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ABSTRACT

Cereal production in Sub Saharan Africa (SSA) is inadequate for supporting population
nutritional demands. Nutrient mining of nitrogen (N) has taken place in all areas where
cereals are produced in SSA. This review reports on the nitrogen use efficiency (NUE)
of Sub Saharan Africa cereal grain production. For SSA, NUE’s exceed 100%. In light
of the low N application rates, high NUE’s speak to a much bigger and potentially
damaging situation for cereal production in SSA. Limited supplies of N, the continual
rise in prices and elevated economic risk of N fertilization, combined with existing
low yield levels of cereal production reiterates the importance of NUE in SSA and the
importance of aiding this region in overcoming its dysfunctional agriculture production
systems. High NUE’s for SSA are a direct result of applying so little fertilizer N, at the
ultimate expense of mining an already depleted soil resource.

Keywords: nitrogen, rice, wheat, corn, nutrient uptake, fertilizers, soil fertility

INTRODUCTION

Current production of cereal grains in Sub Saharan Africa (SSA) is inade-
quate for supplying the nutritional demands of the rapidly growing African
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2108 D. E. Edmonds

population. Sanchez et al. (1997) linked the origin of declining per capita
food production in SSA to soil nutrient management and further noted that
production will undoubtedly fail to meet the nutritional needs of the African
people until issues within soil fertility are addressed. Furthermore, their find-
ings showed, until recently, the primary focus of research and extension in
SSA was not soil nutrient management, but rather the development of higher
yielding varieties, adoption of conservation tillage, and minimization of soil
erosion. The failure to improve soil fertility and nutrient use efficiency has
fueled environmental degradation, food insecurity, and the need for outside aid
(Mafongoya et al., 2006).

Cereal Production in Sub Saharan Africa

Agriculture is the largest economic sector in SSA, engaging 70% of all Africans
(Sanchez, 2002). The most widely cultivated cereal crops in SSA are maize
(Zea mays L.), sorghum (Sorghum bicolor L.), millet (Pennisetum glaucum L.),
and rice (Oryza sativa L.). Being the largest crop produced, maize has cultural,
economic, and political significance in SSA and is the dominant staple food for
much of eastern and southern Africa while greater dependence on millet, rice,
and sorghum is found in western Africa (Doward et. al., 2004). Sorghum and
millet are the second and third, respectively, largest produced crops in SSA,
while rice is a relatively new crop for the region (Maredia et al., 2000).

Maize is the most widely cultivated crop in SSA and is the most important
food staple, accounting for up to 70% of the total human caloric intake (Byerlee
and Heisey, 1996; Martin et al., 2000). Maize is high yielding, affordable, and
easily digestible. Grains, cobs, stalk and tassel are used for both food and non-
food products. The grain is commonly eaten as a starchy base in the form of
porridges, pastes, and grits. Throughout the dry season, green cobs are eaten
in an attempt to solve hunger problems. Almost all maize produced in SSA is
used for human consumption with less than five percent used for animal feed;
the exception being South Africa which uses half as animal feed (Byerlee and
Eicher, 1997).

Sorghum is the traditional staple grain food for SSA and is the second
largest cereal grain produced. It is grown throughout SSA; this is important
because sorghum can produce yields under climate conditions where most
other crops fail (Djurfeldt, 2005). Sorghum is used in porridges, pastes, and
beverages, and has begun to be used for instant soft porridge and malt extracts
(Taylor, 2003).

The third largest cereal grain crop produced in SSA is millet. Millet, which
can tolerate a wide variety of climates, is another traditional staple grain crop
for SSA. It is a valuable energy source in the diet with a protein content ranging
from nine to 21%. Of the millet produced, 78% is used as a food source for
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NUE in Sub Saharan Africa 2109

human consumption, while 20% is used for beverages and other purposes.
Approximately two percent of the production is used as animal feed.

The fourth largest cereal crop produced in SSA is rice. Production in east
and west African regions accounts for 95% of the total production in SSA and
is cultivated in dry land, paddy, and floating cropping systems. Approximately
20 million SSA farmers grow rice and nearly 100 million Africans depend on
rice as their source of income.

