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Foreword 

The declme of food productIOn m sub-Saharan Afnca m recent decades has often been 

attnbuted to the lack of adoptIOn of modem fanmng technologIes However, a pnmary 

hmitatIOn seems to be the farmer's mabilIty to replenIsh lost nutnents m the wIdespread 

kaolInItIc sOlIs as the more sus tamable bush fallow system IS bemg replaced by contmuous 

cultIvatIOn 

In thIS report, the authors reVIew publIshed work on sOlI nutrIent management for food 

crop productIOn m sub-Saharan Afnca It IS mtended for a wIde range of users mcludmg soIl 

SCIentIsts, agronomIsts, SOCIal SCIentIsts and extensIon workers 

Although a large volume of research results are aVailable on thIS subject matter, the main 

body of thIS reVIew has been drawn from EnglIsh language publIcatIOns, especIally from more 

recent research from the USAID sponsored SoIl Management CRSP (TropSOlls) and ItS natIOnal 

collaborators and from the InternatIOnal Agncultural Research Centers, such as UTA, ICRISAT, 

ICRAF and IFDC Efforts were also made to cover recent research findmgs by SCIentIsts at 

natIOnal agncultural research centers m the regIOn as well as some earlIer work publIshed by 

European researchers ThIS reVIew may seem somewhat 'bIased' towards West Afnca The 

Imbalance IS by no means mtentIOnal 

ThIS publIcatIOn IS Jomtly supported by the SOlI Management CRSP and the Department 

of SoIls and Crop SCIences, Texas A&M UnIVersIty 

KF 

LRH 

ASRJ 



INTEGRATED NUTRIENT MANAGEMENT FOR SUSTAINED CROP 

PRODUCTION IN SUB-SAHARAN AFRICA 

(A REVIEW) 

Kathnn Franzluebbers, Lloyd R Hossner and Anthony S R Juo 

1. Abstract 

'Slash and burn agnculture' remams the major food productIOn system m sub-Saharan 

Afnca However, m a major part of the regIOn, where fallow pen ods have been shortened below a 

cntlcallevel, the system can no longer sustam crop YIeld due to declme m soIl fertIlIty In order to 

allow contmuous crop productIOn, pnncipies and practIces that mImIC natural fallow and enhance 

sOlI orgamc matter buIld-up need to be mtegrated mto new croppmg systems that replace smftmg 

cultIvatIOn or 'slash and burn agnculture' These mclude (a) returnmg of orgamc matenals to the 

sOlI, (b) ensunng mimmum dIsturbance of the sOlI surface, and (c) use of multIpurpose trees and 

perenmals At the same tIme, morgamc fertIlIzers are also needed to mamtam a pOSItive nutnent 

balance of the agroecosystem On the wIdespread sandy kaolImtIc soIls m sub-Saharan Afnca, 

numerous publIshed results have shown that WIthout appropnate orgamc mputs, morgamc fertIlIzer 

alone cannot sustaIn crop Yield and mamtaIn SOlI fertIlIty In the long run because of sOlI 

aCIdIficatIOn, loss of sOlI orgamc matter and compactIOn The adoptIOn of nutnent management 

practIces that Integrate orgamc, chemIcal and bIOlogIcal Inputs Into economIcally and 

envIronmentally sound productIon systems IS an essential step towards sustammg hIgh crop YIelds 

and preventmg land degradatIOn m the regIOn In the humId forest regIOn, where root crops and 

tree crops are ecologIcally more SUItable, agroforestry systems, such as multIstory homestead 

gardens, plantatIOn/crop combmatIOns, and alley croppmg, appear to have a hIgh potentIal for 

mamtamIng soIl orgamc matter at levels adequate for sustammg crop growth In the subhumId and 

hUmIdisubhumId tranSItion zones, crop reSIdue mulch, mImmum tIllage and legUmInous cover crops 

are promIsmg technologIes for Improvmg nutnent and water use effiCIency and sustaInIng hIgh 

YIelds of maize, sorghum and cowpea In the semiand regIOns, however, Improvement of mIllet 

and sorghum YIelds IS severely lImIted by the lack of orgamc mputs The potential for mcreasmg 

and sustallllllg food crop productIOn III the semIand zone ulhmately depends upon successful 

llltegratIOn of crop, fodder and fuel wood productIOn wIthlll a farmIng commumty 
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2 IntroductIon 
Throughout the troPICS, the "slash and burn" method has been WIdely used by small 

holdmg farmers as a means of land preparatIOn and sod fertlhty mamtenance PractIced m dIfferent 

forms m dIfferent regIOns of the troPICS, the so-called 'shIftmg cultIvatIOn' or 'slash and burn 

agnculture' mvolves manually clearmg, burnmg and croppmg a relatIvely small area of land 

(e g 05 - 1 ha) for one or two years followed by a long penod of natural fallow (e, g 15 - 30 

years) The land IS usually allowed to return to forest or savanna vegetatIOn to restore SOlI fertlhty 

(Nye and Greenland, 1960, Allan, 1965, Ruthenberg, 1976, Sanchez, 1976, Mokwunye and 

Hammond,1992) 

In areas where the penod of fallow has been shortened and cultIvatIOn has been extended 

for more than two years, crop YIelds generally decrease rapIdly provIdmg a constant pressure to 

clear new land (Ayodele, 1986, Sanchez et al ,1983) The detnmental effects of extensIve cleanng 

and bummg of forest and grassland m the tropIcs are well known For example, burnmg causes 

sIgmficant losses of most of the N, S, and C to the atmosphere Large scale cleanng accelerates soIl 

eroSIOn and surface sealIng and crustmg (Lal, et al , 1986, KOOlstra et al , 1990, van der Watt and 

Valentm, 1992) Furthermore, subsequent cultIvatIOn may result m rapId detenoratton of 

bIologIcal, chemIcal and physIcal properties of the soIl (Lavelle et aI, 1992, Mokwunye and 

Hammond, 1992, Allen, 1985) 

Pubhshed results on contmuous croppmg of kaohmtIc Alfisols and UltIsols m West Afnca 

have shown a rapId declme m sod orgamc matter m the surface SOlI dunng the first few years 

followmg land cleanng (Brams, 1971, luo et aI, 1995B) Contmuous cultIvatIOn also causes 

sIgmficant declme m sod pH and exchangeable Ca and Mg levels, WhICh IS more pronounced when 

aCIdIfymgfertilIzers are used (Cunnmgham, 1963,Adepetu et al , 1979, luo and Kang, 1989, Bache 

and Heathcote, 1969, Kang and Balasubramaman, 1990, Pichot et aI, 1981, luo et aI, 1995a) 

The rate and magmtude of fertIlIty declme are dependent on the lengths of fallow and 

croppmg cycle, organIC mputs, and the mherent fertIlIty of the soIl In regIOns where mcreased land 

pressure has shortened the length of fallow below the cntlcallevel, the system has broken down 

because SOlI nutnent level became too low to support crop productIOn (Atta-Krah and Kang, 1993, 

luo and Manu, 1996) 

Most cultIvated sods of sub-Saharan AfrIca suffer from multIple nutnent defiCIenCIeS, and 

nutnent balances are generally negatIve (Tandon, 1993, Mokwunye, et al ,1996) External nutnent 

mputs are essentIal to Improve and sustam crop productIOn on these SOlIs NutrIent mputs may 

eIther be from orgamc sources (1 e , crop reSIdue, green manure, and ammal manure) or from 
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morganic sources (1 e, chemIcal fertilIzers and lIme) However, publIshed results have shown that 

chemIcal fertIlIzers alone cannot sustam crop YIeld on poorly buffered kaolImtic SOlIs The declme 

of crop YIelds under contmuous cultIvatIOn has been attnbuted to factors such as aCIdIfIcatIon, SOlI 

compactIOn and loss of SOlI organIc matter (e g ,Juo et ai, 1995a) Thus, applIcatIon of orgamc 

matenals IS needed not only to replemsh soIl nutnents but also to Improve SOlI physIcal, chemIcal 

and bIOlogIcal properties To a large extent, thIS may be achIeved by managmg agroecosystems 

such that nutnent sources are generated, recycled and mamtamed 

The mamtenance of SOlI fertIlIty m small farm systems m sub-Saharan Afnca has become a 

major Issue as a consequence of contmued land degradatIOn and rapId populatIOn growth (FAO, 

1981, SwamInathan, 1983, Umted NatIOns, 1989) In addItion to SOCIOeCOnOmIC constramts, major 

arable SOlIs are not well-SUIted for high-mput agnculture Agncultural development efforts the 

refore, must be dIrected towards the Improvement of prodUCtIVIty and sustamabilIty of small-holder 

productIOn systems WhIle external nutnent mputs are defimtely needed for the poorly buffered 

sandy kaolImtIc SOlIs, major emphaSIS must be gIven to mtegrated systems of nutnent management 

usmg both orgamc and morgamc mputs and recyclmg ThIS manuscnpt descnbes the concept and 

approach of mtegrated nutnent management (INM) and reVIew selected research fmdmgs to help 

Illustrate the role of INM m mcreasmg and sustaImng food productIOn m sub-Saharan Afnca 

3 EnVIronmental characterIstIcs of sub-Saharan AfrIca 

31 ClImate 

Sub-Saharan Afnca compnses of several ecologIcal zones Wooded and grass savanna 

(or subhumId) zones and tropIcal forest (or humId) zones occupy approXImately 20 and 8%, 

respectIvely, of the total land area of the contment TropIcal hIghlands are found m East Afnca and 

a small area of western Cameroon Because of the cooler clImate and the more fertIle volcamc 

SOlIs, hIghlands are generally densely populated and mtensively cultIvated 

The growmg season of raInfed farmmg m sub-Saharan Afnca IS determmed by the length of 

the rainy season The humId or forest zone IS charactenzed by annual ramfall m excess of 1300 mm 

WIth a monomodal dIstnbutIOn The length of ramy season m the hUmId zone IS 8 months or more 

allowmg two succeSSIve crops m each year The subhumid or savanna zone receIves 

approXImately 700 to 1300 mm ram dunng a 5 to 8 months rainy season, generally WIth a bImodal 

or pseudo-bImodal dIstnbutIOn The semIand zone receIves 200 to 700 mm annual ramfall WIth a 

monomodal dIstnbutIOn of2 to 4 months (Hance, 1975, Grove, 1978, Mughogho et ai, 1986) In 

the semiand zone, ramfall IS charactenzed by hIgh mtensIty, short duratIOn and there are large 
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year-to-year vanatlOns III total ramfall (SIvakumar, 1987) The clImatIc mventory and length of 

growmg season m Afnca are further Illustrated m FIgure 1 

LqeDd 

TropcsIsubcropc: 

,.-.. "'" Swamerlwmtct RllDfall 

~ NonnallSoiJne 

, , ... " IIIICIaIedaaIe asobae 

FIgure I ClImatIc mventory and length of ramy season (days) m Afnca (Source Agroecological 
zone projects report, World SOlI Resource Report No 48, FAO, Rome, 1978) 
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32 Sods 

The range m soIl types of tropIcal Afnca IS relatively narrow and IS dommated by the lIght­

textured Alfisols and UltIsols, covenng over 40% of tropICal Afnca, especIally m the subhumId and 

semIand regIOns (Sanchez, 1976) A generalIzed sOlI map of Afnca IS presented m FIgure 2 

showmg the dlstnbutIOn of sOlI resources by sOlI order and suborder as classIfIed by U S SoIl 

Taxonomy 

A bnef descnptIOn of the eleven sOlI orders are gIven as follows 

AlfIsols 

UltIsols 

OXIsols 

EntIsols 

InceptIsols 

MollIsols 

VertIsols 

Well developed and moderately leached morganlc sOlIs wIth a clayey B 
honzon (or argIllIc honzon) due to downward clay movement 
(Lesslvage) Base saturatIon of the lower B honzon or a defmed depth of 

the pedon IS 35 percent of more based on the CEC detefmIned by neutral 
ammonIUm acetate dIsplacement Alfisols are wIdespread III both temperate 
and tropIcal regIOns 

Well weathered and <;trongly leached morgamc soIls wIth a clayey B or 
argIllIc hOrIzon Base saturatIOn of the lower B honzon or a defined depth 
of the pedon IS less than 35 percent UltIsols are extensIve sOlIs m the 
trOPICal and subtropICal regIOns 

IntensIVely weathered and strongly developed morganlc SOlIs on 
old land surfaces, or sedIments denved therefrom They are charactenzed 
by the presence of OXIC or kandlc honzons and umform clay content 
throughout the pedon Red OXIsols are found m the dner regIOns of the 
tropICS, whereas, yellow OXIsols occur m the hIgh ramfall tropICS 

