
GREENHOUSE GAS 
EMISSION: Reduce 
agriculturally-related 
greenhouse gas 

India consumes 14% of total fertilizer use globally; its nitrogen use efficiency is one of the worlds' lowest. Researchers 
evaluated Nutrient Expert (NE) tool-based site-specific nutrient management (SSNM) in rice and wheat (via 1594 side-by-
side comparisons with farmers’ fertilization practices). NE-based fertilizer management can lower global warming potential 
by 12-20% in wheat. 80%+ of participating farmers increased their crop yield and farm income. NE-based recommendations 
reduced N input by 15–35%, whilst increasing grain yield by 4–8%. NE-based SSNM is important for minimizing nutrient loss 

 

 • Geographic Scope:  
National, Regional.  

https://doi.org/10.3126/janr.v4i2.33857
https://www.harvestplus.org/knowledge-market/in-the-news/harvestplus-brief-unpacks-rapid-scaling-effort-zinc-wheat-pakistan#:%7E:text=The%20Journey%20of%20Scaling%20in,year%2C%20and%20only%2056%2C000%20TM
https://www.harvestplus.org/sites/default/files/The%20Journey%20of%20Scaling%20in%20Pakistan.pdf
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4534&edit=true&phaseID=324
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4534&edit=true&phaseID=324
https://doi.org/10.3389/fnut.2021.680391
https://doi.org/10.1016/j.agwat.2021.106802
https://mjae.journals.ekb.eg/article_190474_5673c0d56ba21985d7d7963a16d7f26f.pdf
https://link.springer.com/article/10.1007/s12571-018-0794-3
https://repo.mel.cgiar.org/handle/20.500.11766/5900
https://doi.org/10.1002/ldr.3816
https://doi.org/10.1038/s41598-020-79883-x
https://doi.org/10.1038/s41598-020-79883-x
https://doi.org/10.1038/s41598-020-79883-x
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emissions by 0.2 Gt 
CO2-e yr–1 (5%) 
compared with 
business-as-usual 
scenario in 2022 

in high-intensive systems. If all rice and wheat farmers in India adopted NE practices, additional grain production of 13.92 
Mt, lower N consumption by 1.44 Mt & total GHG savings of 5.24 Mt CO2 p.a. were achievable. Currently, merely <5% (ca. 
5M) of India’s 100-150M farmers use NE-based recommendations (expert opinion during stakeholders’ meeting, Dhaka, 
2019, unpublished), mainly due to lack of awareness and technical know-how.  
  

• Regions: Southern Asia.  

• Countries: India.  

3.3 ECOSYSTEM RESTORED: 
55 million hectares (ha) 
degraded land area 
restored 

 

N/A 

 

 

3.4 PREVENTION OF 
DEFORESTATION: 2.5 
million ha of forest saved 
from deforestation 

 

N/A 

 

 

  

https://indianexpress.com/article/opinion/columns/nabard-farmers-india-protest-agriculture-sector-7279331/
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Table 2: Condensed list of policy contributions in this reporting year  

(Sphere of Influence) 

 
Title of policy, legal 
instrument, 
investment or 
curriculum to which 
CGIAR contributed 

 
Description of policy, legal instrument, 

investment or curriculum to which 
CGIAR contributed  

 
Level of 

Maturity 

 
Link to sub-IDOs  

 
CGIAR cross-cutting marker score 

 
Link to OICR or link to 

evidence 

 
 

 
 

 
 

 
 

 
Gender 

 
Youth 

 
Capacity 

Development 

 
Climate 
Change 

 
 

 
817 - Road map 
towards improved 
wheat basic research 
capacity of ARIA 

 
Afghani wheat farmers grow the crop on 
2.7M ha, yet the country imports roughly 
90% to meet demand. Enabled by the 
USAID-funded GRAIN project (2017-2022), 
ARIA and CIMMYT developed a roadmap 
towards improved wheat research 
capacity. Key elements are breeding cycle 
time and quality (e.g. improved 
pest/disease resistance, in particular 
yellow rust), improved farmer access to 
high quality seed & improved variety 
adoption benefits tracking.  With regard to 
cycle time, ARIA intended to use the off-
season facility at Bamyan, to reduce 
overall variety development time by 50%. 
Main season crop is grown at Nangarhar 
research station. Wheat research policy 
implementation has been delayed for 
well-known reasons. 
 
The document lists existing structure and 
resources of ARIA and identifies gaps. It 
lists the requirements for an efficient 
delivering breeding program in 
Afghanistan.   

 
Stage 1 

 
• Reduced 
smallholders 
production risk 
• Adoption of CGIAR 
materials with 
enhanced genetic 
gains 

 
0 - Not 
Targeted 

 
0 - Not 
Targeted 
tell 

 
1 - Significant 

 
1 - 

Significant 

 
https://www.usaid.gov/n
ews-information/fact-
sheets/grain-research-
and-innovation-grain 
 
https://pdf.usaid.gov/pdf
_docs/PA00X4FD.pdf 
 
https://doi.org/10.1186/s
12864-019-6015-4 
 
https://bgri.cornell.edu/p
ortfolio/fluctuating-
yellow-rust-profile-of-
afghan-wheat-seed-
chain-varieties/ 
 
https://doi.org/10.1002/c
sc2.20653 (published 
online Nov 2021; Jan/Feb 
2022). 

https://www.usaid.gov/news-information/fact-sheets/grain-research-and-innovation-grain
https://www.usaid.gov/news-information/fact-sheets/grain-research-and-innovation-grain
https://www.usaid.gov/news-information/fact-sheets/grain-research-and-innovation-grain
https://www.usaid.gov/news-information/fact-sheets/grain-research-and-innovation-grain
https://pdf.usaid.gov/pdf_docs/PA00X4FD.pdf
https://pdf.usaid.gov/pdf_docs/PA00X4FD.pdf
https://doi.org/10.1186/s12864-019-6015-4
https://doi.org/10.1186/s12864-019-6015-4
https://bgri.cornell.edu/portfolio/fluctuating-yellow-rust-profile-of-afghan-wheat-seed-chain-varieties/
https://bgri.cornell.edu/portfolio/fluctuating-yellow-rust-profile-of-afghan-wheat-seed-chain-varieties/
https://bgri.cornell.edu/portfolio/fluctuating-yellow-rust-profile-of-afghan-wheat-seed-chain-varieties/
https://bgri.cornell.edu/portfolio/fluctuating-yellow-rust-profile-of-afghan-wheat-seed-chain-varieties/
https://bgri.cornell.edu/portfolio/fluctuating-yellow-rust-profile-of-afghan-wheat-seed-chain-varieties/
https://doi.org/10.1002/csc2.20653
https://doi.org/10.1002/csc2.20653
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853 - India's Principal 
Scientific Advisor 
reviews evidence-
based advice on 
climate-smart, 
sustainable practices  

 
Recent policy report recommendation on 
submitted to the Principal Scientific 
Adviser of India: “Agricultural Policies and 
Action-Plans for a Secure and Sustainable 
Agriculture."  

 
Stage 1 

 
• Reduced net 
greenhouse gas 
emissions from 
agriculture, forests 
and other forms of 
land-use (Mitigation 
and adaptation 
achieved) 
• Reduce pre- and 
post-harvest losses, 
including those 
caused by climate 
change 

 
1 - 
Significant 

 
0 - Not 
Targeted 

 
1 - Significant 

 
1 - 

Significant 

 
OICR3930 
OICR3286 

 
854 - Nepal includes 
Climate-Smart 
Conservation 
Agriculture in its 
Climate Change 
Planning (NDC) 

 
In its NDC to UNFCCC, Nepal's government 
will implement climate smart agricultural 
technologies, including conservation 
agriculture and precision nutrient 
management, in 200 climate-smart 
villages and 500 climate-smart farms. 

 
Stage 2 

 
• Reduce pre- and 
post-harvest losses, 
including those 
caused by climate 
change 
• Reduced net 
greenhouse gas 
emissions from 
agriculture, forests 
and other forms of 
land-use (More 
sustainably managed 
agro-ecosystems 

 
0 - Not 
Targeted 

 
0 - Not 
Targeted 

 
1 - Significant 

 
2 - 

Principal 

 
OICR3930 

  

https://marlo.cgiar.org/projects/Wheat/studySummary.do?studyID=3930&cycle=Reporting&year=2021
https://marlo.cgiar.org/projects/Wheat/studySummary.do?studyID=3286&cycle=Reporting&year=2021
https://marlo.cgiar.org/projects/Wheat/studySummary.do?studyID=3930&cycle=Reporting&year=2021
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Table 3: List of Outcome/ Impact Case Reports from this reporting year  

(Sphere of Influence)  

Title of Outcome/ Impact Case Report (OICR) Link to full OICR Maturity level 

 
OICR3930 - WHEAT and MAIZE science, partnerships, outreach led to policies for conservation agriculture and 
nutrient management in South Asia, mitigating climate change and increasing smallholder income. 

 
Link 

 
Stage 2 

 
OICR4042 - Lessons from appropriate-scale mechanization projects across regions: Rural labor dynamics, access 
and scaling approaches are key issues. 

 
Link 

 
Stage 2 

 
OICR4274 - Wheat rust early warning works for Ethiopian farmers. 

 
Link 

 
Stage 2 

 
OICR4387 - Strategic gender research contributes to policy change in North and Sub-Saharan Africa and South Asia 
with potential livelihood improvements for smallholder farmers in those regions. 

 
Link 

 
Stage 1 

 
OICR4470 - Responding to wheat blast: Multi-stakeholder "Precision Phenotyping Platforms (PPP)" and the 
development, then release of blast resistant varieties. 

 
Link 

 
Stage 2 

 

  

https://marlo.cgiar.org/projects/Wheat/studySummary.do?studyID=3930&cycle=Reporting&year=2021
https://marlo.cgiar.org/projects/Wheat/studySummary.do?studyID=4042&cycle=Reporting&year=2021
https://marlo.cgiar.org/projects/Wheat/studySummary.do?studyID=4274&cycle=Reporting&year=2021
https://marlo.cgiar.org/projects/Wheat/studySummary.do?studyID=4387&cycle=Reporting&year=2021
https://marlo.cgiar.org/projects/Wheat/studySummary.do?studyID=4470&cycle=Reporting&year=2021
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Table 4: Condensed list of innovations by stage for this reporting year 

For international germplasm for research exchange (IWIN) and CGIAR-derived varieties released in 2021 information, see page 9 above and here. 

Title of innovation with link Innovation Type Stage of innovation Geographic scope (with 
location) 

 
2493 - Proof of concept - early generation genomic selection 

 
Genetic (varieties and 

breeds) 

 
Stage 2: successful piloting 
(PIL - end of piloting phase) 

 
Global 

 
2517 - Water budgeting in conservation agriculture‑based sub‑surface 
drip irrigation in maize-wheat rotation using HYDRUS‑2D model 

 
Production systems and 
Management practices 

 
Stage 1: discovery/proof of 
concept (PC - end of 
research phase) 

 
Global, Regional: Southern 
Asia 

 
2529 - Climate-smart agriculture practices influence weed density and 
diversity in cereal-based agri-food systems of western Indo-Gangetic 
plains 

 
Production systems and 
Management practices 

 
Stage 4: uptake by next user 
(USE) 

 
Regional: Southern Asia 

 
2531 - Off season nursery for shuttle breeding 

 
Genetic (varieties and 

breeds) 

 
Stage 2: successful piloting 
(PIL - end of piloting phase) 

 
National: Afghanistan 

 
2575 - Identification of new pleotropic loci conferring resistance to Leaf 
Rust and Yellow Rust in wheat on chromosome 2A in "Borlaug 100", 
Mucy and Mukoe 

 
Genetic (varieties and 

breeds) 

 
Stage 2: successful piloting 
(PIL - end of piloting phase) 

 
Global 

 
2577 - Diversity analysis in a durum wheat collection of wheat 
germplasm from the Southern Cone, to derive breeding strategies 
enhancing the use of genetic diversity. 

 
Production systems and 
Management practices 

 
Stage 3: available/ ready for 
uptake (AV) 

 
Regional: South America 

 
2578 - Rainout-sheltered lysimetric facility (PhysioTron) to generate 
precise phenotyping for drought tolerance traits under controlled 
conditions. 

 
Research and 

Communication 
Methodologies and Tools 

 
Stage 2: successful piloting 
(PIL - end of piloting phase) 

 
Global 

https://archive.wheat.org/download/2021-wheat-variety-releases/
https://marlo.cgiar.org/projects/Wheat/innovation.do?innovationID=2823&edit=true&phaseID=324&crp=Wheat
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2493&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2517&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2517&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2517&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2517&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2517&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2517&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2517&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2517&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2529&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2529&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2529&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2531&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2575&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2575&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2575&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2577&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2577&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2577&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2578&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2578&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2578&phaseID=324
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2579 - Comparison of high-throughput plant phenotyping (HTPP) 
approaches to measure radiation use efficiency, a critical trait for 
improving yields in future 

 
Biophysical Research 

 
Stage 1: discovery/proof of 
concept (PC - end of 
research phase) 

 
Global 

 
2590 - High-BNI (biological nitrification inhibition) elite lines available 
for next users 

 
Genetic (varieties and 

breeds) 

 
Stage 1: discovery/proof of 
concept (PC - end of 
research phase) 

 
Global 

 
2597 - Effects of dietary change on future consumer demand for major 
cereals: A range of scenarios 

 
Social Science 

 
Stage 1: discovery/proof of 
concept (PC - end of 
research phase) 

 
Global, Multi-national: 
Nepal, The Socialist 
Republic of Viet Nam, 
India, Mexico, Philippines, 
Uganda, Nigeria 

 
2604 - Agronomic experimentation on-station for research platforms: 
Management Guide 

 
Production systems and 
Management practices 

 
Stage 4: uptake by next user 
(USE) 

 
National: Regional: 
Mexico, Latin America and 
the Caribbean 

 
2612 - Genes causing stripe rust resistance identified in comprehensive 
study 

 
Biophysical Research 

 
Stage 3: available/ ready for 
uptake (AV) 

 
Global 

 
2613 - Competitive Allele Specific Polymerase chain reaction markers 
identified for important contributor to dietary fiber in wheat 

 
Biophysical Research 

 
Stage 3: available/ ready for 
uptake (AV) 

 
Global 

 
2617 - Fusarium crown rot spotted for the first time in major wheat-
exporting Kazakhstan; previously identified in Turkey and Canada 

 
Biophysical Research 

 
Stage 1: discovery/proof of 
concept (PC - end of 
research phase) 

 
National: Kazakhstan 

 
2618 - Smallholder fields crop type mapping based on satellite imagery 
works in India 

 
Research and 

Communication 
Methodologies and Tools 

 
Stage 2: successful piloting 
(PIL - end of piloting phase) 

 
National: Global, India 

 
2619 - Ideal genotype helps wheat breeding for Karnal bunt resistance 

 
Genetic (varieties and 

breeds) 

Stage 1: discovery/proof of 
concept (PC - end of 
research phase) 

 
Global 

https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2579&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2579&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2579&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2590&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2590&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2597&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2597&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2604&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2604&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2612&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2612&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2613&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2613&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2617&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2617&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2618&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2618&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2619&phaseID=324
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2620 - Using social network analysis (SNA) to optimize dissemination of 
new technologies among Bangladeshi farmers 

 
Research and 

Communication 
Methodologies and Tools 

 
Stage 2: successful piloting 
(PIL - end of piloting phase) 

 
Regional: National: 
Bangladesh, Southern Asia 

 
2743 - 5 e-learning courses on appropriate-scale mechanization 
business models made available in Spanish (in early 2022) on FAO e-
Academy 

 
Research and 

Communication 
Methodologies and Tools 

 
Stage 4: uptake by next user 
(USE) 

 
Global 

 
2823 - 70 wheat varieties released in 2021 – see also map on p.8 of this 
Annual Report 

 
Other 

 
Stage 3: available/ ready for 
uptake (AV) 

 
Global 

 

 

  

https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2620&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2620&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2743&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2743&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2743&phaseID=324
https://marlo.cgiar.org/summaries/Wheat/projectInnovationSummary.do?innovationID=2823&phaseID=324
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Table 5: Summary of status of Planned Outcomes and Milestones (reviewed by FP Leads) 

(Sphere of Influence-Control) 

  
FP 

  
FP Outcomes 

2022 

  
Sub-IDOs 

  
Summary narrative on 

progress against each FP 
outcome this year.  

  
Milestone 

  
2021 

milestones 
status 

  
Brief Explanation: Provide evidence for completed 

milestones (refer back to means of verification, and link 
to evidence wherever possible) or explanation for 

extended, cancelled or changed 

  
Link to evidence 

  
FP1 

  
FP1 Outcome: 
1.8 National 
and regional 
policy makers 
improved 
policy-making 
and increased 
investment 
based on 
evidence 

  
• Increase 
capacity of 
beneficiaries 
to adopt 
research 
outputs 

  
Notable and documented 
evidence-based contributions 
to policy-making dialogues 
(Ethiopia/rust-tracking, variety 
replacement, zinc 
biofortification; India/air 
pollution reduction; global 
IAR4D priorities/role of whole 
wheat/fiber and 
biofortification) and CGIAR 
credibility and voice (COVID-19 
Hub contributions). 

  
2021 - Ex-ante 
studies assess 
future 
preferences of 
wheat 
producers and 
consumers and 
implications for 
wheat 
innovation. 

  
Completed 

  
NA 

  
https://doi.org/10.1038/s41
598-021-88304-6 
 
https://repository.cimmyt.or
g/handle/10883/21778 
 
https://doi.org/10.1007/s13
593-020-00654-z 
 

https://doi.org/10.1038/s41598-021-88304-6
https://doi.org/10.1038/s41598-021-88304-6
https://repository.cimmyt.org/handle/10883/21778
https://repository.cimmyt.org/handle/10883/21778
https://doi.org/10.1007/s13593-020-00654-z
https://doi.org/10.1007/s13593-020-00654-z
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FP1 Outcome: 
1.10 Farmers 
have greater 
awareness and 
access to, and 
increased 
adoption and 
adaptation of 
improved 
technologies 

  
  

  
WHEAT built on substantive 
earlier work that looked at 
zero tillage and conservation 
agriculture in wheat-based 
systems. Studies assessed the 
prospects of the Happy Seeder 
which potentially foregoes 
agricultural stubble burning 
(Keil et al., 2021), and 
environmental impacts of 
raised beds in Egyptian wheat 
fields (Yigezu et al., 2021a), 
fertilizer use in South Asia 
(Aryal et al., 2021). Many FP1 
contributions to SLO Table 1 
and MELIA studies. 

