Front. Agr. Sci. Eng.

RESEARCH ARTICLE

Reforming agricultural subsidy policies to facilitate

the transformation of agrifood systems:

insights

from China and Africa

Zongyi WU, Boaz BLACKIE KEIZIRE? Shenggen FAN'?, Xiaolong FENG 3

1 College of Economics and Management, China Agricultural University, Beijing 100083, China.
2 Alliance for a Green Revolution in Africa (AGRA), Nairobi 66773, Kenya.
3 Academy of Global Food Economics and Policy (AGFEP), China Agricultural University, Beijing 100083, China.

KEYWORDS

Africa, agrifood
subsidies, China

systems, agricultural

HIGHLIGHTS

e Compares the similarities and differences in
agricultural subsidies in China and Africa.

e Summarizes the challenges faced by China and
Africa in the transformation of their agrifood
systems.

e Provides the path for the transformation of
agrifood systems in China and Africa.

Received October 30, 2024;
Accepted March 10, 2025.

GRAPHICAL ABSTRACT

Since 2015, China has removed major subsidies to
fertilizer manufacturers

(1) Subsidies on electricity

(2) Subsidies on natural gas

(3) Subsidies on fertilizer transport

(4) Exemption from value-added tax (VAT)

2004-2015 Since 2015
Oriented towards increasing Oriented towards sustainable

grain production development

A A

2004 2025
Since 2004, China has successively
introduced multiple subsidy programs In 2015, the Chinese government selected five ‘Agricultural support and profection subsidy
(1) Farmland quality subsidy

provinces to explore agricultural subsidy reform
(2) Moderate-scale operation subsidy

ABSTRACT
Agricultural subsidies have been a vital component of agricultural policies in
many Asian and African countries since the 1960s, acting as a key driving factor
for facilitating the sustainable transformation of agrifood systems. China and
Africa are chosen as case studies because they represent two distinct regions
with large population sizes and facing common challenges. This study reviews
the evolution, design and implementation of agricultural subsidy policies in
China and Africa, highlighting their successes and challenges. The results show
that China and Africa aim to enhance agricultural productivity and ensure food
security, offering incentives to farmers to increase production and address
challenges, such as poverty reduction. However, there are significant
differences in the structure and scale of agricultural subsidies. China’s policy is
comprehensive and oriented toward sustainable development, while African
policies tend to be more targeted and often focus on specific areas such as
fertilizer subsidies and seed distribution. While both regions have made
significant progress in transforming their agrifood systems, they continue to
grapple with common, but context-specific, challenges. This study developed
recommendations to guide future efforts toward sustainable transformation of
agrifood systems in China and Africa. This will involve repurposing agricultural
subsidies to promote green sustainability, enhancing support for agrifood
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policies and collaboration between China and African countries, and

strengthening investments in agrifood systems in both regions.

1 Introduction

Agricultural subsidy policies are pervasive in both developed
and developing countries. It is estimated by OECD that total
support toward the agricultural sector reached 842 billion USD
per year during 2021-2023 for 54 countries across the world!'].
Considering the scale of subsidies, the global discussion on
agricultural policy reforms in recent years has increasingly
emphasized the establishment of new agricultural support
systems as a key strategy to facilitate the sustainable
transformation of agrifood systemsl’~']. Some support
programs, such as the reformed EU Common Agricultural
Policy, condition support on compliance with environment-
land
practices’]. This trend stems from the recognition that existing

friendly production processes and conservation
subsidy systems, often characterized by distortions and a
narrow focus on food security, are insufficient to address the
multifaceted challenges posed by climate change and resource
degradation!”). While developed economies, such as the EU,
have made significant strides in reorienting their agricultural
subsidies toward sustainability, many developing countries,
particularly those in Africa and Asia, continue to grapple with
heavily distorted agricultural subsidies, yet well intentioned,
primarily due to the imperative of ensuring food securityl"~"l.
This approach is not conducive to sustainable agricultural
development, presenting a significant challenge in balancing
sustainable development with food supply, particularly in
developing regions, such as sub-Saharan Africa.

The challenge of balancing sustainable development with food
security is particularly acute in developing regions, such as sub-
Saharan Africa, where a large share of the population is poor
and access to, affordability of, food is a key concern[®"], Thus,
many governments in sub-Saharan Africa have re-embraced
large-scale agricultural input subsidy programs (ISPs) to raise
their agricultural output and reduce poverty among their
smallholders!'"].
prioritizing short-term food production over long-term

However, the prevailing approach of
environmental sustainability, through distorted subsidies, has
proven inadequate in fostering resilient and sustainable
agrifood systems!'']. Consequently, there is a pressing need for
agricultural subsidy reforms that can reconcile these two
objectives, ensuring both food availability and environmental
protectionl %71,

In recent years, significant progress has been made in
examining reforms to agricultural subsidy policies with the aim
of fostering sustainable development in several developing
regions, notably China and select countries in sub-Saharan
Africa. China, for example, has taken a series of environment-
oriented agricultural subsidy policy reforms since 2015, the
most notable of which are the reform of the three agricultural
and the
manufacturers. These measures aim to curb the overuse of

subsidies removal of subsidies for fertilizer
nitrogen fertilizers and promote environmentally friendly
farming practices, thereby contributing to the sustainable
transformation of its agrifood system!'“'l. Similarly, some
African countries have also made attempts to streamline
agricultural subsidies, through evaluating efficient input
delivery systems (such as electronic vouchers), all aimed at
transforming agrifood sector. These reforms, although still in
their nascent stages, signal a shift toward more sustainable and

environmentally conscious agricultural policies.

Currently, China and African countries are reforming
agricultural subsidy policies to move toward a more sustainable
agrifood systems, both sides face some common challenges.
First, both regions are highly susceptible to climate-related
risks. Agrifood systems in these developing regions are
profoundly impacted by climate change, exemplified by
extreme weather events such as China’s great flood in 1998 and
2010-2011 drought!'°l.

Second,
threat!
evidenced by the high percentage of global water withdrawals

environmental degradation poses a significant

1. Agrifood systems in China and Africa are at risk as

dedicated to irrigation, which varies widely from 21% in
Europe to 82% in Africal'“l. In addition, looming water
shortages in China also represent a serious threat to the future
food security!'”). Specifically, water shortages in China are
particularly acute, with agriculture accounting for 61.2% of
total water consumption, far exceeding the OECD averagel'l.

Third, dependence on food imports increases vulnerability to
global market fluctuations. Both China and Africa are heavily
reliant on international agricultural trade, making them
susceptible to food security risks, such as those exacerbated by
the Russia-Ukraine crisis, which will disproportionately affect
poor developing countries reliant on Russian and Ukrainian
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Between 2018 and 2020, Africa
imported significant amounts of wheat from both Russia and

agricultural exports!*’-*],

Ukraine, highlighting the potential for severe food supply
shortages due to such conflicts.

Fourth, both regions are dominated by smallholder agriculture
(farming less than 2 ha). Despite significant achievements in
agricultural development in China and Africa, agricultural
production is still dominated by smallholders. According to a
recent International Food Policy Research Institute study, in
sub-Saharan Africa and South Asia (excluding India),
smallholdings comprise 70%-75% of farm units, but they
generate just 35%-40% of the primary production value of the
domestic food sectorl’’]. Smallholders often face higher
poverty risks and hinder agricultural productivity, affecting
food security and farm incomes!”’l. Thus, the design and
implementation of agricultural subsidy policies in China and
Africa necessitates further reforms that effectively balance both
economic and environmental objectives.

Therefore, this study aims to contribute to the ongoing
discourse on agricultural subsidy policy reform and the
transformation of agrifood systems by examining insights from
China and Africa. There are two reasons for choosing China
and Africa to conduct research on this topic. First, since the
1960s, subsidies for agriculture have been prevalent in Asian
and African countries, such as India and in sub-Saharan Africa.
Since 2015, in particular, China’s agricultural subsidies have
undergone a significant transformation. Given China’s huge
population, any agricultural policy change will have a profound
impact on the global agrifood systems. Second, Africa’s diverse
agricultural challenges, potential for growth, collaborative
initiatives with China, environmental concerns, and pressing
need for food security and poverty reduction all contribute to
making it a compelling and informative case study.

This study contributes to the literature in three ways. First, it

contributes to the discussion in the literature on the
transformation of agricultural subsidy policies in China and
Africa. Specifically, it reviews the evolution, design and
implementation of agricultural subsidy policies in China and
Africa, highlighting their successes and challenges. Second, it
contributes to the literature on specific agricultural
implementation strategies. By comparing and contrasting the
experiences of China and Africa, this study endeavors to unveil
lessons learned, and emerging challenges, thereby informing
the development of more effective and sustainable agricultural
subsidy policies in the future. In addition, this analysis will
provide a reference for other developing and emerging market

countries, where similar policies are being considered or

implemented. Finally, this study examines the experience of

agricultural subsidies from the perspective of the
transformation of agrifood systems in developing countries. In
particular, most existing studies on the transformation of
agrifood systems have largely been confined to the experiences
of developed countries, often overlooking the developing
economies. Therefore, this study focused on examining
agricultural subsidy reforms within the specific context of
agrifood system transformation in developing countries, using

China and Africa as illustrative case studies.

2 Agricultural subsidy policy in China
and Africa

2.1 China’s agricultural subsidy policy

2.1.1 Evolution of the agricultural subsidy in China

The evolution of China’s agricultural subsidy policy reflects the
changing role of agriculture in economic development across
timel'l. According to policy goals, the reform of China’s
agricultural subsidy policy can be roughly divided into two
phases from 2004 to 2020 ( ). Since 2004, China has
introduced a comprehensive agricultural subsidy system that
has helped ensure food security, improve farmer incomes, and
end hunger and poverty. Since 2015, China has effected a series
of agricultural subsidy policy reforms oriented toward
sustainable development to achieve multiple goals of food
systems, including food security, nutrition, protection of
natural resources and carbon emissions reduction.

It should be noted that agricultural subsidy policies cover a
wide range of areas. For the purpose of international
comparison, the classification of agricultural subsidy policies in
existing literature generally follows the method of the OECD.
However, considering the availability of data, the agricultural
subsidy policy discussed in this paper is limited to subsidies for
agricultural producers (fertilizer manufacturers and farmers).
These policies are described below.

(1) Oriented toward increasing grain production: 2004-2015

China’s agricultural policy has undergone a fundamental
transformation over the four decades since the introduction of
market reforms in 19780"'l. At the beginning of the new
century, China has faced the challenges of feeding the growing
population and widening income gap between urban and rural
areas. Consequently, the pursuit of food security and farm
income was the key policy goals over 2000-2015. In 2004,
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Fig. 1 Evolution of China’s major agricultural subsidy policy.

concerned about rural household incomes and national food
self-sufficiencyl”»’"], the Chinese government began to
successfully introduce multiple subsidy programs, including a
minimum purchase price policy for rice and wheat, and a
temporary purchasing and stockpiling policy for cotton, maize
and soybeans. At the same time, China also implemented direct
subsidy program, covering direct grain, quality seed, aggregate
input and agricultural machinery subsidies. These policies have
effectively incentivized farmers to grow grain and the
continuous increase in grain production has, in turn, ensuring
food securityl”>71,

Meanwhile, in pursuit of fertilizer supply and reduce farmer’s
burden, particularly since the 1990s, China has implemented
subsidies for fertilizer manufacture at different stages since the
1990s!
China’s fertilizer manufacturers also has evolved over timel”?].

