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Introduc�on 

Agricultural innova�on has played a major role in improving food security, reducing hunger and poverty, and 
improving rural livelihoods. Agricultural innova�ons such as improved seed varie�es have enabled 
smallholder farmers to increase their yields and incomes. Innova�on in agribusiness has created new 
employment opportuni�es and improved access to markets for farmers, leading to increased incomes and 
beter livelihoods (Pingali 2012). But agricultural growth has been accompanied by nega�ve effects on 
climate, natural environment, public health and nutri�on, and social jus�ce (Barret et al. 2020a; Pingali 
2012). Therefore, an innova�on paradigm shi� is necessary, where produc�vity growth remains essen�al, but 
other cri�cal objec�ves such as poverty reduc�on, promo�on of healthy diets, mi�ga�on of the climate and 
biodiversity and ex�nc�on crises, and building resilience must also be accommodated (Barret et al. 2020a). 

Achieving such a transforma�on will require huge investment in innova�ons for sustainable agriculture 
intensifica�on. These innova�ons should aim to produce the food necessary to meet changing human 
nutri�on needs while also ensuring the long-term produc�ve poten�al of natural resources, such as water 
and land resources, and their associated ecosystems and func�ons. 

As noted by van der Veen (2010), un�l recent years agricultural innova�ons were primarily concerned with 
the need to increase produc�on of food, fodder, and secondary products as well as enhancing quality of 
produce, produc�on process, and growing condi�ons. Innova�ons were seen to have an impact on at least 
one of these five areas: crops, animals, cul�va�on condi�ons, tools, and management methods. But the 
defini�on of agricultural innova�on has broadened with the adop�on of a food systems approach. FAO (2019) 
defines agricultural innova�on as “processes whereby individuals or organiza�ons bring new or exis�ng 
products, processes, or ways of organiza�on into use for the first �me in a specific context in order to increase 
effec�veness, compe��veness, resilience to shocks or environmental sustainability and thereby contribute 
to food security and nutri�on, economic development or sustainable natural resource management” (FAO 
2019). Innova�on includes changes in prac�ces, norms, markets, and ins�tu�onal arrangements, which may 
foster new networks of food produc�on, processing, distribu�on, and consump�on that may disrupt the 
exis�ng system (HLPE 2019). 

This note discusses keys aspects of agricultural innova�on systems including the magnitude and alloca�on of 
expenditures on agricultural innova�on and how innova�on priori�es are determined. Then we discuss areas 
where the innova�on system could be strengthened, including moderniza�on of plant and livestock breeding; 
seeking more sustainable farming systems; the development of digital agriculture; enhancement of value 
chains; and scaling up of innova�ons. 

Expenditures on agricultural innova�on 

In this sec�on we summarize the available informa�on for expenditures on agricultural innova�on in total for 
the Global South and for CGIAR and for NARS. The Global South total includes tradi�onal public and private 
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R&D, marke�ng of technical innova�ons, funding of innova�ons to create or enhance ins�tu�ons or 
infrastructure, and funding for new policies and subsidies to encourage innova�on adop�on. The next two 
sec�ons focus on public expenditures specifically on agricultural research and development, first by CGIAR, 
and next by the NARS.  CGIAR is funded mainly by “development partners” (including mul�lateral 
development banks, bilateral aid agencies, and philanthropic founda�ons). Bilateral aid agencies are by far 
the biggest donors to CGIAR. As you note, expenditures by the NARS come from na�onal budgets in low- and 
middle-income countries (LMICs). Finally, private sector agricultural research and development expenditures 
in LMICs are summarized. 

Although not all investments in agricultural research and development are successful, overall these 
investments have very high rates of return (Alston 2000; Pardey, Andrade, et al. 2016; Pardey, Chan-Kang, et 
al. 2016). In a recent study, Alston, Pardey, and Rao (2020) assessed a sample of 780 observa�ons of benefit 
cost ra�os (BCR) es�mates, including 203 BCRs for CGIAR R&D and 577 BCR es�mates for non-CGIAR (public, 
developing country) R&D such as na�onal agricultural research systems (NARS). The median es�mated BCRs 
for both CGIAR research and developing-country NARS research are about 10:1. BCRs of 10:1 are very high 
compared to other public investments.  

Total agricultural innovation expenditures funding in low- and- middle-income countries 

Prasad et al. (2023) assesses total expenditures on agricultural innova�on by four key categories of funders 
for agricultural innova�on globally: 1) Global South governments (domes�c budgets); 2) development 
partners (bilateral, mul�lateral, and philanthropic donors); 3) private companies; and 4) private equity and 
venture capital (PE/VC) investors. The term “Global South” used in Prasad et al. (2023) follows the World Bank 
classifica�on of low- and- middle-income countries. This study includes all funding related to the crea�on or 
adop�on of new agricultural technologies, prac�ces, and systems. In addi�on to purely technological 
innova�on, the study includes funding in non-technological areas such as business models, policy reforms, 
agricultural extension and training, process innova�ons, and marke�ng funding on innova�ve technologies. 
All values were converted to constant 2019 prices and constant 2019 US$ exchange rate (Prasad et al. 2023).i 

According to the broad defini�on used in this study, the es�mated average total annual funding for 
agricultural research and innova�on in the Global South between 2010 and 2019 was around $60 billion per 
year (with a range of $50-70 billion). Tradi�onal public and private R&D, which involves scien�fic research 
and development of new technical products and services, accounted for 33% of the total innova�on funding. 
Another 37% was dedicated to the marke�ng of technical innova�ons, along with extension services and 
training programs provided by both public and private sectors to assist farmers and producers in adop�ng 
these innova�ons. Around 26% of the funding was directed towards innova�ons that aimed to create or 
enhance ins�tu�ons or infrastructure. The funding for new policies and subsidies to encourage innova�on 
adop�on represented less than 5% of the overall spending (Prasad et al. 2023). 

