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Summary 

Because the agricultural sector is often the most important sector of the economIes of 
developmg countries, Its performance substantially mfluences the economIC growth and 
quahty of life of the people m those countrIes. ThIS IS partIcularly apparent m many 
countrIes of Mrica where agriculture accounts for more than 25% of the gross domestIc 
product (GDP) and IS the main source of income and employment to the rapIdly expand­
ing populatIon m most countries A high percentage (65%) of the people in MrIca depend 
on agnculture for their livelihood. Therefore, It is not surprIsmg that mcreasmg agrIcul­
tural production can make a major contribution to economIC growth, SOCIal Improvement, 
and trade on the continent 

AfrIca's populatIOn continues to grow at higher rates than on any other contment In 
recent decades, the contment's populatIon has been mcreasmg at an annual rate of about 
3% or by more than 14 mIllion people every year Estimates indicate that by the year 
2020, Africa WIll need to import more than 30 mllhon metrIC tons of cereal each year to 
fill the gap between the demand and supply PopulatIon pressure on land resources IS 
forcmg farmers to cultIvate more areas of marginal lands, further degradmg the rather 
hmIted resource base for agrIculture. Also, mIgration from rural areas to urban centers 
has been increasing, causmg more poverty and SOCIal instabIhty In the cItIes Much of 
AfrIca's agricultural land IS bemg degraded because the mtensificatIon of land use for 
agrIcultural productIon, which IS necessary to satIsfY mcreased food demands, IS occur­
rmg WIthout the adoptIOn of proper management practIces and external mputs 

OvercomIng chromc problems that lead to degradatIOn of agricultural land In MrIca re­
qUIres a good understandIng of the mterplay among bIOphYSIcal, agrochmatIc, economIC, 
and human factors that determine the management of natural resources and preVaIlIng 
farming systems In thIS study, current rates of nutrient depletIOn In soIls of agrIcultural 
areas of MrIca are estImated to IdentIfy and characterIze regIOns where the nutrIent 
mInIng of sods IS becomIng a factor in land degradatIOn and a major constraInt to the 
sustamable IntenSIfication of agrIcultural production EstImates of the amounts ofnutrI­
ents reqUIred to balance mflows and outflows of nutrIents and thus prevent nutrIent 
depletIOn are prOVIded as useful indIcators for the deSIgn of SOlI and fertIhzer manage­
ment strategIes that can be adopted to prevent land degradatIOn and mcrease produc­
tion. The development of nutrIent depletIOn indicators rehes on the use of cross-sectIOnal 
(spatIal) and tIme serIes data Methods, procedures, and computer programs to estImate 
nutrIent flows and balances were developed, tested, and adapted from prevIOUS studIes. 
Estimates of nutrIent depletIon are analyzed In the context of prevalent CIrcumstances 
such as current levels of crop productIOn, Inherent SOlI fertIhty condItIons and reSIlIence 
(or fragilIty) of the soils, biophysical and agroecologIcal environment, and populatIOn 
denSIty 
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The estimatIOn procedure uses data on agncultural productIOn and agncultural areas 
from vanous secondary sources (various Umted NatIOns agenCIes, mcludmg the Food 
and Agriculture OrgamzatIon [F AO], and The World Bank) The baseline data is inte­
grated into a database and monitormg mformatIOn system to produce attrIbute and geo­
graphIcal InformatIon on agrIcultural land resources, crop productIOn, nutnent balances, 
and nutnent reqUIrements. ThIS informatIOn should be updated penodically to reflect 
changes over time m the management of agrIcultural lands, crop productIOn technology, 
and the use of external mputs across areas, countries, and regIOns 

An analysis of crop productIOn and nutrient depletIOn estImates for the perIod 1993 to 
1995 indIcated that agrIcultural productIOn in Afnca has been stagnant or declinmg m 
many countnes and SOlIs are often losmg hIgh amounts of nutrIents In the semiarId, 
and, and the Sudano-SahelIan areas that are more densely populated, SOlIs are losmg 60-
100 kg NPK/ha annually 1 The soils of these areas are shallow, hIghly weathered, and 
subject to more intenSIve cultivatIon WIth low use of mineral fertIlIzers (0-6 kg NPK/hal 
year) Water availabilIty and mtensIficatIon of land use due to populatIOn pressure have 
restrIcted crop dIverSIficatIon and the use of proper management practIces In additIOn, 
the length of the growing season is very short, less than 140 days, mcreasmg pressure on 
land In most areas, the demand of the current populatIOn exceeds the potential produc­
tIve capaCIty of the land. Other important agrIcultural areas such as those located In the 
subhumid and humid regIOns and m the savannas and forest areas show hIgh VarIabIhty 
of nutnent losses Rates of nutnent depletion range from moderate depletIOn such as m 
the humId forests and wetlands areas in southern Central Africa and Zaire to more than 
100 kg NPK/halyear m the East Afncan hIghlands The soIls m these areas are charac­
teristIc of the weathered UltIsols and Oxisols of the tropICS 

Estimates of average rates of nutrIent depletion by country show the hIghest rates of 
nutrient depletIOn (>100 kg NPK/halyear) m Rwanda, BurundI, and Malawi where fertil­
izer use IS very low and hIgh losses of nutrIents occur mamly as a result of soIl erosion 
Soils of most countries m North AfrIca are being depleted of nutrIents at rates ranging 
from 20 to 50 kg NPK/halyear. AgrIculture m the coastal areas of LIbya, Egypt, Algeria, 
and TumsIa IS characterIzed by the hIgh applIcatIOn ofmmeral fertIlIzers WIth moderate 
rates of nutrIent depletion A contrasting agnculture IS practIced in the forest humid 
areas m sub-Saharan AfrIca where mcreased population denSIty and low-intenSIty agri­
culture cause high rates of nutnent depletion 

A number of useful observatIOns can be drawn from nutnent balance and depletion estI­
mates A very clear observation is that the contmued lack of applicatIOn of reqUIred nu­
trIents is causing soil nutrIent depletIOn and reductIOn of agncultural productivity in 
most agricultural areas m Africa Major factors contnbutmg to the depletIOn of nutrIents 
are soIl erosion for phosphorus and soil erOSIOn and leachmg for mtrogen and potassmm 

1 NPK IS used m thIS paper to mdIcate the addItIOn of the major nutnents mtrogen, phosphorus, and 
potaSSIUm m the form ofN, P20 5, and K 20 
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Nutnent gams m sOlIs of Mrica are low and occur through mmeral fertIlIzatIOn, nutrient 
deposItIon, and mtrogen fixatIOn These low gams contribute to the hIgh rates of nutrient 
depletIOn that are often present The mherent low mmeral stocks of AfrIca's soIls and the 
clImatIc condItions charactenstic of the vast mterior plains and plateaus aggravate the 
consequences of nutrient depletIOn HIgh population growth rates have caused mcreased 
pressure on land and intensification of agriculture without proper management and ad­
dition of nutrIents ThIS SItuation is decreasing the nutrient reserves of soIls m most of 
the semIand and subhumId areas of sub-Saharan Mnca 

For thIS study, quantItIes of nutrIents reqUIred to prevent nutrient depletIOn and sustam 
crop YIelds were estImated for varIOUS crops and for cropped areas m each country In 
many instances, even drastic measures, such as doubling the apphcatIOn of fertIhzer or 
manure or halvmg erOSIOn losses, would not be enough to offset the calculated nutrient 
defiCIts (negatIve balances) The current average use ofnutnents for Mnca IS about 10 kg 
NPK/halyear The estimated average use reqUIred to meet nutnent needs at current 
levels of productIon (1993-95) IS about 40 kg NPK/halyear In addItIon to the applIcatIOn 
of mmeral fertilIzers, long-term management practIces such as the use of soIl conserva­
tIon measures, recyclmg of crop reSIdues, hvestock management, and use of orgamc fer­
tIhzers WIll be required 

An analYSIS conducted usmg the nutnent balance models m two countries m the semI­
and and subhumId areas showed that recyclmg crop reSIdues, mcreasmg nutrient fixa­
tIon through crop rotatIOns, and applymg organic fertIlIzers could reduce sIgmficantly 
the rates of nutrient depletion Such practIces could also reduce the mmeral fertIlIzer 
reqUIrement by as much as 44% of the amount of nutnent that should be applIed to 
mamtam current average levels of crop YIelds 

In VIew of the contmued degradatIOn of land m Mnca, natIonal governments WIth the 
support of the mternatIonal commumty must take the lead m confrontmg the problems 
of nutrIent depletIon, land degradatIOn, and declIne in the productIvity of agrIculture 
SignIficant polIcy changes will be reqUIred to establIsh an enVIronment condUCIve to the 
effiCIent use and aVaIlabIhty of agrIcultural inputs and the Improvement of local exten­
sion servIces and farmer support Structural adjustments, market development, trade 
and pncmg polICIes, mfrastructure Improvement, and instItutIOnal support servIces should 
be reevaluated and assessed m terms of theIr impact on the resource base and the sus­
tamable expanSIOn of agrIcultural productIOn and productIVIty 

ThIS report IS part of the InternatIOnal FertIhzer Development Center's (IFDC) efforts to 
develop mformation management systems that prOVIde mformatIOn on key mdIcators of 
soIl fertIlIty status and changes affecting crop productIOn and the conservatIOn of land 
resources PenodIcal assessment of agricultural areas should be conducted to IdentIfy 
regions and SItes where nutrIent depletIon or the exceSSIve use or accumulatIon ofnutrI­
ents severely lImIts crop production, degrades agrIcultural land, and causes serIOUS enVI­
ronmental dIsturbances The dissemmatIOn of informatIOn IdentIfyIng areas/countrIes/ 
regIOns where policy interventIOns are needed to prevent the tremendous damage that 
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the continuous depletIOn of nutrIents can cause to the enVIronment and the resource base 
for agriculture IS crucIal to make correct and well-mformed decIsIOns 

The mformatIon, methodology, databases, and procedures descrIbed m thIS report should 
be vIewed as a process subject to contmuous Improvement and refinement in terms of 
methodology, data, and outcomes IFDC IS mvolved m the task of enhancmg method­
ologIcal approaches and the qualIty of data and mformatIOn that are crucIal for Improv­
mg agrIcultural production and conservmg the natural resource base and the enVIronment 
m developmg countrIes The perIodIcal evaluatIOn of nutrIent requirements, balances, 
and rates of nutrIent depletion in agncultural areas of developing countries IS a key 
component of thIS effort. AnalysIs of thIS informatIOn III cOnjUnctIOn with the use of other 
pressure indicators will facIlitate the identification of "hot spots" or areas where the re­
source base is beIng degraded. 

It IS Important to note that the approach, methods, and procedures presented in this 
paper can be used as tools to generate mformation on the relatIve contributIon of va no us 
agroclimatIc and SOCIoeconomIC factors to nutrient imbalances and depletIOn m soils of 
agricultural lands. Such mformation IS useful m conductmg economIC analyses to Iden­
tIfy, for mstance, pohcy mterventIons (and investments) that WIll have a greater Impact 
on the preventIOn of nutrient depletIOn and land degradatIOn and on the economIC re­
turns to farmers These types of analyses are, however, beyond the scope of thIS docu­
ment The approach can also be used to sImulate outcomes of varIOUS scenarIOS of levels 
of populatIOn densIty, crop productIOn, agrIcultural mtensIficatIOn, and SOlI and crop 
management practIces on SOlI nutnent balances As tools for analysIs and evaluatIOn, 
these methods and procedures can also be applIed to smaller scales such as regIons, states, 
or dIstrIcts wIthm a country or to larger scales such as by contment or globally 

The estImates presented and discussed in thIS report should be viewed as the "best first 
approXImatIOn estImates" that can be calculated at this tIme Although they can be Im­
proved, these estImates prOVIde a good approximation of the order ofmagmtude ofnutrI­
ent depletIOn WIth the support ofmternatIOnal donors, IFDC will continue its efforts to 
Improve the qualIty of nutrIent balance estImates and WIll penodIcally update and pub­
lIsh thIS informatIOn 
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Estimating Rates of Nutrient Depletion in 
Soils of Agricultural Lands of Mrica 

Introduction 

Africa's population continues to grow at 
hIgher rates than on any other contment At 
an annual mcrease of about 3% m recent de­
cades, the contment's populatIOn has been m­
creasing by more than 14 mIllIon people every 
year EstImates mdicate that by the year 2020, 
Afnca wIll need to Import more than 30 mIl­
lIon mt of cereal each year to fill the gap be­
tween the demand and supply Population 
pressure on land resources IS forcmg farmers 
to use land more mtensively and to cultivate 
less fertile SOlIs on margmalland areas. In ad­
dItion, agncultural productIOn m Afnca is ham­
pered to a large extent by the predommance of 
fragile ecosystems, low natural soIl fertilIty, 
and the low use of external mputs, principally 
mmeral fertilIzers The more widespread defi­
ciency of plant nutnents m soils of most agn­
cultural lands m Africa IS having adverse 
consequences for crop productIOn and SOlI fer­
tilIty mamtenance The contmuous assessment 
and momtonng of plant nutnents m SOlIs of 
agrIcultural lands and an Improved under­
standmg of the mam sources (causes) of SOlI 
nutnent depletIOn are essentIal to Identify ap­
proprIate measures for reverSIng trends In 
nutnent depletIOn and the declme m soIl fer­
tilIty A SIgnIficant mcrease of agncultural pro­
ductIOn depends on the adoption of modern 
technology, espeCIally much greater use ofmm­
eral fertilIzers and Improved crop management 
techmques that can mcrease YIelds whIle pro­
tectmg the mtegrIty of the resource base 

ThIS report presents methods and procedures 
for usmg time series and cross-sectIOnal spa­
tial data and mformatIon on agncultural pro­
duction and mputs use to assess the effect of 
agrIculture on nutnent mmmg and land deg­
radation Estimates of nutrIent depletion are 
calculated at regional and country levels Also, 
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nutnent reqUIrements for crop productIOn are 
calculated by country and agrIcultural region 
The report also outlmes some of the conse­
quences of nutnent depletIOn and the actIOns 
that may be taken to mitigate nutnent 
Imbalances 

Estimates ofnutnent depletIOn and reqUIre­
ments are denved by taking mto account 1993-
95 crop production technology and management 
practices, nutnent uptake by crops, nutnent re­
cyclmg and SOlI nutnent losses through leach­
mg, erOSIOn, fixatIOn, and other pathways 
Nutnent mputs from orgamc and mmeral fer­
tilIzers, nutrIent depOSItion, and nutnent m­
flows from other sources mcludmg bIOlOgical 
mtrogen fixation are also estimated 

PopulatIOn denSIty WIth respect to agncul­
tural areas, clImate patterns m agroecological 
zones (AGZ), and soIl fertilIty assessments 
based on SOlI claSSIficatIOn schemes developed 
by the Umted States Department of Agncul­
ture (USDA) and FAO are used as addItional 
indIcators to assocIate nutnent balances WIth 
the degradatIOn ofagnculturallands The sen­
SItiVity of the nutnent balance model to crop 
management was tested by usmg data from 
ZImbabwe, whIch IS located m Southern Afnca , 
and Mall, located m the Sahellan zone m West 
Afnca 

An Overview of the 
Characteristics of 

Agricultural Land in Mrica 

Afncan countnes show dIverSIty m endow­
ment of agrIcultural resources The total area 
of land m Afnca that could be conSIdered as 
potentially SUItable for agncultural productIOn 
IS estimated at 874 mIllIon ha, about 27% of 



the contment's landmass. It has been estimated 
that in 1993 in Afnca, about 196 mIllIon ha 
was cultIvated, mcluding 88 mIllIon ha under 
fallow, and, of this area, accounting for fallow, 
only about 108 mIllIon ha was harvested that 
year (FAO, 1993). One-third of Africa's land 
area IS too dry to support ramfed agriculture 
Most of the unused agnculturalland in AfrIca 
lIes m the humId Central regIOn. ThIS IS a re­
gIOn where infrastructure IS partIcularly poor, 
where the mCIdence of human, lIvestock, and 
plant dIsease IS hIgh, and where exceptIOnally 
variable rainfall can severely limIt agricultural 
productIOn 

SocIoeconomIc, polIcy, and bIOphysIcal con­
stramts, m general, and SOlI-related constramts 
and management pnl.CtIces, m partIcular, are 
factors IdentIfied as major causes of low crop 
productIOn, SOlI fertIlIty decline, and, ultI­
mately, degradatIOn of the agricultural land in 
most countrIes of Africa Inadequate replen­
Ishment of removed nutrIents and contmued 
loss of organic matter from the SOlIs are con­
tributing to increasmg erOSIOn rates and the 
declme m the fertIlity of the SOlIs It IS estI­
mated that between 1945 and 1990, nutrient 
depletIon m AfrIca caused light degradatIOn of 
20 4 mIllion ha, moderate degradatIOn of 18 8 
millIon ha, and severe degradatIOn of 66 mIl­
lIon ha (Oldeman et aI., 1990) 

ChemIcal and physical degradation affects 
most ofthe present agrIcultural land m AfrIca 
The soIls have poor nutrIent retention capac­
Ity, and many are heavIly leached and eroded. 
SuperImposed on these mherently fragIle re­
sources and constramts IS the contmuous re­
moval through croppmg of plant nutrIents m 
quantItIes that are sIgmficantly greater than 
those bemg returned to the SOlI by mmeral or 
orgamc fertIlIzers Average rates of nutnent 
depletion dUrIng the past 30 years from the 
cultivated land m 37 countries, excludmg South 
Afnca, mdicated losses of about 660 kglha of 
mtrogen, 75 kglha of phosphorus, and 450 kg/ 
ha of potaSSIUm per year (Stoorvogel and 
Smalmg, 1990; Smalmg, 1993). 

