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Key messages

Climate change offers both challenges and opportunities for wheat.
Areas previously unsuitable for wheat production may have a com-

e Wheat has been and will remain a major component of diets glob- o
ally. It accounts for an average of 18 percent of total energy intake

and 19 percent of total protein intake globally. It is the primary staple
food for 1.5 billion resource-constrained people in the Global South.

Wheat represents 29 percent of the global cereals area and

14 percent of the global cropland area. It is an important crop in most
agricultural areas of the world except the humid tropics and is less
prominent in sub-Saharan Africa. Compared to rice and maize, it is
more drought- and cold-tolerant.

Wheat will continue to be an important source of protein in 2050,
even under changing diets. In meat-based diets, wheat is often part
of animal feed. In plant-based diets, wheat is a source of protein.

parative advantage under climate change. Similarly, some traditional
wheat-growing areas may become less suitable for wheat production
under climate change, especially due to heat stress. While Jagermeyr
etal. (2021) indicate it can be beneficial for many existing wheat-grow-
ing areas, the impacts, for example, of increased frequency and inten-
sity of heat waves, warmer night temperatures, and other weather
anomalies are likely to counteract some of the benefits.

Some of the poorer regions of the world are historically considered
to be wheat-deficit areas and will increasingly depend on imports.
This is a key factor in Africa, where there is less wheat production and
wheat consumption is increasing with rising incomes.
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RECENT TRENDS AND
CHALLENGES

The growing human population and a changing envi-
ronment have raised significant concern for global food
security (Romanello et al. 2021). Economic develop-
ment and urbanization induce changes in diets, lead-

ing to accelerated demand for some crops such as
wheat in some geographies, while leading to stagnating
demand in others. Economic development, urbanization,
and related migration also lead to rural transforma-

tion (Kruseman et al. 2020), with impacts on crop and
technology choices in wheat-based agrifood systems.
Unexpected events, often called “black swan events
(Bentley 2022; Mottaleb, Kruseman, and Snapp 2022;
Noia Junio et al. 2022) and crises exacerbate these
trends. Wheat is the most widely grown food crop in
terms of area, representing 29.8 percent of the total cere-
al-growing area, with 779 metric tons (MT) produced
globally in 2022 on 219 million hectares (ha); itis also
among the fastest-growing crops in terms of cultivated
area (especially in sub-Saharan Africa).
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Climate change significantly impacts wheat production,
particularly in low- and lower-middle income countries,
where rising temperatures and disease pressures reduce
yields and quality (Pequeno et al. 2021; Zhao et al. 2017;
Asseng et al. 2019). Currently, wheat accounts for almost
one-third of cultivated cereal land and about one-eighth

of total cropland.

LATEST FORESIGHT
RESEARCH

Foresight research on wheat and wheat-based systems
often has a distinct focus. For example, a large body of
work looks at the biophysical aspects of wheat produc-
tion, especially in the context of climate change and cli-
mate change-induced stressors (Jagermeyr et al. 2021;
Pequeno et al. 2021) (Figure 1). The analysis by Jdgermeyr
et al. may be overly optimistic being based on long-term
averages, particularly for the more northerly latitudes,
where extreme weather anomalies have already occurred
in recent years and adversely affected wheat yields.

FIGURE 1 Projected global yield changes for wheat under RCP 8.5 for the end of the century
in the absence of adaptation, technology change, and market adjustments
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Source: Authors based on underlying data from Jagermeyr et al. (2021).



A second line of foresight research looks at the socie-

tal (social, economic, political, institutional, and policy)
aspects of the future of wheat. In most cases, scenarios
developed in other scientific domains are used as under-
lying assumptions. Few studies look at the interactions
and feedback mechanisms between the biophysical and
socioeconomic domains.