Young or weakly developed SOlIs commonly found on recent allUVIal plams, 
beaches and eolIan sand dunes They have no honzon dIfferentIatIOn 

Weakly developed, shallow SOlIs wIth weak hOrIzon dIfferentiatIOn 
Commonly found III mountamous areas and alluvial plams 

Dark-colored SOlIs nch m exchangeable Ca and Mg, commonly developed 
under prame grass vegetation MollIsols are among the nchest agncultural 
SOlIs m the world ExtenSIve areas of MollIsols are found m the MIdwest 
Umted States (the Com Belt), Ukrame, and Northeast Chma (Manchuna) 

Dark-colored, clayey, morgamc SOlIs commonly found m the mland 
depreSSIons and old allUVIal plams III sub-hUmId and semIand regIOns wIth 
pronounced seasonal changes III soIl mOIsture They contam hIgh amount of 
smectIte m the clay fractIOn They swell when wet and shnnk and crack 
when dry They are mherently fertIle but reqUIre hIgh energy demands for 
cultIvatIOn ExtenSIve areas of VertIsols are found m southern Sudan, 
central IndIa, EthIOpIa, Chad, Austraha and Texas 
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Andisois 

Spodosols 

Histosols 

Andlsols 

Weakly to strongly developed SOlIs of the and regIOns 

Moderately developed SOlIs wIth a lIght-colored, ashy gray leached honzon 
overlymg a reddIsh to blackIsh metal-orgamc ennched SpOdiC honzon or 
placlc honzon (thm lfon pan) at shallow depth They are aCidIC, sandy to 
loamy SOlIs They are commonly found m the temperate, humid regions, or 
at hIgh elevations m the trOpICS under vegetatIOn favonng aCid lItter 

Organic SOils developed on bogs and peat moss These SOlIs are 
charactenzed by low bulk denSIty and hIgh organIc matter content 
(generally greater than 50 percent of organIc matenals III the upper 80 cm of 
the pedon) They have hIgh water retentIOn capacIty and weak phYSIcal 
strength 

Young SOlIs denved from pyroclastIC matenals, espeCially volcanIC ash and 
glass They have low bulk denSIty (1 e less than a 9 g/cm3

), hIgh water 
retentIOn capaCIty and hIgh phosphate sorptIOn capaCIty They contam a hIgh 
amount of amorphous alummum SIlIcates 

o ALFISOLS 
AI - BOR"LFS 
A2 - UDALFS 
A3 - USTALFS 
A4 - XERALFS o ARIDISOLS 
01 - UNDIFFER­

ENTIATED 
02 - ARGIDS 

8 ENTISOLS 

EI - AQUENTS 
E2 - ORTHENTS 
E3 - PSAMMENTS 

D INCEPTISOLS 
II - ANDEPTS 
J2 - AQUEPTS 
13 - DCHREPTS 
14 - TROPEPTS 
15 - UMBREm 

o ULTISOLS 

UI - AQUULTS 
U2 - HUMULTS 
U3 - UOULTS 
U4 - USTULTS 

~OXISOLS 
01 - DRTHOX 
02 - USTOX 

o 
I 

[l]]ll] VERTISOLS 

VI - UDERTS 
V2 - USTERTS 

~ SOILS IN AREAS 
~ WITH MOUNTAINS 

XI - CRYIC (incl SpodosolsJ 
X2 - CRYIC (Incl "III lOis) 
X3 - UDIC 
X4 - USTIC 
X5 - XERIC 
X6 - ARIDIC 
X7 - usnc AND CRYIC 
X8 - ARIOIC AND CRYIC 

FIgure 2 DIstnbutIOn of soIls m Afnca (Source World SOlI Resources DIVISIOn, USDAlNRCS, 
'1.1."("11-,, ....... n-+__ T'\ r" \ 
.. a~lHl1::;lUll, JJ '--') 
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In the hUITlld forest zone, major upland soIls are the strongly weathered, kaolImtic UltIsols 

and OXIsois (Juo and WIldmg, 1996) Both UltIsols and OXIsois are aCIdIc and therefore, contam 

very low level of mmeral nutrIents (1 e, Ca, Mg, K, and P) The subhumld savanna and the 

savanna-forest transItIOn zones are dOITllnated by the relatively more fertIle kaolImtIc Alfisols SoIl 

eroSIOn and compactIOn are major management constramts m thIS regIOn (Lal, 1993) The 

seITlland zone IS charactenzed by sandy EntIsols and Alfisols that are weakly structured, have a 

very low soIl orgamc matter content (generally less than 0 3%), a low water holdmg capacIty, a low 

nutnent content (CEC of surface sOlIs rarely exceeds 3 0 meqllOOg or cmol/kg), and are prone to 

water and wmd eroSIOn (Deckers, 1993, Sivakumar et ai, 1992) 

WIth the exceptIon of the more productive volcamc soIls m the hIghlands of East Afnca and 

western Cameroon, prospect for mcreasmg food productIOn m sub-Saharan Afnca IS restncted by 

poor SOlI resources (Greenland, 1981, WIldmg and Hossner, 1989, Juo and WIldmg, 1996) A 

umque feature of the major arable soIls m sub-Saharan Afnca IS the small and easIly consumable 

mmeral nutnent pool once these SOlIs are used for contmuous croppmg These soIls are also 

known as "soIls WIth low activIty clays" or LAC soIls They are charactenzed by a low cation 

exchange capaCIty (1 e , effective CEC value less than 14 meq per 100 g of clay m the dIagnostIc 

SUbSOIl honzon) and kaolImtIc and/or OXIdIC ITllneralogy (SOlI Survey Staff, 1975, Gallez et al ,1977) 

Although allUVial SOlIs m mland valleys and coastal deltas are generally more fertIle and 

well sUIted for nce cultIVatIOn aVailable mformatIOn mdlcates that sub-Saharan Afnca has very 

lIITllted areas of fertIle allUVial SOlIs m the valleys and deltas of ItS major nvers ThIS may be one of 

the reasons why mtenslve paddy nce systems have not been WIdely adopted m the regIOn (Juo and 

Lowe, 1986) 

Hanson (1992) reported that of the 3 bIllIon ha of arable land m tropIcal Afnca, only 14 7% 

IS conSIdered to be free of phYSICal or cheITllcal constraints, whIle 32 2% have phYSIcal constramts, 

13 2% have lImIted nutnent retentIOn capaCItieS, 169% have hIgh soIl aCIdIty, and 6 8% have hIgh 

P fIxatIOn NItrogen and phosphorus are the most lImltmg elements for cereals and food legumes, 

respectIvely (Jones and WIld, 1975, Chnstlanson and Vlek, 1991, Manu et ai, 1991, Takow et al , 

1991) DefICIencIes of potaSSIUm m root crops, sulfur and zmc m maize, and boron m cotton and 

groundnuts have been reported m fields under contmuous cultivatIOn WIth lIttle or no mputs of crop 

resIdue or anImal manure (Drosdoff, 1972, Jones and WIld, 1975, Fnessen, 1991, Hanson, 1992) 

Furthermore, alummum tOXICIty and related calcIUm, magneSIUm and phosphorus defICienCIeS also 

lImIt growth and YIeld of cereals and legumes m aCId SOlIs m both hUITlld and semIarId regIOns 

(Fnessen et aI, 1982, Scott-Wendt et ai, 1988, Plen, 1989, WIldmg and Rossner, 1989) 
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3 3 Major food crops and prevaIlmg croppmg systems 

Major food crops m sub-Saharan Afnca mc1ude plantam, banana, nce and root crops (such 

as cassava, yam, sweet potato and cocoyam) m the hUlll1d zone, sorghum, maize and cowpea m the 

subhumid zone, and mIllet and cowpea m the selll1arid zone (Mudahar, 1986) 

TradItIonal croppmg systems vary and have developed m response to prevaIlmg soIl and clImatIc 

condItIons and SOCIOeconomIC and ethnologIcal preferences (Kang, 1986) TradItIOnal farmers 

often plant more than one crop speCIes m a small patch of cleared and burned land after several 

years of bush fallow Intercroppmg, the practIce of growmg two or more crops sImultaneously m 

the same fIeld, IS common throughout the tropICS It IS practiced m 80% of the cultIvated area m 

West Afnca (Stemer, 1984) The multistory homestead gardens where more than three annual crop 

and vegetable speCIes are lll1xed-planted WIth tree crops are common m the humId forest regIOns 

(Juo and Ezumah, 1992) 

In terms of ramfall dIstnbutIOn and solar radiatIon dunng the growmg season, large areas of 

the savannas are better SUited for a WIde range of ramfed agnculture than the forest and selll1arid 

zones Most of the sorghum, mIllet, maize, cowpea, groundnuts and yams are produced on the hIgh 

base-status Alfisols m savanna zones of sub-Saharan Afnca In the hUlll1d regIOn, dOlll1nated by the 

low-base-status and aCId UltIsols and OXIsols, tree-, shrub- and root crop-based systems are 

provmg to be more stable than food crop productIOn systems as shown by the eXIstence of hIghly 

successful tree crop plantatIOns of rubber and 011 palm (Kang, 1986) The cassava-, plantam-, and 

nce-based systems are prevalent m the hUlll1d regIOn dOlll1nated by aCId and low-base-status SOlIs, 

whereas the maize-, yam-, sorghum-, and mIllet-based systems are more common m the 

high-base-status sods m subhulll1d and savanna areas (Juo and Ezumah, 1992) 

SIX major food crop productIOn systems have been IdentIfied m sub-Saharan Afnca (OkJ.gbo 

and Greenland, 1976, Stemer, 1984, Juo and Lowe, 1986, Kang, 1986, Juo and Ezumah, 1992) In 

all tradItional systems bnefly descnbed below, bush fallow remams an mtegral part of the system 

though the length of fallow and croppmg pen ods may vary dependmg upon SOlI condItion and land 

use pressure 

(1) Cassava-based croppmg systems are mamly found on sandy SOlIs of the coastal belt 

(mamly Ultisols) m the humId forest regIOn, where other food crops perform less satIsfactonly 

except for coconuts or 011 palm Cassava IS mamly mtercropped WIth maize or upland nce These 

fast growmg cereals reduce nutnent loss through leachmg, runoff and eroSIOn by utIlIzmg a 

substantIal amount of N lll1neralIzed (100 to 300 kg N /ha) dunng the onset of the ramy season 

(Mueller-Harvey et ai, 1985) and recycle nutnents by returnmg reSIdue to the sod Because of 
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year-round hIgh hUIll1dlty, ears of maize are usually harvested and consumed as "green maize" 

(roasted or bOiled) 

(n) The plantam or starchy banana-based croppmg systems are common m the forest areas 

from the Ivory Coast to Cameroon and m East and Central Afnca (e g, Rwanda, Tanzama) Major 

crops mtercropped wIth plantam are cocoyam, maize and beans m a spatial arrangement to 

maXIIll1Ze lIght use efficIency Plantain/starchy banana - based multistory systems are commonly 

found near the farm compounds where ammal manure and household wastes are used as sources of 

nutnents 

(111) RIce-based croppmg systems are also common m the forest areas from Western Ivory 

Coast to SIerra Leone and LIbena and m the lowland areas of Senegal and Gambia m the dner 

regIOns RIce IS cultivated both as upland nce mtercropped WIth pearl Ill111et on well-dramed Ulwmls 

and OXIsois and as ramfed wetland nce on the foot slope and m valley bottoms of small mland 

valleys Mangrove nce IS also cultivated m some coastal areas of SIerra Leone Dunng the past 

three decades, efforts to develop large and small scale mtensIVe, lITIgated paddy nce systems m 

vanous parts of sub-Saharan Afnca have met WIth varIed degree of success 

(IV) Yam-based systems In the forest and denved savanna transItion zone and m the 

southern Gumea savanna of West Afnca, especIally Nlgena, croppmg systems are tradItIonally 

based on yams Early and late yams are planted m the same fIeld on relatively more fertIle sandy 

upland soIls m the first year after bush clearmg and on large mounds m more fertIle alluvial soIls m 

nver valleys and mland depressIOns Yams are often mtercropped WIth a number of food crops 

mcludmg cowpea, maIze, cassava, vegetables, plantams, and groundnuts Under upland 

condItion ca""ava IS mtercroooed WIth maize or upland nce dunng the second year as SOlI nutnent 
.1..1. .L _ -

levels become madequate to support a yam crop 

(v) The maize-based system IS WIdely practIced m the humId tranSItIOnal zone as well as m 

the subhumld regIOn and tropIcal hIghlands In wetter areas, maize IS usually mtercropped WIth 

cassava and yam In the subhuIll1d regIOns, It IS mtercropped WIth cowpea m West Afnca and WIth 

beans m East and Central Afnca CommercIal maize monoculture IS found on volcamc SOlIs and 

other more fertIle AlfIsols m the hIghland areas of East and Southern Afnca (e g Kenya, 