Events of extensive degradatIOn of agncul­
tural land have been documented in locatIOns 
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of the more hIghly populated regIons of dry land 
areas m West and East Africa. In the Peanut 
Basin of Senegal, continuous cultivation, along 
with low use of mineral and organic fertIlIzers 
and madequate soil management practIces, has 
exhausted the soIls (Charreau, 1972; GDPA 
CIted by PierI, 1989) Farmers have been mI­
gratmg eastward and southward to reclaim 
new lands In the hIghly populated MOSSI Pla­
teau of Burkma Faso, mIllet areas have been 
degraded by contmuous croppmg (Broekhuyse, 
1983) Many farmers have mIgrated tempo­
ranly to coastal countrIes. Because coastal op­
portumtIes are declmmg, however, Mossi 
farmers are increasingly adopting conservation 
practIces (Sanders et al , 1994), and others are 
migratmg to subhumid regIons of coastal ar­
eas of Benm, Ghana, and Cote d'IvOlre In 
northern NIgeria, around Kano, where popu­
latIOn denSIty IS hIgh, soil fertilIty has been 
depleted due to poor crop management prac­
tIces (SmIth, 1994) SoIl fertIlity declme has 
been a maJor factor mfluencmg food security 
m the area and the economy of the country 

Mali, NIger, and Togo are among the 
SahelIan countrIes where trends for maIze, mIl­
let, and sorghum YIelds have been stagnant or 
decreasmg due to contmuous croppmg, poor SOlI 
management, and low use of mmeral and or­
gamc fertIlIzers (IFDC, 1992, FAO, 
AGROSTAT,1994) In hIghly populated areas 
m central and southern Sudan, EthIOpIa, and 
western Kenya, the contmuous croppmg with­
out external mputs has decreased productIOn 
and depleted severely the fertIlIty of the land 
(Hoekstra and Corbett, 1995) Data from a 
long-term trIal m western Kenya shows that, 
after 18 years of cultIvatIOn of contmuous maIze 
and common beans (Phaseoulus uulgans L.) m 
rotatIOn and WIthout the use ofnutnent mputs, 
the soIl has lost about 1 mtlha of SOlI orgamc 
mtrogen and 100 kglha of orgamc phosphorus 
MaIze YIelds decreased from 3 to 1 mtlha dur­
mg that period (SWIft et aI, 1994) 

In addition to SOCIOeconomIC CIrcumstances, 
land degradatIOn m West and Central AfrIca 
has been associated WIth the management and 



maIntenance of the agncultural resource base 
The management of sOlIs and agncultural sys­
tems is based on the low use of external Inputs 
and contInued explOItatIOn leadIng to sOlI mIn­
Ing processes On the most IntensIVely used 
lands In the intenor plaIns and plateaus, the 
SOlIs have low stocks ofnutnents and are dIffi­
cult to manage due to the low content of or­
gamc matter and the presence of clay fractions 
domInated by kaolImte, halloysites, and/or Iron 
alumInum oXIdes (SsalI cIted by Rhodes et al , 
1995) The SOlIs have become strongly weath­
ered and leached, and the catIon exchange ca­
pacIty of the soIls IS domInated by theIr low 
orgamc matter content ThIS ImplIes that es­
sentIal elements such as phosphorus, potas­
SIUm, and calCIUm rapIdly become scarce and 
aCIdIty Increases If proper management IS not 
used Nutnent balance studIes performed by 
Pol (1992) and by Stoorvogel et al (1993) 
showed that nutrIent depletIOn IS severe In 
densely populated areas In Mall, NIgerIa, 
Ghana, Cote d'IvOlre, and Chad where agricul­
ture IS IntensIve and less than 30% of the land 
IS consIdered fallow 

In the Sudano-SahelIan and Southern AfrIca 
regIOns, the IntensIVe mIxed farmIng systems 
are located pnmanly In pasture and savanna 
areas where soIl nutnent content IS low and 
where nutnent depletIOn and defiCIenCIes are 
becomIng major constraInts Breman (1994) 
evaluated nutrIent depletIon in pasture sys­
tems and the consequent Impact III the 
sustaInabilIty of lIvestock systems In the Sahel 
About 50% of the vast SahelIan graZIng lands 
located on sandy SOlIs WIth very low soIl fertIl­
Ity are affected by hIgh nutrIent depletIOn 
rates Low nutnent stocks In the SOlIs and low 
water aVaIlabIlIty lImIt the agncultural poten­
tIal ofthese lands Agroforestry-based systems 
m the Sudano-Sahelian regIon of West AfrIca 
are also lImIted by the very low nutnent re­
serves of the soIls Breman and Kessler (1995) 
quantIfied mtrogen and phosphorus balances 
on these systems III West AfrIca They con­
cluded that competItIOn for water and lIght 
constramed the use of agroforestry systems as 
a means to prevent nutnent losses (leachIng 
and erOSIOn) and land degradatIOn 
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In the tropIcal mOIst forest and savannas 
that are characteristIc of the humId and 
perhumid areas and that predommate m 
Cameroon, Congo, Ghana, Nigena, Gabon, 
ZaIre, and part of Uganda, the IntenSIficatIon 
of agrIculture and the clearIng of forest areas 
due to populatIOn pressure are major sources 
ofland degradatIOn Slash-and-burn practIces 
combIned WIth the contInUOUS shortemng of 
fallow and low recycling of crop reSIdues are 
typIcal of the agnculture In these regIOns Most 
SOlIs are very fragIle and low In plant nutn­
ents The nutrIent recyclIng mechamsms that 
sustaIned the natural fertIlIty of SOlIs are be­
ing dIsrupted, land IS beIng degraded, and soIl 
fertIlIty IS droppIng In such a way that It IS 
often not possIble to sustam even margInal lev­
els of productIVIty (Lal et al , 1986, Kang et 
aI, 1990) 

PopulatIon pressure and poor crop manage­
ment practIces coupled WIth the topography 
make the mountaIn and hIlly areas of Mnca 
prone to exceSSIve water runoff, SOlI erOSIOn, 
and SOlI nutnent depletIOn SpecIfic areas Iden­
tIfied by the Umted NatIOns EnVIronment Pro­
gram (UNEP, 1991a) as warrantmg speCIal 
consIderatIOn Include the Fouta DJallon moun­
tams m West AfrIca (GuInea), the East Mn­
can hIghlands (Kenya, BurundI, EthIOPia, 
Rwanda, Tanzama, MalaWI, and ZImbabwe), 
and the hIghlands of Southern AfrIca 
(Botswana, Lesotho, and SwaZIland) StockIng 
(1986) estimated the economIC costs of the nu­
tnent loss (N, P, and K) by SOlI erOSIOn In ZIm­
babwe The annual losses of Nand Palone 
amount to about US $ 1 5 bIllIon/year Because 
of severe shortages of energy and fodder, the 
contInUOUS croppIng on steep slopes, and the 
low use offertIlIzers and crop reSIdues, the land 
has been severely degraded m some of these 
areas, prInCIpally In Rwanda, BurundI. 
MalaWI, and Lesotho Recyclmg of plant nutn­
ents IS hIghly deSIrable In these regIons al­
though competItIon for firewood and fodder to 
feed ammals prevents a sIgmficant quantIty 
of nutnents from bemg returned to the SOlI 

Irngation and mmeral fertilIzers combmed 
WIth Improvements in crop vanetIes and 



management have been key factors determm­
mg mcreased agrIcultural productIOn m most 
of North AfrIca and some Sudano-Sahehan 
countnes In Egypt, where ramfed potential IS 
very hmited, the IrrIgated area IS about three 
tImes the area cultIvated under rainfed condI­
tIons In humId Central AfrIca, most ofthe land 
receIves ample ramfall and IrngatIOn IS rela­
tIvely undeveloped In East and Southern M­
nca, IrrIgatIOn IS more frequently used m 
Madagascar, SwaZIland, and MaurItIUS - ac­
countmg for about 32%, 22%, and 13%, respec­
tIvely, of the area under permanent and 
temporary crops (UNEP, 1991b) In these IrrI­
gated land areas, land degradation IS affected 
by economIC, SOCIal, and techmcal factors Such 
factors are baSIcally related to the followmg 
charactenstIc features of IrrIgatIon waterlog­
gmg and sahmzatIOn, exceSSIve lowermg of 
water tables m some regIOns, bUIld-up of pol­
lutant concentratIOns m groundwater, and 
nutrIent losses by leachmg, hXlvIatIOn, and 
demtnficatIon All of these factors affect pro­
duction systems and can degrade land m one 
or more ways (Stangel, 1991, Massoud, 1974) 

Establishing a Geo-Reference 
Base for Rates of Nutrient 

Depletion and Requirements 

Methodological Approach 
The methodolOgIcal approach used here to 

estImate nutrient balances and rates of nutn­
ent depletIOn and requirements combmes m­
formatIOn on agricultural productIOn, SOlI 
characteristics, and biophYSIcal constramts 
WIth methods and procedures deSIgned for 
makmg such estImates The mformatIOn and 
data related to agrIcultural productIon mclude 
land use, populatIOn-supportmg capaCIty of 
land, crop productIon, and use of mmeral and 
orgamc fertIhzer Attnbute and geographIc 
database systems are used m conjunction WIth 
emplncal and mechanistIc models to produce 
mformation for analyses and momtoring. 
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The approach bUIlds upon pIOneenng work 
on nutnent balances conducted by Smahng, 
Stoorvogel, and others (Smalmg and Fresco, 
1993, Smalmg, Stoorvogel, and WmdmeiJer, 
1993) ThIS bUIldmg on prevIOUS work mvolves 
the lmkmg of methods and procedures for es­
tImatmg nutnent balances WIth attnbute da­
tabases and geographIC mformatIon systems 
(GIS) to mtegrate data and mformatIOn m a 
common geo-reference base and to Illustrate 
m the form of maps and graphs estImates of 
nutnent balances and rates of nutnent deple­
tIon from SOlIs of agnculturallands at country 
and regIonal levels 

Attnbute data used mclude crop areas and 
levels of productIOn, as well as nutnent uptake 
for 10 crop groups that mclude 90 major food 
and mdustnal crops The crops mcluded m the 
database account for about 95% of the total 
cultIvated area m Mnca Uptake rates for ni­
trogen, phosphorus, and potaSSIUm for each 
crop are estImated usmg data from field stud­
Ies TIme serIes data on crop productIOn and 
crop areas for the penod 1961 to 1995 (FAO, 
1994, FAO, yearbook senes) and on mmeral 
fertIlIzer consumptIon by country and regIOn 
for the penod 1985 to 1995 are mcluded m the 
database InformatIOn on orgamc fertIlIzer use 
and practIces IS also a component of the data­
base These data combmed WIth mformatIOn 
on crop and SOlI management systems, SOlI con­
stramts, SOlI charactenstIcs, and clImate by 
regIon and country were assembled mto a da­
tabase management system 

The database management system was es­
tablIshed usmg Access database management 
software (GIfford et al , 1997) ThIS IS a rela­
tIonal database system where data are as­
sembled m tables of two-dImenSIOnal arrays 
called relatIOns The tables are related by m­
dexes A summary ofthe informatIOn mcluded 
m these tables IS presented m Box 1. The da­
tabase con tams modules for data management, 
statIstIcs, and report productIOn and IS con­
nected to routmes for statIstIcal analYSIS and 
estImatIOn of model parameters (SAS InstItute, 
1993) 



Box 1. Types of Data Included in 
Database Management System 

Class Table InformatIOn 

1 Agncultural Crop area 
Crop productIOn 
FertIlIzer use 

2 Sods Sod classIficatIOn (FAO) 
Sod classIficatIOn (USDA) 
Sod fertIhty - class - constramts 

3 ClImate Ramfall 
AgroecologIcal zones 

4 Management Crop vanety - management 
ProductIOn potentIal 
Nutnent uptake 
Crop resIdue - manure used 

5 EconomIc Crop pnces 
FertIlIzer pnces 

6 SocIOeconomIc PopulatIon 
7 FertIhzers FertIhzer products - compOSItIOn 

FertIhzer management 
8 Expenmental Expenment results 

The system IS fleXIble and can be expanded 
to mclude addItIonal data (tables) at the coun­
try and regIonal scales The database IS Imked 
to a geographIc mformatIOn system (ARCIINFO 
and ARCNIEWl) that IS used for producmg 
geo-referenced mput data and map analYSIS 
and for presentmg results m the form of maps 
or spatial outputs (Lane, 1996a and 1996b). The 
GIS contaInS InfOrmatIOn on SOlIs, 
agroecologlcal regIons, clImate, populatIOn, 
land use, SOlI fertIlIty classes, and SOlI claSSIfi­
catIon systems defined accordmg to major taxa 
of the regIon (Buol, 1972, FAO, 1993, FAO, 
1976, Landon, 1984) The GIS can be expanded 
to mclude coverages that IdentIfy area con­
stramts and land qualIty mdlcators that can 
be used for improvmg soIl and land manage­
ment practIces or for finding areas suitable for 
agrIcultural mtensificatIOn The whole system 
can be Imked to deCISIOn support systems that 
mclude crop SImulatIOn models and optImIza­
tIon routInes A flowchart deSCrIbIng the 
approach used to mtegrate the varIOUS compo­
nents of the system mto a geo-referenced sys-

1 Manufactured and dIstnbuted by EnVIronmental 
Systems Research InstItute (ESRI) 
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tern to estimate nutnent depletIOn and reqUIre­
ments IS presented m FIgure 1 

A GIS-based approach can have a number of 
lImItations m dealmg WIth complex resource 
use questIOns The use of modelIng IS restncted, 
partIcularly m image-based systems There IS 
often no mdicatIon of the relIabIlity of estimates 
based solely on GIS data Modelmg and deCI­
SIOn support systems, however, can be used as 
tools to mterpret and aSSIst GIS m overcom­
mg some of these problems Modelmg and de­
CISIOn support systems are partIcularly useful 
to deal WIth mconclusive statements and to 
explam the decisIOnmakmg process adopted m 
arnvmg at vanous deCISIOns Interfacmg deCI­
SIOn systems WIth GIS can prOVIde very pow­
erful declsionmakmg tools for formulatmg 
resource-management plans that promote a 
sustamable agriculture 

Basic Components of a Nutrient 
Balance Model 

Plen (1983), GigOU et al (1985), Stoorvogel 
et al (1993), Smalmg et al (1993), DUIven­
booden (1990), and Pol (1992) among many 
other researchers have calculated SOlI nutn­
ent depletIOn by usmg vanous approaches and 

Database System Harvested Product 
SOCioeconomic Factors Crop ReSidue 
Biophysical Factors Soli Management 'Nutrlent Uptake 
Population Factors Cropping Systems 

- Fodder 

Weather Factors Nutrient Gains 
Nutrient Information ·N Fixation 
·Productlon Trend -l Solis Reglons-~ 'Deposltlon 
·Nutnent Uptake Country -Sedimentation 
'Nutrlent Us. 
'Soli Characteristics ~ 

'Fertlllzation 

I 
GIS Information [- Nutrient Losses 
Geo-5tabstlcs -ErOSIon 
Transfer FunctIons 'Leachlng 
Modeling -Gaseous Losses 

-Other P"oeess .. 
Nutnent Balance I Nut"ent Depletion 

I 

I Nutrient Requirements I 

Figure 1. Geo-Referenced System to 
Estimate Nutrient Depletion and 
Requirements. 



methods to estImate soil nutrient balances A 
simple specIficatIOn of the balance ofnutnents 
(N, P, and K) in sOlIs of agroecosystems at a 
country or regional scale IS gIven by the fol­
lowmg equation (Follet et aI, 1987, MIller and 
Larson, 1992) 

(1) 

where Rntn IS the quantIty ofmorgamc and or­
gamc nutnents remammg m the sOlI at tIme 
tn, APt IS the sOlI morgamc and orgamc nutn­
ents present at tIme t, ARL1t is the morgamc 
and orgamc nutrients added or returned to the 
soil dunng the tIme mterval ~t The RML1t es­
tImate IS the plant nutnents removed wIth the 
harvested product and residue management 
during the tIme mterval ~t, and LL1t is the m­
organic and orgamc nutnents lost dunng the 
tIme mterval ~t. The value oft represents the 
begInnmg time penod, tn represents the end­
mg tIme penod, and ~t IS the tIme mterval be­
tween t and tn 

The equatIOn states that if the amounts of 
nutnents removed from the SOlI (nutnent out­
flows) are greater than the addItIons (nutnent 
mflows) eIther by fertIlIzatIOn or management 
practIces, then the reservOIr or stock of nutn­
ents wIthm the soIl pool wIll decline Exact de­
termmatIOn of dIfferent SOlI nutnent pools IS 
very dIfficult because of the complex dynamIC 
and stochastIc nature of processes of nutnent 
transformatIOns m the SOlI system 

The productIOn of crop outputs and residues 
IS used to calculate total crop nutnent uptake 
from soils. Nutnent depletion and reqUIre­
ments are assessed by calculatmg and usmg 
estImates of nutrient gams attnbutable to the 
applicatIOn of mmeral and organic fertIlIzers 
and to biophysical processes of depOSItIon, sedI­
mentatIOn, and fIxatIOn. InformatIon on 
weather and soIl constramts, SOlI charactens­
tIcs, and agroecologIcal zones IS used to estI­
mate soIl nutrIent losses due to erOSIOn, 
leachmg, and volatIlIzation (gaseous losses) 
EstImates of nutnent gams and losses are de­
veloped from assumed sod-nutnent transfer 
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functIOns and from estImatIOn of empincal sta­
tIstIcal models (Larson and PIerce, 1991; Van 
DIepen et aI, 1991; Bouma and Van Lanen, 
1987, Smaling et aI., 1993; Stoorvogel et aI, 
1993). 

Assessment of Nutrient Outflows 
EmpIncal nutnent loss models and transfer 

functIOns are estImated and used to calculate 
removal and assess nutrient losses through 
vanous mechamsms and processes. Further 
research and improvements in data should 
enhance the relIabIlIty of these models as pre­
dICtors ofnutnent transfers and losses through 
various processes The speCIficatIon and estI­
matIon of these models are described below 

Harvested Product (Nu) - The harvest of 
crop outputs and removal (export) of crop reSI­
dues are major mechamsms of nutnent re­
moval Average values of N, P 20 5, and K20 
uptake m kIlograms per hectare were obtamed 
from the lIterature and from expenmental 
data The nutnent uptake (Nu) m harvested 
product (j) and country (1) was calculated by 
multiplymg total crop productIon m metnc tons 
(Cp'J) by the crop nutnent uptake mdex (NIJ) 
expressed m kIlograms per metnc ton 

(2) 

Values of crop nutnent uptake mdexes (NIJ) 

were denved from the lIterature and from ex­
penmental results (Russell, 1973, Van Keulen, 
1986, Sanchez, 1976, Stoorvogel and Smaling, 
1990, Fned and Broeshart, 1967, PPI, 1988) 
These mdexes were estImated for crop YIelds 
of traditional and improved crop vanetIes un­
der average management condItIons Nutnent 
uptake values for mam crops are presented in 
AppendIX I (Table I 1) 

Crop Residues (Nr) - Indexes of content 
of N, P205, and K20 m crop reSIdues were ob­
tained from references and field studIes (Lal, 
1995b, GeIger et aI., 1992, Larson et al , 1978, 
Bationo and Mokwunye, 1991, BatlOno et al , 
1994; Prasad and Power, 1991) The nutnent 



removed from the sOlI by crop resIdues was cal­
culated by multIplymg the nutnent content m 
the resIdue (NI) by the crop productIOn data 
(Cp) for countnes and regIons, the harvest m­
dex (HI) and the approxImated percent of res 1-

due left on the SOlI after crop harvestmg (Ref) 
Thus, the amount of nutnent uptake m the 
residue removed from soIl for a given crop 0) 
m country/regIon (1) is determmed by the fol­
lowmg equatIOn 

(3) 

where NrlJ represents the nutnent uptake m 
crop resIdues, m metnc tons or kIlograms per 
hectare, dependmg on the crop production val­
ues EstImated mean values of nutrient uptake 
m crop resIdues are presented m Table I 1 Es­
tImates of the amount of resIdue left on the 
SOlI after harvestmg and grazmg were obtamed 
from references and country reports The har­
vest mdex (HI) measures the proportIon of the 
economIcally produced part of the bIOmass that 
IS actually harvested 

Leaching of Nutrients (NI) - Leachmg IS 
an Important mechamsm of mtrogen and po­
tassIUm loss for shallow-rooted crops m sandy 
soIls of the semIarid zones and areas of Sudano­
SahelIan AfrIca SOlI P leachmg IS conSIdered 
to be neglIgIble m the tropIcal SOlIs of AfrIca 
Leachmg of Nand K have been found to be 
hIghly assOCIated WIth the amount and method 
ofnutnent applIcatIOn (management), the SOlI 
phYSIcal characterIstIcs, the clImate, and the 
crop speCIes and vanetIes bemg grown on the 
SOlI NItrogen and potassIUm losses can be very 
hIgh and are assocIated mamly WIth the ram­
fall mtensIty, low soil mOIsture, and poor wa­
ter retentIOn capaCIty of SOlIs m most semland 
areas LeachIng penodically removes most of 
the mtrate N from the profiles of permeable 
SOlIs m croppmg systems of the humId and 
subhumld areas of sub-Saharan AfrIca (Dudal 
and Byrnes, 1993) 