The traditional improvement rate of several important
crops such as wheat seems inadequate to meet future
demand (Ray et al. 2013) (see the case of Africa in Silva
et al. 2023), reaching only 38 percent of the needed

60 percent for wheat by 2050. Technological break-
throughs in plant breeding such as speed breeding are
expected to enhance wheat genetic gains (Li et al. 2018;
Watson et al. 2018). Breeding strategies must continue
to improve upon yield-advancing physiological traits,
regardless of climate change impacts (Guarin et al. 2022;
Frija et al. 2021). When including the second-order gen-
eral equilibrium effects calculated with global economic
models such as International Model for Policy Analysis
of Agricultural Commodities and Trade (IMPACT),
Modular Applied GeNeral Equilibrium Tool (MAGNET),
Model of Agricultural Production and its Impact on the
Environment (MagPIE), or Global Biosphere Management
Model (GLOBIOM), this discrepancy is overcome because
both producers and consumers will respond to changed
prices associated with new market equilibria (Chaudhary
and Hertel 2024; Rosegrant et al. 2024; van Meijl et

al. 2024).

Many studies overlook the role of management practices
and varietal differences in adapting to climate change
(Gbegbelegbe et al. 2017; Frija et al. 2021). Adapting
wheat production to climate change involves imple-
menting climate-smart agriculture (CSA) practices (Bhatt
etal. 2016; Jat et al. 2019) and breeding climate-resil-
ient varieties (Mondal et al. 2020). Compared to rice and
maize, wheat is better adapted to frost and water defi-
cit stress, both of which are expected to worsen with cli-
mate change.

To meet future demand under adverse conditions, such as
declining groundwater in the Indo-Gangetic Plains, CSA
solutions like subsurface drip fertigation in rice-wheat
systems have shown promise, reducing nitrogen use by
20 percent and irrigation water by 50 percent without
yield loss (Sidhu et al. 2019). Wheat also thrives in diverse
climates, from high daytime temperatures in Sudan and
Egypt to moderately warm, humid winters in Bangladesh
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and Brazil. Notably, Brazil is expanding wheat production
in the Cerrado region, albeit with environmental impacts
through drought-tolerant varieties, aiming for self-suffi-
ciency (Noia Junio et al. 2024).

With limited progress on global greenhouse gas (GHG)
emissions reductions, agriculture’s role in mitigation is
growing. Innovations such as biological nitrification inhi-
bition in wheat (Subbarao et al. 2017; Leon et al. 2022)
and nitrogen-efficient, stress-resilient varieties devel-
oped by CGIAR could significantly reduce GHG emis-
sions. Additionally, wheat's comparative advantages may
shift geographically. Silva et al. (2023) identify 86 million
ha of potential new wheat-growing areas globally, includ-
ing 25 million ha in sub-Saharan Africa suitable for rain-
fed cultivation without major irrigation. Yield gaps, often
over 50 percent, can be addressed through improved
rotations and agronomic practices like conservation agri-
culture. In Asia, production increases are expected to
rely more on closing yield gaps than expanding cultiva-
tion areas.

These advancements underscore the need for integrated
approaches combining technological innovation, CSA
practices, and adaptive breeding to ensure wheat's resil-
ience and productivity in a changing climate.

Wheat consumption is expected to grow in countries
such as Bangladesh, India, Nepal, and Thailand by 2050
(Frija, Ouerghemmi, and Mottaleb 2021). Wheat is also
expected to gain further importance as a major cereal in
the diet of many sub-Saharan Africa countries by 2050,
with increasing demand rates higher than those of other
cereals (Frija, Ouerghemmi, and Mottaleb 2021). To meet
the expected grain demand by mid-century, wheat pro-
duction must also increase (Silva et al. 2023).