ZImbabwe, ZambIa, and Congo formerly Zaire) 

(VI) SorghumlIll111et-based croppmg systems are typICal of the northern Gumea and the 

Sudan savanna zones of West Afnca and semiand regIOns of East and Southern Afnca These 

cereals are usually mtercropped WIth groundnut (peanut), cowpea or Bambara groundnut M1l1etl 

cowpea mtercroppmg IS often found on sandy SOlI" Sorghumllegume mtercroppmg IS usually 
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found on finer-textured soIls In areas where ramfallI~ less than 600 mm/year, mIllet monoculture 

and mIllet/cowpea mtercroppmg are more common 

Whtle the chOIces of crop speCIes and croppmg patterns m the tradItIOnal systems are adapted 

to the agroecoiogical and SOCIal condIt10ns declIne of ';;011 fertIhty due to shortened fallow penod 

m populated areas threatens the sustamabIhty of the tradItIOnal sy<;tem'> of food productIOn 

4 InorganIc fertIlIzer use 

Because of scarCIty and hIgh cost, morgamc fertIlIzers are rarely used on food crops In 

sub-Saharan Afnca Moreover, many 10w-YIeldmg local cultIvars are developed to wIthstand low 

soIl fertIlIty and other envIronmental stresses and therefore are less responSIve to fertlhzer use 

(McIntIre, 1986) Currently, on average only 5 to 10 kg nutnents are applIed as fertIlIzer per ha of 

cropland m sub-Saharan Afnca (Bumb and Baanate, 1996 Larson and Fnsvold, 1996) Vlek (1993) 

estImates that at the current rate of fertIlIzer use (8 5 kg/ha) the soIls of the Afncan contment are 

effectIvely bemg mIned for theIr nutnents, and have been for decades 

Nutnent mputs from chemIcal fertIlIzers are needed to replace nutrIents exported and lost 

dunng croppmg and to mamtam a pOSItIve nutnent balance m the predommantly LAC or kaolImtIc 

SOlIs m the regIOn More research and development are needed to maXImIze and sustam the 

benefits of fertilIzei use m productIOn systems usmg hlgh-YIeldmg cultlVars m an effort to mcrease 

food productIOn whIle mamtammg the natural resource base (Baanante et at , 1989) 

On the other hand, contmuous use of mmeral fertIlIzer can have detnmental effects on SOlI 

propertIes In temperate regIOns, contmuous cereals monocroppmg WIth optImum fertIlIzer use 

can sustam crop Yields on fertIle SOlIs, such as Molhsols and Alfisols WIth hIgh actiVIty clays 

(Jenkmson, 1989, Oldman and Boone, 1989, Unger, 1982) But on the strongly weathered, poorly 

buffered SOlIs m the tropICS (e g ,Alfisols, UltIsols and OXIsois WIth low actIVIty clays) contmuous 

cereals monoculture usmg chemIcal fertilIzers as the mam source of nutnent mput has resulted m 

sIgmficant Yield declme and soIl degradatIOn after only a few years of croppmg (Kang and Juo, 

1986) In the latter case, declme of soIl orgamc matter m the surface SOlI, aCIdIficatIOn and 

compactIOn were IdentIfied as major causes for the declme m SOlI prodUCtIVIty Followmg are 

selected examples to Illustrate the detnmental effects of contmuous croppmg and fertIlIzer use on 

kaolImtic or LAC SOlIs III the regIOn 

On Alfisols m Burkma Faso, fertIlIzer applIcatIOn mcreased and mamtamed sorghum YIeld 

for 8 years, but declIned dunng the followmg 8 years to a very low level, SImIlar to that of the 

control WIthout fertIlIzer (Plchot et al , 1981) Also m Burkma Faso, contmuous croppmg WIth a 
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weak dose of fertIlIzer resulted m a soIl pH of 4 6 after 15 years, compared to a pH of 5 2 wIthout 

fertIlIzer use (Plen, 1989) Carbon and N contents m the surface sOlI were SImIlar, but 

exchangeable Ca, Mg, and K contents were sIgmficantly lower, whIle Al was hIgher m the 

fertIlIzed plots than m the control plot 

In northern Zambia, maIze YIeld declmed from 5000 kglha to about 1000 kg Iha dunng 17 

years of cultIvatIOn WIth applIcatIOn of 190 kg Nlha on an OXIsol (Woode, 1983) Contmuous 

fertIlIzer use resulted m decreasmg contents of SOlI orgamc matter (from 59 to 32 tlha) and 

exchangeable Mg and K and development of SOlI aCIdIty 

On Alfisols m Nlgena, SOlI pH declmed from 6 2 to 5 1 dunng 10 years of contInuous 

croppmg WIth maIze, sweet potato and cowpea, manual tIllage and annual applIcatIOn of 160 (200, 

years 5-8) kg Nlha as urea, resultmg m pronounced Mn tOXICIty for cowpea (Kang, 1993) WIthout 

fertIlIzer, pH declmed by 0 5 umts, whIle a slIght pH mcrease was observed m the bush fallow 

treatment Exchangeable Ca and Mg and organIC C declmed to about half therr mitIal values dunng 

the 10 years of the study On thIS sandy soIl, even the use of less aCldlfymg N fertIlIzers (urea and 

calcIUm ammomum mtrate) resulted m rapId SOlI aCIdIficatIOn after the mitIal 4 years 

Contmuous croppmg on an Alfisol (OXIC Kandmstalf) m Nlgena WIth two maIze crops per 

year and applIcatIOn of 120 kg N as urea (150 kg N fIrst three years), 26 kg P and 30 kg K to each 

crop dunng 13 years under no-tIllage resulted m a steady decrease m pH from about 6 0 to 4 5 m the 

surface SOlI (0-15 cm) when maIze reSIdue was not returned (Iuo et ai, 1995b) SoIl orgamc C 

content decreased WIth contmuous croppmg dunng the fIrst 8 years, then remaIned at 65% of the 

ImtIal SOlI C content, WIth SImIlar trends for exchangeable Ca, Mg and ECEC 

These examples suffice to Illustrate that cheffilcal fertIlIzers alone WIthout orgamc mputs do 

not sustam soIl productIVIty on the poorly buffered kaolImtlc SOlIs of sub-Saharan Afnca 

Furthermore, the use of lIme to amend soIl aCIdIty IS econoffilcally prohIbItIve to small holdmg 

farmers m the regIOn due to scarCIty of hme sources as well as rugh cost of transportatIOn 

5. Integrated nutrient management (INM) 

5 1 PrmcIples and approach 

The pnmary goal of mtegrated nutnent management (INM) IS to combme old and new 

methods of nutnent management mto ecologIcally sound and econoffilcally VIable farrmng systems 

that utIlIze avaIlable orgamc and morgamc sources of nutnents m a JUdICIOUS and effiCIent way 

Integrated nutnent management optImIzes all aspects of nutnent cyclmg It attempts to achIeve 

tIght nutrIent cyclIng WIth synchrony between nutnent demand by crop and nutnent release m soIl 
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whIle mmmllzmg losses through leachmg, runoff, volatIlIzatIon and ImmobIlIzatIOn (FIgure 3) 

Denitrification 
Runoff/erosion 
Leaching 

External Inputs 
Fertilizers 
Compost/wastes 
N fixation 
Irrigation 
Atmospheric Input 

FIgure 3 Pools and fluxes of nutnent cyclmg m agroecosystems 

Sustamable SOlI nutnent-enhancmg strategIes mvolve the WIse use and management of 

morgamc and organIc nutnent sources m ecologIcally sound productIOn systems such as, rotatIon, 

mIXed croppmg, and agroforestry (Janssen,1993) OrganIc nutnent sources mclude plant resIdue, 

legunnnous cover crops, mulches, green manure, ammal manure, and household wastes Under 

contmuous croppmg, recyclIng and reusmg of nutnents from orgamc sources may not be sufficIent 

to sustam crop YIeld Nutnents exported from the SOlI through harvested bIOmass and lost from the 

SOlI through vanous processes must be replaced WIth nutnents from external sources Declme m 

SOlI productIVIty can be attnbuted m part to negatIve nutnent budgets (or the amount of nutnent 

removed compared to the amount of nutnent bemg put mto the system) m most agnculturalland of 

sub-Saharan Afnca (Mokunye, et aI, 1996, Renard, et aI, 1997) Thus, the JUdICIOUS use of 

chenncal fertIlIzer IS essential to mamtam SOlI fertIlIty (Moorman and Greenland, 1980, Tandon, 

1993,Ofon, 1995, Hossner and DIbb, 1995) In revIewmg the results oflong-term fertIlIzer tnals 

conducted on Alfisols m West Afnca, Kang and Balasubramanian (1990) concluded that lugh and 

SUS tamed crop YIelds can be obtamed wIth Jud!CIOUS and balanced NPK fertIlIzatIOn combmed WIth 

orgamc matter amendments 

It has become mcreasmgly eVIdent that adoptIOn of an mtegrated nutnent management 

strategy on LAC soIls m the trOpICS not only IS an ecologIcal neceSSIty, but also an econonnc realIty 

An Important aspect of INM IS the mamtenance of SOlI orgamc matter The benefiCial effects of 

orgamc matter are well known PhYSIcally, It Improves soIl structure and mcreases water holdmg 

capaCIty ChemIcally, It mcreases the buffer capaCIty of the soIl agamst pH change, mcreases the 

catIOn retentIOn capaCIty (CEC), reduce phosphate fIxatIOn, and serves as a reservOIr of secondary 
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and mlcronutnents BIOlogIcally, orgamc matter IS the energy source for SOlI fauna and 

mlcroorgamsms, whIch are the pnmary agents that mampulate the decomposItion and release of 

mmeral nutrIents m soIl ecosYE.tems 

Orgamc matter m soIl eXIsts m several forms, namely, partially decomposed plant and 

ammal reSIdues, hvmg and dead mICroorgamsms, and humIdIfied orgamc matter or humus Stable 

humus constitutes 50 to 75% of the total soIl carbon and IS lIttle affected by management The 

labIle SOlI orgamc matter pool, that IS Important for nutnent release dunng the growmg season, can 

be mampulated through vanous soIl management practices (van Faassen and SmIlde, 1985) In 

general, more than 95% of total Nand S and up to 75% of the P m surface SOlIs are m orgamc forms 

(Fernandes and Sanchez, 1990) 

Because of the low nutnent reserves m the morganlc components of the predOmInantly 

kaolImtIc and SIlIceous SOlIs m sub-Saharan Afnca, levels of orgamc matter m the surface soIl are 

symptomatic of nutnent supplymg power and SOlI productivIty In kaolImtIc SOlIs, humlfied 

orgamc matter IS the major source of catIOn retentIOn capacIty m surface SOlIs WIth pH greater than 

5 (Lopes and COX ,1977) In ~trongly aCIdIC SOlIs (1 e , Ultlsols and OXISO]S) WIth pH less than 5, 

the orgamc exchange SItes andAP+ Ions form organo-mIneral complexes (Juo and Kamprath, 1979, 

Bloom et al ,1987) AddItion of Ca-nch organIC matenals can reduce Al and Mn tOXIcIties m aCId 

SOlIs (Bache and Heathcote, 1969, Plchot et al , 1981, Hue and AmIen, 1989) 

Rates of decomposItIOn of both fresh plant reSIdues and humIdIfied soIl orgamc matter are 

3 to 5 times greater m the humId tropIcal enVIronment than under temperate condItions (JenkInson 

and Ayanaba, 1977, Mueller-Harvey et at, 1985) Therefore, III cultIvated-fields of the hUmId 

troPICS, more frequent applicatIOn and larger quantitIes of orgamc matenals are reqUIred to 

mamtam adequate soIl orgamc matter levels than m the temperate regIon (Mueller-Harvey et al , 

1985, Juo and Kang, 1989, Plchot et aI, 1981, Plen, 1989, BatIOno et aI, 1993) 

When forest IS cleared or fallow brought mto contmuous productIOn, soIl organIC matter 

WIll declme and reach a new steady-state level dependmg on quantity and qualIty of annual organIC 

mputs and on tillage methods Changes m soIl orgamc matter ansmg from changes m mput of 

orgamc reSIdue were estimated by Greenland et al (1992) usmg decompOSItion constants appropn­

ate for tropIcal condItIons In converSIOn of forest to forest to cropland, SOlI orgamc carbon was 

predIcted to fall from 43 to 25 t/ha m 15 years, WIth contmumg mputs of 2 t /ha mstead of 11 t /ha 

of orgamc dry matter per year These levels correspond approxImately to a change from forest 

cover to arable crop productlOn under humId tropIcal conditlons For dner savanna condItIons, a 

decrea~e of SOlI organIC carbon from 18 to 14 It ha was predIcted, when natural vegetatlOn was 
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converted to cropland 

