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Key messages

•	 Crop genetic improvement has greatly enhanced agricultural productiv-
ity, food security, and economic opportunities for smallholder farmers 
globally. CGIAR has contributed significantly to efforts of national part-
ners to develop high-yielding, stress-resistant, and nutritionally improved 
crop varieties.

•	 Early policy analyses, largely informed by the successes of the Green 
Revolution, documented substantial gains in agricultural productiv-
ity, income generation, and poverty alleviation. However, subsequent 
research highlighted persistent adoption challenges, including slow vari-
etal turnover and seed replacement, which have been linked to diverse 
institutional constraints (such as weak extension systems), economic bar-
riers (high seed prices, liquidity constraints), and behavioral factors (risk 
aversion, limited farmer knowledge).

•	 Initial crop improvement programs focused primarily on maximizing 
yields. Over time, programs have shifted toward prioritizing multidimen-
sional traits, including tolerance to abiotic stresses (such as drought and 
heat), resistance to pests and diseases, enhanced nutrient use efficiency, 
nutritional quality (biofortification), and consumer- and market-preferred 
characteristics, to more effectively address challenges such as climate 
change and changing diets.

Looking to the future, research and policy recommendations should focus on:

•	 Strategically bundling improved crop varieties with complementary 
inputs and services—such as agricultural advisories, credit, insurance, 
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fertilizer, and guaranteed market access—to help overcome multiple 
simultaneous adoption constraints. Developing evidence-based bundles, 
carefully calibrated to specific local contexts, offers a promising pathway 
to accelerating varietal adoption, turnover, and seed replacement.

•	 Make significant investments in both formal and informal seed sys-
tem infrastructure and regulatory reforms to fully realize the potential of 
crop genetic innovation. Policy reforms should enhance seed quality assur-
ance, improve intellectual property frameworks, streamline varietal regis-
tration and release processes, and encourage private sector investment.

•	 Strengthen global consensus on the role of science—particularly 
precision genetics—in food systems. This includes an urgent need for 
greater investment in rigorous impact assessments, using both predic-
tive modeling and real-world evaluations to capture context-specific out-
comes as well as broader impacts on economies.

•	 Integrate systematic use of market intelligence to align crop improve-
ment with climate change, urbanization, and shifting diets. This will 
require an improved understanding of how crop genetic improvement pro-
grams use market intelligence, and what barriers they face in adopting 
more systematic and transdisciplinary processes for prioritization.

Crop improvement has long been a cornerstone of global efforts to enhance 
agricultural productivity, improve food security, and foster economic 
development. By conserving, sharing, and developing genetic materials 

that are used to develop high-yielding, stress-resistant, and more nutritious vari-
eties, CGIAR genebanks, crop improvement programs, and seed system proj-
ects have contributed substantially to the efforts of national partners to deliver 
genetic gain—that is, genetic traits embodied in seeds and other types of plant-
ing material—to small-scale, resource-poor farmers. Together with national 
research programs, extension services, private seed companies, and women and 
men farmers’ organizations, CGIAR has helped improve income, nutrition, 
and livelihood opportunities for both the rural and urban poor.

IFPRI researchers and the wider community of applied economists and 
policy analysts have consistently gravitated to studying crop improvement, 
although over time, the focus of policy research has evolved significantly. Early 
analyses by IFPRI and partners in the 1980s and 1990s provided evidence 
of the potential social and economic gains from public investment in plant 
breeding, supported by findings from field-based studies of varietal adoption 
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patterns, trends, and impacts. While governments in low- and middle-income 
countries (LMICs) continue to invest in genetic innovation and seed systems to 
support smallholder farmers, concerns have emerged about persistently low and 
heterogeneous rates of adoption among farmers in many agricultural systems. 
As a result, more recent research has focused on alleviating institutional and 
behavioral constraints to adoption and introducing innovative mechanisms to 
accelerate adoption and realize productivity and welfare outcomes.