Most of the lIterature on nutnent leachmg 
IS confined to mformatIon on pomt observatIOns 
for Nand K, whIch are vanable and dIfficult 
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to extrapolate (Charreau, 1972, Plen, 1985) 
Other authors (Addiscott and Wagenet, 1985, 
Burns, 1975, Bouma and Van Lanen, 1987), 
usmg expenmental data, have developed em­
pIn cal transfer functIOns and used them for 
predIction They have shown that N leachmg 
can be predIcted relIably m an AfrIcan enVI­
ronment on the baSIS of mformatIOn on ram­
fall, soIl mOIsture content, and nutnent content 
of the SOlIs RegressIOn models were estImated 
to predIct nutrIent leachmg at country and re­
gIonallevels The general speCIficatIOn of thIS 
model mcludes as varIables the fertilIty of the 
SOIls expressed as SOlI fertilIty class (Fc), the 
average ramfall (R) for the regIon/SIte, and the 
nutnents applIed (Cn) The model was speCI­
fied as follows 

where 100 < R < 3300 and NI IS the amount of , 
leachmg of N or K at SIte I, expressed as per-
centage of the quantity applIed, the parameter 
estImates a, ~b ~2' ~3' and ~4 measure the ef­
fects of SIte management, SOlI fertilIty class 
(Fc), ramfall (R) m mm/year, and nutnent ap­
plIed m the form of mmeral and/or orgamc 
sources (Cn), respectively The SOIl fertilIty 
class Fc IS mcluded to account for the fertilIty 
and management of the soIl as determmed by 
soIl claSSIficatIOn and aVailabIlIty of SOIl nutn­
ents ThIS IS broadly assessed as 1 for low, 2 
for moderate, and 3 for hIgh The parameter t, 
IS the error assOCIated WIth the estImatIOn of 
the model An example of the parameter 
estimated at the country level IS presented m 
Table 1 

Nitrogen Gaseous Losses (Ng) - N IS lost 
to the atmosphere by demtrIficatIOn and vola­
tIlIzatIOn Small losses by volatIlIzatIOn of am­
moma may occur In some alkalIne SOlIs The 
lIkelIhood of such losses IS mcreased m sandy 
soIls WIth low catIon-exchange capaCIties The 
loss through denitrIficatIOn IS more senous m 
AfrIca and IS mfluenced prInCIpally by clImate 
(ramfall), SOlI type (soIls WIth hIgh clay 
content), low N substrate aVailabIlIty, and crop 
uptake (Smalmg, 1993, Mengel, 1985) 



Table 1. Parameter Estimates of Models 
of Nitrogen and Potassium 
Depletion Due to Soil Leaching 

Estlmates 
Vanables Parameters NItrogen PotassIUm 

Intercept a 2054+ 2286' 
(1533) (1151) 

SOlI fertilIty class (Fc) ~l -787" -709" 
(190) (160) 

Fe x Ram (R) ~2 0003+ 0001 
(0002) (0001) 

Ram (log [R]) ~3 200 109 
(228) (171) 

FertilIzer use (Cn) ~4 058" 068" 
(017) (019) 

Statistics' 
Mean (%) 3069 2499 
C V (%) 1804 1600 
Standard error (%) 553 420 
R2 (adjusted) 059 053 

"Statistically sIgnIficant at 0 01 level of sIgnIficance (p $ 

001) 
• Statistically sIgmficant at 0 05 level of sIgnIficance (p $ 

005) 
+StatIstIcally sIgnIficant at 0 10 level of sIgnIficance (p $ 

010) 

Standard errors are m parentheses 

Dependent variables 
NItrogen = Amount ofN leached as percent ofmtrogen 
uptake 
PotassIUm = Amount of K20 leached as percent of potas­
SIUm uptake 

ExperImental data were used by Smalmg and 
Fresco (1993) to predIct demtrIfied soIl N m 
Kenyan SOlIs Losses of N through ammoma 
volatilIzation can also occur m tropIcal areas 
wIth hIgh use offertIhzer and orgamc sources 
ofN and are mfluenced mamly by SOlI texture, 
pH, and clImatIc factors (Hargrove, 1988) 
NutrIent losses through both mechamsms are 
mcluded m calculating N balances A model 
was specified to predict these losses of N This 
model mcluded as varIables ramfall (R), SOlI 
fertilIty class (Fc) to account for soil factors, 
and the quantity of nutnents applIed (en) as 
proxy of N avaIlabIlIty The estImatmg model 
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used had the same form as model (4) NItrogen 
loss (Ng) m the model IS measured as percent­
age ofthe total N uptake Parameter estImates 
a, ~b ~2' ~3, and ~4 have a SImIlar mterpreta­
tIon and meanmg as m model 4 but, for thIS 
purpose, WIth respect to the measure of mtro­
gen loss (N g) EstImates of the parameters of 
thIS model for mtrogen gaseous losses are pre­
sented m Table 2 

Soil Erosion (Ne) - Whether by wmd or 
water, SOlI erOSIOn IS often a major hazard m 

Table 2. Parameter Estimates of 
Nitrogen Depletion Due to 
Gaseous Losses 

Estimate 
VarIables Parameters NItrogen 

Intercept ex 447 
(580) 

SoIl fertIhty class (Fc) ~I -3 24** 
(074) 

Fc x Ram (R) ~2 -00004 
(00006) 

Ram (log [R]) ~3 077* 
(086) 

FertIhzer use (Cn) ~4 007*' 
(002) 

Statistics: 
Mean (%) 560 
C V (%) 3193 
Standard error (%) 179 
R2 (adjusted) 068 

"Statistically sIgmficant at 0 01 level of sIgmfi­
cance (p::; 0 01) 
* Statistically sIgmficant at 0 05 level of sIgmfi­
cance (p ::; 0 05) 
t Statistically sIgmficant at 0 10 level of sIgmfi­
cance (p ~ 010) 

Standard errors are m parentheses 

Dependent varIable 
NItrogen = Amount ofN gaseous losses as percent 
of mtrogen uptake 



agncultural lands m AfrIca Wmd and water 
erOSIOn of SOlIs causes about 70% ofthe degra­
datIOn of soils ClImatic factors, topography, 
nutnent content of the soIl, plant and lItter 
cover, and phYSIcochemical properties of the 
subsoil horizon mfluence erOSIOn rates m many 
areas The mfluence of van able ramfall m the 
form of hIgh-energy storms IS Important m 
West Mrica, whereas steep slopes are impor­
tant III East AfrIca, and the presence of over­
used fragile soils and land clearmg are 
WIdespread and Important m the western semI­
arid regIOns and m Southern Mnca All these 
factors help to make erOSIOn the major process 
of SOlI fertilIty declme m AfrIca and other tropI­
cal areas (UNEP, 1991b). In addItIon to bIO­
phYSIcal factors, soil erOSIOn m AfrIca IS also 
attnbuted to socioeconomIC factors (Salako et 
aI, 1991) Important socIoeconomic factors are 
hIgh populatIOn denSIty, mappropnate and 
extensIve land use, uncontrolled grazing WIth 
hIgh stockmg rate, and poor crop and pasture 
management practIces 

There IS abundant mformatIOn m the lItera­
ture on the amount of SOlI eroded by water m 
dIfferent areas and soIl types of AfrIca (Lal, 
1995a, BIShop and Allen, 1989, Lal, 1984, 
Charreau and Nicou, 1971, Mensah-Bonsu and 
Obeng, 1979, Stockmg, 1986, Elwell and Stock­
mg, 1982) Many dIfferent factors mteract to 
determme the amount of SOlI loss occurnng at 
a partIcular tIme and place The Impact of the 
most Important factors IS deSCribed by the 
Umversal SOlI Loss EquatIOn (USLE) 
(Wischmeler and SmIth, 1978) Estimates of 
SOlI erOSIOn were obtamed by usmg the USLE 
and aVailable data This model estImates soIl 
erOSIOn m ton/acre/year as a functIOn of ram­
fall erOSIVIty index (R), soIl erodibIlIty factor 
(K), topographIC factors of slope gradIent and 
length (SL), and land cover and crop manage­
ment factor (C) The croppmg and management 
factor, C, IS a compOSIte of the effects of crops 
and crop sequence, tIllage practIces, and the 
mteractIOn between these factors and the tIm­
mg of ramfall through the year TypIcal val­
ues for soil erOSIOn for some AfrIcan countries 
are summanzed m Table 3 
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Table 3. Selected Values of Soil Erosion 
Parameters in Mrica 

ErodIbIlIty 
Country ErOSIVIty (R) (K) 

(foot-ton/acre/year ) 

Algena 100-500 o 10-02 
Angola 300-800 020-05 
Botswana 300-600 020-03 
Burkma Faso 200-600 020-03 
Congo 400-1,000 030-06 
Cote d'IvOlre 300-1,000 020-04 
Egypt 60-300 005-02 
EthIOPIa 200-800 020-03 
Ghana 300-800 020-03 
Kenya 400-1,000 010-03 
Lesotho 100-400 o 10-03 
Madagascar 400-1,200 030-05 
Mall 300-800 020-03 
Morocco 50-300 o 10-02 
NIgeria 400-1,000 010-04 
Rwanda 500-1,200 030-05 
Senegal 400-800 005-02 
South MrIca 200-800 010-04 
Sudan 400-1,000 030-04 
Tanzama 300-650 020-04 
Togo 400-800 010-03 
TumsIa 60-300 010-02 
Uganda 300-1,000 020-04 
ZImbabwe 300-800 020-04 

Crop Cover and Management Factor (C)l 

MIllet and sorghum 
Cotton 
Groundnuts 
Cowpea 
Maize 
RIce (paddy) 
Bare land 

03-09 
05-07 
04-08 
02-04 
04-07 
03-05 
08-10 

Supplemental (Conservation) Practices (P)2 

Straw mulch 
Grass fallow 
Contour plowmg 

01-02 
01-04 
04-08 

I RatIO SoIl loss of crop to soIl loss of fallow crop 
2RatIO SoIl loss of practIce to soIl loss of fallow crop 
under slope condItIons 



Wind and water are natural forces that can 
transport soil ErOSIOn by wmd IS notIceable m 
the dry areas of Afnca (North and sub­
Saharan) The mtense sand and dust storms 
dunng harmathan penods are eVIdence of the 
Importance ofwmd erOSIOn m North and sub­
Saharan AfrIca Empincal equatIOns have been 
denved to estImate sOlI erOSIOn caused by wmd 
These equatIOns reqUIre data on wmd veloc­
Ity, preCIpItatIOn, and mOIsture mdICes (Lal, 
1985, F AO, 1976) General functIOnal relatIOn­
ShIPS between factors that affect wmd erOSIOn 
have been included m the wind erosion equa­
tIon (ehepIl and Woodruff, 1963, SkIdmore et 
al , 1970), thIS equatIOn speCIfies SOlI loss in 
tons/acre/year E, as a functIon of a soil erod­
IbIlIty mdex I, a sOll-ndge roughness factor K, 
a clImatIc factor e, the field length along the 
prevaIlmg wmd erosion directIOn L, and an 
mdex of vegetatIve cover V 

Although wmd erOSIOn IS a senous problem 
m many and and semIand zones of AfrIca, the 
equatIOn has not yet been wIdely used Data 
and research on wmd erOSIOn m AfrIca and m 
the tropICS have been conSIderably less than 
that on water erOSIOn 

Where relIable mformatIOn was aVaIlable, es­
tImatIOns of soil erOSIOn by water were denved 
usmg the sOlI loss erOSIOn models Very few 
data were aVaIlable to use the wind equatIOn 
or to estImate soIl erOSIOn by wmd Ennchment 
values (nutrient adsorbed on soIl partIcles) 
were used from em pIn cal models and table of 
references to convert sOlI erOSIOn losses to nu­
tnent losses (Sobulo and Osmame, 1986, Stock­
mg, 1986, Stoorvogel and Smalmg, 1990, 
VUIllaume, 1982, WallIng, 1984, WIllIams et 
al , 1982, Lal, 1976) Fmally, estImates of nu­
tnent losses due to erOSIOn were obtamed for 
country and regIonal levels by usmg the fol­
lowmg regreSSIOn functIOn model to adJust and 
predIct the amount of nutnent eroded (Ne). 

where Ne, is the percentage of nutnent loss 
through sOlI erOSIOn m the selected crop/regIon, 

ex, (51. and (52 are parameters measurmg the ef­
fects of factors that are not mcluded in the 
models but charactenze the Sudano-SahelIan, 
humId, and subhumId regIOns, respectIvely 
These factors charactenze and are speCIfic to 
each of the countnes/regIons The parameters 
~1' ~2' and ~3 measure the effects of the sOlI fer­
tIlIty class (Fc) and the mineral and orgamc 
nutrients applied each croppmg season (en) on 
the amount of nutnent eroded. The 10, IS a ran­
dom error Parameter estImates of models used 
to calculate mtrogen, phosphorus, and potas­
SIUm losses associated WIth soIl erOSIOn are 
presented m Table 4 
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Assessment of Nutrient Inputs and 
Inflows 

Use of Mineral Fertilizers (Mf) - Infor­
matIon on nutnent use (applIed) per country 
m tons ofN, P 20 5, and K20 was obtamed from 
FAO database (FAO, 1996). Weight factors and 
GIS routmes were used to calculate fertilIzer 
use at hIgher levels of aggregatIon (by regIon, 
sOlI class, land use class, agroecologICal zone, 
etc) 

Use of Organic Fertilizers (Of) - The data 
reqUIred to calculate orgamc nutnent mputs 
mamly m the form of ammal manure mclude 
the populatIOn ofhvestock, the amount ofma­
nure reachmg arable land, and ItS nutnent 
content at the tIme of applIcatIOn AddItIonal 
mformatIOn, however, IS required to estImate 
recyclmg of household waste and mdustnal 
refuse Often, some of these data are not readIly 
aVaIlable at country and regIonal levels 

InformatIOn from the lIterature on the type 
of manure and orgamc products, the rates of 
applIcatIOn by farmers, and the lIvestock pro­
ductIOn practIces m selected regIons and coun­
trIes was used to estImate the amounts of 
nutnent mputs prOVIded by the use of orgamc 
fertIlIzers The average N, P205, and K20 
analYSIS of some orgamc fertIlIzers IS presented 
m Table I 2 (FaIrbndge and Fmkl, 1979, 
Gershuny and SmIllIe, 1986). 

Because of the low use ofmmeral fertIlIzers 
and the relatIvely hIgh number of lIvestock m 



Table 4. Parameter Estimates of Models of Nutrient Depletion Due to Soil Erosion 

Vanables 

Intercept (Sudano-Sahehan) 

RegIon (humId) 

RegIon (subhumId) 

SoIl fertIlIty class (Fc) 

FertIhzer use (Cn) 

FcxCn 

Statistics: 
Mean (%) 
C V (%) 
Standard error (%) 
R2 (adjusted) 

Parameters 

a 

<h 

02 

~1 

~2 

~3 

NItrogen 

18.30** 
n 21) 

1 75* 
(085) 

-4 15** 
(076) 

003 
(009) 

019** 
(007) 

1591 
1572 
250 
068 

EstImates 
Phosphorus 

1620** 
(3 10) 

-233' 
n 33) 

203+ 
(129) 

-277+ 
(182) 

035+ 
(023) 

010 
(017) 

1881 
1878 
353 
059 

PotaSSIum 

2008*' 
(107) 

061 
(078) 

-444*' 
(074) 

-009 
(020) 

019+ 
(017) 

1471 
1476 
217 
060 

** StatIstIcally sIgmficant at 0 01 level of sigmficance (p :::;; 0 01) 
* StatIstIcally sIgmficant at 0 05 level of sIgmficance (p :::;; 0 05) 
+ StatIstIcally sIgmficant at 0 10 level of SIgnIficance (p :::;; 0 10) 

Standard errors are m parentheses 

Dependent vanables 
NItrogen = Amount ofN m eroded soIl as percent ofmtrogen uptake 
Phosphorus = Amount of P20 5 m eroded SOlI as percent of phosphorus uptake 
PotaSSIUm = Amount of K 20 m eroded SOlI as percent of potaSSIUm uptake 

some regIons (Breman and Niangado, 1994), 
the use of anImal manure In AfrIca IS an Im­
portant component of SOlI fertIlIty management 
In some countnes Presently, average rates of 
apphcatIOn of manure by farmers USIng ma­
nure range from 175 to about 700 kg/ha in coun­
tnes m Mnca (BatIOno et al , 1995) Livestock 
management practIces vary from mtensive 
grazmg to on-the-spot feedmg of hvestock on 
crop reSIdues The latter IS common practIce 
m many rural areas of AfrIca. 
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Country-level estImates of the amount of nu­
tnent returned to the SOlI In the form of solId 
manure were calculated on the baSIS of the 
amount of reSIdue left on the fIeld that IS 

grazed, the nutnent content ofthe reSIdue, and 
the fractIOn ofnutnents from the reSIdue that 
remams mSIde the ammal The value of thIS 
fractIOn used m the estImatIOns presented m 
thIS paper was 10% as IS mdicated m the lIt­
erature (Stoorvogel and Smalmg, 1990) 



Nutrient Deposition (Nd) - The amounts 
of nutnents that return to the soIl by deposI­
tIon are dIfficult to estimate. DepOSItIon IS as­
socIated mamly wIth the levels of nutrients 
used (and produced) and wIth the amount of 
ramfall. Wet and dry depOSItIOns were evalu­
ated for selected SItes usmg transfer functIOns 
A model was estImated by usmg forms of em­
pincal functIOns used prevIOusly m other stud­
Ies (Stoorvogel and Smalmg, 1990, Smalmg and 
Fresco,1993) In those studIes, nutnent depo­
sition in kilogram per hectare is specified as a 
functIOn of the square root of average annual 
ramfall Therefore, the following model was 
estImated and evaluated m this study 

where Nd,Is nutrient depOSItIon as a percent­
age of total nutnents, a, <h, 82, 83 are param­
eters of dIscrete vanables mcluded to account 
for vanabilIty due to regIOnal factors, ~lIS the 
parameter measunng the effect of SOlI fertIlIty 
on nutrient depOSItIon, ~2 IS the parameter 
measurmg the effect of ramfall on nutnent 
depOSItIOn, and £, IS the error term Parameter 
estImates of model 6 are presented m Table 5 

Inputs of Nutrients Due to Soil Sedi­
mentation (Ns) - This mechanism IS particu­
larly Important in irrigated areas and on 
naturally flooded SOlIs. QuantIficatIOn IS a dIf­
ficult task because of the lack of sufficient m­
formatIOn on the nutnent content of sedIments 
Because ofthis hmitatIOn, values m kIlograms 

Table 5. Parameter Estimates of Nitrogen Deposition Model 

Variables Parameters 

Intercept (and North) 

SOlI fertIlIty class (Fe) 

Region (Sudano-SahelIan) 

Region (humid-subhumid West) 

Region (subhumid East, semiand Southern) 

Ram (R)V' 

StatIstIcs 
Mean (%) 
C V (%) 
Standard error (%) 
R2 (adjusted) 

** StatIstIcally sIgnificant at 0.01 level of sIgnificance (p :::; 0 01) 
* StatIstically sigmficant at 0 05 level of SIgnIficance (p :::; 0 05) 
+ StatIstIcally sigmficant at 0 10 level of significance (p :::; 0 10) 

Standard errors are m parentheses. 