Import—Export Considerations

Over the next two decades global food demand is expected to increase by
around 50%; 80% of this originating from developing countries, particularly
those in SSA (Dar and Twomlow, 2007). The growth rate of food production
in SSA is two percent which is lower than the annual population growth rate
of three percent. As a result, the percentage of the population undernourished
and living in poverty (earning less than US $1 per day) has increased in SSA.
During a 12 year period, the number of undernourished persons rose from 170
to 204 million, comprising almost one-third of SSA’s population, of which
45 percent is under the age of 15 (Kidane et al., 2006).

Imports account for 25% of total cereal consumption and 15% of maize
consumption in SSA (Kidane et al., 2006). Cereal deficits in SSA are the largest
in the world and this problem is exacerbated by rapid population growth, low
productivity of local varieties, and declining soil fertility. For example, due to
low productivity of local rice varieties, local markets are dominated by imported
rice varieties (Nwanze et al., 2006). Furthermore, cereal imports in SSA are
increasing at an annual rate of more than 20% (Saverimuttu and Rempel,
2004), serving to supplement inadequate local grain production. In addition to
imports, food aid accounts for five percent of the total cereal consumption of
SSA (Kidane et al., 2006).

Non-Governmental Organizations

Nongovernmental organizations (NGO) and community based organizations
are active parties in the quest to improve the nutritional status and well being
of SSA through agricultural research and related activities, thereby reducing
the need for imports and food aid. Increased agricultural production in a sus-
tainable manner would improve the lives of women and children, the dominant
population of SSA (FAO, 1996; Pingali, 2001). For example, the International
Institute of Tropical Agriculture (IITA), together with other NGO’s and com-
munity based organizations, are currently active in promoting the conservation
and utilization of plant genetic resources among local farmers. Reports from 39
SSA countries show 77% of the countries have operating agricultural extension
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2110 D. E. Edmonds

services. Many of the NGO’s are highly involved in agricultural extension and
in promoting sustainable production. One focus of NGO programs is the lack
of a reliable seed production system and poor quality seed from traders. As
a result of the efforts of NGOs, 25% of SSA countries have passed a Seed
Act, stipulating specific seed quality regulations. The remaining 75% of SSA
countries do not have legislation governing the sale and distribution of seeds
(FAO, 1998).

Fertilizer Use—Nitrogen (N) and Nitrogen Use Efficiency (NUE)

Grain yields from improved plant varieties have stopped rising as fast, and plant
scientists agree that they are approaching physical limits to producing increas-
ing amounts of a plant’s weight in grain (Mann, 1997). Since the 1990s, it has
become apparent that to increase crop production to the yields needed to sus-
tain the growing population, especially in SSA, without further degradation of
the natural resource base, inorganic fertilizer additions are required (Sanginga,
2003). Nitrogen Use Efficiency {NUE = [(total cereal N removed) − (N com-
ing from the soil + N deposited in rainfall)]/(fertilizer N applied to cereals)}
(Raun and Johnson, 1999), is vital to be able to meet global demands for food,
animal feed and fiber, and for minimizing environmental problems (Mosier
et al., 2005).

Inorganic fertilizer has played an important role in increased crop pro-
duction and consequently in feeding the growing world population. The Green
Revolution which combined higher yielding grain varieties with increased use
of chemical fertilizers enabled much of Asia and Latin America to achieve
agricultural self-sufficiency in the 1960s and 1970s (Mann, 1997). However,
the Green Revolution has never been fully applied to some of the world’s
poorest areas, especially SSA. Sub Saharan Africa agricultural production is
characterized by eroded soil, N deprivation, and a lack of soil organic matter.
With sufficient water and fertilizer, these deficiencies can be overcome (Mann,
1997).