Policy research has also undergone a shift in focus from the original chal-
lenge of replacing landraces and local varieties with high-yielding improved 
varieties to an emphasis on (1) continuously replacing older improved varieties 
with more recently released varieties (varietal turnover), (2) encouraging farm-
ers to cultivate high-quality seed irrespective of genetic change (seed replace-
ment), and (3) moving from a singular focus on higher yields to targeting 
multiple traits, including abiotic stress tolerance, pest and disease resistance, 
improved use-efficiency for resources such as soil nutrients and water, higher 
micronutrient content, specific processing and preparation qualities, and other 
farmer-, consumer-, and market-facing characteristics. Combined, these shifts 
aim to make improved varieties more attractive to farmers, consumers, and 
other value chain actors, and also strengthen the contribution of crop variet-
ies to addressing major food systems challenges such as climate change and 
dietary transitions.

In this chapter, we explore evidence on the contribution of crop genetic 
improvement to productivity, nutrition, environment, and poverty outcomes. 
We also discuss important areas for future research, such as documenting the 
empirical impacts and cost-effectiveness of innovations through which new 
varieties reach farmers; improving our understanding of how to accelerate 
varietal adoption, turnover, and quality seed use; and providing insights on 
the role of information, incentives, and policies in amplifying the impacts that 
crop genetic improvement may have on a range of development outcomes.

Evidence on crop improvement and farmer uptake

Identifying solution-oriented, evidence-based approaches to 
accelerate varietal adoption and turnover

Researchers have been interested in the economic and social dimensions of tech-
nological change in agriculture for decades. Seminal work in the late 1950s and 
early 1960s provided the iconic logistic growth functions, or “s-curves,” that are 
still used today to describe the process by which new technologies are adopted by 
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different types of farmers over time (Figure 9.1) (Griliches 1957; Rogers 1962). 
Given the expected impacts of improved varieties on productivity and poverty, 
a major emphasis for policy researchers has been to produce evidence on how to 
speed up the rate at which genetic gains reach farmers’ fields.

Early research focused on the adoption of improved varieties, which is 
typically defined as the sustained replacement of landraces or local varieties 
by varieties that were improved by breeding programs (Spielman and Smale 
2017). Adoption involves a significant change in the genetic composition of 
varieties being cultivated by farmers. Over a period of about 20 years start-
ing in the mid-to-late 1960s, the Green Revolution experience with semi-
dwarf rice and wheat varieties in South and Southeast Asia provided much 
of the evidence on the nature and impact of the adoption process (Evenson 
and Gollin 2003; Foster and Rosenzweig 1995; Lipton and Longhurst 1989). 
IFPRI researchers and colleagues shaped many of the early studies on adop-
tion—not just of high-yielding rice and wheat varieties, but also of other 
country–crop combinations such as maize in Southern Africa (Smale et al. 
1995) and rice and millet in West Africa (Adesina and Zinnah 1995; Smale 
et al. 2018).

Despite early successes in increasing productivity and reducing hunger 
and poverty (Fan et al. 2008; Hazell and Ramasamy 1991), evidence from 

Figure 9.1  The classic adoption curve

Source: Adapted from Rogers (1962).
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subsequent decades and regions tends to suggest low and variable adoption 
rates that are associated with a wide range of factors (Feder et al. 1985; Feder 
and Umali 1993). Particular emphasis was given to the slow rate of vari-
etal turnover, that is, the replacement of first-generation varieties with more 
recently released varieties that sustain or enhance the original gains, such as 
pest and disease resistance (Brennan and Byerlee 1991; Heisey and Brennan 
1991). Findings often pointed to adoption constraints such as the farm-
er’s education level, landholding size, access to extension, or gender of the 
household head, and the need for more targeted efforts to reach the types of 
farm-households that are less likely to adopt new varieties.

Interest in accelerating adoption remains strong especially in Africa south 
of the Sahara, as concerns persist over slow or stagnant productivity growth 
in agriculture (Ray et al. 2012; Wollburg et al. 2024). But as many farmers in 
the Global South have become aware of improved varieties (for example, see 
Sheahan and Barrett 2017), policy emphasis is shifting slowly toward a com-
bined approach: accelerating adoption where it is still lagging, and accelerat-
ing varietal turnover and seed replacement in most other places. Accelerating 
adoption will require a major shift in farmers’ technology paradigm—the 
what, when, and how of their farming decisions, which are often shaped by the 
support provided by agricultural extension services, seed suppliers, starter kits, 
and fertilizer-seed-credit packages. Varietal turnover and seed replacement is 
often more continuous and incremental in nature, and more dependent on 
functional markets, institutions, and targeted policies.