Between 2010 and 2019, Global South governments were responsible for approximately 60-70% of the total 
innova�on funding, with the private sector contribu�ng 15-30%, development partners (including mul�lateral 
development banks, bilateral aid agencies, and philanthropic founda�ons) accoun�ng for about 8%, and 
startups funded by PE/VC represen�ng 2-3% of the total funding. Over the course of the decade, funding for 
innova�on in food commodity value chains increased by roughly 50% (both in real terms and as a percentage). 
Within value chain-related funding, crops received 50-60% of the funding, while livestock received less than 
20%, and fisheries and aquaculture received approximately 5%. The remaining 20% of funding was dedicated 
to cross-cu�ng themes such as forest preserva�on, water conserva�on, and general agricultural reforms. 
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CGIAR expenditures 

CGIAR spending has shown an upward trend over �me, although it has been marked by periods of 
fluctua�ons. In 2014, total CGIAR spending in constant 2016 US dollar values reached its peak at $1,089 
million, but it subsequently declined to $824 million in 2018 (Alston, Pardey, and Rao 2020). CGIAR represents 
a rela�vely small por�on of global spending on agricultural R&D. When it was first established in 1971, CGIAR 
represented only 0.52% of the world's public-sector spending on agricultural R&D. By 2015, the latest year 
for which compara�ve non-CGIAR research spending data are available, this figure had increased to 2.1%. 
However, CGIAR accounts for a larger and similarly increasing share of publicly performed agricultural R&D in 
developing countries, increasing from 1.2% in 1971 to 4.2% in 2015 (Alston, Pardey, and Rao 2020). 

Changes in CGIAR's structure and accoun�ng norms complicate the compila�on of research spending data 
that consistently reflects the programma�c orienta�on of their ac�vi�es. Pardey and Chan-Kang's (2020) 
analysis of CGIAR's annual financial reports provides evidence on research focus. On average from 1972-2005, 
45% of funding went towards "produc�vity," 21% to "NARS strengthening," 8% to "biodiversity," 15% to 
"environment," and 11% to "policy-related ac�vi�es." (Alston, Pardey, and Rao 2020). Over �me, CGIAR's 
ac�vi�es shi�ed considerably. In the early 1970s, almost 75% of spending focused on improving (crop) 
produc�vity, but by the early 2000s, this decreased to under 33%. Meanwhile, there was an increasing 
emphasis on biodiversity conserva�on (2.4% to 11.4%), environmental ac�vi�es (9.1% to 17%), and policy-
related efforts (1.1% to 16.3%). NARS-strengthening remained rela�vely consistent (17.2% to 21%) (Pardey 
and Chan-Kang 2020, summarized in Alston, Pardey, and Rao 2020). 

Over �me, CGIAR reduced spending on cereals (56% to 33%) while investments in livestock dropped from 
20% in the 1980s to 12% in the early 2000s and legumes fell from 18% to 11%. The second expansion of 
centers, star�ng in the 1990s, brought new centers focusing on trees, bananas/plantains, and water, resul�ng 
in increased spending on these areas. However, changes in repor�ng and ins�tu�onal structures in 2011 make 
it difficult to compare more recent commodity shares with earlier ones (Pardey and Chan-Kang 2020, 
summarized in Alston, Pardey, and Rao 2020). 

Even with this reduced spending on staple crops, Haddad (2020) argues that the CGIAR’s—and NARS’s—focus 
on staple crops such as wheat, maize, and rice should be balanced with increased aten�on to foods such as 
vegetables, fruits, fish, pulses, nuts, eggs, dairy, and meat). These commodi�es are excellent sources of 
micronutrients, and plant-based commodi�es also reduce the likelihood of diet-related chronic disease 
(Haddad 2020). And Pingali (2015) stated that agricultural policy was s�ll deeply biased towards staple grain 
produc�vity growth, par�cularly for the big three cereal crops – rice, wheat and maize–without adequately 
tackling the diet diversity needs of the poor and middle class.  

But CGIAR R&D expenditure alloca�ons have evolved substan�ally since the early 2000’s. Based on 
expenditures for the 2021 CGIAR Research Programs, staple crops (rice, wheat, maize) accounted for 21% of 
expenditure and non-staple crops (roots, tubers, bananas, grain legumes, and dryland cereals) account for 
17%.  Resource management (forests, trees, and agroforestry; and water, land, and ecosystems) accounted 
for 15%, fish and livestock accounted for 11%, climate change for 10%, agriculture nutri�on and health for 
10%, policy for 7%, and cross cu�ng pla�orms (gene bank, excellence in breeding, gender, big data) for 9% 
(computed from CGIAR 2023). 

This expenditure por�olio is considerably more balanced than previously and further cuts in staple foods 
research and development may be ill-advised. The number of people affected by hunger globally (es�mated 
based on dietary energy) rose to 828 million in 2021, an increase of about 46 million since 2020. The 
propor�on of people affected by hunger is also increasing, to 9.8% of the world popula�on, compared 
to 8% in 2019 and 9.3% in 2020 (FAO, IFAD, UNICEF, WFP and WHO, 2022). Fuglie et al. (2022) find that 
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produc�vity increases in grains generate the largest reduc�on in the number of people affected by popula�on 
at risk of hunger compared to other crops, as well as the largest increase in per capita nutrient availability for 
protein, zinc, and iron. 