Dietary shifts from cereals toward animal proteins may
reshape the global food system in the future (Kruseman
etal. 2021a, 2021b). Dietary change has long been associ-
ated with changes in both the degree of urbanization and
in disposable income, where the data indicate that wheat
in most cases is a more desirable cereal than other coarse
grains (Kruseman et al. 2021b). Although per capita con-
sumption of global staple cereals is likely to decline in
many countries, total demand will increase over the next
several decades due to population growth (Rosegrant et
al. 2024). Increased demand for quality and healthy food
implies that the perception of wheat as a quality staple

is on the rise in countries that are not traditionally wheat
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FIGURE 2 Historical trends and projections in total demand for and production of wheat by
region, 1961-2050
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consumers (Mottaleb et al. 2018a, 2018b, 2021; Frija,
Ouerghemmi, and Mottaleb 2021). Higher incomes are
associated with shifts from plant- to animal-based diets. In
recent years in high-income countries, this trend started
to reverse with the emergence of viable and more afford-
able plant-based alternatives. Some evidence suggests
that gluten (a key protein in wheat) is likely to be an essen-
tial ingredient of affordable, high-quality, plant-based fish
and meat alternatives (He et al. 2020; Zhang et al. 2021), in
combination with a range of pulses. As animal-based food
consumption is likely to be under pressure because of
GHG emissions and other environmental concerns, wheat
will continue to play a major role in the global human diet.
Despite the perceived shift toward plant-based diets,
considerable factors remain as barriers to a rapid dietary
shift. For example, availability and accessibility as well as
cultural, religious, social, economic, and legal consider-
ations all influence consumers’ food choices (Abe-Inge et
al. 2023).

Figure 2 summarizes the effects of some of these issues by
comparing historical trends to projections generated by
the IMPACT model (Rosegrant et al. 2024). The eight pan-
els show the production of wheat in seven main regions of
the world as well as total demand, comprising food, feed,
seed, and industrial uses. Some of the poorer regions

of the world are historically wheat-deficit areas and will
increasingly depend on imports. Projections do not take
into account the effects of the Russia-Ukraine war on key
supplies of food commodities (Mottaleb, Kruseman, and
Snapp 2022; van Meijl et al. 2024).

KEY GAPS AND
OPPORTUNITIES FOR
FORESIGHT RESEARCH

Research on wheat in relation to climate change has
focused on the adaptation of wheat-based systems to
new situations and stressors. While work has been done
on technologies that offer some level of mitigation, such
as biological nitrogen inhibition (for example, Leon et al.
2022), more foresight research is needed on the poten-
tial uptake of technologies that simultaneously offer adap-
tion to and mitigation of climate change. The spread of
new diseases is a concern that could intensify with climate
change, especially in tropical and subtropical regions
(Pequeno et al. 2024), requiring additional research.
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With climate change, the potential production areas for
different crops, including wheat, will shift. In recent years
wheat production in North Africa has become increas-
ingly difficult due to climate change-related stressors.
More research is needed to identify areas with an increas-
ing comparative advantage to grow wheat. Foresight
research is also needed to guide best agronomic, vari-
etal, and other practices for expected wheat expansion
areas. Analysis needs to consider not just carbon diox-
ide (CO,) and changing rainfall patterns, as was done in
Jagermeyr et al. (2021), but also scenarios that take into
account: the negative impact on yields of warmer night
temperatures (which influence yield variance more than
day temperatures do, and which are increasing faster than
day temperatures); heatwaves, which are expected to be
more extreme and frequent; delayed rains and less even
distribution of precipitation; and floods and untimely
frosts. Increased CO, does not mitigate any of the above
and heavier rain is only useful if timely, and on soils with
good infiltration rates.

Awareness is growing that animal-based diets have a
strong impact on the environment. Dietary change is gen-
erally slow, but a movement toward more plant-based
diets is likely. Foresight research is needed on dietary
change in relation to plant-based meat products and the
implications for wheat, as wheat is likely to be an import-
ant component of such a diet.

This chapter was supported by the CGIAR Research Initiative on Foresight and the
CGIAR Science Program on Policy Innovations. We would like to thank all funders who

supported this research through their contributions to the CGIAR Trust Fund.