1. Parallel to market reform, the subsidy policy for

Specifically, from 1998 to 2015, China’s major subsidies for
fertilizer manufacture included the subsidy for electricity,
natural gas, transportation and off-season reserve, as well as an
). It is
estimated that the total subsidy to the fertilizer industry
reached 0.95 billion USD in 2003, and then jumped to 8 billion
USD in 2010, which helped grow the industry and safeguard an

exemption from value-added tax ( and

adequate supply of affordable fertilizers for farmers(*"],

During this period, subsidies continuously increased, which
effectively increased grain production and farm income.
However, this has also led to many problems. First, subsidies
for the fertilizer industry and general subsidies for agricultural
input jointly have stimulated the increase in the use of mineral

fertilizers, which has resulted in serious environmental
degradation and high health cost in Chinal'**!l. Second, the
minimum purchase prices of certain grains and temporary
storage price both have also distorted the market price,

resulting in new structural challenges! 1.
(2) Oriented toward sustainable development: since 2015
In response to the negative impact of agricultural subsidy

policy, China
agricultural subsidy policy reforms in 2015. A key move within

initiated new round of green-oriented
these reforms was the merging of the three direct subsidies.
Since then, direct grain, quality seed and aggregate input
subsidies, were merged and renamed “agricultural support and
protection subsidy” (in Chinese Pinyin - nongye zhichi baohu
butie)”"]. The new policy goal was to protect farmland quality
while encouraging moderate-scale grain production[*’.
Specifically, 80% of stock funds allocated for the input subsidy,
combined with the grain and quality seed subsidies, form the
“farmland quality subsidy” (in Chinese Pinyin - gengdi dili
baohu butie), aimed at preserving farmland quality. Subsidy
recipients include farmers with contracted land. The remaining
20% of the input subsidy stock funds, together with pilot
subsidy funds for large-scale grain farmers and incremental
funds for the three subsidies, form the “moderate-scale
operation subsidy” (in Chinese Pinyin - shidu guimo jingying
butie), which supports large-scale farming operations.

Also, starting in 2014, China has gradually abolished
temporary policies for purchasing and stockpiling agricultural
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Table 1 Evolution of subsidies to fertilizer manufacturers in China from 1990 to 2015

Subsidy programs 1998-2000 2001-2003

2004-2007

2008-2012 2013-2015

(1) Electricity
(2) Natural gas

(3) Rail transport

(4) Off-season
reserve

(5) Value-added tax
(13%)

Urea Full rebate in 2001
Half rebate in 2002
No rebate in 2003
Diammonium

phosphate

Monoammonium

phosphate

Potash fertilizer

NPK compound

Preferential price policy started in the planned economy period and stopped in 2012

Preferential price and exemption of electricity construction funds policy started in the planned Removed the preferential price
economy period and stopped in 2012

policy in 2015
Removed the preferential price
policy in 2015

Preferential price and the exemption of railway construction funds since 1998 and it was adjusted to No. 4 freight rate in 2015

Subsidized loans for fertilizer reserve implemented since 2004

All exemptions removed September 2015

Half rebate after paid tax in 2004 and then full exemption since 2005

Half rebate after paid tax in 2004 and then full exemption since 2005
Full exemption since 1998

The value-added tax full rebated since 1995 except for 2001-2002 when value-added tax was fully exempted

Full exemption since 1994

Note: Adapted from Huang et al.l""].

Table 2 Major subsidies to fertilizer manufacturers in China from 2004 to 2010 (unit: million USD)

Year Electricity Rail transport Value-added tax Reserve
2004 209 855 871 50
2005 265 1012 1192 58
2006 313 1131 2947 63
2007 365 1281 3786 101
2008 417 1370 5301 225
2009 444 1145 5308 140
2010 433 897 6762 163

Note: Source from Li et al.["],

products including cotton, maize, rapeseed and soybeans.
These policies have been reformed into income transfer, target
price, producer and agricultural insurance subsidies. Only the
minimum purchase price policies for rice and wheat have been
retained but the amount of these commodities being purchased
has declined.

With mounting concerns about the negative impact of
excessive nitrogen fertilizer use on the environment, China has
abolished subsidies for fertilizer manufacture since 2015'>°1,
More specifically, the subsidy to fertilizer manufacturers
averaged 7 billion USD per year from 2008 to 2010,
contributing to extensive over application of nitrogen
fertilizers. From 2015, China took steps to phase out the

subsidies for fertilizer manufacture and these were almost fully
eliminated by 2017071,

2.1.2 Scale and structure of China’s agricultural subsidy
policy

Globally, China’s agricultural support intensity was at a
medium level. According to OECD figures, China’s total
support estimate accounted for 22% of agricultural gross
domestic product (GDP) in 2018-20200"], This was close to
the world average (23%), higher than the 12 emerging
economies (15%) but lower than the percent average of OECD
countries (42%). In the same period, the USA and Japan were
at 54% and 78%, respectively[ 1( ).
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Fig. 2 Comparison of agricultural support intensity in China and other countries for 2000-2002 and 2018-2020. Source from AGFEP[“], “All

countries” refers to the 54 countries (including OECD countries, EU non-OECD countries and 12 emerging economies) that are reported in
OECD (2021); EU 2000-2002 reports EU15 countries; EU 2018—2020 report EU27 countries plus the UK.

Given that this study mainly focuses on producer subsidies, the
analysis below focuses on the five major agricultural subsidies
in China. presents an overview of the five major
agricultural subsidies in China, namely direct grain, quality
seed, aggregate input, machinery and farmland quality

subsidies spanning 2004-2022.

The direct grain subsidy has remained relatively stable over the
years, with only minor changes. It started at 11.6 billion yuan
in 2004 and gradually increased to 15.1 billion yuan by 2007.
However, there has been no significant increase since then,
with the subsidy remaining around 15.1 billion yuan until
2015, when it slightly decreased to 14.1 billion yuan. The
quality seed subsidy has had a steady increase. Starting from
2.9 billion yuan in 2004, it gradually rose to 22.6 billion yuan in
2013, remaining relatively stable thereafter. The aggregate
input subsidy has experienced the most dramatic increase
among the five subsidies. It started at a negligible amount of
12 billion yuan in 2006 and surged to 107 billion yuan in 2015.
This substantial increase indicates a significant shift in
agricultural policy toward supporting overall farm input costs,
including seed, fertilizer, pesticides and other agricultural
supplies. The machinery subsidy has also seen a significant
increase over the years. Starting from 0.07 billion yuan in 2004,
it gradually increased to 23.8 billion yuan in 2015 and has
remained at a relatively high level since. In 2016, China merged
three agricultural subsidies to form the farmland quality
subsidy, which remained constant at 120.5 billion yuan from
2016 to 2022. This indicates a consistent investment by the
government in improving the quality of farming and
promoting sustainable agricultural practices.

2.2 African agricultural subsidy policy

2.2.1 Evolution of the agricultural subsidy in Africa

Africa is a continent with diverse agricultural systems and
challenges. According to the World Bank, agriculture accounts
for about 23% of gross GDP in Africa and employs about 60%
of its labor force. However, Africa also faces low productivity,
high vulnerability to climate change, and limited access to
markets and finance. Therefore, many African governments
have adopted different types of agricultural subsidies to
support their farmers and achieve their development goals. In
Africa, agricultural subsidies have a long and complex history,
shaped by colonialism, independence, structural adjustment
and globalization. The following is a brief overview of some of
the main trends and issues in African agricultural subsidy

policies, based on the literature review of Jayne and Rashid[°l.

(1) Oriented toward export (the 1940s to the 1960s): colonial
period

Before most countries gained independence, agricultural
subsidy policies were mainly used to support production and
export of cash crops, such as cotton, coffee, cocoa, tea and
rubber, while food crops were neglected or taxedl’>"l.
Subsidies were also used to promote the use of imported
inputs, such as seed, fertilizer and pesticides, which increased
the dependency of African farmers on foreign markets and
technologies! >'’].  Subsidies were often accompanied by
coercive measures, such as forced labor, land expropriation and
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Table 3 The five major agricultural subsidies in China, 2004-2022 (unit: billion yuan)

Agricultural subsidies

Year Agricultural machinery subsidy Farmland quality subsidy
Direct grain subsidy ~ Quality seed subsidy ~ Aggregate input subsidy

2004 11.6 2.9 = 0.07 =
2005 13.2 39 = 0.3 =
2006 15.1 4.2 12.0 0.6 =
2007 15.1 6.7 27.6 2.0 =
2008 15.1 12.1 63.8 4.5 =
2009 15.1 15.5 71.6 12.9 =
2010 15.1 20.0 83.5 15.5 =
2011 15.1 22.0 86.0 1175 =
2012 15.1 224 107.8 21.5 =
2013 15.1 22.6 107.1 21.8 =
2014 15.1 21.5 107.8 23.7 =
2015 14.1 20.4 107.1 23.8 =
2016 22.8 120.5
2017 18.6 120.5
2018 17.4 120.5
2019 18.4 120.5
2020 27.7 120.5
2021 19.0 120.5
2022 21.2 120.5

Note: Source from Hanl" . Since 2015, in addition to agricultural machinery subsidies, the three agricultural subsidies were merged into the farmland quality subsidy.

price controls, that undermined the autonomy and livelihoods
of African farmersl'-''1.

details the evolution of fertilizer application in selected
African countries from 1961 to 2018, as an indicator of the
level of input subsidy. The shows that fertilizer
application was generally low and stagnant in most countries,
except for a few outliers, such as Malawi, Zambia and
Zimbabwe, that experienced some periods of high fertilizer use,

often associated with subsidy programs.

(2) Oriented toward import substitution (the 1960s to the
1970s): post-independence

After gaining independence, many African countries adopted
policies that aimed to increase the role of the state in the
agricultural sector as part of a broader strategy of import
substitution industrialization. Subsidies were used to support
the development of domestic industries, such as agro-
processing, irrigation and mechanization, as well as to provide
affordable food and inputs to urban consumers and industrial

workers*>*°]. Subsidies were also used to establish and
maintain state-owned enterprises, such as marketing boards,
cooperatives and parastatals, that controlled the procurement,
distribution and pricing of agricultural productsl*®*l.
Subsidies were often financed by taxing the export earnings of
cash crops, creating a gap between the domestic and world
prices of agricultural commoditiesl**'"].

(3) Oriented toward response to pressures of structural
adjustment (the 1980s to the 1990s)

In the 1980s and the 1990s, many African countries faced
severe economic crises, characterized by high inflation, fiscal
deficits, external debt and balance of payments problems.
Under the pressure of international financial institutions, such
as the World Bank and the International Monetary Fund, many
African countries adopted structural adjustment programs,
which involved a series of reforms that aimed to liberalize and
deregulate the economy, reduce the role of the state and
promote market forces!'*""]. Subsidies were drastically reduced
or eliminated, as part of the measures to cut public spending,
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Table 4 Fertilizer application of arable land (unit: kg-ha=1)

Country 1961 1971 1981 1991 2001 2011 2018
Benin 0.7 14 2.7 4.2 5.4 9.9 13.6
Burkina Faso 0.3 0.8 2.5 3.8 7.8 13.7 18.1
Cote d’Ivoire 3.5 6.8 7.9 8.6 8.9 12.2 14.7
Ethiopia 0.4 0.7 1.7 2.0 3.8 7.8 14.3
Ghana 2.5 3.4 6.6 8.2 7.9 11.5 15.4
Kenya 9.4 20.7 29.3 28.3 23.4 32.7 35.6
Madagascar 0.9 2.7 3.6 4.2 1.5 2.0 2.9

Malawi 1.5 32 7.2 13.0 23.1 67.6 41.2
Mali 0.5 1.7 3.6 6.0 9.7 14.8 15.0
Nigeria 1.3 2.5 3.8 52 8.1 10.8 10.0
Rwanda 0.1 0.2 0.7 1.0 1.9 5.8 8.7

Senegal 0.6 2.3 5.1 9.1 11.7 17.9 18.9
Tanzania 0.5 1.8 3.0 34 33 6.5 9.3

Uganda 0.4 0.9 1.7 2.1 1.5 1.8 2.1

Zambia 2.9 8.1 20.8 28.6 25.8 39.7 32.3
Zimbabwe 4.4 9.3 24.0 33.9 23.7 253 242

Note: Source from FAO!'"’], World Bank[' "], and IFA[*'].

rationalize public enterprises and remove price distortions!®"'].
Subsidies were also seen as inefficient, ineffective, and prone to
corruption and rent-seekingl"’]. The removal of subsidies had
significant impacts on the agricultural sector, such as reduced
access to inputs, credit and extension services, increased
exposure to price volatility and competition, and decreased
productivity and profitabilityl”’>*],

details the evolution of public expenditure on
agriculture as a percentage of total public expenditure in
selected African countries from 1980 to 2017, as an indicator of
the level of budgetary subsidy. These data show that public
expenditure on agriculture declined sharply in most countries
in the 1980s and the 1990s, as a result of the structural
adjustment programs, and recovered slightly in the 2000s and
the 2010s, as a result of the renewed interest and investment in
the agricultural sector.

