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A successful revolution is where we would see soil health restored, through agroforestry tech
niques and organic and mineral fertilizers, among other solutions. 

-Former UN Secretary General, Kofi Annan on July 5, 2004, at a meeting to 
deliberate on the hunger millennium development goal (MDG) in Addis Ababa. 

3.1 INTRODUCTION 

Poverty, soil nutrient depletion and low agricultural productivity are interlinked (Lipper 2001) and 
have escalated food and nutritional insecurity (FAO 2015a; Masila et al. 2015; FAO 2017), as well as 
poor human health in sub-Saharan Africa (SSA) (Sanchez and Swaminathan 2005a; FAO 2015a,b; 
UNICEF, WHO and World Bank 2018). SSA is the only region in the world where hunger and mal
nutrition have remained high and are on the increase, with hunger prevalence exceeding 30%, way 
above the global average of 22.2% (FAO et al. 2018; UNICEF et al. 2018). Over 90% of the hungry 
in SSA are characterized as chronically malnourished, accounting for 80% of the world's hunger 
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2018 Global Hunger Index by Severity 

FIGURE 3.1 (See color ins~rt.) World hunger hot spots defined as those regions in the world where at least 
20% of children under the ag!j of five are stunted and underweight (http://www.globalhungerindex.org/result 
s/ accessed on October 19, 20~8). 

hot spots (Figure 3.1: UNI(;EF et al. 2018), which are defined as those regions of the world where 
over 20% of children under the age of five are stunted and underweight (Sanchez and Swaminathan 
2005). Hunger and malnutrition cost SSA up to 10% of its gross domestic product (GDP) annually 
(Sanchez and Swaminathan 2005b); and at least 57% of deaths due to malaria in SSA, estimated to 
exceed one million, can be avoided by tackling hunger and malnutrition (Snow and Mumbo 2006), 
especially among those entangled by deep poverty traps beyond the reach of markets (Sachs et al. 
2004). 

Soil nutrient depletion ill, therefore, not only a serious threat to food security and sustainable 
agriculture but also to the health and \Well-being of the people in SSA (Sanchez and Swaminathan 
2005b; Baanante and Henflo 2006). Soils across .most countries of SSA are severely weathered, 
fragile and inherently oflow to moderate fertility (Bationo et al. 2006; Pinheiro and Grashey-Jansen 
2016). Unabated nutrient mining of such soils is the primary contributor to hunger, malnutrition 
and poor health, especially among households with ~>mall landholdings (Sanchez and Swaminathan 
2005b). If the trend is not reversed, SSA is projected to need to import over 60 million Mg yr1 

of cereals, tubers and leg1.1mes by the year 2020 (Baanante and Henao 2006). Soil nutrient min
ing occurs when nutrients removed from the soil are not replenished, resulting in depletion of soil 
nutrient stocks (Majumdar et al. 2016). Soil nutrient depletion refers to all nutrient losses from soil 
through both natural and human-induced processes (Tan et al. 2005). Unlike natural or geological 
processes, anthropogenic processes of soil nutrient depletion can be controlled and their impacts 
minimized (Tan et al, 2005). Moreover, even natural processes of nutrient losses such as soil erosio!l 
and leaching are often exacerbated by anthropogenic activities such as overcultivation, overgrazing, 
insufficient or no inputs for replenishing lost nutrients, unbalanced fertilization and accelerated soil 
erosion (FAO 2003; Tan et al. 2005). 

Continuous nutrient mining and depletion of soil nutrient stocks leads to a deterioration in socio
economic welfare, soil res9urce sustainability, environmental quality and reduction in crop yields 
(Tan 2005). Miller and Larson (1992) cautioned about the devastating impact of unchecked human~ 

induced nutrient depletion on soil nutrient cycling and productivity .. Out of the near 135 million 
hectares (Mha) of soils reported to be prone to nutrient exhaustion in the year 2000, about 45 Mba 
were in Africa alone (Osgood 2001; Tan et al. 2005). Restoration of depleted soils is therefore the 
first entry point toward increasing agricultural productivity and tackling hunger and malnutrition in 
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SSA (Sanchez and Swaminathan 2005; Bekunda et al. 2010). Calls have been made regarding the 
urgent need to invest in replenishing and recapitalizing soil nutrient stocks in SSA (Sanchez et al. 
1997; Sanchez and Swaminathan 2005). Yet across this region, many farmers continue depleting 
the soil without replenishing removed nutrients and conserving soil water (Ryan and Spencer 2001), 
with a knock-on effect on human and environmental health (Tan et al. 2005). Moreover, much of 
the debate about soil nutrient mining and depletion continues to ignore the role that farmers play in 
shaping the processes of nutrient depletion and environmental change (FAO 2003). 

This chapter focuses on soil nutrient balances as quantifiable indicators of soil nutrient mining 
and depletion as well as the sustainability of farming systems and practices in SSA. It then draws 
attention to the interpretation and application of information about soil nutrient balances as the 
drivers of soil nutrient mining and depletion, drawing from case studies to shed light on potential 
interventions to spark off the reversal of the hitherto unabated downward spiral of soil nutrient 
depletion in SSA. The aim is to highlight the serious situation of soil nutrient depletion in SSA and 
to demonstrate the important part that nutrient balances could play in assessing future prospects for 
tackling food and nutritional insecurity as well as ill health in SSA. Thereafter, the chapter delves 
into approaches to arresting soil nutrient mining and depletion to demonstrate the fact that there is 
no "one-size-fits-all" approach to reversing decades of unabated soil mining in SSA but a package 
for which organic fertilizers, biological nitrogen fixation (BNF) and mineral fertilizers are crucial, 
coupled with proper crop combinations, sound agronomic practices and soil water conservation. 
Finally, the conclusion draws attention t6 research imperatives to inform and guide climate-smart 
pathways to arresting and/or reversing soil nutrient mining and depletion in SSA. 

3.2 OVERVIEW OF SOIL MACRONUTRIENT MINING 
AND DEPLETION IN SUB-SAHARAN AFRICA 

The literature on the dynamics of nutrient stocks, flows and net balances in SSA first came to light 
following a continental study by Stoorvogel and Smaling (1990) based on six climate-based land 
water classes (cited by FAO 2003), which put average nutrient depletion rates in Africa at 22 kg 
N, 2.5 kg P and 15 K kg ha-1 yr1. Summed together, the 39.5 kg NPK ha-1 yr1 depletion rate in 
this continental study was over four times the average fertilizer consumption for SSA (Henao and 
Baanante 1999; Africa Fertilizer Summit 2006). 