Beyond their support to public plant breeding programs and extension ser-
vices, governments often view seed subsidies as their primary policy instru-
ment for promoting turnover and replacement. Subsidies address farmers’ 
most obvious constraint—high sensitivity to seed prices (Mason and Ricker-
Gilbert 2013; Mason and Smale 2013)—but often fail to address other 
important incentive issues and desirable outcomes, such as diversification in 
the crops that farmers produce (which contributes to soil health and dietary 
diversity in the home), unless intentionally designed to address these short-
comings (Spielman and Smale 2017). For example, in Malawi, introducing 
subsidies for legumes in addition to maize led to measurable improvements in 
diets (Matita et al. 2022).

Studies have also examined alternative explanations for low adoption, turn-
over, and replacement, looking, for example, at farmers’ and consumers’ pre-
ferred traits to inform product development priorities in breeding programs 
(Chowdhury et al. 2011; Oparinde et al. 2016), at how farmers obtain seed 
with these traits when markets are fragmented or absent (Lipper et al. 2010), 
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and at how specific regulations or program interventions could increase acces-
sibility and affordability (Smale 2005; Tripp and Louwaars 1997).1

Another branch of research builds on behavioral insights derived from 
exchanges between social psychology, economics, and public policy, and 
engages with seminal issues such as farmer heterogeneity (Suri 2011), learning 
processes (Foster and Rosenzweig 1995; Leathers and Smale 1991), risk and 
uncertainty (Rosenzweig and Binswanger 1993), and social institutions such 
as gender norms (Galiè et al. 2025). Studies on downside risk, learning dynam-
ics, and imperfect markets for a wide range of crops and countries represent an 
important expansion of the evidence base and suggest ways to encourage adop-
tion, turnover, and replacement by alleviating behavioral constraints (Gars 
and Ward 2019; Hanna et al. 2014).

One means of alleviating these constraints is by combining new varieties 
with other essential inputs and services. The rationale for bundling improved 
varieties with products such as advisories, finance, insurance, fertilizers, or mar-
ket guarantees, is that farmers face multiple barriers to technology adoption, 
especially more marginalized farmers (Suri and Udry 2022) (see also Chapter 8). 
Marketing a new variety to risk-averse farmers, for example, may succeed only 
if it is accompanied by a small loan to address liquidity and credit constraints, 
a low-cost index insurance policy to address weather risk, digital advisories to 
provide easy access to technical and business insights, product quality assurance 
signals, or contracts to ensure postharvest market opportunities.2 Similarly, pro-
viding information to women farmers or adjusting the manner in which the 
information is delivered to them may increase their capacity to make informed 
decision-making on, and their bargaining power over, which varieties to plant 
(Lecoutere et al. 2023; Kramer, Trachtman, and Zuze 2023).

The idea that improved varieties can be bundled with other products, ser-
vices, and programs is not new. Packages of improved varieties, inorganic 
fertilizer, credit, extension services, and minimum support pricing were a hall-
mark of the Green Revolution. What is new, however, is the expansion of bun-
dling options into entirely new realms of activity, as well as the commitment 

1	 Early research on these questions relied mainly on nonexperimental methods such as dichoto-
mous choice models to establish correlations between adoption and its potential drivers; qua-
si-experimental methods requiring strong assumptions to (weakly) identify causal effects of 
innovations to increase adoption; or qualitative approaches that provide insufficient generaliz-
ability beyond small samples of farmers.

2	 On credit, see Kramer et al. (2024); on insurance, see Boucher et al. (2024) and Ward et al. (2020); 
on digital advisories, see Fabregas et al. (2025, 2019); on product quality assurance signals, see 
Miehe, Swallow et al. (2023), Miehe, Van Campenhout et al. (2023), Bold et al. (2017), and Hsu 
and Wambugu (2022); and on contracts, see Arouna et al. (2021) and Michler and Wu (2020).
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to generating rigorous evidence of what works and for whom (Barrett et al. 
2020). While bundles may differ significantly by crop, country, market, or 
context, each one represents an opportunity for experimentation and learn-
ing, in which improved varieties contribute to the larger process of technical 
change and system transformation (see Chapter 8).