Dependent vanable: 

a 

~1 

<h 

82 

83 

~2 

Nitrogen = Amount of N depOSItIOn as percent of mtrogen uptake 
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EstImate 
NItrogen 

006 
(046) 
024* 

(014) 
191*' 

(035) 
060+ 

(039) 
003 

(032) 
0065** 

(0013) 

287 
1932 
055 
063 



per hectare per year of the amounts of nutn­
ents m IrngatIOn water are used for selected 
regIOns and crop systems 

Nitrogen Inputs Due to N Fixation (Nf) -
Information m the hterature about the nature 
ofN uptake by crops was used to IdentIfy three 
basIc dIstmctIve scenanos determmed by the 
nature ofN uptake by crops' 

1 About 60% of the total mtrogen uptake by 
legummous crops (soybeans, groundnuts, 
and pulses) IS supplIed through SymbIOtIC 
N fixatIOn 

2 About 80% of the total mtrogen demand of 
wetland nce, up to a maxImum of 30 kg/ha/ 
year, IS supphed through chemoautotrophIc 
N fixatIOn 

3 All crops benefIt from N that IS fIxed 
nonsymbIOtIcally or by N-fixmg trees that 
are left growmg m the fields ContnbutIOns 
of non SymbIOtIc fixatIOn to mtrogen reqUIre­
ments of crops are neghgIble m the and and 
semiand regIOns NItrogen fixatIOn by grow­
mg trees has been estImated to range from 
2 to 10 kg Nlha, of which about 25% IS ex­
pected to return to the sOlI 

Assessment of Nutrient Depletion 
and Requirements 

The quantIty or rate of nutnent depletIOn IS 
estImated as the dIfference between the 
amount of nutnents exported annually from 
cultIvated fields and the amount added or Im­
ported annually m the form offertIhzers, ma­
nure, fixatIOn, and the phYSIcal processes of 
depOSItIOn and sedImentatIOn The balance of 
nutnent mflows and outflows (Nb,) per year or 
nutnent depletIOn m kIlograms per hectare per 
year for each country (1) and crop (]) IS assessed 
and estImated as follows' 

Nb, = L,) (Mf;.), Of;.) Nf,) + L, (Nd" Ns,) -
(L,) (Nu,» Nr,) + L, (NI" Ng" Ne,» (7) 

The calculatIOn of nutnent reqUIrement IS 
mdICated by equatIOn (8) 
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The nutrient requIrement (Nur,) IS calculated 
as the amount of nutnent uptake reqUIred to 
achieve a specific target YIeld WIthout deplet­
mg the sOlI nutnent The calculated nutnent 
uptake reqUlrements are mimmum reqUIre­
ments A crop could take up more than Nur, 
and this would result m mcreased productIOn 
or YIeld or Improved quahty of the product 
(Dnessen and KomJn, 1992) When It IS neces­
sary, the model IS adjusted by the aVaIlable soIl 
nutnent content Also, to estImate the amount 
of a fertIhzer product reqUIred, the nutnent 
reqUIrement IS adjusted to account properly for 
the fractIon offertIhzer nutnent that IS actu­
ally taken up by the crop (fertIlIzer use 
efficIency) 

Average rates of nutnent depletIOn and nu­
tnent reqUIrements were ImtIally estImated at 
macro scale for each country m AfrIca (FIgure 
2) Because of sIgmficant VarIabIhty withm 
countnes, estImates were calculated for se­
lected areas withm countnes For those areas, 
more elaborated transfer functIOns, empIrIcal 
response models, and geostatIstIcal routmes 
were used 

Analysis of Nutrient Depletion 
and Requirements Under 
Current Crop Production 

Biophysical Factors 
Unfavorable clImate and mherently poor 

SOlIs charactenze the bIOphYSIcal enVIronment 
of agncultural productIOn m West Afncan 
countnes The soIls' natural fertIlIty and water­
retainmg capaCIty are often low, and they are 
highly susceptIble to wmd and water erOSIOn 
The chmate IS hIghly varIable and globally m­
fluenced by wmd CIrculatIOn patterns that de­
termme pen ods of hIgh rams, drought, and 
arIdIty in the regIOn 

Average nutnent depletIon rates as related 
to major soil types are presented m FIgure 3 
These estImates show that SOlIs on about 23% 



Country Codes 
101 A1gana 
102 Angola 
103 Benin 
104 Botswana 
105 Burkina Faso 
106 Burundi 
107 Cota D' Ivolfa 
106 Cameroon 
109 Cape Verde 
110 Central African Republic 
111 Chad 
112 Comoros 
113 Congo 
114 Djibouti 
115 Egypt 
116 Equatonal Guinea 
117 ErItrea 
118 EthIopia 
120 Gabon 
121 GambIa 
122 Ghana 
123 Guinea 
124 Guinea-BISSau 
125 Kenya 
128 Lasotho 
127 Uberia 
128 Ubya 
129 Madagascar 
130 Malawi 
131 Mall 
132 Mauritania 
133 Morocco 
134 Mozambique 
135 Namibia 
138 Niger 
137 Nigeria 
139 Rwanda 
140 Sanegal 
141 Seydlellas 
142 Sierra Leone 
143 Somalia 
144 SouthAfnca 
145 SUdan 
146 Swaziland 
147 Tanzania 
148 Togo 
149 Tunisia 
150 Uganda 
151 ZaIre 
152 Zambia 
153 ZImbabwe 
155 Western Sahara 

o 

Regions of AfrIca 

D Arid-North 
Humid-Central 
Humid-Subhumid-West 
Subhumid-Mountaln-East 
Subhumid-Semiarid-Southem 

o Sudano-Sahellan 

2000 4000 Kilometers 

Figure 2. Countries and Regions in Africa. 
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Soil Type 
Alfisols 
Aridisols 
Entisols 
Inceptisols 
Oxisols 
Ultisols 
Vertisols 

o 

Annual Depletion 
(N + P205 + K(0) kg/ha 

.. >100 

~ 50-100 

CJ < 50 

_ Water Bodies 

2000 4000 Kilometers 

Figure 3. Average Annual Nutrient Depletion (NPK) in Soils in Africa (Years 1993-95). 
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ofthe agnculturalland are classified as Alfisols 
(LuvIsols) wIth nutnent depletIOn rates that 
range from 47 to 88 kg NPK/halyear These 
SOlIs predominate m the savanna areas and at 
the forest-savanna boundarIes of most of the 
subhumId and semiand West AfrICan countnes 
and m subhumld and semland East Afnca 
pnnclpally m EthIopIa, Tanzama, Zimbabwe, 
MozambIque, Lesotho, and east of South Af­
rica These soils have low reserves ofnutnents 
such as mtrogen, phosphorus, and zmc In the 
subhumld areas, the soIls occur on very weath­
ered areas where erosion is the most serious 
hazard in terms of accelerated nutrient deple­
tIon and decreased productivity In the semI­
and areas, the SOlIs are less weathered, 
however, moisture stress and wmd and water 
erOSIOn aggravated by low SOlI orgamc matter 
and more mtensIVe croppmg have mcreased the 
rates of nutrient depletIOn RudImentary agri­
culture, pastures, and some forest areas char­
acterize most farmmg systems on these soIls 
Farmers are usually located on areas of more 
mtensIVe cultIvatIOn of short-term crops with 
low use of external mputs such as mmeral fer­
tilIzers and manure 

On about 32% ofthe agricultural land In Af­
nca, SOlIs are subject to extreme weathenng, 
these SOlIs have low nutnent reserves, are 
seqUloxIde-nch, and have weak retention of 
bases applIed as fertIlIzers or amendments In 
these areas, nutrient depletion ranges from 30 
to 108 kg NPK/halyear These SOlIs are claSSI­
fied as OXlsols (Ferralsols) and are common In 
areas WIth subsistence farmIng, in low­
IntenSIty grazIng enVIronments, and also In 
IntenSIve plantatIOn agriculture such as 
sugarcane, banana, cotton, tea, and coffee cul­
tIvation Nutrient depletIOn, WIth sigmficant 
mtrogen losses through leachIng, IS common 
m high-ramfall areas m Cameroon, Nigeria, 
Ghana, Tanzama, and MozambIque Most of 
the OXlsols are located m humid Central Af­
flca (Cameroon, Gabon, Equatorial Gumea, 
and Zaire), semiarid Southern Africa (ZaIre 
and Angola), and subhumid and mountain East 
Africa (Zambia, Mozambique, and MalaWI) 

Agncultural productIOn IS less developed on 
workable EntIsols (Arenosols). Most of these 
SOlIs are located m the semIarid regIOn of 
Southern AfrIca (ZaIre, Angola, NamIbIa, and 
Bostwana), occupy about 9% ofthe agncultural 
land, and have nutnent depletIOn rates rang­
Ing from 18 to 63 kg NPK/halyear These SOlIs 
degrade rapIdly wIth mtensIVe croppIng Mixed 
farmIng with cattle and sheep ranges and very 
low use of external inputs IS the agnculture 
usually practIced on these SOlIs Other soIls 
such as the InceptIsols occupymg a small area 
(8%) are located in Sudan, Congo, and Zaire 
and III some areas in North Mrica. These soils 
have rates of nutrient depletIon that vary from 
33 to 63 kg NPK/halyear Under appropnate 
management practices such as IrrigatIOn and 
drainage, proper crop rotation, and fertIlIza­
tion, the SOlIs are hIghly productIve LImmg 
and phosphate fertilIzation problems are acute 
In these soIls ACIdIty and phosphorus defiCIency 
are usually the main constraInts m those SOlIs 
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UltIsols (Acnsols) In some subhumId and 
mountaIn areas (9% of agnculturalland) have 
constramts oflow nutnent levels, the presence 
of exchangeable alummum, and hIgh mtrogen 
losses through leachmg under hIgh ramfall 
Nutnent depletIOn rates vary from 56 to 136 
kg NPK/halyear These SOlIs are common In the 
subhumId and mountaIn areas In Zaire, 
Uganda, Rwanda, and BurundI and m the sub­
humId savanna areas of West Afnca Good 
crops are produced on these soils dunng the 
first few years, or for about the tIme It takes 
for the nutrient reserve m the orgamc matter 
to decompose and be taken up by the crop or 
be leached from the profile IntenSIVe croppIng 
on steep lands m the subhumid and mountam 
areas of East AfrIca has led to hIgh erOSIOn 
rates. Agroforestry systems could offer alter­
natIves for the use of these soIls 

ArId soIls (ArIdIsols-Xerosols) occupy 38% of 
the agricultural land in the North, the Sudano 
Sahehan area, and Southern Mrica The use 
of these soils for agriculture is severely hm­
Ited by the lack of water and poor moisture 



retentIOn They are extensIvely used for range 
and seasonal grazmg, except for level areas on 
whIch lITIgatIOn IS practIced In these sOlIs, ni­
trogen is the most lImItmg nutrient. Nutnent 
depletion ranges from none and very low on 
some lITIgated and well-managed soIls m North 
AfrIca to high levels, about 60 kg NPKlhaJyear, 
m other areas Crop productIon on these SOlIs 
in the semland areas is highly risky and de­
pends mostly on irrigation and water concen­
trated m the nver basms 

Nutnent depletIOn IS aggravated by the cli­
matIc vanabilIty and lack of water that pre­
Vail m many countnes and agroecological zones 
m AfrIca (FIgure 4) ThIS vanabIlity affects the 
length of growmg penod (LGP) or the number 
of days m a year dunng whIch there are both 
adequate mOIsture and SUItable temperatures 
to support plant growth The short length of 
growmg penods restncts croppmg systems, 
crops, and hvestock management practIces 
LImIted dIversIficatIOn of croppmg systems 
occurs, for example, m the and and semiand 
savanna zones where the LGP IS between 75 
and 150 days SoIls m these areas have low 
inherent fertIlity, and theIr productIOn capac­
Ity IS restncted by hIgh rates of nutrient deple­
tIon, between 30 and 80 kg NPKlha/year 
Because of the nsk mvolved in crop produc­
tIon and other constramts, there IS very low 
use of external mputs 

And chmates wIth growing penods of less 
than 75 days dommate most of the Sudano­
Sahelian regIons where nutnent depletIOn can 
reach up to 70 kg NPKlhaJyear WIthout lITI­
gatIOn, the land IS used for extensive grazmg, 
however, populatIOn pressure IS mcreasmg the 
proportIOn of thIS land that IS contmuously cul­
tIvated despIte the low fertIlIty, hIghly van­
able ramfall, and hIgh rIsk of erOSIOn In 
contrast, m other areas m West and Central 
Afnca WIth mOIst clImates (LGP > 270 days), 
excess water and hIgh van abIlIty m SOlIs and 
management systems lImIt YIelds and decrease 
soIl fertIlIty The clImate m more humId areas 
allows more dIverse cropping systems In these 
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areas, soils have better fertIlIty, but poor man­
agement practices and aCIdIty are the cause of 
large vanabilIty m rates ofnutnent depletIon 

The complex mteractIon of clImate, SOlIs, wa­
ter, and nutnent depletIOn largely determmes 
crop production and resource conservatIOn m 
most agroecologIcal zones m AfrIca and, often, 
the success or failure of agricultural practIces 
and productIOn systems In the semIand areas 
in Africa, recycling of nutnents IS low and nu­
trients tend to accumulate very slowly m SOlIs 
under the savanna vegetatIOn These nutnents 
may be of lIttle benefit to crops produced when 
the vegetatIOn IS cleared If the croppmg penod 
IS very short or If It comcldes WIth a penod of 
drought In the Gumea savanna zone, whIch 
lIes at the border WIth the semland area and 
enJoys greater ram fall than the SahelIan or 
Sudan savanna, the ramfall IS often concen­
trated over a few months When thIS event oc­
curs on deep SOlIs that store more water, 
VIgorous grasslands are supported often on 
more fertIle and less depleted SOlIs The Gumea 
savanna merges mto the derIved savanna, 
whIch IS followed by the dner forest, and mOIst, 
humId, and perhumld forest zones, as the ram­
fall and number of wet months contmue to m­
crease As ramfall mcreases m these areas -
more than 1,500 mm per year - the SOlIs become 
increasmgly aCId and often depleted of nutnents 

Population-Carrying Capacity of the 
Land 

The contmued populatIOn growth and the 
phenomenon of mIgratIOn as a result of the 
shortage and adequacy of land resources m 
Africa are Important factors affectIng the 
degradatIon of agnculturalland F AO estIma­
tIons of the actual supportmg capaCIty ofland, 
calculated usmg crop SUItabIlIty data and as­
summg lImIted use of mputs (ramfed produc­
tIon WIthout mechamzatIon, mmeral fertIlIzers, 
or maJor conservatIOn practIces), are presented 
m FIgure 5 The estImatIOns of the land's sup­
portmg capaCIty range from less than 0 1 to 
5 0 persons/ha Thus, present rates of popula­
tIon denSIty m many countrIes are already 
pressunng the land at levels that exceed the 
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long-term populatIOn-carrymg capacIty ofthat 
land 

The varIation of populatIOn density m agrI­
cultural areas IS the hIghest m fragIle SOlIs 
(UltIsols, EntIsols, Alfisols, and OXIsols) m the 
semIarId areas of West and East AfrIca In 
these areas populatIOn densIty varIes from as 
low as 5 persons/ha m semiarId east areas to 
as much as 150 persons/ha m some semIarId 
west areas HIgh populatIOn densItIes also oc­
cur m humId and subhumId regions m the west 
coastal areas (Senegal, Gambia, Ghana, Togo, 
NigerIa, and Gabon) In some fertIle east ar­
eas such as m EthIOPIa, Tanzania, BurundI, 
Rwanda, and MalaWI, the populatIOn pressure 
IS mcreasmg Correspondmgly, these areas 
have high rates of nutrIent depletIOn. 

RelatIve overpopulatIon occurs III areas 
where productIOn potentIal IS low because of 
climate and SOlI-related constramts SoIls m 
these areas are being overused ThIS has oc­
curred on some Alfisols and UltIsols on coastal 
sedIments III Senegal, GambIa, Togo, Benm, 
NIgerIa, Somaha, Kenya, and Mozambique 
NutrIent depletIon in these areas ranges from 
50 to 100 kg NPKlhafyear Most of the rural 
population m the semiarId regIOns of West and 
South AfrIca IS concentrated on coastal rIvers 
and allUVIal plams of dry savannas The land's 
supportmg capaCIty IS very low «1 person/ha), 
and nutrIent depletion can reach 100 kg NPK/ 
hafyear m agrIcultural areas m Mall, BurkIna 
Faso, NIgeria, EthIOpIa, and Kenya In the 
humId and subhumId wooden savanna and for­
est zones m Central Africa, populatIOn per umt 
area IS denser and more dispersed, but hIgh 
concentratIOns are also observed m the more 
fertIle coastal SOlIs 

SoIl degradatIOn and nutnent depletIOn have 
been partIcularly severe (40 to 100 kg NPK/ 
hafyear) m areas m the Sudano-Sahehan coun­
trIes where the low supportmg capaCIty of the 
land «0 1 person/ha) has resulted m mcreas­
mg cultivatIOn ofmargmallands The land has 
also been subJect to addItIonal overexplOltatIOn 
due to deforestatIon and overgrazing The use 
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ofmmeral or orgamc fertIlIzers is very low, and 
burnmg of crop residues and manure for fuel 
is a common practIce 

Very low depletIOn of nutrients occurs m 
some agrIcultural land areas m LIbya and 
Egypt. In these areas the populatIon-supportmg 
capaCIty of the land IS low, but there IS hIgh 
use of fertilIzer nutrIents HumId areas WIth 
moderate nutrIent depletIOn are located III 
Central AfrIca, Zrure, and Congo The populabon­
supportmg capaCIty of these areas ranges from 
1 0 to 5 0 persons/ha However, poor mfrastruc­
ture, chmate, and human and ammal dIseases 
are serIOUS constramts to the sustamable de­
velopment of agriculture m these areas 

Rates of Nutrient Depletion by 
Country 

EstImates of the amount of nutrIents bemg 
depleted annually from the SOlIs of cropland 
areas m each country are presented on tables 
m AppendIX I and m FIgure 6 The followmg ob­
servatIOns can be drawn from these estImatIOns. 

