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ABSTRACT
Developing countries have become central players in global food systems as major agricultural exporters while simultaneously depending on food imports, creating complex interactions between production patterns, trade dynamics, and evolving dietary behaviours. This review examines the interconnections between agricultural production, international trade, and nutrition transition in Asia, Africa, and Latin America, analysing how these factors collectively influence the emergence of the double burden of malnutrition. A comprehensive review methodology integrated secondary data from FAO, ITC, WHO, and World Bank databases with systematic analysis of peer-reviewed literature covering production trends, trade flows, and nutrition patterns from 1961 to 2024. Findings reveal remarkable agricultural growth, with countries like China and India leading cereal production, while Brazil dominates soybean exports. However, export-oriented production has created structural imbalances where countries export staples while importing essential foods, generating trade-nutrition trade-offs. The nutrition transition is characterised by declining consumption of traditional foods and increasing intake of refined cereals, edible oils, and ultra-processed products, creating a double burden where undernutrition persists alongside rising obesity and diet-related non-communicable diseases. Agricultural policies favouring staple crops have undermined the production of nutrient-dense foods, while trade liberalisation has simultaneously expanded food access and increased vulnerability to global price shocks. The evidence reveals a fundamental paradox: agricultural transformation and trade integration have enhanced food availability and economic growth while accelerating nutrition risks. Addressing this requires nutrition-sensitive policy frameworks that integrate agricultural production goals, trade strategies, and health objectives to prevent perpetuation of cycles of undernutrition, obesity, and inequality that undermine sustainable development progress.	Comment by DELL: Summarize the abstract
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1. INTRODUCTION
1.1 Background and context
Developing countries, especially large and populous ones like India, China, Brazil, Indonesia, Nigeria, and South Africa, have become central to global food systems. They produce a major share of the world’s agricultural output and act as both exporters of staples such as rice and wheat and importers of commodities like edible oils and processed foods (FAO, 2024). This dual role as both sellers and buyers creates complex challenges in managing food supply, changing eating habits, and addressing health outcomes. Unlike in the past, these countries now face multiple pressures at the same time: urbanisation, globalisation of trade, and shifting consumer preferences, all of which are reshaping their food systems. A food system, broadly defined, includes the entire chain from food production to processing, distribution, and consumption, as well as the social, economic, and policy factors that shape these processes (HLPE, 2017).
One of the most important shifts in these countries is the nutrition transition, a change in diets and lifestyles that comes with economic and social development. Traditional diets based on coarse grains, pulses, and vegetables are increasingly being replaced with refined cereals, edible oils, animal-source foods, and ultra-processed products (Popkin, 1993; Pingali, 2007). While this transition has helped reduce hunger, it has also brought new health risks such as obesity, diabetes, and cardiovascular diseases (Popkin, 2015). As a result, many developing countries now face the double burden of malnutrition, where undernutrition and micronutrient deficiencies exist alongside overweight and diet-related non-communicable diseases (WHO, 2020; UNICEF, 2023). This paradox has become the biggest nutrition challenge for developing countries, which together account for over 130 nations and the majority of the world’s population (World Bank, 2023). Addressing it requires not only producing enough food but also ensuring that food systems deliver safe, diverse, and nutritious diets. 
1.2 The nutrition transition and double burden
The term “nutrition transition” refers to the shift from traditional, plant-based diets to diets that are high in energy and include more processed foods rich in fats, sugars, and animal proteins (Popkin, 1993; Drewnowski & Popkin, 1997). This change has accelerated in many developing countries. For example, Pingali (2007) highlights that rising disposable incomes in China and India have led to increased consumption of animal-based foods and packaged snacks, which have significantly influenced food consumption patterns and transformed food markets. 	Comment by DELL: Justify 
At the same time, developing countries are dealing with two types of issues related to nutrition. On the one hand, many children still suffer from undernutrition. On the other hand, cases of overweight and obesity are increasing. Steyn (2014) describes this situation clearly in Sub-Saharan Africa. According to WHO (2020), more than 200 million people in the region are affected by child undernutrition, while many others face health problems related to obesity. 
1.3 Agricultural production & trade: pathways to dietary change
Agricultural production policies and trade architecture deeply influence dietary behaviours:
· Production bias: Historical patterns like the Green Revolution massively boosted staple crop output but often sidelined nutrient-rich crops like pulses and fruit (Headey & Hoddinott, 2019).
· Export orientation: In India, rising pulse exports have constrained domestic supply, impacting local prices and nutrition (Stamoulis, Pingali, & Shetty, 2004). Similarly, global demand for Brazilian soy redirected land away from traditional food crops, affecting dietary diversity.