A number of strategIes and practIces for sOlI orgamc matter management have been studIes 

m recent decades They mclude (a) returnmg of orgamc matenals to the soIl to replemsh SOlI 

orgamc carbon lost through decomposItIon (recyclmg of plant and ammal resIdues, green 

manunng, cover crop rotatIOn), (b) ensunng mmImum dIsturbance of the SOlI surface (resIdue 

mulch, conservatIOn tIllage) to reduce rate of decomposItIOn, (c) reducmg SOlI temperature and 

water evaporatIOn by mulchmg the sOlI surface wIth plant resIdues, and (d) mtegratIOn of 

multIpurpose trees and perenmals mto croppmg systems to mcrease productIOn of orgamc 

matenals In VIew of fact that the slash and burn agnculture WIll mvanably be replaced by some 

forms of permanent agnculture m the near future, the above-mentIOned alternatIve SOlI organIc 

matter enhancmg practIces need to be mcorporated mto new farmmg systems 

5 2 Technology options 

5 2 1 Crop residue management 

The term 'crop resIdue management' essentIally means returnmg crop resIdue back to the 

soIl eIther by mcorporatIOn or as surface mulch The mam purpose IS to conserve nutrIents and 

energy embodIed m the resIdue Whether III the humId, subhumId or semland zone, 

the accumulatIon of soIl organIc matter IS dependent on the quantIty and qualIty of crop resIdues 

and other organIc matenals added to the field Crop resIdues can be left on the SOlI surface as 

mulch or mcorporated mto the soIl PublIshed results have shown that the presence of a mulch 

cover has many benefiCIal effects on soIl qualIty Mulch enhances bIOlogIcal actIVIty, modIfies SOlI 

temperature, Improves soIl water conservatIOn, reduces soIl sealmg and crustmg, and reduces soIl 

eroSIOn (Lal, 1974, PadwIck, 1983, SIvakumar et al ,1992) 

In term of soIl water conservatIOn, mulchmg IS a more effectIve soIl conservatIOn practIce 

under subhumId than semIarId conmtIOns Crop reSIdues left on the SOlI surface as mulch do not 

appear to be an effectIve techmque for soIl water conservatIOn dunng the extended dry season (1 e, 

6 months) m the serrlillild zone (Papendlck dnd Parr, l~Payne, 1990) 

Crop reSIdues can also be mcorporated mto the sol1 when anImal tractIOn IS aVaIlable Re­

lease of nutrIents dunng reSIdue decOmpOSItIon IS usually accelerated WIth mcorporatIon SoIl 

dIsturbance dunng mcorporatIOn mcreases sod organIC matter decomposItIOn Because tIllage 

accelerate soIl eroSIOn, reSIdue mcorporatIOn should only be practIced on less eroSIve, 

well-structured SOlIs 

In term of labor mput, frequent and hIgh rates of reSIdue applIcatIons may be uneconomIcal 
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m the short run, especIally when the correspondmg YIeld mcreases are not substantial But thIS 

practice should be Judged by SOlI prodUCtiVIty and sustamed crop YIelds on a long-term baSIS The 

followmg examples Illustrate the benefIts of crop reSIdue management 

In the subhumid and semIarId troPICS, hIgh SOlI temperature IS an Important lImItmg factor 

for seed emergence and crop establIshment In the hUmId and subhumid tranSItIOnal zone of West 

Afnca, the use of straw muleh reduced temperature of the surface SOlI (0-5 cm) by 7°C as compared 

WIth the tradItIOnal ndgmg WIthout mulch, where SOlI temperature reached 40°C dunng the peak 

penod of a sunny day (Lal, 1976) 

In the humId and subhumid regIOns of West Afnca, suffiCient crop reSIdue (e g maize 

stover) can be spared for use as mulch The long-term benefits of crop reSIdue management for soIl 

fertilIty maintenance followmg forest cleanng has been shown by Juo and Kang (1989) and Juo et 

al (1995b, 1996) WIth contmuous maize croppmg under a no-tIllage system on a kaolImtIc Alfisol 

m south-western Nigena, retentIOn of reSIdue as mulch resulted m slower declme and hIgher soIl 

organIC matter, CEC, pH, exchangeable Mg status and crop YIeld compared to when crop reSIdue 

had been removed After 15 years of contmuous maize WIth reSIdue mulch, the amount of orgamc 

C (10 1 g C/kg) m the surface SOlI (0 to 10 cm) was almost double that of surface soIl where reSIdue 

was removed (5 7 g C/kg) Maize reSIdue mulch also Improved soIl water holdmg capaCIty from 

012 kg/kg WIth reSIdue removal to 0 16 kg/kg under contmuous no-tillage maize 

In the semIarId zone, applIcatIOn of mIllet reSIdue as mulch at the begmnmg of ramy season 

mcreased mIllet YIeld dramatically from 100 to 650 kg/ha on a Alfisol (psammentic Haplustalf) m 

NIger (BatIOno et aI, 1987, IFDC, 1989) There was a sIgmficant addItive effect of mIneral 

fertIlIzer and reSIdue wIth a mIllet gram YIeld tnple that of reSIdue alone and double that of fertIl­

Izer alone when both reSIdue and fertIbzer were appbed Zaongo et al (1997) studIed the 

mteractIOns of water, mulch and mtrogen on sorghum growmg m a Entisol (U stifluvent) m MaradI, 

NIger They found that mulchmg WIth sorghum reSIdue (WhICh was saved and stored from a 

preVIOUS crop) reduced evaporatIOn by 28 percent ImgatIOn, mulch and mtrogen fertilIzatIOn as 

sole amendments mcreased sorghum bIOmass YIeld by 55, 20, and 30 percent, respectIvely, m 

companson WIth the no amendment control 

These results suggest that crop reSIdue management m semIarId regIOns can only be an 

effectIve practIce for soIl fertIlIty mamtenance provIdmg that crop reSIdues are harvested and stored 

for use as mulch for the croppmg season m the followmg year In humId and subhumid regIOns, 

because croppmg seasons are separated by a relatIvely short dry season, the usual practice IS to 

leave the crop reSIdue m the fIeld after each harvest 
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On Alfisols m East Afnca, a 50% YIeld mcrease of coffee was observed wIth banana trash 

mulch over a lO-year span (Sanders, 1953) YIeld Illcreases from the use of organIC mulches were 

also reported by Jones et al (1960) III Kenya, MartIll (1935) III Uganda, and Bull (1963) III East 

Afnca Further, surface mulch was observed to mcrease soIl pH and exchangeable bases m aCIdIC 

sOlIs cropped WIth tea (Sffilth, 1962a, b) 

Returnmg crop reSIdues to the sOlI can mcrease ffilcrobIaI actIVIty dunng the ramy season 

Free-hvmg mIcroorgamsms can fix N 2 actIvely when they have access to large amounts of 

energetic substrate, a SItuatIOn that occurs when straw or other reSIdues are generously 

mcorporated mto the soIl EstimatIOns of the N mput through thIS process are stIll scanty 

(Dommergues and Ganry, 1986) 

It should be pomted out that although the benefIts of crop reSIdue management have been 

studIed by many researchers, m realIty, the adoptIon of thIS technology by farmers m sub-Saharan 

Afnca IS assocIated WIth many larger Issues m farffilng system development In the seffiland 

troPICS, crop reSIdues are pnmanly used as fuel and fodder For example, cowpea stover IS usually 

harvested and sold m the market as dry season fodder Sorghum and ffilllet reSIdues are left m the 

fields for grazmg by the Fulam cattle dunng the dry season and manure IS left m field m return 

Thus, farmers would be reluctant to use crop reSIdue as a nutnent source or mulch unless alte 

rnatIve sources of fuel and fodder are made aVaIlable to them On the other hand, crop reSIdue 

management has a good potentIal m hUffild and subhuffild regIOns when mtegrated mto appropnate 

croppmg systems 

5 2 2 Green manure and cover crops 

In temperate regIOns, plantmg green manure or cover crops m rotatIOn WIth cereals was a 

common practIce of soIl fertIlIty enhancement long before low-cost mtrogen fertIlIzers became 

readIly aVaIlable ThIS practIce, however, has not been WIdely adopted by farmers m sub-Saharan 

Afnca For short-cycle crops, such as maIze, nce and soybean WIth hIgh demands for nutnents, 

tImely apphcatIons of orgamc matenals WIth a low elN ratIo, such as green manure and compost, 

could synchromze nutnent release WIth plant demand, hence mImffilzmg the amount of morgamc 

fertIlIzer needed to sustam hIgh crop YIeld (Sanchez et ai, 1989) Many fast growmg luguffilnous 

speCIes such as mucuna (Mucuna utllzs) and kudzu (Puerorza phseololdes) can be espeCIally useful 

as cover crops for eroSIOn control, weed suppreSSIOn and for SOlI fertIlIty restoratIOn On hIghly 

eroSIve Alfisols m the humId and suhuffild tranSItIonal zone of West Afnca, stnp tIllage combmed 

WIth m SItu mulch from mucuna have been shown to sustam crop YIeld m contmuous large-scale 
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maize and copwea productIOn for many years wIthout revertmg the land to natural fallow (WIlson 

et aI, 1982) 

Advantages of usmg legumes as green manures and cover crops mclude (1) ennchmg the 

sOlI wIth bIOlogICally fIxed N, (2) conservmg and recyclmg sOlI mmeral nutnents, (3) provIdmg 

ground cover WhICh helps mImmiZe sOlI erosIOn, and (4) requmng lIttle or no cash Input However, 

addItional labor IS reqUIred for timely establIshment, maIntenance and mcorporatIOn of the green 

manure crop Further, most legumous crops are better sUIted for hIgh base status sOlIs (e g Alfisols) 

contaInmg adequate aVailable phosphorus and calcIUm 

A major contnbutIOn of green manunng to soIl fertIlIty IS the annual addItion of mtrogen to 

the soIl ecosystem It IS estimated that up to 50 kg N per ha per year can be contnbuted by gram 

legumes to an associated or subsequent non-legume crop, but total N2 fIxatIOn IS two or three tImes 

thIS value (Greenland, 1985) Where SOlI mOIsture IS not lImItmg, lIve legummous mulches, e g , 

Arachza rep ens, Desmodium triflorum and IndIgo splcata, grown sImultaneously WIth a cereal crop 

(e g , maize) may contnbute SImIlar amounts of mtrogen as precedmg green manures (Akobundu 

and Obgbo, 1984) In the humId lowland forest zones WIth bImodal ramfall dIstnbutIOn, It IS 

pOSSIble to mtercrop a slow-growmg legume (e g , Sesbama) WIth a food crop (e g , maize) m the 

fIrst season and allow full growth of the legume m the second season to be Incorporated as green 

manure m the first season of the followmg year (Balasubramaman and BlaIse, 1993) ThIS practice 

gIVes sIgmficantly hIgher maIze YIelds m the first season, WIth benefiCIal effects hkely to mcrease 

m the long-term, but does not produce a food crop dunng the second season 

Legummous cover crops, such as mucuna and kudzu have been WIdely used to establIsh 

young tree crop plantatIOns throughout the tropICS In such systems, newly cleared land are 

ImmedIately seeded WIth a cover crop to protect the soIl surface from eroSIOn, supress weed growth, 

enhance the N status of the SOlI, and conserve aVailable mmeral nutnents from leachmg losses 

5 2 3 Farm yard manure and compostmg 

Farm yard manure (FYM) supplIes multIple nutnent elements to the crop and at the same 

bme, mamtams SOlI orgamc matter content Although cattle dung potentIally constItutes a 

sIgmficant source of plant nutnents m sub-Saharan Afnca, thIS potential can only be realIzed m 

areas where farmIng systems and ammal husbandry are orgamzed to faCIlItate dung collectIOn and 

storage 

Compostmg IS a low -cost, effiCIent method of processmg crop reSIdue and household wastes 

through bIOlogIcal decompoSItion for small holdmg farmers, m spIte of an addItIOnal labor 
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reqUirement The amount and type of mmeral nutnents present m the compost vary wIdely 

dependmg on the type of raw matenals used The followmg examples from the lIterature have 

shown posItIve effects of farm yard manure and compost on soIl productIVity 

Peat and Brown (1962 a, b) have shown that mcreased YIelds resultmg from a smgle addI­

tIon of 17 t of farmyard manure or compost per ha were mamtamed for as long as 13 years m the 

case of cotton, and for 9 years WIth bulrush mIllet (Penmsetum typhOldeum) m Tanzama Long­

term beneficIal effects of farm-yard manure m western TanzanIa were also reported by ScaIfe (1971) 