(4) Responding to global food crisis and incentive to ensure
food security (the 2000s to the 2010s)

In the 2000s and the 2010s, many African countries
experienced a resurgence of interest and investment in the
agricultural sector, driven by various factors, such as the global
food crisis, the rise of China and other emerging economies,
the emergence of new donors and partners, and the recognition

of the potential of agriculture for poverty reduction and
economic growth[">"’l, Subsidies were reintroduced or
expanded, as part of the policies to address the challenges and
opportunities of the agricultural sector, such as food insecurity,
climate  change, rural

development and  regional

integration(>"%]. Subsidies were also influenced by the
experiences and practices of other countries, such as Brazil,
China, and India, that have used subsidies to support their
agricultural development!*-*’], Subsidies were often targeted to
specific groups, such as smallholders women, and youth, or
specific crops, such as cassava, maize and ricel 1. Subsidies
were also designed to be more market-oriented, participatory,
and transparent, involving the use of vouchers, coupons, smart
cards and mobile phones, as well as the engagement of the

private sector, civil society and farmer organizations[®'],

shows the evolution of the number of beneficiaries of
ISPs in selected African countries from 2000 to 2017, as an
indicator of the scale and coverage of input subsidy. These data
show that ISPs reached millions of farmers in many countries,
especially in Ethiopia, Malawi, Nigeria and Zambia, where the
programs were implemented on a national scale.

2.2.2 Scale and structure of African agricultural subsidy
policy
The scale and structure of African agricultural subsidy policy
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Table 5 Evolution of public expenditure on agriculture as a percentage of total public expenditure in selected African countries from 1980 to
2017

Country 1980 1990 2000 2010 2017
Benin 3.5 24 2.9 4.3 4.9
Burkina Faso 7.9 5.6 7.2 11.1 10.8
Cote d’Ivoire 5.7 34 33 5.0 3.7
Ethiopia 8.2 3.6 8.8 13.9 12.8
Ghana 5.4 2.6 3.1 6.4 6.2
Kenya 7.3 4.9 4.3 5.0 3.5
Madagascar 6.6 4.7 3.6 3.5 3.6
Malawi 4.6 3.1 6.1 12.0 10.6
Mali 6.3 4.5 5.9 8.3 9.1
Nigeria 3.0 2.3 1.8 2.1 1.6
Rwanda 6.1 43 4.9 6.4 6.8
Senegal 4.4 3.1 4.5 6.4 6.5
Tanzania 5.1 4.2 3.5 4.6 4.2
Uganda 4.9 2.9 33 3.8 35
Zambia 7.0 3.9 3.3 4.7 24
Zimbabwe 5.5 2.9 1.8 1.7 1.5

Note: Source from World Bank!" ],

Table 6 Number (in millions) of beneficiaries of input subsidy programs in selected African countries

Country 2000 2005 2010 2015 2017
Benin 0.1 0.2 0.3 0.4 0.4
Burkina Faso 0.1 0.2 0.4 0.5 0.6
Ethiopia 1.5 2.5 4.5 6.5 7.1
Ghana 0.1 0.2 0.3 0.5 0.5
Kenya 0.5 0.6 0.8 1.0 1.1
Madagascar 0.1 0.1 0.2 0.3 0.3
Malawi 1.7 1.4 1.6 1.5 1.5
Mali 0.1 0.2 0.3 0.4 0.4
Nigeria 0.5 0.6 0.8 4.2 5.0
Rwanda 0.1 0.2 0.3 0.4 0.4
Senegal 0.1 0.1 0.2 0.3 0.3
Tanzania 0.3 0.4 0.5 0.6 0.7
Uganda 0.1 0.2 0.2 0.3 0.3
Zambia 0.5 0.6 0.9 1.0 1.1
Zimbabwe 0.3 04 0.6 0.7 0.8

Note: Source from AGRA[*’],

vary widely across countries and regions. According to a report ~ amount of agricultural subsidies in Africa increased from about
by the International Food Policy Research Institute[°’], the total ~ 2.8 billion USD in 2000 to about 13.2 billion USD in 2015,
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representing an average annual growth rate of 11.4%. However,
the share of agricultural subsidies in total public spending on
agriculture declined from 28.6% in 2000 to 19.6% in 2015,
indicating a shift toward more public investments in
agriculture.

The structure of African agricultural subsidy policy also differs
across countries and regions. According to the same report by
the International Food Policy Research Institutel°‘l, the most
common types of subsidies in Africa are input subsidies, which
accounted for about 77% of the total subsidies in 2015. Input
subsidies are mainly used to provide fertilizers, seed and other
inputs to farmers at subsidized prices or for free. The second
most common type of subsidies are output subsidies, which
accounted for about 12% of the total subsidies in 2015. Output
subsidies are mainly used to provide guaranteed prices, price
support or direct payments to farmers based on their
production or sales. The third most common type of subsidies
are consumer subsidies, which accounted for about 7% of the
total subsidies in 2015. Consumer subsidies are mainly used to
provide food or other products to consumers at subsidized
prices or for free. The remaining types of subsidies are trade
subsidies, which accounted for about 3% of the total subsidies
in 2015, and environmental subsidies, which accounted for less
than 1% of the total subsidies in 2015.

Most African countries adopted input targeted subsidies
learning from a prior successes. summarizes the

timelines of ISPs in Africa.

A notable example is the Malawi Fertilizer Subsidy Program
launched in 2005 that subsidized fertilizer and seed for
smallholder farmers to increase maize production and food
security. The program was credited with boosting maize yields
and reducing poverty, but it has also been criticized for its high

Table 7 Timeline of input subsidy programs (ISPs) in Africa

fiscal cost, crowding out of private sector and environmental
impacts(®’]. Similarly, the Nigerian Growth Enhancement
Support Scheme launched in 2012 provides subsidized inputs
to farmers through electronic vouchers and mobile phones.
This scheme aims to improve the efficiency and transparency
of input delivery, increase farmer access to finance and
markets, and promote the adoption of improved technologies.
While praised for its innovative design and productivity gains,
it has encountered challenges with corruption, fraud and
implementation. The Ethiopian Productive Safety Net Program
launched in 2005 provides cash or food transfers to chronically
food-insecure households in exchange for their participation in
public works or other activities.

Input subsidies, particularly fertilizer subsidies, are favored by
politicians and rural populations in many developing
countries, especially in sub-Saharan Africal°’l. Since the 1970s,
many African governments have adopted different types of
agricultural subsidies to support their farmers and achieve their
development goals. However, these programs were expensive
and fiscally unsustainable, governments lacked the capacity to
implement them effectively. As a result, many African
countries eliminated their subsidy programs in the 1990s.
Interest in subsidies was revived following the 2006 Abuja
In 2011, about 10 African

countries spent roughly USD 1.05 billion on ISPs, amounting

Declaration on Fertilizers(®”].

to 28.6% of their public expenditure on agriculturel].
summarizes the fertilizer subsidies and public agricultural
expenditures in selected African countries.

2.2.3 Rethinking African agricultural subsidies

Over time in response to experiences, proposals have been
made on how to strengthen and streamline subsidies for
effective and efficient means of their delivery. In 2016 and
2017, Africa Green Revolution in Africa (AGRA)["] undertook

Year Program

1960-1970 Donors fund input subsidy programs (ISPs) to help developing countries overcome market failures

1980-1990 Donors turn against ISPs and pressure many (but not all) governments to shut them down due to their high fiscal costs,

program mismanagement and limited impact on food production and security
The early 2000s Stagnant agricultural growth during the 1990s leads governments to question the structural adjustment programs that did
away with ISPs and a new call for direct government intervention is once again championed

2006 African governments, through the Abuja Declaration, reaffirm their intention to dramatically raise and subsidize fertilizer use
in the region while donors begin to support a new wave of improved or “smart” subsidy programs

2007 The “Malawi Miracle”, featuring a large-scale input subsidy program, is praised by the New York Times

2010 Nine African governments follow suit and reinstitute their subsidy program

Note: Source from IFPRI[*],



Zongyi WU et al. Reforming farm subsidies for agrifood transformation: China—Africa insights 11

Table 8 Fertilizer subsidy and public agricultural expenditures in selected African countries

Program cost

Public expenditure on agriculture

Input subsidy programs as % share of

Country Year (million USD) (million USD) public agricultural spending
Mali 2011 38.6 213 18.1
Burkina Faso 2010 21.7 259 8.4
Ghana 2011 111.7 374 29.9
Senegal 2010 424 163 26.1
Nigeria 2010 190 729 26.0
Kenya 2011 61.1 318 25.7
Malawi 2011 179.2 308 58.3
Tanzania 2011 134.1 291 46.0
Zambia 2011 134.8 438 39.9
Ethiopia® 2011 55.0 530 10.4

Note: Source from Jayne and Rashid[’]. “The Ethiopian Government does not refer to its subsidization of retail fertilizer prices as a subsidy program.

an assessment in 11 countries (Burkina Faso, Ethiopia, Ghana,
Mali,
Tanzania, and Uganda) in Africa on the functioning of input

Kenya, Malawi, Mozambique, Nigeria, Rwanda,
distribution systems especially focusing on the marketing and
distribution efficiencies with a view to understand how farmers
are accessing these inputs. The lessons from that assessment
showed that input subsidies can be effective in increasing farm
productivity, but only when the management and distribution

systems are transparent and efficient.

The initial AGRAU‘l and as updated in 2024[°°]
complemented by what other studies, such as Tegemeol ']
show input subsidy implementation contexts differ

significantly across the 11 AGRA countries. In trying to
observe the various impacts of the input subsidies, AGRA
assessment review!""] noted that the economic efficiency of any
inputs use such as seed or fertilizer should be the overarching
goal of any subsidy support program, but objectives such as
poverty reduction or food security may be relevant where input
subsidies cost-effectively address these problems.

Generally, agricultural subsidies have been a cornerstone of
agricultural policy in many African countries. As noted above,
these policies are designed to lower the cost of farming inputs,
such as seed, fertilizer and pesticides, thereby improving farm
productivity and ensuring food security. However, subsidy
policies have also faced several challenges and criticisms. One
major issue is the sustainability of such programs. Critics argue
that subsidies often lead to dependency, and once the support
is withdrawn, productivity levels can plummet. For example, in
Tanzania, the National Agricultural Input Voucher Scheme
initially boosted maize and rice yields but showed dwindling

impacts once subsidies were reduced. In addition, there are
concerns about the equitable distribution of subsidies. In some
cases, larger and more influential farmers have been the
primary beneficiaries, while smallholders, who are often the
most in need, receive less support.

Environmental sustainability has been given as another critical
concern. The overuse of subsidized fertilizer and pesticides can
lead to soil degradation and water pollution. A study by the
FAOU”] warned that “while subsidies can boost short-term
productivity, they may also encourage practices that are
harmful to long-term soil health.”

To maximize the benefits and mitigate the detriments of
subsidy policies, a balanced and well-targeted approach is
essential. Policymakers need to ensure that subsidies reach the
most vulnerable farmers and are part of a broader strategy that
includes training and support for sustainable farming practices.
Integrating technology, such as mobile platforms for
distributing subsidies and providing agricultural advice, can

also enhance the effectiveness of these programs.

2.3 Comparative analysis

Based on the above analysis, here we compare and analyze the
similarities and differences in agricultural subsidy policies
between China and Africa.

China and African countries share numerous similarities in
their agricultural subsidy policies, reflecting common goals and

strategies. First, China and African countries have
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implemented agricultural subsidy policies aimed at enhancing
agricultural productivity and ensuring food security. Second,
China and Africa offer incentives to farmers to encourage
increased production. These incentives may include financial
rewards, technical support or access to better resources, all
aimed at motivating farmers to expand cultivation and enhance
yields. Third, China and Africa face challenges such as
increasing farm income and reducing poverty. Agricultural
subsidy policies are crafted to directly address these issues,
aiming to uplift rural economies and improve the livelihoods of

farmers.