· Trade liberalisation effects: In China, tariff reductions (1997-2011) heightened consumption of processed and animal-based foods while reducing intake of staples and dairy; this in turn elevated obesity risk (Tian et al., 2023). In Central America, trade liberalisation reduced barriers to processed foods, increasing their availability and affordability and thereby contributing to obesity and NCDs (Globalisation and Health, 2008).
· Inequality implications: In India, liberalisation widened nutritional consumption inequities. District-level analysis found that a 1% reduction in import tariffs increased disparities in calorie and micronutrient intake significantly (BMC Public Health, 2024).
1.4 Trade, food environments, and policy drivers
Beyond goods trade, broader trade policies shape food environments:
· WTO agreements facilitated foreign direct investment in supermarkets and processed food manufacturing, shifting local retail toward energy-dense convenience foods (Public Health Nutrition, 2007).
· Trade agreements also expanded advertising and branding, promoting pre-sugared cereals, soft drinks, and fast food across developing populations, especially among youth (Public Health Nutrition, 2007).
1.5 Research gap and problem statement
Although there is a lot of research on individual areas like food production, trade, and nutrition, very few studies bring these topics together within a single food systems framework across developing countries. It is important to understand how production goals, trade rules, and market openness work together to influence changes in diets. Without this kind of combined analysis, it becomes difficult to create strategies that can improve agricultural performance while also protecting nutrition and public health. 
1.6 Objectives of the study
The main objective of this study is to explore the connections between agricultural production, trade, and nutrition in developing countries. Specifically, it aims to map production trends in major economies and assess how crop choices and diversity are evolving; analyse how trade patterns, including both exports and imports, affect food availability and price structures; review evidence on the nutrition transition and the growing double burden of malnutrition; examine how agricultural and trade policies shape dietary patterns and health outcomes; and finally, propose actionable strategies that can support nutrition-sensitive agricultural and trade policies to improve both economic and nutrition outcomes.
2. CONCEPTUAL FRAMEWORK AND LITERATURE REVIEW
2.1 Conceptual framework: linking agriculture, trade, and nutrition
Research shows that agriculture, trade, and nutrition are intrinsically linked within food systems, especially in developing countries (HLPE, 2017; FAO, 2024). Agricultural production determines what foods are available locally, while trade shapes what foods people can access, how much they cost, and how diverse they are. Nutrition outcomes depend not just on calorie intake, but also on food quality, affordability, and the surrounding policy environment. Unlike older models, today’s thinking emphasises a food-systems approach, recognising that healthy diets depend on coordinated action across production, trade, and regulations (Alarcon et al., 2021). Recent evidence from African and Asian secondary cities highlights how urban dietary patterns reflect this interplay. While trade and market access increase calorie intake, they often exacerbate the double burden of malnutrition, simultaneously raising overweight rates and persistent stunting (Jaeggi et al., 2023). Thus, the framework for this study centres on three interrelated pathways: 1) how production influences the supply of nutritious foods; 2) how trade affects availability and diversity; and 3) how policies such as trade agreements, agricultural support, and food regulations shape dietary outcomes through their influence on food environments.
2.2 Agricultural production and diets in developing countries
[bookmark: _GoBack]The Green Revolution boosted cereal productivity across Asia and parts of Africa, helping to reduce hunger and improve calorie availability (Headey & Hoddinott, 2019). However, this focus on staple grains reduced crop diversity, limiting access to nutrient-rich foods such as pulses, fruits, and vegetables (Pingali, 2012). Headey and Hoddinott (2019) argue that while yield gains improved calorie security, they also worsened micronutrient gaps, a concern echoed by Popkin (2015), who links such cereal-heavy diets, when combined with urban food environments, to the rise of obesity and other diet-related diseases. FAO (2024) further highlights how Africa’s slower productivity growth, especially in maize and sorghum, has left many regions still struggling with undernutrition, showing that both insufficient productivity and unbalanced agricultural systems contribute to poor nutrition outcomes.
2.3 Trade liberalisation and food environments
Trade liberalisation has reshaped diets in many developing regions by increasing access to both diverse foods and calorie-dense, nutrient-poor products. In China, for example, WTO accession and tariff reductions accelerated the consumption of animal proteins and processed foods, reflecting how policy shifts directly influenced dietary choices (Tian et al., 2023). Similar effects were observed in Central America, where trade agreements reduced barriers for processed food imports, leading to greater availability of sugary drinks and packaged snacks (Hawkes, 2006). Both Hawkes (2006) and Tian et al. (2023) show that while liberalisation improves food access, it disproportionately expands markets for ultra-processed, high-calorie products rather than nutrient-rich foods. India’s experience further illustrates the risks: Ray and Sinha (2019) find that liberalisation widened gaps in calorie and micronutrient intake between richer and poorer households, highlighting how trade reforms, without safeguards, can worsen nutrition inequality within countries. Together, these cases suggest that trade policies not only influence what is available but also who benefits, underscoring the importance of complementary regulations to protect vulnerable populations. 
List 1- Dietary impacts of trade policy changes in selected regions
	Country/Region
	Trade policy change
	Observed dietary impact
	Source