3.2.1 CouNTRY-LEVEL SoiL NuTRIENT MINING AND DEPLETION IN Sus-SAHARAN AFRICA 

Macronutrient balance sheets from the 44 countries considered (Table 3.1) indicated that net bal
ances were positive for only three countt·ies: Mauritius, Reunion and the Libyan Arab Jamahiriya. 
Soil macronutrient depletion rates exceeded 60 kg NPK ha-1 yi- 1 in more than 52% of the countries 
(Table 3.1), with depletion rates ranging from - 14 kg NPK ha-1 yr1 for South Africa to -136 kg NPK 
ha-1 yr1 for Rwanda (Henao and Banaante 1999; FAO 2003). This implies that even if the African 
Union (AU) heads of state had delivered on their commitment to raise average fertilizer consump
tion in SSA from 8 to 50 kg NPK ha-1 yr1 (Africa Fertilizer Summit 2006), it would not reverse 
decades of unabated soil nutrient mining estimated at 60 kg NPK ha-1 yr1 in more than 52% of the 
countries. The situation would even be worse in the highland areas of countries such as Rwanda, 
Ethiopia (Henao and Baanante 1999, 2006) and Uganda (Bekunda and Manzi 2003), with extt·eme 
levels of soil nutrient depletion rates. Yet, country-level soil nutt·ient depletion rates grossly underes
timate actual soil nutrient depletion that occurs at farm and plot levels (see subsequent subsections). 

3.2.2 COUNTRY-LEVEL SOIL NUTRIENT DEPLETION AT MACRO-, MESO- AND MICRO-SCALES 

Soil nutrient depletion rates have also been quantified for countries in SSA at different scales of 
assessment and specified field conditions (Table 3.2). Results indicate that at the macro-scale, the 
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TABLE 3.1 ' 
Average Soil NPK Depletion Rates (kg ha-1 yr-1) in Sub-Saharan 
Africa, 1993~1995 

Soil macrorwtrient depletion rates in sub-Saharan Africa (kg NPK ha-1 yr1) 

High(> 60) 

Burkina Faso 

Bmundi 

Cameroon 

Cote d'Ivoire 

DR Congo 

Ethiopia 

Gambia 

Ghana 

Guinea 

Guinea-Bissau 

Kenya 

Liberia 

Madagascar 

Malawi 

Mali 

Mozambique 

Nigeria 

Rwanda 

Senegal 

Somalia 

Swaziland 

Uganda 

United Republic of 

Tanzania 

Source: FAO (f.003) 

Medium (30-60) Moderate/low(< 30) 

Benin Algeria 

Cape Verde Angola 

Central African Botswana 

Republic 

Chad Egypt 

Congo Morocco 

Equatorial Guinea South Africa 

Gabon Tunisia 

Le$otho Sudan 

Mauritania Zambia 

Niger 

Sierra Leone 

Togo 

Zimbabwe 

soil nutrient depletion rate:;; ranged from -12 kg N ha-1 yc1 for cotton-based farming systems in 
Mali to -38 kg N ha-1 yc1 in Kenya, and from 0 to -;-4 kg P ha-1 yc1 in Kenya and under cocoa-based 
cropping systems in Ghana, The depletion rates forK were the lowest under cotton in southern Mali 
(-6.6 kg ha-1 yc1) and the highest in Kenya (-23 kg ha-1 yc1). 

At the meso-scale, the nitrogen depletion rates ranged from 0 to -112 kg ha-1 yc1 in southern 
Mali and Kisii District, Kenya, respectively. For phosphorus, the depletion rate was the lowest under 
cocoa-based cropping syst~ms in Ghana (-0.5 kg P ha-1 yc1) and the highest in Embu District in 
Kenya (- 15 kg ha-1 yc1). Similarly, the K depletion rate was the lowest under cocoa in Ghana (-11 kg 
ha-1 yc1) but the highest in Kisii District in Kenya (~70 kg ha-1 yc1) . At the micro-scale, theN and 
P depletion rates were the lowest among the farmers classified as rich in southern Ethiopia (-3 kg 
Nand -1.6 kg P ha-1 yr-1) but the highest in eastern Uganda and southern Ethiopia (-125 kg Nand 
- 30 kg P ha-1 ycl, respectively). This wealth of information has since been coupled with advance~ 
in information science and communication technology to generate maps painting a picture of the 
magnitude of soil degradation engineered by soil nutrient mining and depletion in Africa (Figure 
3.2). The level of soil nutrient depletion in SSA is both extreme and worrying. It lends support to 
the concerns already raised about the nexus between poverty, environmental degradation, food and 
nutrition insecurity that ary destroying the lives of :many in this African subregion (Figure 3.1). 

3.3 INTERPRETATION OF SOIL NUTRIENT MINING AND DEPLETION 
IN SUB-SAHARAN AFRICA AND IMPLICATIONS 

Soil nutrient balances at the continental, the country, the district and even the farm level are cru
cial for creating awarenes::; among policymakers, researchers and stakeholders of the dangers to 
food security and to agric11ltural sustainability that arise from unabated soil nutrient mining and 
depletion. The shock waves from the Stoorvogel and Smaling (1990) study precipitated campaign~ 



Maki ng Sense Out of ~0il Nutrient Mining and Dep letion in Sub-Saharan Africa 43 

TA BLE 3.2 
Soil Nutrient Balances for Selected Countries in Sub-Saharan Africa at Macro-, Meso- and 
Micro-Scales of Assessmentt 

Nutrient balances (kg ha-1 yr1 ) 

Scale Site Special N p K Source 

Macro Sub-Saharan Afdca - 22 -2.5 -15 Stoorvogel and 

Smaling ( 1990) 

Africa* Henao and 

Baanante (1999) 

Ghana Spatially explicit -27 -4 - 21 FAO (2003) 

Kenya Spatially explicit - 38 0 - 23 FAO (2003) 

Mali Spatially explicit -12 - 3 - 15 FAO (2003) 

Koutiala Region, Mali Cotton-based - 12 1.4 -{).6 FAO (2003 

system 

Meso Kisii District, Kenya -112 - 3 - 70 Smaling et al. 

(1993) 

Embu District, Kenya Tea coffee dairy -96 - 15 - 33 FAO (2003) 

system 

Southern Mali Optimistic and - 25 0 -20 Van der Pol ( 1992) 

pessimistic 

view 

Nkawie District, Ghana Cocoa-based -18 - 1.9 - 20 FAO (2003) 

system 

Was sa Arnenfi Cocoa-based -4 -0.5 -11 FAO (2003) 

District, Ghana system 

Micro Southern Mali Participatory - 8.2 8.5 7.4 Ramisch (1999) 

approach 

Southern Ethiopia Different -55 to - 6 - 1.6 to - 30 Elias et al. (1998) 

socioeconomic 

households 

Northwest United Banana-based - 76 to 80 - 5 to 43 - 50 to 199 Baijukya and 

Republic of Tanzania system Steenhuijsen de 

Baijukya et al. 

(1998) 

East and central Uganda - 125 to - 3 -5 to - 2 - 11 to-9 Wortmann and 

Kaizzi (1998) 

United Republic of Sisal plantation -13 - 2.8 -38 Hartemink (200 1) 

Tanzania 

Kenya All farms - 71 +3 -9 De Jager et al. 

(1998) 

East Africa -41 -4 - 31 Bekunda et al., 

2002 

Southern Mali Partial balances -36 to - 27 2.3 to 5.8 - 32 to -11 Kante (2001) 

Cameroon Forest reserve -{).5 - 5.5 -30.8 Kanmegne et al. 