Despite these similarities, China and Africa have notable
differences in the orientation of their agricultural subsidy
policies. First, in addition to environmental target, the goal of
China’s agricultural subsidy reform has also shifted toward
moderate-scale operation. Currently, large-scale farms account
for less than 2% of China’s total cropped areal’'l.
Consequently, for a long time, small farm size and the
smallholder management have been regarded as key factors
contributing to issues such as low agricultural productivity,
environmental degradation and food security concerns in
Chinal*"-77],
experiences of the EU and the USA, the Chinese government

To address this challenge, drawing on the

initiated reforms to agricultural subsidies in 2015 by
implementing a moderate-scale operation subsidy, shifting
some of the previous subsidies to large-scale producers in order
to promote such operations. Overall, this new subsidy is crucial
for improving the agricultural development model dominated
by smallholders and promoting sustainable agricultural
development. In contrast, although African countries have also
implemented agricultural subsidy reforms in recent years, their
practice still emphasis on targeted subsidies aimed at
smallholders. Specifically, many African countries focus their
subsidies on specific areas, including seed and fertilizer. While
these targeted subsidies may address immediate needs and
promote productivity in specific crops, they may not fully
support the broader transformation of agrifood systems
required for sustainable development, such as facilitating the
transformation of smallholders.

Second, in terms of promoting sustainable development, China
and Africa have different agricultural subsidy policy designs.
However, since 2016, China has implemented a subsidy for soil
protection. As the most representative green-box policy in
China, the farmland quality subsidy is a decoupled subsidy,
which is equivalent to a transfer payment to farmers. As it is an
income subsidy, there is still controversy over whether this
subsidy can help motivate farmers to protect farmland quality.
Likewise, some African countries have also implemented some

sustainability subsidies, such as subsidies for organic
agriculture and sustainable irrigation. In practice, these
subsidies are linked to specific inputs, such as mineral fertilizer.
In the context of policies emphasizing food security, it remains
to be further considered whether farmers are willing to engage
in green practices. In addition, research shows that the costs of

the ISPs generally outweigh their benefits!“l.

3 Future challenges for agrifood
systems in China and Africa

Although China and Africa
achievements in their agrifood systems, they also face different

have made remarkable
challenges due to their different stages of development, which

set higher requirements for agricultural support policies.

3.1 China

First, China is facing the two problems of increasingly people
being overweight to obese
With
productivity and resident income, China has made remarkable

and having micronutrient
deficiencies. rapid improvements in agricultural
advances in reducing hunger and malnutrition. In 2020, as an
example, the prevalence of undernourishment dropped below
2.5%[°]. However, people being overweight and obese are new
challenges for malnutrition in China. The prevalence of
overweight children in China (under 5 years of age) rose from
7.2% in 2012 to 8.3% in 2020. Similarly, the estimated
prevalence of obesity among the adult population increased
from 5.0% to 6.2% between 2012 and 2016!°l. In addition, the
problem of people being overweight and obese in China is
more common among males. Specifically, the rates of being
overweight and obese for male adults were 37.6% and 16.1% in
2018, an increase of 13.2% and 10.1%, respectively, compared
with their rates in 20000"]. Evidence shows that obesity and
obesity-related dietary and physical activity patterns cost about
9% of its GNP by 2025. The growth in the costs attributable to
people being overweight or obese in China rose from about 49
billion USD in 2000 to about 112 billion USD in 2025["].

Also, urban and rural populations both have unbalanced diets.
There is an excessive intake of cereals and tubers, edible oil and
red meat. The overconsumption of red meat by urban residents
is more serious than in rural areas, and in 2020, it exceeded the
values recommended in the dietary guidelines by 58.3%.
Additionally, the intake of vegetables, fruit, aquatic products,
eggs and dairy products has been insufficient for a long time
and the rate of increase is smalll’l. Also, there has been long-
term insufficient intake of vitamin A, vitamin C, calcium and
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selenium among urban and rural populations, with intake less
than 50% of the recommended dietary guidelines, a serious
insufficiency! 1.

Second, China is facing the urgent challenge of rural-urban and
regional inequality. While China has built a moderately
the

development disparity remains significant!’”>"*l. In particular,

prosperous society in most respects, rural-urban
even if rural incomes are growing at high rates, they remain at
around one-third of those in urban areasl’l. In the new
development stage, narrowing the income gap is a major
challenge for China to achieve common prosperity. Since

entering the 21st century, the income gap of Chinese residents

0.50 1

0.49 1 _— o° "

0.48 1 o

0.46

Gini coefficient

0.45

0.44 T

has fluctuated. From 2003 to 2008, the Gini coefficient of
China’s income gap continued to rise, reaching a peak of 0.491
in 2008. In the following years, the Gini coefficient declined
somewhat, but in recent years, it has fluctuated to a greater
degreel ] ( ). More specifically, the urban to rural per
capita income ratio has narrowed for 13 consecutive years after
reaching the peak of 3.14 in 2007. However, it was still as high
as 2.56 in 20201°1 ( ). Although it has declined to 2.39 by
2022, the ratio still remains above 2. Also, the average annual
economic growth rate of the northern and southern China was
8.5% and 6.9%, respectively, during 2013-2017, and the gap

continued to expandl’’1.
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Fig. 3 China’s Gini coefficient from 2003 to 2020. Source from National Bureau of Statistics of Chinal®"],
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Third, the slowdown in agricultural productivity growth in
China is detrimental to enhancing agricultural competitiveness.
China’s agricultural output growth averaged 2%, which has
been driven by growth in total factor productivity of 1.7% per
year during 2010-2019, higher than the global averagell.
While increasing quickly in the past, agricultural total factor
471, Tn 2020, China’s
agriculture accounted for 24.7% of employment, but its 8%

productivity has slowed in recent years!

share of GDP indicates that labor productivity is significantly
lower than in the rest of the economy!*l. Also, labor wages are
increasing annually by about 8%, and the labor opportunity
cost of agricultural production has increased significantly.
Meanwhile, Agricultural production costs, especially labor
wages, are rising rapidly, accompanied by labor shortages
( ), which is not conducive to agricultural competitiveness.

3.2 Africa

First, Africa is facing challenges such as political conflicts and
instability. Since the 1960s, due to natural, historical and ethnic
reasons, most African countries have experienced various
forms and intensities of conflicts after independence. For
example, countries such as Ethiopia, Sudan, Nigeria and the
Democratic Republic of the Congo, have experienced
significant instability due to armed conflicts and political
unrest. These conflicts not only disrupt economic growth and
development, but also hinder the modernization of agriculture,
further exacerbating poverty and inequality.

Second, infrastructure in African agricultural sectors is weak.
African agricultural sector infrastructure (irrigation, roads,
storage, processing and marketing) have significant problems,
which significantly hinder the agricultural development and
food security. African agriculture is largely rainfed, with only a

22500 ,
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small fraction of farmland under irrigation. For example, the
proportion of irrigated farmland in sub-Saharan Africa is
estimated to be around 5% of the total farmland!*'l. In
addition, poor rural infrastructure, especially storage and
processing facilities, remains a major challenge for most
farmers in Africa. Estimates suggest that postharvest losses in
Africa can be as high as 20% for grains and 40% for fruits and
vegetables[*],

Third, hunger is still on the rise in Africa. In Africa, hunger has
been rising steadily since 2015, and it remains the region with
the largest estimated proportion of the population facing
hunger. According to FAOI*), in 2023 in Africa, 58% of the
population was moderately or severely food insecure, and
21.6% faced severe food insecurity. Regionally, central Africa
had the highest prevalence of moderate or severe food
insecurity (77.7% or 157 million people), making it the
subregion with the highest level in the world. This is followed
by eastern Africa (64.5% or 313 million people) and western
Africa (61.4%, or 270 million people). It is projected that 582
million people will be chronically undernourished by the end
of the decade, more than half of them in Africa. This means
that if measures are not taken in a timely manner, the world is
highly likely to fail to achieve the UN Sustainable Development
Goal 2, Zero Hunger.

Despite the challenges, both China and Africa are setting
ambitious agendas for their agrifood systems transformation.
Africa is designing a new Comprehensive Africa Agriculture
Development Program (CAADP), a policy direction that will
succeed the one that was agreed by African heads of state and
governments in 2014 in Malabo, Equatorial Guinea. This new
policy direction has underscored the challenges mentioned
above but is drawing from a myriad of lessons learned from the
implementation of the previous CAADP. The new policy

2010 2012 2014 2016 2018 2020

Fig. 5 Average cost and cost—profit ratio of cereals in China from 2000 to 2020. Source from China Statistical Yearbook!*],
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direction envisages focus on six broader but strategically
intentional goals: (1) intensifying sustainable food production,
agro-industrialization, and trade; (2) boosting investment and
financing for accelerated agrifood systems transformation;
(3) ensuring food and nutrition security; (4) advancing
inclusivity and equitable livelihoods; and (5) building resilient
systems; (6)
governance.

agrifood strengthening agrifood systems

4 Policy recommendations for China
and Africa

The agrifood systems in China and Africa have significant

challenges, including climate change, environmental
degradation and dominance of smallholder. To address these
issues and foster sustainable development, it is imperative to
promote the transformation of agrifood systems through
collaborative efforts and strategic initiatives. Three specific

policy recommendations are given here.

The first is repurposing agricultural subsidies and moving
toward green sustainability. The key goal of agricultural
subsidy policies in China and Africa is to ensure food security.
However, given the significant differences in agricultural
development stages between the two regions, their respective
policy priorities also differ significantly. Specifically, since
2015, China has
agricultural subsidy system, aimed at promoting sustainable
subsidy
compromising the solid guarantee of food security. In contrast,

undergone profound changes to its

development  through mechanisms  without
African agricultural subsidy policies, although placing food
security at the forefront, still focus on the traditional path of
directly supporting and ensuring food production in their
implementation strategies. This difference reflects the targeted
policy considerations formulated by countries based on their
own national conditions at different stages of development. It
is particularly worth mentioning that China’s fertilizer policy
reform is a successful case study for meeting environmental
targets while safeguarding food security. This reform also

provides important policy insights for Africa’s sustainable

development in agriculture, namely, greening the subsidy
incentivizing the adoption of more efficient fertilizer and green
practices!'’].

The second is enhance agrifood policy support and
collaboration between China and Africa. China and African
countries should jointly develop a long-term vision and
strategic goals for the transformation of agrifood systems. This
could be achieved through high-level dialogs and summits,
such as the Forum on China-Africa Cooperation, the Africa
Food Systems Forum where both sides can discuss and agree to
shared priorities and objectives. Additionally, it is important to
strengthen agrifood policy coordination is crucial to ensure
that national policies and programs in both regions are
complementary and mutually reinforcing. Regular exchanges
of policy frameworks, best practices and lessons learned can
facilitate sustainable development of agriculture. For example,
climate change poses a significant threat to agriculture in both
China and Africa. Therefore, China and Africa can collaborate
on initiatives to promote sustainable farming practices, such as
climate-smart crops, climate-smart livestock production and
climate information services, can help smallholders to mitigate
the effects of climate change.

The third is enhance investments in agrifood systems between
China and Africa. Given China’s abundant capital flow, it
should strengthen Chinese investments agrifood systems. Since
2000, China has emerged as largest trading partner for most
African countries. However, most recent investments in China
have been focused on specific areas such as infrastructure,
construction and mining, with less interest in the agricultural
sector. Thus, China should strengthen its investment in the
transformation of African agrifood systems to achieve a win-
win benefits for both parties. Additionally, it is important to
strengthen investment in agricultural research and innovation.
Specifically, China and Africa can establish joint research
programs to address regional-specific challenges in agrifood
systems. These programs can focus on areas, such as drought
and vegetables, and
postharvest handling and storage, which should help in climate

and flood-tolerant cereals, pulses

adaptation while concurrently enhancing productivity[l.

Acknowledgements

This study was part of a project funded by the National Natural Science Foundation of China (72061147002 and 72373145) and the

2115 Talent Development Program of China Agricultural University.

Compliance with ethics guidelines

Zongyi Wu, Boaz Blackie Keizire, Shenggen Fan, and Xiaolong Feng declare that they have no conflicts of interest or financial conflicts
to disclose. This article does not contain any studies with human or animal subjects performed by any of the authors.




16

Front. Agr. Sci. Eng.

REFERENCES

10.

11.

12.

13.