The increase in human population and soil degradation has lead to a sig-
nificant decrease in the per person available area for food production. In 1960,
an average of 0.5 hectares per person of agricultural land was available world-
wide, but by 2002 the area per person had decreased to 0.23 hectares. In
developing countries, as is the case for SSA, available land for conversion to
agricultural use is limited (Tan et al., 2005). The conversion of land to agricul-
tural use accelerates land degradation and is threatening biological resources
and agricultural productivity which is the mainstay of the economy for much
of SSA. The deforestation and subsequent cultivation of land in SSA has led to
the exponential decline of total N in the 0–10 centimeter soil layer. The nutrient
balance for arable and permanent crop land in Africa from 1961–1998 showed
that nutrient depletion has been increasing and for 1998 was 3.5 million metric
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NUE in Sub Saharan Africa 2111

tons of N (17.4 kg N ha−1 yr−1). Nutrient audits for six SSA countries (Kenya,
Malawi, Nigeria, Uganda, Zambia, and Zimbabwe) for the period 1961–1998
show that for most countries N, phosphorus (P), and potassium (K) nutrient
depletion rates have increased (Sheldrick and Lingard, 2004). Increasing fertil-
izer use is essential to preventing soil degradation and increasing global yields
(Lal, 2000), especially those of SSA.

Fertilizer use in developing countries has changed significantly in the last
decades. For developed countries, the peak in fertilizer use was around 1980,
but for developing countries as a whole it has been increasing and has not
peaked. Bumb and Baanante (1996) estimate an increase in fertilizer use of
130 million tons of nutrients by 2020. However, this increase will be concen-
trated in parts of Asia and Latin America. Fertilizer use in SSA is predicted to
increase by 10 million tons in the same period. Globally, higher cereal yields
are likely to be achieved through a combination of increased N applications
in regions with low N fertilizer use such as SSA and parts of Asia and Latin
America, and improved NUE in countries where current N fertilizer use is
already high (Dobermann, 2006).

Major Obstacles to Nitrogen Management in SSA

High external input technologies, lack of infrastructure, research, development,
and extension are major obstacles to increasing fertilizer application rates in
SSA (Howard et al., 1999). The fertilizer supply is limited and the cost is
prohibitive for SSA farmers because fertilizer may cost as much as five times
the global market price (Mosier et al., 2005). As a result of high fertilizer costs,
application rates in SSA are the lowest in the world and continue to decline
even though soils in SSA are considered as poor as those in Latin America and
Asia (Kidane et al., 2006). The high cost of fertilizer necessitates the need for
NUE to be maximized as it is vital to increase farmer profits derived from the
application of fertilizer at the correct time in the correct amounts (Wong and
Nortcliff, 1995).

The lack of infrastructure is a major factor influencing the cost of agricul-
tural inputs in SSA. For a successful and sustainable increase in grain produc-
tion to occur, an investment in infrastructure will have to occur (Mann, 1997).
Infrastructure is needed to provide access to fertilizers and other inputs and for
the delivery of products to local, national, and international markets (Mosier
et al., 2005). The lack of infrastructure contributes to the existing food insecu-
rity in SSA. Harvested crops do not move at reasonable rates from food surplus
to food deficient areas resulting in food emergencies (Kidane et al., 2006).
As a result of the inability to maintain infrastructure, instability for access to
agricultural inputs and markets has occurred. Infrastructure would increase the
opportunity for SSA to revive its economy (Mbwana, 1997), along with new
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2112 D. E. Edmonds

technology, which would be a stepping stone in furthering the possibility of
SSA becoming a part of the global community.