  
2021 - Gender / 
social inclusion 
lenses applied 
to major WHEAT 
innovation 
pipelines and 
assessments. 

  
Completed 

  
See in particular OICR4387; researchers looked at zero-
tillage users and equity in the Eastern Gangetic Plains of 
Bangladesh, India, and Nepal, and proposed policy 
options to promote climate-smart technologies in India 
that can reduce women's labor drudgery. They created a 
collective bargaining agreement between workers in 
wheat-based systems and the Government of Morocco, 
and researchers called for policies in Southern Ethiopia to 
ensure equal levels of production resources and help 
households to build their capacity.  

  
https://marlo.cgiar.org/proje
cts/Wheat/studySummary.d
o?studyID=4387&cycle=Repo
rting&year=2021 
 
https://doi.org/10.1177/003
07270211013823 
 
https://doi.org/10.1007/s10
584-020-02950-9 
 
https://repo.mel.cgiar.org/h
andle/20.500.11766/8916 
 
https://repository.cimmyt.or
g/handle/10883/20923 
 
https://doi.org/10.1007/s10
584-020-02941-w 
 

https://doi.org/10.1007/s10584-020-02941-w
https://doi.org/10.1007/s10584-020-02941-w
https://marlo.cgiar.org/projects/Wheat/studySummary.do?studyID=4387&cycle=Reporting&year=2021
https://marlo.cgiar.org/projects/Wheat/studySummary.do?studyID=4387&cycle=Reporting&year=2021
https://marlo.cgiar.org/projects/Wheat/studySummary.do?studyID=4387&cycle=Reporting&year=2021
https://marlo.cgiar.org/projects/Wheat/studySummary.do?studyID=4387&cycle=Reporting&year=2021
https://doi.org/10.1177/00307270211013823
https://doi.org/10.1177/00307270211013823
https://doi.org/10.1007/s10584-020-02950-9
https://doi.org/10.1007/s10584-020-02950-9
https://repo.mel.cgiar.org/handle/20.500.11766/8916
https://repo.mel.cgiar.org/handle/20.500.11766/8916
https://repository.cimmyt.org/handle/10883/20923
https://repository.cimmyt.org/handle/10883/20923
https://doi.org/10.1007/s10584-020-02941-w
https://doi.org/10.1007/s10584-020-02941-w
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2021 - Evidence 
base of WHEAT 
technology 
adoption and 
impacts. 

  
Completed 

  
Significant additions to ex-post and ex-ante impact 
assessments and adoption studies, notably for Mexico, 
Morocco, Nepal, Bangladesh and Ethiopia; thematically 
for Biological Nitrification Inhibition GHG/N2O reduction 
impact and similarly for change in agronomic practices in 
South Asia, in close collaboration with FP4 and CCAFS. 
See also S4291 - Project on Enhancing Food Security in 
the Arab Countries (EFSAC): Farmer adoption levels (see 
SLO Table 1.2). 

  
https://doi.org/10.1002/csc2
.20579 
 
https://doi.org/10.1080/147
78238.2021.1884010 
 
https://doi.org/10.1111/gcb.
15588 
 
https://doi.org/10.1007/s13
593-020-00654-z 
 
https://doi.org/10.3390/agri
culture11121269 
 

https://doi.org/10.1002/csc2.20579
https://doi.org/10.1002/csc2.20579
https://doi.org/10.1080/14778238.2021.1884010
https://doi.org/10.1080/14778238.2021.1884010
https://doi.org/10.1111/gcb.15588
https://doi.org/10.1111/gcb.15588
https://doi.org/10.1007/s13593-020-00654-z
https://doi.org/10.1007/s13593-020-00654-z
https://doi.org/10.3390/agriculture11121269
https://doi.org/10.3390/agriculture11121269
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FP1 Outcome: 
1.9 Last mile 
provider 
(extension 
partners, 
farmers 
organizations, 
community-
based 
organizations, 
private sector) 
increased 
access and 
promotion of 
technologies to 
farmers 

 
• Increase 
capacity of 
beneficiaries 
to adopt 
research 
outputs 

Progress mainly driven by 
bilateral projects, at similar 
levels to 2020. Notable 
learnings were: MELIA study 
S3706 - Farmer decision-
making processes: How 
effective are linkages between 
women farmers and service 
providers?; S3707 - Do partner 
entrepreneur engagement 
strategies to deploy the 
MPower-U tool work?; S4286 - 
Ways forward for smallholder-
friendly farm mechanization in 
Morocco; S4413 - Scaling out 
Climate-Smart Agricultural 
Practices in South Asia's Indo-
Ganges Plains; S4431 - Farmers 
who adopted only one or two 
of the three CA principles 
obtained higher yield and 
income than those who 
continued with conventional 
agriculture. 

  
2021 - Value 
chain analyses 
for selected 
wheat 
producers and 
R&D 
implications 
assessed. 

  
Completed 

  
Small component of project portfolio under WHEAT. 
Madagascar value chain study completed; high-level 
foresight study (S4430 - Staple cereals will continue to 
play a critical role for food security till 2050 in low- and 
middle-income countries). 

  
https://marlo.cgiar.org/proje
cts/Wheat/study.do?expecte
dID=4245&edit=true&phaseI
D=324 
https://marlo.cgiar.org/proje
cts/Wheat/study.do?expecte
dID=4430&edit=true&phaseI
D=324 
 

https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4245&edit=true&phaseID=324
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4245&edit=true&phaseID=324
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4245&edit=true&phaseID=324
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4245&edit=true&phaseID=324
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4430&edit=true&phaseID=324
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4430&edit=true&phaseID=324
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4430&edit=true&phaseID=324
https://marlo.cgiar.org/projects/Wheat/study.do?expectedID=4430&edit=true&phaseID=324
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FP2 

  
FP2 Outcome: 
2.4 Crop 
researchers 
world-wide 
increased use 
of novel 
germplasm and 
tools for 
validation, 
refinement and 
development of 
products 

  
• Adoption of 
CGIAR 
materials with 
enhanced 
genetic gains 

  
With regard to foresight and 
targeting, FP2 and partner 
scientists produced several 
outputs, including 
documenting private and 
public sector consensus on 
future pre-competitive wheat 
productivity and on wheat 
root research. New novel 
genetic diversity knowledge 
was generated, including 
about grain yield traits (GY), 
biological nitrification 
inhibition (BNI), early 
generation genomic selection 
and leaf and yellow rust 
resistance (see Innovations). 
FP2 scientists also developed 
new methods and tools, such 
as a software to interplay 
enviromics and quantitative 
genomics, an R-Package for 
Genomic Selection and deep 
learning (DL) applications for 
genomic prediction and 
selection in wheat breeding. 

  
2020 extended 
to 2021 - Gene 
editing 
successfully 
implemented 
for Lr67 and/or 
MLO genes to 
develop 
tolerance to 
wheat diseases. 

  
Completed 

  
Strategy for rusts resistance updated, see document 
below; new genetic knowledge and improved 
prediction/selection approached applied in breeding 
strategies. 

  
https://repository.cimmyt.or
g/handle/10883/21733 
 
https://repository.cimmyt.or
g/handle/10883/21079 
 
https://doi.org/10.3390/plan
ts10030558 
 
https://www.cimmyt.org/co
ntent/uploads/2021/06/CIM
MYT-Strategy-for-Adult-
Plant-Resistance-APR.pdf 
 
https://repository.cimmyt.or
g/xmlui/bitstream/handle/1
0883/21779/64762.pdf?sequ
ence=1&isAllowed=y 
 
https://repository.cimmyt.or
g/handle/10883/21707 
 

https://repository.cimmyt.org/handle/10883/21733
https://repository.cimmyt.org/handle/10883/21733
https://repository.cimmyt.org/handle/10883/21079
https://repository.cimmyt.org/handle/10883/21079
https://doi.org/10.3390/plants10030558
https://doi.org/10.3390/plants10030558
https://www.cimmyt.org/content/uploads/2021/06/CIMMYT-Strategy-for-Adult-Plant-Resistance-APR.pdf
https://www.cimmyt.org/content/uploads/2021/06/CIMMYT-Strategy-for-Adult-Plant-Resistance-APR.pdf
https://www.cimmyt.org/content/uploads/2021/06/CIMMYT-Strategy-for-Adult-Plant-Resistance-APR.pdf
https://www.cimmyt.org/content/uploads/2021/06/CIMMYT-Strategy-for-Adult-Plant-Resistance-APR.pdf
https://repository.cimmyt.org/xmlui/bitstream/handle/10883/21779/64762.pdf?sequence=1&isAllowed=y
https://repository.cimmyt.org/xmlui/bitstream/handle/10883/21779/64762.pdf?sequence=1&isAllowed=y
https://repository.cimmyt.org/xmlui/bitstream/handle/10883/21779/64762.pdf?sequence=1&isAllowed=y
https://repository.cimmyt.org/xmlui/bitstream/handle/10883/21779/64762.pdf?sequence=1&isAllowed=y
https://repository.cimmyt.org/handle/10883/21707
https://repository.cimmyt.org/handle/10883/21707
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2020 extended 
to 2021 - 1) Lr67 
knockouts 
identified in 
Reedling. 
2) screening for 
rust resistance 
initiated in 
greenhouse. 
3) guide RNA 
molecules 
designed for 
MLO, vectors 
made, and 
transformation 
initiated in 
Reedling. 

  
Completed 

  
Deliverables completed, including gene editing 
milestone. 

  
https://repository.cimmyt.or
g/bitstream/handle/10883/2
1655/64227.pdf?sequence=1
&isAllowed=y 
 
https://repository.cimmyt.or
g/bitstream/handle/10883/2
1927/64977.pdf?sequence=1
&isAllowed=y 
 
https://doi.org/10.1016/j.cj.
2021.07.004 
 
https://repository.cimmyt.or
g/bitstream/handle/10883/2
1924/64972.pdf?sequence=1 
 

https://repository.cimmyt.org/bitstream/handle/10883/21655/64227.pdf?sequence=1&isAllowed=y
https://repository.cimmyt.org/bitstream/handle/10883/21655/64227.pdf?sequence=1&isAllowed=y
https://repository.cimmyt.org/bitstream/handle/10883/21655/64227.pdf?sequence=1&isAllowed=y
https://repository.cimmyt.org/bitstream/handle/10883/21655/64227.pdf?sequence=1&isAllowed=y
https://repository.cimmyt.org/bitstream/handle/10883/21927/64977.pdf?sequence=1&isAllowed=y
https://repository.cimmyt.org/bitstream/handle/10883/21927/64977.pdf?sequence=1&isAllowed=y
https://repository.cimmyt.org/bitstream/handle/10883/21927/64977.pdf?sequence=1&isAllowed=y
https://repository.cimmyt.org/bitstream/handle/10883/21927/64977.pdf?sequence=1&isAllowed=y
https://doi.org/10.1016/j.cj.2021.07.004
https://doi.org/10.1016/j.cj.2021.07.004
https://repository.cimmyt.org/bitstream/handle/10883/21924/64972.pdf?sequence=1
https://repository.cimmyt.org/bitstream/handle/10883/21924/64972.pdf?sequence=1
https://repository.cimmyt.org/bitstream/handle/10883/21924/64972.pdf?sequence=1


2021 CRP Annual Report 

34 
 

  
  

  
  

  
  

  
  

  
2020 extended 
to 2021 - In 
collaboration 
with Julius 
Kuehn Institute 
and the Wheat 
Initiative in 
Berlin, develop 
global HeDWIC 
initiatives, 
including 
Doctoral 
Training 
Program. 

  
Completed 

  
Project collaboration with JKI is running (TERTIUS 
project). HEDWIC is associated with Wheat Initiative's 
AHEAD program & HeDWIC PhD students selected and 
working on projects. 

  
https://hedwic.org/capacity-
building/ 
 
https://www.wheatinitiative.
org/ahead 
 
https://www.julius-
kuehn.de/en/press-
releases/pressemeldung/ne
ws/with-an-improved-root-
system-to-higher-drought-
tolerance-in-wheat/ 
 

  
  

  
  

  
  

  
  

  
2021 - GS 
models 
incorporating 
GxE and 
environmental 
co-variates are 
on average 5% 
more accurate 
than models 
without 
incorporation. 

  
Completed 

  
FP2 scientists demonstrated that identifying an 
environmental index (i.e., a combination of 
environmental parameter and growth window) enables 
genome-wide association studies and genomic selection 
of complex traits to be conducted with an explicit 
environmental dimension. Another group of scientists 
evaluated three different genome-enabled prediction 
models (M1–M3) to study the effect of the sparse testing 
in terms of the genomic prediction accuracy. Another 
study found that for grain yield the prediction 
performance was highest using a multi-trait compared to 
a single-trait model. The higher the absolute genetic 
correlation between traits the greater the benefits of 
multi-trait models for increasing the genomic-enabled 
prediction accuracy of traits. 

  
https://repository.cimmyt.or
g/handle/10883/21499 
 
https://repository.cimmyt.or
g/handle/10883/21659 
 
https://repository.cimmyt.or
g/handle/10883/21696 
 

https://hedwic.org/capacity-building/
https://hedwic.org/capacity-building/
https://www.wheatinitiative.org/ahead
https://www.wheatinitiative.org/ahead
https://www.julius-kuehn.de/en/press-releases/pressemeldung/news/with-an-improved-root-system-to-higher-drought-tolerance-in-wheat/
https://www.julius-kuehn.de/en/press-releases/pressemeldung/news/with-an-improved-root-system-to-higher-drought-tolerance-in-wheat/
https://www.julius-kuehn.de/en/press-releases/pressemeldung/news/with-an-improved-root-system-to-higher-drought-tolerance-in-wheat/
https://www.julius-kuehn.de/en/press-releases/pressemeldung/news/with-an-improved-root-system-to-higher-drought-tolerance-in-wheat/
https://www.julius-kuehn.de/en/press-releases/pressemeldung/news/with-an-improved-root-system-to-higher-drought-tolerance-in-wheat/
https://www.julius-kuehn.de/en/press-releases/pressemeldung/news/with-an-improved-root-system-to-higher-drought-tolerance-in-wheat/
https://repository.cimmyt.org/handle/10883/21499
https://repository.cimmyt.org/handle/10883/21499
https://repository.cimmyt.org/handle/10883/21659
https://repository.cimmyt.org/handle/10883/21659
https://repository.cimmyt.org/handle/10883/21696
https://repository.cimmyt.org/handle/10883/21696
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2021 - High 
value historic 
phenotypic, 
genotypic and 
genealogical 
data curated 
and stored in 
centralized 
publicly 
accessible data 
repositories. 

  
Completed 

  
All data for which funder agreements allow public access 
is made available via the evidence links below, after 
going through a curation and upload process. 

  
https://data.mel.cgiar.org/ 
 
https://data.cimmyt.org/ 
 

  
  

  
FP2 Outcome: 
2.5 Breeders 
develop 
improved 
varieties more 
efficiently 
through greater 
access and use 
of documented 
germplasm and 
tools 

  
• Adoption of 
CGIAR 
materials with 
enhanced 
genetic gains 

  
Progress continued on 
Enterprise Breeding Software 
(EBS) development in 2021. 
Pilot programs have been 
implemented and full roll out 
of all modules of the system is 
on schedule. The data 
repository systems of CIMMYT 
and ICARDA enable breeders 
to have access to the 
information they require at 
their convenience. The 
number and availability of 
technical enabling tools such as 
verified markers was expanded 
through new developments by 
WHEAT scientists and 
dissemination of information 
and service provision in 
collaboration with EiB. 

  
2020 extended 
to 2021 - 
Centralized 
breeding data 
management 
system and 
associated tools 
deployed to 
provide 
breeding teams 
with better 
access to 
germplasm, 
genealogical, 
and phenotypic 
data 

  
Completed 

  
WHEAT team, in collaboration with CGIAR Excellence in 
Breeding (EiB), finalized implementation of a centralized 
breeding data management system, used by WHEAT and 
national agricultural research systems (NARS) breeders 
and researchers. Breeders have shown interest in the use 
of enhanced decision support tools and have contributed 
their insights to the gathering of requirements related to 
data validation and analysis. 

  
https://excellenceinbreeding
.org/event/transforming-
wheat-breeding-through-
integrated-data-
management-gobii-and-
analysis-flapjack 
 
https://excellenceinbreeding
.org/news/new-platform-
harnesses-data-
%E2%80%93-and-unleashes-
breeders%E2%80%99-time 
 

https://data.mel.cgiar.org/
https://data.cimmyt.org/
https://excellenceinbreeding.org/event/transforming-wheat-breeding-through-integrated-data-management-gobii-and-analysis-flapjack
https://excellenceinbreeding.org/event/transforming-wheat-breeding-through-integrated-data-management-gobii-and-analysis-flapjack
https://excellenceinbreeding.org/event/transforming-wheat-breeding-through-integrated-data-management-gobii-and-analysis-flapjack
https://excellenceinbreeding.org/event/transforming-wheat-breeding-through-integrated-data-management-gobii-and-analysis-flapjack
https://excellenceinbreeding.org/event/transforming-wheat-breeding-through-integrated-data-management-gobii-and-analysis-flapjack
https://excellenceinbreeding.org/event/transforming-wheat-breeding-through-integrated-data-management-gobii-and-analysis-flapjack
https://excellenceinbreeding.org/news/new-platform-harnesses-data-%E2%80%93-and-unleashes-breeders%E2%80%99-time
https://excellenceinbreeding.org/news/new-platform-harnesses-data-%E2%80%93-and-unleashes-breeders%E2%80%99-time
https://excellenceinbreeding.org/news/new-platform-harnesses-data-%E2%80%93-and-unleashes-breeders%E2%80%99-time
https://excellenceinbreeding.org/news/new-platform-harnesses-data-%E2%80%93-and-unleashes-breeders%E2%80%99-time
https://excellenceinbreeding.org/news/new-platform-harnesses-data-%E2%80%93-and-unleashes-breeders%E2%80%99-time
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2020 extended 
to 2021 - 
Centralized 
breeding data 
management 
system and 
associated tools 
deployed to 
provide 
breeders with 
better access to 
germplasm, 
genealogical, 
phenotypic, and 
genotypic data  

  
Partially 

Complete 

  
The datasets published through the Dataverse repository 
are being used for multi-year multi-locations data 
analysis for genomic predictions and other types of data 
analyses that enhance development of improved 
varieties. 

  
https://excellenceinbreeding
.org/event/transforming-
wheat-breeding-through-
integrated-data-
management-gobii-and-
analysis-flapjack 
 
https://excellenceinbreeding
.org/news/new-platform-
harnesses-data-
%E2%80%93-and-unleashes-
breeders%E2%80%99-time 
 

  
  

  
  

  
  

  
  