On a fme-textured hIgh base-status Aifisol at Kabete, Kenya, maIse gram YIeld had 

declmed from 3 to 1 tlha dunng 14 years of contmuous croppmg WIthout mputs AddItIOn of an 

adequate amount of FYM dunng the 14th year mcreased maIse gram YIeld to 2 9 tlha whIle the 

trreatment WIth Nand P fertIlIzers gave a gram YIeld of 20 tlha (SwIft et aI, 1994) 

At Zana, located m the Sudan savanna zone of northern Nigena, annual applIcatIOn of 

cattle manure (2 5 and 5 t /ha) to a loamy Alfisol cropped WIth cotton mcreased orgamc C content 

by more than 40%, and N by 33%, after 15 years compared to a treatment receIvmg annual an 

applIcatIOn of N, P and K fertIlIzer (Bache and Heathcote, 1969) Cattle manure also Increased the 

catIon exchange capacIty and exchangeable Ca, Mg, and K contents of the SOlI 

At Serere, Uganda, after three cycles of a 5-year rotatIOn, Jameson and Kerkham (1960) 

concluded that a system WIth 4 years croppIng and one year fallow may be ~ustaInable proVIdIng 

FYM IS apphed once In 5 years at a rate of 12 tlha Contents of total Nand P, orgamc C, and 

exchangeable bases m the surface soIl were sIgmfIcantly greater In fIelds receIved manure 

applIcatIOn compared to the control plots whIch receIved no manure apphcatIOn 

Other SIUOles nave shown that on the coarse-textured Alfisols and InceptIsols m West 

Afnca, favorable results were obtaIned when mIneral fertIlIzers were used m conjUnctIOn WIth 

relatIvely lower rates of manure applIcatIOn In BurkIna Faso, soIl pH was maIntaIned at 5 2 WIth 

applIcatIOn of 5 t /ha of manure per year WIth a low dose of NPK fertIlIzer for 15 years, whereas pH 

decleased to 4 6 WIth a low dose ofNPK fertIlIzer WIthout manure (PIen, 1989) Orgamc C content 

In the surface soIl was 0 35 % WIth manure and fertIlIzer, compared to 0 24 % WIthout manure WIth 

or WIthout fertIlIzer In the 15th year Total N and exchangeable Ca and Mg contents were not 

affected by manure applIcatIon, but exchangeable K content was mcreased from 0 09 to 0 22 meq/ 

100 g m the manure plus fertIlIzer treatment Slffillarly, results from Samaru (ZarIa) m northern 

Nigena also Illustrated the effectIveness of combIned use of FYM and morgamc fertIlIzers on 

kaolImtic SOlIs In maIntaImng crop Yields under contmuous croppIng (Jones, 1971) Moreover, 

WIth an applIcatIOn of 5 t FYM per ha, soIl orgamc C level was maIntaIned at 0 34 % dunng 8 years 
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of croppmg, despIte removal of above-ground crop resIdue at each harvest 

The use of farm yard manure or compost as a nutrIent source for food crop productIon 

depends largely on the prevaIlmg farmmg systems In some areas of East and Southern AfrIca, 

where crop and lIvestock productIOn are somewhat mtegrated, FYM could become a major nutnent 

source and reduce the need for fertIlIzer for food crops In the hUmId forest zone of West Afnca 

and Central Afnca, where lIvestock IS lImIted to a few sheep and goats m each farm compound, the 

use of crop reSIdue and green manure composts, though not common at present, could become a 

major source of nutrIent mput m more permanent croppmg systems replacmg 'slash and bum' 

agnculture 

In the semIand zone of West Afnca, compostmg IS not a common practIce because of lack 

of water and lImIted aVaIlabIlIty of plant and crop reSIdues (Poulam, 1980) Adequate amounts of 

anImal manure and household wastes are aVaIlable only for small cropped areas surroundmg the 

farm compound (WIllIams et al , 1993, Sanders et al ,1996) Another tradItIonal system of manure 

utIlIzatIOn m West Afnca IS known as 'Kraalmg' In thIS system, lIvestock, mamly cattle from 

nomadIc FulanI herders, are confmed m a deSIgnated fIeld dunng the nIght by the host farmer 

dunng the dry season to ensure concentrated applIcatIOn of manure and unne Generally, scattered 

manure droppmgs dunng crop reSIdue grazmg IS consIdered mSIgnIficant by local farmers m term 

of soIl fertIlIty Improvement (Taylor-Power, 1991) 

5 2 4 Cereal-legume mtercroppmg or rotatIon 

InclUSIOn of legumes m mtercroppmg or m rotatIOn offers consIderable benefits because of 

theIr abIlIty to fix atmosphenc nItrogen bIOlogIcally m symbIosIs WIth RhIzobIUm There are two 

mam types of mechanIsms postulated for the benefiCIal effects of legumes m multIple croppmg 

systems (1) through ImmedIate transfer, m whIch nItrogen travels from the legume dIrectly to the 

assocIated crop, and (2) through reSIdual effects m WhICh nItrogen fixed by the legume IS aVaIlable 

to an assocIated sequentIally cropped non-legume after senescence of the legume and 

decompOSItIOn of ItS organIc reSIdue Although some research workers have reported eVIdence of 

d1rect transfer of N m a maIze/cowpea mtercrop (Eaglesham et ai, 1982), 1t 1S belIeved that N 

benef1ts of these systems may accrue more to subsequent crops after root and nodule senescence 

and decompos1tIOn of fallen leaves (Agboola and PayemI, 1972, Ledgard and GIller, 1995) It 1S 

generally known that soIl cond1tIons, such as P, Ca and Mo deficIenc1es, Al and Mn tox1c1tles, and 

drought stress are IImltmg factors for N2 fIxatIOn 

Approx1mately 60% of the total N demand of a legummous crop can be supplIed through 
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symbIOtIc N2 fIxatIOn (Stoorvogel and Smalmg, 1990) In Senegal for example, N2 fIxatIOn by 

groundnut and soybean was 50 to 70 kg N/ha (GIgOU et ai, 1985) However, gram legumes, 

espeCIally soybean and to a much lesser extent cowpea, transport a large amount of N (60 to 70%) 

to the seeds and pods WhICh are removed dunng harvest (Henzell and VallIs, 1977) Consequently, 

negatIve N balances can be observed m rotatIOns compnsmg gram legumes Thus, to Improve the 

soIl N status m such systems, the followmg practIces are recommended (a) use of cultIvars that 

actIvely fIX atmosphenc mtrogen, (b) return of above ground resIdues to the soIl, and (c) use of 

mimmum rate of N fertIlIzers to the cereal crop (Dommergues and Ganry, 1986) Moreover, 

legume bIOmass contams more N than non-legume speCIes and release a greater portIOn of It m a 

shorter penod of tIme upon return of bIOmass to the SOlI 

Where certam legumes are not mdigenous, compatIble Rhizobmm strams may not be present, 

and moculatIOn WIth appropnate Rhozobmm stram may be reqUIred In sub-Saharan Afnca, 

legumes commonly used as mtercrops WIth maize, sorghum or mIllet are cowpea, common beans 

and groundnut Afncan cowpea cultlVars are mostly promISCUOUS and they nodulate WIth mdIg­

enous Rhozobmm strams present m the soIl For common beans and groundnuts, Rhizobmm 

Inoculates are rarely used by farmers (Kang, 1986, Of on and Stem, 1987) InoculatIOn WIth 

Rhizobmm resulted m sIgmficant YIeld mcrease of beans and soybean m Tanzama (Chowdhury et 

al,1983) For soybean, moculatIOn resulted m a YIeld eqUIvalent to that obtamed WIth applIcatIOn 

of 90 kg N/ha In East Afnca, mainly soybean responded to the use of moculates (Woomer et al , 

1996) 

BatIOno et al (1996) showed that m NIger, mIllet/cowpea and mIllet/groundnut rotatIOns 

performed markedly better than mIllet mono culture across all N fertIlIzer rates SImIlar results 

were obtaIned for a maize/cowpea rotatIOn m the northern Gumea savanna of Ghana (Hardter and 

Horst, 1991), m ZImbabwe (Mukurumblfa, 1985) and for a maiZe/pIgeon pea rotatIOn m MalaWI 

(MacColl, 1989) A long-term field tnal conducted at the CInzana StatIOn m Mall showed that a 

sorghum/cowpea rotatIOn mcreased sorghum gram YIeld by 40% WIthout cowpea stover 

mcorporatIOn (Kouyate, et al, 1998) At Kuola, Mall, cotton seed and groundnut YIelds were 

mcreased by 60, and 40 %, respectIvely, m a cottonlgroundnut rotatIon WIth reSIdues of both crops 

returned and mcorporated m the SOlI compared to sorghum or cotton monoculture (Kouyate, 1998) 

Sorghum rotated WIth peanut or cowpea m Burkma Faso resulted m sIgmficantly greater 

sorghum YIelds, that could not be explained by measured SOlI propertIes It was assumed that 

alleiopathic effects that were expressed m poor gefffilnatIOn and establIshment of sorghum due to 

phenolIc compounds m the soIl played an Important role (Burgos-Leon, 1979) The same 
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observatIOn was also made by Plchot et al (1981) m Burkma Faso, and by Kouyate et al , (1998) m 

Mah 

5 2 5 Agroforestry 

Agroforestry refers to all forms of land-use systems m WhICh trees or woody perenmals are 

delIberately planted on the same land management umt m assocIatIOn wIth lIvestock and/or annual 

crops WIth sIgmficant econormc and ecologIcal mteractIOns between the woody and non-woody 

components (ICRAP, 1983) Agroforestry systems that mterplant tree legumes WIth annual cereals 

can be effectIve m SOlI nutrIent cyc1mg and enhancement Buresh and Tian (1997) pomted out the 

followmg benefIts of tree-annual crop aSSOCiatIOn (a) retneval of nutnents from below the rootmg 

zone of annual crops, (b) reductIOn of nutrIent losses from leachmg, runoff and erOSIOn, and (c) 

legume trees mcrease the supply of nutnents withm the rootmg zone of annual crops through mput 

of N by bIOlogIcal N2 fIxatIOn In thIS context, we dISCU~S the agroforestry systems of alley 

croppmg and multIstory homestead gardens m the sub-humId and hurmd zones, and the Acacza 

albzda parkland system m the sermarld zone 

5 2 5 1 Alley croppmg 

The tradItIonal croppmg and bush fallow land rotatIOn system relIes on trees and shrubs for 

nutnent recyc1mg and soIl fertIlIty regeneratIOn In an effort to Improve thIS system and allow 

contmuous crop productIOn on the eroSIve but hIgh base-status Alfisols m the hurmd and subhumld 

regIOns of West Afnca, researchers at the InternatIonal InstItute of TropIcal Agnculture (UTA) m 

Nigera have developed the 'alley croppmg' system In thIS system, food crops are grown m the 3 to 

4 meter WIde alleys along the contour formed by hedgerows of planted, fast-growmg, legurmnous 

shrubs and trees, such as Leucaea (Leucaena leucocephala) The hedgerows are penodlcally 

pruned dunng the croppmg season to prevent shadmg Prunmgs are used as mulch and green 

manure for the assOCIated food crop (Kang et al , 1981) The Woody portIon of the prunmg can also 

be used as fuelwood or stIcks for yams Leaves may also be used as fodder dunng the dry season 

Trees and shrubs WIth theIr deep root system planted along contours on slopmg land not only are 

able to recycle SOli nutnents, but also Illimmlze water runoff and SOli erOSIOn (Lal, 1989, Hauser 

and Kang, 1993, Juo et ai, 1994) 

Kang and Mulongoy (1992) reported that the five tree legume speCIes, namely, CaSSla 

szamea, Leucaena luecocephala, Calhandra calothyrsus, Glzrzczdza sepzum, and Flemzngza 

macrophylla, grown m 4 m spaced hedgerows on an Alfisol m Ibadan, Nigena, can produce 21 3, 

74,6 1,55, and 57 t/halyr of dry matter from prunmg, respectIvely The correspondmg mtrogen 
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YIeld by each specIes were 394, 247, 218, 169, and 149 kg N per ha per year, respectively A 

reVIew of pubhshed data also mdicated that on rugh base-status soIls (Alfisols, EntIsols, and Andisols), 

nutnents recycled m hedgerow prunmg from several legume shrubs ranged from 50 to 180 kg N, 2 

to 10 kg P, 10 to 15 kg K, 10 to 60 kg Ca, and 5 to 25 kg Mg per ha (Yamoah, et aI, 1986, Duguma 

et ai, 1988, Kang et aI, 1990, Gichuru and Kang, 1990) 

Results of seven years of observatIOns mdicated that on hIgh base-status sOlIs, alley 

croppmg wIth Leucaena can contnbute between 40 and 60 kg N/ha to the compamon maIze crop 

and can be used as a low-mput (mtrogen) SOlI fertIlIty mamtenance system for food crop productIOn 