Func�onally, the bulk of funding for crop breeding should go to boos�ng yields and produc�on efficiency, 
since increasing efficiency also contributes to reduced area expansion, less deforesta�on, water use, and GHG 
emissions. As Lobell (2020) notes, “CGIAR can play a key role in slowing climate change by raising agricultural 
produc�vity fast enough to avoid addi�onal pressure to convert new lands into agriculture.” Crop produc�vity 
growth can play a key role with respect to climate change without over reliance on breeding for specific traits 
such as drought tolerance or sequestering carbon in soils. 

However, there should be a shi� on the margin to breeding for traits that directly address climate-related 
crop breeding and improved nutri�on content.  Traits to address climate change include drought and heat 
and drought tolerance and resistance to pests and disease that will be more severe in hoter and weter 
condi�ons. Breeding of biofor�fied crops, such as orange-fleshed sweet potatoes, can reach malnourished 
rural popula�ons who generally have limited access to diverse diets, supplements, and commercially for�fied 
foods (Haddad 2020). Likewise, R&D programs for livestock should focus not only on efficiency and 
produc�vity, but also on product quality, disease resistance, reduc�ons in GHG emissions and water saving 
from improved management. and mi�ga�ng other environmental impacts (Thornton 2010).  

But CGIAR does not have a mandate in vegetables and fruits. These commodi�es are beter handled through 
partnerships that include beter understanding of the value chain and other off-farm ac�vi�es and the impact 
of policies. An assessment by Anderson and Birner (2022) suggest that gene�c improvement for fruits and 
vegetables may be more effec�vely pursued by the private sector, while CGIAR and other interna�onal 
agricultural programs could priori�ze the development of strategies for integrated pest management, 
biological pest control, and improved water use efficiency, areas where private companies have limited 
financial incen�ves. Addi�onally, publicly funded research could contribute to the discovery of cost-effec�ve 
solu�ons in the value chain to improve the effec�veness for small farmers. 

Finally, crop and livestock breeding should not be relied upon to solve problems that go beyond the core 
breeding goals discussed here. Other aspects of agricultural development such as poverty reduc�on, 
livelihoods, environmental sustainability, as well as most nutri�on goals, are best addressed by economic, 
ecological, and social policy. CGIAR research programs on resource management, agriculture health and 
nutri�on, climate change, and policy—and their successors—recognize this reality. 

Beintema and Echeverria (2020) iden�fy addi�onal important trends in CGIAR funding. Donor commitment 
has remained stable over �me. However, the organiza�on has not atracted many significant new donors, 
with the big excep�on of the Bill & Melinda Gates Founda�on, which is now the third biggest donor to CGIAR. 
CGIAR aims to achieve long-term interna�onal research outcomes and impacts, par�cularly in areas such as 
breeding. However, the prevalence of funding for short-term projects instead of longer-term ins�tu�onal 
research programs is concerning. This emphasis on short-term projects risks undermining the con�nuity of 
research and may limit the CGIAR's capacity to deliver long-term impact. It is essen�al to strike a balance 
between short-term projects and longer-term ins�tu�onal research programs to achieve CGIAR's mission 
effec�vely (Beintema and Echeverria 2020). 

NARS funding 

Following a decade of slow growth in the 1990s, global agricultural research spending (excluding the private 
for-profit sector) in LMICs rose from $13 to $28 billion during 2000–2016, measured in infla�on-adjusted, 
purchasing power parity (PPP) dollars (Beintema, Nin Prat, and Gert-Stads (2020).ii China accounted for 44% 
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of the growth during this period. Three countries dominated NARS research expenditures in 2016: China ($8 
billion), India at $4 billion, and Brazil at $3 billion. By contrast, the whole sub-Saharan Africa spent only $2.3 
billion. Analysis of low- and middle-income countries show that underinvestment is prevalent among 
countries with small and medium-sized research systems. Given these low levels of expenditures, to achieve 
improved agricultural development and growth in the coming decades, countries with small research systems 
and insufficient poten�al to increase their investment in agricultural research need to explore alterna�ve 
strategies. Collabora�ng with countries and regions that share mutual research needs and goals can provide 
them with the necessary knowledge and technologies (Beintema, Nin Prat, and Gert-Stads 2020). 

The Role of Private Investment  

Private agricultural R&D in developing countries has been a rela�vely small share of agricultural R&D in 
developing countries (Fuglie 2016).  Private sector spending amounted to less than 10% of public sector 
expenditures in developing countries in 2014. Private research is concentrated on a rela�vely small number 
of commodi�es. According to Fuglie (2016), the private sector invests mainly in commercially important 
commodi�es, mostly maize and soybeans, followed by fruit and vegetables, wheat, poultry, rice, pigs, coton, 
oilseed, sugar crops, and aquaculture. However, crops like cassava, yams, sweet potatoes, coffee, and cocoa, 
which are economically significant in many low- and middle-income countries, par�cularly in Africa, receive 
inadequate investment from the private sector. Therefore, NARS, universi�es, commodity boards, and CGIAR 
centers s�ll have a dominant role to play, par�cularly in areas where incen�ves for private research are low 
(Beintema, Nin Prat, and Gert-Stads 2020). 