1 Rates of nutrIent depletIOn are, m general, 
very hIgh m AfrIca Annual average nutrI­
ent balances (mflows mmus outflows) are 
negatIve m all countrIes except MaUrItIUS, 
Reumon, and LIbya The nutrIent balance 
ranges from -14 kg NPKlhafyear for South 
AfrIca to -136 kg NPKlhafyear for Rwanda 
m the East AfrIcan regIon About 96% ofthe 
countrIes m AfrIca show negatIve balances 
of nutrIents that are greater than 40 kg 
NPKlhafyear The total estimated annual 
loss (net depletIon) of nutrIents (NPK) 
amounts to about 384,800 mt, 110,900 mt, 
and 7,629,900 mt for North AfrIca, South 
AfrIca, and East and West AfrIca, respec­
tively. ThIS represents a very SIgnificant loss 
of the natural capItal embodied m the land 
resources of these countrIes WIth a value 
estimated at US $1 5 bIllIon per year m 
terms of the cost of nutrIents as fertIhzers 

2 On the baSIS of NPK balances (kg NPKlhaf 
year), countrIes can be grouped as shown 
on Table 6 
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Table 6. Countries Grouped by Average Level of NPK Balances (kg NPKlhalyear) in 
1993-95 

Medium ModerateILow 
Worse Than -60 kg Between -30 and -60 kg Better Than -30 kg 

Bemn 
Cape Verde 
Central AfrIca 
Chad 
Congo 

Angola 
Botswana 
North Mncan Countnes 
South Mnca 
ZambIa 

BurkIna Faso 
Burundi 
Cameroon 
Cote d'IvOlre 
EthIopIa 
GambIa 
Ghana 

Equatorial Guinea 
Gabon 

Guinea 
Guinea-BIssau 
Kenya 
Libena 
Madagascar 
MalawI 
Mall 
MozambIque 
Nigena 
Rwanda 
Senegal 
SomalIa 
Swaziland 
Tanzama 
Uganda 
Zaire 

Lesotho 
Mauntama 
NIger 
SIerra Leone 
Sudan 
Togo 
Zimbabwe 

3 Nutnent losses are higher for nitrogen and 
potassium than for phosphorus The high­
est depletIOn rates of N (greater than 35 kg 
Nlhalyear) were found m Gumea BIssau and 
NIgerIa m West MrIca, and BurundI, EthIO­
pIa, Malawi, Rwanda, and Uganda m East 
MrIca The hIghest depletIOn rates of phos­
phorus (greater than 15 kg P20s/halyear) 
were estimated for BurundI, MalawI, and 
Rwanda m East MrIca The hIghest rates of 
depletIOn of potassium (greater than 35 kg 
K20lha/year) were found In NIgerIa and 
Gumea BIssau m West AfrIca and BurundI, 
Malawi, Kenya, Rwanda, Swaziland, and 
Uganda m East Africa. 

Losses of Nand K20 are prImarily aSSOCI­
ated wIth leachmg and sOlI erOSIOn and wIth 
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low recycling of crop resIdues. Crop man­
agement systems mvolvmg the contmuous 
croppmg of cereals wIthout rotations wIth 
legumes and wIthout the use of proper sOlI 
conservatIOn practices and amounts ofmm­
eral fertilIzers are the major causes ofN and 
K depletIOn from sOlIs of agnculturallands 
m East and West MrIca Losses ofP20 5 are 
assocIated WIth hIgh erOSIOn rates SoIl ero­
SIOn IS the most Important factor mcreasmg 
nutrient depletion m East and West AfrI­
can countries Rates of soil erOSIOn range 
from 10 to 120 mtlhalyear m soils of these 
two regions 

4 EvaluatIOn was made of nutrIent flow pro­
cesses m selected sOlIs m the present study 
for Rwanda (FIgure 7), Mall (FIgure 8), and 
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Zimbabwe (FIgure 9) It IS evident that soil 
erOSIOn and the loss of nutrIents through 
leaching and gaseous losses have become 
very serIOUS m large segments of the semI­
arId areas m West and East AfrIca Unless 
these processes are halted through sound 
soIl conservatlOn and mtegrated nutnent 
management practices sustamed by effec­
tive agricultural policies, other efforts to 
mcrease crop productIOn through Isolated 
measures such as the development of Im­
proved vanetIes wIll be oflittle value m re­
versmg the trends of declmmg productiVIty 
m agnculture 

Nutrient Requirements, Crop 
Production, and Management 
Practices 

The average use ofmmeral fertIlIzers m most 
countnes of sub-Saharan AfrIca IS still below 
10 kg of NPKlha (Table 14) FertilIzer use es­
timates vary WIdely among countnes, rangmg 
m terms of quantities of NPK from nearly 234 
kg/ha m Egypt to 99 kg/ha m SwazIland, 46 
kg/ha m Kenya, and less than 10 kg/ha m most 
countnes m sub-Saharan AfrIca North AfrIca, 
WIth about 20% of the contment's surface area, 
accounts for about 41% of the fertilIzer con­
sumption A few countnes, Ie, NIgerIa, ZIm­
babwe, Kenya, Sudan, and EthIOpIa, account 
for about 75% ofthe total fertIlIzer use m sub­
Saharan AfrIca FertilIzer m these areas tends 
to be used mostly on cash and plantation crops 
(cacao, cotton, coffee, groundnuts, tobacco, tea, 
sugarcane, and 011 palm) ThIS IS due to the 
hIgh profitabIlIty of fertilIzers m the produc­
tion of export crops Unfavorable crop/fertilIzer 
pnce ratIOS, particularly for food crops, and fi­
nancial constramts are some of the key factors 
explammg the current low levels of fertIlIzer 
use m food crops 

The estimates of nutrIent reqUirements cal­
culated m this study are based on the estimated 
amounts ofnutnents needed to prevent nutrI­
ent depletIOn, assummg that current levels of 
crop productIOn are mamtamed Estimates of 
those nutnent reqUirements are presented m 
Table 15 and FIgure 10 A summary ofthe estI-

25 

mates of fertIlizer reqUirements for the mam 
crops m Africa IS presented m Tables I 6-1 8 
by regIOn Crop productlOn estimates by regIOn 
are presented m Tables 19 to I 14 Some ob­
servatIOns drawn from these estimates m re­
gard to nutnent reqUirements, crop productIOn, 
and management practIces are presented here 

1. Africa will require approximately 11 68 mil­
lion mt of NPK m fertilIzers each year to 
maintam current average levels of produc­
tion OfthiS total, North Mnca WIll reqUire 
about 1,849,000 mt (15%), South Africa 
about 913,000 mt (9%), and sub-Saharan 
AfrIca (West and East) about 8,921,400 mt 
(76%) to satisfY the mInImUm quantity of 
nutnents (NPK) reqUIred for mamtammg 
current average levels of crop productIOn 
WIthout soIl nutnent depletIOn 

2 Average nItrogen reqUirements per year m 
North AfrIca range from 31 7 kg/ha m LIbya 
to 165 1 kg/ha m Egypt P20 5 reqUirements 
range from 17 1 to 37 4 kg/ha K20 reqUire­
ments are less variable among countnes, 
rangmg from 26 4 to 36 kg/ha The total 
amount ofNPK reqUired annually m North 
Mnca ranges from 80 kg/ha m Algena to 
258 kg/ha m Egypt 

3 Nutnent reqUirements m South Mnca es­
sentially correspond to the amounts actu­
ally used III the country's fertIhzatIOn 
practices The most dramatic SItuatIOn m 
regard to the need and Importance ofnutn­
ent reqUIrements occurs m sub-Saharan 
AfrIcan countnes ThIS IS due to the very 
low fertilIzer rates that are currently used 
m the regIon (Table I 4) Total nutrient 
(NPK) reqUIrements per hectare per year m 
sub-Saharan AfrIca range from 24 5 kg NPKI 
ha III Botswana and 67 6 kg NPKlha m 
Burkma Faso to 124 4 and 176 3 kg NPKI 
ha In Rwanda and SwazIland, respectIvely, 
m East AfrIca 

4 NItrogen reqUIrements to sustam average 
1993-95 crop productIOn per year m sub­
Saharan AfrIca range from 11 6 kg N/ha m 
Botswana to 121 7 and 136 8 kg N/ha m 
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MauntIUs and Reumon, respectIvely Other 
countnes with high requirements of nitro­
gen mclude Nigena, Ghana, and Senegal m 
West Afnca and SwazIland, ZambIa, and 
Kenya m East Afnca. P205 reqUIrements are 
lower than Nand K20 reqUIrements The 
P20 5 reqUIrements ranged from 5 5 kg P20sl 
ha m Botswana and 6 6 kg P20s/ha m Angola 
to 27 7 kg P20s/ha in Uganda and 1379 kg 
P20 5/ha in ReunIon K20 reqUIrements 
ranged from 7 4 kg K20/ha m Botswana to 
54 7 and 69 8 kg K20/ha in Rwanda and 
Swaziland, respectIvely. 

5 WhIle most of the nutnent balances estI­
mated m thIS study are negative, meanmg 
that nutnents are bemg depleted from the 
sOlI system, nutnent reqUIrements to cope 
wIth the nutnent depletion should not be 
taken as an automatIc recommendatIon for 
hIgher doses of addItIonal fertihzer above 
the basIc reqUIrements Higher doses offer­
tilizer applIed to less responSIve local crop 
vanetIes or croppmg systems wIll mcrease 
losses due to leachmg and volatIhzatIOn 
Recommending more than reqUIred doses 
would not be a feasIble solution for increas­
mg crop productIOn, espeCIally m rIsky en­
VIronments m semIand zones and the humId 
areas Rather, It IS adVIsable to evaluate and 
recommend fertIlIzer use m conjunctIon wIth 
croppmg systems and mtegrated manage­
ment practIces that mImmIze nutnent losses 
and mcrease the effiCIency of the apphed 
fertIlIzers (crop response) 

6 Data presented m Tables I 9 to I 11 show 
that current aggregate levels ofagncultural 
productIOn Increased In some countnes, even 
m those with sIgmficant rates of nutnent 
depletion These mcreases are mainly due 
to mcreases m land area m agriculture Re­
sults on average YIelds (kg/ha of product) 
shown m Tables I 12-I.14 mdIcate that land 
productiVIty IS stagnant or declinmg m many 
countnes Most YIeld estImates (kg/ha) are 
low and close to the average ramfed small­
holder yields WIth moderate to low SOlI fer­
tili ty. Increasing African agricultural 

productIOn, WIthout degrading land and de­
pletmg SOlI nutnents, will reqUIre the adop­
tIon of more productIve and sound soIl 
conservatIOn practIces and SOlI fertIlIty man­
agement strategIes Such practIces wIll re­
qUIre the use ofmmeral fertIhzer nutnents 
and aVaIlable orgamc fertIhzers as well as 
the effiCIent recyclmg of nutnents 

Complementary Practices to Prevent 
Nutrient Depletion 

Although mcreasmg mmeral fertIhzer use 
may be the centerpiece of the technolOgIes to 
balance nutrient depletIon and Improve SOlI 
productIVIty in Africa, its use must be combmed 
WIth a broader spectrum of complementary 
technolOgIes that mcrease nutnent use effi­
cIency and prevent nutnent losses The follow­
ing are some of the technolOgIes available 
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1 The use of mtercrop and crop rotatIOn sys­
tems can help to mcrease nutnent pools, and 
the adoptIOn of soIl conservatIOn practIces 
can help to reduce the loss of orgamc mat­
ter and mcrease bIOmass production Spe­
CIfic practIces such as agroforestry and water 
harvestmg (stone bunds on slopes, earth 
bunds) can help to reduce pressure over the 
land, improve SOlI structure, reduce runoff, 
and Improve retentIOn of SOlI mOIsture TIll­
age practIces that reduce erOSIOn and en­
hance water mfIltration and use of soIl 
amendments to correct aCIdIty In aCId 
Ultisols and OXIsois from subhumId and 
humId areas are also examples of valuable 
complementary technolOgIes 

2 The adoptIOn of practIces such as mcorpo­
ratIon of crop reSIdues, use of fodderbanks, 
use of gram legumes, addItIon of green and 
animal manure, use of biolOgIcal mtrogen 
fixatIOn, and, where pOSSIble, the Improve­
ment of fallows can contnbute to SOlI fertIl­
Ity improvement These practIces can be 
used as components of an Integrated 
nutnent management approach that should 
be taIlored to the agroecologIcal and 
socIOeconomic CIrcumstances of the prevail­
mg local farmmg systems. 



3 For many AfrIcan countnes, the mam chal­
lenge facmg agnculture IS how to mcrease the 
productivity of the lImIted land resources 
that are already bemg degraded and m con­
tmuous use. In thIS context, controlling ero­
sion and procuring irrigation and fertilizers 
and improved seeds are essential compo­
nents of YIeld-enhancmg technologies that 
can reduce the need for addItional land by 
increasmg yields and croppmg mtensities. 

Sensitivity Analysis: Assessing 
Practices to Ameliorate 

Nutrient Depletion 

As mdicated prevIOusly, nutrient balances 
and consequently nutnent reqUIrements are af­
fected by bIOphysical (soIl and chmate) and 
management factors It IS therefore useful to 
evaluate a model for estImatmg nutnent bal­
ances m terms of ItS senSItivity to changes m 
some key factors 

A senSItiVIty analYSIS of the method and pro­
cedures used m thIS study was conducted us­
mg data from two countnes m Afrlca Mah m 
West Afrlca and ZImbabwe m East AfrIca Mah 
IS a country where erratic ramfall predomI­
nates dunng the cropping season, about 54% 
of the soIls are classIfIed as AlfIsols and 
Andisols (AppendIX II, Table II 1 and FIg­
ure 11), and vegetation IS charactenzed as bush 
and dry savanna wIth some mtrusIOns of tree 
and wet savannas Agncultural land In Mah 
has hmited potentIal for contmuous crop pro­
ductIOn wIthout the use of appropnate man­
agement practices ZImbabwe, located m East 
AfrIca, has a more stable subtropical chmate 
and a type of vegetatIOn that is charactenzed 
as bush savanna and dry forest About 60% of 
the SOlIs of agnculturallands are classIfied as 
Alfisols (Table II 2 and FIgure 12) and are char­
actenzed by good dramage and soIl fertIhty 
wIth potential for hIgh crop Yields Levels of 
productIOn of basIc agrIcultural products in 
recent decades m these countnes are presented 
m Tables II 3-II 6 
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In regard to strategIes to amelIorate SOlI 
depletIOn and restore soIl fertIhty m the sub­
Saharan zone, Van Keulen and Breman and 
Van der Graaf and Breman (CIted by BatIOno 
et aI., 1995) concluded that mcreased produc­
tiVIty of the land, both in ammal husbandry 
and arable farmmg, WIll reqUIre mputs from 
outSIde the system They argue that practIces 
such as recyclmg of crop reSIdues, USIng on­
site manure and household wastes, regenera­
tion of degraded rangelands, and antIerosIOn 
measures may at best prevent further deteno­
ration of the land resource On the baSIS of the 
observatIOns made about agnculture m these 
two countnes, the followmg changes m prac­
tices were mcluded In evaluatmg the senSItiv­
Ity of the nutnent depletIOn model 

1 To leave on the soIl for SOlI conservatIOn and 
grazmg four drlferent levels of crop reSIdues -
30%, 50%, 70%, and 90% 

2 To leave on the soIl about 50% of crop reSI­
due and Implement other management 
strategies to reduce soil nutnent losses due 
to leachmg and erOSIOn by 20% 

3. To leave on the SOlI about 50% of the crop 
reSIdue and reduce SOli leaching and erOSIOn 
losses by 40% 

4 To leave on the SOlI about 70% of the crop 
reSIdue and reduce sOllleachmg and erOSIOn 
losses by 40% 

5 To leave on the soIl about 30% of crop reSI­
due and use crop rotatIOn to mcrease mtro­
gen fixatIOn and reduce nutnent losses by 
about 20% 

6 To leave on the soIl about 30% of crop reSI­
due, use crop rotatIOn to mcrease mtrogen 
fixatIOn, and reduce SOlI losses by about 40% 

7 To leave on the SOlI about 50% of crop reSI­
due and Improve crop rotatIon practices to 
Increase mtrogen fixatIOn 

8 To leave on the SOlI about 70% of crop reSI­
due and Improve crop rotatIOn practIces to 
Increase mtrogen fixatIOn 

Results of the senSItiVIty analYSIS and evalu­
atIOn are presented m AppendIX III (Table III 1) 
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for Mall These results show that leavmg more 
resIdues on the sOlI reduced nutrIent depletIOn 
and decreased the need for mmeral fertIlIzers. 
The practice ofleavmg the crop resIdue on the 
sOlI reduced the amount of annual nutrIents 
(NPK) required from external sources (mmeral 
and orgamc fertIhzers) from 251,000 mt wIth 
30% of resIdue left on the soIl to 140,000 mt 
wIth 90% of resIdue left on the soIl, about a 
44% decrease m the need for the applIcation of 
addItIonal sources of nutrIents 

As expected, the reductIOn of nutrIent losses 
through crop management practices to control 
leachmg and erOSIOn losses and by usmg 
mtrogen fixatIOn practIces decreased nutrIent 
losses sIgmficantly and reduced nutrIent re­
quirements The practIces ofleavmg about 70% 
of the residue on the soil, mcreasing mtrogen 
fixatIon, and reducing leaching and erOSIOn 
losses by 40% can decrease the nutrIent re­
qUIrement by as much as 44% of what would 
be reqUIred usmg current common practIces 
(I.e, leavmg 30% of reSIdue on soIl) SImIlar 
results are observed for ZImbabwe (Table III 2) 
In thIS case, leaving 90% of crop residue on sOlIs 
can reduce nutrIent reqUIrements by as much 
as 35% of the estImated reqUIrements under 
current common practIces By leavmg about 
70% of crop residue on sOlIs, increasmg mtro­
gen fixatIOn, and reducmg nutrIent leachmg 
and erOSIOn losses, nutrIent reqUIrements can 
be reduced by as much as 37% 

EstImatIOns of the Impact of crop manage­
ment strategIes usmg the soil nutrient 
depletIOn model were calculated to test the sen­
SItIVIty of the model to changes m factors that 
affect the varIOUS components of the model 
ThIS analysIs also Illustrates how nutrient 
depletIon models can be a very useful tool to 
evaluate and develop mtegrated nutrIent man­
agement strategIes that effectIvely reduce nu­
trient depletIOn The optImum combmatIOn of 
practIces that can be identIfied depends on the 
targets and the bIOphysical and socIOeconomic 
CIrcumstances of the partIcular farm area The 
targets should mclude the levels of orgamc resi­
due and crop management practIces and YIelds 

that are attainable wIthm the constramts of 
each farm area 

Implications for Policy Design 
and Development 

The development and integration of data­
bases, mformatIOn systems, and models to as­
sess the Impact of varIOUS land use systems 
and practIces on nutrIent depletIOn and nutrI­
ent reqUIrements have provIded valuable tools 
for policy evaluatIOn and development The 
proper integration of data and mformatIOn on 
land use, agncultural productIOn, and nutn­
ent use to evaluate agrIcultural productIOn 
practIces m the context of AfrIcan agnculture 
has Important implIcatIOns for the deSIgn and 
ImplementatIOn of poliCIes that can promote 
development and also protect the enVIronment. 
Some of these ImplIcatIOns are dIscussed brIefly 
m thIS sectIOn 
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Farmers m AfrIca depend on the land for 
their hvellhood and are currently facmg the 
depletIOn of nutrients and degradatIOn of theIr 
limIted land resources They have very lImIted 
access to mformatIOn and usually no mcentives 
to Increase production and preserve the 
enVIronment 

In many of the agrIcultural areas, stagnant 
crop productIOn and nutnent mming have a 
remforcmg effect that traps African agriculture 
m a downward spIral. The symptoms appear 
throughout the farmmg regIons - erOSIOn, de­
forestatIOn, soIl compactIOn and waterloggIng, 
nutrIent depletIOn, and desertIficatIOn While 
agricultural land IS bemg senously degraded, 
African populatIOns contmue to mcrease and 
demand more food and servICes MIgratIOn to 
urban areas IS mcreasing and IS becommg an 
mcreasmgly dangerous threat to food securIty 
and SOCIal and politIcal stabIhty If nutrIent 
depletIon and land degradatIOn contmue at 
current rates, one has to wonder how farmers 
m AfrIcan countnes wIll be able to have pro­
ductive land and grow enough food for the m­
creased populatIOn m the next century 



NatIOnal governments and donors should ad­
dress the threat ofnutnent depletIon and land 
degradatIOn through polIcIes and mformatIOn 
servIces that promote mcreased productiVIty 
of land resources and conservatIOn of the re­
source base There is a need m many countnes 
and regIOns to face the challenge of integrat­
mg natural resource management with eco­
nomic and sector policies More economic and 
enVIronmental Impact analyses at the country 
level wIll be needed to set pnontIes on agricul­
turalland Issues, assess the costs and benefits 
of polIcy decIsIOns, and expedIte the IdentIfi­
catIon of the type of mvestments that wIll be 
reqUIred to prevent land degradatIOn and m­
crease production PreventIOn of nutrient mm­
mg through sound economic policIes, research, 
InformatIOn dIssemInatIOn, and human 
resource development should be actIvely 
promoted m these countnes 

It IS Important to recogmze that techmcal 
change cannot and wIll not be Implemented 
unless far-reachmg polIcy changes are mtro­
duced by AfrIcan governments Some optIOns 
open to the governments are as follows 

• Development of natIOnal and regIOnal actIOn 
plans to mcrease land productiVIty and crop 
productIOn on a sustamable basIs USIng 
aVailable technology GIVen the present CIr­
cumstances of many countnes m AfrIca, m­
creasmg agrIcultural productIOn reqUIres 
rapId growth m the use ofmmeral fertIlIzers 
as part of an mtegrated approach to the man­
agement of nutrients and land and water 
resources 

• The creatIOn of an mstItutIOnal framework 
to address Issues ofland tenure polICIes and 
the efficIency ofland and water markets and 
to promote the adoptIOn of strategIes for pre­
ventIng land degradatIOn PolICIes should 
faCIlItate the Increased and JUdICIOUS use of 
external Inputs such as mIneral fertilIzers 
and the development of long-term manage­
ment practIces to Increase productiVIty and 
conserve land resources ThIS Will also help 
to reduce populatIOn mIgratIOn and pressure 
on forest, rangeland, and margmal lands 
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• PromotIOn of research and development to 
adopt proffilsmg technolOgies and support the 
exchange of appropnate technology AdVIce 
to farmers should take advantage of the 
progress achIeved m SImIlar agroecologIes as 
well as promIsing agncultural practices for 
the region. 