The authors of this chapter are Gideon Kruseman, Founder of Kruseman Foresight
and Metrics Consultancy; Kai Sonder, Head of the Geographic Information

System Unit in the Sustainable Agrifood Systems Program at the International

Maize and Wheat Improvement Center (CIMMYT); Diego Pequeno, a Scientist and
Wheat Crop Modeler in the Sustainable Agrifood Systems Program at CIMMYT;
Matthew Reynolds, Head of the Wheat Physiology Group at CIMMYT; and

Aymen Frija, a Senior Scientist and Agricultural Economist in the Social, Economic,
and Policy Research Team at the International Center for Agricultural Research in the

Dry Areas (ICARDA).

Related chapters on the future of food system drivers and impacts, regional and
national perspectives, food commodities, and foresight tools are available in our

Table of Contents.

Citation: Kruseman, G., K. Sonder, D. Pequeno, M. Reynolds, and A. Frija. 2025.
“What Do We Know About the Future of Wheat?” In What Do We Know About the
Future of Food Systems?, eds. K. Wiebe and E. Gotor, Chapter 34. Washington, DC:
IFPRI. https://hdl.handle.net/10568/175019

Photo credit: ESB Professional/Shutterstock


http://www.cgiar.org/funders
https://hdl.handle.net/10568/175019
https://hdl.handle.net/10568/175019

206

References

Abe-Inge, V., R. Aidoo, M.M. de la Fuente, and E.M.
Kwofie. 2023. “Plant-Based Dietary Shift: Current
Trends, Barriers, and Carriers.” Trends in Food Science &
Technology. https://doi.org/10.1016/].tifs.2023.104292

Asseng, S., P. Martre, A. Maiorano, et al. 2019.
“Climate Change Impact and Adaptation for Wheat
Protein.” Global Change Biology 25: 155-173.
https://doi.org/10.1111/GCB.14481

Bentley, A. 2022. “Broken Bread—Avert Global Wheat
Crisis Caused by Invasion of Ukraine.” Nature 603: 551-
551. https://doi.org/10.1038/d41586-022-00789-x

Bhatt, R, S.S. Kukal, M.A. Busari, S. Arora, and
M. Yadav. 2016. “Sustainability Issues on Rice-
Wheat Cropping System.” International Soil
and Water Conservation Research 4: 64-74.
https://doi.org/10.1016/j.iswcr.2015.12.001

FAQ (Food and Agriculture Organization of the United
Nations). 2024. FAOSTAT Crops and Livestock Products.
Accessed October 2024. https://www.fao.org/faostat/
en/#data/QCL

Frija, A., H. Ouerghemmi, and K.A. Mottaleb.
2021. Dietary Change in Asia, Sub-Saharan
Africa, and North Africa: Historical Changes

and Future Food Consumptions Perspectives.
Policy Brief. Cairo: International Center for
Agricultural Research in the Dry Areas (ICARDA).
https://hdl.handle.net/20.500.11766/66832

Frija, A., W. Tadesse, Z. Bishaw, et al. 2021. The
Future of Wheat Research and Production in Sub-
Saharan Africa. Technical Brief. Beirut: ICARDA.
https://hdl.handle.net/20.500.11766/66804

Gbegbelegbe, S., D. Cammarano, S. Asseng, et

al. 2017. "Baseline Simulation for Global Wheat
Production With CIMMYT Mega-Environment Specific
Cultivars.” Field Crops Research 202: 122-135.
https://doi.org/10.1016/J.FCR.2016.06.010

Guarin, J.R., P. Martre, F. Ewert, et al. 2022. “Evidence for
Increasing Global Wheat Yield Potential.” Environmental
Research Letters. https://doi.org/10.1088/1748-9326/
ACA77C

He, J., N.M. Evans, H. Liu, and S. Shao. 2020. “A
Review of Research on Plant-Based Meat Alternatives:
Driving Forces, History, Manufacturing, and
Consumer Attitudes.” Comprehensive. Reviews

in Food Science and Food Safety 19: 2639-2656.
https://doi.org/10.1111/1541-4337.12610