(2006) 

Senegal Maize sorghum - 23 - 2.6 -'28.3 Bationo et al. 

cotton groundnut (1998) 

rotation 

Notes: tDedved by updating FAO (2003). 

• Nutrient balance ranged from - 14kg NPK ha-1 year ' for South Africa to - 136 kg NPK ha-1 year' for Rwanda. 



44 

0Low 

0 Mgderate 

Hif;Jh 

• Ve,ry high 

Soil Degradation and Restoration in Africa 

FIGURE 3.2 Soil degradation as a result of soil nutrient mining and depletion in Africa (FAO 2003). 

to "recapitalize" the depleted soils of SSA, published in the 1997 special issue of the journal Soil 
Science Society of America, (Sanchez et al. 1997). A year later, the 1998 special issue of the journal 
Agriculture, Ecosystems and Environment was devoted to consolidating research on soil nutrient 
balances in SSA (Bekunda et al. 2010). 

However, soil nutrient b11lances at scales above the field or plot levels grossly underestimate soil 
nutrient depletion rates at field or plot levels because even nutrients in garbage heaps, kraals, pit 
latrines, abattoirs and landfills within the scale of assessment are considered as part of inflows or 
stocks. In reality, such nutrients only contribute to soil replenishment if they are redistributed to 
the actual fields where they were extracted from. Olupot et al. (2006) found net balances of +4.5 
kg N, +20.2 kg P and -24.8 kg K ha-1 yr1 at farm level, translating into a total NPK depletion rate 
of -0.1 kg ha-1 yr1. However, at plot level, depletion rates ranged from -9.4 to -138.8 kg NPK ha-1 

yr1 in the cowpea and sweet potato fields, respectively, with a soil depletion rate of -116.6 kg NPK 
ha-1 yr1 in cassava fields. Similar studies across SSA report much higher soil nutrient depletion 
rates at plot level than tho$e at macro-, meso- or even farm level (FAO 2003; Nkonya and Kaizzi 
2004). Moreover, the soil nutrient depletion rates v&ry tremendously by crop, cropping system and 
management. 

Sweet potatoes and cassava replaced cotton as tbe "white gold" (cash crops) in eastern Uganda 
from the late 1980s (Olupot et al. 2006). Their massive export to the market without replenishment 
of the nutrients removed by the exported crops has exacerbated soil nutrient depletion. The soybean 
example (Nkonya and Kaizzi 2004) in Uganda, sorghum and roselle in Sudan (El Tahir et al. 2013), 
tea and coffee in Kenya (Smaling et al. 1993) are all telling examples of how the market-driven 
export of large quantities of harvested products aggravates soil nutrient depletion. In contrast, the 
low nutrient depletion rates for cash crops such as cotton in southern Mali and cocoa in Ghana 
(FAO 2003) were attributed to the retention of biomass. Baijukya and Steerihuijsen de Piters (1998) 
and van den Bosch et al. (1998) demonstrated how integrating crops with livestock and proper 
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management of both livestock and manure can lead to net positive soil nutrient balances. These 
peculiarities have not been considered in deriving fertilizer recommendations in SSA, pointing to a 
mismatch between the fertilizer recommendations and the magnitude of soil nutrient depletion. For 
example, the blanket average NPK application rate of 50 kg ha-1 yr-1 endorsed by the African Union 
heads of state in Abuja, Nigeria, in 2006 (Africa Fertilizer Summit 2006) is far below the plot
specific depletion rates of these nutrients (FAO 2003; Nkonya and Kaizzi 2004; Olupot et al. 2006). 
Not even the global fertilizer consumption average of 89 kg NPK ha-1 yr-1 (Henao and Banaante, 
1999) might reverse decades of unabated soil nutrient mining in SSA, a concern already raised by 
Smaling et al. (1997). 

Baijukya and Steenhuijsen de Piters (1998) evaluated soil N, P and K depletion rates of banana
based farms in three rainfall regimes: (1) high, (2) moderate and (3) low under five different banana 
farm management levels: (1) farm with no cattle and without brewing; (2) farm without cattle but 
brewing; (3) farm with indigenous cattle but with no brewing; (4) farm with indigenous cattle with 
brewing; and (5) farm with improved (zero grazing) cattle. The highest soil nutrient depletion rates 
(-76.2 kg N, -4.9 kg P and -50 kg K ha-1 yr1) were from banana farms in the high rainfall regime 
and under management level 1. In contrast, banana farms associated with zero grazing (farm man
agement level 5) in the high rainfall regime resulted in the highest rates of soil nutrient build
up (+80.5 kg N, +42.8 kg P and +198.7 kg K ha-1 yi-1) (see also FAO 2003). The Baijukya and 
Steenhuijsen de Piters (1998) study illustrates that ensuring that both the livestock and manure they 
generate for redistribution to the crop fields are managed well requires much more than merely inte
grating crop and livestock farming. The reasons for the higher quality of cattle manure under zero 
grazing (Nzui:na et al. 1998) than under free range (Olupot et al. 2006) could include the collection 
of both the dung and urine as well as provision of shade and a firm floor to minimize volatilization 
and leaching, respectively, which can be challenging under free range-managed livestock. Positive 
nutrient balances under mixed farming (zero grazing and crop) have also been reported in related 
studies (van den Bosch et al. 1998; De Jager et al. 2004). Integrating crops and livestock, therefore, 
plays an effective role in sealing avoidable or wasteful nutrient losses resulting in net positive nutri
ent balances. 

A sensitivity analysis of some input-output determinants of soil N, P and K balances for the sor
ghum fields in eastern Uganda (Olupot et al. 2006) indicated that raising concentrations of the initial 
soil N, P and K laboratory soil test results (0.08% N, 6.9 mg kg-1 P and 0.8 cmol(+) K kg-1 soil) by 
0.01, 0.004 and 0.005 g kg-1 soil, respectively, restored net positive N, P and K balances for sorghum 

TABLE 3.3 

Sensitivity Analysis of NPK Input-Output Determinants for 

Sorghum Fields in Eastern Uganda (Oiupot et al. 2006) 

Net nutrient balances 

(kg ha-1 yr') 

Determinants Original values Variation N p K 

Minimum rate 3% +0.5% - 22.5 0.0 0.0 

Ntotal 0.8 gkg-1 +0.01 g kg-1 +0.8 0.0 0.0 

P total 0.01 gkg-1 +0.004 g kg-1 0.0 +16.3 0.0 

K total 0.02 g kg-1 +0.005 g kg-1 0.0 0.0 +6.5 

K-factor 0.07 +0.01 - 20:8 - 2.7 -7.5 
S-factor 4.0% +2.0% -21.5 -2.7 -7.1 

L-factor 50m +50m -21.1 -2.7 -5.4 

C-factor 0.26 +0.05 21.0 -2.7 -6.7 

ER 1.5 +0.25 21.0 -2.7 -7.0 
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PLATE 3.1 Researcher (Giregon Olupot) in a farmer's field explaining to learners of Kanyum Primary 
School and their teacher the importance of kraal manure in replenishing nutrients removed, for example, with 
harvested sweet potato tubers for export to urban markets (right) in Kumi District, eastern Uganda in 2001. 

fields (Table 3.3). Enrichm~nt of the 2.5 Mg ha-1 kraal manure (field dry weight and of quality 1.1% 
N, 0.6% K and 1.2% K), which farmers could raise locally, with 22.5 kg Nand 8.5 kg P ha-1 mineral 
fertilizers, restored net positive N, P and K balances in the sorghum fields (Table 3.3). 