• Promotion and support of extenSIOn servIces, 
local farmer organizations, and non-govern­
mental orgamzatIOns as key partiCIpants m 
programs to educate farmers about nutnent 
depletIOn, ItS consequences, and preventIOn 
A SUItable approach for solVIng agncultural 
land degradatIOn problems can be found by 
IdentIfymg target groups and theIr speCIfic 
needs and cooperatmg WIth them m desIgn­
mg ways to combme modern technolOgies 
WIth tradItIonal knowledge 

• Development of rural and urban agncultural 
credIt systems and effiCIent markets for ag­
ncultural products that (a) aSSIst the devel­
opment of effectIve agrIcultural productIOn 
plans and improve market strategIes and 
mtraregIonal trade and (b) promote crop dI­
verSIficatIOn and Improve domestIc and ex­
port market structures and market 
mformatIOn In the semI and areas of AfrIca, 
regional trade IS usually mduced more by re­
source complementanty than by coherent 
polICIes supportmg regional markets 

• ImplementatIon of sound polICIes that pro­
mote enVIronmental awareness and land con­
servation and that Increase agricultural 
productIOn It has been pomted out that the 
structural adjustment programs (SAP) Imple­
mented In some countnes have contnbuted 
to Increased land degradatIOn There are also 
mdICatIOns that expendItures In agncultural 
programs to prevent land degradatIOn have 
been reduced and that poor polIcy deCISIOns 
to restnct trade and maIntain low pnces for 
agrIcultural products have contnbuted to Ill­

creases III unemployment and have forced 
rural people to encroach upon margInal 
lands ThIS III turn has helped to escalate the 
explOItatIOn of natural resources, leadmg to 
deforestatIOn, intenSIve monoculture cash 
crops, destructIOn of wetlands, and water 
pollutIOn 



In VIew of the magmtude of nutnent deple­
tIon from SOlIs of agncultural lands m many 
countries of Mnca and ItS assocIated Impact 
on land degradatIon, there IS an urgent need 
to reverse thIS process In thIS context, mea­
sures providmg mcentIves for farmers and com­
mumtIes to implement mtegrated nutnent 
management programs mvolvmg the use of 
mineral fertIhzers must be taken as part of 
action programs to promote rural development 
and resource conservatIOn Such measures may 
include the following 

• EstablIshing effiCIent and effectIve systems 
to supply fertIlIzers, seeds, and other agrI­
inputs These systems remain underdevel­
oped m many countnes due to the small SIze 
of the market, lImited techmcal know-how 
of dealers, poor information network systems, 
and lack of a regulatory framework for qual­
Ity control Because most countnes WIll con­
tmue to depend on Imports to satIsfy fertIhzer 
needs, natIOnal governments and donors 
should work together to ensure an adequate 
and tImely supply offormgn exchange and to 
guarantee the supply of credIt funds for the 
Import and domestIc marketmg and sale of 
fertIlizers. GIVen the small SIze of the mar­
ket for fertIlizers m many countnes, care 
should be taken to ensure that competItIOn 
m the market is mamtained and that publIc 
monopolIes are not replaced by private mo­
nopolies To keep pnces affordable for farm­
ers, no tariffs or taxes should be leVIed on 
Import, productIOn, or sale of fertIhzer 

• Supporting the aVaIlabIlIty of credIt to fi­
nance the effiCIent procurement, distnbutIOn, 
and retaIlmg of fertilIzers. 

• Strengthenmg mput delivery systems by cre­
atmg dealer networks that include pnvate 
traders and farmer orgamzatIons, these net­
works should functIOn wlthm the proper 
regulatory framework and should have ac­
cess to adequate informatIOn to promote 
competItIOn 

• ImprOVIng transport and commumcatIOn In­
frastructure such as roads, raIl ports, and the 
commumcation systems 

Applymg the necessary preventatIve and cor­
rectIVe measures on SOlI nutnent mlmng and 
land degradatIOn to achIeve balance between 
conservatIon and development on a sustamable 
baSIS reqUIres a careful approach NatIOnal gov­
ernments must draw on an array of sound polI­
cies and strategIes that should be formulated 
m dIscussions WIth commumty representatIVes 
and that embrace both mcentive and regula­
tIon. However, Irrespective ofthestl imtiatIves, 
It IS the land user/owner who must be tramed 
and informed and who must ultimately accept 
the responsibility for achIeving ecologically 
sustamable productIOn and development. 
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In regard to ImplIcatIOns for information 
gathering and processmg, It IS important to rec­
ogmze that although the processes underlying 
most forms of nutrient depletion seem reason­
ably well understood, and there IS mcreased 
mterest m estabhshmg the lmks between these 
processes and the chmate and management 
practIces, land nutnent resources contmue to 
be degraded It has been suggested that part 
of the problem lIes m the madequacy of mfor­
mation aVaIlable to managers, pohcymakers, 
and researchers, partIcularly regardmg the 
compleXIties of enVIronmental mteractIOns that 
result from changes m land charactenstIcs and 
use In thIS context, It should be noted that the 
formulatIOn of effectIve strategies to prevent 
nutnent depletIOn and land degradatIOn re­
qUIres mformatIOn at dIfferent levels 

• Inventory and mappmg oflandscape param­
eters SOlI (characteristIcs and potentIal, 
fertilIty, constramts, erOSIOn and land deg­
radatIOn, mOIsture, land quahty), vegetatIOn 
(crops, zones, agroforestry), clImate (ramfall, 
temperature, climate zones), market mfra­
structure (roads, regIonal crop and livestock 
productIOn, agncultural constramts, and ir­
ngatIOn), and land use patterns 

• Monitonng ofthe nature and rate of changes 
m crop and land management, productIOn, 
fertilIzer use, pnce changes, and populatIOn 
growth, denSIty, and structure 

• PredICtIOn of the effects of changes m soIl 
nutnents, crop productIOn, and land use 



Inventory and mappmg are reqUIred to de­
fine the current status ofthe resource base and 
provIde a baselIne for mOnItonng Changes to 
sOlIs and land condItIons, which are manage­
ment-drIven, must be dIstIngUIshed from 
natural or background changes, thus, the meth­
odology for effectIve mOnItormg of nutnent 
depletIOn and land degradatIOn must take mto 
account processes that occur across space as 
well as tIme, and surveys for data gathenng 
that must be repeatable and comparable Pre­
dIctIve modelmg reqUIres a thorough under­
standmg of the current status ofland use and 
SOlI processes and the abIlIty to extrapolate, 
both spatIally and temporally, usmg models 
that capture the complex mteractIOns between 
SOlI elements and theIr response to changes m 
management A combmatIOn of real-tIme mOnI­
tormg and SImulatIOn of SOlI propertIes and 
plant growth supported by weather forecast­
mg appears to offer the most effectIve way to 
predIct expected changes m SOlI condItIons and 
nutnent depletIOn 

InformatIOn IS reqUIred at dIfferent scales­
natIOnally, regIOnally, and at the farm level­
to faCIlItate polIcy actIOns and evaluation Land 
resource base plannmg and monitonng InItia­
tIves should mvolve the effiCIent exchange of 
data among vanous mstItutions engaged m the 
gathermg and processmg of relevant data 
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Table 1.1. Nutrient Uptake by Product and Residue of Main Crops 

N N P20 5 P20 5 K20 K20 
Crop Product Residue Product ResIdue Product ResIdue 

- - - - - - - - - - - - - - - - - - - - - (kg/mt) - - - - - - - - - - - - - - - - - - - - - - -

Alfalfa (Lucerne) 260 00 72 00 180 00 
Almonds 146 6.6 61 17 67 79 
Apples 10 11 05 02 19 28 
Apncots 41 16 13 08 63 63 
ArtIchokes 3.4 1.4 1.2 08 37 13 
Avocados 34 08 2.0 03 70 18 
Bananas 23 25 09 0.7 86 120 
Barley 158 63 58 18 83 206 
Cabbages 54 32 18 09 80 26 
Cantaloupes 28 10 12 06 37 12 
Carrots 35 15 12 08 41 13 
Cashew nuts 146 66 61 17 67 79 
Cassava 28 39 11 18 31 24 
Castor beans 36.8 342 101 56 84 112 
Cauliflowers 54 32 18 09 80 26 
Chestnuts 146 66 61 17 67 79 
ChICk peas 203 104 78 23 135 157 
Citrus n e s 14 08 05 05 28 23 
Cocoa beans 350 123 128 85 177 371 
Coconuts 550 230 159 131 118 304 
Coffee 305 43 56 87 240 111 
Cucumbers, etc 24 12 11 10 38 08 
Currants 4.0 18 09 05 86 58 
Dates 26 14 09 05 46 39 
Dry beans 178 100 94 31 151 169 
Dry broad beans 178 100 94 31 151 173 
Dry omans 32 12 12 09 32 11 
Dry peas 205 103 96 31 151 169 
Eggplants 24 12 11 08 38 1 1 
Flax fiber 126 25 61 13 133 28 
GarlIc 33 12 12 09 32 12 
GrapefrUIt & pamela 18 14 05 05 36 39 
Grapes 37 18 14 05 59 41 
Grass/Clover 250 00 75 00 300 00 
Green maize 30 00 11 00 36 00 
Green beans 86 23 15 11 69 38 
Green peas 86 23 13 11 57 38 
Green peppers 43 18 12 09 32 32 
Groundnuts 345 124 135 76 83 193 
Hazelnuts 146 66 61 17 67 79 
Hemp fiber 186 13 62 06 115 1 1 
Hempseed 66 65 31 41 83 112 
Hops 178 120 45 45 101 96 
Jute/jute-hke fibers 223 14 118 07 343 16 

(contmued) 
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Table 1.1. Nutrient Uptake by Product and Residue of Main Crops (continued) 

N N P20 5 P20 5 K20 K20 
erO}? Product Residue Product ResIdue Product ResIdue 

- - - - - - - - - - - - - - - - - - - - - (kg/mt) - - - - - - - - - - - - - - - - - - - - - - -
Lemons 21 14 0.9 05 4.6 3.9 
LentIls 200 104 7.8 23 135 157 
Lmseed 400 346 101 56 84 112 
MaIze 16.1 119 63 44 48 17.3 
Mangoes 24 14 08 05 38 3.9 
MIllets 174 65 87 88 65 218 
Oats 167 94 7.9 25 92 205 
OlIves 33.4 284 101 56 96 142 
Oranges 2.4 13 09 05 48 39 
Palm kernels 29 41 1.6 14 4.9 55 
Papayas 21 14 09 05 46 39 
Peaches 3.2 14 12 05 46 39 
Pears 26 14 09 05 46 39 
Pmeapples 37 46 10 05 71 41 
PIstachIOS 146 66 61 17 67 79 
Plantams 23 2.5 09 07 41 77 
Plums 32 16 12 08 4.6 3.9 
Potatoes 44 23 3.0 16 83 54 
Pumpkms, etc 24 12 11 08 38 11 
Rape seed 368 342 10.1 56 84 112 
Raspberries 26 14 09 05 46 39 
RIce-paddy 146 76 60 30 32 205 
Rubber natural 75 15 29 05 72 48 
Rye 163 75 83 25 84 205 
Safflower seed 326 342 98 56 76 112 
Seed cotton 267 233 225 67 100 233 
Sesame seed 334 14.2 101 56 96 112 
Sisal 223 18 68 07 118 11 
Sorghum 153 102 75 38 38 182 
Soybean 621 13.3 132 30 240 212 
StrawberrIes 33 14 15 05 43 39 
Stylosantes 285 00 70 00 165 00 
Sugar beets 2.0 15 07 05 45 16 
Sugar cane 10 15 05 03 24 16 
Sunflower seed 400 350 123 62 68 110 
Sweet potatoes 39 25 18 17 76 49 
Tang mand clementmes 21 14 09 05 38 32 
Taro 35 41 16 10 42 53 
Tea 350 03 115 01 240 05 
Tobacco leaves 503 03 168 01 650 05 
Tomatoes 28 14 07 07 38 12 
Walnuts 146 66 61 17 67 79 
Watermelons 26 11 14 08 38 11 
Wheat 223 64 111 28 56 242 
Yams 30 1.9 11 11 42 37 
Note 00 = very small neglIgIble amounts 
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Table 1.2. Average Composition of Some Natural Organic Materials 

Com,QosItlOn (% by weIght) 
Organic MaterIal N Sd P20 5 Sd K20 Sd H2O 

AnImal wastes (% of fresh materIal) 
Farmyard manure 115 0.7 048 04 090 04 70 
DaIry manure 210 14 060 03 165 06 80 
Goat manure 280 18 063 04 240 12 60 
Sheep manure 200 14 045 03 210 16 60 
Poultry manure 160 12 085 07 100 07 60 
PIg manure 060 04 032 02 035 02 75 
Horse manure 070 05 015 01 045 03 60 

Urban wastes (% of fresh materIal) 
ActIvated sewage sludge 560 250 030 
DIgested sewage sludge 200 050 030 

MIscellaneous (% of dry materIal) 
Tobacco stems 150 020 420 
FIsh scrap (acIdulated) 570 130 
FIsh scrap (drIed) 950 260 
Bone meal (raw) 350 1980 
Bone meal (steamed) 200 1220 
Cocoa shell meal 250 040 250 
Peanut hull meal 120 020 070 

H20 = % of mOIsture 
Sd = EstImated standard deVIatIOn (average value +/- Sd) 
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Table 1.3. Annual Nutrient Balance in Africa -1993-1995 

Country NPK N P20 5 K20 NPK 
('000 mt) - - - - - - - - - - - - (kg/ha)- - - - - - - - - - - - - - -

North Africa 
AlgerIa -796 -89 -3 7 -207 -333 
Egypt -921 202 -11 0 -332 -240 
LIbyan Arab J amahIrIa 321 144 655 -213 586 
Morocco -1963 -11 0 21 -253 -342 
TumsIa -489 -118 100 -346 -364 

Subtotal -384.8 

South Mrica -1109 -73 14.7 -215 -141 

Sub-Saharan Africa 
Angola -576 -141 -2 9 -134 -304 
Benm -628 -227 -5 5 -184 -466 
Botswana -2 8 -9 0 -14 -78 -182 
BurkIna Faso -2165 -276 -98 -242 -616 
BurundI -921 -450 -154 -530 -1134 
Cote d'I VOlre -3383 -268 -97 -247 -612 
Cameroon -1459 -280 -89 -262 -631 
Cape Verde -1 7 -280 -79 -167 -526 
Central MrIcan RepublIc -270 -212 -126 -167 -505 
Chad -1059 -225 -135 -17.0 -530 
Comoros -1 0 -345 -345 
Congo -11 0 -227 -116 -211 -554 
EquatorIal Gumea -22 -157 -5 2 -209 
EthIOpIa -5224 -355 -132 -389 -876 
Gabon -6 7 -214 -7 8 -209 -501 
GambIa -103 -299 -108 -219 -626 
Ghana -2732 -392 -141 -262 -795 
Gumea -565 -331 -106 -249 -686 
Gumea-BIssau -127 -387 -95 -361 -843 
Kenya -1940 -418 -13 -353 -784 
Lesotho -7 1 -367 95 -256 -528 
LIberIa -11 0 -315 -72 -227 -614 
Madagascar -1511 -265 -138 -254 -657 
MalawI -2208 -475 -160 -453 -1088 
Mali -2043 -294 -73 -242 -609 
MaurItama -148 -197 -84 -260 -541 
MaurItius -181.0 -304 -101 -226 -63.1 
MozambIque 04 138 13 -100 51 
NIger -3518 -208 -77 -192 -47.7 
NigerIa -2,2464 -362 -106 -398 -866 

(contmued) 
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Table 1.3. Annual Nutrient Balance in Africa -1993-1995 (continued) 

Country NPK N P20 5 K20 NPK 
('000 mt) - - - - - - - - - - - - - (kg/ha) - - - - - - - - - - - - -

Sub-Saharan Africa (continued) 
Reumon 03 171 82 -159 94 
Rwanda 921 -514 -226 -624 -1364 
Senegal -1433 -316 -8 2 -269 -667 
SIerra Leone -275 -262 -6 8 -231 -561 
Somaha -708 -373 -127 -329 -829 
Sudan -4087 -144 -60 -175 -379 
SwazIland -112 -372 -5 9 -468 -899 
Tanzama Umted RepublIc -4349 -374 -137 -300 -811 
Togo -577 -212 -79 -198 -489 
Uganda -3246 -381 -122 -375 -878 
ZaIre -3794 -279 -108 -242 -629 
ZambIa -328 -126 -29 -145 -300 
ZImbabwe -1187 198 -1 7 -255 -470 
Subtotal -7,629.9 