  
2020 extended 
to 2021 - 
Centralized 
breeding data 
management 
system and 
associated tools 
enhanced with 
prioritized 
functionalities 
for current and 
future users 

  
Partially 

Complete 

  
The software is still under testing and development 
phase.  

  
https://excellenceinbreeding
.org/toolbox/tools/enterpris
e-breeding-system-ebs 
 

https://excellenceinbreeding.org/event/transforming-wheat-breeding-through-integrated-data-management-gobii-and-analysis-flapjack
https://excellenceinbreeding.org/event/transforming-wheat-breeding-through-integrated-data-management-gobii-and-analysis-flapjack
https://excellenceinbreeding.org/event/transforming-wheat-breeding-through-integrated-data-management-gobii-and-analysis-flapjack
https://excellenceinbreeding.org/event/transforming-wheat-breeding-through-integrated-data-management-gobii-and-analysis-flapjack
https://excellenceinbreeding.org/event/transforming-wheat-breeding-through-integrated-data-management-gobii-and-analysis-flapjack
https://excellenceinbreeding.org/event/transforming-wheat-breeding-through-integrated-data-management-gobii-and-analysis-flapjack
https://excellenceinbreeding.org/news/new-platform-harnesses-data-%E2%80%93-and-unleashes-breeders%E2%80%99-time
https://excellenceinbreeding.org/news/new-platform-harnesses-data-%E2%80%93-and-unleashes-breeders%E2%80%99-time
https://excellenceinbreeding.org/news/new-platform-harnesses-data-%E2%80%93-and-unleashes-breeders%E2%80%99-time
https://excellenceinbreeding.org/news/new-platform-harnesses-data-%E2%80%93-and-unleashes-breeders%E2%80%99-time
https://excellenceinbreeding.org/news/new-platform-harnesses-data-%E2%80%93-and-unleashes-breeders%E2%80%99-time
https://excellenceinbreeding.org/toolbox/tools/enterprise-breeding-system-ebs
https://excellenceinbreeding.org/toolbox/tools/enterprise-breeding-system-ebs
https://excellenceinbreeding.org/toolbox/tools/enterprise-breeding-system-ebs
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2021 - Greater 
number 
(compared to 
2016) of 
breeder-ready 
markers/high-
value 
haplotypes for 
prioritized traits 
identified and 
validated (under 
FP2) and 
deployed in 
non-CGIAR 
and/or partner 
breeding 
programs (FP3; 
partners) 

  
Completed 

  
Haplotypes for stripe rust resistance and septoria tritici 
blotch were identified in 2021. Marker profiles and 
associated data are available to wheat breeders globally 
through the low-density marker service of EiB.   

  
https://doi.org/10.1007/s00
122-021-03801-6 
 
https://doi.org/10.1094/PHY
TO-05-20-0172-R 
 

  
FP3 

  
FP3 Outcome: 
3.2 Partner 
breeding teams 
increased 
multidisciplinar
y and multi-
institutional 
collaboration 

  
• Enhanced 
institutional 
capacity of 
partner 
research 
organizations 

  
Significant progress was made 
in the surveillance of diseases 
in 2021 with rust monitoring 
systems proving effective in 
Iraq and Ethiopia, while 
research continued in the 
development of high yielding, 
disease resistant varieties. 70 
new varieties containing at 
least one CGIAR parent were 
released in 2021. 

  
2021 - 2021 
Functional 
Global Rust 
Monitoring 
System tracks 
the evolution 
and spread of 
new races with 
participating 
NARS partners 

  
Completed 

  
Wheat rust surveillance in Ethiopia found high infection 
levels for yellow rust (44%) and stripe rust (34%) in a 
2021 study by Meyer et al. While the common rust race 
UG99 was detected in Iraq for the first time also in 2019 
(Nazari et al). 
  

  
https://doi.org/10.1371/jour
nal.pone.0245697 
 
https://doi.org/10.1094/PDI
S-02-21-0404-PDN 
 

https://doi.org/10.1007/s00122-021-03801-6
https://doi.org/10.1007/s00122-021-03801-6
https://doi.org/10.1094/PHYTO-05-20-0172-R
https://doi.org/10.1094/PHYTO-05-20-0172-R
https://doi.org/10.1371/journal.pone.0245697
https://doi.org/10.1371/journal.pone.0245697
https://doi.org/10.1094/PDIS-02-21-0404-PDN
https://doi.org/10.1094/PDIS-02-21-0404-PDN
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2020 extended 
to 2021 - High 
yielding, 
disease-
resistant 
varieties 
adopted by 
farmers, 
therefore crop 
losses reduced 
and less 
chemicals used 
in targeted 
countries. 

  
Completed 

  
No adoption studies were completed in 2021, however 
progress on yield, disease resistance and other traits was 
made in 2021. 70 new varieties containing at least one 
CGIAR parent were released in 2021.  

  
https://doi.org/10.1371/jour
nal.pone.0245697 
 
https://archive.wheat.org/d
ownload/2021-wheat-
variety-releases/ 
 
https://doi.org/10.3390/rs13
071373 
 
https://doi.org/10.3329/bjb.
v50i1.52671 
 
https://doi.org/10.1016/j.eja
.2021.126370 
 

  
  

  
FP3 Outcome: 
3.3 Partner 
breeding teams 
improved 
breeding 
processes by 
adopting new 
technologies, 
methodologies, 
approaches and 
genetic 
resources 

  
• Adoption of 
CGIAR 
materials with 
enhanced 
genetic gains 

  
In 2021 we continued to work 
closely with our NARS partners 
to improve their breeding 
processes, providing ad-hoc 
guidance to go with the 
germplasm we regularly share, 
that has traits adapted to and 
desirable for their regions or 
growing locations. 

  
2021 - adoption 
of shorter 
duration 
varieties 
increases 
cropping 
intensity & 
diversification in 
3-6 target 
countries/sites 

  
Partially 

Complete 

  
A study considering early sowing in South Asia was 
completed, while 70 new varieties containing at least one 
CGIAR parent were released in 2021, many of which had 
a shorter maturation cycle as one of their traits. We are 
unable to confirm if such varieties were adopted in 3-6 
target countries in 2021, but we did make progress 
toward this milestone.  

  
https://doi.org/10.3390/gen
es12111808 
 
https://archive.wheat.org/d
ownload/2021-wheat-
variety-releases/ 
 

https://doi.org/10.1371/journal.pone.0245697
https://doi.org/10.1371/journal.pone.0245697
https://archive.wheat.org/download/2021-wheat-variety-releases/
https://archive.wheat.org/download/2021-wheat-variety-releases/
https://archive.wheat.org/download/2021-wheat-variety-releases/
https://doi.org/10.3390/rs13071373
https://doi.org/10.3390/rs13071373
https://doi.org/10.3329/bjb.v50i1.52671
https://doi.org/10.3329/bjb.v50i1.52671
https://doi.org/10.1016/j.eja.2021.126370
https://doi.org/10.1016/j.eja.2021.126370
https://doi.org/10.3390/genes12111808
https://doi.org/10.3390/genes12111808
https://archive.wheat.org/download/2021-wheat-variety-releases/
https://archive.wheat.org/download/2021-wheat-variety-releases/
https://archive.wheat.org/download/2021-wheat-variety-releases/
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2021 - At least 
600 new elite 
lines generated 
by the CRP 
Wheat breeding 
programs made 
available to 
NARS partners 
through 
international 
trials and 
nurseries. 

  
Completed 

  
70 new varieties containing at least one CGIAR parent 
were released in 2021, most of which will have come via 
the seed ordering systems of CIMMYT and ICARDA (see 
evidence links).  

  
https://archive.wheat.org/d
ownload/2021-wheat-
variety-releases/ 
 
https://indms.icarda.org/ 
 
https://www.cimmyt.org/res
ources/seed-request/ 
 

  
  

  
FP3 Outcome: 
3.4 CRP 
commodities 
enhanced 
engagement in 
joint lobbying 
for speeding-up 
release of 
improved 
varieties 

  
• Increased 
capacity for 
innovations in 
partner 
research 
organizations 

  
70 new varieties containing at 
least one CGIAR parent were 
released in 2021, while we 
continued to work with and 
fund a large network of 
phenotyping platforms for a 
variety of traits. 

  
2020 extended 
to 2021 - fully 
operational, 
integrated 
network of 15 
precision 
phenotyping 
platforms, 
germplasm 
exchange 
between NARS 
platforms 

  
Completed 

  
In 2021 the network of phenotyping platforms was 
maintained, and funded via partnership grants, for traits 
such as heat, drought, yield and disease resistance. 

  
https://doi.org/10.1109/MG
RS.2020.2998816 
 

https://archive.wheat.org/download/2021-wheat-variety-releases/
https://archive.wheat.org/download/2021-wheat-variety-releases/
https://archive.wheat.org/download/2021-wheat-variety-releases/
https://indms.icarda.org/
https://www.cimmyt.org/resources/seed-request/
https://www.cimmyt.org/resources/seed-request/
https://doi.org/10.1109/MGRS.2020.2998816
https://doi.org/10.1109/MGRS.2020.2998816
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2021 - At least 
20 new, more 
productive, 
disease resistant 
and climate 
resilient wheat 
varieties 
released by 8-10 
partner 
countries after 
completing the 
mandatory 
performance 
evaluations  

  
Completed 

  
70 new varieties containing at least one CGIAR parent 
were released in 2021 

  
https://archive.wheat.org/d
ownload/2021-wheat-
variety-releases/ 
 

https://archive.wheat.org/download/2021-wheat-variety-releases/
https://archive.wheat.org/download/2021-wheat-variety-releases/
https://archive.wheat.org/download/2021-wheat-variety-releases/
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FP3 Outcome: 
3.7 Extension 
partners 
(universities, 
national/state/
provincial 
governments) 
increased 
access and 
promotion of 
adoption of 
improved 
varieties to 
farmers, and 
increased 
investment in 
emerging 
private sector 
circumstances 

  
• Reduced 
smallholders 
production risk 

  
70 new varieties containing at 
least one CGIAR parent were 
released in 2021. These 
varieties were all released by 
WHEAT extension partners, 
mainly by NARS. We continued 
to work with NARS to ensure 
their processes were strong 
and the varieties released are 
adapted to local conditions 
and therefore desirable by 
local farmers. 

  
2020 extended 
to 2021 - 
improved, 
documented 
understanding 
of specific 
wheat seed 
systems 
(farmer's seed 
commercial 
behavior, seed 
demand and 
marketing, 
economics of 
seed 
production) / 2-
3 NARES 
identified 
performance 
gaps, capacity 
development 
needs, to 
identify, realize 
relevant cap dev 
interventions at 
apt levels. 

  
Completed 

  
Small incremental improvements to our knowledge of 
wheat seed systems were made in 2022 in climate smart 
agriculture practices, yield gaps and the impact of the 
COVID-19 pandemic. 

  
https://doi.org/10.3390/agri
culture11121269 
 
https://doi.org/10.1007/s13
593-020-00654-z 
 
https://doi.org/10.1016/j.ag
sy.2021.103178 
 
https://archive.wheat.org/d
ownload/2021-wheat-
variety-releases/ 
 

https://doi.org/10.3390/agriculture11121269
https://doi.org/10.3390/agriculture11121269
https://doi.org/10.1007/s13593-020-00654-z
https://doi.org/10.1007/s13593-020-00654-z
https://doi.org/10.1016/j.agsy.2021.103178
https://doi.org/10.1016/j.agsy.2021.103178
https://archive.wheat.org/download/2021-wheat-variety-releases/
https://archive.wheat.org/download/2021-wheat-variety-releases/
https://archive.wheat.org/download/2021-wheat-variety-releases/
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FP3 Outcome: 
3.12 Non-and-
subsistence 
farmers 
adopted 
improved 
varieties 

  
• Reduce pre- 
and post-
harvest losses, 
including 
those caused 
by climate 
change 

  
70 new varieties containing at 
least one CGIAR parent were 
released in 2021, however no 
adoption study was completed 
in 2021. We continue to make 
our varieties and germplasm 
readily available to our NARS 
partners. 

  
2020 extended 
to 2021 - 
Greater farmer 
adoption of 
released 
varieties (based 
on CGIAR 
research) in 
specific WHEAT 
target countries, 
compared to 
1994-2014 
average. 

  
Partially 

Complete 

  
No variety adoption study was completed in 2021, 
however, 70 new varieties containing at least one CGIAR 
parent were released in 2021 

  
https://archive.wheat.org/d
ownload/2021-wheat-
variety-releases/ 
 

  
  

  
  

  
  

  
  

  
2021 - Pre-
release seed 
production 
accelerates the 
dissemination of 
new varieties in 
2-3 target 
countries. 

  
Completed 

  
70 new varieties containing at least one CGIAR parent 
were released in 2021. We continue to work with NARS 
partners on their ensuring they are provided with elite 
lines containing traits that are required and valued under 
local conditions.  

  

https://archive.wheat.org/download/2021-wheat-variety-releases/
https://archive.wheat.org/download/2021-wheat-variety-releases/
https://archive.wheat.org/download/2021-wheat-variety-releases/
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FP4 

  
FP4 Outcome: 
4.4 NARS 
increased use 
of participatory 
approach in 
system 
research 

  
• Enhanced 
institutional 
capacity of 
partner 
research 
organizations 

  
NARS partner scientists 
investigated six farm 
management scenarios (multi-
year, on-farm trials in India) 
and showed that Climate-
Smart Agricultural Practices 
(CSAPs) reduced global 
warming potential (e.g. 
mitigation impact thru GHG 
reductions) and improved 
nitrogen productivity, eco-
efficiency and yield during 
good and bad years (compared 
to business-as-usual). – see 
Table 10 (4413). Brown et al 
(2021) visualized adoption 
processes involving NARS and 
farmers alike in their case 
study of Nepal Terai, while Jat 
et al (2021) completed a 
similar analysis for the 
adoption of conservation 
agriculture in the Indo-
Gangetic plains. COVID 
impacted WHEAT's ability to 
interact with NARS in 2021. 

  
2021 - Use of 
participatory 
methods by 
NARS in Mexico, 
India, Nepal, 
Bangladesh 
assessed and 
documented. 

  
Partially 

Complete 

  
Despite COVID, we were able to complete some studies 
showing participatory approaches and the value of them, 
however this milestone is an ongoing challenge needing 
consistent follow up for the foreseeable future. Through 
studies we were able to demonstrate the value of NARS 
in decision making for adoption of technologies and 
systems in India and Nepal. 

  
https://doi.org/10.3390/agri
culture11121269 
 
https://doi.org/10.1080/147
35903.2020.1817655 
 
https://doi.org/10.1016/j.ag
sy.2021.103200 
 

https://doi.org/10.3390/agriculture11121269
https://doi.org/10.3390/agriculture11121269
https://doi.org/10.1080/14735903.2020.1817655
https://doi.org/10.1080/14735903.2020.1817655
https://doi.org/10.1016/j.agsy.2021.103200
https://doi.org/10.1016/j.agsy.2021.103200


2021 CRP Annual Report 

44 
 

  
  

  
FP4 Outcome: 
4.8 Actors in SI 
increased 
consideration 
and integration 
of gender and 
social inclusion 
into policies, 
processes and 
practices. 

  
• Technologies 
that reduce 
women`s labor 
and energy 
expenditure 
adopted 

  
In 2021 we found that in the 
practice of zero-tillage, 
existing inequalities were not 
reinforced or deepened from 
its use (Brown et al, 2021), 
while the use of conservation 
agriculture practices reduces 
the need for drudgery labor by 
women and youth (Gathala et 
al, 2021). Gebreyes et al 
(2021) meanwhile found that 
in the process of scaling in 
wheat and other crop systems, 
consideration of the social 
aspects (gender and youth) is 
equally as important as the 
technical. 

  
2020 extended 
to 2021 - 
Adaptive 
research 
improves 
understanding 
of gender, youth 
and adoption, 
adaptation and 
scaling-up 
processes, with 
focus on market 
demand as 
trigger of 
innovation. 

  
Completed 

  
In 2021 we were able to increase our understanding of 
gender, youth and adoption, adaptation and scaling-up 
processes through studies in adoption and use of zero-
tillage and conservation agriculture practices. Our 
knowledge of the scaling process was also improved, 
where we found that gender and youth considerations 
are factors (among other social factors) that are equally 
as important as the technical correctness of a solution or 
an intervention in wheat and other crop-based systems. 
  

  
https://doi.org/10.1177%2F0
0307270211013823 
 
https://doi.org/10.1016/j.tec
hsoc.2021.101591 
 
https://doi.org/10.1371/jour
nal.pone.0251958 
 
https://doi.org/10.1080/147
35903.2020.1817655 
 
https://doi.org/10.1016/j.wo
rlddev.2020.105266 
 
https://doi.org/10.1057/s41
287-020-00281-0 
 

  
  

  
  

  
  

  
  

  
2021 - more 
team work and 
interdisciplinary 
research 
practice in 10-15 
partner 
organizations in 
specific scaling-
out projects. 

  
Completed 

  
Three scaling focused studies were completed in 2021 
contributing to our knowledge area with impact upon 
partner organizations. 

  
https://doi.org/10.1080/147
35903.2020.1817655 
 
https://doi.org/10.1016/j.tec
hsoc.2021.101591 
 
https://doi.org/10.1371/jour
nal.pone.0251958 
 

https://doi.org/10.1177%2F00307270211013823
https://doi.org/10.1177%2F00307270211013823
https://doi.org/10.1016/j.techsoc.2021.101591
https://doi.org/10.1016/j.techsoc.2021.101591
https://doi.org/10.1371/journal.pone.0251958
https://doi.org/10.1371/journal.pone.0251958
https://doi.org/10.1080/14735903.2020.1817655
https://doi.org/10.1080/14735903.2020.1817655
https://doi.org/10.1016/j.worlddev.2020.105266
https://doi.org/10.1016/j.worlddev.2020.105266
https://doi.org/10.1057/s41287-020-00281-0
https://doi.org/10.1057/s41287-020-00281-0
https://doi.org/10.1080/14735903.2020.1817655
https://doi.org/10.1080/14735903.2020.1817655
https://doi.org/10.1016/j.techsoc.2021.101591
https://doi.org/10.1016/j.techsoc.2021.101591
https://doi.org/10.1371/journal.pone.0251958
https://doi.org/10.1371/journal.pone.0251958
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2021 - increased 
adoption of 
combinations of 
SI strategies, 
technologies in 
specific target 
geographies 
with poverty 
reduction 
impact 
compared to 
2019 

  
Completed 

  
Factors and drivers of adoption of conservation 
agriculture - a sustainable intensification contributor - 
were considered by Jat et al (2021) while Brown et al 
(2021) found exposure and ownership gaps contributed 
to lower adoption rates in Nepal Terai. 

  
https://doi.org/10.1080/147
35903.2020.1817655 
 
https://doi.org/10.1016/j.ag
sy.2021.103200 
 

  
  

  
FP4 Outcome: 
4.9 Smallholder 
farmers 
increased their 
capacity to 
adopt and 
adapt SI 
practices and 
products 
(associated 
with 
crosscutting 
sub-IDO). 