Jagermeyr, J., C. Mdller, A.C. Ruane, et al. 2021. “Climate
Impacts on Global Agriculture Emerge Earlier in New
Generation of Climate and Crop Models.” Nature Food
2(11): 873-885. https://doi.org/10.1038/s43016-021-
00400-y

Jat, H.S., A. Datta, M. Choudhary, et al. 2019. “Climate
Smart Agriculture Practices Improve Soil Organic Carbon
Pools, Biological Properties and Crop Productivity in
Cereal-Based Systems of North-West India.” Catena 181:
104059. https://doi.org/10.1016/j.catena.2019.05.005

Kruseman, G., K.A. Mottaleb, K. Tesfaye, et al. 2020.
“Rural Transformation and the Future of Cereal-Based
Agri-Food Systems.” Global Food Security 26: 100441.
https://doi.org/10.1016/}.gfs.2020.100441

Kruseman, G., A. Dermawan, M. Diagne, et al. 2021a.
"Foresight for Income and Employment: What Can

We Learn for Agricultural Research for Development.”
SocArZiv Papers. https://doi.org/10.31235/OSF.I0/783RW

Kruseman, G., K.A. Mottaleb, S. Gbegbelegbe, A. Frija, S.
Bairagi, and M. Springmann. 2021b. “Effects of Dietary
Change—Synthesis Across the Case Studies.” Integrated
Development Program Discussion Paper No. 3. Texcoco,
Mexico: International Maize and Wheat Improvement
Center (CIMMYT). https://repository.cimmyt.org/
handle/10883/21821

Leon, A., G.V. Subbarao, M. Kishii, N. Matsumoto, and

G. Kruseman. 2022. "An Ex Ante Life Cycle Assessment
of Wheat With High Biological Nitrification Inhibition
Capacity.” Environmental Science and Pollution Research
29:7153-7169. https://doi.org/10.1007/s11356-021-
16132-2

Li, H., A. Rasheed, LT. Hickey, and Z. He. 2018. “Fast-
Forwarding Genetic Gain.” Trends in Plant Science.
https://doi.org/10.1016/j.tplants.2018.01.007

Mondal, S., S. Dutta, L. Crespo-Herrera, J. Huerta-
Espino, H.J. Braun, and R.P. Singh. 2020. “Fifty Years of
Semi-Dwarf Spring Wheat Breeding at CIMMYT: Grain
Yield Progress in Optimum, Drought and Heat Stress
Environments.” Field Crops Research 250: 107757.
https://doi.org/10.1016/}.fcr.2020.107757

Mottaleb, K.A., FA. Fatah, G. Kruseman, and O.
Erenstein. 2021. "Projecting Food Demand in 2030:
Can Uganda Attain the Zero Hunger Goal?” Sustainable
Production and Consumption 28: 1140-1163.
https://doi.org/10.1016/J.SPC.2021.07.027

Mottaleb, K.A., G. Kruseman, and S. Snapp. 2022.
“Potential Impacts of Ukraine-Russia Armed Conflict
on Global Wheat Food Security: A Quantitative
Exploration.” Global Food Security 35: 100659.
https://doi.org/10.1016/}.gfs.2022.100659

Mottaleb, K.A., G. Kruseman, A. Frija, K. Sonder,

and S. Lopez-Ridaura. 2023. "Projecting Wheat
Demand in China and India for 2030 and 2050:
Implications for Food Security.” Frontiers in Nutrition 9.
https://doi.org/10.3389/FNUT.2022.1077443

Mottaleb, K.A., D.B. Rahut, G. Kruseman, and O.
Erenstein. 2018a. “Evolving Food Consumption Patterns
of Rural and Urban Households in Developing Countries:
A Bangladesh Case.” British Food Journal 120: 392-408.
https://doi.org/10.1108/BFJ-12-2016-0620