The greatest challenge to increasing grain yields in SSA is an overall lack
of access to improved agricultural technologies and inputs that are combined
with inadequate agricultural supporting services, created by a lack of funding
and a lack of expert knowledge in the region (Kidane et al., 2006). Due to the
belief that technology was not making a difference, funds that were provided by
organizations such as the United States Agency for International Development
(USAID) dropped between 1986 and 1991 (Oehmke and Crawford, 1996).
Worldwide agricultural research funding is diminishing (Mann, 1997). How-
ever, agricultural research is absolutely vital to producing enough food for the
world’s growing population while sustaining the natural resource base on which
agriculture depends (Pardey et al., 1996). Better technology and marketing is
vital to solving the food issues of SSA (Djurfeldt and Larsson, 2004). Grain
yields can at least be doubled, frequently tripled, and in some cases quadrupled
through the application of the best technology (Mann, 1997). Creating partner-
ships and maintaining engagement in the process is the single most important
challenge to bringing science and technology to farmers and thereby increase
the agricultural productivity and raise the standard of living for all people re-
siding in SSA (FAO, 1996). The result is improved food security and economic
growth that can in turn reduce political instability and conflict within the region
that leads to pressure on developed countries in the form of humanitarian crisis,
emergency aid and military interventions (Pardey et al., 1996).

RESULTS

For this analysis, South Africa was included in all Sub Saharan Africa statistics,
consistent with that recognized by the World Bank (World Bank, 1993).

Sub Saharan Africa currently has a population approaching 800 million
people. It is growing annually by an alarming 19 million people per year
(Figure 1). Despite this significant increase, it is somewhat misleading since
SSA incurs 2 million deaths per year due to acquired immune deficiency
syndrome (AIDS), and a total population of 24,500,000 people are living with
the disease (AVERT, 2008). For comparative purposes, malnutrition and/or
other diseases are responsible for 8.8 million deaths in this region per year
(Jamison et al., 2006). Feeding an additional 19 million people in a currently
depressed society further compromises the effectiveness that over-stretched
assistance agencies can deliver.

While population has increased in SSA in the last 10 years, fertilizer N
consumption decreased over this same time period (Figure 2). This statistic, like
many others for SSA, is extremely disturbing since without N, protein simply
cannot be produced. Adequately feeding the current population of 800+ million
people with the Food and Agriculture Organization (FAO) minimum of 2500
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Figure 1. Change in population in Sub Saharan Africa from 1995 to 2006.

calories per day (FAO, 1950) is not being achieved, and further exacerbated
with the additional mouths that need to be fed each year. Furthermore, the World
Health Organization reports approximately 206 million SSA people have iron
deficiencies, 86 million are affected by iodine deficiencies, and up to 31 million
have vitamin A deficiencies. These deficiencies are due in large part to the low
consumption of most vitamins based on the daily recommended intake rate
(van Heeden and Schonfeldt, 2004).

Despite the decrease in fertilizer N consumption in SSA, cereal production
from 1994 to 2006 has increased (Figure 3). It should be noted, however, that
the increases from year to year have been highly variable, partly due to the

Figure 2. Total fertilizer N consumed in Sub Saharan Africa, 2002 to 2005.
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Figure 3. Total cereal grain production in Sub Saharan Africa, 1994–2006.

environmental changes and political instability (data not reported). This is
possibly due to slight increases in the area that has come under production,
and an overall increase in production per unit area for this region (Figure 4).
The latter is due to improved varieties and hybrids and the adoption of more
sustainable production practices.

Maize

Maize production in SSA increased from 1994 to 2006 (Figure 5), while the
area harvested has remained steady at 25 million hectares over the same time
period. Production per unit area increased from 1198 kg ha−1 to 1557 kg ha−1

in this same 13 year span. This is comparable with changes in maize production
noted in other third world countries over the past decade. Thus, in order to feed
19 million additional people per year in SSA with 2500 calories per person

Figure 4. Total harvested area for cereal production in Sub Saharan Africa, 1994–2006.
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Figure 5. Total maize production in Sub Saharan Africa, 1994–2006.

per day using a 70 percent maize diet as the caloric source, an increase of
3,622,761 tons per year would need to be produced. This in turn would require
90,569 additional tons of N fertilizer at an NUE of 50%, and assuming a 1.25%
total N value in the maize grain. Work conducted by Fofana et al. (2005) in
Togo would support this endeavor in which they found an increase from 0.4 to
2.8 ton ha−1 of maize grain yield due to N application.