. Organization for Economic Co-operation and Development

(OECD). Agricultural Policy Monitoring and Evaluation 2023:
Adapting Agriculture to Climate Change. Paris: OECD, 2023.
Available at OECD website on March 27, 2025

. Gautam M, Laborde D, Mamun A, Martin W, Pifeiro V, Vos

R. Repurposing Agricultural Policies and Support: Options to
Transform Agriculture and Food Systems to Better Serve the
Health of People, Economies, and the Planet. Washington, DC:
World Bank and International Food Policy Research Institute,
2022. Available at World Bank website on December 20, 2024

. Laborde D, Mamun A, Martin W, Pineiro V, Vos R.

Agricultural subsidies and global greenhouse gas emissions.
Nature Communications, 2021, 12(1): 2601

. Organization for Economic Co-operation and Development

(OECD). Agricultural Policy Monitoring and Evaluation 2022:
Reforming Agricultural Policies for Climate Change
Mitigation. Paris: OECD, 2022. Available at OECD website on
December 20, 2024

. Fan S G, Cho E E, Meng T, Rue C. How to prevent and cope

with coincidence of risks to the global food system. Annual
Review of Environment and Resources, 2021, 46(1): 601-623

. Jayne T S, Rashid S. Input subsidy programs in sub-Saharan

Africa: a synthesis of recent evidence. Agricultural Economics,
2013, 44(6): 547-562

. Rashid S, Dorosh P A, Malek M, Lemma S. Modern input

promotion in sub-Saharan Africa: insights from Asian green
revolution. Agricultural Economics, 2013, 44(6): 705-721

. Food and Agriculture Organization of the United Nations

(FAO). Transforming Food Systems for Food Security,
Improved Nutrition and Affordable Healthy Diets for AlL
Rome: FAO, 2021. Available at FAO website on December 20,
2024

. Jayne T S, Sitko N J, Mason N M, Skole D. Input subsidy

programs and climate smart agriculture: current realities and
future potential. In: Lipper L, McCarthy N, Zilberman D,
Asfaw S, Branca G, eds. Climate Smart Agriculture. Natural
Resource Management and Policy. Cham: Springer, 2018, 52
Pan L, Christiaensen L. Who is vouching for the input
voucher? Decentralized targeting and elite capture in Tanzania.
World Development, 2012, 40(8): 1619-1633

Food and Agriculture Organization of the United Nations
(FAO). A Multi-billion-dollar Opportunity—Repurposing
Agricultural Support to Transform Food Systems. Rome: FAO,
2021.Available at FAO website on December 20, 2024

Laborde D, Lallemant T, Mcdougal K, Smaller C.
Transforming Agriculture in Africa & Asia : What Are the
Policy Priorities? Washington, DC: International Food Policy
Research Institute, 2019

Mamun A, Martin W, Tokgoz S. Reforming agricultural
support for improved environmental outcomes. Applied
Economic Perspectives and Policy, 2021, 43(4): 1520-1549

20.

21.

22.

23.

24.

25.

26.

. Guo L, Li H, Cao X, Cao A, Huang M. Effect of agricultural

subsidies on the use of chemical fertilizer. Journal of
Environmental Management, 2021, 299: 113621

. Wang X X, Xu M, Lin B, Bodirsky B L, Xuan J Q, Dietrich J P,

Stevanovi¢ M, Bai Z H, Ma L, Jin S Q, Fan S G, Lotze-Campen
H, Popp A. Reforming China’s fertilizer policies: implications
for nitrogen pollution reduction and food security.
Sustainability Science, 2023, 18(1): 407-420

. Chen S, Chen X G, Xu J T. Impacts of climate change on

agriculture: evidence from China. Journal of Environmental
Economics and Management, 2016, 76: 105-124

. Guo J H, Liu X J, Zhang Y, Shen J L, Han W X, Zhang W F,

Christie P, Goulding K W T, Vitousek P M, Zhang F S.
Significant acidification in major Chinese croplands. Science,
2010, 327(5968): 1008-1010

. Willett W, Rockstréom ], Loken B, Springmann M, Lang T,

Vermeulen S, Garnett T, Tilman D, DeClerck F, Wood A,
Jonell M, Clark M, Gordon L J, Fanzo J, Hawkes C, Zurayk R,
Rivera J A, De Vries W, Majele Sibanda L, Afshin A,
Chaudhary A, Herrero M, Agustina R, Branca F, Lartey A, Fan
S G, Crona B, Fox E, Bignet V, Troell M, Lindahl T, Singh S,
Cornell S E, Reddy K S, Narain S, Nishtar S, Murray C J L.
Food in the Anthropocene: the EAT-Lancet Commission on
healthy diets from sustainable food systems. Lancet, 2019,
393(10170): 447-492

.Lu Y L, Jenkins A, Ferrier R C, Bailey M, Gordon I J, Song S,

Huang J K, Jia S F, Zhang F S, Liu X J, Feng Z Z, Zhang Z B.
Addressing China’s grand challenge of achieving food security
while ensuring environmental sustainability. Science Advances,
2015, 1(1): 1400032

LinFQ,LiX C,JiaNY, Feng F, Huang H, Huang ] X, Fan S G,
Ciais P, Song X P. The impact of Russia—Ukraine conflict on
global food security. Global Food Security, 2023, 36: 100661
Feng F, Jia N Y, Lin F Q. Quantifying the impact of
Russia-Ukraine crisis on food security and trade pattern:
evidence from a structural general equilibrium trade model.
China Agricultural Economic Review, 2023, 15(2): 241-258
International Food Policy Research Institute (IFPRI). 2020
Global Food Policy Report: Building inclusive food systems.
Washington, DC: IFPRI, 2020. Available at OECD website on
December 20, 2024

Sheng Y, Ding J P, Huang ] K. The relationship between farm
size and productivity in agriculture: evidence from maize
production in Northern China. American Journal of
Agricultural Economics, 2019, 101(3): 765-782

Lopez R A, He X, De Falcis E. What drives China’s new
agricultural subsidies. World Development, 2017, 93: 279-292
Fan P F, Mishra A K, Feng S Y, Su M, Hirsch S. The impact of
China’s new agricultural subsidy policy on grain crop acreage.
Food Policy, 2023, 118: 102472