(Kang et aI, 1984) A long-term matze-leucaena alley croppmg expenment conducted on an Alfisol 

m Ibadan, Nigena, showed that matze gram YIelds of2 to 3 t/ha could be sustamed for over 10 years 

WIthout fertIlIzer mput The average YIeld of the control was 500 kglha For hIgher maIze YIelds 

of 4 to 5 t/ha usmg Improved cultlvars, 45 to 90 kg N fertIlIzer per ha would be needed (Kang and 

Duguma, 1985, Hauser and Kang, 1993) 

Leucaena prunmg on a hIgh base-status OXI~ol of northern ZambIa contamed 203 kg Nlha 

and doubled maIze YIeld WIthout any N fertilIzer whIle Flemmgla prumng contammg only 58 kg N/ 

ha were less effectIve (Dalland et al 1993) ApplIcatIOn of leucaena prumng mcreased the 

contents of orgamc C, Mg, and K m the soIl 

It should be pomted out that another benefIt of the tree/crop mterplantmg system IS the 

mcreased explOItatIOn of SOlI P by tree roots through the symbIOtIc assocIatIOn between tree speCIes 

and veslcular-arbuscular mycorrhIzal (VAM) fungI (Janos, 1980) MycorrhIzal aSSOCIatIOns 

therefore enhance P cyclmg and mcrease aVaIlable P status m the surface soIl through applIcatIOn of 

tree prunmg 

EconomIcal analY~Is of alley croppmg WIth maIze and maIze!cowpea rotatIOn on hIghly 

erOSIve AlfIsols m southern NIgena mdlcated that mcome from alley cropped maIze was more than 

double that of the control A major benefit was that the use of N fertIlIzer was reduced by more than 

half WIth alley croppmg (NgambekI, 1983) Thus, m spIte of the hIgh labor reqUIrement for m 

ImtIal hedgerow establIshment and subsequent prunmg operatIOn, the alley system could be very 

benefIcIal for small farmers (e g a 5 to 2 ha) m the humId and subhumid regIOns of Afnca, 

espeCially m areas where the aVaIlabIlIty of farm labor IS not a malO! hmItmg factor 

Most of the earlIer re~earch on alley croppmg was conducted on hIgh base-status AlfIsols 

and EntIsols m the hU1llld and subhu1llld regIOns For the strongly aCIdIC soIls (UltIsols and OXIsols) 

III high ramfall regIOns, a number of mdigenous aCId tolerant tree legumes such as Inga edull' 

Flammgza maclOphylla, AClOa baterz, and Callzandra calothyrsus may be used for alley croppmg 
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Plate lOur land IS old and tIred said a Zanna tanner III NIger West Afnca 
Photograph COUI tesy of Andrew Manu 

Plate 2 A rotatIon expenment conducted on a loamy sand soIl at the CIllzana StatIOn IER Mall Plot III the 
foreground shows contIlluous sorghum with crop reSIdue removed after each harvest resulted III poor crop 
growth and establIshment Plots III the background show good growth and establIshment of sorghum after 
rotatIOn wIth cowpea and green manure crops Sesbama rostrata and Doltchos lab lab All plots receIved a 
moderate dose of Tdemsi rock phosphate Photoglaph courtesy of Zoumana Kouyate 



Plate 3 AcaclQ alblda trees are seen ill farmer's field ill the NIger RIver Valley near Segou Malt West Afnca 
The trees are protected and known as the fertIlIzer tree 
Photograph courtesy of Mamadou Doumbza 

Plate 4 A large bean field on a fine textured Alfisol (Eutnc Nltosol) denved from basIc Igneous rocks ill the 
tropIcal hIghlands of Kenya East Afnca Phosphorus IS a major hmItIng plant nutnent In these 
well-structured OXIde nch soIls 
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Plate 5 On the hIghly erosIve kaolImUc Alfisols m the subhumid and humidisubhUlmd transItIon zones 
rotatIon of cereals wIth a legummous cover crop such as Mucuna utlizs, helps restore soIl bIOlogIcal 
propertIes provIde ground cover and supply mtrogen to the maIze crop As shown m the photograph Mucuna 
dIed off dunng the dry season thus provIdmg a m-situ mulch for the maize crop m no tIll system 
Photograph coultes) of George F Wilson and InternatIOnal Institute ofTlOplcal Agriculture (IITA) 

Plate 6 In hurmd tropICS the strongly leached UltIsols are hIghly aCIdIc (e g pH below 5 0 measured m 
water suspenSIOn) and contain very low nutnent reserve (e g exchangeable Ca less than 05 meq/lOOg) 
Cassava/maize and cassava/upland nce mtercrop IS a common practIce m densely populated hurmd areas 
ThIS farmer s field showed a well establIshed first crop of maize and cassava planted m a slash and bum field 
after 7 years of bush fallow The field IS then returned to bush fallow after one or two seasons of croppmg 



Plate 7 A young 011 palm plantatIOn establIshed m field planted wIth a legummous cover crop Puerm!a 
phaseolOldes on a UltIsol m the humId coastal regIOn of Ivory Coast West Afnca 

Plate 8 A forest dweller wIth multIstory homestead gardens m the hUmId regIOn of West Afnca As many as 
50 annual, perenmal and tree specIes are cultIvated and the system provIdes baSIC food and nutntIOn needs for 
the mdIgenous people' SaId Bede N Olugbo a well known AfrIcan botamst 



(Evans and Szott, 1994) However, because of potential Al tOXICIty and multIple nutnent 

deficIenCieS, an mitIal mvestment of P, K and Mg fertIlIzers and lIme IS needed to achIeve optimum 

growth and YIeld of the annual food crop and to enhance root growth and nutnent cyclmg of tree 

legumes (Juo et ai, 1994, Evensen et a1 , 1994, Evensen et a1 ,1995) Thus, m VIew of the need for 

heavy external nutnent mputs, alley croppmg IS not well SUIted for strongly aCIdIC soIls m the 

hunnd tropICS WIth annual food crops such as maize, upland nce, cowpea and beans 

A benefiCIal effect of alley croppmg on aCId SOlIs m that the use prunmg as legunnnous 

green manure can reduce soluble and exchangeable Al m soIl by formmg less soluble organo-AI 

complexes (Hue and AmIen, 1989) On an aCIdIC OXIsol from BurundI WIth a hIgh degree of Al 

saturatIOn, applIcatIOn of tree legume prunmg and farm manure decreased the concentratIOn of AP+ 

m soIl solution from 29 ppm m the control to 075 ppm m plots receIvmg 6 tlha of callIandra 

prumng (Wong et al , 1995) 

5 2 5 2 Multistory homestead gardens 

MultIstory homestead gardens may be envIronmentally the most ecologIcally VIable 

farmmg system for the mdigenous people m the hunnd tropICS (Marten, 1986, Juo, 1989) It IS 

charactenzed by complete mternal recyclmg of nutnents and orgamc matter by explOItmg 

ecologIcal balance of plant speCIes m aSSOCIatIOn WIth lIvestock productIOn to meet the human 

needs on a fannly farm Homestead gardens compnse a dIverSIty of crop, ammal and off-farm 

enterpnses whIch contnbute to the mcome of the farmmg system The area around the house or 

farmyard IS normally planted to a WIde assortment of crops that reqUIre no purchased mputs and 

only low management In advanced farms, the number of economIC plant speCIes may be 50 to 60, 

such as 5 or 6 tall growmg speCIes, 5 or 6 medIUm heIght tree speCIes, 5 to 6 bush or shrub speCIes, 

4 or 5 root crops, and up to 30 shade-tolerant, short or vme type annuals (OkIgbo and Greenland, 

1976,OkIgbo, 1980, Marten, 1986) The baSIC external mputs to the system, such as labor, manure, 

mght-sOIl, and household wastes, are proVIded by the farm household SoIl prodUCtIVIty IS 

maintained and enhanced by recyclmg plant reSIdues and manure, and by bIOlogICal N2 fIXatIOn by 

annual and woody legumes SOlI eroSIOn IS nnmmized by maIntaInmg contmuous ground cover 

and good water mfiltratIOn (MIchon, 1985, luo, 1989) 

The most mtensively managed, productive multIstory system IS the Kandy gardens m Sn 

Lanka (Martens, 1986) In the forest regIOns of Afnca, less sophIsticated multIstory homestead 

gardens are common m densely populated areas mcludmg southeastern Nigena, western Cameroon, 

and eastern Congo (formerly Zaire) 
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5 2 5 3 AcacIa alblda parkland system 

The tree legume Acacza albzda (syn Fazdherbza albzda), otherWIse known as the 'fertIlIzer 

tree', IS commonly found m farmers' fIelds throughout the subhunud and semland zones of 

sub-SaharanAfnca Generally tree stands are not planted but naturally establIshed m farmers' field 

m a random pattern More stands are usually found m fIelds located m nver valleys and mland 

depreSSIOns where groundwater IS avaIlable dunng the dry season Acacza albzda has been 

protected from cuttmg by tradItIonal rulers (e g, the EmIr of Zmder m NIger) as well as natIOnal 

governments m AfrIca and crops have been mamtamed m agroforestry settmgs for centUrIes (NAS, 

1984) 

Crops such as sorghum and nullet grown m aSSOCIatIOn WIth Acacza albzda grow better than 

outSIde ItS canopy ThIS tree legume has the unusual habIt of growmg new folIage dunng the dry 

season and losmg ItS leaves early m the ramy season Therefore, lIght and water competItIon WIth 

aSSOCIated crops are numnuzed The Improved crop growth and YIeld under the tree canopy have 

been attnbuted at a vanety of factors (a) the Improved fertIlIty of the soIl under the tree IS due 

mamly to Nz fIxatIOn by the tree and tImely release of fIxed N from fallen leaves to the assocIated 

crop, (b) the recyclmg of nutrIents from the SUbSOIl, (c) accumulatIOn of wmdblown orgamc 

reSIdues and nuneral-nch soIl partIcles wIthm the vIcImty ofthe tree trunk, and (d) nutnent mputs 

due to gathenng human and lIvestock actIVItIes under the tree dunng the dry season (Dommergues 

and Ganry, 1986, Dancette and Poulam, 1969) Nutnent amounts m leaf lItter of Acacla albzda 

dIrectly below the tree canopy were found to be eqUIvalent to 110 to 185 kg Nlha, 4 to 40 kg Plha, 

and 220 to 275 kg Calha (Well and Mughogho, 1993) FIeld studIes trymg to Inutate the effects of 

Prosopzs cznerarza and Acacza albzda on crop YIeld m the semland tropICS have been mconclUSIve 

(Vandenbeldt, 1989) Thus, the potentIal of developmg a more mtensIvely managed agroforestry 

system usmg thIS tree legume remams an open questIon 

5 2 6 Managed fallow 

Natural bush regrowth IS currently conSIdered the most effiCIent type of fallow for nutnent 

recyclmg and bIOmass accumulatIOn m the subhumId and humId zones because It conSIsts of many 

plant speCIeS WIth dIfferent types of root systems (Ewel, 1986, Jmyebo and Moore, 1964) 

However, planted fallow systems WIll lIkely establIsh faster than bush fallow due to slow natural 

regrowth dunng the fIrst year (Uhl and Jordan, 1984) Further, plant speCIes compOSItIOn m planted 

fallow systems can be selected to mclude fast-growmg, deep- and shallow-rootmg, as well as Nz-

fixmg speCIes A few examples from the lIterature hIghlIght the mam aspects of managed fallow 
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HIgher bulk densIty of a kaolImtic Alfisol m south-western Nlgena after 15 years of gumea 

grass fallow (1 30 Mg/m3) compared to bush and leucaena fallow (1 04 Mg/m3) mdlcated that trees 

are an Important component of a fallow system m mamtrumng favorable soIl phYSIcal propertIes 

(Juo et aI, 1996) 

Grass fallow plays an Important role m Improvmg SOlI fertIlIty m the savanna zone, but It IS 

less effectIve m nutnent recyclmg than are the deep rooted trees and shrubs grown m the hUImd 

zone (Kang, 1986) Jruyebo and Moore (1964) showed that mIxed bush was more effectIve m 

nutnent recyclmg than grass fallow (star grass) or annual legumInous cover crop (kudzu) 

A one-year Tephrosla (Tephrosza vogelu Hook f) fallow at Kagasa, Rwanda, produced dry 

weIght eqUIvalents of 4 8 t/ha of leaf lItter, 2 6 t/ha of folIage, and 9 5 t /ha of woody stems at 

harvest (Balasubramanlan and Blruse, 1993) The leaf lItter plus fresh folIage returned 238 kg 

N/ha/yr to soIl m contrast to 38 kg N/ha/yr from natural regrowth Mruze gram YIeld mcreased by 