This same input combination, that is, 2.5 Mg kraal manure+ 22.5 kg N + 8.5 kg P ha-1, resulted 
in >2.0 Mg ha-1 sorghum grain yields, which was nearly three times the yield under farmers' prac
tice during "bad" seasons (Olupot et al. 2004). However, much higher inputs of N, P and K than 
farmers could afford on th~ir own were needed to restore the large negative N, P and K balances 
in the sweet potato and ca~sava fields, owing to the large quantities of nutrients exported to urban 
markets in tubers (Plate 3.1). The sensitivity analysis approach in sorghum plots adopted by Olupot 
et al. (2006) can be applied to any cropping activity if adequate information, including the labora
tory soil test results and a range of locally available nutrient inputs for restoration, are available as 
the basis for deriving fertilizer rates to arrest and reverse soil nutrient depletion in SSA. 

In a study of nutrient flows and balances in 20.low external input agroecosystems (LElA) farms 
under smallholder production systems in the Campo Ma'an area in the humid forest zone of south
ern Cameroon, Kanmegne et al. (2006) found net soil depletion rates based on partial nutrient 
balances for farmer-managed flows to the tune of ~65 kg N, -5.5 kg P and -30.8 kg K ha-1 yrl. 
We made calculations based on the data presented and on the five management scenarios proposed 
by Kanmegne et al. (2006) for restoring the negative nutrient balances in Campo Ma'an: recycling 
of household waste and animal manure, inclusion of legumes in the cropping systems, avoidance 
of bush burning, deep capture of leached nutrients (through agroforestry) and harnessing human 
waste. Results indicate that these could add 65.5 kg N, 5.64 kg P and 39.5 kg K ha-1 yr1 to the soil 
and restore net positive balclllces 0.5 kg N, 0.14 kg P and 8.7 kg K ha-1 yr1 without fertilizers. 

El Tahir et al. (2013) also quantified nutrient balances as indicators of sustainability for differ
ent cropping systems and c;ompared the 2004 nutrient stocks and balances with the 2002 baseline 
nutrient stocks and balances to determine the rate of soil nutrient depletion at El Demokeya Forest 
Reserve in the semi-arid North Kordofan in Sudan. They found higher nutrient depletion rates in 
the sorghum (Sorghum bicolor Moench.) and roselle (Hibiscus sabdariffa L.) treatments than in 
the grass treatments, particularly for the sole crops (Table 3.4). This was attributed to the export of 
larger quantities of above-ground biomass from crops than from grasses without replenishment of 
nutrients removed in the biomass. For example, between 67% of stover from sole sorghum to 80% 
stover from sorghum interoropped with low-density trees (266 trees ha-1) was harvested. Similarly, 
between 99% and 100% of above-ground biomass of roselle comprising seed, calyx and stover 
were harvested, a common practice in most farming systems in SSA. The organic materials in 
the El Tahir et al. (2013) study were richer in N contents (6.8% and :3.'3% for roselle and sorghum, 
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TABLE 3.4 

Effect of Cropping and Land Management on NPK Balances 

and Depletion Rates at El Demokeya Forest Reserve of the 

Semi-Arid North Kordofan in Sudan (EI Tahir et al. 2013) 

Nutrient balances in 2004 Depletion of stocks 

(l<g ha-1 yr-1) (% of 2002 stocks) 

land use N p K N p K oc 
HTD + sorghum 255 1 32 28 9 13 38 

LTD + sorghum 149 - 5 0 17 -42 0 5 

Sorghum - 54 - 13 - 56 -10 - 130 - 21 -49 
HTD + Roselle 243 - 24 3 23 - 218 1 39 
LTD+Roselle 112 - 24 - 20 13 -200 -8 10 
Roselle - 51 - 23 -47 - 8 - 209 -20 
HTD +grass 280 11 74 31 100 30 78 
LTD+ grass 204 9 58 23 75 20 48 
Grass - 3 3 13 0 25 6 7 

Note: HTD and LTD de,note high tree density ( 433 trees ha-1) and low tree density 
(266 trees ha-1). 
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respectively) than grass biomass (0.72%). Their removal in such large quantities therefore explained 
the high depletion of soil nutrient stocks under sole crops. The results highlight the importance of 
retaining crop residues and stubble in the field as a step toward mitigating negative soil nutrient bal
ances and nutrient depletion. 

Besides, the more positive nutrient balances for N in treatments involving intercropping sorghum 
and roselle with trees at high tree density (HTD) highlight the role of trees in agroforestry systems 
in the recapitalization of soil nutrient stocks, which should rekindle the debate among the scien
tific community in favor of reverting to practices that communities have traditionally deployed to 
restore and maintain soil productivity, such as the Acacia senegal bush-fallow in the semi-arid zone 
of the Sahel region. Pastures as effective land cover for replenishing soil nutrients can only thrive 
in the presence of livestock and their use highlights the crucial role of livestock in the restoration 
of positive soil nutrient budgets (van den Bosch et al. 1998; De Jager et al. 2001). Effective N sur
pluses obtained in the study of El Tahir et al. (2013) exceeded 40 kg N ha-1, which is considered 
to be acceptable for agricultural production in most countries (Sanchez and Palm 1997), further 
emphasizing the importance of agroforestry-based practices in the restoration of depleted soils and 
sustenance of soil productivity. 

3.3.1 PLOT-LEVEL SoiL NuTRIENT MINING AND DEPLETION IN SuB-SAHARAN AFRICA 

High-precision measurements of nutrient mining and depletion rates at plot or field levels that can 
be attributed to particular primary production units (crops or crop combinations) and their interac
tion with secondary production (livestock) units at farm level are beginning to emerge (Table 3.5). 
Staple grains and root crops to the majority of the poor in SSA 'are among the heaviest contributors 
to soil nutrient depletion. For example, soil nutrient depletion is the highest for maize (Zea mays L.) 
fields in Uganda and, indeed, SSA (-104.2 kg N, -13.6 kg P and -82.4 kg K ha-1 yc1), which is 
closely followed by sweet potatoes (Ipomoea batatas L.), cassava (Manihot esculenta L.) and yams 
(Dioscorea sp). This situation is likely to worsen with the drive to commercialize crops previously . 
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TABLE 3.5 

, ,Crop-~pecific Soil Nutrient Depletion for Selected 

Countries in Sub-Saharan Africa 

Nutritmt depletion rates (kg ha-1 yr-1) 