Huang J K, Wang X B, Rozelle S. The subsidization of farming


https://doi.org/10.1038/s41467-021-22703-1
https://doi.org/10.1038/s41467-021-22703-1
https://doi.org/10.1038/s41467-021-22703-1
https://doi.org/10.1038/s41467-021-22703-1
https://doi.org/10.1038/s41467-021-22703-1
https://doi.org/10.1038/s41467-021-22703-1
https://doi.org/10.1038/s41467-021-22703-1
https://doi.org/10.1038/s41467-021-22703-1
https://doi.org/10.1038/s41467-021-22703-1
https://doi.org/10.1038/s41467-021-22703-1
https://doi.org/10.1038/s41467-021-22703-1
https://doi.org/10.1038/s41467-021-22703-1
https://doi.org/10.1038/s41467-021-22703-1
https://doi.org/10.1038/s41467-021-22703-1
https://doi.org/10.1038/s41467-021-22703-1
https://doi.org/10.1038/s41467-021-22703-1
https://doi.org/10.1146/annurev-environ-012220-020844
https://doi.org/10.1146/annurev-environ-012220-020844
https://doi.org/10.1146/annurev-environ-012220-020844
https://doi.org/10.1146/annurev-environ-012220-020844
https://doi.org/10.1146/annurev-environ-012220-020844
https://doi.org/10.1146/annurev-environ-012220-020844
https://doi.org/10.1146/annurev-environ-012220-020844
https://doi.org/10.1146/annurev-environ-012220-020844
https://doi.org/10.1146/annurev-environ-012220-020844
https://doi.org/10.1146/annurev-environ-012220-020844
https://doi.org/10.1146/annurev-environ-012220-020844
https://doi.org/10.1146/annurev-environ-012220-020844
https://doi.org/10.1146/annurev-environ-012220-020844
https://doi.org/10.1146/annurev-environ-012220-020844
https://doi.org/10.1146/annurev-environ-012220-020844
https://doi.org/10.1146/annurev-environ-012220-020844
https://doi.org/10.1146/annurev-environ-012220-020844
https://doi.org/10.1146/annurev-environ-012220-020844
https://doi.org/10.1146/annurev-environ-012220-020844
https://doi.org/10.1146/annurev-environ-012220-020844
https://doi.org/10.1146/annurev-environ-012220-020844
https://doi.org/10.1146/annurev-environ-012220-020844
https://doi.org/10.1111/agec.12073
https://doi.org/10.1111/agec.12073
https://doi.org/10.1111/agec.12073
https://doi.org/10.1111/agec.12073
https://doi.org/10.1111/agec.12073
https://doi.org/10.1111/agec.12073
https://doi.org/10.1111/agec.12073
https://doi.org/10.1111/agec.12073
https://doi.org/10.1111/agec.12073
https://doi.org/10.1111/agec.12073
https://doi.org/10.1111/agec.12073
https://doi.org/10.1111/agec.12073
https://doi.org/10.1111/agec.12073
https://doi.org/10.1111/agec.12073
https://doi.org/10.1111/agec.12073
https://doi.org/10.1111/agec.12073
https://doi.org/10.1111/agec.12073
https://doi.org/10.1111/agec.12073
https://doi.org/10.1111/agec.12073
https://doi.org/10.1111/agec.12073
https://doi.org/10.1111/agec.12073
https://doi.org/10.1111/agec.12073
https://doi.org/10.1111/agec.12083
https://doi.org/10.1111/agec.12083
https://doi.org/10.1111/agec.12083
https://doi.org/10.1111/agec.12083
https://doi.org/10.1111/agec.12083
https://doi.org/10.1111/agec.12083
https://doi.org/10.1111/agec.12083
https://doi.org/10.1111/agec.12083
https://doi.org/10.1111/agec.12083
https://doi.org/10.1111/agec.12083
https://doi.org/10.1111/agec.12083
https://doi.org/10.1111/agec.12083
https://doi.org/10.1111/agec.12083
https://doi.org/10.1111/agec.12083
https://doi.org/10.1111/agec.12083
https://doi.org/10.1111/agec.12083
https://doi.org/10.1111/agec.12083
https://doi.org/10.1111/agec.12083
https://doi.org/10.1111/agec.12083
https://doi.org/10.1111/agec.12083
https://doi.org/10.1111/agec.12083
https://doi.org/10.1111/agec.12083
https://doi.org/10.1111/agec.12083
https://doi.org/10.1111/agec.12083
https://doi.org/10.1016/j.worlddev.2012.04.012
https://doi.org/10.1016/j.worlddev.2012.04.012
https://doi.org/10.1016/j.worlddev.2012.04.012
https://doi.org/10.1016/j.worlddev.2012.04.012
https://doi.org/10.1016/j.worlddev.2012.04.012
https://doi.org/10.1016/j.worlddev.2012.04.012
https://doi.org/10.1016/j.worlddev.2012.04.012
https://doi.org/10.1016/j.worlddev.2012.04.012
https://doi.org/10.1016/j.worlddev.2012.04.012
https://doi.org/10.1016/j.worlddev.2012.04.012
https://doi.org/10.1016/j.worlddev.2012.04.012
https://doi.org/10.1016/j.worlddev.2012.04.012
https://doi.org/10.1016/j.worlddev.2012.04.012
https://doi.org/10.1016/j.worlddev.2012.04.012
https://doi.org/10.1016/j.worlddev.2012.04.012
https://doi.org/10.1016/j.worlddev.2012.04.012
https://doi.org/10.1016/j.worlddev.2012.04.012
https://doi.org/10.1016/j.worlddev.2012.04.012
https://doi.org/10.1016/j.worlddev.2012.04.012
https://doi.org/10.1016/j.worlddev.2012.04.012
https://doi.org/10.1002/aepp.13141
https://doi.org/10.1002/aepp.13141
https://doi.org/10.1002/aepp.13141
https://doi.org/10.1002/aepp.13141
https://doi.org/10.1002/aepp.13141
https://doi.org/10.1002/aepp.13141
https://doi.org/10.1002/aepp.13141
https://doi.org/10.1002/aepp.13141
https://doi.org/10.1002/aepp.13141
https://doi.org/10.1002/aepp.13141
https://doi.org/10.1002/aepp.13141
https://doi.org/10.1002/aepp.13141
https://doi.org/10.1002/aepp.13141
https://doi.org/10.1002/aepp.13141
https://doi.org/10.1002/aepp.13141
https://doi.org/10.1002/aepp.13141
https://doi.org/10.1002/aepp.13141
https://doi.org/10.1002/aepp.13141
https://doi.org/10.1002/aepp.13141
https://doi.org/10.1002/aepp.13141
https://doi.org/10.1002/aepp.13141
https://doi.org/10.1002/aepp.13141
https://doi.org/10.1016/j.jenvman.2021.113621
https://doi.org/10.1016/j.jenvman.2021.113621
https://doi.org/10.1016/j.jenvman.2021.113621
https://doi.org/10.1016/j.jenvman.2021.113621
https://doi.org/10.1016/j.jenvman.2021.113621
https://doi.org/10.1016/j.jenvman.2021.113621
https://doi.org/10.1016/j.jenvman.2021.113621
https://doi.org/10.1016/j.jenvman.2021.113621
https://doi.org/10.1016/j.jenvman.2021.113621
https://doi.org/10.1016/j.jenvman.2021.113621
https://doi.org/10.1016/j.jenvman.2021.113621
https://doi.org/10.1016/j.jenvman.2021.113621
https://doi.org/10.1016/j.jenvman.2021.113621
https://doi.org/10.1016/j.jenvman.2021.113621
https://doi.org/10.1016/j.jenvman.2021.113621
https://doi.org/10.1016/j.jenvman.2021.113621
https://doi.org/10.1016/j.jenvman.2021.113621
https://doi.org/10.1016/j.jenvman.2021.113621
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1007/s11625-022-01189-w
https://doi.org/10.1016/j.jeem.2015.01.005
https://doi.org/10.1016/j.jeem.2015.01.005
https://doi.org/10.1016/j.jeem.2015.01.005
https://doi.org/10.1016/j.jeem.2015.01.005
https://doi.org/10.1016/j.jeem.2015.01.005
https://doi.org/10.1016/j.jeem.2015.01.005
https://doi.org/10.1016/j.jeem.2015.01.005
https://doi.org/10.1016/j.jeem.2015.01.005
https://doi.org/10.1016/j.jeem.2015.01.005
https://doi.org/10.1016/j.jeem.2015.01.005
https://doi.org/10.1016/j.jeem.2015.01.005
https://doi.org/10.1016/j.jeem.2015.01.005
https://doi.org/10.1016/j.jeem.2015.01.005
https://doi.org/10.1016/j.jeem.2015.01.005
https://doi.org/10.1016/j.jeem.2015.01.005
https://doi.org/10.1016/j.jeem.2015.01.005
https://doi.org/10.1016/j.jeem.2015.01.005
https://doi.org/10.1016/j.jeem.2015.01.005
https://doi.org/10.1016/j.jeem.2015.01.005
https://doi.org/10.1016/j.jeem.2015.01.005
https://doi.org/10.1126/science.1182570
https://doi.org/10.1126/science.1182570
https://doi.org/10.1126/science.1182570
https://doi.org/10.1126/science.1182570
https://doi.org/10.1126/science.1182570
https://doi.org/10.1126/science.1182570
https://doi.org/10.1126/science.1182570
https://doi.org/10.1126/science.1182570
https://doi.org/10.1126/science.1182570
https://doi.org/10.1126/science.1182570
https://doi.org/10.1126/science.1182570
https://doi.org/10.1126/science.1182570
https://doi.org/10.1126/science.1182570
https://doi.org/10.1126/science.1182570
https://doi.org/10.1126/science.1182570
https://doi.org/10.1126/science.1182570
https://doi.org/10.1126/science.1182570
https://doi.org/10.1126/science.1182570
https://doi.org/10.1126/science.1182570
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1126/sciadv.1400039
https://doi.org/10.1126/sciadv.1400039
https://doi.org/10.1126/sciadv.1400039
https://doi.org/10.1126/sciadv.1400039
https://doi.org/10.1126/sciadv.1400039
https://doi.org/10.1126/sciadv.1400039
https://doi.org/10.1126/sciadv.1400039
https://doi.org/10.1126/sciadv.1400039
https://doi.org/10.1126/sciadv.1400039
https://doi.org/10.1126/sciadv.1400039
https://doi.org/10.1126/sciadv.1400039
https://doi.org/10.1126/sciadv.1400039
https://doi.org/10.1126/sciadv.1400039
https://doi.org/10.1126/sciadv.1400039
https://doi.org/10.1126/sciadv.1400039
https://doi.org/10.1126/sciadv.1400039
https://doi.org/10.1126/sciadv.1400039
https://doi.org/10.1126/sciadv.1400039
https://doi.org/10.1126/sciadv.1400039
https://doi.org/10.1126/sciadv.1400039
https://doi.org/10.1016/j.gfs.2022.100661
https://doi.org/10.1016/j.gfs.2022.100661
https://doi.org/10.1016/j.gfs.2022.100661
https://doi.org/10.1016/j.gfs.2022.100661
https://doi.org/10.1016/j.gfs.2022.100661
https://doi.org/10.1016/j.gfs.2022.100661
https://doi.org/10.1016/j.gfs.2022.100661
https://doi.org/10.1016/j.gfs.2022.100661
https://doi.org/10.1016/j.gfs.2022.100661
https://doi.org/10.1016/j.gfs.2022.100661
https://doi.org/10.1016/j.gfs.2022.100661
https://doi.org/10.1016/j.gfs.2022.100661
https://doi.org/10.1016/j.gfs.2022.100661
https://doi.org/10.1016/j.gfs.2022.100661
https://doi.org/10.1016/j.gfs.2022.100661
https://doi.org/10.1016/j.gfs.2022.100661
https://doi.org/10.1016/j.gfs.2022.100661
https://doi.org/10.1016/j.gfs.2022.100661
https://doi.org/10.1016/j.gfs.2022.100661
https://doi.org/10.1016/j.gfs.2022.100661
https://doi.org/10.1108/CAER-07-2022-0156
https://doi.org/10.1108/CAER-07-2022-0156
https://doi.org/10.1108/CAER-07-2022-0156
https://doi.org/10.1108/CAER-07-2022-0156
https://doi.org/10.1108/CAER-07-2022-0156
https://doi.org/10.1108/CAER-07-2022-0156
https://doi.org/10.1108/CAER-07-2022-0156
https://doi.org/10.1108/CAER-07-2022-0156
https://doi.org/10.1108/CAER-07-2022-0156
https://doi.org/10.1108/CAER-07-2022-0156
https://doi.org/10.1108/CAER-07-2022-0156
https://doi.org/10.1108/CAER-07-2022-0156
https://doi.org/10.1108/CAER-07-2022-0156
https://doi.org/10.1108/CAER-07-2022-0156
https://doi.org/10.1108/CAER-07-2022-0156
https://doi.org/10.1108/CAER-07-2022-0156
https://doi.org/10.1108/CAER-07-2022-0156
https://doi.org/10.1108/CAER-07-2022-0156
https://doi.org/10.1108/CAER-07-2022-0156
https://doi.org/10.1108/CAER-07-2022-0156
https://doi.org/10.1108/CAER-07-2022-0156
https://doi.org/10.1108/CAER-07-2022-0156
https://doi.org/10.1108/CAER-07-2022-0156
https://doi.org/10.1093/ajae/aay104
https://doi.org/10.1093/ajae/aay104
https://doi.org/10.1093/ajae/aay104
https://doi.org/10.1093/ajae/aay104
https://doi.org/10.1093/ajae/aay104
https://doi.org/10.1093/ajae/aay104
https://doi.org/10.1093/ajae/aay104
https://doi.org/10.1093/ajae/aay104
https://doi.org/10.1093/ajae/aay104
https://doi.org/10.1093/ajae/aay104
https://doi.org/10.1093/ajae/aay104
https://doi.org/10.1093/ajae/aay104
https://doi.org/10.1093/ajae/aay104
https://doi.org/10.1093/ajae/aay104
https://doi.org/10.1093/ajae/aay104
https://doi.org/10.1093/ajae/aay104
https://doi.org/10.1093/ajae/aay104
https://doi.org/10.1093/ajae/aay104
https://doi.org/10.1093/ajae/aay104
https://doi.org/10.1093/ajae/aay104
https://doi.org/10.1093/ajae/aay104
https://doi.org/10.1093/ajae/aay104
https://doi.org/10.1093/ajae/aay104
https://doi.org/10.1016/j.worlddev.2016.12.015
https://doi.org/10.1016/j.worlddev.2016.12.015
https://doi.org/10.1016/j.worlddev.2016.12.015
https://doi.org/10.1016/j.worlddev.2016.12.015
https://doi.org/10.1016/j.worlddev.2016.12.015
https://doi.org/10.1016/j.worlddev.2016.12.015
https://doi.org/10.1016/j.worlddev.2016.12.015
https://doi.org/10.1016/j.worlddev.2016.12.015
https://doi.org/10.1016/j.worlddev.2016.12.015
https://doi.org/10.1016/j.worlddev.2016.12.015
https://doi.org/10.1016/j.worlddev.2016.12.015
https://doi.org/10.1016/j.worlddev.2016.12.015
https://doi.org/10.1016/j.worlddev.2016.12.015
https://doi.org/10.1016/j.worlddev.2016.12.015
https://doi.org/10.1016/j.worlddev.2016.12.015
https://doi.org/10.1016/j.worlddev.2016.12.015
https://doi.org/10.1016/j.worlddev.2016.12.015
https://doi.org/10.1016/j.worlddev.2016.12.015
https://doi.org/10.1016/j.worlddev.2016.12.015
https://doi.org/10.1016/j.worlddev.2016.12.015
https://doi.org/10.1016/j.worlddev.2016.12.015
https://doi.org/10.1016/j.foodpol.2023.102472
https://doi.org/10.1016/j.foodpol.2023.102472
https://doi.org/10.1016/j.foodpol.2023.102472
https://doi.org/10.1016/j.foodpol.2023.102472
https://doi.org/10.1016/j.foodpol.2023.102472
https://doi.org/10.1016/j.foodpol.2023.102472
https://doi.org/10.1016/j.foodpol.2023.102472
https://doi.org/10.1016/j.foodpol.2023.102472
https://doi.org/10.1016/j.foodpol.2023.102472
https://doi.org/10.1016/j.foodpol.2023.102472
https://doi.org/10.1016/j.foodpol.2023.102472
https://doi.org/10.1016/j.foodpol.2023.102472
https://doi.org/10.1016/j.foodpol.2023.102472
https://doi.org/10.1016/j.foodpol.2023.102472
https://doi.org/10.1016/j.foodpol.2023.102472
https://doi.org/10.1016/j.foodpol.2023.102472
https://doi.org/10.1016/j.foodpol.2023.102472
https://doi.org/10.1016/j.foodpol.2023.102472
https://doi.org/10.1016/j.foodpol.2013.04.011
https://doi.org/10.1016/j.foodpol.2013.04.011
https://doi.org/10.1016/j.foodpol.2013.04.011
https://doi.org/10.1016/j.foodpol.2013.04.011

Zongyi WU et al. Reforming farm subsidies for agrifood transformation: China—Africa insights

17

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

households in China’s agriculture. Food Policy, 2013, 41:
124-132

Yi F, Sun D, Zhou Y. Grain subsidy, liquidity constraints and
food security—Impact of the grain subsidy program on the
grain-sown areas in China. Food Policy, 2015, 50: 114-124
Huang J, Gulati A, Gregory I. Fertilizer Subsidies—Which
Way Forward? Muscle Shoals: IDFC, 2017. Available at IDFC
website on December 20, 2024

Li S, Zhang Y Q, Nadolnyak D, Wesley ] D, Zhang Y F.
industry the
beneficiaries? China Agricultural Economic Review, 2014, 6(3):
433-451

Li Y X, Zhang W F, Ma L, Huang G Q, Oenema O, Zhang F S,
Dou Z X. An analysis of China’s fertilizer policies: impacts on

Fertilizer subsidies in China: who are

the industry, food security, and the environment. Journal of
Environmental Quality, 2013, 42(4): 972-981

JuX T, GuBJ, WuY Y, Galloway J N. Reducing China’s
fertilizer use by increasing farm size. Global Environmental
Change, 2016, 41: 26-32

Huang J K, Yang G L. Understanding recent challenges and
new food policy in China. Global Food Security, 2017, 12:
119-126