	China
	WTO accession, tariff reductions
	Rapid increase in animal protein and processed food intake
	Tian et al., 2023

	Central America
	Regional trade agreements, lower import barriers
	Greater availability of sugary drinks and packaged snacks
	Hawkes, 2006

	India
	Economic liberalisation, reduced trade barriers
	Wider gaps in calorie and micronutrient intake between the rich and the poor
	Rao and Min (2018)


2.4 Nutrition transition and the double burden
The nutrition transition has become a defining feature of developing countries, marked by rising consumption of processed foods, animal products, and refined grains alongside declining intake of traditional staples (Popkin, 1993; Drewnowski & Popkin, 1997). This shift has produced the “double burden of malnutrition”, where undernutrition persists even as overweight and obesity increase. Evidence from Sub-Saharan Africa illustrates this paradox clearly: stunting remains widespread among children, yet obesity rates are climbing rapidly, especially in urban areas (Steyn, 2014; WHO, 2020). A similar pattern is seen in India, where diets have shifted toward edible oils and refined cereals at the expense of coarse grains, creating both micronutrient deficiencies and rising rates of diet-related diseases (Pingali, 2007). 
Brazil offers another perspective on this transition. Monteiro et al. (2013) show how the expansion of supermarkets, driven by foreign direct investment (FDI), accelerated the replacement of traditional diets with ultra-processed foods, leading to rapid growth in overweight and obesity. Cross-country comparisons highlight that these trends are not isolated: Monteiro et al.’s findings in Brazil parallel Steyn’s (2014) work in Africa, where industrial food systems are fuelling obesity even as undernutrition persists. Together, this evidence shows that the nutrition transition is unfolding in diverse contexts but with similar consequences, creating a dual challenge for policymakers who must address hunger and micronutrient deficiencies while also curbing the rise of obesity and non-communicable diseases.
2.5 Policy drivers and interventions
Policy frameworks shape these transitions. Agricultural subsidies in India have long favoured rice and wheat, crowding out pulses and millets (Pingali, 2012). In contrast, Brazil’s food and nutrition security policies sought to integrate nutrition concerns into agricultural programs (Monteiro et al., 2013). Trade liberalisation, while boosting GDP, has exposed countries to price shocks and dietary risks (FAO, 2020; Globalisation & Health, 2008).
2.6 Synthesis of literature gaps
Across the reviewed studies, three clear gaps emerge:
1. Integration gap: Most studies analyse production, trade, or nutrition separately; few examine the interconnections.
2. Regional heterogeneity gap: Evidence is uneven, with Asia being studied, but Africa has limited systematic analysis.
3. Policy coherence gap: There is insufficient evaluation of how trade and agricultural policies interact with nutrition-sensitive strategies.
These gaps justify the present study, which integrates agricultural production data, trade statistics, and nutrition evidence for developing countries in a unified framework.
3. METHODOLOGY
3.1 Research design
This study adopts a review-based analytical design, integrating insights from published research with secondary data on agricultural production, trade, and nutrition in developing countries. The approach combines two streams:
1. Empirical data analysis using international databases on production and trade.
2. Thematic literature synthesis from peer-reviewed journals and institutional reports.
The integration of these streams follows a food-systems framework (HLPE, 2017), which positions agricultural output, trade flows, and nutrition outcomes as interlinked dimensions of food system transformation.
3.2 Data sources
Secondary data were compiled from authoritative global databases, including:
· FAO (FAOSTAT, 2024): Agricultural production statistics by commodity and country, focusing on cereals, pulses, oilseeds, horticultural crops, and livestock.
· ITC trade map (2024): Export and import data for major agricultural commodities, used to examine trade orientation and dependence.
· World bank (2024): Macroeconomic and demographic indicators, including GDP, population growth, and trade shares, to contextualise trends.
· WHO and UNICEF (2020-2023): Indicators of malnutrition, obesity, and dietary intake, used to link agricultural and trade outcomes with nutrition transition.
3.3 Literature sources
The literature review drew on a systematic search of open-access sources (Google Scholar, PubMed, ResearchGate, and FAO publications). Search terms included: nutrition transition, developing countries, agricultural production, trade liberalisation, food policy, and double burden of malnutrition.
Key studies include:
· Popkin (1993, 2015) on the nutrition transition.
· Pingali (2007, 2012) on Asian diets and agricultural policy.
· Monteiro et al. (2013) on ultra-processed foods in Brazil.
· Steyn (2014) and WHO (2020) on Africa’s double burden.
· Tian et al. (2023) and Ray and Sinha (2019) on trade liberalisation and nutrition outcomes.
These works were supplemented by regional reports (FAO, 2020; HLPE, 2017) to provide a comprehensive overview.
3.4 Analytical approach
The study follows a mixed synthesis approach:
· Quantitative synthesis: Descriptive analysis of FAO and ITC data to illustrate trends in production and trade.
· Qualitative synthesis: Thematic coding of literature into three domains - production, trade, and nutrition, allowing identification of cross-cutting themes.
· Integrative interpretation: Combining data with literature to trace causal linkages, e.g., how export orientation affects domestic nutrition availability.
This dual approach enhances validity by grounding review findings in empirical trends.
4. AGRICULTURAL PRODUCTION, TRADE, AND NUTRITION TRANSITION IN DEVELOPING COUNTRIES
4.1 Agricultural production trends in developing countries
Agricultural production in developing countries has expanded dramatically since the 1960s, largely due to the Green Revolution, which introduced high-yielding crop varieties, irrigation systems, and fertiliser use (Evenson & Gollin, 2003; Pingali, 2012). Staples such as rice, wheat, and maize illustrate both the successes and the uneven nature of this growth. While Asia has become the centre of global cereal supply, with countries such as India and China leading global production, Africa and Latin America display more modest trends, often constrained by yield gaps, low input use, and structural challenges (FAO, 2024; Headey & Hoddinott, 2019). Continued investments in technology, irrigation, and input use have enabled productivity gains in Asia and parts of Latin America, but regional disparities highlight the need for diversified, nutrition-sensitive agricultural strategies (World Bank, 2020; FAO, 2020). 
Rice production
Rice remains the most important staple in Asia, where it constitutes a major share of calorie intake. As shown in Table 1, China and India dominate global rice production, together supplying more than half of the global total. Between 1961 and 2022, China expanded production from 56 million to 210 million tons, while India increased from 53 million to 196 million tons (FAO, 2024). Bangladesh, Indonesia, and Vietnam also quadrupled or more than doubled their outputs during this period, while Africa’s growth has lagged (Pingali, 2012; FAO, 2024).
Table 1: Rice production in selected developing countries
	Country
	Production (million tons)
	CAGR 2013-2022 (%)