Country Crop N p K 

Malit Millet --48 n/a n/a 

Uganda* Millet - 16.7 - 1.1 - 22.1 

:tvraJi! Sorghum - 31 n/a n/a 

Uganda* Sorghum - 20.7 -2.7 - 5.2 

Ma!il Maize - 29 n/a n/a 

Ghanat Maize -28.1 - 5.85 - 16.9 

Ugandat Maize - 104.2 - 13.6 - 82.4 

Ma!il Rice --43 n/a n/a 

Ma!il Cotton -21 n/a n/a 

Mali! Groundnuts --40 n/a n/a 

Uganda'~' Groundnuts - 33.1 - 14.6 - 16.9 
Malit Cowpea - 21 n/a n/a 

Uganda* Cowpea ....-6.5 -0.7 -2.2 

MaJi! Fallow - 5 n/a n/a 

Ghanat Fallow 0.6 0.9 2.85 

Ugandat Fallow 33.2 - 1.5 - 13.7 

Ghanat Cocoa - 2.35 -0.15 -8.85 
Ghana! Cassava -60.65 - 8.6 - 54.65 

Uganda* Cassava - 39.7 - 6.8 - 70.1 

Ghanat Bananas - 7.45 - 0.4 - 35.5 

Uganda* Bananas - 13.2 1.2 - 35.7 

Ghanat Coco yam --42.40 - 2.6 -33.0 
Ghanat Yam - 70.4 --4.85 - 53.1 
Ghanat Vegetables - 57.8 - 7.0 - 29.3 
Ghanat Oil palm - 29.2 - 7.2 - 54.1 

Ugandat Beans --40.4 - 8.8 --42.7 

Uganda* Sweet potatoes - 71.;1 -13.2 - 78.9 
Uganda~ Sweet potatoes ....-64,0 - 8.5 -66.3 
Ugandat Soybean - 121.5 - 16.4 -68.3 

Uganda* Pasture 19.2 -3 .3 - 30.7 

Ugandat Home garden 3.0 - 1.8 - 18.9 

Notes: *- Olupot et al . (2006); tFAO (2003); *Wortmann and Kaizzi 

(1998); n/a: no data. 

grown for subsistence or with diversification into "high-value" crops as exemplified by soybean, 
whose depletion rate for soils in Uganda stands at ~121.5 kg N, -16.4 kg P and - 68.3 kg K ha-1 yc1• 

3.3.2 SOIL NUTRIENT D~PlETION BY FARMER TYPOLOGY AND AGROECOLOGICAl ZONE 

Despite the paucity of datE\, a new line of research is emerging linking soil nutrient mining and 
depletion to the socioeconomic well-being of farming households. In southern Ethiopia, Elias et al. 
(1998) examined soil nutrient balances in four farms selected from two agroecological zones (high
land and lowland), representing four socioeconomic groups of fal'mers in terms of their resources: 
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TABLE 3.6 

Soil Nutrient Depletion Rates Among Four Household Wealth 

Classes for Two Agroecological Zones in Southern Ethiopia 

Soil nutrient depletion rates (kg ha-1 yr1) by wealth class 

AEZ Nutrient Rich Medium Poor Very poor 

High altitude N -47 (- 58.6) -41 (-54.3) - 19 (- 53.9) - 9 
p 11.7 (-10.7) 4.8 (- 10.0) 3.6 (-8.4) 1.1 

K (-48.3) (-48.0) (-53.1) 

Low altitude N -49 (37.7) -41 (-35.5) -55 (-34.0) - 20 
p 30.5 (-10.6) 17.3 (- 9.3) 3.8 (-7.4) -1.6 

K (-32.9) (-32.8) (-23.3) 

Sources: FAO (2003) and Abebayehu eta!. (2011) (for NPK values in parentheses). 

Notes: AEZ denotes agroecological zone. 
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rich, medium, poor and very poor, based on ranking by the local area community. Rich farmers 
owned more than two oxen and a sizeable number of other livestock. Medium farmers owned two 
oxen and about half the number of livestock as the rich group. Poor farmers owned or shared one 
ox but did not own any breeding cows. Very poor farmers did not own any cattle but occasionally 
owned one or two goats or sheep (they borrowed animals for draught power and manure produc
tion). Abebayehu et al. (2011) also evaluated and compared nutrient balance sheets of smallholder 
farmers in the high and low altitudes of Gilgel Gibe catchment, Jimma zone, southwestern Ethiopia, 
but based on only three wealth classes: rich, medium and poor as opposed to the four by Elias et 
al. (1998). Generally, soil nutrient depletion rates were significantly higher for N among the rich 
between the high and low altitudes (Table 3.6). 

For example, in the study of Abebayehu et al. (2011), N depletion was (-59 vs. -38) and K (-48 
vs. -33) kg ha-1 yr1 in the high .and low altitudes, respectively, among the rich class, and similarly 
for N (-54 vs . -34) and K (-53 vs. -23) kg ha-1 yr1 between the high and low altitudes, respectively, 
among the poor class. Two reasons could explain differences in the net nutrient balances between 
the high and low altitudes and between the rich and poor farmers in the studies of Elias et al. (1998) 
and Abebayehu et al. (2011). First, the soils in the high altitudes were inherently superior to those 
in the low altitudes, especially with reference to cation exchange capacity (CEC) (31.3 vs. 26.8) 
cmol(+) kg-1 soil, soil organic matter (SOM) (4.3 vs. 3.3)%, N (0.22 vs . 0.17)% and exchangeable K 
(2.1 vs. 1.7) cmol(+) kg-1 soil, respectively. Second, the rich tended to subsist on inherently richer 
soil than the poor, highlighting the fragility and susceptibility of soils of the poor to nutrient deple
tion (FAO 2003). 

Nkonya and Kaizzi (2004) focused on socioeconomic determinants of soil nutrient balances 
with the aim of informing strategies better to address soil nutrient depletion in a study involving 58 
farmers randomly selected from four villages in eastern Uganda under high and low agricultural 
potential zones. They applied the concept of economic nutrient depletion ratio (ENDR), coined by 
van der Pol (1992), meaning a share of farmers' income derived from mining soil nutrients in order 
to allocate a cost to soil nutrient mining, expressed as: 

· ENDR= NDMV x100 
GM 

(3.1) 

where NDMV denotes nutrient deficit market value, that is the value of nutrients mined ha-1 if such 
nutrients were to be replenished by applying mineral fertilizers purchased from the cheapest source, 
whereas GM denotes growth margin from agricultural activities per household. They observed that 
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95% of the farmers had n~gative N, P and K balances and were therefore depleting soil nutrient 
stocks. It would cost these farmers 20% of their total farm income estimated at US $823 household-1 

yr-1 to replenish the removed nutrients. Among the key factors that influenced nutrient balances 
positively were: high level of education of the household head, ownership of livestock, access to 
agricultural extension services, non-farm activities and incomes, and crop diversification, including 
perennial and annual crops, legumes and cereals. Large household size, access to poor extension 
services, for example, where f.11rmers were advised to adopt piecemeal technologies, such as the use 
of improved varieties without the accompanying technologies to optimize their productivity, were 
negatively correlated with soil nutrient balances. 