Total -8,1256 

Note Dash C-) = no data avaIlable 
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Table 1.4. Annual Nutrient Consumption in Africa -1993-1995 

Countr;y Area NPK N P 20 5 K20 NPK 
('000 ha) ('000 mt) - - - - - - - - - - - (kg/ha)- - - - - - - - - -

North Mrica 
Algeria 2,389 1169 259 143 87 49 
Egypt 3,839 9000 201.6 264 64 234 
LIbyan Arab J amahina 548 87.3 462 1061 69 159 
Morocco 5,739 3054 251 183 98 53 
TunisIa 1,343 968 377 323 21 72 

Subtotal 13,858 1,5064 

South Mrica 7,867 8030 496 361 164 102 

Sub-Saharan Mrica 
Angola 1,894 90 12 19 16 5 
Benin 1,347 16.5 54 44 25 12 
Botswana 154 10 26 26 11 7 
Burkma Faso 3,514 21.9 2.8 2.3 11 6 
Burundi 812 4.0 1.7 30 02 5 
Cote d'IvOlre 5,528 575 57 18 30 10 
Cameroon 2,312 239 55 19 30 10 
Cape Verde 33 0.0 00 00 00 0 
Central Mncan RepublIc 534 12 18 02 02 2 
Chad 1,999 74 14 1.0 1.3 4 
Comoros 28 0.1 36 4 
Congo 199 2.0 50 00 49 10 
Equatonal Gumea 105 00 00 00 0 
EthIOpia 5,964 623 37 67 00 10 
Gabon 134 04 07 07 17 3 
GambIa 164 08 12 24 12 5 
Ghana 3,436 92 17 07 03 3 
Gumea 823 11 09 02 02 1 
Guinea -Bissa u 151 04 07 12 07 3 
Kenya 2,474 1137 202 228 30 46 
Lesotho 134 59 67 299 75 44 
LIbena 179 00 00 00 00 0 
Madagascar 2,300 100 23 09 12 4 
MalawI 2,029 61.4 189 84 30 30 
Mall 3,355 229 34 25 09 7 
MaurItama 273 53 173 21 00 19 
MauntIUs 81 273 1354 442 1570 337 
MozambIque 2,868 50 12 03 03 2 
NIger 7,375 14 01 00 00 0 
Nigeria 25,940 4661 87 48 4.5 18 

(contmued) 
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Table 1.4. Annual Nutrient Consumption in Mrica - 1993-1995 (continued) 

Country Area NPK N P20 fi K20 NPK 
('000 ha) ('000 mt) - - - - - - - - - - - (kg/ha)- - - - - - - - - -

Sub-Saharan Mrica 
(continued) 

Reumon 35 162 1581 143.3 1603 458 
Rwanda 675 16 12 10 01 2 
Senegal 2,148 207 47 34 16 10 
Sierra Leone . 490 25 18 16 16 5 
Samaha 854 00 00 00 00 0 
Sudan 10,784 662 48 13 00 6 
SwazIland 125 124 56.0 189 245 99 
Tanzama Umted RepublIc 5,362 459 60 17 09 9 
Togo 1,179 111 45 29 20 9 
Uganda 3,697 18 03 01 01 0 
ZaIre 6,032 35 04 00 02 1 
ZambIa 1,092 763 468 154 77 70 
ZImbabwe 2,525 1452 30.7 160 108 58 

Subtotal 111,137 1,3411 

Total 132,862 3,6505 

N ate Dash (-) = no data aVaIlable 

49 



Table 1.5. Annual Nutrient Requirements in Mrica -1993-1995 

Country NPK N P20 5 K20 NPK 
('000 mt) - - - - - - - - - - - - - (kg/ha) - - - - - - - - - - - - -

North Mrica 
Algeria 1927 348 181 278 807 
Egypt 9927 1651 374 361 2586 
Libyan Arab JamahIrIa 445 317 232 26.4 81.3 
Morocco 4820 361 171 308 840 
TunisIa 1371 488 21.2 32.1 102.1 

Subtotal 1,849.0 

South Mrica 9134 56.8 239 354 1161 

Sub-Saharan Mrica 
Angola 664 154 66 131 351 
Benm 850 28.1 146 205 632 
Botswana 38 116 55 74 24.5 
Burkma Faso 2376 303 164 209 676 
BurundI 901 419 194 497 111 0 
Cote d'I VOlre 3809 325 137 227 689 
Cameroon 1796 334 171 272 777 
Cape Verde 18 283 108 158 549 
Central MrIcan RepublIc 340 287 152 198 637 
Chad 1105 239 154 160 55.3 
Congo 164 337 183 302 82.2 
Equatorial Gumea 3.5 157 71 109 337 
Eritrea 132 211 121 169 501 
EthIOpIa 5045 370 189 287 846 
Gabon 119 377 163 352 892 
Gambia 132 371 140 295 806 
Ghana 3077 408 201 286 895 
Gumea 626 385 103 273 761 
Gumea-BIssau 155 467 12.7 428 1022 
Kenya 2815 527 229 382 1138 
Lesotho 137 369 193 46.3 1025 
LIberia 158 358 171 354 883 
Madagascar 1947 326 195 325 846 
MalaWI 2638 389 370 541 1300 
Mall 2511 328 186 235 749 
MaurItama 187 252 250 18.2 684 
MauritIUS 267 121 7 382 169.7 3296 
MozambIque 1792 316 141 169 626 
NamIbIa 68 263 143 201 607 
NIger 2070 11.1 73 96 280 

(contmued) 
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Table 1.5. Annual Nutrient Requirements in Africa - 1993-1995 (continued) 

Country NPK N P20 5 K20 NPK 
('000 mt) - - - - - - - - - - - - - (kg/ha) - - - - - - - - - - - - -

Sub-Saharan Africa 
(continued) 

Nigeria 2,7251 47.7 20.9 365 1051 
Reumon 15.5 1368 1379 1626 4373 
Rwanda 839 447 250 547 1244 
Senegal 1729 363 220 222 805 
SIerra Leone 436 397 178 315 890 
Somalia 560 317 129 209 655 
Sudan 4535 192 99 129 420 
SwazIland 22.1 790 275 69.8 1763 
Tanzama Umted RepublIc 4995 433 209 289 931 
Togo 665 257 147 160 564 
Uganda 4504 479 277 462 1218 
ZaIre 3861 283 147 210 640 
ZambIa 941 505 139 218 862 
ZImbabwe 2550 452 139 419 1010 

Subtotal 8,9214 

Total 11,6838 
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Table 1.6. Assessment of Annual Crop Nutrient Requirements in North Africa -1993-
1995 

GrouE CroE N P20 5 K20 NPK (%) 
- - - - - - - - - - - - - - - - (mt) - - - - - - - - - - - - - - - -

Beverages Tobacco 840 333 886 2,059 01 

Cereals Barley 67,704 27,417 69,087 164,208 76 
MaIze 149,344 67,559 79,228 296,131 137 
MIllet 255 213 233 701 00 
RIce 115,163 54,738 93,850 263,751 122 
Sorghum 20,132 10,572 12,670 43,374 20 
Wheat 313,352 178,223 249,581 741,156 344 
Others 1,981 917 1,814 4,712 02 

Subtotal 667,931 339,639 506,463 1,514,033 701 

FIbers Cotton 39,905 30,361 19,132 89,398 41 
Jute 51 30 64 145 00 
Others 168 83 130 381 00 

Subtotal 40,124 30,474 19,326 98,924 41 

FrUIts Apples 1,019 553 1,643 3,215 01 
Bananas 1,692 718 5,317 7,727 0.4 
Citrus 10,933 4,929 18,177 34,039 16 
Grapes 5,827 2,528 7,846 16,201 08 
Others 5,668 2,215 8,108 15,991 07 

Subtotal 25,139 10,943 41,091 77,173 36 

Nuts Almonds 2,482 1,184 1,076 4,742 02 
Walnuts 48 22 20 90 00 
Others 15 7 7 29 00 

Subtotal 2,545 1,213 1,103 4,861 02 

011 Seeds Groundnuts 3,591 1,818 1,382 6,791 03 
Soybeans 5,422 1,311 2,296 9,029 04 
Others 64,108 19,697 16,728 100,533 47 

Subtotal 73,121 22,826 20,406 116,353 54 

(contmued) 
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Table 1.6. Assessment of Annual Crop Nutrient Requirements in North Africa -1993-
1995 (continued) 

Group Crop N P 20 5 K20 NPK (%) 
- - - - - - - - - - - - - - - - (mt) - - - - - - - - - - - - - - - -

Pulses Beans 12,005 6,482 10,921 29,408 14 
Peas 4,248 1,810 3,231 9,289 04 
Others 700 267 528 1,495 01 

Subtotal 16,953 8,559 14,680 40,192 19 

Roots and Tubers Potatoes 19,040 15,234 29,839 64,113 30 
Taro 557 264 552 1,373 01 
Others 595 320 955 1,870 01 

Subtotal 20,192 15,818 31,346 67,356 32 

Sugar Beet 10,373 4,217 17,972 32,562 15 
Cane 21,311 10,500 36,456 68,267 32 

Subtotal 31,684 14,717 54,428 100,829 47 

Vegetables Cabbages 3,825 1,459 4,310 9,594 04 
CaulIflower 1,022 390 1,152 2,564 01 
Cucumbers 13,827 8,252 15,924 38,003 18 
Tomatoes 26,014 8,615 27,434 62,063 29 
Others 13,700 5,223 10,692 29,615 14 

Subtotal 58,388 23,939 59,512 141,839 66 

Total 936,917 468,461 749,241 2,154,619 999 
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Table 1.7 Assessment of Annual Crop Nutrient Requirements in sub-Saharan Africa -
1993-1995 

Group Crop N P 20 5 K20 NPK (%) 
- - - - - - - - - - - - - - - -(mt) - - - - - - - - - - - - - - - -

Beverages Coffee 43,108 11,867 28,693 83,668 10 
Tea 14,810 5,830 8,059 28,699 03 
Tobacco 27,646 10,578 28,330 66,554 08 

Subtotal 85,564 28,275 65,082 178,921 2.1 

Cereals Barley 36,744 15,214 39,354 91,312 10 
MaIze 824,107 360,032 452,120 1,636,259 188 
Millet 372,578 308,429 357,914 1,038,921 119 
Rice 288,595 133,341 249,864 671,800 77 
Sorghum 523,980 265,069 343,856 1,132,905 130 
Wheat 92,024 51,205 78,245 221,474 25 
Others 1,016 450 968 2,434 00 

Subtotal 2,139,044 1,133,740 1,522,321 4,795,105 549 

FIbers Cotton 158,872 113,019 76,881 348,772 40 
Jute 392 237 483 1,112 00 
Others 1,594 544 695 2,833 00 

Subtotal 160,858 113,800 78,059 352,717 4.0 

FrUIts Apples 19 10 29 58 00 
Bananas 21,268 9,228 65,848 96,344 11 
CItrus 8,050 3,458 13,297 24,805 03 
Grapes 168 75 222 465 00 
Pmeapples 10,975 2,992 14,870 28,837 03 
Plantams 79,891 34,230 128,148 242,269 28 
Others 6,126 2,573 9,518 18,217 02 

Subtotal 126,497 52,566 231,932 410,995 47 

Nuts Almonds 5 2 2 9 00 
Others 2,382 1,065 1,063 4,510 01 

Subtotal 2,387 1,067 1,065 4,519 01 

(contmued) 
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Table 1.7 Assessment of Annual Crop Nutrient Requirements in sub-Saharan Mrica -
1993-1995 (continued) 

GrouE CroE N P20 5 K20 NPK (%) 
- - - - - - - - - - - - - - - -(mt) - - - - - - - - - - - - - - - -

OIl Seeds Groundnuts 310,383 153,910 124,119 588,412 68 
Soybeans 39,838 9,736 17,217 66,791 08 
Others 39,080 12,241 10,295 61,616 07 

Subtotal 389,301 175,887 151,631 716,819 83 

Pulses Beans 73,890 39,899 66,789 180,578 21 
Peas 17,230 8,065 13,559 38,854 04 
Others 942 353 731 2,026 00 

Subtotal 92,062 48,317 81,079 221,458 25 

Roots and tubers Cassava 380,412 176,593 304,244 861,249 99 
Potatoes 15,007 11,988 22,920 49,915 06 
Taro 18,385 8,940 17,715 45,040 05 
Yams 136,191 60,655 157,517 354,363 41 
Others 25,230 13,636 40,513 79,379 09 

Subtotal 575,225 271,812 542,909 1,389,946 160 

Sugar Cane 69,402 33,821 114,468 217,691 25 

Tree Crops Cocoa bean 68,861 31,191 36,877 136,929 16 
Coconuts 138,189 50,103 36,223 224,515 26 
011 palm 4,051 2,254 5,069 11,374 01 
Rubber natural 3,130 1,411 2,693 7,234 01 

Subtotal 214,231 84,959 80,862 380,052 44 

Vegetables Cabbages 1,174 465 1,269 2,908 00 
Cauliflower 35 14 37 86 00 
Cucumbers 1,884 1,134 2,169 5,187 01 
Tomatoes 6,283 2,054 6,384 14,721 02 
Others 7,819 3,004 6,050 16,873 02 

Subtotal 17,195 6,671 15,909 39,775 05 

Total 3,871,766 1,950,915 2,885,317 8,707,998 1000 
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Table 1.8. Assessment of Annual Crop Nutrient Requirements in South Africa -
1993-1995 

Group Crop N P 20 5 K20 NPK (%) 
- - - - - - - - - - - - - - - (mt)- - - - - - - - - - - - - - - -

Beverages Hops 5 1 2 8 00 
Tea 497 170 269 936 01 
Tobacco 1,536 535 1,564 3,635 04 

Subtotal 2,038 706 1,835 4,579 0.5 

Cereals Barley 6,918 2,515 6,307 15,740 1.8 
MaIze 257,956 103,768 123,969 485,693 542 
Millet 280 201 226 707 01 
RICe 77 32 55 164 00 
Sorghum 12,177 5,777 6,838 24,792 2.8 
Wheat 67,513 34,316 46,616 148,445 16.6 
Others 872 404 745 2,021 02 

Subtotal 345,793 147,013 184,756 677,562 757 

FIbers Cotton 2,987 2,101 1,329 6,417 07 
Jute 28 16 34 78 00 
Others 57 19 25 101 00 

Subtotal 3,072 2,136 1,388 6,596 07 

FrUIts Apples 764 373 1,182 2,319 03 
Bananas 440 173 1,340 1,953 0.2 
CItrus 3,049 1,172 4,955 9,176 10 
Grapes 7,747 3,004 10,017 20,768 23 
Pmeapples 656 168 909 1,733 02 
Others 1,428 602 2,029 4,059 0.5 

Subtotal 14,084 5,492 20,432 40,008 45 

011 Seeds Groundnuts 6,494 2,880 2,256 11,630 13 
Soybeans 5,614 1,253 2,226 9,093 10 
Others 19,535 5,838 3,451 28,824 32 

Subtotal 31,643 9,971 7,933 49,547 55 

Pulses Beans 1,993 977 1,686 4,656 05 
Peas 137 61 103 301 00 

Subtotal 2,130 1,038 1,789 4,957 05 
(contmued) 
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Table 1.8. Assessment of Annual Crop Nutrient Requirements in South Mrica -
1993-1995 (continued) 

Group Crop N P 20 5 K20 NPK (%) 

- - - - - - - - - - - - - - - (mt)- - - - - - - - - - - - - - - -

Roots and Tubers Potatoes 7,919 5,641 11,946 25,506 28 

Others 223 119 358 700 01 

Subtotal 8,142 5,760 12,304 26,206 29 

Sugar Cane 22,422 10,410 38,072 70,904 79 

Vegetables Cabbages 1,774 604 1,950 4,328 05 
CaulIflower 241 82 265 588 01 
Cucumbers 1,372 701 1,597 3,670 04 
Tomatoes 1,686 489 1,729 3,904 04 
Others 1,447 559 1,158 3,164 04 

Subtotal 6,520 2,435 6,699 15,654 18 

Total 435,844 184,961 275,208 896,013 1000 
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Table 1.9. Average Crop Production in North Mrica 

Annual Rate 
Crop ProductIOn of Increase 

Group Crop (1964-66) (1979-81) (1993-95) (1981-95) 
- - - - - - - - - - - ('000 mt)- - - - - - - - - - - (%) 

Beverages Tobacco 11 16 15 -0 4 

Cereals Barley 1,840 2,791 2,772 00 
MaIze 2,473 3,406 5,479 41 
MIllet 7 6 9 33 
RICe 1,864 2,400 4,577 6.0 
Sorghum 863 670 767 10 
Wheat 4,602 5,575 9,818 51 
Others 47 125 94 -1 7 

FIbers Cotton 1,422 1,358 869 -24 
Jute 5 10 2 -5 3 
Others 9 24 14 -2 8 

FrUIts Apples 40 129 792 343 
Bananas 66 128 542 216 
CItrus 1,675 2,775 3,896 27 
Grapes 2,165 1,052 1,273 14 
Others 903 1,304 2,189 45 

Nuts Almonds 32 83 135 42 
Walnuts 6 5 3 -2 7 
Others 0 0 1 

011 Seeds Groundnuts 58 74 73 -0 1 
Soybeans 0 110 66 -2 7 
Others 779 1,224 1,699 26 

Pulses Beans 538 416 414 00 
Peas 146 129 132 02 
Others 68 22 29 21 

Roots and tubers Potatoes 891 2,408 3,528 31 
Taro 33 96 118 15 
Others 87 94 164 50 

Sugar Beet 311 2,411 4,128 47 
Cane 4,939 9,168 14,379 38 

Vegetables Cabbages 253 375 529 27 
CaulIflower 62 118 141 13 
Cucumbers 2,437 3,712 4,163 08 
Tomatoes 1,857 3,607 7,103 65 
Others 1,471 2,188 3,560 42 

Note Dash (-) = no data aVaIlable 
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Table 1.10. Average Crop Production in sub-Saharan Mrica 

Annual Rate 
CroE ProductIOn of Increase 

Group Crop (1964-66) (1979-81) (1993-95) (1981-95) 
- - - - - - - - - - -('000 mt) - - - - - - - - - - (%) 

Beverages Coffee 1,146 1,187 1,055 -0 7 
Tea 74 194 336 49 
Tobacco 209 234 418 52 

Cereals Barley 773 1,115 1,337 13 
MaIze 9,946 13,810 25,805 58 
MIllet 6,697 7,675 11,715 35 
RIce 3,800 6,121 9,681 39 
Sorghum 9,238 11,198 16,281 30 
Wheat 980 1,419 2,432 48 
Others 14 48 45 -0 4 

FIbers Cotton 1,489 1,679 2,799 44 
Jute 14 10 13 20 
Others 421 156 84 -3 1 

FrUIts Apples 13 9 12 22 
Bananas 3,570 4,799 6,009 1 7 
CItrus 1,758 2,941 3,576 14 
Grapes 2 26 33 18 
Pmeapples 833 1,461 1,777 14 
Plantams 10,023 15,343 21,617 27 
Others 1,364 2,119 2,699 18 

Nuts Others 250 175 170 -0 2 

OIl Seeds Groundnuts 5,248 4,114 5,465 22 
Soybeans 73 185 426 87 
Others 519 685 876 19 