	
	1961
	2022
	

	China
	56.2
	210.1
	+0.11

	India
	53.5
	196.2
	+2.32

	Bangladesh
	14.4
	57.2
	+1.21

	Indonesia
	12.1
	54.7
	–1.10

	Vietnam
	9.0
	42.7
	–0.35

	Thailand
	10.1
	34.3
	–0.77

	Myanmar
	6.8
	24.7
	–0.91

	Philippines
	3.9
	19.8
	+0.78

	Pakistan
	1.7
	10.9
	+0.51

	Brazil
	5.4
	10.8
	–1.00

	United States
	2.5
	7.3
	–1.94


Sources: FAOSTAT data.
Wheat production in developing countries
Wheat is the second most important staple crop globally and plays a critical role in diets across South Asia, the Middle East, and parts of Africa. Developing countries now account for the majority of global wheat output, though production growth has been uneven. India has emerged as the world’s second-largest producer, expanding from 11 million tons in 1961 to over 107 million tons in 2022 (FAO, 2024). Yield gains were driven by the Green Revolution, which introduced high-yield varieties such as Kalyan Sona and Sonalika, coupled with irrigation and fertiliser adoption (Pingali, 2012).
In China, wheat production increased nearly sixfold, from 17 million tons in 1961 to more than 137 million tons in 2022, largely due to mechanisation, government price supports, and intensive double-cropping systems (FAO, 2024). By contrast, Sub-Saharan Africa remains a net importer, with countries such as Nigeria and Ethiopia producing modest quantities relative to demand. The Middle East and North Africa also depend heavily on imports, making them vulnerable to global price shocks such as the 2008 food crisis and the disruptions caused by the Ukraine conflict (World Bank, 2023).
Table 2: Wheat production in selected developing countries
	Country
	Production (million tons)
	CAGR 2013–2022 (%)

	
	1961
	2022
	

	China
	17.0
	137.7
	+0.66

	India
	11.0
	107.7
	+2.10

	Pakistan
	3.9
	26.4
	+0.80

	Turkey
	8.1
	19.8
	+0.12

	Egypt
	1.8
	9.8
	+1.05


Sources: FAOSTAT 2025
Maize production in developing countries
Maize has become one of the fastest-growing staple crops in developing countries, serving not only as a food grain but also as a critical input for livestock feed and industrial uses such as biofuels. Unlike rice and wheat, maize production is more geographically spread, with significant contributions from Latin America, Sub-Saharan Africa, and Asia.
China and Brazil dominate global maize output among developing countries. China increased production from 8 million tons in 1961 to over 277 million tons in 2022, reflecting mechanisation, hybrid seed adoption, and strong demand for livestock feed (FAO, 2024). Brazil followed a similar trajectory, expanding from 13 million tons in 1961 to nearly 115 million tons in 2022, supported by advances in tropical maize breeding and government incentives (OECD-FAO, 2022).
In contrast, African countries such as Nigeria, Ethiopia, and South Africa produce far less, despite maize being a key staple in diets. Production growth in Africa has been constrained by rainfed cultivation, limited access to inputs, and high yield variability (Smale et al., 2013). India and Indonesia have also recorded moderate increases, largely due to diversification away from rice-wheat systems and rising demand for poultry feed.
Table 3: Maize production in selected developing countries
	Country
	Production (million tons)
	CAGR 2013–2022 (%)

	
	1961
	2022
	

	China
	8.2
	277.2
	+2.60

	Brazil
	13.0
	114.6
	+3.10

	India
	4.5
	34.6
	+2.00

	Indonesia
	2.9
	23.9
	+1.85

	Nigeria
	1.2
	12.7
	+1.50


Sources: FAOSTAT 2025
Pulses in developing countries
Pulses are a critical source of plant-based protein and micronutrients in developing countries, particularly in South Asia and Sub-Saharan Africa. However, unlike cereals, their production growth has been modest. India is both the largest producer and consumer, accounting for nearly one-fourth of global production. Output rose from 12 million tons in 1961 to around 25 million tons in 2022, yet demand consistently outpaces supply, leading to import dependence from Myanmar, Canada, and East Africa (Reddy, 2009; FAO, 2024). Myanmar and Ethiopia have emerged as important exporters, but yields across most regions remain stagnant due to low research investments and marginal cultivation conditions (FAO, 2020).	Comment by DELL: Add a figure 
Table 4: Pulses production in selected developing countries
	Country
	Production (million tons)
	CAGR 2013-2022 (%)