3.4 CLIMATE-SMART APPROACHES TO REVERSING SOIL 
NUTRIENT DEPL~TION IN SUB-SAHARAN AFRICA 

The heterogeneity of SSA f}groecosystems is a function of ethnohistory and culture, climate, soils 
and production goals. The factors influencing the level of soil nutrient depletion are also many and 
complex: nutrient management, regeneration and plant protection, livestock integration, soil and 
water conservation, biodivyrsity, agricultural policies and marketing structures. All these must be 
factored in when designing a package of technology options aimed at arresting and reversing nutri· 
ent depletion (De Jager et al. 1998; van den Bosch et al. 1998; Bekunda et al. 2010). The case studies 
about nutrient mining and gepletion in SSA summarized above indicate that arresting and reversing 
unabated nutrient mining (\nd depletion of soil nutrient stocks spanning decades back in SSA will 
require complex and holistic approaches (De Jager et al. 1998; van den Bosch et al. 1998; FAO 2003; 
Bekunda et al. 2010). The~e technological options must be firmly rooted within the underlying 
principles (Lal et al. 2015): (i) harnessing, integrating and optimizing the use of all possible sources 
of nutrients within the disposal, reach and affordability of farmers; (ii) sealing all unnecessary and 
avoidable nutrient losses; (iii) maximizing recovery, uptake and use efficiencies of the nutrients; 
(iv) guaranteeing conducive conditions for optimization of nutrient recovery and uptake from the 
soil as well as utilization efficiencies, including soil water conservation and proper agronomic and 
crop husbandry practices; (v) use of the most adapted and high-yielding germ plasm, (vi) integrated 
pest management; and (vii) following a holistic approach to building fertile grounds (De Jager et al. 
1998; van Den Bosch et al. 1998; FAO 2003; Bekunda et al. 2010; Thierfeld et al. 2012; Kessler et al. 
2015; Smith et al. 2016). F<;>r example, in Mali, Bationo et al. (1997) more than tripled maize grain 
yield by applying fertilizer P as part of a package that included planting at the right time and at the 
correct plant density. Arriving at an appropriate package requires a thorough understanding of its 
integral components. 

3.4.1 HARNESSING NPK INPUTS FROM A RICH DIVERSITY OF ORGANIC FERTILIZERS (IN2) 

Organic fertilizers are the most important nutrient sources for many smallholder farmers in SSA. 
Nutrients from organic sources are added into the soil through: (i) crop residues (in situ or trans
ferred from other production areas; (ii) livestock manures (deposited directly during grazing or after 
collection, treatment and systematic application on land); and (iii) compost, which is a collection of 
a range of organic materiaJs that have been subjected to microbial decomposition until the attain· 
ment of maturity (Bekunda et al. 2010; Adamu et al. 2014). Livestock are an integral component of 
many cropping systems in SSA. Nutrient inputs from livestock can originate from: poultry manure, 
cattle manure, pig manure, slaughter waste and feed waste (van den Bosch et al. 1998; Bekunda et 
al. 2010). Kitchen refuse, cl,'op residues, agro-industrial waste and municipal solid waste are impor
tant sources of N, P and Kin LElA. 

The quantities of N, P and Kin organic materials, though low, can constitute a significant source 
of nutrients in LElA predominant in SSA (Bekunda et al. 2010). Field trials indicate that fertil
izer equivalence values of some organic fertilizers equal (Sanginga and Woomer, 2009) or eve11 
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TABLE 3.7 

N, P and K Stocks in Selected Organic Materials (in kg Mg--1) 

Nutrient quantities (kg of nutrient 

Mg-1 of organic material) 

Organic material N p K Source 

Poultry litter 29 18 16 Sanginga & Woomer (2009) 

Poultry litter 30-50 15- 35 15-33 Amanula et al. (2010) 

Poultry litter 22.1 29.8 20.5 Adeniyan et al. (2011) 

Cattle manure 17- 20 22- 16.3 10.8-20.8 Koala (2001) 

Cattle manure 11 6.0 12 Olupot eta!. (2006) 

Cattle manure 10 2 9 Sanginga & Woomer (2009) 

Cattle manure 13 5.8 21.5 Adeniyan et al. (2011) 

Pig manure 15- 24 4--4.4 12- 32 Koala (2001) 

Coffee husks 17 1.3 29 Sanginga & Woomer (2009) 

Coffee husks 12.7 0.6 24.6 Dzung et al. (2013) 

Coffee manure 18.3 1.1 10.2 Tewodros et al. (2010) 

Rice straw 0.98 0.31 0.61 Adamu et al. (2014) 

Sorghum stover 0.30 0.17 2.77 Adarnu et al. (2014) 

Zea mays stover 8.3 0.8 13 Sanginga & Woomer (2009) 

Zea mays stover 0.20 0.04 0.68 Adarnu et al. (2014) 

Millet stover 0.50 0.03 0.96 Adamu et al. (2014) 

Groundnut haulms 1.10 0.06 0.54 Adamu eta!. (2014) 

Bean stover 9.9 1.1 19 Sanginga & Woomer (2009) 

Soybean prunings 27 1.9 22 Sanginga & Woomer (2009) 

Cowpea prunings 24 3.1 11 Sanginga & Woomer (2009) 

Cowpea stems 0.78 0.02 0.46 Adarnu et a!. (20 14) 

Cotton stalks 0.98 0.05 0.88 Adamu et al. (2014) 

Crotolaria leaves 42 1.9 14 Sanginga & Woomer (2009) 

Mucunapruriens 29 2.3 15 Sanginga & Woomer (2009) 

Sebaniasesba11leaves 35 2.1 14 Sanginga & Woomer (2009) 

Tithonia leaves 38 3.8 46 Sanginga & Woomer (2009) 

Municipal compost 11-13 3.5-4.1 27-45 NEMA(2011) 

surpass (Jhariya and Raj 2014; Raj et al. 2014) those applied from mineral fertilizers. The organic 
resource database developed at the Tropical Soil Biology and Fertility Institute (Palm et al. 2001) 
contains information on chemical characteristics of over 300 plant species residues that can be used 
to optimize inputs from organic resources (Bekunda et al. 2010). One of the limitations of organic 
materials is that their NPK contents vary widely, even within each category (Bekunda et al. 2010). 
For example, nutrient stocks in poultry litter range from 22.1 to 50 kg N, 15 to 29.8 kg P and 15 to 
33 kg K Mg-1 of the litter. The same applies for cattle manure (Table 3.7). 