  
• Increased 
access to 
productive 
assets, 
including 
natural 
resources 

  
Adoption of sustainable 
intensification (SI) practices 
was studied, with key findings 
in nutrient use efficiency 
(NUE), greenhouse gas 
emissions (GHG) and water 
use efficiency (WUE). Timsana 
et al (2021) for example found 
planting dates and nutrient 
uptake to be important in 
NUE. For GHG emissions in 
Bangladesh could be reduced 
with the use of climate smart 
agriculture practices (Sapkota 
et al, 2021). Patra et al (2021) 
showed that conservation 
agriculture has a positive 
impact on both water-use 
efficiency and biomass. 

  
2021 - More 
resilient farms 
and landscapes 
with doubled 
NUE reduce 
GHG emissions 
in 2-4 WHEAT 
target 
geographies. 

  
Completed 

  
Two studies in nutrient use efficiency (NUE) were 
completed finding important gains in planting dates and 
nutrient uptake while the use of the nutrient expert and 
green seeker tools also had impact. Precision nutrient 
management coupled with permanent beds for maize-
wheat systems had the lowest greenhouse gas emissions 
of compared to non-permanent beds and nutrient 
management systems. Use of climate-smart crop and 
livestock management options can reduce greenhouse 
gas emissions in Bangladesh by 11% in 2030. Lower 
Global Warming Potential under Climate Smart 
Agriculture Practices resulted in 36–44% lower emission 
intensity. 

  
https://doi.org/10.1016/j.ag
sy.2021.103181 
 
https://doi.org/10.3390/agr
onomy11112320 
 
https://doi.org/10.1016/j.sci
totenv.2021.147344 
 
https://doi.org/10.3390/agri
culture11121269 
 

https://doi.org/10.1080/14735903.2020.1817655
https://doi.org/10.1080/14735903.2020.1817655
https://doi.org/10.1016/j.agsy.2021.103200
https://doi.org/10.1016/j.agsy.2021.103200
https://doi.org/10.1016/j.agsy.2021.103181
https://doi.org/10.1016/j.agsy.2021.103181
https://doi.org/10.3390/agronomy11112320
https://doi.org/10.3390/agronomy11112320
https://doi.org/10.1016/j.scitotenv.2021.147344
https://doi.org/10.1016/j.scitotenv.2021.147344
https://doi.org/10.3390/agriculture11121269
https://doi.org/10.3390/agriculture11121269
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2021 - Farmers 
in a further 2-3 
WHEAT 
(irrigated) target 
regions, using 
most water-
efficient 
cultivars and 
optimum 
agronomy and 
irrigation 
systems, 
achieve water 
use efficiency of 
ca 450 l/ kg 
grain can be 
achieved. 

  
Completed 

  
Studies showing the improved water use efficiency 
(WUE) of water pump selection for irrigation, the role of 
conservation agriculture, bed width and dry sowing of 
wheat in WUE were completed in 2021. 

  
https://doi.org/10.1016/j.ag
wat.2021.107070 
 
https://doi.org/10.1038/s41
598-021-93866-6 
 
https://doi.org/10.3390/agri
culture11100930 
 
https://doi.org/10.1016/j.fcr.
2021.108310 
 

  
  

  
FP4 Outcome: 
4.6 Private 
sector (and 
public sector) 
increased 
provision of 
services to 
smallholder 
farmers to 
increase their 
ability to adopt 
SI practices and 
products 

  
• Increase 
capacity of 
beneficiaries 
to adopt 
research 
outputs 

  
Valuable information for 
mechanization business 
models was produced by Aryal 
et al (2021) finding Economic 
assets, improved market and 
credit access and off farm 
income as factors increasing 
adoption of mechanization 
options. High potential for 
adoption of mechanization 
options meanwhile was found 
by Brown et al (2021) in Nepal 
showing routes for 
interventions by both public 
and private sector actors. 

  
2021 - Business 
models 
regarding 
mechanization 
in South Asia 
assessed and 
documented 

  
Partially 

Complete 

  
Not completed. This is because business models are not 
all able to be completed across WHEAT target 
environments due to cultural, political, economic and 
other environmental differences. Valuable information 
for business models was produced by Aryal et al (2021) 
finding Economic assets, improved market and credit 
access and off farm income as factors increasing 
adoption of mechanization. Great potential for adoption 
of mechanization options meanwhile was found by 
Brown et al (2021) in Nepal. 

  
https://doi.org/10.1016/j.tec
hsoc.2021.101591 
 
https://doi.org/10.1016/j.ag
sy.2021.103200 
 

https://doi.org/10.1016/j.agwat.2021.107070
https://doi.org/10.1016/j.agwat.2021.107070
https://doi.org/10.1038/s41598-021-93866-6
https://doi.org/10.1038/s41598-021-93866-6
https://doi.org/10.3390/agriculture11100930
https://doi.org/10.3390/agriculture11100930
https://doi.org/10.1016/j.fcr.2021.108310
https://doi.org/10.1016/j.fcr.2021.108310
https://doi.org/10.1016/j.techsoc.2021.101591
https://doi.org/10.1016/j.techsoc.2021.101591
https://doi.org/10.1016/j.agsy.2021.103200
https://doi.org/10.1016/j.agsy.2021.103200
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FP4 Outcome: 
4.10 
Smallholder 
farmers 
adopted and 
adapted SI 
practices and 
products 

  
• Closed yield 
gaps through 
improved 
agronomic and 
animal 
husbandry 
practices 

  
Jat et al (2021) showed that 
Conservation Agriculture (CA) 
based systems are more 
adapted to extreme climatic 
conditions and can mitigate 
the negative effects of climatic 
stresses like terminal heat, 
water stress and thereby helps 
in increasing crop yields to the 
tune of 0.4–0.8 t ha−1 per 
season over the conventional 
system. 

  
2021 - SI impact 
assessment 
study conducted 
in 2 countries 
(India, 
Bangladesh) 

  
Partially 

Complete 

  
An adoption study for conservation agriculture in India 
was conducted. No adoption study for Bangladesh was 
able to be published in 2021, one is due for publishing 
2022, delays caused by COVID, and poor performance of 
a local partner. 

  
https://doi.org/10.1080/147
35903.2020.1817655 
 

 

 

  

https://doi.org/10.1080/14735903.2020.1817655
https://doi.org/10.1080/14735903.2020.1817655
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Table 6: Numbers of peer-reviewed publications from current reporting period 

(Sphere of control) 

 
 

 
Number 

 
Percent 

 
Peer-Reviewed publications  

 
275 

 
100.0% 

 
Open Access  

 
201 

 
73% 

 
ISI 

 
252 

 

 
92% 
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Table 7: Participants in Capacity Development Activities 

 
Number of trainees 

 
Female 

 
Male 

 
In short-term programs facilitated by CRP/PTF 

 
1657 

 
9784 

 
In long-term programs facilitated by CRP/PTF 

 
42 

 
47 

 
PhDs 

 
9 

 
13 

 

Evidence Link: https://twk.pm/m8pk6v6eil  

  

https://twk.pm/m8pk6v6eil
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Table 8: Key external partnerships 

 
Lead FP 

 
Brief description of partnership aims (30 words) 

 
List of key partners in partnership.  

 
Main area of partnership (may 
choose multiple) 

 
FP1 

Assess wheat production and marketing potential in Southern Africa and 
possible investments in smallholder wheat development in the region.  

• CCARDESA - Centre for Coordination of 
Agricultural Research and Development 
for Southern Africa  

 
• Research 

 
FP1 

Data collection and local knowledge for the project. • BARI - Bangladesh Agricultural Research 
Institute  

 
• Research 

FP1 Data collection, local implementation, research and analysis. • BISA - Borlaug Institute for South Asia  • Research 
 
FP2 

A collaboration in the area of pre-breeding for nitrogen and other 
important wheat traits. 

• JIRCAS - Japan International Research 
Center for Agricultural Sciences  

 
• Research 

 
FP2 

Provides a detailed level of genetic analysis that we do not have in house. • DArT - Diversity Arrays Technology   
• Research 

 
FP2 

Storage of all accessions used in a project, provide feedback for 
requirements during database development.  

• AGB - Ankara Genbank  • Delivery 
• Research 

 
FP3 

Overall project leadership, reporting, monitoring progress, budgets, 
communication, genotyping, high throughput phenotyping, developing 
tools for electronic data capture, student training, etc. 

• KSU - Kansas State University   
• Research 

 
FP3 

Joint Monitoring Evaluation and Learning, data collection, organizing 
closing workshop, publication and documentation  

• EIAR - Ethiopian Institute of Agricultural 
Research  

 
• Research 

 
FP3 

Providing germplasm for wheat blast screening and conducting molecular 
analysis of their material.  

• CAAS - Chinese Academy of Agricultural 
Sciences  

• Research 
 

 
FP4 

Plan and design, together with other project partners, on-farm research 
trials, demonstration plots, farmer consultations, courses and associated 
studies and meetings. Lead partner for capacity building on scaling in Bihar.  

• ICAR-CAFRI - Indian Council of 
Agricultural Research - Central 
Agroforestry Research Institute  

 
• Capacity Development 
• Research 

 
FP4 

Plan and design, together with other project partners, the SRFSI 
demonstration plots, farmer consultations, courses and associated studies 
and meetings. Lead partner for capacity building on scaling in Eastern Terai.  

• NARC - Nepal Agricultural Research 
Council  

 
• Research 

 
FP4 

ZARI supports the project activities on variety screening, agronomic trials, 
and small mechanization trials. Works also on establishing and 
strengthening Innovation platforms for smallholder wheat commodity 
development.  

• ZARI - Zambia Agriculture Research 
Institute  

• Research 
• Capacity Development 
• Research 
• Capacity Development 
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Table 9: Internal Cross-CGIAR Collaborations  

 
Brief description of the collaboration 

 
Name(s) of 

collaborating CRP(s), 
Platform(s) or Center(s) 

 
Optional:  Value added, in a few 

words 

 
Collaboration in GENNOVATE project for analysis, data collection, etc.  

 
Gender 

 
Scientific, additional capacity and 
skills 

 
Implementation of FP1 activities and research in the Middle East and North Africa 
Region. 

 
ICARDA 

 
Local knowledge and capacity 

 
Development of the breeding software. 

 
IRRI 

Capacity and skills not available in-
house 

 
Adoption of genotypic data management system.  

 
ICARDA 

 
Implementation of the project locally 

 
Collaboration on traits for heat and drought, particularly under the HeDWIC project. 

 
CCAFS 

 
Scientific, additional capacity and 
skills 

Germplasm exchange, local implementation in Middle East and North Africa Region. ICARDA Local knowledge and capacity 
 
IFPRI leads the Policy Reform component of CSISA Phase III. Their activities support 
overall objectives and complement the other technical work streams.  

 
IFPRI 

 
Scientifically contributing skills we do 
not have in house 

 
Data collection, model parametrization, evaluation and paper writing. 

 
IITA 

 
Local knowledge and scientific 
capacity 

IFPRI leads the Policy Reform component of CSISA Phase III. Their activities are 
designed to serve the overall objectives of the project and complement the other 
technical work streams.  

 
IFPRI 

Scientifically contributing skills we do 
not have in house 

WHEAT and the Gender platform have significant linkages via WHEAT's FP1 and 
collaborated on several projects under GENNOVATE. 

Gender Scientific and capacity benefits 
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Table 10: Monitoring, Evaluation, Learning and Impact Assessment (MELIA)  

Studies/learning 
exercises delivered 
or documented in 
2021 

 
Status 

 
Type of study or 
activity 

 
Description of activity / study  

 
Links to MELIA publications 

 

S3702 - Synthesis 
products of 
foresight & 
targeting research 
related to wheat 
agri-food systems 
and plant health 
monitoring 

 

On-going 

 

Synthesis 
(secondary) 
study 

Synthesis/learning products of foresight & targeting research in relation to  • 
WHEAT Agri-food Systems (e.g. wheat consumption dynamics in Asia and Africa by 
2030/2050) & • plant health monitoring (e.g. wheat rusts tracking, wheat blast).  
Staple cereals will continue to play a critical role for food security till 2050, 
contributing nearly half of both daily calories and protein intake in low- and middle-
income countries in Africa and Asia. Climate-change impacts on nutrient levels in 
staple grains (focus on iron, zinc) might contribute to mineral deficiencies amongst 
at-risk populations. Researchers found that replacing refined with whole grains 
could help compensate the climate-change-related reductions in iron and zinc 
concentrations.  Several management strategies for mitigating the effects of wheat 
blast exits, but a holistic and sustainable approach is needed. The Magnaporthe 
oryzae Triticum (MoT) pathogen is fast-evolving and potentially devastating in 
various agro-ecological zones. A globally intensive effort is needed to prevent its 
spread. 

 

https://doi.org/10.3389/fsufs.2020
.617009 

https://repository.cimmyt.org/han
dle/10883/21598 

 
https://doi.org/10.3389/fpls.2021.
710707 

https://repository.cimmyt.org/han
dle/10883/21778 

S3703 - Tool 
development and 
data collection for 
global assessment 
of sustainable 
intensification 
with initial focus 
on South Asia 

 

Completed 

 

Correlates of 
adoption/impact 
study 

Tool development and data collection for global assessment of sustainable 
intensification with initial focus on South Asia: MAIZE, WHEAT and partner 
scientists drew evidence from a set of well-established scientific and economic 
databases (literature search) for studies on differential adoption of technologies 
within the selected farming communities). PRESS (Peer Review of Electronic Search 
Strategies (McGowan et al. 2016)) and PRISMA (Preferred Reporting Items for 
Systematic reviews and Meta-Analyses; Moher et al. 2009) guidelines followed. 
Subsequent literature selection process was completed in two stages.  

 

https://repository.cimmyt.org/han
dle/10883/21129 

 
https://doi.org/10.1177%2F00307
27020930728 

S3706 - Farmer 
decision-making 
processes: How 
effective are 
linkages between 

 

On-going 

 

Synthesis 
(secondary) 
study 

Synthesis report on farmer decision making processes evaluates the effectiveness 
of linkages between women farmers and service providers: "Feminization of 
agriculture processes offer everyone who works in wheat systems in South Asia 

https://repository.cimmyt.org/han
dle/10883/21503 
https://doi.org/10.1108/IJCCSM-
01-2020-0004 

https://doi.org/10.3389/fsufs.2020.617009
https://doi.org/10.3389/fsufs.2020.617009
https://repository.cimmyt.org/handle/10883/21598
https://repository.cimmyt.org/handle/10883/21598
https://doi.org/10.3389/fpls.2021.710707
https://doi.org/10.3389/fpls.2021.710707
https://repository.cimmyt.org/handle/10883/21778
https://repository.cimmyt.org/handle/10883/21778
https://repository.cimmyt.org/handle/10883/21129
https://repository.cimmyt.org/handle/10883/21129
https://doi.org/10.1177%2F0030727020930728
https://doi.org/10.1177%2F0030727020930728
https://repository.cimmyt.org/handle/10883/21503
https://repository.cimmyt.org/handle/10883/21503
https://doi.org/10.1108/IJCCSM-01-2020-0004
https://doi.org/10.1108/IJCCSM-01-2020-0004
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women farmers 
and service 
providers? 

opportunities to do things differently. Acknowledging the reality of change can 
empower women and strengthen wheat farming."  

 

S3707 - Do partner 
entrepreneur 
engagement 
strategies to 
deploy the 
MPower-U tool 
work? 
(entrepreneurial 
capabilities & 
creditworthiness 
testing) 

 

Completed 

 

Program/ project 
evaluation/ 
review 

 

Sustainable and resilient farming systems intensification in Eastern Indo-Gangetic 
Plains (SRFSI): Assessment of existing partner entrepreneur engagement strategies 
and deployment of the 'M Power-U' creditworthiness and entrepreneurial 
capabilities tool with existing SRFSI partners. Objective was to establish service 
providers and lead farmers, as part of a self-sustaining enabling environment, to 
scale Conservation Agriculture-based Sustainable Intensification (CASI). 

 

https://www.aciar.gov.au/sites/def
ault/files/2021-11/CSE-2011-077-
Final-Report.pdf 

http://ecodevsolutions.com/m-
power-u/ 

 

S4245 - 
Understanding the 
wheat value chain 
in Madagascar 

 

Completed 

Synthesis 
(secondary) 
study 

This study assessed Madagascar's wheat value chain, focusing on identifying the 
key actors along the value chain, the prospect of smallholder wheat production in 
Madagascar, competitiveness of smallholder-based domestic wheat production in 
comparison to other staple and commercial crops produced under the same 
agroecology, given the existing prices, whether producing wheat in the country is 
financially and economically feasible as compared to importation, etc.  

https://twk.pm/jen2lecppq 

https://www.ccardesa.org/wheat-
africa 

https://www.ifad.org/documents/
38714170/41244807/EU_IFAD_CI
MMYT_brief_W.pdf/6e12584d-
da42-9625-69e7-bb804a230025 

 

S4285 - 
Performance of 
elite legume, 
barley and wheat 
genotypes under 
conservation 
agriculture in 

 

Completed 

 

Qualitative 
Outcome Study: 
(mainly to 
substantiate 
contribution to 
policy or similar) 

 

For wheat, barley, lentil and chickpea yield was mainly influenced by rainfall 
amount and distribution (75–88% yield variation), and tillage x genotype was of 
little importance. The overall results suggest that a specific breeding program for 
CA in lentil, chickpea, wheat, and barley may not be efficient. Few tillage × 
genotype interaction, especially in dry years, indicated that breeding target on 
increasing HI, tolerance to drought (high yield in dry years), and potential yield 
(high yield in wet year) can help to improve yield performance in CA system. 
Varieties with wider adaptability considering drought tolerance, higher yield with 

 

https://hdl.handle.net/20.500.117
66/13306 

 

https://www.aciar.gov.au/sites/default/files/2021-11/CSE-2011-077-Final-Report.pdf
https://www.aciar.gov.au/sites/default/files/2021-11/CSE-2011-077-Final-Report.pdf
https://www.aciar.gov.au/sites/default/files/2021-11/CSE-2011-077-Final-Report.pdf
http://ecodevsolutions.com/m-power-u/
http://ecodevsolutions.com/m-power-u/
https://twk.pm/jen2lecppq
https://www.ccardesa.org/wheat-africa
https://www.ccardesa.org/wheat-africa
https://www.ifad.org/documents/38714170/41244807/EU_IFAD_CIMMYT_brief_W.pdf/6e12584d-da42-9625-69e7-bb804a230025
https://www.ifad.org/documents/38714170/41244807/EU_IFAD_CIMMYT_brief_W.pdf/6e12584d-da42-9625-69e7-bb804a230025
https://www.ifad.org/documents/38714170/41244807/EU_IFAD_CIMMYT_brief_W.pdf/6e12584d-da42-9625-69e7-bb804a230025
https://www.ifad.org/documents/38714170/41244807/EU_IFAD_CIMMYT_brief_W.pdf/6e12584d-da42-9625-69e7-bb804a230025
https://hdl.handle.net/20.500.11766/13306
https://hdl.handle.net/20.500.11766/13306
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Mediterranean 
rainfed conditions 

stability, and adoption of CA practices are important in the context of the 
Mediterranean rainfed environment. Integrating trade-off analysis between yield 
potential and stability in a rainfall gradient in both CT and CA in the national 
certification scheme of varieties may be more efficient than developing breeding 
programs for each type of tillage system. 