Mottaleb, K.A., D.B. Rahut, G. Kruseman, and O.
Erenstein. 2018b. “Changing Food Consumption of
Households in Developing Countries: A Bangladesh
Case”. Journal of International Food and Agribusiness
Marketing 30 (2): 156-174. https://doi.org/10.108
0/08974438.2017.1402727

Noia Junior, R. de S., F. Ewert, H. Webber, P. Martre, TW.
Hertel, M.K. van Ittersum, S. Asseng. 2022. “Needed
Global Wheat Stock and Crop Management in Response
to the War in Ukraine.” Global Food Security 35: 100662.
https://doi.org/10.1016/}.gfs.2022.100662

Noia Junior, R. de S., M. Nardinom, E.F. Elli, D. Pequeno,
C. Fraisse, S. Asseng. 2024. "Achieving Self Sufficiency in
Wheat in Brazil.” Environmental Research Letters 19 (3):
031003. https://doi.org/10.1088/1748-9326/ad26b8

Pequeno, D.N.L., T.B. Ferreira, J.M.C. Fernandes, et al.
2024. "Production Vulnerability to Wheat Blast Disease
Under Climate Change.” Nature Climate Change 14:
178-183. https://doi.org/10.1038/s41558-023-01902-2

Pequeno, D.N.L., .M. Hernandez-Ochoa, M. Reynolds,
etal. 2021. “Climate Impact and Adaptation to Heat
and Drought Stress of Regional and Global Wheat
Production.” Environmental Research Letters 16 (5):
054070. https://doi.org/10.1088/1748-9326/ABD970

Ray, D.K., N.D. Mueller, P.C. West, J.A. Foley. 2013. “Yield
Trends Are Insufficient to Double Global Crop Production
by 2050.” PLoS One 8: €66428. https://doi.org/10.1371/
journal.pone.0066428

Romanello, M., A. McGushin, C. Di Napoli, et al. 2021.
“The 2021 Report of the Lancet Countdown on Health
and Climate Change: Code Red for a Healthy Future.”
Lancet 398: 1619-1662. https://doi.org/10.1016/50140-
6736(21)01787-6

Rosegrant, MW., T.B. Sulser, S. Dunston, et al. 2024. “Food
and Nutrition Security Under Changing Climate and
Socioeconomic Conditions.” Global Food Security 41:
100755. https://doi.org/10.1016/j.9fs.2024.100755

Sidhu, H.S., M.L. Jat, Y. Singh, et al. 2019. “Sub-
Surface Drip Fertigation With Conservation
Agriculture in a Rice-Wheat System: A Breakthrough
for Addressing Water and Nitrogen Use Efficiency.”
Agricultural Water Management 216: 273-283.
https://doi.org/10.1016/j.agwat.2019.02.019

Silva, J.V., M. Jaleta, K. Tesfaye, et al. 2023. “Pathways to
Wheat Self-Sufficiency in Africa.” Global Food Security 37:
100684. https://doi.org/10.1016/J.GFS.2023.100684