In fact, experiments that explore the impact of these bundles are providing 
actionable policy recommendations that address last-mile delivery problems 
for improved varieties. For example, bundling stress-tolerant varieties with 
index insurance products requires careful calibration of the index to the vari-
ety’s performance under stress, such as moderate to severe drought during key 
stages of the plant’s growth. The index should trigger payouts only once reach-
ing a “tipping point” at which the stress-tolerance trait is overwhelmed, such 
as extreme drought that continues for several days beyond the plant’s capac-
ity to withstand drought (Ward et al. 2020; Lybbert and Carter 2014). Even 
then, farmers may not consider stress-tolerant varieties and insurance cover-
age to be complementary (Kramer, Waweru, and Malcarne 2023). Costing 
insurance requires not only an understanding of the probability that extreme 
events might occur, and the value of the potential losses, but also the discounts 
required to encourage smallholders to purchase coverage despite their lack of 
familiarity with index insurance (see also Chapter 10).

Creating an enabling environment to incentivize public and 
private innovation to accelerate varietal turnover

Experiments that have focused on addressing demand-side barriers to adop-
tion tend to test solutions that increase demand for improved varieties made 
available through formal channels—primarily commercial seed markets—
rather than through the nonmarket exchanges of seed on which many small-
holder farmers rely. Thus, whereas innovations in bundled solutions to 
increase demand have advanced rapidly, broader seed systems innovations to 
strengthen both formal and informal channels are evolving more slowly. This 
slow pace has spurred an emphasis on upstream and midstream value chain 
development (Reardon and Timmer 2012), as well as lessons learned from pri-
vate industry (Donovan et al. 2021; ter Steeg and Louwaars 2024), to design 
innovative approaches that address supply-side constraints to adoption, turn-
over, and replacement.

Seed systems innovations include a sequence of supply-side regulatory 
reforms and demand-side investments designed to attract private investment 
into the delivery of improved varieties and quality seeds to smallholder farm-
ers, while they also draw attention to the economic trade-offs, unintended 
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consequences, and operational challenges of such reforms and investments. 
Producing marketable seeds requires land, labor, irrigation, regulation, capi-
tal, expertise, and business and marketing experience to forecast and generate 
demand, all of which can be scarce in LMICs, thus introducing supply-side 
constraints in their seed industries. Lifting these constraints is important for 
firms and market regulators in order to ultimately make new varieties available 
to farmers and other value chain actors. Unfortunately, compared to invest-
ments in crop improvement, investments in seed production and other produc-
tion-related aspects of the seed system have been relatively small.

Although many private companies in Asia have achieved notable successes 
in the seed industry, Africa’s seed sector remains at a relatively nascent stage. 
Initiatives such as the Program for Africa’s Seed Systems, led by AGRA (for-
merly the Alliance for a Green Revolution in Africa), and the Integrated Seed 
Sector Development project, led by Wageningen University & Research, have 
contributed to mobilizing attention and resources around the policy dimen-
sions of seed sector development, especially where formal (commercial) and 
informal (farmer-based) seed systems intersect (Bagamba et al. 2023; Munyi 
and De Jonge 2015; Wellard et al. 2019). Similar efforts such as the Enabling 
the Business of Agriculture indicators, the African Seed Access Index, and 
the Access to Seeds Index, combined with CGIAR programs and projects, 
have also drawn attention to the need for a stronger enabling environment. 
Emphasis has been placed on early generation seed production and distribu-
tion, varietal registration and release procedures, seed quality assurance sys-
tems, intellectual property rights, seed subsidies, and international seed trade 
(Kuhlmann 2021; Spielman and Smale 2017).

Demonstrating how public investment in crop improvement can 
generate desirable development outcomes

IFPRI and its partners continue to conduct research that quantifies the social 
returns to improved variety development and delivery, justifies the necessary 
investment of scarce public resources, and unpacks the political economy fac-
tors that shape the policy discourse around crop improvement.

Research spanning several decades has helped to demonstrate how public 
spending on agricultural R&D—usually involving plant breeding programs as 
the primary funding vehicle—contributes to agricultural productivity growth 
(Alston and Pardey 2021; Alston et al. 1995, 2022; Griliches 1964; Hayami 
and Ruttan 1971). More recent evidence has helped to solidify the connec-
tion between crop improvement and productivity growth (Evenson and Gollin 
2003), while other work has extended this analysis to link R&D and poverty 
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outcomes (Fan et al. 2000; Fan and Hazell 2001). A recent ex ante impact assess-
ment suggests that faster productivity growth due to crop improvement could 
increase economywide income by 2 to 15 times the current level of public R&D 
spending on food crops in LMICs, with the potential to reduce the population 
at risk of hunger by up to 11 million people (Wiebe et al. 2021).