 

S4286 - Ways 
forward for 
smallholder-
friendly farm 
mechanization in 
Morocco 

 

Completed 

 

Synthesis 
(secondary) 
study 

Application of scale-appropriate agricultural machinery can bring a wide range of 
benefits in agriculture production. In Morocco, most agriculture operations are 
mechanized. Government provides subsides ranging from 30% to 70% to purchase 
agriculture machinery and equipment. The rate of agricultural mechanization has 
increased from 5 tractors per 1,000 ha in 2008 to 9 tractors per 1,000 ha in 2018, 
exceeding the FAO standard of 5 tractors per 1,000 ha. But agricultural tractors are 
still under-utilized (low annual operating time 400 to 600 hours/year), except for a 
few large, modern, often irrigated farms, especially orchards. Also, to improve 
mechanization-based efficiency gains, mechanization needs to be well adapted to 
local conditions. A marketing network for mechanization and service delivery is 
needed, to support small farmers in easily accessing reasonably priced machinery.  

 

https://hdl.handle.net/20.500.117
66/66344 

 

 

S4287 - Making 
lower cost, faster 
nutritional/end-
use quality traits 
testing available 
to researchers 
worldwide 

 

Completed 

 

Other MELIA 
activity 

 

CGIAR NIR Database project aimed at providing new tools for nutritional and end-
use quality data management while facilitating the analysis of a greater number of 
traits and increasing the accuracy of non-destructive and cost-effective methods of 
analysis. Within this project, a new online database was developed to standardize, 
store and manage wet chemistry and NIR quality data generated from multiple 
crops by both CIMMYT and ICARDA quality laboratories. Equipped with the API 
interface which facilitates the extraction of stored data in the desired format, this 
database greatly facilitates the use of “Big Data” to create new and more precise 
NIR models to predict destructive, time-consuming and expensive wet chemistry 
tests for both grain, flour and straw samples. Thus, a new analytical pipeline to 
develop and fine-tune new prediction models was created. This pipeline is 
currently being assembled in an R package and will be soon available to the 
international community. 

 

 

https://hdl.handle.net/20.500.117
66/66345 

 

https://hdl.handle.net/20.500.11766/66344
https://hdl.handle.net/20.500.11766/66344
https://hdl.handle.net/20.500.11766/66345
https://hdl.handle.net/20.500.11766/66345
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S4291 - Project on 
Enhancing Food 
Security in the 
Arab Countries 
(EFSAC): Farmer 
adoption levels 
(see also SLO Table 
1.2) 

 

Completed 

 

EPIA: Ex-post 
Impact 
Assessment 

Enhancing Food Security in the Arab Countries project (EFSAC) in 10 countries 
since 2011. EFSAC focused on improving wheat production and yield in wheat-
based agricultural systems through dissemination of improved and proven 
technologies. Analysis of returns to investment in only 5 out of the 10 project 
countries during 4-year-Phase II led to an average of 24% of the farm households 
in the project areas in all the five countries adopted new improved varieties along 
with at least two of the other components of the technology packages introduced 
by EFSAC. On average, at least 73% of the adoption level achieved in the 4-years of 
Phase II can be attributed to EFSAC, implying an adoption level of 17.7% (73% x 
24.35%) of the total 1.3M ha of wheat area in the project intervention regions: On 
231,000 ha, farmers planted improved wheat varieties and practiced at least 2 
other components of the technology package  

 

https://hdl.handle.net/20.500.117
66/66374 

 

 

S4292 - 
WHEAT/ICARDA 
enable 
government 
policies that 
rapidly developed 
the Moroccan 
seed sector 

 

Completed 

 

Qualitative 
Outcome Study: 
(mainly to 
substantiate 
contribution to 
policy or similar) 

Whilst the Green Morocco Plan, through the BOUDOUR Program, invested USD 28 
million to lower the price of certified wheat seeds for farmers, INRA’s CGIAR-
derived varieties lost 50%+ of their market share in favor of imported varieties A 
consultation among the Fédération Nationale Interprofessionnelle des Semences 
et Plants (FNIS), SONACOS, INRA and ICARDA resulted in two conclusions: Use the 
National Catalogue Data to guide farmers toward the best varieties for their zone; 
improved collaboration between INRA and FNIS to increase multiplication seed 
production. Stakeholders need to tackle other farm-side and institutional 
challenges: Overly stringent variety testing procedures, imbalance of power among 
seed sector actors and ill-conceived variety licensing contracts that limit access to 
new varieties. Farm and farmer characteristics drive continued planting of older 
varieties, though imperfect access to new seeds adds to the problem of low 
replacement rates. Greater private engagement in seed multiplication and revised 
procedures would help. 

 

https://hdl.handle.net/20.500.117
66/66169 
https://hdl.handle.net/20.500.117
66/66171 
https://hdl.handle.net/20.500.117
66/66375 

 

 

S4326 - Climate 
change pressure 
on yields by 2050: 

 

Completed 

 

Ex-ante, baseline 
and/or foresight 
study 

Climate change is projected to decrease global wheat production by −1.9% by mid-
century. Global wheat production could also be largely affected, as top wheat-
producing countries such as India, Russia, Australia and Pakistan are projected to 
have declining wheat yields. Most negative impacts are projected to affect 
developing countries in tropical regions, where food security is already a problem: 
Yields are predicted to decline by −15% in African countries and −16% in Southern 

 

https://doi.org/10.1088/1748-
9326/abd970 

 

https://hdl.handle.net/20.500.11766/66374
https://hdl.handle.net/20.500.11766/66374
https://hdl.handle.net/20.500.11766/66169
https://hdl.handle.net/20.500.11766/66169
https://hdl.handle.net/20.500.11766/66171
https://hdl.handle.net/20.500.11766/66171
https://hdl.handle.net/20.500.11766/66375
https://hdl.handle.net/20.500.11766/66375
https://doi.org/10.1088/1748-9326/abd970
https://doi.org/10.1088/1748-9326/abd970
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Africa and South 
Asia in particular 

Asian countries by 2050.  Wheat breeding with new traits is a promising climate 
change adaptation option, but its effect will vary among regions and could be 
especially limited under rainfed conditions, where water and N stress limit any 
traits-based benefits (e.g. for heat tolerance, early vigor, and delayed flowering 
adaptations). Increased N availability will often be required for new traits to 
express a higher yield potential. Region-specific adaptations to increasing 
temperatures and drought will be needed. 

 

S4335 - Scientists 
identify multi-
pronged applied 
research pipeline 
to boost heat and 
drought resilience 

 

Completed 

 

Ex-ante, baseline 
and/or foresight 
study 

Research investments in wheat are falling behind those in other staple crops. Too 
few upstream ideas for climate resilience technologies are rigorously tested in a 
breeding context, so they remain on the shelf. Current yield gains will not meet 
2050 needs. Authors identify priority translational research areas (linking 
promising ideas to actually improving crop cultivars) focused on heat and drought: 
Improve crop design targets using big data approaches; develop phenomic tools 
for field-based screening and research, including widescale exploration of crop 
genetic resources; apply genomic technologies to elucidate the bases of climate 
resilience traits; and applying these outputs in developing next-generation 
breeding methods. Research outputs will be validated through a global germplasm 
development and testing system (IWIN) that contributes key productivity traits to 
approximately half of the global wheat-growing area. 

 

https://doi.org/10.1093/jxb/erab2
56 

 

 

S4336 - Private and 
public sector 
consensus on 
priority, pre-
competitive 
wheat research 
issues 

 

Completed 

 

Ex-ante, baseline 
and/or foresight 
study 

Public sector and six major seed companies' scientists identified key translational 
research areas (e.g. to translate knowledge from pure plant science to crop 
breeding) with a high probability of boosting productivity in a wide range of crops 
and environments that could be researched in ‘precompetitive’ space, leveraging 
previous knowledge: Research into hormones, recombination, respiration, roots, 
and source–sink, which make it more feasible to explore crop genetic resources 
and improve breeding strategies and the models behind them. The focus is on 
researchable issues that benefit from combining breakthrough technologies with 
proven ones. While authors focus on genetic improvement through crop breeding, 
increased knowledge integration would create opportunities to improve crop 
adaptation through better-targeted use of external inputs and genotype × 
management technologies (e.g. modified planting, tillage systems, plant growth 
regulators etc.). Companies and institutes affiliated with the review are 

 

https://doi.org/10.1038/s41477-
021-00988-w 

 

https://doi.org/10.1093/jxb/erab256
https://doi.org/10.1093/jxb/erab256
https://doi.org/10.1038/s41477-021-00988-w
https://doi.org/10.1038/s41477-021-00988-w
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collaborating to develop a partnership to address these challenges in pre-
competitive space.  

 

S4338 - Increased 
wheat grain yield 
thanks to 
improved 
germplasm in 
spite of climate 
warming 

 

Completed 

 

Program/ project 
adoption or 
impact 
assessment 

Climate change affects the predictability of genotype performance across sites and 
seasons (indicated by yield rank). IWIN data analysis (based on yield responses in 
trial environments 1980 to 2018)* showed that global breeding trials differed in 
their responses, under varying environments: Climate change increased ranking 
change in breeding targeted to favorable environments by ~15%; and is associated 
with similar & reduced ranking change levels in breeding targeted to heat and 
drought stress, by up to 13%. In spite of climate warming, there have been 
increases in wheat grain yield due to improved germplasm. Genetic improvement 
in high-yielding breeding programs & more variable climates both contributed to 
increased ranking change, potentially undermining the capacity of high-yielding 
wheat to express its potential. On the other hand, cultivars from abiotic stress 
breeding programs (e.g. heat tolerance) substantially improved yield stability 
across broad environments, enabling adaptation to the warmer climates, as 
intended.  

 

https://doi.org/10.1038/s41477-
021-00988-w 

 

 

S4341 - How useful 
are modeling 
approaches for 
resource-
constrained 
scenarios? 
Accelerating crop 
breeding for a 
changing climate 

 

Completed 

 

Ex-ante, baseline 
and/or foresight 
study 

Crop modeling can underpin breeding efforts in many different ways: To assess 
genotypic adaptability and stability, characterize and identify target breeding 
environments, identify tradeoffs among traits, make predictions of the likely 
breeding value of the genotypes, design ideotypes for target environments under 
current/future climate change scenarios, and to develop tools that help breeders 
make informed decisions. Global (Pequeno et al., 2021) and regional climate 
change simulation studies are examples of how crop modeling can elucidate where 
and why crop traits strategies to adapt new cultivars would positively improve crop 
yield. Many aspects remain to be explored in climate change simulation studies 
(e.g. minimum daily temperature (Fischer et al., 2022); extreme weather on crop-
specific developmental phases). As part of CGIAR breeding programs 
modernization, crop modelers should be part of truly inter-disciplinary crop 
improvement teams that understand model capabilities and limitations, common 
data standards and protocols, contributing to accelerated, impactful breeding 
efforts. 

 
https://doi.org/10.1088/1748-
9326/abd970 (Pequeno 2021) 
www.doi.org/10.1002/csc2.20048 
(Ramirez Villegas, 2020) 
https://doi.org/10.1016/j.fcr.2021.
108331 (Fischer 2022) 
https://doi.org/10.1038/s43016-
019-0004-2 (Xiong, 2020) 

https://doi.org/10.1038/s41477-021-00988-w
https://doi.org/10.1038/s41477-021-00988-w
https://doi.org/10.1088/1748-9326/abd970
https://doi.org/10.1088/1748-9326/abd970
http://www.doi.org/10.1002/csc2.20048
https://doi.org/10.1016/j.fcr.2021.108331
https://doi.org/10.1016/j.fcr.2021.108331
https://doi.org/10.1038/s43016-019-0004-2
https://doi.org/10.1038/s43016-019-0004-2
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S4348 - 
Implementing 
Genomic Selection 
in the CIMMYT 
Global Wheat 
Program: Learning 
from the past 10 
Years 

 

Completed 

 

Program/ project 
evaluation/ 
review 

 

This study reviews the progress made in the last years on applying new breeding 
strategies, specifically the deployment of genomic selection. This review includes 
the constant development of new statistical models made and how genomic 
selection is currently implemented in the breeding program. It also gives an 
outlook on what activities and deployment strategies are further planned.  

 

https://doi.org/10.20900/cbgg202
10005 

 

 

S4349 - 
Introgressing 
untapped genetic 
diversity into elite 
wheat lines 

 

Completed 

 

Program/ project 
evaluation/ 
review 

 

QTL for heat and drought tolerance were identified that are derived from gene 
bank accessions and have shown to be at low frequency in elite germplasm. So 
these are clear examples that QTL for complex traits can be identified in gene bank 
accessions and can be successfully transferred into the current breeding pool. 
KASP markers have been further developed and the QTL are current target in trait-
introgression pipelines. 

 

https://doi.org/10.1038/s43016-
021-00380-z 

 

 

S4350 - Response 
to early 
generation 
genomic selection 
for yield in wheat 

 

Completed 

 

Program/ project 
evaluation/ 
review 

 

This study provides the first proof of concept for early generation genomic 
selection in wheat.  Genomic selection was applied at F2 stage and was correlated 
with grain yield in the F4 stage for two of the applied statistical methods. This 
means that genotypes can be used to significantly shorten the overall breeding 
cycle and that a population improvement breeding scheme should be further 
evaluated in wheat.  

 

https://doi.org/10.3389/fpls.2021.
718611 

 

 

S4356 - Improving 
Integrated 
Management of 
Cereal Cyst 
Nematodes and 

 

On-going 

 

Program/ project 
adoption or 
impact 
assessment 

 

Though nematodes cause ca. US$80 - 118bn p.a. in damage to crops globally, 
wheat growers in CWANA do not recognize nematodes as a problem; most do not 
know which nematodes are reducing their yield, which is why the term “hidden 
enemy” perfectly applies. Consequently, Integrated Management of nematodes 
(INM) is not practiced in the entire region. Nematode-induced yield losses are 

 

https://www.cabi.org/bookshop/b
ook/9781789247541 

 

https://doi.org/10.20900/cbgg20210005
https://doi.org/10.20900/cbgg20210005
https://doi.org/10.1038/s43016-021-00380-z
https://doi.org/10.1038/s43016-021-00380-z
https://doi.org/10.3389/fpls.2021.718611
https://doi.org/10.3389/fpls.2021.718611
https://www.cabi.org/bookshop/book/9781789247541
https://www.cabi.org/bookshop/book/9781789247541


2021 CRP Annual Report 

59 
 

other diseases in 
Central Western 
Asia and North 
Africa (CWANA)  

simply accepted. Yield reductions in wheat due to Cereal Cyst Nematodes (CCN) in 
CWANA could be lessened by improving growers' awareness and understanding of 
the concept of INM, in a region where practicing winter wheat mono-culturing is 
the norm. Management of cereal nematodes, especially CCN, would involve an 
integrated approach (e.g. crop rotation, genetic resistance, crop nutrition, and 
appropriate water supply), with potential benefits in addition to yield. This study 
identifies practicable management strategies based on scientists' experiences in 
each region for a targeted disease. 

 

S4361 - Enhancing 
the gender 
component in 
wheat and barley 
breeding 

 

Completed 

 

Qualitative 
Outcome Study: 
(mainly to 
substantiate 
contribution to 
policy or similar) 

G+ tools developed by CIP (to improve gender responsiveness of breeding teams) 
were adapted and applied to cereal crop (wheat and barley) product profiles and 
feedback about their use were relayed to the gender and breeding working group 
in a series of meetings in 2020 and 2021. The findings  informed a more 
meaningful gender component in the product profile of the EiB program, which in 
turn changed the gender component in PP as a result. The results of this applied 
research subsequently informed the design of the Accelerated Breeding Initiative.  

 

 

 

https://cgspace.cgiar.org/handle/1
0568/113166 

 

 

S4364 - High 
molecular weight 
glutenin gene 
diversity in 
Aegilops tauschii 
demonstrates 
unique origin of 
superior wheat 
quality 

 

Completed 

 

Other MELIA 
activity 

This study analyzed the genetic variability of the high-molecular-weight glutenin’s 
encoded by the genes at the Glu-D1 locus, within a set of 273 Ae. tauschii 
accessions. To understand the genetic variants of these genes, all the 273 
accessions were genotyped, and 45 Glu-D1 haplotypes were discovered. The 
modern wheat Glu-D1 allele called "2+12" was found in Ae. tauschii Lineage 2, the 
donor of the wheat D-subgenome. Conversely, the superior quality modern wheat 
Glu-D1 allele called "5+10" originated in Lineage 3, a recently characterized lineage 
of Ae. tauschii, showing a unique origin of this important allele. These two alleles 
were also quite similar relative to the total observed molecular diversity in Ae. 
tauschii at Glu-D1. Ae. tauschii is thus a reservoir for unique Glu-D1 alleles and 
provides the genomic resource to begin utilizing new alleles for end-use quality 
improvement in wheat breeding programs. 