Priority Se�ng   

Public research systems face a myriad of goals and priori�es, some of them requiring tradeoffs. CGIAR, for 
example, has set broad strategic goals: (1) nutri�on, health, and food security; (2) poverty reduc�on, 
livelihoods, and jobs; (3) gender equality, youth, and inclusion; (4) climate adapta�on and mi�ga�on; and (5) 
environmental health and biodiversity (CGIAR 2020). Choosing priori�es across such a wide range of goals is 
a daun�ng task. Private sector breeders develop a product profile of the variety that farmers would prefer 
rela�ve to those they are already growing and then use this to define the breeding objec�ves (Cobb et al. 
2019). A product profile is a set of targeted atributes that a new plant variety should have to be successfully 
adopted by farmers. A product profile usually focuses breeding efforts on the key traits that drive farmer 
income (Cobb et al. 2019 cited in Kholová et al. 2021).  CGIAR and NARS must also consider the social, 
economic, and environmental impact of their research priori�es, par�cularly on marginalized and vulnerable 
groups, such as smallholder farmers, women, and youth. Research on crop varie�es or farming techniques 
that are accessible and affordable to these groups can enhance their livelihoods and reduce poverty. Priority 
se�ng is much more complex with these mul�ple goals. 

Various approaches are used for priority se�ng to tackle these complexi�es. These approaches can be 
broadly grouped as par�cipatory approach, expert-based, and data-driven. The par�cipatory approach 
involves stakeholders, such as farmers, researchers, policymakers, and civil society organiza�ons, in the 
priority-se�ng process. This approach is useful because it ensures that the needs and concerns of all 
stakeholders are considered, and the priori�es are aligned with the needs of the community.  

Technical innova�ons have more o�en been "pushed" from R&D and effec�ve marke�ng of new discoveries, 
rather than being "pulled" by farmers and consumers demanding new ways of doing things. The siloed 
organiza�on of innova�on and governance systems o�en leads to the crea�on of new products and prac�ces, 
focused solely on narrow commercial, poli�cal, or scien�fic aims, without assessing synergies and tradeoffs 
more broadly (Barret et al. 2020b). In the past it has been difficult to generate and aggregate pull factors 
from farmers and consumers since they represent a widely dispersed market with limited informa�on 



   
 
 

foodsystemeconomics.org  7 

available. But advances in informa�on technology and networking systems have led to wider adop�on of 
par�cipatory approaches in priority se�ng and implementa�on of innova�ons. 

To address the limita�ons of the push approach, there has been a growing emphasis on developing mul�-
stakeholder innova�on pla�orms and networks. HLPE (2019) summarizes important shi�s towards a more 
par�cipatory approach in interna�onal agricultural research, which include facilita�ng farmer networking 
(Nelson et al. 2016); u�lizing ci�zen science and ICT to gather and share informa�on from many farmers (van 
Eten et al. 2019; Dehnen-Schmutz et al. 2016); and embedding research in development ini�a�ves through 
planned comparisons (Coe et al. 2014). These approaches promote farmer par�cipa�on, but it is essen�al 
the farmers have sufficient control over data and the design choices and feedback mechanisms (Sinclair and 
Coe 2019). Par�cipatory varietal selec�on and plant breeding have successfully u�lized farmer par�cipa�on 
for several decades (Tiwari et al. 2009).  

A common feature of these approaches is that they use mul�stakeholder innova�on pla�orms (Schut et al. 
2018). Mul�-stakeholder innova�on pla�orms are important because they generate innova�ons that can 
support transi�ons and have a significant impact at-scale. By involving mul�ple stakeholders, these pla�orms 
can ensure that a diverse range of perspec�ves and exper�se is included, leading to more holis�c and effec�ve 
solu�ons. 

The expert-based approach involves experts in agriculture, science, and technology in the priority-se�ng 
process. This approach can be useful when there is a need for a quick decision, and there is limited �me to 
involve stakeholders, but it is beter used in conjunc�on with other priority se�ng techniques. The data-
driven approach uses data analysis to iden�fy the most cri�cal areas for research. This approach is useful 
when there is a large amount of data available.  

The data-driven approach with elements of expert opinion is exemplified by the 2012-2014 priority-se�ng 
exercise by the CGIAR Research Program on Roots, Tubers, and Bananas (RTB) (Pemsl, et al. 2022). RTB 
conducted a systema�c, quan�ta�ve, ex-ante assessment of cassava, banana, potato, sweet potato, to inform 
research por�olio decisions. Studies were conducted using a harmonized framework, including: 1) surveys of 
produc�on constraints and research opportuni�es via global experts, 2) iden�fica�on of priority research 
interven�ons, 3) es�ma�on of costs and benefits for two adop�on scenarios, and 4) poverty impact 
simula�ons. Results showed substan�al but variable benefits for all poten�al research investments, with 
impact indicators such as adop�on area, beneficiaries, net present value, internal rate of return, and poverty 
reduc�on. The findings informed RTB's research por�olio development and were cri�cal for securing program 
funding in phase two (Pemsl, et al. 2022). 

NARS priori�es are also o�en influenced by poli�cal priori�es and power dynamics in a country. Poli�cal 
leaders and producer groups may have different agendas and preferences for research priori�es, which may 
not necessarily align with scien�fic or stakeholder needs, and financial resources and economic exper�se for 
priority se�ng are o�en limited (Pemsl, et al. 2020). CGIAR also faces pressure from donors and in the 
countries in which they are working. 