	
	1961
	2022
	

	India
	12.0
	25.0
	+1.1

	Myanmar
	1.2
	5.0
	+2.2

	Ethiopia
	0.5
	2.5
	+1.5

	Nigeria
	0.6
	2.8
	+1.3

	Brazil
	0.9
	3.0
	+0.8


Sources: FAOSTAT data.
From a nutrition perspective, the underperformance of pulses is a major challenge, as they are the most affordable source of protein for poor households.
Soybean production trends in developing countries
Soybeans are used as both an oilseed and a source of protein. Its production has expanded rapidly across developing countries, transforming both global trade and domestic food systems. Between 1961 and 2022, production in Brazil, Argentina, China, India, and Paraguay grew from marginal levels to world-leading volumes, making these countries central players in global oilseed markets (FAO, 2024).
Brazil has become the undisputed leader, with output increasing from just 0.27 million tons in 1961 to over 120 million tons in 2022. This surge was enabled by technological innovations, expansion into the Cerrado, and sustained global demand, particularly from China (OECD-FAO, 2022). Argentina also experienced extraordinary growth, from less than 1,000 tons in 1961 to 43.8 million tons by 2022, supported by mechanised farming and export-oriented infrastructure (Masuda & Goldsmith, 2009).
In China, production rose from 6.2 million tons in 1961 to around 20 million tons in 2022. Yet, domestic demand has consistently outpaced supply, making China the world’s largest soybean importer since the early 2000s (Gale, 2015). India, though a smaller player, expanded from only 5,000 tons in 1961 to nearly 13 million tons in 2022, with soybean now a major kharif crop in central India (Reddy et al., 2019). Paraguay has also emerged as a significant exporter, producing more than 10 million tons annually by the 2010s, though production has fluctuated with climate shocks and global price changes (FAO, 2024).
Table 5: Soybean production in selected developing countries
	Country
	Production (million tons)
	CAGR 2013-2022 (%)

	
	1961
	2022
	

	Brazil
	271,488
	120,701,031
	+5.0

	Argentina
	957
	43,861,066
	–1.2

	China
	6,263,900
	20,285,000
	+1.0

	India
	5,000
	12,986,720
	+1.2

	Paraguay
	2,100
	4,532,103
	–7.4


Sources: FAOSTAT data.
Poultry Meat production in leading developing countries
Poultry output has surged across developing countries, led by China, Brazil, India, Indonesia, and Mexico. These gains reflect rising incomes and urban demand, plus tight links to feed crops (especially maize and soybeans). China expanded more than 35 times since 1980 and remains the largest producer; Brazil’s low-cost soybean-maize complex underpins its scale and export strength; India’s contract farming and improved breeds drove rapid growth from the 1990s; Indonesia and Mexico show steady, feed-driven expansion. (FAO, 2024).
Table 6: Poultry meat production, top developing producers
	Country
	Production (million tons)
	CAGR 2013-2022 (%)

	
	1961
	2022
	

	China
	0.69
	24.19
	2.9

	Brazil
	0.13
	14.69
	2.0

	India
	0.08
	4.95
	6.2

	Indonesia
	0.05
	4.08
	9.0

	Mexico
	0.14
	3.80
	3.3


Source: FAOSTAT 
Crop-feed-poultry linkages (evidence from recent open studies)
The poultry boom is inseparable from feed markets: soybean meal supplies protein, and maize supplies energy. Open analyses show that (i) sustained profitability of poultry is tied to favourable meat-to-feed price ratios and rising feed intensity, a trend expected to continue this decade (OECD-FAO, 2022); (ii) China’s livestock expansion relied on a modern feed industry and rising soybean imports, reshaping global oilseed trade (Gale, 2015); (iii) in India, rapid poultry growth has shifted maize from food to feed, tightening domestic markets (NAARM, 2012; USDA/ERS, 2004); and (iv) the broader “livestock revolution” links income growth, urbanisation, and diet change with strong demand for feed grains and oilseeds in developing regions (Delgado et al., 1999). Together, these studies confirm that soybean and maize-rich crop systems catalyse poultry growth, while poultry demand, in turn, reinforces cropping patterns and trade in feedstuffs. 
Tropical fruit production in developing countries
Tropical fruits, especially mangoes, guava, mangosteen, and bananas, have seen remarkable expansion in key developing countries over the past six decades. This growth reflects both rising domestic demand for nutritious foods and the expansion of export markets, reinforcing the role of horticulture in diversifying agricultural systems.

Table 7: Tropical fruit production trends
	Crop
	Country
	Production (million tons)
	CAGR 2013-2022 (%)

	
	