Pulses Beans 1,260 1,915 2,169 09 
Peas 390 473 470 00 
Others 41 45 38 -10 

Roots and tubers Cassava 34,675 48,971 82,669 46 
Potatoes 995 1,999 2,420 14 
Taro 2,936 3,307 3,287 00 
Yams 10,162 10,475 31,431 133 
Others 3,098 5,241 6,843 20 

Sugar Cane 18,588 35,286 40,101 09 

(contmued) 
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Table 1.10. Average Crop Production in sub-Saharan Mrica (continued) 

Annual Rate 
CroE Production of Increase 

Group Crop (1964-66) (1979-81) (1993-95) (1981-95) 
- - - - - - - - - - -('000 mt) - - - - - - - - - - (%) 

Tree crops Cocoa bean 1,001 1,037 1,373 22 
Coconuts 1,263 1,601 1,704 04 
Oil palm 809 683 749 06 
Rubber natural 169 202 299 32 

Vegetables Cabbages 46 94 143 35 
Cauliflower 2 1 4 200 
Cucumbers 286 420 500 13 
Tomatoes 576 912 1,451 3.9 
Others 863 1,335 2,004 3.3 
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Table 1.11. Average Crop Production in South Mrica 

Annual Rate 
Cro2 ProductIOn of Increase 

Group Crop (1964-66) (1979-81) (1993-95) (1981-95) 
- - - - - - - - - - - ('000 mt)- - - - - - - - - - - (%) 

Beverages Tea 2 8 11 25 
Tobacco 27 37 24 -23 

Cereals Barley 36 102 268 108 
MaIze 4,693 11,322 9,312 -12 
MIllet 11 15 10 -2 2 
RIce 2 3 3 00 
Sorghum 328 540 442 -12 
Wheat 764 1,966 1,983 01 
Others 122 84 43 -3 3 

FIbers Cotton 45 151 62 -3 9 
Jute 2 1 1 00 
Others 2 6 3 -3 3 

FrUIts Apples 160 394 548 26 
Bananas 32 111 134 14 
CItrus 539 733 999 24 
Grapes 732 1,202 1,553 19 
Pmeapples 109 217 119 -30 
Others 281 431 533 16 

011 Seeds Groundnuts 207 297 127 -3 8 
Soybeans 3 32 65 69 
Others 100 393 400 01 

Pulses Beans 45 84 65 -15 
Peas 7 8 4 -33 

Roots and tubers Potatoes 399 747 1,345 53 
Others 37 46 62 23 

Sugar Cane 11,057 17,345 14,570 -11 

Vegetables Cabbages 93 217 228 03 
CaulIflower 29 46 31 -2 2 
Cucumbers 123 268 397 32 
Tomatoes 207 323 426 21 
Others 194 313 393 17 
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Table 1.12. Average Crop Yield in North Mrica 

Annual Rate 
Cro2 ProductIOn of Increase 

Group Crop (1964-66) (1979-81) (1993-95) (1981-95) 
- - - - - - - - - - - - (kg/ha) - - - - - - - - - - - (%) 

Beverages Tobacco 1,034 1,077 1,040 -02 

Cereals Barley 896 1,022 933 -06 
MaIze 1,589 1,591 2,414 34 
Millet 508 1,006 1,021 01 
Rice 4,257 4,823 5,208 0.5 
Sorghum 1,355 1,531 1,893 16 
Wheat 1,025 1,237 1,885 35 
Others 498 667 885 22 

FIbers Cotton 1,282 2,135 1,971 -0.5 
Jute 2,665 2,309 2,000 -0 9 
Others 386 687 836 14 

FrUIts Grapes 5,357 5,003 5,745 10 

Oil Seeds Groundnuts 1,656 1,737 1,641 -04 
Soybeans 1,833 2,039 07 
Others 884 1,598 1,760 07 

Pulses Beans 900 1,030 1,004 -0 2 
Peas 803 940 1,101 11 
Others 662 545 703 19 

Roots and tubers Potatoes 9,347 11,548 13,542 1.2 
Taro 33,000 32,000 29,583 -05 
Others 21,418 23,000 25,278 07 

Sugar Beet 14,842 29,008 46,774 41 
Cane 89,270 84,610 86,616 02 

Vegetables Cabbages 24,169 14,913 18,127 14 
CaulIflower 21,974 15,333 15,315 00 
Cucumbers 14,555 12,908 16,497 19 
Tomatoes 14,245 20,160 25,271 17 
Others 9,241 9,400 11,601 16 

Note Dash (-) = no data aVaIlable. 
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Table 1.13. Average Crop Yield in sub-Saharan Africa 

Annual Rate 
CroJ2 ProductIOn of Increase 

Group Crop (1964-66) (1979-81) (1993-95) (1981-95) 
- - - - - - - - - - - - (kgiha) - - - - - - - - - - - (%) 

Beverages Coffee 476 538 530 -0 1 
Tea 809 1,194 1,370 10 
Tobacco 611 750 877 1 1 

Cereals Barley 803 1,456 1,180 -13 
MaIze 924 1,115 1,294 1 1 
MIllet 691 687 684 00 
RICe 1,316 1,479 1,877 18 
Sorghum 736 782 771 -01 
Wheat 1,137 1,584 1,541 -0 2 
Others 568 1,117 1,282 10 

FIbers Cotton 799 891 996 08 
Jute 825 634 697 07 
Others 695 747 765 02 

FrUIts Grapes 4,388 5,122 1 1 

011 Seeds Groundnuts 727 800 791 -0 1 
Soybeans 688 998 1,068 05 
Others 386 461 497 05 

Pulses Beans 679 728 685 -04 
Peas 566 634 618 -0 2 
Others 464 870 794 -0 6 

Roots and tubers Cassava 5,897 6,600 6,601 00 
Potatoes 7,304 7,942 8,216 02 
Taro 4,585 4,361 4,680 05 
Yams 6,630 6,628 7,006 04 
Others 5,970 6,060 5,791 -03 

Sugar Cane 47,688 57,391 57,065 00 

Tree crops Cocoa bean 313 361 451 1 7 

Vegetables Cabbages 9,112 13,584 16,973 1 7 
Cucumbers 14,353 13,790 14,364 03 

, Tomatoes 7,539 8,254 8,975 06 
Others 62931 72914 72438 -0 4 

Note Dash (-) = no data aVaIlable 
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Table 1.14. Average Crop Yield in South Africa 

Annual Rate 
CroE ProductIOn of Increase 

Group Crop (1964-66) (1979-81) (1993-95) (1981-95) 
- - - - - - - - - - - - (kgiha) - - - - - - - - - - - (%) 

Beverages Hops 1,000 682 739 06 
Tea 2,000 1,534 1,062 -2.1 
Tobacco 860 1,018 1,352 22 

Cereals Barley 964 1,258 2,230 52 
MaIze 1,086 2,634 2,224 -1 0 
MIllet 567 682 455 -2 2 
RIce 2,000 3,000 3,000 00 
Sorghum 755 2,515 2,034 -13 
Wheat 637 1,111 1,700 35 
Others 429 268 59 -5 2 

FIbers Cotton 700 1,355 916 -2.2 
Jute 835 1,000 1,000 0.0 
Others 667 1,064 750 -2 0 

FrUIts Grapes 8,963 10,671 10,131 -03 

011 Seeds Groundnuts 653 1,211 997 -12 
Soybeans 429 1,263 1,175 -0 5 
Others 584 848 729 -0.9 

Pulses Beans 570 1,294 1,174 -0 6 
Peas 845 959 1,090 0.9 

Roots and tubers Potatoes 8,809 14,094 24,154 48 
Others 2,445 3,538 4,452 17 

Sugar Cane 72,266 75,523 46,253 -2 6 

Vegetables Cabbages 31,000 43,334 35,967 -11 
CaulIflower 28,670 22,935 31,000 2.4 
Cucumbers 10,789 13,961 13,551 -0 2 
Tomatoes 29,619 26,944 29,728 07 
Others 21,919 16,559 11,566 -2.0 
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Table ILL Agricultural Land Area in Mali by Soil Type 

USDA FAO 
ClassIficatIOn ClassIficatIOn Area Area 

('000 ha) (%) 

Alfisols LUVIsols 15,9288 1274 
Planosols 223 002 
Podzol uVIsols/sands 1924457 1555 
Subtotal 35,3968 2831 

ArIdIsols Yermosols 32,2350 2578 

EntIsols Regosols 12,5140 1001 

InceptIsols Eutnct CambIsols 2427 019 
FluVlsols 1719 014 
Gleysols 5,3701 430 
VertIc CambIsols 4177 033 
Subtotal 6,2024 496 

LIthIC/subg Llthosois 15,1034 1208 

Molhsols Solonchaks 197 002 

Psamments Arenosols 18,7466 1499 

Rocks Rock/debns 4922 039 

Salt flats Salt flats 2644 021 

UltIsols FerTlc Acnsols 5599 045 
NItosols 2,0998 168 
PhnthIc Acnsols 1681 013 
Subtotal 2,8278 226 

VertIsols VertIsols 1,0757 086 

Water Water 1394 011 
Total 125,0174 9998 

Note F AO F AO soIl clasSIficatIon system 
USDA US SOlI clasSIficatIon system 

67 



Table 11.2. Agricultural Land Area in Zimbabwe by Soil Type 

USDA FAO 
ClassIfica tIon ClassIfication Area Area 

('000 ha) (%) 

Alfisols CalcIc LUVlsoIs 2,1180 543 
ChromIC LUVIsols 5,4544 1398 
Fernc LUVIsols 14,2790 3659 
Gleytc LUVIsols 1,224.5 3.14 
Lithosols-LUVlsoIs 381 010 
Orthlc LUVIsols 1247 032 
Subtotal 23,2387 59.56 

Fluvents Eutnc FluVlsols 58 001 

InceptIsols Chromic Cambisols 668 017 
Llthosols CambIsols 4,8428 1241 
Vertic CambIsols 6341 1.63 
Subtotal 5,5437 1421 

OXIsoIs Orthlc Ferralsols 00 000 
RhodIC Ferralsols 8860 227 
Subtotal 8860 227 

Psamments Camblc Arenosols 4,9446 1267 
FerrahtIc Arenosols 655 017 
LUVIC Arenosols 126913 433 
Subtotal 6,7014 1717 

UltIsols Eutnc Nltosols 1,3726 352 

Vertisols Vertisols 8862 2.27 

Water Water 3846 099 
Total 39,0190 10000 

Note F AO' F AO SOlI classIficatIOn system. 
USDA US sOlI claSSIfication system 
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Table 11.3. Average Crop Production in Mali 

Annual Rate 
Crop Production of Increase 

Group Crop (1964-66) (1979-81) (1993-95) (1981-95) 
- - - - - - - - - - - ('000 mt)- - - - - - - - - - - (%) 

Beverages Tobacco 1 0 1 

Cereals MaIze 99 61 309 271 
MIllet 411 461 808 50 
RICe 159 169 455 113 
Sorghum 304 341 729 76 
Wheat 2 2 3 33 

FIbers Cotton 28 129 316 97 
Jute 0 2 1 -33 

FrUIts Others 8 12 15 17 

011 seeds Groundnuts 137 136 187 25 

Roots and tubers Cassava 30 59 2 -6 4 
Yams 8 15 13 -0 9 
Others 32 49 11 -5 2 

Sugar Cane 25 184 269 31 

Vegetables Tomatoes 6 7 9 19 
Others 3 4 8 67 

Note Dash (-) = no data aVaIlable 
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Table 11.4. Average Crop Yield in Mali 

Annual Rate 
Crop ProductIOn of Increase 

Group Crop (1964-66) (1979-81) (1993-95) (1981-95) 
- - - - - - - - - - - - (kglha) - - - - - - - - - - - (%) 

Beverages Tobacco 1,000 330 670 69 

Cereals MaIze 866 1,167 1,124 -0.2 
MIllet 731 716 593 -1 1 
Rice 945 1,026 1,654 41 
Sorghum 800 785 739 -0 4 
Wheat 1,000 1,000 1,994 66 

FIbers Cotton 639 1,179 1,465 16 
Jute 667 571 -10 

OIl seeds Groundnuts 986 823 837 01 

Roots and tubers Yams 4,165 3,668 3,079 -1 1 
Others 10,557 12,250 5,500 -3 7 

Sugar Cane 25,000 50,226 80,880 41 

Vegetables Tomatoes 6,000 3,335 4,500 23 

Note Dash (-) = no data aVaIlable 
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Table 11.5. Average Crop Production in Zimbabwe 

Annual Rate 
Crop ProductIOn of Increase 

Group Crop (1964-66) (1979-81) (1993-95) (1981-95) 
- - - - - - - - - - - ('000 mt)- - - - - - - - - - - (%) 

Beverages Coffee 0 5 6 13 
Tea 2 10 14 27 
Tobacco 125 104 195 58 

Cereals Barley 1 27 13 -3 5 
Mmze 813 1,829 1,726 -0 4 
MIllet 234 153 65 -3 8 
RIce 3 0 1 
Sorghum 69 85 80 -04 
Wheat 6 179 199 07 
Others 0 1 1 00 

FIbers Cotton 17 158 153 -0 2 

FrUIts Apples 2 4 6 33 
Bananas 31 54 82 35 
CItrus 27 46 92 67 
Grapes 0 2 2 00 
Others 0 1 1 00 

011 seeds Groundnuts 91 102 62 -26 
Soybeans 0 86 96 08 
Others 2 12 40 156 

Pulses Beans 18 22 44 67 

Roots and tubers Cassava 43 55 130 91 
Potatoes 21 21 30 29 
Others 0 1 2 67 

Sugar Cane 1,575 2,878 2,634 -06 

Vegetables Tomatoes 8 10 12 13 
Others 2 3 6 67 

Note' Dash (-) = no data avmlable 
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Table 11.6. Average Crop Yield in Zimbabwe 

Annual Rate 
Crop ProductIon of Increase 

Group Crop (1964-66) (1979-81) (1993-95) (1981-95) 
- - - - - - - - - - - - (kg/ha) - - - - - - - - - - - (%) 

Beverages Coffee 1,155 1,134 -0 1 
Tea 717 2,500 2,800 08 
Tobacco 1,569 1,896 2,349 16 

Cereals Barley 5,004 2,112 -3 9 
MaIze 1,064 1,667 1,279 -16 
MIllet 596 432 239 -3.0 
Sorghum 739 611 530 -0 9 
Wheat 2,433 4,795 4,901 01 

FIbers Cotton 1,342 1,601 935 -2 8 

Oil seeds Groundnuts 536 555 449 -13 
Soybeans 1,962 1,649 -11 
Others 538 584 318 -3 0 

Pulses Beans 524 570 665 11 

Roots and tubers Cassava 3,024 2,983 3,939 21 
Potatoes 10,665 15,541 15,165 -02 
Others 2,000 

Sugar Cane 98,417 102,786 105,347 02 

Vegetables Tomatoes 7,670 10,000 6,165 -26 

Note Dash (-) = no data aVaIlable 
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Table I1L1. Nutrient Balance and Requirements for Crop Production Alternatives­
Sensitivity Analysis for Mali 

NutrIent 
Deplebon 

Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
All 

NutrIent 
ReqUIrements 

Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
All 

Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
All 

NPK N P20 5 K20 NPK 
('000 mt) - - - - - - - - - - - - - - - - - (kg/ha)- - - - - - - - - - - - - - - -

-2043 -29.4 -73 -242 -609 
-1704 -263 -5 2 -191 -506 
-1285 -21.9 -2 8 -134 -38 1 

-932 -185 -0 7 -8 4 -276 
-1392 -218 -3 4 -164 -416 
-1204 -194 -16 -150 -360 

-946 -171 -02 -11 0 -283 
-1241 -144 -3 0 -197 -371 
-999 -9 1 -1 7 -173 -281 
-817 -77 -0 1 -122 -200 
-663 -8 0 -15 -8 9 -154 

NPK N P20 5 K20 NPK 
('000 mt) - - - - - - - - - - - - - - - - - (kg/ha)- - - - - - - - - - - - - - - -

251.1 328 
2175 298 
1752 253 
1403 219 
186.2 252 
1674 229 
1415 205 
2273 29.8 
2115 276 
187.9 262 
1590 235 

Usmg 30% of crop resIdue 
Using 50% of crop resIdue 
Usmg 70% of crop resIdue 
U smg 90% of crop resIdue 

186 
167 
143 
122 
146 
128 
113 
166 
159 
14.3 
127 

235 749 
184 649 
127 523 
77 418 

157 552 
143 500 
103 421 
214 678 
196 631 
155 560 
112 474 

Usmg 50% of crop resIdue and reducing leachmg and erOSIOn losses by 20% 
Usmg 50% of crop residue and reducing leachmg and erOSIOn losses by 40% 
Usmg 70% of crop resIdue and reducmg leachmg and erOSIOn losses by 40% 
Usmg 30% of crop resIdue, N fixatIOn, and reducmg losses by 20% 
Usmg 30% of crop resIdue, N fixatIOn, and reducmg losses by 40% 
Usmg 50% of crop resIdue and N fixatIOn 
Usmg 70% of crop resIdue and N fixatIOn. 
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Table 111.2. Nutrient Balance and Requirements for Crop Production Alternatives -
Sensitivity Analysis for Zimbabwe 

Nutrient 
Depletion 

Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
All 

NutrIent 
ReqUIrements 

Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
AI0 
All 

Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
AI0 
All 

NPK 
('000 mt) - - - - - - - - - - - - - - - - - (kg/ha)- - - - - - - - - - - - - - - -

-1187 
-92.7 
-574 
-29.6 
-629 
-465 
-250 
-448 
-150 

83 
134 

NPK 

-198 
-16.4 
-11 0 

-7.1 
-106 
-77 
57 
19 
28 
73 

104 

N 

-1 7 
-0 7 
07 
18 
09 
22 
30 
2.8 
42 
51 
59 

P20 5 

-255 
-196 
-124 

-6 4 
-152 
-129 
-80 

-194 
-137 
-99 
48 

K20 

-47.0 
-367 
-227 
-11 7 
-249 
-184 
-107 
-185 

-6 7 
25 

115 

NPK 
('000 mt) - - - - - - - - - - - - - - - - - (kg/ha)- - - - - - - - - - - - - - - -

2550 452 
2288 418 
1938 365 
1657 325 
1994 361 
1827 331 
161.7 303 
2341 415 
2168 388 
2013 373 
1784 342 

Usmg 30% of crop resIdue 
Usmg 50% of crop resIdue 
Usmg 70% of crop resIdue 
Usmg 90% of crop resIdue 

139 419 1010 
129 360 900 
115 288 768 
103 228 656 
113 316 790 
100 293 724 
92 244 639 

124 388 927 
120 351 859 
111 313 797 
103 262 707 

Usmg 50% of crop resIdue and reducmg leachmg and erOSIOn losses by 20% 
Usmg 50% of crop reSIdue and reducmg leachmg and erOSIOn losses by 40% 
Usmg 70% of crop reSIdue and reducmg leachmg and erOSIOn losses by 40% 
Usmg 30% of crop reSIdue, N fixatIOn, and reducmg losses by 20% 
Using 30% of crop reSIdue, N fixatIOn, and reducmg losses by 40% 
Usmg 50% of crop reSIdue and N fixatIOn 
Usmg 70% of crop reSIdue and N fixatIOn 
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