https://doi.org/10.1016/j.tifs.2023.104292
https://doi.org/10.1111/GCB.14481
https://doi.org/10.1038/d41586-022-00789-x
https://doi.org/10.1016/j.iswcr.2015.12.001
https://www.fao.org/faostat/en/#data/QCL
https://www.fao.org/faostat/en/#data/QCL
https://hdl.handle.net/20.500.11766/66832
https://hdl.handle.net/20.500.11766/66804
https://doi.org/10.1016/J.FCR.2016.06.010
https://doi.org/10.1088/1748-9326/ACA77C
https://doi.org/10.1088/1748-9326/ACA77C
https://doi.org/10.1111/1541-4337.12610
https://doi.org/10.1038/s43016-021-00400-y
https://doi.org/10.1038/s43016-021-00400-y
https://doi.org/10.1016/j.catena.2019.05.005
https://doi.org/10.1016/j.gfs.2020.100441
https://doi.org/10.31235/OSF.IO/783RW
https://repository.cimmyt.org/handle/10883/21821
https://repository.cimmyt.org/handle/10883/21821
https://doi.org/10.1007/s11356-021-16132-2
https://doi.org/10.1007/s11356-021-16132-2
https://doi.org/10.1016/j.tplants.2018.01.007
https://doi.org/10.1016/j.fcr.2020.107757
https://doi.org/10.1016/J.SPC.2021.07.027
https://doi.org/10.1016/j.gfs.2022.100659
https://doi.org/10.3389/FNUT.2022.1077443
https://doi.org/10.1108/BFJ-12-2016-0620
https://doi.org/10.1080/08974438.2017.1402727
https://doi.org/10.1080/08974438.2017.1402727
https://doi.org/10.1016/j.gfs.2022.100662
https://doi.org/10.1088/1748-9326/ad26b8
https://doi.org/10.1038/s41558-023-01902-2
https://doi.org/10.1088/1748-9326/ABD970
https://doi.org/10.1371/journal.pone.0066428
https://doi.org/10.1371/journal.pone.0066428
https://doi.org/10.1016/S0140-6736(21)01787-6
https://doi.org/10.1016/S0140-6736(21)01787-6
https://doi.org/10.1016/j.gfs.2024.100755
https://doi.org/10.1016/j.agwat.2019.02.019
https://doi.org/10.1016/J.GFS.2023.100684

207

Subbarao, GV, J. Arango, K. Masahiro, et al. 2017.
“Genetic Mitigation Strategies to Tackle Agricultural
GHG Emissions: The Case for Biological Nitrification
Inhibition Technology.” Plant Science 262: 165-168.
https://doi.org/10.1016/j.plantsci.2017.05.004

Van Meijl, H., H. Bartelings, S. van Berkum, H.D. Cui, Z.S.
Kristkova, and W.J. van Zeist. 2024. “The Russia-Ukraine
War Decreases Food Affordability But Could Reduce
Global Greenhouse Gas Emissions.” Communications
Earth & Environment 5 (1): 59. https://doi.org/10.1038/
s43247-024-01208-x

Watson, A., S. Ghosh, M.J. Williams, et al. 2018.
“Speed Breeding Is a Powerful Tool to Accelerate
Crop Research and Breeding.” Nature. Plants 4: 23-29.
https://doi.org/10.1038/s41477-017-0083-8

Zhang, T., W. Dou, X. Zhang, et al. 2021. “The Development
History and Recent Updates on Soy Protein-Based Meat
Alternatives.” Trends in Food Science and Technology 109:
702-710. https://doi.org/10.1016/j.tifs.2021.01.060

Zhao, C., B. Liu, S. Piao, et al. 2017. “Temperature
Increase Reduces Global Yields of Major Crops in Four
Independent Estimates.” PNAS 114 (35): 9326-9331.
https://doi.org/10.1073/PNAS.1701762114

INTERNATIONAL FOOD POLICY RESEARCH INSTITUTE

A world free of hunger and malnutrition

IFPRI is a CGIAR Research Center

1201 Eye St, NW, Washington, DC 20005 USA | T. +1-202-862-5600 | F. +1-202-862-5606 | Email: ifpri@cgiar.org | www.ifpri.org | www.ifpri.info
Handle: https://hdl.handle.net/10568/175019

© 2025 International Food Policy Research Institute (IFPRI). This publication is licensed for use under a Creative Commons Attribution 4.0 International License (CC BY 4.0).



mailto:ifpri%40cgiar.org?subject=
http://www.ifpri.org
http://www.ifpri.info
https://hdl.handle.net/10568/175019
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.plantsci.2017.05.004
https://doi.org/10.1038/s43247-024-01208-x
https://doi.org/10.1038/s43247-024-01208-x
https://doi.org/10.1038/s41477-017-0083-8
https://doi.org/10.1016/j.tifs.2021.01.060
https://doi.org/10.1073/PNAS.1701762114

