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Several studies have shown that smallholder farmers produce most of the food in low-income and developing countries and form the backbone of the country’s food supply. This study examines the extent these smallholder farmers in Nigeria can put the country on the path to self-sufficiency and ensure satiety for household food consumption through their local production. The study also examines food production and their resulting yield based on crop production and harvested area, as well as the percentage of crops produced for food or other purposes. The results show that production of rice, sorghum, soybean, cassava, and yam is low; and their corresponding yields are declining, with the exception of maize, although the harvested area increased from 2015 to 2018. As it is, the findings are a clear indication of inadequate per capita food supply due to low food production, especially for cereals. The study suggests closing the yield gap specifically for cereals, limiting post-harvest losses, and finding a sustainable balance between the uses of major food crops for animal feed to reduce pressure on land resource use. The different states production performance requires special attention to harness the agricultural potential of each geopolitical zone. Lastly, dry-season cultivation should be encouraged through irrigation to enable harvesting two-times in a year. The study offers useful approaches to assess the contribution of local farmers to the food supply of a growing population and provides suggestions for the government, stakeholders, and the international community willing to collaborate and invest in the agricultural sector.
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HIGHLIGHTS


-The country has a low cereal production.

-Food waste due to post-harvest loss remained constant for the major food crops from 2015 to 2018.

-Despite the increase in harvested area, crop yields were on a decline from 2015 to 2018.

-Most densely populated states have low to medium food production and are likely to be vulnerable to food accessibility.





INTRODUCTION

There is an increasing call for sustainable food production to meet growing demands in the world, especially in countries faced with the challenge of hunger, poverty, insufficient food consumption, and malnutrition in Africa (1–4). An estimated 75% of the world’s population relies on agriculture for food and income (5, 6), which is the most important factor driving the expansion of cropland worldwide (7–10). Furthermore, studies show that 62% of the world’s arable land is used for cropping, 3% for bioenergy, and 35% for animal feed, i.e., meat production (11). For instance, it is estimated that 40% of arable land in North America and Europe is used for food production, while more than 80% of arable land in Africa and Asia is used for food production (11).

The United Nation Conference on Trade and Development (UNCTAD) suggests that addressing food security entails recognizing smallholder farmers for their role to achieve hunger and poverty reduction through their active participation in food production (12). The report also recognizes regional differences in farm sizes cultivated by smallholder farmers. For instance, in Latin America, an average farm size is 20 ha, and Brazil has 50 ha, while in Asia and sub-Saharan Africa, the farm sizes are smaller. For brevity, in Bangladesh, an average farmer has a farm size of 0.5 ha, while China, India, and Nigeria have less than 2 ha (12). In the UNCTAD report, smallholder farmers are those who cultivate 2 ha or less of land and are characterized by the type of crops grown and the labor utilization, as well as low access to financial credit and markets.

Consequently, smallholder farms are said to be more technically efficient in terms of labor which comes from the household to maximize production and reduce cost, while large farm sizes are labor intensive and, if not properly supervised, lead to low food production (13). In addition, the ability of smallholder farmers to mitigate environmental particularities in sub-Saharan Africa is by the adoption of local methods, using native knowledge and experience past down from generations to mitigate perceived harsh environmental conditions for farming activities (14). Moreover, from a biodiversity standpoint, these smallholding farmers are seen as biodiversity friendly as most of them cannot afford fertilizers and are into mixed farming, and make use of livestock manure on their farms (15). This is compared to large farm holders who use intensified means, such as heavy farm machineries, fertilizers, and pesticides on their farms, which influences land degradation (16).

In the area of production, a study opines that smallholder farms produce more than large farms (13, 16), which is described as the inverse relationship between farm size and productivity. The influence of farm size, productivity, and crop allocation has been documented in various studies in sub-Saharan Africa. Studies in Kenya and Nigeria opined that the inverse relationship phenomenon exists in farm sizes and their productivity as smallholder farmers decide which crops will give them the best harvest and income with minimal inputs (13, 17). In terms of crop allocation, farmers in Malawi under the Farm Input Subsidy Program (FISP) instituted by the government led them to concentrate on few crops and not to diversify their crop productions (18). This is also because smallholder farmers tend to produce more when they receive the necessary external support. Nevertheless, experts were more concerned that the FISP project will not achieve the purpose of nutrition availability and has consequences on soil fertility in the long run (18). However, similar programs are widespread in sub-Saharan Africa, such as the MicroVeg project in Nigeria and the Republic of Benin, on vegetable production and fertilizer use for food security and economic empowerment of rural farming households funded by the Canadian International Food Security Research Fund (CIFSRF). This project benefited participating farmers by improving household food security (19). Hence, mitigating hunger challenges in developing countries is about food satiety and the study examines smallholder farmers contribution to food production and per capita supply in Nigeria.