Moderniza�on of Breeding 

Crop breeding programs in LMICs should be implemented in close partnership among CGIAR, NARS, 
universi�es worldwide, farmer-led breeding ini�a�ves, and the private sector where appropriate. A greater 
push should be made both within CGIAR and through capacity building for NARS in low-income countries to 
increase research efficiency through development an applica�on of modern data collec�on, digitaliza�on, 
and informa�on management systems that can revolu�onize breeding. These include high-throughput 
phenotyping, GIS, genomic-wide associa�on selec�on, meteorology, and soil characteriza�on as well as 
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monitoring of farm management prac�ces, including the performance of cul�vars. These innova�ons require 
ins�tu�onal reforms to implement modern informa�on pla�orms based on data management and decision-
support so�ware that integrate informa�on and apply sophis�cated analy�cal workflows to informa�on 
(Kholová et al. 2021).  

NARS play an especially important role in partnership with CGIAR, iden�fying key targets for breeding 
programs, genera�ng their own improved germplasm, adap�ng CGIAR-generated germplasm to local 
condi�ons, and facilita�ng links with farmers. A more func�onal partnership model will mean NARS take 
greater ownership of germplasm and greater responsibility for downstream parts of the breeding pipeline, as 
well as managerial roles. Stronger partnerships mean more ownership and capacity to rapidly deploy 
improved crop varie�es and drive variety.  

CGIAR's new Accelerated Breeding Ini�a�ve is seeking to achieve this moderniza�on of breeding and 
improved partnerships to streamline breeding across CGIAR and NARS to bring beter results, faster, in 
farmers' fields, to deliver higher rates of gene�c gain with nutri�ous, farmer-preferred varie�es (CGIAR 2022). 
ABI will refocus breeding programs to priori�ze mee�ng farmers' needs by developing and adap�ng product 
profiles that are targeted to farmers and customers, including women, based on market intelligence. In 
addi�on to this, the ABI aims to transform breeding networks into inclusive, impac�ul partnerships with 
stronger NARS and small and medium enterprise partners. This requires tailored capacity building, and 
division of labor and resources across partners according to compara�ve advantage.  

To expedite the delivery of novel and valuable traits to breeding teams, investment in trait discovery and 
deployment ac�vi�es will be sharpened. This investment aims to beter respond to the specific trait needs of 
core breeding pipelines and the markets they serve, ensuring greater speed and accuracy in trait delivery. 
Ul�mately, the ABI intends to modernize breeding programs to efficiently deliver beter targeted and market-
demanded varie�es that result benefit farmers, increase produc�vity, and support food security (CGIAR 
2022). 

Sustainable Cropping Systems 

Another major focus for innova�on should be the development of scaled-up farming systems that boost farm-
level efficiency, produc�on, and income and as a result also become more environmentally friendly and 
climate smart.  Such technologies include the use of crop rota�ons and cover crops; conserva�on �llage and 
residue management; improved water management through precision agriculture and water harves�ng; 
improved pasture management use of legumes; and improved manure management systems in livestock 
systems.  

Innova�ve farming systems can generate high returns, but improved farm technologies and systems are more 
complex and difficult to adopt than seeds for improved crop varie�es. In most cases the benefits to farmers 
are not as visible and it can take years to achieve net income benefits rela�ve to the costs of adop�on. For 
example, implemen�ng integrated soil and water management immediately increases costs, but yield gains 
can take years to realize as soil quality only improves over �me (Rosegrant et al. 2015).   

Despite this, in many food-insecure regions, poten�al produc�vity gains from improved management are 
o�en far greater than from improved gene�cs. But effec�ve management depends a lot on local soil, weather, 
plot history, and economic condi�ons, and many “best prac�ce” recommenda�ons do not generate profits 
for a large frac�on of farmers (Jayne et al. 2018).  However, new precision agronomy technologies can help 
to diagnose the major needs more quickly at subna�onal and field scales assis�ng to iden�fy crop 
management and technologies and improve the design of farming systems suited for local agroclima�c 
condi�ons that offer greater diversifica�on of opportuni�es (Lobell, 2020).  
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Current policies have hindered the adop�on of climate-smart and resource-saving technologies and 
diversified cropping by small-scale farmers. Correc�ng government policies that discourage the adop�on and 
upscaling of innova�ons is crucial. For instance, price support for rice, wheat, and maize promotes these 
crops' profitability at the expense of other crops, discouraging the plan�ng and produc�on of nutrient-rich 
and other diversified crops. Addi�onally, subsidies for fer�lizer, water, energy, and pes�cides lead to the 
overuse of these inputs, causing excessive GHG emissions and environmental degrada�on (Rosegrant 2019). 
These costly general subsidies should be phased out and the budgetary savings from the reduc�on of 
subsidies invested in agricultural R&D, non-distor�ng income support for small farmers, or social protec�on. 

Policy innova�ons are needed, integrated with farming systems innova�on to facilitate the effec�ve adop�on 
of such new technologies with balanced incen�ves that do not disadvantage small farmers. Carbon payments 
and other targeted smart subsidies have the poten�al to incen�vize specific goals, such as carbon mi�ga�on 
and the promo�on of environmental services. Subsidies may include loans or targeted equipment prices for 
prac�ces like drip irriga�on and labor and installa�on costs for small-scale solar pumps. Temporary subsidies 
can overcome adop�on fixed costs of adop�on, reduce risk, and promote farmer experimenta�on during 
adop�on (Rosegrant et al. 2021). These subsidies should phase out as adop�on becomes more widespread. 
Implementa�on requires cau�on to avoid poli�cal support for entrenched subsidies (Goyal and Nash 2017; 
Rosegrant 2019). 