Searchinger T D, Malins C, Dumas P, Baldock D, Glauber J,
Jayne T, Huang J, Marenya P. Revising Public Agricultural
Support to Mitigate Climate Change. Washington, DC: World
Bank, 2020. Available at World Bank website on December 20,
2024

Academy of Global Food Economics and Policy (AGFEP).
China and Global Food Policy Report: Reforming Agricultural
Support Policy for Transforming Agrifood systems. Beijing:
AGEFEP, 2022

Han C. 70 Years of Rural Development in China. Beijing:
China Agricultural Press, 2019, 337 (in Chinese)

Bates R H. Markets and States in Tropical Africa: The Political
Basis of Agricultural Policies. Berkeley: University of California
Press, 1981

Poulton C, Dorward A, Kydd J. Transforming African
Agriculture: Agricultural Commercialization and
Diversification. London: Routledge, 2006

Havnevik K ], Bryceson D, Birgegard L, Matondi P, Beyene A.
African Agriculture and the World Bank: Development or
Impoverishment? Uppsala: Nordic Africa Institute, 2007
Scoones I, Thompson J. Farmers and Scientists in a Changing
Environment: Assessing Research in Malawi, Zimbabwe and
Zambia. Weikersheim: Margraf Verlag, 1999

Mamdani M. Citizen and Subject: Contemporary Africa and
the Legacy of Late Colonialism. Princeton: Princeton University
Press, 1996

William J B. The Birth of Plenty: How the Prosperity of the
Modern World Was Created. New York: McGraw-Hill
Education, 2010

Food and Agriculture Organization of the United Nations
(FAO). Annual Data, 2020. Available at FAOSTAT website on
December 20, 2024

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

World Bank. Annual Data, 2018. Available at World Bank
Open Data website on December 20, 2024

International Fertilizer Association (IFA). Annual Data, 1998.
Available at IFASTAT website on December 20, 2024

Eicher. The Political Economy of Agrarian Reform in Latin
America. Baltimore: Johns Hopkins University Press, 1999
Mkandawire T, Soludo C C. Our Continent, Our Future:
African Perspectives on Structural Adjustment. Trenton: Africa
World Press for the Council for the Development of Social
Science Research in Africa and the International Development
Research Centre, 1999

Williamson P J, Ramamurti R, Fleury A, Fleury M T L. The
Competitive Advantage of Emerging Market Multinationa.
Cambridge: Cambridge University Press, 2013

Krueger A, Eden A, Smith B. The Structure of Decision:
Cognitive Maps and the Problem of Complexity. Princeton:
Princeton University Press, 1988

Bates R H. Beyond the Miracle of the Market: The Political
Economy of Agrarian Development in Kenya. Cambridge:
Cambridge University Press, 2005

Mosley P, Harrigan ], Toye J. The World Bank and Policy-
Based Lending, Volume 1: Analysis and Policy Proposals (2nd
ed.). London and New York: Routledge, 1995

Jayne T S. Agricultural Policy and Rural Development: The
Role of Subsidies. Chicago: University of Chicago Press, 2002
Ellis.
Cambridge: Cambridge University Press, 1992

Agricultural  Policies in Developing Countries.
de Janvry A, Sadoulet E. Agricultural Policy and Food Security:
Four Essays on the Role of the State. Baltimore: Johns Hopkins
University Press, 1991

Jayne T S, Yamano T. Smallholder Income and Land
Distribution in Africa: Implications for Poverty Reduction
Strategies. Washington, D.C.: World Bank Publications, 2003
World Bank. Annual Data, 2018. Available at World Bank
LSMS databases website on December 20, 2024

S, Keats
Smallholders to Markets: Agriculture for Impact. London:
Agriculture for Impact, 2013

Scoones I. Livelihoods after Land Reform in South Africa:

Wiggins S. Leaping and Learning: Linking

Understanding the Dynamics. London: Routledge, 2013
Dorward A, Chirwa E. The Impact of Subsidies on Agricultural
Development. Oxford: Oxford University Press, 2011

Jayne T S, Rashid S. Market Structures, Policy Interventions,
and Agricultural Productivity: The Impact of Subsidies.
Oxford: Oxford University Press, 2013

Chirwa E, Dorward A. Agricultural Input Subsidies: The
Recent Malawi Experience. Oxford: Oxford University Press,
2013

Dorward A. Agricultural Input Subsidies in Developing
Countries. Rome: FAO, 2008

Minot N, Benson T. Fertilizer Subsidies in Africa: Are
Vouchers the Answer? Washington, DC: International Food
Policy Research Institute, 2009

Liverpool T, Lenis S O. A Review of Fertilizer Subsidy


https://doi.org/10.1016/j.foodpol.2013.04.011
https://doi.org/10.1016/j.foodpol.2013.04.011
https://doi.org/10.1016/j.foodpol.2013.04.011
https://doi.org/10.1016/j.foodpol.2013.04.011
https://doi.org/10.1016/j.foodpol.2013.04.011
https://doi.org/10.1016/j.foodpol.2013.04.011
https://doi.org/10.1016/j.foodpol.2013.04.011
https://doi.org/10.1016/j.foodpol.2013.04.011
https://doi.org/10.1016/j.foodpol.2013.04.011
https://doi.org/10.1016/j.foodpol.2013.04.011
https://doi.org/10.1016/j.foodpol.2013.04.011
https://doi.org/10.1016/j.foodpol.2013.04.011
https://doi.org/10.1016/j.foodpol.2013.04.011
https://doi.org/10.1016/j.foodpol.2013.04.011
https://doi.org/10.1016/j.foodpol.2013.04.011
https://doi.org/10.1016/j.foodpol.2013.04.011
https://doi.org/10.1016/j.foodpol.2014.10.009
https://doi.org/10.1016/j.foodpol.2014.10.009
https://doi.org/10.1016/j.foodpol.2014.10.009
https://doi.org/10.1016/j.foodpol.2014.10.009
https://doi.org/10.1016/j.foodpol.2014.10.009
https://doi.org/10.1016/j.foodpol.2014.10.009
https://doi.org/10.1016/j.foodpol.2014.10.009
https://doi.org/10.1016/j.foodpol.2014.10.009
https://doi.org/10.1016/j.foodpol.2014.10.009
https://doi.org/10.1016/j.foodpol.2014.10.009
https://doi.org/10.1016/j.foodpol.2014.10.009
https://doi.org/10.1016/j.foodpol.2014.10.009
https://doi.org/10.1016/j.foodpol.2014.10.009
https://doi.org/10.1016/j.foodpol.2014.10.009
https://doi.org/10.1016/j.foodpol.2014.10.009
https://doi.org/10.1016/j.foodpol.2014.10.009
https://doi.org/10.1016/j.foodpol.2014.10.009
https://doi.org/10.1016/j.foodpol.2014.10.009
https://doi.org/10.1016/j.foodpol.2014.10.009
https://doi.org/10.1016/j.foodpol.2014.10.009
https://doi.org/10.1016/j.foodpol.2014.10.009
https://doi.org/10.1016/j.foodpol.2014.10.009
https://doi.org/10.1016/j.foodpol.2014.10.009
https://doi.org/10.1016/j.foodpol.2014.10.009
https://doi.org/10.1108/CAER-12-2012-0134
https://doi.org/10.1108/CAER-12-2012-0134
https://doi.org/10.1108/CAER-12-2012-0134
https://doi.org/10.1108/CAER-12-2012-0134
https://doi.org/10.1108/CAER-12-2012-0134
https://doi.org/10.1108/CAER-12-2012-0134
https://doi.org/10.1108/CAER-12-2012-0134
https://doi.org/10.1108/CAER-12-2012-0134
https://doi.org/10.1108/CAER-12-2012-0134
https://doi.org/10.1108/CAER-12-2012-0134
https://doi.org/10.1108/CAER-12-2012-0134
https://doi.org/10.1108/CAER-12-2012-0134
https://doi.org/10.1108/CAER-12-2012-0134
https://doi.org/10.1108/CAER-12-2012-0134
https://doi.org/10.1108/CAER-12-2012-0134
https://doi.org/10.1108/CAER-12-2012-0134
https://doi.org/10.1108/CAER-12-2012-0134
https://doi.org/10.1108/CAER-12-2012-0134
https://doi.org/10.2134/jeq2012.0465
https://doi.org/10.2134/jeq2012.0465
https://doi.org/10.2134/jeq2012.0465
https://doi.org/10.2134/jeq2012.0465
https://doi.org/10.2134/jeq2012.0465
https://doi.org/10.2134/jeq2012.0465
https://doi.org/10.2134/jeq2012.0465
https://doi.org/10.2134/jeq2012.0465
https://doi.org/10.2134/jeq2012.0465
https://doi.org/10.2134/jeq2012.0465
https://doi.org/10.2134/jeq2012.0465
https://doi.org/10.2134/jeq2012.0465
https://doi.org/10.2134/jeq2012.0465
https://doi.org/10.2134/jeq2012.0465
https://doi.org/10.2134/jeq2012.0465
https://doi.org/10.2134/jeq2012.0465
https://doi.org/10.2134/jeq2012.0465
https://doi.org/10.2134/jeq2012.0465
https://doi.org/10.2134/jeq2012.0465
https://doi.org/10.2134/jeq2012.0465
https://doi.org/10.2134/jeq2012.0465
https://doi.org/10.2134/jeq2012.0465
https://doi.org/10.2134/jeq2012.0465
https://doi.org/10.2134/jeq2012.0465
https://doi.org/10.2134/jeq2012.0465
https://doi.org/10.1016/j.gloenvcha.2016.08.005
https://doi.org/10.1016/j.gloenvcha.2016.08.005
https://doi.org/10.1016/j.gloenvcha.2016.08.005
https://doi.org/10.1016/j.gloenvcha.2016.08.005
https://doi.org/10.1016/j.gloenvcha.2016.08.005
https://doi.org/10.1016/j.gloenvcha.2016.08.005
https://doi.org/10.1016/j.gloenvcha.2016.08.005
https://doi.org/10.1016/j.gloenvcha.2016.08.005
https://doi.org/10.1016/j.gloenvcha.2016.08.005
https://doi.org/10.1016/j.gloenvcha.2016.08.005
https://doi.org/10.1016/j.gloenvcha.2016.08.005
https://doi.org/10.1016/j.gloenvcha.2016.08.005
https://doi.org/10.1016/j.gloenvcha.2016.08.005
https://doi.org/10.1016/j.gloenvcha.2016.08.005
https://doi.org/10.1016/j.gloenvcha.2016.08.005
https://doi.org/10.1016/j.gloenvcha.2016.08.005
https://doi.org/10.1016/j.gloenvcha.2016.08.005
https://doi.org/10.1016/j.gloenvcha.2016.08.005
https://doi.org/10.1016/j.gloenvcha.2016.08.005
https://doi.org/10.1016/j.gloenvcha.2016.08.005
https://doi.org/10.1016/j.gloenvcha.2016.08.005
https://doi.org/10.1016/j.gloenvcha.2016.08.005
https://doi.org/10.1016/j.gfs.2016.10.002
https://doi.org/10.1016/j.gfs.2016.10.002
https://doi.org/10.1016/j.gfs.2016.10.002
https://doi.org/10.1016/j.gfs.2016.10.002
https://doi.org/10.1016/j.gfs.2016.10.002
https://doi.org/10.1016/j.gfs.2016.10.002
https://doi.org/10.1016/j.gfs.2016.10.002
https://doi.org/10.1016/j.gfs.2016.10.002
https://doi.org/10.1016/j.gfs.2016.10.002
https://doi.org/10.1016/j.gfs.2016.10.002
https://doi.org/10.1016/j.gfs.2016.10.002
https://doi.org/10.1016/j.gfs.2016.10.002
https://doi.org/10.1016/j.gfs.2016.10.002
https://doi.org/10.1016/j.gfs.2016.10.002
https://doi.org/10.1016/j.gfs.2016.10.002
https://doi.org/10.1016/j.gfs.2016.10.002
https://doi.org/10.1016/j.gfs.2016.10.002
https://doi.org/10.1016/j.gfs.2016.10.002

18

Front. Agr. Sci. Eng.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Programs in Nigeria. Washington, DC: International Food
Policy Research Institute, 2010