	1961
	2022
	

	Mango/Guava/Mangosteen
	India
	6,988,000
	26,299,000
	+3.1

	Mango/Guava/Mangosteen
	Indonesia
	300,000
	4,125,000
	+8.2

	Mango/Guava/Mangosteen
	China
	195,000
	3,967,000
	+22.0

	Banana
	India
	2,257,000
	34,528,000
	+10.0

	Banana
	Philippines
	1,041,000
	5,899,000
	+7.5

	Banana
	Brazil
	2,823,000
	6,854,000
	+5.6


Sources: FAOSTAT (2024)
Observations and growth surges
· China’s mango and guava output surged after 2010, from under 3 million to nearly 4 million tons, reflecting increased consumer demand and expanding orchards (Zhou & Horticultural Society of China, 2020).
· Banana production in India accelerated notably after 2000, growing from about 14 million to over 34 million tons by 2022. This rapid rate (+10% CAGR) underscores its role as a staple in both diets and rural incomes (Pingali, 2007).
· Indonesia’s mango-related output experienced explosive growth (+8.2% CAGR), pointing to successful niche fruit cultivation and burgeoning domestic markets.
· Philippines’ banana expansion (+7.5% CAGR) aligns with its role as a key exporter underpinned by global demand and improved logistics (Colen et al., 2012).
Production dynamics and market orientation
Tropical fruit systems illustrate a shift in developing-country agriculture from staple-dominated production toward nutrition-rich, high-value horticulture. In China, diversification into fruits like mango and guava has accompanied broader dietary changes and horticultural modernisation (Zhou & Horticultural Society of China, 2020). India’s banana boom reflects both increased per capita consumption and new opportunities in regional trade (Pingali, 2007). Meanwhile, Indonesia and the Philippines have leveraged export linkages and improved production technologies to scale their fruit sectors, benefiting both rural livelihoods and nutritional outcomes (Colen et al., 2012).



Milk production trends in developing countries
Table 8: Milk production trends 
	Crop
	Country
	1961 Production (tons)
	2022 Production (tons)
	CAGR 2013-2022 (%)

	Milk, Total
	India
	20,375,000
	239,307,006
	4.7

	Milk, Total
	China
	3,380,000
	41,302,000
	3.1

	Milk, Total
	Brazil
	7,520,000
	35,200,000
	1.8

	Milk, Total
	Pakistan
	5,200,000
	61,500,000
	2.0


Sources: FAOSTAT (2024)
Milk production in developing countries has expanded dramatically since the 1960s, reflecting structural changes in agriculture, rising demand, and policy interventions.
India has been the world leader in milk production, increasing output from 20.4 million tons in 1961 to over 239 million tons by 2022. The most rapid acceleration occurred after the launch of Operation Flood (1970s-1990s), which transformed India from a milk-deficient country into the largest global producer (Kumar et al., 2020). Since 2010, annual growth rates have remained strong (4-5%), supported by cooperative models, crossbreeding programs, and rising urban demand.
China shows a striking transformation, with production rising from only 3.3 million tons in 1961 to 41.3 million tons in 2022. The steepest growth came after the 1990s dairy modernisation programs and the country’s accession to the WTO in 2001, which stimulated both domestic investments and foreign participation in the dairy sector (Dong, 2006; Fuller et al., 2007). Growth slowed slightly post-2010, partly due to the 2008 melamine scandal, but long-term modernisation sustained output increases.
Pakistan witnessed steady expansion, growing from 5.2 million tons in 1961 to 61.5 million tons by 2022. Unlike India, growth has been driven largely by the dominance of buffalo milk, accounting for over 60% of output, supported by informal markets and backyard farming (Afzal & Naqvi, 2004). The period after 2000 shows sharper increases, coinciding with commercialisation and higher demand for packaged milk.
Brazil, though traditionally associated with beef, expanded milk production from 7.5 million tons in 1961 to 35.2 million tons in 2022. Growth was particularly strong in the 1980s and 1990s, when technological improvements, tropical forage adaptation, and supportive government programs boosted yields (Madalozzo & Gutierrez, 2019). However, growth has been slower in recent years compared to India or China.
Overall, the data highlight that while India dominates in absolute production, China shows the most rapid modernisation-driven growth, Pakistan reflects buffalo-based traditional expansion, and Brazil demonstrates pasture-linked productivity gains. These trajectories underline how differing agro-ecological conditions, animal genetic resources, and policy frameworks shape milk production pathways across developing economies.
4.2 Export orientation and import dependence
Developing countries are simultaneously export powerhouses and import-dependent markets in the global agri-food system. This dual role reflects how production has shifted toward globally demanded commodities, while local nutritional needs are increasingly met through imports. The ITC 2024 data (Table 12) show that a few countries dominate both supply and demand: India, Brazil, and Canada as exporters, and Indonesia, Philippines, Egypt, China, and Bangladesh as major importers. These asymmetries underpin the dynamics of the nutrition transition.
4.2.1 Export orientation and production reallocation
Export orientation drives production specialisation, often at the expense of local dietary diversity:
· Rice (Table 9): India (11.83 Mt) and Thailand (6.37 Mt) are the top exporters. While this secures global markets, domestic consumers face rising prices of pulses and coarse cereals as land and irrigation are reallocated to rice monocultures.
· Soybean (Table 11): Brazil exported 120.7 Mt in 2024, dwarfing other suppliers. This reflects vast land-use change in South America, prioritising global feed demand over local food diversity.
· Bananas and Mangoes: Ecuador and the Philippines together exported 14.5 Mt of bananas, while India exported 26.3 Mt of mangoes/guavas. While these boost foreign earnings, the affordability of fruits within exporting countries remains a challenge for poorer households.
These shifts mirror your production-side analysis: export earnings rise, but domestic food baskets narrow, pushing consumers toward cheaper staples and processed substitutes. Pingali (2012) and FAO (2024) note how export-led cropping displaces nutrient-dense crops like pulses, vegetables, and millets.