Few studies have been able to elucidate smallholder farmers food production due to the paucity of data to measure their input in the food system considering policy and programs geared toward improving food production (20), especially in developing countries. This study evaluates smallholder farmer’s contribution to the Nigerian food system, and the objectives of the study are to determine what percentage of the crops produced used for food or other purposes in Nigeria and the second objective is to determine whether the farmers are already able to put Nigeria on the path of self-sufficiency and satiety with their local production.



MATERIALS AND METHODS


Brief Introduction of the Study Area

Nigeria’s estimated population as of 2018 was approximately 196 million (21), with its economy becoming the largest in Africa as of 2014 (22) and blessed with rich natural vegetation and landmass spanning over an area of 924,000 km2. Nigeria is a multicultural country with 36 states divided into six geopolitical zones namely: North East, North West, North Central, South East, South South, and South West (Table 1). It is estimated that about 75% of Nigeria’s total land area amounting to about 68 million hectares has agricultural use potential, while about 33 million hectares are actually cultivated. In addition, of the estimated 3.14 million hectares of irrigable land, only about 220,000 ha or 7% is utilized (5). The average farm size for subsistence farmers in Nigeria ranges from 1 to 3 ha, with the North having more farm sizes than the South (22). Furthermore, agriculture employs about two-thirds of Nigeria’s labor force (5). The rainfall pattern across the country decreases from the South to the North. The difference in the mean annual rainfall across the six geopolitical zones is as follows: North Central (269.938 mm), North East (300.794 mm), North West (225.395 mm), South East (442.360 mm), South South (737.836 mm), and South West (323.634 mm) (23).


TABLE 1. States in the six geopolitical zones of Nigeria.
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Data Source and Analysis

The temporal data for the national level from 2015 to 2018 of food crop production and the percentage of crops allocated for food, feed, losses, or processed in the country were compiled from the food balance sheets of the Food and Agriculture Organization. In addition, due to the paucity of data at the state level, spatial data indicating the 2017 local food production and harvested area of major crops cultivated across the 36 states in Nigeria grouped in six geopolitical zones were collated from the Federal Ministry of Agriculture and Rural Development (FMARD). The analysis is estimated at two levels, i.e., the national crop yield and percentage of the crop production allocation for food or other purposes from 2015 to 2018 and the state level from local farmers’ food production statistics in 2017.

At the national level, the food production and sufficiency potential were estimated based on a direct relationship between crops harvested area and productivity which gives us the yield per kg/ha/year, and the percentage of crop allocation for food, feed, losses, or processed in the country was estimated from equation (1) below.

The food crops estimated at the national level were rice (Oryza sativa), maize (Zea mays), sorghum (Sorghum bicolor), soya bean (Glycine max), cassava (Manihot esculenta), and yam (Dioscorea spp.). We considered these food crops based on data availability, their ability to provide satiety, and major foods consumed by most households.

The percentage allocation for the highlighted purpose was derived using the following equation:
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where Qn is food crops in our study.

Therefore, we can estimate Qn1…5 = crop [food 1, feed2, seed3, losses 4 and processed5].

At the state level, the study also compares crop production and food supplied (kg/capita/year) in the 36 states grouped in six geopolitical zones of the country using acquired local food production and population data. The food crops collated at the state level are the same as the ones assessed at the national level but with the removal of soya bean (Glycine max), and being replaced with another legume, i.e., cowpea (Vigna sinensis Savi) due to data availability at the state level.




RESULTS


National Crop Yield and Crop Allocation From Production

The results from the national food production indicate the yields per kg/ha/year for rice; cassava and yam decreased from 2015 to 2018, while maize, sorghum, soya bean, and cowpea showed minimal yield increase (Figure 1). However, the yield of these major food crops is low vis-à-vis the population demand.
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FIGURE 1. Crop yield from 2015 to 2018 (FAOSTAT).