This entire body of literature draws on a rich combination of analytical tech-
niques and data sources, ranging from econometric analysis using national statis-
tics on crop production, yields, and area (Fan et al. 2000; Fan and Hazell 2001), 
relatively straightforward economic surplus models (Fuglie and Echeverria 
2024), structural models estimating the impacts of the Green Revolution 
(Gollin et al. 2021), and sophisticated global computational models (Evenson 
and Rosegrant 2003; Rosegrant et al. 2023). Models developed or improved 
upon by IFPRI, such as DREAM, RIAPA, IMPACT, and MIRAGRODEP, 
have played a critical role in the latter type of research, as has the Institute’s sta-
tistical and econometric modeling (see also Chapter 4).

While many of these studies have withstood the test of time and remain 
seminal to our understanding of crop improvement’s importance, the nature 
of the evidence is rapidly evolving, including the methods being applied to 
demonstrate impacts (Box 9.1). In particular, there is a move to use more rig-
orous experimental and quasi-experimental methods to establish causal rela-
tionships with greater credibility, precision, and context-specificity (Stevenson 
et al. 2023). For example, randomized controlled trials (RCTs) have become 
a cornerstone of evidence-based policy evaluation, including the evaluation of 
impacts from using improved varieties under farmers’ conditions (for example, 
Emerick et al. 2016; Boucher et al. 2024).

Using RCTs to evaluate the impacts of crop improvement, as has been 
done by IFPR researchers for a variety of crops in Africa and Asia, has helped 
create the evidence needed to advance these traits into widespread use by farm-
ers.3 IFPRI-led studies also shed light on which incentives and institutions lead 
to changes in farmers’ expectations, preferences, and behaviors, and ultimately 
shape their adoption, turnover, and replacement decisions in cost-effective and 
inclusive ways. Importantly, whether they rely on relatively simple economic 
surplus models or complex global trade ones, these RCT-based methods offer 
greater analytical resolution and nuance at the country, crop, and trait lev-
els than modeling-based approaches, despite well-reasoned criticisms of the 
approach (Barrett and Carter 2020, 2010; Rosenzweig and Udry 2020).

3	 Examples of RCT-based studies include Abate et al. (2018, 2023); Ahmed et al. (2021); Bernard 
et al. (2023); De Brauw et al. (2018, 2019); and Van Campenhout et al. (2021).
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Box 9.1  Methods for assessing the impacts of crop improvement

Research on crop improvement must consider whether the social returns 
justify investing scarce public resources in plant breeding. Below, we exam-
ine the variety of approaches used to address this question.

EX ANTE MODELING-BASED IMPACT ASSESSMENTS. Continuous ex ante 
assessments of crop improvement programs and other development inter-
ventions are essential to justifying and prioritizing scarce public resources. 
These assessments utilize economic models such as DREAM, RIAPA, 
IMPACT, MIRAGRODOP, and GLOBE, as well as biophysical models and 
data to enhance and calibrate these models. They conceptualize outputs 
from investments in breeding as “innovations” that increase productivity 
growth, and then quantify the returns to agricultural R&D and the contribu-
tion of crop improvement by comparing scenarios with and without adoption 
of improved varieties (that is, with higher versus lower rates of productiv-
ity growth). This method is often used to inform investments in agricultural 
R&D. An advantage is that the use of macroeconomic models facilitates 
comparison across regions, crops, and outcome indicators to identify where 
the greatest gains can be achieved, depending on the diverse objectives of 
donors and other decision-makers. However, the approach requires making 
strong assumptions about the effects of improved varieties on yield growth 
and about the relationship between yield growth and poverty reduction, 
food security, and nutrition, neither of which are always founded in empiri-
cal observations.

AGRONOMIC PERFORMANCE TRIALS. Field trials play a pivotal role in eval-
uating the real-world performance of new crop varieties. Conducted under 
controlled conditions in diverse agro-ecological settings, these trials mea-
sure agronomic traits such as yield, resistance to pests and diseases, and 
adaptation to local conditions. Data from these trials inform breeders, farm-
ers, and policymakers about the practical implications of adopting new 
varieties and their comparative advantages over existing ones. However, 
performance under controlled conditions does not always translate into sim-
ilar performance under farmers’ practices. Under uncontrolled conditions, 
the decision to adopt a new variety could introduce behavioral responses 
that cannot be captured through this type of method.