72% over the natural fallow control m the second season after the mcorporatIOn of fallow 

vegetatIOn (Balasubramaman and Sekayange, 1986) In addItIOn to Improvement m SOlI N status, 

the Tephrosla fallow produced 9 5 t ha I of woody stems whIch can be used as firewood Increases 

m food crop Yields due to rotatIOn of short season fallow WIth food crops were reported from the 

subhumId zone ofNIgena (Agboola, 1980, Lal, 1983, WIlson et al, 1982) and Tanzama (Rupper, 

1987) 

In terms of nutnent cyclmg, kudzu (Pueralla PhaceolOldes) fallow showed the largest 

relatIve mcrease m system N, when 6 legumInous fallows and bush fallow were compared, but had 

poor accumulatIOn m P, Ca, K, Mg, and soIl orgamc matter Thus, If the accumulatIOn of two or 

more macronutnents detefmlnes the duratIOn of the fallow penod, then a bIOlogICally more dIverse 

system IS reqUITed (Szott, 1987) 

When dIfferent fallow vegetatIOn types were compared for 25 years at Serere, Uganda, first 

year cotton gave smaller YIelds followmg legUmInous cover than after grass or natural regeneratIOn 

(Jameson and Kerkham, 1960, McWalter and Wlmble, 1976) When grass was grazed dunng 

fallow penods, crop YIelds were not slgmficantly affected, suggestmg potentIal benefits when crop 

and hvestock systems are combmed 

Legume-based pasture and hvestock management systems for Afnca savanna regIOns, 

combmed WIth penomc cereal productIOn, have been advocated for many years (Jones and WIld, 

1975) However, only a few forage legumes appear to be adapted to the semland regIOn WIth ItS 

hIgh soIl and au temperatures and prolonged dry seasons 

A system of grass-fallow stnp croppmg was advocated by Kerr (1942) m Uganda It 
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mvolved the plantmg of elephant grass (Pennzsetum purpureum) m place of a three-year fallow, 

alternatmg wIth three years of an annual crop The system was claImed to be sustamable, 

mamtammg soIl fertIlIty, Improvmg the crumb structure, and preventmg eroSIOn by wmd and 

water, smce the grass was grown m 18 m wIde StrIpS along the contours of the hIlly terram 

The quantIty of N accumulated m savanna grasslands IS 30 to 40 kg N/hafyr Legumes 

planted as pasture components such as Centrosema and Stylosanthes may contnbute substantially 

more to a mIxed grassland ecosystem WIth adequate P supply III the sOlI IncluSIOn of Centrosema 

pubescens for a two-year penod slgmficantly mcreased the amount of organIC matter, total Nand 

mtnfiable N m the sOlI at Ibadan, Nigena (Moore, 1962) Several Centrosema speCIes have been 

IdentIfIed WhICh are very productIve m aCIdIC soIls WIth relatIvely low P and K status 

Legummous cover crops m Afnca, such as mucuna and kudzu have used on research 

statIons, such as UTA m Nigena, and some large commercial farms to rejuvenate SOlI fertIlIty after 

several years of contmuous croppmg However, the use of legummous cover crops as a planted 

fallow to rejuvenate soIl fertIlIty IS not very common on small farms 

5 2 7 Mmnnunt tIllage 

Numerous research fmdmgs from both temperate and tropIcal regIOns have shown that WIth 

mmimum tIllage the rate of decomposItIOn of SOlI orgamc matter and added organIC matenals IS 

reduced, thereby aIdmg orgamc matter buIld-up and mamtenance WIthout major tIllage events, 

the contmUIty of pores m the sOli IS maIntaIned, whIch mcreases mfiltratIOn thus, reduced runoff 

and eroSIOn Further, mcreased structural stabIlIty WIth mmimum tIllage reduces wmd eroSIOn 

WhICh can severely degrade soIl by removmg nutnent-nch topSOIl AddItIonal benefits of reSIdue 

mulch m conjUnctIon WIth mimmum tIllage were dIscussed earher 

HIgher maIze YIelds (4 to 5 t/ha) were mamtamed on a large mechamcally operated field 

(e g, 20 ha) on a kaolImtIc Alfisol m the hUffild and subhumid transitIonal zone of Nigena, WIth 

no-tIllage for 12 consecutIve crops (2 crops per year) than WIth conventIOnal plowmg (UTA, 1983, 

Lal, et al 1984) The field was then used for maIze/cowpea rotatIOn and mtermittent fallow to 

prevent SOlI compactIOn In other field tnals m Nigena on SImIlar soIl types, SOlI orgamc C was 

found to decrease at a slower rate dunng 15 years after forest clearmg and was mamtamed at 

approXImately double the value WIth reSIdue return than WIth reSIdue removal under a mimmum 

tIllage system (luo et ai, 1995b, 1996) WIth a manually tIlled fIeld, however, the annual 

mcorporatIOn of over 5 t/ha of maIze stover mto the surface SOlI dunng a lO-year study resulted m 

an only shghtly hIgher soIl orgamc C level compared to reSIdue (Kang, 1993), suggestmg hIgher 
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rate of decomposItion m the tIlled sOlI 

Mmimum tIllage and no-tIllage systems have been developed m temperate regIOns m recent 

decades to control sOlI erosIOn and reduce fOSSIl fuel mput on large commercIal farms In North 

Amenca and Western Europe, major governmental efforts mcludmg econOmIC mcentIves, have 

been made to promote mInImum tIllage and no-tIllage farmmg A prereqUIsIte of no-tIll or stnp tIll 

system IS the avaIlabIlIty of pre-plantmg herbIcIdes (e g Glyphosate or Roundup) and 

pre-emergence herbIcIdes (e g Paraquat) Moreover, crop resIdue mulch IS also an mtegral part of 

the no-till operatIOn 

The potentIal for adoptmg small or medIUm-scale no-till or mInImUm tIllage farmIng m 

West Afnca IS very promIsmg m the hIghly erOSIve Alfisol regIOns, partIcularly when mtermIttent 

legUmInous cover crop fallow (e g mucuna) IS mcluded mto the system to prevent SOlI compactIOn 

due to contmuous tractor traffIC (George F WIlson, and Douglas C Couper, personal 

communIcatIon) In areas where herbICIdes are not aVaIlable or are economIcally prohIbItIve, weedmg 

and seedbed preparatIon are usually done manually In Eastern and Southern Afnca, where large 

scale commercIal farms are operatIve, no-tIll farmmg wIth mtermIttent cover crop fallow could 

become a sustamable practIce for enhancmg nutnent and water aVaIlabIlIty for maIze and bean 

productIOn 

528 VarIety 

Crop vanetIes wIth hIgher YIeld potentIal, better response to fertIlIzatIOn, Improved 

reSIstance to dIseases and pests and WIth diffenng growth pen ods to matunty are bemg mtroduced 

but not yet adopted on a WIde scale m sub-Saharan Afnca WhIle the chOIce of vanety may not be 

conSIdered a nutnent management strategy m Itself, It can strongly affect the success of a land use 

system 

In VIew of the low and vanable raInfall m the semIand regIOn, early matunng cultIvars have 

a better chance of success m most of the years (Mad on, 1990, ShapIro et al , 1993) MIllet cultlVars 

that mature m 90 to 95 d are more lIkely to aVOId long dry spells dunng the gram-fIllIng stage than 

the long duratIOn cultivars of mIllet that mature m 110 d (SIvakumar et ai, 1992) Although 

adoptIOn IS ongomg, the shorter-cycle cultivars are unable phYSIOlogIcally to take advantage of 

normal or longer ramfall MIllet breeders at the local research statton m NIger have now begun 

selectmg for late matunty traits to develop long-cycle cu1tlvars that can respond more to femltzer 

m better ramfall years 
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5 2 9 JudicIOUS use of chemIcal fertilIzers 

JUdICIOUS use (1 e, lower rates, splIt applIcatIOn, bandmg) of morgamc fertIlIzers on the 

mfertIle kaolImtIc and OXIdIC SOlIs are needed to sustaIn hIgh crop YIeld and maIntam an optImum 

balance of nutnent m agroecosystems PublIshed results have shown that contmuous use of 

relatIvely hIgh rates of mtrogen fertIlIzers on kaolImtIc AlfIsols, espeCIally under cereal 

monoculture, can reduce soIl pH (acIdIfcatIOn) and senously degrade sOlI fertIlIty (Jones, 1976, 

Nnadl and Arora, 1985, PIen, 1989, Mokwunye and Hammond, 1992, Juo et aI, 1995a) 

ACIdIfIcatIOn occurs mamly through the leachmg loss of exchangeable bases ( Ca, Mg, K) and aCId 

productIOn dunng Al hydrolYSIS and mtnficatIon 

Juo et al (l995a) compared the rate of aCIdIfIcatIOn of three forms of mtrogen fertIlIzers 

under contmuous maIze croppmg and maIze/cowpea rotatIOn on a kaolImtIc Alfisol m near Ibadan, 

Nigena All treatments were under no-tIll WIth crop reSIdues returned to the field as mulch after 

each harvest Results of thIS study showed the rate of aCIdIfIcatIOn among the three N sources was 

greatest WIth ammomum sulfate and moderate WIth urea and calCIUm ammomum mtrate (CAN) 

ImtIal pH value of the surface soIl (0-15 cm) was 5 8 In the treatment receIved ammomum sulfate, 

soIl pH dec1med to 45 after the fIfth year under contmuous maIze (2 crops/yr and 150 kg N/ha/crop 

m 2 splIts) SoIl pH m the urea and CAN treatments was affected less but also dec1med to about 50 

after the fifth year under contmuous maIze The amounts of exchangeable Al and Mn m the surface 

SOlIs were also raIsed from near 0 to 1 0 and 0 3 meq/IOOg, respectIvely, m the ammomum sulfate 

treatment after the fifth year Under maIze/cowpea rotation WIth N fertIlIzer applIed only to the 

maIze crop m the maIn season, the rate of aCIdIfIcatIOn was sIgmficantly slower than contmuous 

maIze These results suggest that contmuous croppmg systems requmng hIgh rates of N fertIlIzers 

should not be recommended for the poorly buffered kaolImtIc Alfisols - a major type of arable soIl 

m the subhuffild and seffiland regIOns of sub-Saharan AfrIca 

WhIle fertIlIzer use IS needed to maIntaIn SOlI prodUCtIVIty, It must always be m conjUnctIOn 

WIth management practIces that help maIn tam soIl orgamc matter, such as return of reSIdue or other 

orgamc matenals and ffilmmum tIllage 

In the seffiland regIOn of sub-Saharan Afnca WIth monomodal ramfall, nutnent defiCIency 

IS usually a more Important lIffiltIng factor than water m sorghum and mIllet croppmg When 

nutnents are defiCIent, the lImIted amount of soIl water IS used mefficiently The use of fertIlIzer 

mtrogen was shown to mcrease water use effiCIency (SlVakumar, 1987, Payne et ai, 1990, 1991, 

Zaongo et al , 1997) 

WhIle fertIlIzer management, espeCially the type of nutnent and the applIcatIOn rate, IS best 

28 



based on sIte-specIfic expenments and fanner's expenence, the followmg examples from the 

lIterature are cIted to Illustrate some of the underlmmg pnnclples and practIces for long-term 

mamtenance of soIl and crop prodUCtIVIty 

In the humldlsubhumId transItIon zone of West Afnca, hIgh maIze gram YIelds (4 to 6 t/ha) 

of Improved vanetIes were mamtamed m a maIze!cowpea rotatIon over 10 years on a kaolImtIc 

Alfisols at the InternatIonal InstItute of TropIcal Agnculture (UTA) WIth annual applIcatIon of 

60-120 kg N/ha as urea, 0- 60 kg P/ha as tnple superphosphate (TSP), and 0-80 kg Klha as KCl 

GraIn YIeld of planted m the second or mInor season WIthout addItIonal fertIlIzer applIcatIOn was 

mamtaIned at about 1 0 t/ha In thIS study, Important components for contmuous sustamable 

croppmg are (a) cereal/legume rotatIOn, (b) retentIOn of crop reSIdues as mulch, (c) use of soIl 

testmg to detefIDlne annual fertIlIzer need, and (d) momtonng changes m sOlI propertIes (e g pH, 

bulk denSIty) to determme when the fIeld should be reverted to natural or planted fallow (Kang, 

1985, Juo and Kang, 1989) 

On a strongly aCIdIC UltIsol (TYPIC Paleudult, pH 4 3) m the hIgh ramfall hUmId zone of 

southeastern Nlgena (annual preCIpItatIOn 2400 mm), maIze and cowpea YIelds could be sustaIned 

at about 3 5 t/ha and 1 t/ha, respectIVely, for seven years on small fanns WIth applIcatIOn of low 

rates of lIme (200-400 kg/ha annually) m combmatIOn WIth applIcatIOns of 120-50-30-5 kg/ha as 