The evaluation of cereal yields showed that rice decreased from 2015 to 2018 despite an increase in the harvested area, while maize had a slight increase in harvested area and a minimally high yield increase from 2015 to 2018. For sorghum, which is a crop mainly cultivated in the North, its harvested area reduced and the yield remained relatively constant, while soya bean had the lowest harvested area, and yield was almost as high as sorghum. In addition, yields from starchy roots also declined from 2015 to 2018, irrespective of an increased harvested area (Appendix Table 1).

In terms of crop allocation from equation (1), the results show that 95.6% of the rice produced was consumed as food, 3.4% was losses, 1% was used as seed, and none was used or processed as livestock feed from 2015 to 2018. Of the maize produced, 54–59% was available as food, 9.3–10% was losses, 0.9–1.2% was reserved as seed, 27.8–32.2% was used as feed, and 2.7–2.9% was processed. About 80% of sorghum production was available for food consumption, 4.5–4.9% was losses, 1.6–1.8% was reserved as seed, 10.5–10.7% were used as feed, and 2.5% was processed. For soya bean, 14.8–18.6% was consumed as food, 6.2–7.1% was losses, 2.4–3.6% was reserved as seeds, 5.6–13.8% was used as feed, and most of the production amounting to 59.2–71% was processed. For cassava, 42.9% was available for consumption as food, 7–8% was losses, and 49.6% was used as feed, and neither for seed nor processed. Finally, for yam, 80% was consumed as food, 12.3–13.4% was losses, 6.9–7.6% was used as feed, and similar to cassava, seeds and processed were not appropriated.



State-Level Production and Contribution to Food Supply

The results of the local food production in various states across the country in 2017 primarily indicate the cropping pattern and its resulting output. Therefore, it is observed that rice, maize, cowpea, and sorghum are well cultivated and produced in the North, while cassava production thrived in the South, and yams were more produced across the middle belt of the country. In addition, the six geopolitical zones food production further highlighted their food supply potential.

The North Central had a high production of starchy roots and tubers, with the highest production of yams, while maize had the highest production output of cereals, followed by rice, and the least production was cowpea. In the North East, the production of starchy roots and tubers was high, especially yam, while maize production remained high compared to rice, sorghum, and cowpea. The North West produced more cassava and yams, while sorghum production was the highest among cereals, followed by maize and rice.

The Southern zones performed differently in terms of quantities produced. However, the trend of producing more starchy roots and tubers compared to cereals is evident. In the South East states, more cassava is produced than yams. Maize production was high, followed by rice and cowpea. The South South zones produced more cassava and yam, and among cereals, maize production was highest, followed by rice and cowpea. A similar production trend is observed in the South West; cassava and yams are high, while maize is the highest produced cereal, followed by rice and cowpea. Due to paucity of data for sorghum production in the Southern parts of the country, the study recorded no sorghum production for the South East, South South, and South West (Table 2).


TABLE 2. 36 states grouped in six geopolitical zones outlook on population, and local production in 2017 (24).
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A significant observation from the results is that the densely populated states on the production map with low to medium food production are likely to face higher food expenditures due to the forces of demand and supply (Figure 2).
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FIGURE 2. Food production of major staples and population densities across Nigeria in 2017 (24).




The Gap in Food Supply at the National and State Levels

To determine the food supply (kg/cap/year) from local production at the state level, an assumed adjustment of 30% was made to account for post-harvest losses, livestock feed, and quantities of food sold on the local market, as no data are available for these indicators at the state level, and the result was divided by the 2016 population data. Therefore, the results from local farmer’s food production statistics show the supply of rice (26.6 kg/cap/year), maize (52.6 kg/cap/year), sorghum (24 kg/cap/year), cowpea (14 kg/cap/year), cassava (198.6 kg/cap/year), and yam (195.1 kg/cap/year). Therefore, the gap between the national and state level per capita food supply (kg/cap/year) are shown in Figure 3.
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FIGURE 3. Farmers food supply contribution to the food system in 2017 (FAOSTAT and Study).


Generally, considering the aforementioned per capita per year (kg/cap/year) supply, the low per capita consumption is a serious indication of low food production and access in the country. In contrast, the supply gap between the state level (from the study) and the national food supply (as estimated by FAO) elucidates that cassava and yam are substantial to provide per capita satiety, while maize, which is still low can be fairly considered when compared with rice, sorghum, and cowpea because these other food crops have very low per capita consumption. Therefore, the country’s food supply is suboptimal, and food insecurity will be exacerbated if there is no improvement in per capita food supply, considering future population growth. For brevity, in China, the supply of rice in 2017 was 123 kg/cap/year, while the supply in our study was 27 kg/cap/year and the national supply was 32 kg/cap/year in the same year (25). This clearly indicates, cereal production and supply are still low, while starchy roots and tubers are high in the country.