ADOPTION STUDIES. Studies documenting the adoption of new crop variet-
ies provide empirical evidence on the extent to which varieties are adopted, 
perceptions of those varieties, and reasons for adoption or non-adoption. 
These studies often aim to document changes in agricultural practices and 
productivity associated with adopting new varieties by comparing adopt-
ers and nonadopters. Given that the decision to adopt a new variety is likely 
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Looking to the future

Strengthening opportunities for impact through crop 
improvement and seed systems

Looking to the future, the cumulative evidence strongly suggests that a bet-
ter understanding of the impact pathways leading from genetic improvement 
to broader developmental outcomes can potentially improve the efficiency 
and effectiveness of future policy and investment choices. This is particularly 
relevant when such choices aim to address large and complex agricultural 

correlated with unobservable farmer characteristics that also influence agri-
cultural practices and productivity, findings from adoption studies should 
not be interpreted as causal evidence. Nonetheless, insights gained from 
these studies are critical for understanding the rate of adoption of improved 
varieties, farmers’ perceptions of these varieties, and potential barriers to 
adoption, all of which can be used to design effective extension and out-
reach programs.

EMPIRICAL (QUASI-)EXPERIMENTAL EVALUATIONS. None of the meth-
ods described above show that investments in crop improvement have an 
impact on the ground. Rigorous evaluations employ robust methodologies 
such as randomized controlled trials (RCTs) or quasi-experimental designs 
to assess the causal impact of offering new crop varieties. By randomly 
assigning treatments that introduce exogenous variation in the probability of 
accessing and/or adopting the new variety, these evaluations measure the 
direct effects of adopting new varieties on agricultural productivity, income 
generation, food security and nutrition, gender equity, the ability to protect 
consumption or investments from climate shocks, and other indicators of 
impact. The use of RCTs in policy research is an extension of methods reg-
ularly employed by breeders and agronomists, wherein plants, rather than 
people, are compared across treatment and control groups in highly con-
trolled environments. The main difference is that policy researchers observe 
people rather than plants, looking at the choices that individual farmers 
make and the benefits that can be achieved, given their own preferences, 
expectations, and constraints. Such evaluations provide credible evidence 
for policymakers and development practitioners to prioritize investments in 
crop improvement programs. Evidence from such evaluations could also 
be used to verify whether the impacts predicted ex ante by computational 
models did indeed occur and to refine model calibration with empirically 
observed adoption and impact estimates.
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transformation challenges beyond productivity growth or poverty reduction, 
such as better diets and nutrition, climate adaptation and mitigation, gender 
equity, social inclusion, and addressing environmental degradation and bio-
diversity loss.

This means moving beyond yield improvement as the sole indicator of 
breeding progress. Since it is well recognized that a new variety often will not 
succeed with farmers if its yield is not at least equal to the incumbent vari-
ety, the question becomes what other traits should be targeted in product 
profiles. Potential targets include abiotic stress-tolerance traits for drought, 
flood, heat, cold, and other adverse weather events induced by climate 
change; abiotic stress-resistance traits for existing or new pests and diseases 
that flourish in changing climatic conditions; and nutrition traits conferred 
by biofortification, that is, breeding for traits that enhance the micronutri-
ent content of food staples (Bouis et al. 2024). National research centers and 
breeding programs have invested significantly in all of these areas with their 
CGIAR partners, with standout examples including CIMMYT’s Drought 
Tolerant Maize for Africa, IRRI’s Stress Tolerant Rice for Africa and South 
Asia, and HarvestPlus’s work across CGIAR on biofortification, among 
many others.