 

 

https://doi.org/10.1038/s42003-
021-02563-7 

 

https://cgspace.cgiar.org/handle/10568/113166
https://cgspace.cgiar.org/handle/10568/113166
https://doi.org/10.1038/s42003-021-02563-7
https://doi.org/10.1038/s42003-021-02563-7
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S4413 - Scaling out 
Climate-Smart 
Agricultural 
Practices in South 
Asia's Indo-
Ganges Plain 
makes 
environmental 
and business 
sense 

 

Completed 

 

Ex-ante, baseline 
and/or foresight 
study 

Conventional rice–wheat (RW) rotation in the Indo-Gangetic Plains (IGP) of South 
Asia is tillage, water, energy and capital intensive. Coupled with these, crop residue 
burning contributes significantly to greenhouse gas (GHG) emission and 
environmental pollution. Scientists investigated six farm management scenarios 
(multi-on-farm trials, India) and showed that Climate-Smart Agricultural Practices 
(CSAPs) reduced global warming potential (e.g. mitigation, GHG reductions) and 
improved nitrogen productivity, eco-efficiency and yield during good and bad years 
(compared to business as usual). CSAPs can cope better with climatic extremes and 
should be promoted in South Asian rice-wheat belts and beyond, so farmers to 
better contribute to climate change mitigation.  A similar study focused on 
precision nutrient management under the CA-based maize-wheat system (2 years, 
on research-station, Bihar). Scientists compared seven treatment combinations. 
Permanent Bed-based system plus precision nutrient management approaches can 
significantly increase yields & profitability whilst reducing the emission of 
greenhouse gases (GHGs). 

 

https://doi.org/10.3390/agricultur
e11121269 

https://hdl.handle.net/10568/1167
93 
https://doi.org/10.3390/agronomy
11112320 

  

 

S4420 - Dietary 
adaptation 
mechanisms to 
climate change-
driven changes in 
micronutrients in 
wheat and other 
cereals 

 

Completed 

 

Ex-ante, baseline 
and/or foresight 
study 

Climate-change impacts on nutrient levels in staple grains (focus on iron, zinc) 
could negatively impact mineral deficiencies amongst at-risk populations. Authors 
analyzed potential dietary-adaptation strategies to such impacts. By pairing 
nutritional, dietary health and dietary scenario analyses, researchers found that 
replacing refined with whole grains could help compensate the climate-change-
related reductions in iron and zinc concentrations in wheat, rice, maize, and 
improve dietary risks related to low fiber intake. More comprehensive dietary 
changes towards healthy and sustainable diets led to additional reductions in 
potential zinc and iron deficiencies, whilst improving protein deficiencies. Both 
strategies improved dietary risks and reduced chronic-disease mortality. Instead of 
an either-or approach, a time-staggered one might be more appropriate, including 
a short-term aim of increasing the ratio of whole grains to refined grains in diets, 
and following a medium to long-term aim of increasing the general healthiness and 
sustainability of diets.   

 

https://repository.cimmyt.org/han
dle/10883/21778 

 

 

S4421 - Making the 
case for a “more 

 

Completed 

  

Modern-day agriculture faces two major dilemmas: How to produce enough food 
to feed the growing human population and how to minimize environmental 

 
https://spia.princeton.edu/news/k
eeping-more-ammonium-soil-

https://doi.org/10.3390/agriculture11121269
https://doi.org/10.3390/agriculture11121269
https://hdl.handle.net/10568/116793
https://hdl.handle.net/10568/116793
https://doi.org/10.3390/agronomy11112320
https://doi.org/10.3390/agronomy11112320
https://repository.cimmyt.org/handle/10883/21778
https://repository.cimmyt.org/handle/10883/21778
https://spia.princeton.edu/news/keeping-more-ammonium-soil-could-decrease-pollution-boost-crops
https://spia.princeton.edu/news/keeping-more-ammonium-soil-could-decrease-pollution-boost-crops
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ammonium 
solution”: Less 
nitrate in modern 
agricultural soils, 
less N pollution by 
keeping more soil 
N as ammonium. 

Synthesis 
(secondary) 
study 

damage associated with intensive agriculture. Keeping more nitrogen in soil as 
ammonium may be one key way to address both challenges. The authors mention 
BNI as a technology that can help foster soils featuring a more even mix of 
nitrogen sources, including more of the less-chemically-reactive compound 
ammonium, a condition that can raise crop yields and reduce nitrous oxide 
emissions.   WHEAT co-funded this study, together with MAFF (Japanese Ministry 
of Agriculture, Forestry, and Fisheries), JSPS (Japanese Society of Promotion of 
Science; Grant No. 18KK0167) and the Walton Family Foundation. 

could-decrease-pollution-boost-
crops 
 
https://doi.org/10.1073/pnas.2107
576118 
 

 

S4422 - Potential 
impact of high-BNI 
wheat adoption 
on life-cycle 
greenhouse gas 
emissions incl. 
N2O 

 

Completed 

 

Ex-ante, baseline 
and/or foresight 
study 

Scientists developed a new model based on life-cycle assessment (LCA) to evaluate 
the total greenhouse gas (GHG) emissions generated at each stage of wheat 
production for biological nitrification inhibition (BNI)-enabled wheat, which shows 
high productivity with/in low nitrogen fertilizer/soils. Current, proof-of-concept 
high-BNI wheat achieved a nitrification inhibition rate of soil of 30%. The study 
worked with a feasible target of 40%, to achieve carbon neutrality by 2050, and 
showed that the life-cycle GHG emissions can be reduced by 15.9%. Authors also 
estimated wheat's nitrogen use efficiency (improved by 16.7%) and fertilizer use 
reduction (by 15.0%). BNI-enabled wheat has been shown to exhibit good 
nitrification inhibition in slightly acidic to neutral soils (pH 5.5-7.0), which applies to 
ca. 30% (about 72 million ha) of the world's wheat area (240 million ha). A 9.5% 
reduction in nitrogen fertilizer-derived greenhouse gases would be possible, if BNI-
enabled wheat with 40% nitrification inhibition were grown. 

 
https://doi.org/10.1007/s11356-
021-16132-2 
 
https://www.jircas.go.jp/en/releas
e/2021/press202119 
 https://phys.org/news/2021-09-
nitrogen-efficient-wheats-food-
greenhouse-gas.html 
 

 

S4426 - New 
approach to re-
forestation with 
social and 
ecological benefits 
(Ethiopia) 

 

Completed 

 

Ex-post adoption 
study 

 

Despite global commitments to forest restoration, evidence of reforestation 
pathways, which create social and ecological benefits, remains limited. Scientists 
gathered empirical evidence on the relationship between forest cover change, key 
provisioning ecosystem services and reforestation pathways. Detailed study of a 
Southern Ethiopia landscape pointed to a reforestation pathway not previously 
described in the literature: One that occurred within decades, in parallel with 
population increase; with reforestation taking place on productive land, not on 
previously abandoned land. The return to a more diverse agricultural landscape 
mosaic provided more secure and diversified income sources, along with higher 
livestock numbers and more fuelwood. It was also associated with more diverse 

https://doi.org/10.1002/ldr.3806 
https://doi.org/10.1016/j.agee.201
8.04.020 
https://doi.org/10.5751/ES-09267-
220228 
https://doi.org/10.1007/s10980-
019-00770-6 
https://doi.org/10.1016/j.agee.202
0.106888 
https://doi.org/10.3389/fsufs.2020
.00130 

https://spia.princeton.edu/news/keeping-more-ammonium-soil-could-decrease-pollution-boost-crops
https://spia.princeton.edu/news/keeping-more-ammonium-soil-could-decrease-pollution-boost-crops
https://doi.org/10.1073/pnas.2107576118
https://doi.org/10.1073/pnas.2107576118
https://doi.org/10.1007/s11356-021-16132-2
https://doi.org/10.1007/s11356-021-16132-2
https://www.jircas.go.jp/en/release/2021/press202119
https://www.jircas.go.jp/en/release/2021/press202119
https://phys.org/news/2021-09-nitrogen-efficient-wheats-food-greenhouse-gas.html
https://phys.org/news/2021-09-nitrogen-efficient-wheats-food-greenhouse-gas.html
https://phys.org/news/2021-09-nitrogen-efficient-wheats-food-greenhouse-gas.html
https://doi.org/10.1002/ldr.3806
https://doi.org/10.1016/j.agee.2018.04.020
https://doi.org/10.1016/j.agee.2018.04.020
https://doi.org/10.5751/ES-09267-220228
https://doi.org/10.5751/ES-09267-220228
https://doi.org/10.1007/s10980-019-00770-6
https://doi.org/10.1007/s10980-019-00770-6
https://doi.org/10.1016/j.agee.2020.106888
https://doi.org/10.1016/j.agee.2020.106888
https://doi.org/10.3389/fsufs.2020.00130
https://doi.org/10.3389/fsufs.2020.00130
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diets, staple food with higher nutritional content and greater unplanned 
biodiversity (e.g., small range birds). In related studies, scientists showed that 
tree/forest configuration (Southern Ethiopia) and tree species diversity (parklands, 
Central Senegal) matter as much as tree/forest cover for provision of ecosystem 
services. 

https://doi.org/10.1016/j.gfs.2019.
100331 
https://doi.org/10.3389/fsufs.2019
.00097 
https://doi.org/10.1016/j.agsy.202
1.103312 

 

S4428 - Ethiopia 
could achieve 
wheat self-
sufficiency with 
existing 
technologies 

 

Completed 

 

Program/ project 
adoption or 
impact 
assessment 

Ethiopia is sub-Saharan Africa's largest wheat producer, but still imported 1.5 
million tons in 2017. Researchers showed it is possible to achieve wheat self-
sufficiency in Ethiopia with current technologies (e.g. varieties). Based on a 
representative survey of 2,093 farmers (2009 & 2013), researchers learned that 
yields across farmers’ fields were only up to ca. 20% of the water-limited yield 
potential (e.g. benchmark under best agronomic practices, rainfed conditions); 
mostly due to the technology yield gap: Certain inputs and technologies are 
entirely lacking in highest-yielding fields. Current input levels are not high enough. 
Narrowing the efficiency and resource yield gaps can nearly double actual yields 
without having to expand the wheat area - if input use is increased and crop 
management practices are fine-tuned. Government policies should foster 
accessibility and affordability of fertilizers, and on promoting precision 
management technologies (mechanization, herbicides), thus helping to avoid 
environmental externalities of intensification. 

 

https://doi.org/10.1007/s13593-
020-00654-z 

 

 

S4430 - Staple 
cereals will 
continue to play a 
critical role for 
food security till 
2050 in low- and 
middle-income 
countries 

 

Completed 

 

Other MELIA 
activity 

FAO (2017: pp.83–84) projected that staple cereals will continue to play a critical 
role for food security until 2050, contributing nearly half of both daily calories and 
protein intake in low- and middle-income countries. In wheat and maize value 
chains their contribution to food security in Africa and Asia, the (4th) stability and 
utilization dimension of food security merits increased (research) attention (e.g. 
address climate change-driven stresses; promote healthier diets; equitable 
transformation of food systems),  Considerable benefits in yields and sustainability 
have been found in integrated systems, where maize and wheat, livestock 
production and agro-forestry in SSA are practiced together (e.g., Baudron et al., 
2014). These approaches have been mostly applied in more difficult farming 
conditions, to increase climate resilience (FAO, 2016), though they have the 
potential to increase sustainability and preserve ecosystem functions (WBGU, 
2020). 

https://doi.org/10.3389/fsufs.2020
.617009 
https://repository.cimmyt.org/han
dle/10883/21504 
http://www.fao.org/3/a-
i6583e.pdf 
https://doi.org/10.1016/j.agee.201
3.08.020 
http://www.fao.org/3/a-
i4009e.pdf 
https://www.wbgu.de/en/publicati
ons/publication/landshift 

https://doi.org/10.1016/j.gfs.2019.100331
https://doi.org/10.1016/j.gfs.2019.100331
https://doi.org/10.3389/fsufs.2019.00097
https://doi.org/10.3389/fsufs.2019.00097
https://doi.org/10.1016/j.agsy.2021.103312
https://doi.org/10.1016/j.agsy.2021.103312
https://doi.org/10.1007/s13593-020-00654-z
https://doi.org/10.1007/s13593-020-00654-z
https://doi.org/10.3389/fsufs.2020.617009
https://doi.org/10.3389/fsufs.2020.617009
https://repository.cimmyt.org/handle/10883/21504
https://repository.cimmyt.org/handle/10883/21504
http://www.fao.org/3/a-i6583e.pdf
http://www.fao.org/3/a-i6583e.pdf
https://doi.org/10.1016/j.agee.2013.08.020
https://doi.org/10.1016/j.agee.2013.08.020
http://www.fao.org/3/a-i4009e.pdf
http://www.fao.org/3/a-i4009e.pdf
https://www.wbgu.de/en/publications/publication/landshift
https://www.wbgu.de/en/publications/publication/landshift
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S4431 - Farmers 
who adopted only 
one or two of the 
three CA 
principles 
obtained higher 
yield and income 
than those who 
continued with 
conventional 
agriculture.  

 

Completed 

 

Other MELIA 
activity 

Credible evidence that farmers who partially adopted only one or two of the three 
CA principles obtained higher yield and income than those who continued with 
conventional agriculture. Adoption of all three components of the CA system led to 
higher socioeconomic benefits than both partial adoption and conventional 
practices. Wider diffusion of complete CA system would significantly contribute to 
productivity, profitability, and sustainability of agricultural production in drylands. 
In the face of the low and slow adoption of CA in Morocco, an incremental 
approach toward full CA adoption might prove effective and is worth testing for 
contrasting climates, soils, and cropping systems in MENA drylands. Recent 
estimates show that CA has been adopted on about 24,000 ha of wheat, mainly in 
the rainfed areas indicating its efficacy in soil moisture retention. 

 

https://doi.org/10.1016/j.still.2021
.105067 

 

 

S4432 - A fifth of 
all farms globally 
were growing 
wheat in 2020; 
their number 
decreasing by 4% 
in 2030.  

 

Completed 

 

Other MELIA 
activity 

Better estimates of the number and distribution of crop-specific farms provide an 
important foundational input for agricultural policy and R&D efforts in the Global 
South. Wheat is the most widely grown crop globally, cultivated on 216 M ha, 
including 29% in lower- and lower-middle income countries (L/LMICs). Compared 
to the high-income countries (HICs) in 2020, LICs have more than four-fold the 
number of farms, double the rural population on half the agricultural area, and a 
tenth of the average farm size. The projected crop areas and farm numbers to 
2030 thereby are the main drivers for the observed dynamics. We estimate that a 
fifth of global farms cultivated wheat in 2020, decreasing by 4% to 130 million 
farms globally by 2030. Farms are set to remain the foundation for much of the 
rural populace in low and low-middle income countries to safeguard and improve 
their livelihoods for the coming decades. 

 

https://doi.org/10.1016/j.gfs.2021.
100558 

https://doi.org/10.1177%2F00307
270211025539 

 

 

S4433 - Climate 
change impacts 
on India’s future 
water footprints  

 

Completed 

 

Other MELIA 
activity 

Scientists gained insights into the influences of climate change (projected climate 
change scenarios RCP4.5 & RCP6.0 for time periods 2030s & 2050s) on India’s 
future water footprints (WF; comprehensive indicator of water resources 
appropriation) of cereal crop production and put forth regional strategies for 
future water resource management. In view of future variability in the WFs, a 
water footprint-based optimization for relocation of crop cultivation areas, with 
the aim of minimizing blue water use (fresh, non-renewable), would be a possible 
management alternative. 

 

https://doi.org/10.1038/s41598-
021-88223-6 

 

https://doi.org/10.1016/j.still.2021.105067
https://doi.org/10.1016/j.still.2021.105067
https://doi.org/10.1016/j.gfs.2021.100558
https://doi.org/10.1016/j.gfs.2021.100558
https://doi.org/10.1177%2F00307270211025539
https://doi.org/10.1177%2F00307270211025539
https://doi.org/10.1038/s41598-021-88223-6
https://doi.org/10.1038/s41598-021-88223-6
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S4434 - Wheat 
breeding for new 
traits is a 
promising climate 
change adaptation 
option. Water 
availability and 
Nitrogen stress 
limit potential 
benefits 

 

Completed 

 

Other MELIA 
activity 

Climate change is projected to decrease global wheat production by −1.9% by mid-
century. The most negative impacts on wheat yield are projected to affect 
developing countries in tropical regions. The model ensemble mean suggests large 
negative yield impacts for African and Southern Asian countries where food 
security is already a problem. Yields are predicted to decline by −15% in African 
countries and −16% in Southern Asian countries by 2050.  Wheat breeding with 
new traits is a promising climate change adaptation option, but its effect will vary 
among regions and especially could be limited under rainfed conditions where 
water and N stress limit benefits of traits for heat tolerance, early vigor, and 
delayed flowering adaptations. Increased N availability will often be required for 
new traits to express a higher yield potential. Region-specific adaptations to 
increasing temperatures and drought will be needed. 

 

https://doi.org/10.1088/1748-
9326/abd970 

 

S4435 - 
Conservation 
Agriculture-based 
systems can 
improve crop 
productivity in 
Ethiopia, by 
improving soil 
health.  

 

Completed 

 

Other MELIA 
activity 

Long-term (2005–2013) influence of CA-based systems on soil health and crop 
productivity in northern Ethiopia: Piecewise structural equation modeling (PSEM) 
used to analyze linkages between management practices, soil health and crop 
productivity. PSEM highlighted two pathways in which CA-based systems 
contributed to improved productivity: (a) via higher density of bacteria and 
improved hydraulic conductivity, and (b) via higher density of fungi and increase 
soil organic carbon content in the topsoil. CA-based systems have the potential to 
improve crop productivity through improved soil health.  

 

https://doi.org/10.1002/ldr.3816 

 

S4442 - Improved 
conservation 
agriculture-based 
sustainable 
intensification 
management 
practices (CASI) 
reduce labor and 
total cropping 
system production 
costs 

 

Completed 

 

Other MELIA 
activity 

On-farm participatory trials (400 farms, representative of a range of common crop 
production management across the Eastern Gangetic Plains) to compare the 
performance of traditional and improved conservation agriculture-based 
sustainable intensification management practices (CASI) to understand which used 
less labor, had lower production costs and returned higher gross margins. CASI 
reduced both labor use and total cropping system production costs by around 40% 
and increased gross margins by up to 25%. Results show there is potential to 
increase livelihoods and reduce the impact of labor shortages for smallholder 
farmers living in diverse climatic, edaphic and social circumstances across the 
region. Findings are relevant to labor-constrained smallholder cropping systems 
throughout South Asia and worldwide. Reduced drudgery for women and youth 
who do the majority of menial, laborious tasks is also an impact. 

 

https://doi.org/10.1016/j.worlddev
.2020.105266 

 

https://doi.org/10.1088/1748-9326/abd970
https://doi.org/10.1088/1748-9326/abd970
https://doi.org/10.1002/ldr.3816
https://doi.org/10.1016/j.worlddev.2020.105266
https://doi.org/10.1016/j.worlddev.2020.105266
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S4443 - Wealth, 
gender, 
education, 
migration, access 
to market, 
training, and off-
farm income 
sources drive 
organic and 
inorganic fertilizer 
use. 