The policies to sustain intensified agriculture while protec�ng the environment need to create a level playing 
field across the agriculture sector (Pingali 2015). In the broadest sense, these are policies to improve the 
flexibility of resource alloca�on in agriculture – through the removal of incen�ve-distor�ng subsidies and 
taxes; the establishment of secure property rights; increased investments in research, educa�on, and training; 
improved public infrastructure; beter integra�on of interna�onal commodity markets; and a greater 
inclusion of popula�ons in developing countries into these markets. (Pingali and Rosegrant 2000) 

 

Digital Agriculture 

A key priority for farming systems management should be development of advanced digital technologies–
such as satellite imaging, remote sensing, and in-field sensors–which can support precision farming based on 
observa�ons of, and responses to, intra-field varia�ons that can guide the more efficient applica�on of inputs 
and improve produc�vity and farm income (Rosegrant, 2019). Previously these technologies have mainly 
been focused on and profitable for large scale farmers, characterized by economies of scale or barriers to 
entry based on exper�se and financial start-up costs, which can make advanced and larger farmers more 
efficient than small farmers. Recently there has been more rapid development such as described above for 
precision agronomy, that can deliver essen�al informa�on at ac�onable scale for small farmers. 

But con�nued development of digital technologies and incen�ve policies that encourage small scale farmers 
to adapt and adopt digital agriculture are needed. These include speeding up cost reduc�ons for sensors and 
related technologies and suppor�ng local development partners and public-private partnerships in tes�ng 
and refining technologies for context-specific applica�ons.  Innova�on is especially important to integrate 
sensor technology and data applica�ons into locally appropriate products and services that address problems 
affec�ng smallholder farmers. Collabora�on and partnerships are essen�al here, including with NARS, farmer 
groups, non-governmental organiza�on (NGOs), and private sector actors such as input and equipment 
dealers, to best scale up farming systems innova�ons. 

The adop�on of digital technology is also gaining momentum in the farm input segment of the value chain. 
Private and government-run management informa�on systems can provide informa�on on farm inputs and 
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farm management prac�ces such as plan�ng methods, seeds to use, sowing �me and applica�on of fer�lizers, 
and current market prices. Agricultural input supply companies can use digital applica�ons to improve 
opera�ons and expand outreach to meet farmers’ needs, providing real-�me weather informa�on and 
forecasts and drought early warning systems to farmers (Rosegrant et al. 2021).  

But many challenges remain to broad upscaling of digital technologies for small farmers. In sub–Saharan 
Africa, for example, about four hundred digital agriculture solu�ons are in use, but many digital solu�ons 
struggle to scale and fail to improve the lives of farmers and other end users. Beyond low adop�on, 
governments o�en face broader challenges to scale. These include uneven digital access and digital literacy 
in their popula�ons, low data accuracy and usability, and limited tailoring of content for local contexts. 
Moreover, half of sub-Saharan Africa does not have access to electric power (Tsan 2019), the average cost of 
entry level second genera�on or third genera�on wireless devices is 70% of the monthly income of a farmer, 
only about 40% of rural areas have access to 3G (Handforth 2019). Governments likely need to play a cri�cal 
role in providing the core digital and data infrastructure and regula�on (Goedde et al. 2021) 

Value chains 

Innova�ons are needed to beter integrate small scale farmers into modernized input and farm to market 
value chains. Effec�ve and accessible value chains are essen�al in low- and middle-income countries (LMICs) 
to give small-scale farms entrees to markets and access to inputs and technology at reasonable prices.  

Major changes in processing, wholesale, and retail segments of the value chain are taking place in much of 
the developing world. The transforma�on includes consolida�on of value-chain opera�ons, rapid ins�tu�onal 
and organiza�onal change, and moderniza�on of input and agricultural crop and livestock procurement 
systems. These changes include the rapid rise of supermarkets, large and modern food processors, and 
wholesale firms (Reardon and Timmer 2012). But many LMIC farmers are missing out on the transforma�on 
and s�ll face barriers in using the value chain, including high transport, communica�on, and transac�on costs.  

These high costs are the result of inadequate infrastructure, lack of informa�on, insufficient credit, and policy 
distor�ons, all of which limit or prevent small scale farms from connec�ng to market systems. As with farming 
systems, digital technologies have the poten�al to improve value-chain performance. Sensors linked to digital 
informa�on systems can improve links between farmers and processors; reduce post-harvest losses with 
digitally enabled harvest loans and warehouse receipts; monitor storage condi�ons and track provenance to 
allow grading and inform consumers; reduce costs of transport; increase choice of markets and transport for 
farmers; and increase access to �mely informa�on (USAID 2017 cited in Rosegrant 2019). 

Effec�ve policies, technologies, and ins�tu�onal arrangements to improve small farmers’ access to advanced 
markets are also needed. Ins�tu�onal partnerships are also essen�al, including public-private partnerships 
(PPP) and contract farming, and the development of farmer coopera�ves that can balance the market power 
enjoyed by many traders through ver�cal integra�on of small-scale producers to improve commodity 
consolida�on, agro-processing, and marke�ng. Aggrega�ng mechanisms need to be put in place, for example, 
innova�ons in coopera�ves that can help ensure that economies of scale for inspec�on, packaging, food 
safety regimes and quality management are achieved compe��vely. Such coopera�ves can also lower costs 
for agricultural inputs such as seeds and chemicals and can also support microfinance services. In much of 
the developing world big investments in basic road infrastructure are s�ll needed to connect farmers to 
markets and facilitate market development.  