Table 9: Top 5 rice exporters and importers, 2024 (Mt)
	Exporter
	Exports
	Importer
	Imports

	India
	11.83
	Indonesia
	2.71

	Thailand
	6.37
	Philippines
	2.52

	Pakistan
	4.20
	Saudi Arabia
	2.00

	Vietnam
	4.08
	Vietnam
	1.71

	USA
	2.44
	Iraq
	1.66


Source: The International Trade Centre (ITC) Trade Map
4.2.2 Import dependence and nutritional vulnerability
Many developing countries remain structurally dependent on a narrow set of suppliers:
· Wheat (Table 10): Egypt (13.5 Mt) and Indonesia (12.7 Mt) import huge volumes, highlighting dependence on Russia, USA, and Canada. Any issues in those countries (e.g., war in Ukraine) immediately escalate bread prices, triggering substitution toward low-cost refined carbs and oils.
· Pulses (Table 12): India, the world’s largest producer, still imported 5.3 Mt in 2024 to meet domestic demand. Bangladesh (1.7 Mt) is another key importer. This dependence is critical, as pulses are the main affordable protein source in South Asia, and supply volatility directly affects nutrition security.
· Soybean (Table 11): China imported 118.2 Mt in 2024, underpinning meat-intensive diets. This feed-driven dependence illustrates how trade locks countries into protein-heavy, resource-intensive consumption patterns. Such import reliance increases vulnerability to global price shocks, export bans, and supply disruption, leading to short-term dietary substitutions that cause the nutrition transition (Popkin, 2020; FAO, 2024).









Table 10: Top 5 wheat exporters and importers, 2024 (Mt)
	Exporter
	Exports
	Importer
	Imports

	Russia
	29.80
	Egypt
	13.50

	USA
	24.20
	Indonesia
	12.70

	Canada
	20.10
	Turkey
	10.90

	France
	17.30
	Algeria
	9.87

	Australia
	16.00
	Philippines
	6.01


Source: The International Trade Centre (ITC) Trade Map 
Table 11:  Top 5 soybean exporters and importers, 2024 (Mt)
	Exporter
	Exports
	Importer
	Imports

	Brazil
	120.70
	China
	118.20

	USA
	20.12
	EU
	17.90

	Argentina
	43.86
	Mexico
	6.80

	Paraguay
	4.53
	Bangladesh
	5.90

	India
	12.99
	Egypt
	5.30


Source: The International Trade Centre (ITC) Trade Map
Table 12: Top 5 pulses exporters and importers, 2024 (Mt)
	Exporter
	Exports
	Importer
	Imports