The low nutrient contents in organic materials imply that they must be applied in bulk. Moreover, 
the quality of organic materials is higher in fertile soils than for materials derived from degraded 
soils (Bekunda et al. 2010), implying that even larger quantities are needed for yield gains in SSA. 
On field assessment of technologies for the LElA in East Africa, De Jager et al. (2004) revealed 
that mulch, manure and compost amounts ranging from 8.5 to 150 Mg ha-1 were needed to attain 
significant increases in yield and economic returns on farmers' fields. However, much smaller 
amounts of organic material than would be recommended for replenishing nutrients are available 
to the farmers (Bekunda et al. 2010), as low as 1.3 Mg ha-1 of millet stover, 0.45- 1.6 Mg ha-1 of 



52 Soil Degradation and Restoration in Africa 

PLATE 3.2 Left- right: Municipal solid waste (transported to a landfill) and coffee husks (top) ; chicken litter 
and mature municipal solid WilSte compost in a windrow due for sieving in Mbale Municipality, one of the 12 
pilot compost plants by the World Bank in Uganda (bottom) . 

manure in the Sahel and 1~1.5 Mg per animal per year in Kenya (Palm et al., 2001). Fortunately, 
through initiatives such as the Clean Development Mechanism (CDM), the World Bank has aided 
the piloting of the conversion of biodegradable municipal solid waste (MSW) genera~ed in cities 
and municipalities within SSA into high quality compost on a large scale as a strategy to com· 
bat greenhouse gas emissions from poorly managed MSW. In Uganda, for example, there are 12 
municipalities selected to pilot the satellite plants, each with an installed production capacity of 
50,000 Mg compost yr1 (World Bank 2008). Using the windrow method, these plants convert 
municipal solid waste, comprised of a range of agro-wastes including garbage, coffee husks and 
chicken litter, into dark compost (Plate 3.2). To the World Bank initiative can be added the >33% 
of food produced globally that ends up as waste annually, with about 1.3 billion Mg of food waste 
generated in 2010 alone (11LPE 2014). Abattoirs, wastewater treatment plants and agro-industrial 
parks are also choking with waste, which is loaded with nutrients and waiting to be tapped into to 
combat soil nutrient depletion in SSA. 

The contribution of organic fertilizers to fanning extends beyond the provision of nutri
ents to include soil protection, carbon sequestration, improvement and maintenance of soil 
biochemical and physicochemical properties (Bekunda and Woomer 1996; Nzuma et al. 1998; 
Nottidge et al. 2010; Olowookere et al. 2015), boosting of populations of soil organisms and 
biodiversity (Jhariya and Raj, 2014; Olowookere et al. 2015; Hartati and Sudarmadji 2016); 
plant residues are used as animal feed or bedding materials, composted, applied as surface 
mulch, or ploughed into the soil and applied in combination with livestock manures or syn
thetic fertilizers. Retaining 30-40% crop residues in the field can reduce wind erosion by 
70-90% and soil erosion exceeding 5 Mg soil ha-1 requires 4.9-7.4 Mg ha-1 of crop residues 
(Wortmann et al. 2008). 
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3.4.2 BIOLOGICAL NITROGEN FIXATION (IN4) 

Biological nitrogen fixation (BNF) is one of the natural and inexpensive sources of nitrogen . espe
cially in LElA in SSA (Ebanyat et al. 2009; Bekunda et al. 2010). It contributed to about 27.7 Tg 
N yr1 in Africa during the 1990s (Galloway et al. 2004), 1.8 Tg yr1 of which was fixed during 
cultivation, the equivalent of 50% of the N imported and manufactured as fertilizer in SSA (1 Tg 
== 1012 g) (FAO 2015). Grain legumes in Africa seasonally fix about 15-210 kg N ha-1 (Dakora and 
Keya 1997). Besides, net soil N accrual from effectively recycled legume residue can be as much as 
140 kg ha-1(Giller 2001). Although this may not match the crop needs, it cuts down on the amount 
of N to be derived, for example, from fertilizers. As an example, soybean requires approximately 
100-300 kg N ha-1 to achieve maximum yields (Giller 2001). As much as 30% of theN required by 
the crop can come from the leguminous hedgerow trees (Giller 2001). In combination with efforts 
to select grain legumes for BNF and an improvement in inoculant delivery systems, it is projected 
that inputs from BNF can increase from approximately 35 kg N ha-1 to over 90 kg ha-1, resulting 
in increased total amounts of N per farm from approximately 8-30 kg N yr1 across the whole area 
of SSA (Giller 2001; Bekunda et al. 2010). Prospects for increasing N inputs into farming systems 
through inoculation must be informed by research .featuring need-to-inoculate trials in situ involv
ing pairwise comparisons of (i) non-inoculated plots, (ii) inoculated plots, (iii) plots fertilized with 
substantial amounts of N (Date 1977; Hungria et al. 2005, 2006) and intra-species variability in N 
fixation to enable identification of varieties that can be promoted for optimization of BNF. Interest 
in this issue is only beginning to be picked up and research to this effect is taking place in SSA, 
with results underway. 

3.4.3 ORGANIC FERTILIZER FORTIFICATION (IN2) 

3.4.3.1 Organic Fertilizer Fortification for Nitrogen 
The starting point for improving the quality of organic fertilizers is to ensure that for livestock 
manure, both the urine and dung are collected and that all manures kept away from predisposing 
factors to nutrient volatilization and leaching. Protection of manure against such losses could be 
the reason why livestock manure from confined or zero-grazing units (Nzuma et al. 1998; Baijkya 
and Steenhuijsen de Piters 1998) tends to be superior to that of livestock under free range manage
ment (Olupot et al. 2006). The N content of organic fertilizers can also be increased by enriching 
it with biomass from legume cover crops and forage legumes. Annual N yield from five prunings 
of Gliricidia and Leucaena hedgerows in Nigeria was 170 ± 250 kg N ha-1, as opposed to 40 ± 
85 kg N ha-1 in the non-leguminous species Acioa Bartic and Alchormea cordifolia (Kang et al. 
1990). Green manure legumes such as Mucuna spp can accumulate up to 100 kg N ha-1 in biomass 
and also suppress weeds (Juo and Kang, 1989; Giller and Wilson 1991). When legume residues are 
incorporated into the soil, they can supply N to rice and produce benefits comparable with that of 
40 to 80 kg mineral fertilizer N ha-1 (Rahman et al. 2014). These materials could be used to fortify 
compost and other organic fertilizers to be rich in N, though limited progress has been made with 
research in this direction. 

3.4.3.2 Organic Fertilizer Fortification for Phosphorus and Potassium .. 
Africa has about 4.5 billion Mg of proven rock phosphate (RP) in deposits of igneous, sedimentary 
or biogenic rocks distributed across the continent (Figure 3.3). Osukuru (Sukulu) Hills, one such 
deposit in Uganda, contains an estimated 230 million Mg of RP stretching over 26.4 km2 with a fer
tilizer grade ranging from 11 to 13% Pz05 (Appleton 2002). Minjingu phosphate rock in Tanzania 
contains 6.6 million Mg of P, with a processing capacity of 100,000 Mg yr-1 (Bekunda et al. 2010). 
In West Africa, vast phosphate rock deposits have been discovered and characterized from Tahoua 
(Niger), Parc-W (Niger), Kodjari (Burkina Faso), Hahotoe (Togo), Matam (Senegal) and Tilemsi 
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FIGURE 3.3 Deposits of sedimentary and igneous phosphate rocks in Africa (after van Kauwenbergh 2006; 
Bekunda et al. 2010). 