Sorghum

Sorghum production in SSA increased from 1994 to 2006 (Figure 6) as has
the area harvested. Production per unit area has increased overall from 775 kg
ha−1 to 890 kg ha−1; however, it is highly variable from year to year. Over-
all, sorghum yields are low when compared with other similar dryland re-
gions. However, Ouedraogo et al. (2007) working in Burkina Faso showed that

Figure 6. Total sorghum production in Sub Saharan Africa, 1994–2006.
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Figure 7. Total millet production for Sub Saharan Africa, 1994–2006.

moderate rates of sheep manure (40 kg ha−1) and urea (40 kg ha−1) could
produce yields up to 8,300 kg ha−1. Thus sorghum responds well to low or
moderate rates of additional N fertilizer.

Millet and Rice

Although the harvested area for millet has remained steady at 20 million
hectares from 1994 through 2006, production has increased (Figure 7). This is
due to increases in production per unit area. As with other crops, low millet
yields can be attributed to nutrient deficient soils. Bationo et al. (1992) reported
millet yield per unit area increases of 125% on farmer’s fields when adequate
P was added, and increases of 185% when both N and P were added.

Rice production in SSA has increased slightly for the time period 1994 to
2006 (Figure 8). This is due to increases in harvested area and to increases in

Figure 8. Total rice production for Sub Saharan Africa, 1994–2006.
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Figure 9. Estimated nitrogen use efficiency for cereal production in Sub Saharan Africa
including and excluding South Africa, 2002–2005.

production per unit area. For the 13 year period, harvested area has increased
from slightly more than 63 million hectares to more than 82 million hectares.
For the same time period, production per unit area has also increased from 1841
kg ha−1 in 1994 to 2142 kg ha−1 in 2006.

Estimated Nitrogen Use Efficiency in Sub Saharan Africa

From 2002 to 2005, estimated cereal nitrogen use efficiency for sub Saharan
Africa including and excluding South Africa is reported in Figure 9. Whether
or not South Africa was included, estimated NUE’s exceed 100 percent. On
the surface this would suggest that SSA is doing a remarkable job of managing
fertilizer N. However, the reality is that so little fertilizer N is used (average of
4 kg N ha−1) that the estimates of NUE using the difference method (Varvel
and Peterson, 1991) are grossly exaggerated (Table 1). Furthermore, this is
misconstrued because nutrient mining, particularly N has taken place in virtu-
ally all areas where cereals are produced in SSA, and as a result, the natural
soil resource is on the brink of exhaustion. Reporting on these high NUE’s
is important, but their levels in light of N application rates speak to a much
bigger and potentially damaging/explosive situation for cereal production in
this region.

This situation is very much like the symptoms noted in starving children
who ironically show bloated stomachs when in fact they are nutrient deprived.
Farmers in SSA have removed large quantities of nutrients from the soil over the
course of decades, without using sufficient quantities of manure or fertilizers
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to replenish the soil (Sanchez, 2002). The extensive nutrient mining of soils
in SSA and full knowledge of the lack of nutrient additions has led to a very
similar “false interpretation” of the situation at hand.

DISCUSSION AND CONCLUSIONS

Nitrogen use efficiency in SSA is estimated at more than 100%. The high
NUE is a misleading characterization of the SSA cereal production system
and results from the low average application rates of N. The increasing gap
between population and cereal production is influenced by low fertilizer use and
difficulties associated with implementing external input technologies, which in
turn result in low productivity and diminished soil quality.

Sanchez (2000) states that crop production needs to be increased by 40 per-
cent and meat production by 58% by 2020 in developing nations in order to meet
the demand of an ever growing population. Furthermore, Sanchez and Leakey
(1997) report that high post harvest losses, decreased rainfall and increased
temperatures, pest and disease, soil erosion, nutrient mining, and declining hu-
man health are among the problems facing SSA and that challenge even more
its capacity to improve agriculture. Limited supplies of N, the continual rise in
prices and elevated economic risk of N fertilization, combined with the existing
low yield levels of cereal production systems reiterates the importance of NUE
in SSA and the importance of aiding this region in overcoming the challenges
its agriculture production systems must take on.
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