Hemming D J, Chirwa E W, Dorward A, Ruffhead H J, Hill R,
Osborn J, Langer L, Harman L, Asaoka H, Coffey C, Phillips D.
Agricultural input subsidies for improving productivity, farm
income, consumer welfare and wider growth in low- and
lower-middle-income countries: a systematic review. Campbell
Systematic Reviews, 2018, 14: 1-153

Africa Green Revolution in Africa (AGRA). Assessing the Scale
and Impacts of Fertilizer Subsidy Programmes in Africa.
Nairobi: AGRA, 2024

International Food Policy Research Institute (IFPRI). Recent
Evidence on Input Subsidy Programs in Africa. Washington,
D.C: IFPRI, 2013

Chirwa E, Dorward A. Agricultural Input Subsidies: The
Recent Malawi Experience. New York, USA: Oxford University
Press, 2013

Robert O’ B. Subsidy Regulation and State Transformation in
North America, the GATT and the EU. London, UK: Palgrave
Macmillan London, 1997

Africa Green Revolution in Africa (AGRA). Assessment of
input Subsidies in selected countries in Africa. Nairobi: AGRA,
2019

Africa Green Revolution in Africa (AGRA). A Review of Input
and Farm Equipment Subsidy Program in Burkina Faso:
Lesson learned, benchmarking best practices elsewhere and
recommendations for ISP improvement. Nairobi: AGRA, 2018
Njagi T, Riungu C, Opiyo J, Mwadime R K, Aloo S Y.
Assessment of the impact of the Kenya Government fertilizer
subsidy on the performance of domestic private sector fertilizer
trade. Research Square, 2024 [Preprint]

Food and Agriculture Organization of the United Nations
(FAO). Input subsidies in Africa. Rome: FAO, 2020. Available
at FAO website on December 20, 2024

WuYY,XiXC, Tang X, Luo D M, Gu B ], Lam S K, Vitousek
P M, Chen D L. Policy distortions, farm size, and the overuse
of agricultural chemicals in China. Proceedings of the National
Academy of Sciences of the United States of America, 2018,
115(27): 7010-7015

Chinese Nutrition Society (CNS). Scientific Research Report
on Dietary Guidelines for Chinese Residents. Beijing: CNS,
2021

Popkin B M, Kim S, Rusev E R, Du S, Zizza C. Measuring the

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

full economic costs of diet, physical activity and obesity-related
chronic diseases. Obesity Reviews, 2006, 7(3): 271-293

LuYL, Zhang Y Q, Cao X H, Wang C C, Wang Y C, Zhang M,
Ferrier R C, Jenkins A, Yuan J J, Bailey M ], Chen D L, Tian H
Q, Li H, von Weizsicker E U, Zhang Z X. Forty years of reform
and opening up: China’s progress toward a sustainable path.
Science Advances, 2019, 5(8): eaau9413

Ye X Q. Enhancing inclusiveness in rural revitalization and
promoting the common prosperity of farmers in rural areas.
Chinese Rural Economy, 2022, 2: 2—14 (in Chinese)

Li S, Zhu M B. Promoting the reform of income distribution
system and the realization of common prosperity. Journal of
Management World, 2022, 38(1): 52—62 (in Chinese)

Sheng L Y, Zheng X, Zhou P, Li T. Analysis of the reasons for
the widening gap of economic development between the
northern and southern China. Journal of Management World,
2018, 34(9): 16-24 (in Chinese)

National Data, National Bureau of Statistics of China. Annual
Data, 2022. Available at National Data website on December
20, 2023

Gong B L. Agricultural reforms and production in China:
changes in provincial production function and productivity in
1978-2015. Journal of Development Economics, 2018, 132:
18-31

Sheng Y, Tian X H, Qiao W Q, Peng C. Measuring agricultural
total factor productivity in China: pattern and drivers over the
period of 1978-2016. Australian Journal of Agricultural and
Resource Economics, 2020, 64(1): 82-103

China Statistical Yearbook 2001-2021. Beijing: China Statistics
Press, 2001-2021 (in Chinese). Available at NBSC website on
May 10, 2022

Jama B, Pizarro G. Agriculture in Africa: strategies to improve
and sustain smallholder production systems. Annals of the New
York Academy of Sciences, 2008, 1136(1): 218-232

Kanu B S, Salami A O, Numasawa K. Inclusive Growth: An
Imperative for African Agriculture. African Development Bank
(AfDB) Group, 2014. Available at AfDB website on November
1, 2024

Food and Agriculture Organization of the United Nations
(FAO). Financing to End Hunger, Food Insecurity and
Malnutrition in All its Forms. Rome: FAO, 2024. Available at
FAQ website on December 20, 2024


https://doi.org/10.1073/pnas.1806645115
https://doi.org/10.1073/pnas.1806645115
https://doi.org/10.1073/pnas.1806645115
https://doi.org/10.1073/pnas.1806645115
https://doi.org/10.1073/pnas.1806645115
https://doi.org/10.1073/pnas.1806645115
https://doi.org/10.1073/pnas.1806645115
https://doi.org/10.1073/pnas.1806645115
https://doi.org/10.1073/pnas.1806645115
https://doi.org/10.1073/pnas.1806645115
https://doi.org/10.1073/pnas.1806645115
https://doi.org/10.1073/pnas.1806645115
https://doi.org/10.1073/pnas.1806645115
https://doi.org/10.1073/pnas.1806645115
https://doi.org/10.1073/pnas.1806645115
https://doi.org/10.1073/pnas.1806645115
https://doi.org/10.1073/pnas.1806645115
https://doi.org/10.1073/pnas.1806645115
https://doi.org/10.1073/pnas.1806645115
https://doi.org/10.1073/pnas.1806645115
https://doi.org/10.1073/pnas.1806645115
https://doi.org/10.1073/pnas.1806645115
https://doi.org/10.1111/j.1467-789X.2006.00230.x
https://doi.org/10.1111/j.1467-789X.2006.00230.x
https://doi.org/10.1111/j.1467-789X.2006.00230.x
https://doi.org/10.1111/j.1467-789X.2006.00230.x
https://doi.org/10.1111/j.1467-789X.2006.00230.x
https://doi.org/10.1111/j.1467-789X.2006.00230.x
https://doi.org/10.1111/j.1467-789X.2006.00230.x
https://doi.org/10.1111/j.1467-789X.2006.00230.x
https://doi.org/10.1111/j.1467-789X.2006.00230.x
https://doi.org/10.1111/j.1467-789X.2006.00230.x
https://doi.org/10.1111/j.1467-789X.2006.00230.x
https://doi.org/10.1111/j.1467-789X.2006.00230.x
https://doi.org/10.1111/j.1467-789X.2006.00230.x
https://doi.org/10.1111/j.1467-789X.2006.00230.x
https://doi.org/10.1111/j.1467-789X.2006.00230.x
https://doi.org/10.1111/j.1467-789X.2006.00230.x
https://doi.org/10.1111/j.1467-789X.2006.00230.x
https://doi.org/10.1111/j.1467-789X.2006.00230.x
https://doi.org/10.1111/j.1467-789X.2006.00230.x
https://doi.org/10.1111/j.1467-789X.2006.00230.x
https://doi.org/10.1111/j.1467-789X.2006.00230.x
https://doi.org/10.1111/j.1467-789X.2006.00230.x
https://doi.org/10.1111/j.1467-789X.2006.00230.x
https://doi.org/10.1111/j.1467-789X.2006.00230.x
https://doi.org/10.1126/sciadv.aau9413
https://doi.org/10.1126/sciadv.aau9413
https://doi.org/10.1126/sciadv.aau9413
https://doi.org/10.1126/sciadv.aau9413
https://doi.org/10.1126/sciadv.aau9413
https://doi.org/10.1126/sciadv.aau9413
https://doi.org/10.1126/sciadv.aau9413
https://doi.org/10.1126/sciadv.aau9413
https://doi.org/10.1126/sciadv.aau9413
https://doi.org/10.1126/sciadv.aau9413
https://doi.org/10.1126/sciadv.aau9413
https://doi.org/10.1126/sciadv.aau9413
https://doi.org/10.1126/sciadv.aau9413
https://doi.org/10.1126/sciadv.aau9413
https://doi.org/10.1126/sciadv.aau9413
https://doi.org/10.1126/sciadv.aau9413
https://doi.org/10.1126/sciadv.aau9413
https://doi.org/10.1126/sciadv.aau9413
https://doi.org/10.1126/sciadv.aau9413
https://doi.org/10.1126/sciadv.aau9413
https://doi.org/10.1126/sciadv.aau9413
https://doi.org/10.1126/sciadv.aau9413
https://doi.org/10.1016/j.jdeveco.2017.12.005
https://doi.org/10.1016/j.jdeveco.2017.12.005
https://doi.org/10.1016/j.jdeveco.2017.12.005
https://doi.org/10.1016/j.jdeveco.2017.12.005
https://doi.org/10.1016/j.jdeveco.2017.12.005
https://doi.org/10.1016/j.jdeveco.2017.12.005
https://doi.org/10.1016/j.jdeveco.2017.12.005
https://doi.org/10.1016/j.jdeveco.2017.12.005
https://doi.org/10.1016/j.jdeveco.2017.12.005
https://doi.org/10.1016/j.jdeveco.2017.12.005
https://doi.org/10.1016/j.jdeveco.2017.12.005
https://doi.org/10.1016/j.jdeveco.2017.12.005
https://doi.org/10.1016/j.jdeveco.2017.12.005
https://doi.org/10.1016/j.jdeveco.2017.12.005
https://doi.org/10.1016/j.jdeveco.2017.12.005
https://doi.org/10.1016/j.jdeveco.2017.12.005
https://doi.org/10.1016/j.jdeveco.2017.12.005
https://doi.org/10.1016/j.jdeveco.2017.12.005
https://doi.org/10.1016/j.jdeveco.2017.12.005
https://doi.org/10.1016/j.jdeveco.2017.12.005
https://doi.org/10.1016/j.jdeveco.2017.12.005
https://doi.org/10.1111/1467-8489.12327
https://doi.org/10.1111/1467-8489.12327
https://doi.org/10.1111/1467-8489.12327
https://doi.org/10.1111/1467-8489.12327
https://doi.org/10.1111/1467-8489.12327
https://doi.org/10.1111/1467-8489.12327
https://doi.org/10.1111/1467-8489.12327
https://doi.org/10.1111/1467-8489.12327
https://doi.org/10.1111/1467-8489.12327
https://doi.org/10.1111/1467-8489.12327
https://doi.org/10.1111/1467-8489.12327
https://doi.org/10.1111/1467-8489.12327
https://doi.org/10.1111/1467-8489.12327
https://doi.org/10.1111/1467-8489.12327
https://doi.org/10.1111/1467-8489.12327
https://doi.org/10.1111/1467-8489.12327
https://doi.org/10.1111/1467-8489.12327
https://doi.org/10.1111/1467-8489.12327
https://doi.org/10.1111/1467-8489.12327
https://doi.org/10.1111/1467-8489.12327
https://doi.org/10.1111/1467-8489.12327
https://doi.org/10.1111/1467-8489.12327
https://doi.org/10.1111/1467-8489.12327
https://doi.org/10.1111/1467-8489.12327
https://doi.org/10.1111/1467-8489.12327
https://doi.org/10.1196/annals.1425.034
https://doi.org/10.1196/annals.1425.034
https://doi.org/10.1196/annals.1425.034
https://doi.org/10.1196/annals.1425.034
https://doi.org/10.1196/annals.1425.034
https://doi.org/10.1196/annals.1425.034
https://doi.org/10.1196/annals.1425.034
https://doi.org/10.1196/annals.1425.034
https://doi.org/10.1196/annals.1425.034
https://doi.org/10.1196/annals.1425.034
https://doi.org/10.1196/annals.1425.034
https://doi.org/10.1196/annals.1425.034
https://doi.org/10.1196/annals.1425.034
https://doi.org/10.1196/annals.1425.034
https://doi.org/10.1196/annals.1425.034
https://doi.org/10.1196/annals.1425.034
https://doi.org/10.1196/annals.1425.034
https://doi.org/10.1196/annals.1425.034
https://doi.org/10.1196/annals.1425.034
https://doi.org/10.1196/annals.1425.034
https://doi.org/10.1196/annals.1425.034
https://doi.org/10.1196/annals.1425.034