(Mali) (Bekunda et al. 2010). The RP from these rocks varies widely in agronomic effectiveness 
(van Straaten 2002; Smalbe.rger et al. 2006; Bekunda et al. 2010). The Tahoua, Tilemsi, Matam and 
Minjingu RP (MRP) are th~ only few known to be soluble enough for direct application. Application 
at a rate of 45 kg P ha-1 as MRP (400 kg MRP ha-1) increased maize grain yield in the first year by 
1.0 Mg, resulting in agronomic efficiency of 23% (Okalebo et al. 2006). Local and cheap technolo· 
gies for increasing P solubilization and agronomic effectiveness of RP are needed. Khan and Sharif 
(2012) increased chicken litter P content by 580% through co-composting it with RP. 

3.4.4 MINERAL FERTILIZ~RS (IN1) 

Mineral fertilizers remain the most strategic option for restoring soils in SSA depleted by decades 
of unabated mining without replenishment of the nutrients (Stoorvogel and Smaling 1990; Smaling 
et al. 1997). Unfortunately, SSA, with the world's most depleted soils, is the least consumer of 
mineral fertilizers globally. The situation is particularly bad for Senegal, Cameroon, Zimbabwe, 
Sudan, Tanzania, Cote d'Ivoire and Zambia (Figure 3.4) and even worse for countries like Uganda, 
Ghana, Guinea and Mozambique, where per capita fertilizer consumption is not even featuring on 
the IFASTAT (2015) database. During the Fertilizer Summit in Ahuja, Nigeria, the African Union 
states committed to increasing fertilizer consumption by smallholder farmers in SSA from 8 kg (the 
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FIGURE 3.4 Fertilizer consumption in kg ha-1 (x-axis) in selected countries (y-axis) in 2015. (Data from 
IFASTAT: https://www.ifastat.org/databases/plant-nutrition accessed on October 19, 2018 to draw this figure.) 

TABLE 3.8 

Fertilizer N, P and K Consumption in Sub-Saharan Africa Compared 

with Global Consumption 

Fertilizer consumption (in thousand Mg yr1) 

(2014-2018) 

Nutrient Region 2014 2015 2016 2017 . 2018 Total 

Nitrogen Global 147,293 151,481 155,040 158,121 161,151 773,086 

Nitrogen SSA 7,954 8,180 8,372 8,539 8,702 41,747 

Phosphorus Global 40,113 41,207 42,063 43,013 43,890 201,286 

Phosphorus SSA 802 824 841 860 878 4,205 

Potassium Global 29,058 29,807 30,568 31,407 32,287 153,127 

Potassium SSA 1,540 1,580 1,620 1,665 1,711 8,116 

Total Global 216,464 222,495 227,671 232,541 237,328 1,136,499 

Total SSA 10,314 10,584 10,833 11,064 11,291 54,086 

Note: Fertilizer consumption values are derived from FAO (2015). 
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SSA average) to at least 50 kg ha-1 yc1, which is still below the global average of 89 kg ha-1 yc1 

(Henao and Banaante 1999). World fertilizer consumption in 2013 and projections for the period 
2014-2018 (FAO 2015) imlfcated that SSA consumes <5.4% N, 2.1% P and 5.3% K of the mineral 
fertilizers consumed globally (Table 3.8). Stepping up mineral fertilizer use to complement organic 
fertilizers and BNF should be part of the broader strategy to combat soil nutrient depletion in SSA. 

3.5 CONCLUSIONS AND RESEARCH IMPERATIVES 

This review was aimed at )lighlighting the gravity of soil nutrient depletion in SSA and to dem
onstrate the important part that nutrient balances could play in assessing the prospects for tack
ling hunger, malnutrition and poor human health in the region. At the country level of assessment, 
soil nutrient depletion rates exceed 60 kg NPK ha=1 yc1 in over 52% of the countries. Moreover, 
soil nutrient depletion rates are much higher at field or plot level than at country, district or even 
farm level. The commercialization of agriculture, especially among previously subsistence farming 
communities, without an enabling environment for replenishing the nutrients exported in harvested 
products, is exacerbating soil nutrient depletion. Depletion rates are particularly high for maize, 
sweet potatoes and cassava, in Uganda; coffee and tea in Kenya; cassava, yams and vegetables in 
Ghana; millet, 1ice and sorghum in Mali; and roselle and sorghum in Sudan. Socioeconomic factors, 
including poverty, large household size, lack of livestock and limited access to quality extension 
services, are also fueling soil nutrient depletion in SSA. Restoring depleted soils is thus the entry 
point for increasing agricultural productivity, ending hunger, malnutrition and poor health in SSA. 
A systematic package of technologies is needed, building on proven indigenous initiatives already 
endemic to SSA. 

Multiple cropping, involving intercropping and rotating cereals with legumes in agroforestry 
systems, has been demonstrated to abate soil nutrient depletion. Research efforts should be geared 
toward identifying and promoting more complementary (both below and above ground) crop-tree 
mixtures in order to optimize: (1) interception and utilization efficiency for growth resources; (2) 
soil protection against ageqts of erosion; and (3) symbiotic relationships such as biological nitrogen 
fixation and mycorrhizae as well as use of iron-mining bacteria (siderophores) to free the phos
phorus that could be locked up by iron in red soils (Gerard 2016) in much of SSA. There is need 
to harness urine and dung as well as conserve imimal manure from free range-managed livestock 
to minimize gaseous losses and leaching of nutrients. Nontraditional sources of manure, including 
food waste, municipal solid waste and biosolids polluting many cities, municipalities and urban 
centers as well as human waste in pit latrines and sanitary toilets, should be tapped into to offset 
the shortage of organic fertilizers for large-scale field operations. The sensitivity analysis approach 
should be applied to inform the least expensive pathway to restoring neutral-to-positive soil nutri
ent balances per plot or fi~ld of interest. This should then be followed by joint identification of 
input combinations with the farmer(s) in question and on-farm evaluation(s) of responses to the 
inputs by particular crop(s) of interest. Research into the biofortification of these organic fertilizers 
with abundantly available substrates such as rock phosphates, slaughter waste and agro-industrial 
processing waste to improve their quality could reduce fertilizer N, P and K demand from mineral 
fertilizers even to the 50 kg ha-1 yc1 that the African Union heads of state committed to achieving 
for SSA by the year 2015. I:{owever, research in this area is in its nascent stages. It will require inno
vative communication techniques to translate the figures and numbers about nutrient balances, soil 
nutrient depletion and prospects for a bright future in a manner that makes sense to all stakeholders, 
especially decision makers, Part of the broader strategy could involve overlaying soil degradation 
and environmental degradation maps with maps about poverty, hunger and malnutrition as well as 
disease prevalence in order to highlight the linkage among all these with soil nutrient depletion. Thi:; 
should be part of the broaqer strategy to keep alive the vision of former United Nations Secretary 
General Kofi Annan (RIP) that "A successful revolution is where we would see soil health restored, 
through agroforestry techniques and organic and mineral fertilizers, 'among other solutions." 
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