Scaling Up Innova�on 

The scaling literature dis�nguishes different periods in the innova�on process: “(1) problem iden�fica�on (2) 
proof of concept with evidence generated to convince stakeholders that the innova�on is worthy of 
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investment, (3) pilo�ng of the innova�on and (4) scaling, with emphasis on dissemina�on of the innova�on 
to specific target groups” (IFAD, 2015, cited by Low and Thiele 2020). But many projects fail to progress 
beyond the pilot stage. According to Woltering et al. (2019), most pilot projects do not scale up to generate 
broader impact, ul�mately ceasing to exist once the subsidized demonstra�on phase concludes and ini�al 
funding runs out. 

The complexity and interconnectedness of agricultural ac�vi�es involving farmers, researchers, input 
suppliers, markets, governments, and other actors is a major barrier to scaling innova�on. Moreover, these 
actors operate in different contexts, with different interests, and incen�ves. Because of these complexi�es, 
linear approaches to scaling up innova�on have achieved successes but have also o�en led to failures. As 
Shilomboleni et al. (2019) note, food security innova�ons in low-income rural environments have o�en failed 
to achieve substan�ve and las�ng results. Linear approaches involving technology research and development 
and subsequent transfer to farmers overlook complexity and non-linear processes in smallholder agriculture, 
including stress factors such as climate variability and economic risks that make the uptake of new agricultural 
innova�ons more unpredictable (Shilomboleni et al. (2019). Moving away from the linear approach requires 
a focus on enabling condi�ons and strengthening capaci�es in innova�on systems where scien�sts, 
governments, the private sector, civil society organiza�ons, donors and investors, and farmers, can effec�vely 
collaborate and overcome both current and future agricultural development challenges (Schut et al. 2020). 
Stakeholders in the innova�on process need to ensure that the innova�on is contextually appropriate, aligned 
with the needs and interests of different actors, and supported by relevant policies and ins�tu�ons.  

(Barret et al. 2020a; 2020b) proposed to move beyond the linear approach through “socio-technical 
innova�on bundles,” which are combina�ons of science and technology advances that, when combined with 
specific, appropriate ins�tu�onal or policy adapta�ons, help scale up beneficial innova�ons in agriculture 
food systems. Discovering, adap�ng, and scaling beneficial innova�ons requires coopera�on among social 
scien�sts, farmers, and humanists as well as engineers and natural scien�sts (Barret et al. 2020b). 

The “socio” part of the innova�on bundles includes reforms of ins�tu�ons and cultural prac�ces, including 
changes in government policies in many countries (Barret et al. 2020b). The limi�ng factor to innova�on is 
o�en sociopoli�cal: insufficient leadership, poli�cal will, and willingness to find coopera�ve solu�ons. New 
technologies face obstacles in adap�ng and scaling due to biophysical, poli�cal, economic, and sociocultural 
factors. Combining technical advances with social and policy changes to create socio-technical innova�on 
bundles tailored to the agri-food system context increases the likelihood of success in scaling.  

The “technical” component of the innova�on bundles includes new digital pla�orms for civic engagement 
and power decentraliza�on in value chains; innova�ve financing structures to increase capital flow into 
diverse agri-food system prac�ces and products; and advancements in plant breeding, agronomic, and food 
manufacturing prac�ces to enhance the produc�on of nutri�ous foods with lower water and land usage 
(Barret et al. 2020b). Herrero et al. (2020) describe eight essen�al elements for bundling to accelerate 
transforma�on in agricultural food systems (Barret et al. 2020b): transforming mindsets; enabling social 
license and stakeholder dialogue; changes in detrimental policies and regula�ons; designing market 
incen�ves; safeguarding against indirect, undesirable effects; ensuring stable finance; and developing 
transi�on pathways (Herrero et al. 2020). 

The development and dissemina�on of biofor�fied pro-vitamin A varie�es of orange-fleshed sweet potatoes 
(OFSP) by the Interna�onal Potato Center (CIP) and na�onal and interna�onal partners provides lessons in 
how to scale which demonstrates the bundling approach, although it predates the concept presented by 
Barret et al. (2020b). Low and Thiel (2020) dis�nguish five �me periods can be in the development and 
scaling of the OFSP innova�on package: “(1) the emergence of the innova�ve idea (1991–1996); (2) proving 
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the poten�al of the innova�on to the nutri�on community (1997–2005); (3) evalua�on of the poten�al to 
scale cost-effec�vely (2006–2009); (4) significant investment in research to address breeding and other 
botlenecks ini�ated and launching of Sweetpotato for Profit and Health Ini�a�ve (SPHI) (2010–2014) and (5) 
expanded dissemina�on at scale (2015-mid-2019).” 

Intensive pilo�ng of the new varie�es at farm level was a central steppingstone to dissemina�on the orange 
fleshed sweet potato. Equally important was rigorous biomedical research that demonstrated nutri�onal 
efficacy of the new varie�es. These technical steps were bundled with an array of suppor�ng ac�vi�es that 
were crucial to acceptance of and dissemina�on of the orange flesh sweet potato. 

At the core of this innova�on is CIP's collabora�on with na�onal sweetpotato breeding programs, which 
accelerated breeding and developed over 100 pro-vitamin A varie�es adapted to local agro-ecologies and 
consumer preferences. Released in over 20 countries in Africa and South Asia, CIP and partners employ an 
integrated agriculture-marke�ng-nutri�on approach, combining demand and supply side innova�ons. This 
includes seed quality and nutri�on management technologies, marke�ng partnerships, and food processing 
for diversified use. Plan�ng material distribu�on, combined with gender-responsive agronomic training and 
nutri�on educa�on, drives widespread adop�on and consump�on of orange-fleshed sweetpotato. It also 
raises awareness among caregivers about the importance of diversified diets. Promo�onal campaigns, 
cooking classes, and increased use of sweetpotato in processed food products boost consump�on, demand, 
and market value, inspiring more farmers to cul�vate it. The dissemina�on of plan�ng material and training 
is linked to government maternal and infant health programs and schools, benefi�ng families at risk of vitamin 
A deficiency. Over 6.8 million households in Africa and South Asia now grow and consume vitamin-A-rich 
sweetpotato (CG 2023).  