Opportunities exist to target other impacts of crop improvement, such as 
addressing gender equality by targeting production or processing traits that 
reduce drudgery for women, or by focusing on crops traditionally grown and 
marketed by women. Some breeding programs have documented or empha-
sized women’s and men’s preferred varietal traits and incorporated gender 
into their participatory breeding and variety selection processes (Ashby and 
Polar 2019; Weltzien et al. 2019). Programs with explicit gender objectives 
have made considerable progress in advancing gender equity by supporting 
women’s empowerment, addressing discriminatory gender norms, or creating 
social and economic opportunities for women (Galiè et al. 2025). However, 
less emphasis has been placed on identifying which supply- and demand-side 
interventions can equitably improve varietal adoption, turnover, and replace-
ment (Kramer and Trachtman 2024). There is still a strong need for testing 
new product concepts and complementary solutions among diverse groups 
of individuals.

Breeding better crops and delivering them to farmers will never be a sim-
ple “silver bullet” solution to achieve productivity growth, poverty reduction, 
improved nutrition, climate resilience, gender and social equity, or environ-
mental sustainability. Given the complexity of these challenges, no set of traits 
in a given variety of a single crop can address all of them simultaneously. Even 
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with a proven “blockbuster” crop variety, it is impossible to simultaneously 
address the diverse needs of heterogeneous farmers who operate under differ-
ent agroecological and socioeconomic conditions. Therefore, a more nuanced 
approach is needed that bundles together combinations of technological, tech-
nical, and social innovations to address multiple outcomes and achieve stron-
ger and more equitable impacts (Barrett et al. 2020, 2022). Behavioral, social, 
and economic intelligence is key to identifying opportunities and constraints 
through which these sociotechnical bundles can help improve adoption and 
strengthen impacts.

Future priorities for policy and policy research

Looking forward, ensuring that improved varieties and quality seed have a 
sizable impact on development outcomes in the run-up to 2050 will require 
several actions.

Build a stronger global consensus around the role of science and technol-

ogy in our food systems. From the very basic tenets of Mendelian genetics to 
the role of vaccines in society, science is under siege in many communities. For 
decades, IFPRI and partners have explored the social and economic impacts 
of improved genetics in agriculture, helping to demonstrate that science is 
critical to ending global hunger, malnutrition, and poverty. As the pace of sci-
entific achievement increases, precision genetics will likely play a role in agri-
culture, as it already does in the healthcare and pharmaceutical sectors, among 
many others. IFPRI-led studies on genetically modified crops, gene edit-
ing, marker-assisted selection, and other applications of genetics and molec-
ular biology to agriculture in the Global South have contributed to ongoing 
debates around scientific evidence,4 complementing other independent and 
influential sources on the role of precision genetics in our global food sys-
tem (Qaim 2016). Choices on which technologies to move forward should 
and will be science-based even when public perception suggests otherwise 
(Paarlberg 2023).

•	 Evidence is essential to mobilizing science to both safeguard and improve 
human and environmental health through crop improvement programs 
and seed sector development.

4	 This work includes Falck-Zepeda and Zambrano (2011), Omamo and Von Grebmer (2005), 
Pixley et al. (2022, 2019), and Smale et al. (2009).
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Use market intelligence systematically in crop improvement programs and 

seed sector development. This is especially important in light of major global 
challenges related to climate change, dietary transitions, and rapidly evolv-
ing food systems. Market intelligence brings together strategic information 
on future crops, market segments, trait preferences, and client needs to inform 
decisions and prioritize investments in breeding pipelines and seed systems. 
It can offer analytical insights that shape the entire product design process 
from the selection of desired traits to placement in an appropriate market seg-
ment. Such information can reorient investments in crop improvement to 
address climate change and associated shifts in what types of varieties can be 
grown where, as well as to accommodate changes in dietary preferences in a 
more urbanized and marketized world, where most people purchase their food 
rather than grow it themselves.

•	 IFPRI’s economic policy models and its data assets from large-scale house-
hold surveys can help inform this prioritization process by providing ex 
ante projections of potential returns on investment in a given pipeline, or 
by providing more granular subnational estimates of indicators for various 
impact areas, such as poverty, food security, dietary diversity, malnutrition, 
women’s empowerment, and resilience to climate change.