DISCUSSION

The findings of this study reiterate the cropping and production patterns of major food crops across the country. The national food production showed low and declining yields of rice, sorghum, soya bean, cassava, and yam except for maize from 2015 to 2018, despite an increase in harvested area. The problem of low yield despite farmland expansion was also observed in a study of cereal production in 10 African countries (26). Hence, persistent low yields put the country in a precarious situation of food scarcity in terms of local food supply, leaving thousands of households in Nigeria at a risk of hunger. This is also a major concern considering the Global Hunger Index which ranked Nigeria 98th out of 107 countries in 2020 and is currently 103rd out of 116 countries (27).

From the percentage of crop allocation for food, it can be deduced that despite the percentage of rice available for consumption, it is not enough to meet the demand as results show the per capita consumption is low. About 28–32% of maize produced from 2015 to 2018 is processed into livestock feed, leaving about 60% of maize consumed as food. The growing demand for the fortification and use of maize as animal feed will affect the quantity available for consumption.

Sorghum had 80% of its production available for consumption, which shows it is another major staple in Nigeria, grown more in the North (28). Apart from its nutritional qualities, it is also a component of feed for livestock and in the beverage industry. For instance, aside from its direct consumption, India uses sorghum as livestock feed and as raw material for the alcohol industry (29).

Soya beans are the least directly consumed legumes as 59.2–71% of it is processed into other forms by industry. However, these processed forms are outside the scope of this study, but countries, such as the United States, Brazil, and Argentina, produce biodiesel from soya beans (30).

One of the major staple foods in Nigeria is cassava, 43% of which is available for consumption and 49.6% as feed for livestock. The use of cassava as livestock feed is common in Africa. In Nigeria, it dates back to 1985, when the government banned the importation of maize to be used as a component for livestock feed and mandated alternatives such as cassava (31). Although the ban on maize importation was lifted around the late 1990s, cassava continued to be used in the Nigerian feed milling industry (31). In addition, Nigeria has an estimated 22.5% area under cassava cultivation, which is the largest area under cassava among other countries cultivating cassava in the world (32), and even though cassava is exported; the production is insufficient to meet local demand (33). Therefore, this reiterates the concern noted in this study of population demand outweighing production.

For yams, another important staple, about 80% was available for consumption, but a double-digit percentage was lost during post-harvest.

Overall, this study evaluated the contribution of smallholder farmers to the food supply in 2017, after adjusting for post-harvest losses, livestock feed, and marketed quantities, as compared with the FAO-estimated national food supply for the same year. The study found that rice and sorghum were below FAO national estimates, while smallholder contribution in maize, cowpea, cassava, and yam was higher than FAO national estimates. Thus, smallholder farmers are improving the supply of food, albeit below sufficiency levels.

A significant observation in our study is that food waste due to post-harvest losses remained constant for all the food crops from 2015 to 2018. Post-harvest losses are common in developing countries due to poor storage infrastructure, harvesting techniques, and handling of food crops (34–36).

Of the food crops studied, the North Central region had the highest production, not only in terms of quantity produced, but also in terms of even distribution of production across the major food crops, indicating that the region has favorable climatic conditions for growing these crops. In addition, apart from banditry and insecurity that may have influenced farming activities in the North, the North East, and the North West, cereals and starchy roots had good output. No data on sorghum production were available for the South (i.e. South East, South South, and South West) in this study, which further reduces their potential for food production in this study. Furthermore, the plausible reason for the difference in production in the country can be attributed to the different agroecological conditions, which can influence crop yields (26). The Northern area which experiences sparse rainfall cultivates more cereals, while the Southern area grows more roots and tubers (37), and rainfall increases from South to North. Therefore, the South and North Central zones had more production output from starchy roots and then from maize, rice, and cowpea.