Socio-technical innova�on bundles recognize the need for any innova�on, whether top down or botom up, 
to be supported by a wide range of enabling condi�ons and mutually reinforcing ins�tu�ons. The bundling of 
innova�ons increases the likelihood of success in scaling and reduces the poten�al for trade-offs across the 
goals of the innova�on.  

Conclusions 

This paper discussed key aspects of agricultural innova�on systems work today including magnitude and 
alloca�on of expenditures on agricultural innova�on and how innova�on priori�es are determined. Then we 
discuss areas where the innova�on system could be strengthened, including moderniza�on of plant breeding; 
seeking more sustainable farming systems; development of digital agriculture; enhancement of value chains; 
and scaling up of innova�ons.  

Cu�ng across these areas, innova�on is more likely to be successful with a strong focus on enabling 
condi�ons and strengthening capaci�es in innova�on systems where scien�sts, governments, the private 
sector, civil society organiza�ons, donors and investors, and farmers, can effec�vely collaborate.  Stakeholders 
in the innova�on process can help ensure that the innova�on is aligned with the needs and interests of 
different actors and supported by relevant policies and ins�tu�ons. But beyond these important principles, 
major challenges must be faced to accelerate the process of successful innova�on. 

For example, advanced digital technologies have achieved some significant successes in developing country 
agriculture throughout the value chain, including making the crea�on of new varie�es more efficient and 
faster, providing beter farmer access to inputs, improving farm level produc�vity, and beter connec�ng 
farmers to markets. But in many regions, barriers to entry based on exper�se and financial start-up costs can 
make advanced and larger farmers more efficient than small farmers. Con�nued development of digital 
technologies and incen�ve policies that encourage small scale farmers to adapt and adopt digital agriculture 
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are needed. These policies include (a) investment in research to generate faster cost reduc�ons for sensors 
and related technologies; (b) suppor�ng local development partners and public-private partnerships in 
tes�ng and refining technologies for context-specific applica�ons; and (c) incen�vizing development of the 
provision of contract services for mobile irriga�on pumps, tractors; laser leveling and other services that are 
too expensive for individual small farmers to invest in. In addi�on, large investments will be required in many 
countries to provide the digital and data infrastructure to provide broad access in rural areas. The large 
amount of funding needed may require co-funding between public and private sources in many cases.  

Reform of economic policies is also crucial. Current policies have hindered the adop�on of climate-smart and 
resource-saving technologies by small-scale farmers and the plan�ng of diversified nutrient-rich and other 
diversified crops. Massive subsidies for fer�lizer, water, energy, and pes�cides have led to the overuse of these 
inputs, causing excessive GHG emissions and environmental degrada�on. Needed policy reforms include (a) 
elimina�on of biased interna�onal trade policy and price support for rice, wheat, maize (and other subsidized 
crops); (b) phasing out of agricultural input subsidies; (c) reinves�ng the resul�ng budgetary savings into non-
distor�ng income support for small farmers, social protec�on, and agricultural research and development. 
With the advances in digital technology, smart cards or phones can be used for efficient transfer of income 
support to small farmers; and (d) implement small-scale, �me-limited “smart” subsidies to facilitate the 
adop�on of new technology and promote environmental services. 

To maintain the high rates of return investment to agricultural research and development it is recommended 
to (a) increase investment in moderniza�on of crop breeding; (b) further develop and ins�tu�onalize 
networks and programs in partnerships among CGIAR, NARS, universi�es, farmer-led breeding ini�a�ves, and 
the private sector; (c) establish and implement rigorous procedures for outreach to farmers, consumers, and 
stakeholders to determine their needs for new varie�es and technologies; (d) increase research funding 
dura�on from the currently prevalent short-term projects to 8-10 year programs to provide con�nuity, with 
the flexibility and accountability to adjust course depending on the evolu�on of research outcomes. The 
current funding por�olio CGIAR is well balanced across staple and non-staple crops, and support programs 
including resource management, agriculture health and nutri�on, climate change, and policy. Most of the 
funding for crop and livestock breeding should go to boos�ng yields and produc�on efficiency, there should 
be a shi� on the margin to breeding for traits that directly address climate-related crop breeding, improved 
nutri�on content, mi�ga�on of environmental externali�es.     

Gene�c improvement for fruits and vegetables, which are outside the CGIAR mandate can be more effec�vely 
pursued by the private sector, while CGIAR and other interna�onal agricultural programs could priori�ze the 
development of strategies for integrated pest management, biological pest control, and improved water use 
efficiency, areas where private companies have limited financial incen�ves. 

Finally, support for global multistakeholder platforms to support scaling innovations would be valuable.  An 
example is the Food Ac�on Alliance is a mul�-stakeholder pla�orm with a shared vision of achieving 
sustainable food systems through a “movement and ac�on by actors everywhere, including countries, ci�es, 
communi�es, companies, civil society, consumers, producers, and workers all around the world that deliver 
beter, faster, and at scale on food security and nutri�on, inclusive growth and decent jobs, environmental 
sustainability, and climate resilience” (Food Ac�on Alliance 2023) 
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