 

Completed 

 

Other MELIA 
activity 

Using data from 2528 households across the Indo-Gangetic Plains in India, Nepal, 
and Bangladesh, researchers analyzed factors affecting farmers’ use of organic and 
inorganic fertilizers for rice and wheat. Wealth, gender, education, migration, 
access to market, training and off-farm income sources are key factors influencing 
the application of organic and inorganic fertilizers. Economic and social capital 
factors are primarily positively correlated with increased inorganic fertilizer use.   
Discussions with farmers in Coastal Bangladesh showed they prefer using off-farm 
income to purchase agricultural inputs, rather than credit. Public policy that 
enables off-farm income generation opportunities are likely to be of use, where 
current level of fertilizer application is below optimum, particularly for resource-
poor farm families. Where farmers routinely over-apply fertilizers, or practice 
imbalanced application, more complex policy, and development interventions may 
be needed, including educational programs, direct training, and behavioral nudging 
methods that encourage more rational use. 

 

https://doi.org/10.1007/s11356-
021-13975-7 

 

 

S4444 - 
Understanding 
climate-risk 
coping strategies 
of farm 
households: 
Evidence from five 
countries in 
Eastern and 
Southern Africa 

 

Completed 

 

Other MELIA 
activity 

 

Droughts, floods, hailstorms, and crop pests/diseases are major climate-induced 
risks in ESA. Farm households in ESA (5 countries) have adopted four major 
strategies to cope with climate risk. Female, married, or an elderly member may 
opt to change farming methods and decrease consumption. Better-off tend to 
change the farming methods but are unlikely to adopt other risk coping options. 
Findings exhibit substantial differences among the study countries regarding the 
adoption of coping strategies.  

 

https://doi.org/10.1016/j.scitotenv
.2021.145236 

 

 

S4445 - 
Quantifying 
opportunities for 
GHG emissions 
mitigation by 

 

Completed 

 

Other MELIA 
activity 

Scientists identified mitigation options, their potentials and cost or benefit of 
adoption in the form of Marginal Abatement Cost Curves (MACC). Based on their 
analysis, total GHG emissions from agricultural sector in Bangladesh for the year 
2014–15 is 76.79 million tons (Mt) of carbon-dioxide equivalent (CO2e). Business-
as-usual GHG emissions from the agricultural sector in Bangladesh are 
approximately 86.87 and 100.44 Mt CO2e year−1 by 2030 and 2050, respectively. 
Adoption of climate-smart crop and livestock management options would offer 

 

https://doi.org/10.1016/j.scitotenv
.2021.147344 

 

https://doi.org/10.1007/s11356-021-13975-7
https://doi.org/10.1007/s11356-021-13975-7
https://doi.org/10.1016/j.scitotenv.2021.145236
https://doi.org/10.1016/j.scitotenv.2021.145236
https://doi.org/10.1016/j.scitotenv.2021.147344
https://doi.org/10.1016/j.scitotenv.2021.147344
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smallholder crop 
and livestock 
farmers in 
Bangladesh 

GHG mitigation opportunities of 9.51 and 14.21 Mt CO2e year−1 by 2030 and 2050, 
respectively. Of this mitigation potential, 70–75% can be achieved through cost-
saving options that could benefit smallholder farmers. Examples of climate smart 
management practices and mitigation options: Alternate wetting and drying (AWD) 
for rice, improved nutrient-use-efficiency particularly for N,  adoption of strip-
tillage; for livestock: Green fodder supplement, increased concentrate feeding and 
improved forage/diet management for small ruminants. 

S4446 - Sparing or 
sharing land? 
Views from 
agricultural 
scientists.  

 

Completed 

 

Other MELIA 
activity 

This study identified two major limitations of the land sparing/sharing framework: 
(1) the reliance on yield-density relationships that focus on trade-offs and overlook 
synergies between agriculture and biodiversity, and (2) the overemphasis on crop 
yield, neglecting other metrics of agricultural performance which may be more 
important to local farmers, and more strongly associated with positive biodiversity 
outcomes.  

https://doi.org/10.1016/j.biocon.20
21.109167 

https://www.cimmyt.org/blogs/sh
aring-or-sparing-land/ 

 

S4447 - Key 
learnings about 
how to improve 
wheat/crop-
livestock systems 
(North Africa) 

 

Completed 

 

Other MELIA 
activity 

Morocco: Retention of above 60% residue reduces both downside risk and 
variability of yield while lower levels of residue retention have mixed effects. 
Residue retention is economically and biophysically beneficial even for owners of 
livestock as the monetary value of the additional grain yield more than offsets the 
cost of purchasing an equivalent amount of feed from the market—all providing 
good economic justification for residue retention. Our findings show that 
economic reasons are not barriers for adoption of residue retention, but risk 
factors and absence of alternative feed sources might. Productivity and welfare 
gains from CSA crop and livestock technologies have the empirical support of on-
station and on-farm trials.  Livestock productivity has been enhanced through 
supplementary feeding with forage legumes. Tunisia:  The share of livestock 
income, livestock herds, cost of livestock feed, and off-farm income are all factors 
that have a strong influence on residue biomass management. 

 

https://doi.org/10.3390/agronomy
11081465 

https://doi.org/10.1016/j.scitotenv
.2021.147344 

https://doi.org/10.1016/j.dib.2021.
107225 

https://doi.org/10.3390/agricultur
e11070612 

 

 

S4448 - Systematic 
evaluation of 
CIMMYT’s work 
on climate change 

 

Completed 

 

Other MELIA 
activity 

By using digital methods and machine learning techniques, scientists systematically 
analyzed the CIMMYT-led research portfolio within the climate change-food 
production nexus, including bilateral and CGIAR Research Program (2012-2021) 
projects. They screened the CIMMYT website (since 2006), Repository (s. 1960), 
Scopus (s.1974) and Twitter (s. 2009) for key words to generate databases that 
could be further mined. CIMMYT’s research for development efforts generated 

 

https://www.dropbox.com/s/frl07
hf2cp11d1b/CIMMYT-report-final-
v4.pdf?dl=0 

https://doi.org/10.1016/j.biocon.2021.109167
https://doi.org/10.1016/j.biocon.2021.109167
https://www.cimmyt.org/blogs/sharing-or-sparing-land/
https://www.cimmyt.org/blogs/sharing-or-sparing-land/
https://doi.org/10.3390/agronomy11081465
https://doi.org/10.3390/agronomy11081465
https://doi.org/10.1016/j.scitotenv.2021.147344
https://doi.org/10.1016/j.scitotenv.2021.147344
https://doi.org/10.1016/j.dib.2021.107225
https://doi.org/10.1016/j.dib.2021.107225
https://doi.org/10.3390/agriculture11070612
https://doi.org/10.3390/agriculture11070612
https://www.dropbox.com/s/frl07hf2cp11d1b/CIMMYT-report-final-v4.pdf?dl=0
https://www.dropbox.com/s/frl07hf2cp11d1b/CIMMYT-report-final-v4.pdf?dl=0
https://www.dropbox.com/s/frl07hf2cp11d1b/CIMMYT-report-final-v4.pdf?dl=0
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- food system 
interactions 

several research outputs and contributed to scaling out several climate-smart 
technologies and practices in climatically challenged locations and production 
systems in Asia, Africa and Latin America. Hyperlink analysis showed that CIMMYT-
led research and knowledge has been shared across thousands of websites. 
CIMMYT’s outputs have been distributed to more than 150 countries across both 
the Global North and South. 

 

S4449 - More 
Mexican farmers 
might adopt 
Conservation 
Agriculture, if 
broken down into 
smaller 
component 
packages 

 

Completed 

 

Other MELIA 
activity 

 

Disaggregating CA into smaller component packages could increase farmer 
adoption in risky contexts. Our findings provided valuable insights on CA feasibility 
and could help establish policy and reporting metrics. The study highlighted the 
need for employing a range of research tools to understand the relative value of 
agricultural innovations and to identify and reduce trade-offs and uncertainty in 
farming systems 

 

https://doi.org/10.3390/agronomy
11061214 

 

 

S4450 - The future 
of fertilizer policy 
and -farmer 
practices in South 
Asia: Perspectives 
from Bangladesh, 
India, Nepal, and 
Sri Lanka 

 

Completed 

 

Other MELIA 
activity 

Dismantling of fertilizer subsidies may not be economically desirable or politically 
feasible. This leaves policy-makers with two options for rationalizing subsidies: 
Allow a gradual increase in the price of urea over the next few years and transfer 
money saved on subsidy to farmers through other channels, to garner their 
support for this change; or switch to non-distortionary direct cash transfer of 
fertilizer subsidies. Decontrolling fertilizer prices, high-resolution data on soil and 
crop nutrient requirements, and integrated soil fertility approaches could be 
combined with newly developed customized fertilizer blends and micronutrient 
coated fertilizers. This would enable farmers to use fertilizer efficiently, effectively 
and environmentally friendly. New fertilizer blends will not get to farmers without 
a faster and more credible regulatory system for the approval of new products. 

 

https://doi.org/10.1016/j.gfs.2020.
100464 

 

S4452 - Ethiopia 
could be wheat 
self-sufficient 
using existing 
technologies 

 

Completed 

 

Other MELIA 
activity 

Certain inputs and technologies are entirely lacking in highest-yielding fields (such 
as technologies for optimal crop establishment and for control of pests, diseases, 
and weeds) and that the current input levels are not high enough to reach the 
water-limited yield. Despite their small share in explaining the wheat yield gap, 
narrowing the efficiency and resource yield gaps can nearly double actual yields 
and contribute to realize the yield progress needed to achieve wheat self-

 

https://doi.org/10.1007/s13593-
020-00654-z 

 

https://doi.org/10.3390/agronomy11061214
https://doi.org/10.3390/agronomy11061214
https://doi.org/10.1016/j.gfs.2020.100464
https://doi.org/10.1016/j.gfs.2020.100464
https://doi.org/10.1007/s13593-020-00654-z
https://doi.org/10.1007/s13593-020-00654-z
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sufficiency in Ethiopia without having to expand the wheat area.  Scientists showed 
for the first time that it is possible to achieve wheat self-sufficiency in Ethiopia with 
current technologies (e.g. varieties) but that greater amounts, and more efficient 
use, of inputs are needed to do so. Narrowing technology yield gaps is also 
essential, given the rapidly increasing demand for cereals due to population 
growth and dietary change.  

 

S4453 - How to 
reduce child zinc 
deficiency in 
Ethiopia 

 

Completed 

 

Other MELIA 
activity 

Study confirms that zinc (Zn) deficiency is a serious public health problem in 
Ethiopia and related to low soil Zn. Researchers expanded analysis by calculating 
the potential impact in terms of the number of Zn-deficient children that could be 
reached, strengthening evidence base on Zn agronomic biofortification potential. 
But potential impact of Zn fertilizer on Zn-deficient soils in maize- and wheat-based 
(or other cereal-based) systems, at least by soil application, is limited. If grain Zn 
could be increased through Zn fertilizer on less deficient soils, the potential could 
be much larger, depending on the maximum soil Zn level up to which Zn fertilizer is 
effective in increasing grain Zn. More experimental work is needed. For an 
integrated strategy, both genetic and agronomic fortification will probably be 
needed. 

 

https://doi.org/10.1038/s41598-
021-88304-6 

 

 

S4473 - Breeding 
custom-designed 
crops for 
improved drought 
adaptation in a 
future warmer 
and drier Earth 

 

Completed 

 

Ex-ante, baseline 
and/or foresight 
study 

Tailoring crops for drought adaptation may hold the key to future resilient 
production systems. Crops can encounter fluctuating drought scenarios along the 
crop cycle. Soil depth, water availability, management practices etc. also impact 
crop responses to water deficit. Conceptualizing a drought-adaptive ideotype 
optimized for many scenarios may not be possible. But distinct traits related to 
drought adaptation, which are similar across species grown under diverse 
conditions, could be used as targets for custom-designing crops. Developing 
designer crops that integrate individually strengthened leaf and root systems, can 
be simplified by implementing recent technical breakthroughs. Combining genetic 
resources and transformative capabilities (e.g. genomic breeding, synthetic 
biology, etc.) will be essential for tailoring crops. The context-dependent effect of 
each trait, multiplicity of combined traits, and genotype × environment 
interactions for each trait necessitates the use of modeling innovations, to derive a 
probabilistic approach for identifying the most desirable allelic combinations. 

 

https://doi.org/10.1002/ggn2.2021
00017 

 

https://doi.org/10.1038/s41598-021-88304-6
https://doi.org/10.1038/s41598-021-88304-6
https://doi.org/10.1002/ggn2.202100017
https://doi.org/10.1002/ggn2.202100017
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S4475 - Lower N2O 
emissions from 
maize and wheat 
by reducing 
excess N 
applications, while 
keeping current 
yield levels 

 

Completed 

 

Other MELIA 
activity 

Scientists estimated the potential for N2O emission reductions from maize and 
wheat fields based on reducing excess N applications while keeping current yield 
levels. Results show considerable N2O emission reduction globally, particularly in 
those countries and regions where existing N losses and emissions are very high 
(see Fig. 6). Although limited in spatial coverage, previous studies showed huge (~ 
44 Tg yr−1) global total N losses from maize, wheat and rice fields, mostly 
concentrated in China and USA for maize and China & India for wheat and rice 
production (Liu et al., 2016). This shows a tremendous potential for improving the 
efficiency of N use in cereal production in many countries without compromising 
yield (Liu et al., 2018, Liu et al., 2016) and even increasing it (Mueller et al., 2014; 
Xu et al., 2015).  

 

https://doi.org/10.1016/j.scitotenv
.2021.146696 

https://doi.org/10.1111/gcb.15588 

 

 

S4476 - Gene-
based mapping of 
trehalose 
biosynthetic 
pathway genes 
reveals 
association with 
source- and sink-
related yield traits 
in a spring wheat 
panel 

 

Completed 

 

Other MELIA 
activity 

Trehalose 6- phosphate (T6P) is a key plant signal for regulating carbon use and 
allocation. Little is known about the contribution of trehalose phosphate synthase 
(TPS) and trehalose phosphate phosphatase (TPP) genes to achieving a carbon 
allocation balance that ultimately helps maximize expression of grain yield through 
the mediation of T6P. A wealth of information on natural variation of TPS and TPP 
genes related to yield potential was generated, which confirms T6P’s role in 
resource allocation, in affecting grain number and other traits. This opens up the 
possibility for translational research to explore natural genetic variation in these 
enzymes and incorporate their alleles into elite wheat backgrounds, thereby 
achieving a better understanding of how to deploy them in mainstream breeding. 
These results have high translational potential to most crop species, since the 
regulation of partitioning of carbon to edible structures is a fundamental yield 
determinant. 

 

https://doi.org/10.1002/fes3.292 

 

 

S4478 - Gender-
responsive cereal 
breeding in 
Morocco: 
Involving women 
in processing & 
consumption-

 

Completed 

 

Program/ project 
evaluation/ 
review 

Based on previous research done in Nigeria, Sudan and Ethiopia, this WHEAT 
partner grant project employed successful approaches to involve women in trait 
selection (e.g. women themselves hosting demonstration plots; women chaperons 
as part of the participatory selection process; varieties testing in cereal by-
products by women using own criteria). The focus was on women-based cereal 
cooperatives perspectives about processing and consumption traits. Project 
findings shed light on cereal traits not covered by breeding programs (e.g. color, 
bran to flour ratio, seed size). Accounting for these traits creates income 

 

https://repo.mel.cgiar.org/handle/
20.500.11766/66321 

https://doi.org/10.4160/97892906
05959 

https://doi.org/10.1016/j.scitotenv.2021.146696
https://doi.org/10.1016/j.scitotenv.2021.146696
https://doi.org/10.1111/gcb.15588
https://doi.org/10.1002/fes3.292
https://repo.mel.cgiar.org/handle/20.500.11766/66321
https://repo.mel.cgiar.org/handle/20.500.11766/66321
https://doi.org/10.4160/9789290605959
https://doi.org/10.4160/9789290605959
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related trait 
selection 

generation opportunities for the cooperatives. Looking at trait preferences at 
processing and consumption stage is an essential first step to involve women in 
breeding programs and to ensure equitable benefits from improved varieties. This 
project linked to a GCDT-funded project implementing participatory variety 
selection with 35 Moroccan farming communities; thus adding a gender-balanced 
prospective, which could improve chances of farmer variety adoption. 

 Ashby, J. A., & Polar, V. (2021). 
User Guide to the G+ Product 
Profile Query Tool (G+ PP) 

 

 

S4501 - Deep 
learning 
applications for 
genomic selection 
in wheat breeding 

 

Completed 

 

Other MELIA 
activity 

In recent years, deep learning (DL) methods have been considered in the context 
of genomic prediction. The DL methods are nonparametric models providing 
flexibility to adapt to complicated associations between data and output with the 
ability to adapt to very complex patterns.  Although, based on current literature GS 
in plant and animal breeding we did not find clear superiority of DL in terms of 
prediction power compared to conventional genome-based prediction models. 
Nevertheless, there are clear evidences that DL algorithms capture nonlinear 
patterns more efficiently than conventional genome-based. Deep learning 
algorithms are able to integrate data from different sources as is usually needed in 
GS assisted breeding and it shows the ability for improving prediction accuracy for 
large plant breeding data.  

 

https://doi.org/10.1186/s12864-
020-07319-x 

 

 

S4503 - Need to 
adapt centralized 
& regional 
breeding 
approaches to 
future warmer 
climates 

 

Completed 

 

Program/project 
evaluation/revie
w 

WHEAT scientists combined genotype-by-environment interactions (GEI) with 
multi-decade historical climatic factors for about 700 unique field-trial datasets 
from the International Wheat Improvement Network (IWIN; CIMMYT) - and 
applied an innovative model to assess the genotypes' yield ranking change across 
environments, showing how climate change has affected wheat breeding globally 
over a 38-year period. Their most salient findings: Ranking changes of the 
genotypes increased over time, making breeding more difficult; e.g. achieving 
positive yield progress has been undermined by climate change. Successfully 
developing heat-tolerant genotypes has been less affected by the warming 
climate. Thus, integrating heat tolerance as a selection trait for higher yield 
stability makes sense.   CIMMYT centralized wide-adaptation breeding has 
delivered almost half of the varieties used by farmers worldwide. Its multi-location 
testing is currently irreplaceable. Authors propose that in future, early stage 
breeding could stay centralized and advanced stage could be (more) regional, as a 
complementary strategy. 