Smallholder farmers’ contribution to food production in Nigeria can be improved to reduce food importation. However, apart from the externalities of climate impacts on food production, smallholder farmers face low support and access to agricultural inputs for their farms. According to the Nigeria Living Standards Measurement Survey of 2019 (45), farmers use inorganic fertilizers (35.4%), organic fertilizers (23.1%), and herbicides (34.7%), and 20.7% participates in extension services (38). To address the challenge of low organic/inorganic fertilizer use, farmers make use of animal waste and compost to enrich the soil. A case study in Ethiopia shows that over 80% of farmers rear livestock for organic manure and as a source of income when sold or rented to be used as farm power (39). However, this method may not be sufficient. Moreover, the Agriculture Orientation Index (AOI) for government expenditure, an indicator that measures government commitment and investment through enhanced international cooperation, rural infrastructure, agricultural research and extension services, technological development, and crop and livestock gene banks to increase agricultural production capacity (40), indicates that Nigeria’s investment in agriculture is inadequate (Appendix 1). This low investment in agriculture is not peculiar to Nigeria but is true of most African countries despite their pledge to promote food security and poverty reduction by signing the Maputo Declaration on Agriculture and Food Security in 2003 (41). In addition, the land tenure system in Nigeria in addition to bureaucracy restrains citizens to acquire lands easily compared to other African countries such as Rwanda and Botswana (42). This limits the ability to improve food production, as demand will be at the mercy of food imports.



CONCLUSION

In this study, an attempt was made to ascertain the percentage of crops produced in Nigeria for food or other purposes, and whether smallholder farmers are able to put the country on the path of self-sufficiency and provide satiety from their local production considering their fragmented farm sizes.

In sum, post-harvest losses have been constant from 2015 to 2018 and the percentage allocated to feeding livestock is increasing. At the same time, per capita supply is low for cereals, raising serious concerns about food availability for the teeming population. In order to reduce post-harvest losses and increase food availability, investment in adequate storage facilities for agro-produce is a welcome development as it will not only increase food availability but also improve farmers’ income and livelihoods.

The study showed that smallholder farmers improved food supply; however, it is not able to provide the country with the much-needed production to be self-sufficient, especially in cereals as findings show cereal productions are low and not sufficient. In addition, yields are equally low and declining despite farmland expansion, which poses a food insecurity challenge for a growing population such as Nigeria.

The North Central region shows a promising potential to have the capacity to produce food. However, when given adequate agricultural support, the six geopolitical zones are able to diversify their food productions to crops that are within the agroclimatic conditions, especially cereals, and complement each other.

This study suggests that closing the yield gap, especially for cereals, as an increase in cereal production contributes significantly to an increase in calorie availability and income for farmers and households in the country (18). Furthermore, the study suggests a sustainable balance between the uses of food crops for animal feed to reduce pressure on land resource use. This suggestion aligns with the opinion of available research to reduce the quantity of food crops used for livestock feed, as it is an unsustainable way to provide calories for human consumption and seek alternative ways (10, 43).

In addition, the study suggests private investment and collaborations with international community to improve agriculture and harness the potential of the different agroecological conditions across the country. In the meantime, promoting dry season cultivation through irrigation to encourage dual-season harvest will assist in food production. The country has low irrigated cultivable land and most of the existing irrigation schemes have become obsolete due to high operating costs and poor maintenance culture (44). Therefore, a revamp and adequate funding of critical sectors in charge of water and irrigation access is a step in the right direction. This is because available literature on the use of irrigation has proven to increase crop yield. For example, China and India have the most irrigated areas among developing countries, which ultimately increase their crop yields (3).

Other proposed measures to increase production and food sufficiency are implementing a “crop structural adjustment” program, whereby smallholder farmers in different states are supported and funded by national, state, and nongovernmental agencies to produce crops suited to their different agroclimatic conditions.

Overall, this study provides a useful approach for evaluating local farmer’s contribution to food sufficiency and the need for targeted external support on food production, especially cereals, and the exigency to reduce post-harvest losses.

There are limitations in our study such as the food crops were limited which influenced the outcome of some results particularly in states in the Southern zones of Nigeria such as no sorghum cultivation data in the South. In addition, the FAO food balance sheet had its limitations such as no national data for cowpea, therefore, the reliance on secondary data for the assessment.

There was a paucity of data to show post-harvest losses and the amount of food produced sold or given to livestock at the local farm level and an assumed percentage value was used. This may have influenced the outcome of the study.

In the future, the study serves as a guide for further research and sustainable policy development in this area.
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APPENDIX


TABLE A1. National harvested area (ha) and yield (kg/ha) (FAOSTAT).
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APPENDIX A1. Agriculture orientation index for government expenditure in Nigeria. An AOI > 1 means the agriculture sector receives a higher share of government spending relative to its economic value. An AOI < 1 reflects a lower orientation to agriculture (40).
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