Employ IFPRI’s behavioral research to provide insights on how to encour-

age the use of market intelligence. Systematic processes for gathering 
and using market data remain rare, with evidence showing that less than 
45 percent of surveyed breeding professionals use structured methods (Rice 
et al. 2024). Power dynamics and attitudes further limit meaningful con-
tributions from social scientists (Cullen et al. 2023). Without high-quality 
market data or cross-disciplinary collaboration, decision-makers risk rely-
ing on imprecise or biased information, hindering effective prioritization of 
breeding investments, and limiting impactful investments in crop improve-
ment. An online experiment suggests that breeding experts, including nat-
ural and social scientists involved in plant breeding, may over-extrapolate 
from low-quality data and may be biased to prefer cheaper, lower-quality 
information from disciplines that are more familiar to them (Trachtman 
et al. 2024). This research highlights the need to strengthen awareness of 
data quality in market research for impactful R&D prioritization and to 
quantify the gains from increasing such awareness, expanding data avail-
ability to prioritize investments, and investing in the systematic use of 
such information.
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Increase investment in assessing the impact of improved varieties and qual-

ity seed. This should include complementing ex ante modeling with rigorous 
empirical measurement of impacts and cost-effectiveness using random-
ized evaluations that can capture context-specific granularity and shed light 
on institutional and behavioral mechanisms, such as adoption rates, crowd-
ing-out or crowding-in of other inputs, and impacts for diverse groups of farm-
ers, who are otherwise elusive in a modeling framework due to unobservable 
preferences, risks, expectations, or other factors that are difficult to discern.

•	 Recent CGIAR efforts to strengthen impact assessment of crop improve-
ment through coordinated trials across a wide range of settings (Kilonzi 
et al. 2025) will be instrumental, as are ongoing studies to evaluate the 
impact of various socio-technical bundles.

Link ex ante modeling with ex post evaluations to refine policy guidance for 

governments and their development partners. For instance, models used for 
ex ante impact assessment could be updated with robust and externally valid 
empirical estimates of adoption of new improved varieties under realistic seed 
system scenarios, as well as their potential effects on productivity. Conversely, 
general equilibrium effects should be considered more extensively, especially 
in labor and other factor markets, beyond the immediate first-order outcomes 
of a given intervention, which are captured through randomized evaluations.

•	 Using findings from ex post evaluations to estimate general equilibrium 
effects is an important area of further research (Rosenzweig and Udry 
2020; Taylor and Filipski 2014).

Improve the policy, regulatory, and investment landscape. Significant changes 
are needed in the landscape that shapes the performance of crop improvement 
programs and seed sector development efforts. Of particular importance are 
the international agreements and national policies governing the exchange 
of genetic resources for crop improvement purposes that affect both innova-
tion and entrepreneurship. This includes designing and implementing intel-
lectual property rights regimes that address both breeders’ and farmers’ rights 
to plant genetic resources and the gains from innovation, and national varietal 
registration and release processes and mutual recognition of released varieties 
through regional regulatory harmonization to increase access to genetic gain 
across borders (Bishaw et al. 2025), as well as the role of genebanks in con-
serving genetic resources for future generations (Halewood et al. 2012; Koo et 
al. 2003; Mekonnen and Spielman 2021). At a more local level, this includes 
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addressing the production and equitable distribution of early generation seed 
to facilitate commercial firms, farmer-based enterprises, and seed sector devel-
opment, and the design of credible seed quality assurance systems.

•	 IFPRI’s role in this area is to inform efforts to improve policy, regulatory, 
and investment landscapes, and to evaluate costs and benefits of doing so.

Conclusion
Research by IFPRI and the wider policy research community highlights the 
continued importance of plant breeding, crop improvement, and seed sector 
development. Improved varieties, varietal turnover, and seed replacement will 
remain key drivers of technical change among smallholder farmers, with ben-
efits that include lower food prices for workers, income and livelihood oppor-
tunities for rural farm and nonfarm households, and low-cost inputs for firms 
in the service and industrial sectors. A rich body of work demonstrates the 
value of investing in genetic innovation and delivering these innovations to 
farmers’ fields. However, the technology adoption paradox continues to frus-
trate many observers and decision-makers: with so much invested in agricul-
tural R&D, why are the rates of improved variety adoption, variety turnover, 
and seed replacement so low and variable across crops and countries in the 
Global South? The answer can be found in the specificities of crops, peo-
ple, and places, though that should not prevent investment in generating 
evidence-based recommendations to affect policy. Key areas for future consid-
eration include building a stronger global consensus around the role of science 
and technology in our food systems, applying data-driven market intelligence 
to prioritize breeding, and advancing dramatic policy, regulatory, and invest-
ment reforms to reshape the performance of crop improvement programs and 
seed sector development efforts.
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