 

https://doi.org/10.1038/s41477-
021-00996-w 

 

https://doi.org/10.1186/s12864-020-07319-x
https://doi.org/10.1186/s12864-020-07319-x
https://doi.org/10.1038/s41477-021-00996-w
https://doi.org/10.1038/s41477-021-00996-w
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S4504 - Using 
precision nutrient 
management, 
Indian 
smallholders 
could improve 
their yields and 
cut down 
emissions 

 

Completed 

 

Ex-ante, baseline 
and/or foresight 
study 

 

Adoption of Nutrient Expert Tool (NE)-based fertilizer recommendation practice in 
all rice and wheat acreage in India would translate into 13.92 million tons (Mt) 
more rice and wheat production with 1.44 Mt less N fertilizer use, and a reduction 
in GHG of 5.34 Mt CO2e per year over farmers’ current practice. WHEAT and 
CCAFS scientists established the utility of NE to help implement site-specific 
nutrient management (SSNM) in smallholder production systems; increasing crop 
yields and farmers’ income while reducing GHG emissions. 

 

https://doi.org/10.1038/s41598-
020-79883-x 

 

 

S4534 - Improved 
yields, but not 
more 
micronutrients, in 
Pakistani wheat 
(long-term study 
1911-2016) 

 

Completed 

 

EPIA: Ex-post 
Impact 
Assessment 

Across 62 varieties released between 1911 and 2016, WHEAT partner scientists 
performed genetic gain analysis, which showed a significant increase in grain yield 
(0.4% year−1) and negative gain for iron (−0.11% year−1) and zinc (−0.15% year−1). 
The Green Revolution Rht-B1 & -D1 genes had a strong association with plant 
height and grain yield; semi-dwarfing alleles had a negative effect on GFe and GZn 
contents. Kalium was significantly higher and Selenium, Magnesium and copper 
were significantly higher in cultivars released before 1965. Thus, improvements in 
yield was not translated into an improvement in micro- and macronutrients. 
Although iron (0.06 mg/kg/year) and zinc (0.15% year) slightly declined in modern 
wheat compared to old cultivars, some high-yielding cultivars (Zincol-2016, AAS-
2011) with high levels of micronutrients are available. Elucidating the genetic basis 
of grain yield and micronutrient concentrations could help to develop cultivars 
with both improved yield and biofortification status. 

 

https://doi.org/10.3390/agronomy
11061247 

 

 

S4546 - New gene 
pool discovered in 
Tunisian durum 
wheat landraces 

 

Completed 

 

Program/ project 
evaluation/ 
review 

During the 1970s, Tunisian durum wheat landraces were replaced progressively by 
modern cultivars. These landraces are maintained by smallholder farmers and are 
threatened gradually by extinction, resulting in the narrowing of the genetic 
diversity. Researchers investigated patterns of phenotypic variability. Results 
confirmed the identification of a new gene pool in the oases of Tunisia, 
represented by the sub-population Jenah Zarzoura and the robustness and high 
relationships between phenotypic and genome-wide genetic structure using 
DArTseq method. These findings will enhance the conservation efforts of these 
landraces and their use in breeding efforts at national and international levels to 
adapt to dry conditions. 

 

https://doi.org/10.3390/agronomy
11040634 

 

https://doi.org/10.1038/s41598-020-79883-x
https://doi.org/10.1038/s41598-020-79883-x
https://doi.org/10.3390/agronomy11061247
https://doi.org/10.3390/agronomy11061247
https://doi.org/10.3390/agronomy11040634
https://doi.org/10.3390/agronomy11040634
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S4565 - What 
drives crop 
residue 
management in 
Tunisian crop-
livestock systems? 

 

Completed 

 

Program/ project 
adoption or 
impact 
assessment 

Integrated crop–livestock system within CA can be a viable option for Tunisian 
farmers, for both environmental and economic objectives. Stubble constitutes the 
main source of feed for livestock during summer, when other crops cannot be 
grown under rain-fed conditions. Competition related to crop residue (CR) 
allocation by farmers is becoming a worrying issue, particularly in drylands where 
fodder potential is low. Study results show that most farmers are keeping low 
quantities of CR on the soil (<200 kg/ha), compared the recommended 1500 kg/ha 
necessary to maintain soil health and enhance organic matter. Because crop 
residues management in Tunisia is generally related to low biomass yield, the 
introduction of new technologies such as legume-cereal mixture, diversified 
cropping rotations, improved fallows would contribute indirectly to increase the 
quantity of CR left on farmers' fields. 

 

https://doi.org/10.3390/agricultur
e11070612 

 

 

S4573 - 
Mechanization: 
Farmer adoption 
pathways differ in 
Bangladesh, India 
and Nepal 

 

Completed 

 

Ex-post adoption 
study 

Adoption of farm mechanization has been increasing in South Asia, mainly due to 
the establishment of custom hiring service centers and governments' subsidy 
policy to support purchases. Mechanization relaxes labor constraints during peak 
season, reduces drudgery and increases agricultural intensive farming activities. 
Study results show that a large proportion of South Asian smallholder farmers use 
farm machinery; tractors and water pumps are the most prominent farm 
machinery, followed by threshers, harvesters, and power tillers. Usage is high, due 
to the importance of custom hiring service centers. Econometric analysis revealed 
that demographic characteristics (gender and age of the household head) and level 
of human capital (education) influence adoption. Households receiving agricultural 
training have a higher probability of adopting. Accesses to credit and non-farm 
income are important factors for the adoption of different types of farm 
machinery. Increase in household's distance to market and extension services is 
negatively correlated. 

 

https://doi.org/10.1016/j.techsoc.
2021.101591 

 

 

S4579 - 
Agricultural 
scientists' views 

 

Completed 

Qualitative 
Outcome Study: 
(mainly to 
substantiate 
contribution to 
policy or similar) 

Despite a growing body of literature on how to scale innovations to contribute to 
the Sustainable Development Goals, there has been little attention for how 
scientists and program managers engage with scaling processes in practice. 
Through 36 interviews we found that the dominant understanding of scaling was 
output and beneficiary-focused, rather than outcome- and society-focused, as the 
latest literature suggests.  This has implications on how scaling is approached in 

 

https://www.km4djournal.org/ind
ex.php/km4dj/article/view/511 

 

https://doi.org/10.3390/agriculture11070612
https://doi.org/10.3390/agriculture11070612
https://doi.org/10.1016/j.techsoc.2021.101591
https://doi.org/10.1016/j.techsoc.2021.101591
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about scaling of 
innovations 

ongoing projects, and on the role of an agricultural Research for Development 
(R4D) organization, such as the International Maize and Wheat Improvement 
Center (CIMMYT), in bridging science and development. Authors recommend more 
reflection on the scaling process and making greater use of scaling capacities and 
tools, to better link scientific knowledge to results on the ground. 

 

S4581 - Zero Tillage 
use did not 
reinforce or 
deepen existing 
inequalities within 
Bangladeshi, 
Indian or 
Nepalese 
households 

 

Completed 

 

Program/ project 
evaluation/ 
review 

Findings indicate that the switch to zero-tillage contributed to substantial time 
savings in India and Nepal and did not lead to any reallocation or increased burden 
of roles and responsibilities to women in any of the surveyed localities (24 
households in 3 countries), while knowledge on weed management practices were 
balanced among spouses (e.g. no gendered knowledge divide created). In contrast 
to other study findings for other geographies (which warrants more in-depth 
analysis), zero-tillage use did not reinforce or deepen existing inequalities within 
households. Zero-tillage may be an important component of an inclusive 
agricultural development pathway in the Eastern Gangetic Plains (EGP). Further 
research on the inclusivity of zero-tillage in the context of labor burden in the EGP 
is needed. Extension efforts should target herbicide use as it becomes more 
normalized, enabling both male and female community members. 

 

https://doi.org/10.1177%2F00307
270211013823 

 

S4590 - No-Till 
Farming in the 
Maghreb Region: 
Enhancing 
Agricultural 
Productivity and 
Sequestrating 
Carbon in Soils 

 

Completed 

 

Ex-ante, baseline 
and/or foresight 
study 

A book chapter collates and synthetizes available information on how to improve 
upon sustainable farming and mitigating anthropogenic climate change—through 
adoption of no-till (NT) systems over existing conventional agriculture systems (e.g. 
crop productivity, soil quality, erosion control, and carbon emissions and 
sequestration).  

https://www.taylorfrancis.com/ch
apters/edit/10.1201/97810031027
62-14/till-farming-maghreb-region-
rachid-mrabet-rachid-moussadek-
mina-devkota-rattan-lal 

http://dx.doi.org/10.1201/978100
3102762-14 

S4592 - Farmers' 
timely planting of 
rice and wheat in 
the Eastern Indo-
Ganges Plains: 

 

Completed 

 

Ex-ante, baseline 
and/or foresight 
study 

Research has shown that timely planting of both rice and wheat is one of the most 
important farmer response options to build resilient agroecosystems amidst a 
changing climate. At the system level of rice-wheat cropping patterns in South 
Asia, timely rice planting makes efficient use of monsoon season rainfall; planting 
wheat within the first 3 weeks of November ensures higher yield and avoids heat 
stress.  Scientists used a mixed-methods approach to identify key issues and 
dynamics for timely rice planting. For the first time scientists showed that farmers’ 

 

https://doi.org/10.1007/s13593-
021-00668-1 

 

https://doi.org/10.1177%2F00307270211013823
https://doi.org/10.1177%2F00307270211013823
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003102762-14/till-farming-maghreb-region-rachid-mrabet-rachid-moussadek-mina-devkota-rattan-lal
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003102762-14/till-farming-maghreb-region-rachid-mrabet-rachid-moussadek-mina-devkota-rattan-lal
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003102762-14/till-farming-maghreb-region-rachid-mrabet-rachid-moussadek-mina-devkota-rattan-lal
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003102762-14/till-farming-maghreb-region-rachid-mrabet-rachid-moussadek-mina-devkota-rattan-lal
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003102762-14/till-farming-maghreb-region-rachid-mrabet-rachid-moussadek-mina-devkota-rattan-lal
http://dx.doi.org/10.1201/9781003102762-14
http://dx.doi.org/10.1201/9781003102762-14
https://doi.org/10.1007/s13593-021-00668-1
https://doi.org/10.1007/s13593-021-00668-1
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Enabling factors 
and constraints 

capacity for timely planting is predicated on timely availability of pre-monsoonal 
irrigation. Social factors (e.g. timely access to farm inputs, machinery) are 
secondary constraints. Other (unquantified) constraints were: Absence of 
collective action (e.g. synchronous rice planting) to reduce pressure from 
pest/diseases and grazing animals. Researchers argue for further research to 
overcome spatially explicit barriers to timely use of irrigation. 

 

S4593 - Climate-
smart practices, 
gender equity and 
male out-
migration:  

 

Completed 

 

Program/project 
adoption or 
impact 
assessment 

Knowledge gaps about Climate-smart Agricultural Practices (CSAPs) exist between 
men and women farmers. Reducing those gaps would increase CSAPs adoption and 
reduce the likelihood of migration, an especially important finding, as labor 
migration is mostly a destitute migration. Study findings imply that CSAPs adoption 
leads to a rise in nutrition intake by 5.92 units. Men’s migration tends push down 
nutrition intake  by almost five units. When food deficiency hits the household, 
men migrate, kicking off a vicious cycle. To break it, solutions should address 
climatic risks and women’s potential.  Scientists observed low, average knowledge 
indices of the farming community; women were in a disadvantaged position (2 
study areas in Bihar, India). Business models for creating gender-equitable 
employment opportunities, improved education levels and training packages 
should be priority policy and investment targets, enabling improved access and 
control for women over resources and reducing low-paid workers’ migration. 

 

https://hdl.handle.net/10568/1167
9 

https://doi.org/10.1108/IJCCSM-
01-2020-0004 

 

 

S4610 - AFRICA 
RISING project 
portfolio offers 
lessons learnt on 
scaling 

 

Completed 

 

Program/ project 
evaluation 
/review 

Documenting lessons learned about scaling processes from Africa Rising projects, 
based on qualitative assessment (e.g. focus group discussions, key informant 
interviews, document analysis):  The Africa RISING experience shows that well 
beyond the technicalities of validated innovations, scalability is often contingent 
on the scalar politics that define the research project in the first place, and the 
complex partnerships required for scaling, e.g. dealing with bottom-up as well as 
top-down processes, for example replacing nationally-set blanket fertilizer rates 
with differentiated, localized ones.  Researchers identified four broad lessons for 
the current understating of agricultural innovation scaling. Scaling approaches 
require a balance between the technical and the social dynamics surrounding 
scaling targets and actors; scaling is never just linear; and scaling strategies need to 
be flexible, stepwise, and reflective, to manage the social, processual and 
emergent nature of the practice of scaling. 

 

https://doi.org/10.1371/journal.po
ne.0251958 

 

https://hdl.handle.net/10568/11679
https://hdl.handle.net/10568/11679
https://doi.org/10.1108/IJCCSM-01-2020-0004
https://doi.org/10.1108/IJCCSM-01-2020-0004
https://doi.org/10.1371/journal.pone.0251958
https://doi.org/10.1371/journal.pone.0251958
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S4617 - Climate-
smart 
Conservation 
Agriculture in 
MENA region 
drylands: 
Opportunities and 
challenges ahead 

 

Completed 

 

Ex-ante, baseline 
and/or foresight 
study 

A comprehensive review of Conservation Agriculture practices (CA) highlighted 
that about 25–40% of the 53 million hectares arable land is suitable for CA in the 
Middle East North Africa (MENA) region (6% of world population, 2019). Successful 
sustainable intensification of wheat-based systems depends on greater CA 
adoption and clustering and tailoring of solutions, such as affordable and versatile 
no-till seeders and integrated crop management practices. Effective strategies for 
upscaling CA in MENA need to take into consideration the unique features of the 
region (e.g. 25% of arable land degraded, risk of food production decrease). 
Scientists are confident that CA faces a brighter future, as rising energy prices and 
wage rates, a growing number of younger and more educated farmers with 
increased awareness of land and water resources degradation  - and changes in 
dietary preferences increase the attractiveness of CA in MENA. 

https://repo.mel.cgiar.org/handle/
20.500.11766/66826 

https://doi.org/10.1016/bs.agron.2
021.11.001 

https://twk.pm/ybr17xc9na 

https://books.google.co.ma/books
?hl=en&lr=&id=4dFYEAAAQBAJ&oi
=fnd&pg=PA17&ots=Gosjj1mkvG&
sig=g7PZ6KDycBLN6DRVlo92QMCh
tEU&redir_esc=y#v=onepage&q&f
=false  

 

S4629 - Innovation 
Platform networks 
in South Asia and 
their impact on 
extension systems 

 

Completed 

 

Program/ project 
evaluation/ 
review 

The Eastern Gangetic Plains is home to 300 million people, with the world's highest 
concentration of rural poverty. Current linear models of technology transfer fail to 
deliver. WHEAT and partner scientists investigated whether ‘Innovation Platforms’ 
(IPs) could catalyze farmer adoption of Conservation Agriculture for Sustainable 
Intensification (CASI) technology packages, thereby generating rural micro-
entrepreneurship opportunities. They looked at 37 village-level and 5 District-level 
IPs across Nepal, Bangladesh, and India.   Their key learnings were: (1) how an IP 
was initially set-up (e.g. training, project support, good facilitator) was critical; (2) 
important to define clear entry points and common objectives; (3) stay focused 
and link up with research and extension personnel, (4) aim to institutionalize the IP 
to enable sustainability (e.g. via implementing business models; building on 
existing networks); assure continuous learning and reflection and incorporate 
women’s engagement and empowerment. Applying those lessons will enable 
broader-scale adoption than achieved to-date. 

https://doi.org/10.1080/14735903.
2021.1945853 

See also S4579 and 4573 

 

 

 

  

https://repo.mel.cgiar.org/handle/20.500.11766/66826
https://repo.mel.cgiar.org/handle/20.500.11766/66826
https://doi.org/10.1016/bs.agron.2021.11.001
https://doi.org/10.1016/bs.agron.2021.11.001
https://twk.pm/ybr17xc9na
https://books.google.co.ma/books?hl=en&lr=&id=4dFYEAAAQBAJ&oi=fnd&pg=PA17&ots=Gosjj1mkvG&sig=g7PZ6KDycBLN6DRVlo92QMChtEU&redir_esc=y#v=onepage&q&f=false
https://books.google.co.ma/books?hl=en&lr=&id=4dFYEAAAQBAJ&oi=fnd&pg=PA17&ots=Gosjj1mkvG&sig=g7PZ6KDycBLN6DRVlo92QMChtEU&redir_esc=y#v=onepage&q&f=false
https://books.google.co.ma/books?hl=en&lr=&id=4dFYEAAAQBAJ&oi=fnd&pg=PA17&ots=Gosjj1mkvG&sig=g7PZ6KDycBLN6DRVlo92QMChtEU&redir_esc=y#v=onepage&q&f=false
https://books.google.co.ma/books?hl=en&lr=&id=4dFYEAAAQBAJ&oi=fnd&pg=PA17&ots=Gosjj1mkvG&sig=g7PZ6KDycBLN6DRVlo92QMChtEU&redir_esc=y#v=onepage&q&f=false
https://books.google.co.ma/books?hl=en&lr=&id=4dFYEAAAQBAJ&oi=fnd&pg=PA17&ots=Gosjj1mkvG&sig=g7PZ6KDycBLN6DRVlo92QMChtEU&redir_esc=y#v=onepage&q&f=false
https://books.google.co.ma/books?hl=en&lr=&id=4dFYEAAAQBAJ&oi=fnd&pg=PA17&ots=Gosjj1mkvG&sig=g7PZ6KDycBLN6DRVlo92QMChtEU&redir_esc=y#v=onepage&q&f=false
https://doi.org/10.1080/14735903.2021.1945853
https://doi.org/10.1080/14735903.2021.1945853
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Table 11: Update on Actions Taken in Response to Relevant Evaluations  

Name of the 
evaluation 

Recommendation 
number (from 
evaluation) 

Text of 
recommendation (can 
be shortened)  

Status of response to 
this recommendation  

Concrete actions 
taken for this 
recommendation. 
 

By whom (per 
action) 

When (per 
action) 

Link to 
evidence 

 

NA  
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Table 12: Examples of W1/2 Use in this reporting period (2020) 

Please give specific examples, one per row (including through set aside 
strategic research funds or partner funds) 

Select broad area of use of W1/2 from the categories below - (drop down) 
Select only one category.  

 

No change compared to 2020 annual reporting. WHEAT is guided by the high-level framework for W1&2 deployment shown below, while Table 12 shows in 
more detail where W1&2 has been invested during 2021, based on the 80+ work packages in the W1&2-per-FP annual work plan delivered by CIMMYT and 
ICARDA scientists and their implementation partners. 
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Table 13: CRP Financial Report  
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