	Canada
	4.22
	India
	5.30

	Myanmar
	3.12
	Bangladesh
	1.72

	Australia
	1.68
	UK
	1.01

	India
	2.50
	UAE
	0.95

	Turkey
	1.10
	Netherlands
	0.70


Source: The International Trade Centre (ITC) Trade Map
4.2.3 Linking trade to the nutrition transition
Bringing production and trade together:
1. Supply-side distortion: Export orientation (India rice, Brazil soy) channels resources to global markets, constraining local production of nutrient-rich foods.
2. Demand-side vulnerability: Import dependence (Egypt wheat, India pulses, China soy) increases exposure to global shocks, leading to substitution toward refined, energy-dense foods.
3. Food-environment transformation: Export earnings and open trade stimulate supermarket and processed food growth, facilitating a shift to ultra-processed diets (Monteiro et al., 2013; Hawkes, 2006).
This explains the double burden in many developing countries: persistent undernutrition alongside rising obesity and non-communicable diseases.
4.3 Nutrition transition and dietary shifts
The interaction between production and trade has accelerated the nutrition transition across developing regions:
· Asia: In India, coarse grains (millets, sorghum) have been replaced by polished rice and wheat, while edible oil and sugar consumption have risen sharply (Pingali, 2007). In China, rising incomes and trade integration have fuelled a “meat and dairy revolution” (Tian et al., 2023).
· Latin America: Monteiro et al. (2013) document a surge in ultra-processed food consumption in Brazil, linked to supermarket expansion and foreign direct investment.
· Africa: Traditional diets of cereals and legumes are being replaced by refined imports (wheat, rice), even when undernutrition persists (Steyn, 2014; WHO, 2020).
The result is a double burden of malnutrition in the form of undernutrition among children coexisting with obesity and diet-related non-communicable diseases among adults.
4.4 Policy drivers shaping outcomes
Policy frameworks play a pivotal role in shaping agricultural, trade, and nutrition dynamics. Key drivers include:
Agricultural subsidies: In India, subsidies for rice and wheat have entrenched a cereal bias, undermining pulses and millets (Pingali, 2012). Recent improvements have been made to broaden the Public Distribution System (PDS) to include millet and other nutritious grains to counter this problem.
Trade liberalisation:
· In Mexico, investment and FDI due to NAFTA led to processed food production and supermarket expansion, resulting in diets high in sugar, salt, meat, and fat, and rising non-communicable diseases (Clark et al., 2012).
· A study across Indian districts shows that despite economic and agricultural growth, trade liberalisation did not reduce nutrition inequality: numerous groups remain undernourished and lack dietary equity (Mishra & Srivastava, 2024).
Nutrition-sensitive agricultural policies:
· In Brazil, the Zero Hunger program integrated agriculture and nutrition, buffering negative dietary shifts (Monteiro et al., 2013).
· In India, ICRISAT’s Farming System for Nutrition approach in Wardha promoted crop diversification, pulses, vegetables, and backyard poultry, leading to increased daily consumption of nutritious foods (Fanzo et al., 2021).
· The MSSRF’s “Annadaata Model” empowered women farmers via backyard gardens of vegetables and fruits, improving dietary diversity and nutrition at the household level (Smart Food, 2020).
· Millet-based interventions in Karnataka (school mid-day meals) and Telangana (tribal feeding programs) demonstrated significant improvements in nutritional outcomes, including reductions in stunting and enhanced weight/BMI (Kodkany et al., 2019; Anitha et al., 2019).
Export restrictions and food nationalism:
· India’s 2022 wheat export ban illustrates how trade controls are used to balance domestic food security with global obligations (FAO, 2024; Walt, 2022). Climate-induced supply shocks have driven rising export bans globally, compounding food price volatility (Walt, 2022).
Import substitution and other frameworks:
· In Sri Lanka, tariff reductions pressured onion and potato producers, risking rural livelihoods when imports surged (FAO, 2001).
· Malawi’s Farm Input Subsidy Program (FISP) boosted maize output and GDP in the early 2000s, but sustainability concerns remain as inputs per farmer declined (Chirwa & Dorward, 2013).
5. Challenges and opportunities
This section synthesises the major threats arising from current production, trade, and nutrition dynamics and highlights the policy opportunities to reshape food systems in developing countries.
5.1 Challenges
Developing countries face a structural paradox in agri-food trade: they are major exporters of staples and high-value commodities, while remaining heavily dependent on imports of nutrient-rich foods. For example, India and Brazil lead rice and soybean exports, respectively, yet India continues to import pulses, and China remains the dominant soybean importer (International Trade Centre [ITC], 2024). This duality creates trade-nutrition trade-offs: export orientation drives monocultures and resource shifts away from diverse, nutrient-dense crops, limiting dietary diversity at home (Pingali, 2012; Headey & Hoddinott, 2019). Import dependence, meanwhile, increases exposure to global shocks, as seen in the 2022 wheat crisis, when Egypt and other import-reliant nations faced severe affordability challenges (FAO, 2024). These dynamics accelerate the nutrition transition by making populations more reliant on refined staples and ultra-processed foods (Popkin, 2020; Monteiro et al., 2013).
Despite these challenges, important opportunities exist. Nutrition-sensitive trade policies, including calibrated export restrictions and strategic reserves, can help balance foreign exchange gains with domestic food security (FAO, 2024). Diversification into pulses, millets, and horticulture offers resilience against shocks while creating scope for new markets (Pingali, 2015). Regional integration and South-South trade provide alternatives to reliance on a few global suppliers (Tian et al., 2023). Digital innovations such as blockchain traceability, along with climate-smart agricultural practices, further allow countries to align trade competitiveness with sustainability and nutrition goals (Hawkes, 2006).
In sum, the central opportunity lies in embedding nutrition objectives into trade and agricultural governance, ensuring that integration into global markets enhances, rather than undermines, domestic dietary needs.
6. Conclusion
This paper examined the interconnections between agricultural production, trade, and nutrition transition in developing countries, with a focus on Asia, Africa, and Latin America. By combining secondary data from FAO, ITC, WHO, and World Bank with evidence from scholarly literature, the study highlighted how production and trade patterns shape nutrition outcomes in complex and often contradictory ways.
On the one hand, agricultural transformation and trade integration have contributed to food security by increasing the global supply of cereals, oilseeds, and animal products. Export growth, especially in countries like Brazil, India, and China, has strengthened economic performance and positioned developing economies as critical players in global food markets. At the same time, trade liberalisation has expanded food choices for consumers, contributing to economic growth and dietary diversification.
On the other hand, these gains have come with significant nutritional challenges. A cereal- and export-centric production system has limited the supply of nutrient-rich crops such as pulses, fruits, and vegetables in many regions. Import dependence on wheat, rice, and edible oils has heightened vulnerability to global price shocks, particularly in Africa. Simultaneously, the influx of ultra-processed foods and rising consumption of energy-dense diets have accelerated the nutrition transition, creating a double burden of malnutrition, the coexistence of undernutrition with obesity and diet-related non-communicable diseases.
The review revealed that policy fragmentation remains a critical barrier: agricultural subsidies, trade policies, and nutrition interventions are often designed in isolation, leading to incoherent food system outcomes. However, evidence from Brazil’s Zero Hunger program, India’s millet revival, and China’s trade-driven nutrition policies demonstrates that nutrition-sensitive policy frameworks can mitigate these risks and align economic and health objectives.
Looking forward, developing countries face both challenges and opportunities. Key areas for action include:
1. Reorienting agricultural policies to diversify crop production beyond cereals.
2. Balancing trade strategies to ensure domestic food availability while maintaining export competitiveness.
3. Integrating health and nutrition goals into agricultural and trade policy frameworks.
4. Strengthening global and regional cooperation, particularly in Africa, to reduce vulnerability to external shocks.
In conclusion, the evidence underscores a central paradox: while production and trade transformations have enhanced global food availability and economic growth, they have simultaneously fuelled new nutrition risks. Addressing this paradox requires nutrition-sensitive food systems, guided by coherent policies that place human health and dietary quality at the core of agricultural and trade agendas. Without such realignment, developing countries risk perpetuating cycles of undernutrition, obesity, and inequality, undermining progress toward the Sustainable Development Goals.	Comment by DELL: Improve the discussion
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