N-P-K-Mg (plus Sand Zn) applIed to the first season maIze crop (UTA, 1983, Fnessen, et aI, 1982, 

Kang, 1985) The cowpea crop planted m the second season receIved no fertIlIzer LIme, at a 

relatIvely low rate (200 to 400 kg/ha) can be regarded as a fertIlIzer rather than a major SOlI 

amendment 

The use of external nutrIent mputs, such as fertIlIzers and lIme for cereals, such as maIze, on 

strongly aCIdIC soIls m the hIgh ramfall regIOn, however, depends not only upon fanner's food 

preference, but also upon the aVaIlabIlIty and costs of these mputs Moreover, edIble plant speCIes 

WIth low nutnent demands, such as root crops (cassava, cocoyam and sweet potato), plantaIn, 

starchy banana and edIble tree crops are ecologIcally better SUIted for such SOlI and clImate 

condItIOns 

Cassava and sweet potato are commonly grown on weathered aCId SOlIs (Ultlsols and OXIsols) 

WIth low nutnent reserves Improved cu1tIVars are responSIve to K and N fertIlIzatIOn and can 

produce relatIvely large root or tuber YIelds under good management (ObIgbesan, 1974, Juo, 1985, 

van der HeIde, 1988) In West Afnca, cassava YIeld ranged between 30 and 60 t/ha m research 

tnals WIth fertIlIzer mputs, and 5 to 15 t/ha on small holder fanns WIthOUt fertIlIzer mput (Ezumah, 

et ai, 1980, Juo, 1985) 
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Although phosphorus deficIency IS wIdespread m sub-Saharan Afnca, wIth the exceptIOn 

of SOlIs denved from volcanIc and ferro-magnesIan rocks, the surface honzons of the most arable 

SOlIs are coarse-textured and kaolImtIc These SOlIs have a relatIvely low capacIty to ImmobIlIze or 

'fix' added P (Juo and Fox, 1977, BatIono and Mokwunye, 1991) Therefore, small to moderate 

doses of P fertIlIzers (1 e , 20 to 40 P kg ha 1) would satIsfy P reqUIrements of major crop speCIes 

grown m the regIOn (Mokwunye, 1979) Furthermore, contmued phosphate applIcatIOns WIll 

mcrease the labIle P pool m the surface SOlIs, and thIS resIdual effect WIll reduce the need for 

fertIlIzer Pm the long term ImmobIlIzatIOn or fIxatIOn of P IS encouraged m the fme-textured, 

OXIdIC, base-nch Alfisols, OXIsols and Andlsols commonly found m East and Southern Afnca 

HIgher rates ofP fertIlIzers (e g, 60 to 200 kg PzO/ha) may be reqUIred for optImum crop growth, 

especIally for gram legumes of known hIgh P reqUIrement, such as beans and soybean (Mokwunye 

et al , 1986) 

On a kaolImtIc Alfisol m the hIghlands of western Kenya, Jama, et al (1997) compared 

tnple superphosphate (TSP), cattle manure and Callzandra calothysus leaf bIOmass both 

mdIvIdually and as mIxtures as sources of P for mruze They found that the applIcatIOn 10 kg Plha 

as morgamc, organIC or mIxtures of P sources sIgmficantly mcreased mruze gram YIeld Gram 

YIelds from treatments receIved urea alone at a rate of 44 kg Nlha, and spot placement of (urea+ TSP) 

and (TSP+manure) were 0 6, 1 0 and 1 7 t1ha, respectIvely 

FertIlIzatIOn of mIllet m a mIllet/cowpea mtercrop m the semIarId zone resulted m mcreased 

YIeld of mIllet, but dId not mfluence cowpea YIeld (DaVIS et al , 1994) The use of P by mIllet was 

most effiCIent at an applIcatIOn rate of 22 5 kg Plha, but the greatest mIllet bIOmass productIon, 

gram YIeld, leaf P concentratIOn, and economIC return were obtamed at 45 kg Plha Research 

conducted on sandy SOlIs at the ICRISAT SahelIan Center m NIger showed that the applIcatIOn of 

as lIttle as 20 kg PzOslha doubled mIllet YIelds (BatIOno et aI, 1987) For the loamy Alfisols m 

northern NIgena, the optImum Nand P rates for mruze were found to be 65 kg Nlha and 38 kg 

PzOsha, when tested m 50 tnals between 1957 and 1964 (Goldsworthy, 1967a) In the same regIOn, 

154 tnals resulted m an optImum N rate for sorghum of 25 kg Nlha when combmed WIth 16 to 19 

kg PzOslha (Goldsworthy, 1967b) 

SplIt applIcatIOn ofN fertIlIzer m hIgh ramfall zone may become more advantageous where 

leachmg IS more severe In an expenment WIth upland nce m southeastern NIgena, Arora and Juo 

(1982) found that leachmg loss of mtrate was reduced from 58% to 28% of the applIed N when 

fertIlIzer was applIed m three splIts mstead of a smgle dose appbed at the tIme of plantmg 

Consequently, thIS resulted m mcreased N uptake and YIeld by the crop 
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Mughogho et al (1986) revIewed research on nItrogen fertIlIzatIOn mAfnca and concluded 

that splIt applIcatIOns of urea were supenor to basally applIed urea m all three clImatic zones In 

the presence of an actIvely growmg crop, losses of fertIlIzer N from urea or CAN, can be relatIvely 

low when N IS appbed m 2 or 3 splIts Urea and CAN were found to be equally effectIve over the 

entIre range of rates at several SItes m the humId and subhmmd zones Urea performed better than 

CAN at only two of the mne locatIOns In the subhuffild zone In the seffiland zone, the InItIal 

response to CAN tended to be better than to urea, and maxImum mIllet YIelds were attamed at 50 kg 

N/ha wIth CAN as opposed to wIth 75 kg N/ha wIth urea Labeled fertIlIzer N that remamed m the 

SOlI tended to stay near the soIl surface for all urea treatments, whereas wIth CAN It moved mto the 

SOlI to deeper layers where It was easIly taken up by the plant 

In a summary of N -15 research by the InternatIOnal FertilIzer Development Center (IFDC) 

m semIarId areas of West Afnca, Mughogho et al (1986) and Chnstianson and Vlek (1991) 

reported that CAN sIgnIfIcantly outperformed urea m terms of plant N uptake, WhICh translated 

mto hIgher YIeld of mIllet Total plant uptake of fertIlIzer N, however, was low (20 to 37%), and 

losses were severe (25 to 53%) Plant uptake of N-15 from pomt-placed CAN was almost three 

times that of urea applIed m the same manner The maJonty of N remammg m the soIl was found 

m the 0 to 15 cm layer The major cause of N loss from urea m the semIand zone IS belIeved to be 

through ammOnIa volatilIzatIOn Replacement of urea WIth CAN or urea amended WIth unease 

mhlbltors could mcrease N use effiCiency m the WIdespread sandy SOlIs m the dner regIOns of 

Afnca 

Placement methods also affect fertIlIzer use effiCIency, When companng the entire urea 

response curve of the IFDC fIeld trials, broadcastmg performed sIgnIfIcantly better than eIther 

band or pomt placement m the humId and subhumid tropICS In the semland troPICS, pomt 

placement sIgmficantly decreased the performance of urea, whereas broadcast and band 

applIcatIOns behaved SImIlarly, except at hIgh applIcatIOn rates (Mughogho et aI, 1986) 

Concentrated placement of urea m pomts or bands may lead to mcreased leachmg of fertIlIzer N 

because of lImIted access to the sorptIon SItes of the soIl m the case of CAN, however, a 57% 

reductIOn m fertIlIzer N uptake by the plant was found when CAN was broadcast rather than 

pomt-placed (ChrIstIanson and Vlek, 1991) 

5210 LIme 

Limestone sources m sub-Saharan Afnca are generally scarce, espeCially m hUmId regIOns 

where strongly aCId SOlIs (pH less than 52) are WIdespread In areas where SIzable lImestone 
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deposIts are found, they are usually mmed for cement productIOn SoIls where a response to lImmg 

can be expected are Ultisois of the hIgh ramfall regIOns of coastal West Afnca and the aCIdIc 

OXIsois m the hIgh altItude of Madagascar, Cameroon, Rwanda and BurundI 

The purposes of lImmg aCId tropIcal SOlIs are to correct Al and/or Mn tOXICIty as well as 

supply Ca and Mg as plant nutnents An Important cntenon for determmmg lIme reqUIrement for 

aCId tropIcal soIls IS to attam soIl pH value about 5 5 or to achIeve a deSIred value of exchangeable 

Al saturatIOn for the partIcular crop to be grown (Kamprath, 1980) Overhmmg (e g hmmg SOlIs 

to pH 7 or hIgher ) can mduce phosphorus and micronutnent defICienCIeS Thus, annual 

applIcatIOn of relatIvely small doses of lIme are usually recommended For example, on a 

coarse-textured kaohmtIc UltIsol (pH 4 3) m the hIgh ramfall area of southeastern Nigena, hme 

reqUIrement for maIze and cowpea rotatIOn can be as low as 0 5 t/halyr (Fnessen et al ,1982) On 

fme-textured aCIdIC OXIsois m Rwanda, hIgher rates (1 - 2 t/ha) are needed to gIve optimum maize 

and bean YIelds (Yamoah et ai, 1992) 

Results from a groundnutimaize rotatIOn on an OXIsol m the subhuITlld regIOn East Afnca 

suggest that lIme applIed at a rate of 4000 kg/ha mitIally or 500 kg/ha annually along WIth a basal 

applIcatIOn of recommended fertIlIzer nutnents could mamtam YIeld at econoITllcally VIable levels 

(Smgh and Goma, 1995) On an aCIdIC UltIsol m Northern ZambIa, dIfferences m cereal and 

legume YIelds between hmed and unhmed treatments became larger over the years, and maize 

performed very poorly or faIled completely after the fIfth croppmg season on the unhmed soIl 

The pOSItIve effect of hmmg was still present after 9 years (McKenZIe et al , 1988) 

Contmuous cereal croppmg WIth mtrogen fertIhzatIOn on the hIgh base-status but poorly 

buffered Alfisols (1 e, pH 5 5 to 7 0) can cause SOlI aCIdIficatIon withm a relatively short penod of 

time (e g 3 to 5 years) In most mstances, when SOlI pH has declmed to below 50, the applIcatIOn 

of hme may be needed to correct Mg and Ca defiCIency as well as Al and/or Mn tOXICIty (Jones, 

1976, Ssah et ai, 1986, PIen, 1987, Mokwunye and Hammond, 1992) Thus, appropnate crop 

rotatIOns or planted fallow systems need to be mcluded to prevent aCIdIfication of Alfisols under 

more mtensive cultIvation (Juo et al , 1995a) 

5 2 11 Water harvestmg 

The semiand regIOn of sub-Saharan Afnca IS to a large extent, blessed by a monomodal 

rainfall dIstnbutIon, however, m areas WIth predoITllnantly sandy SOlIs, drought stress can become 

a IIITlltmg factor for crop growth Rainfall IS often receIved m mtense storms, and SOlIs tend to form 

surface seals Nutnent loss through runoff and eroSIon can be greatly reduced by certam water 
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harvestmg techmques 

Some tradItIOnal practIces have been developed for captunng water (Ohm et aI, 1985) 

Techmques to retam water mclude ffilcrocattchments, the earth and rock bunds, and the "zaI" (holes 

to collect water around the plants) These water retentIOn methods are usually combmed wIth 

applIcatIOn of manure and plant resIdues Severely degraded SOlIs can be partIally recovered and 

YIelds moderately mcreased Other water retentIOn techmques mclude Improved land preparatIOn 

or tIllage practIces, such as ndgmg and tIed ndgmg Rldgmg IS usually done WIth ammal 

tractIOn 

In the semIand zone WIth sandy clay loam SOlIs, tIed ndgmg (perpendIcular ndges WIth 

earth dams at regular mtervals along the ndges) has produced YIeld mcreases when Implemented at 

the first weedmg (Sanders, 1989) WhIle the water retentIOn technIque had lIttle effect m a good 

ramfall year, m a poor year the Impact was substantIal (Sanders et al , 1996, Kouyate et aI, 1998) 

Farmer-managed tnals WIth fertIlIzer and tIed ndges m Burkma Faso more than doubled sorghum 

gram Yield (Nagy et aI, 1990) 

Nutnent use effICIency, partIcularly N, m the semIarId zone, IS closely related to SOlI 

mOIsture aVailabIlIty Thus, SOlI management practIces such as reSIdue mulch and tIed ndges can 

mcrease N use effiCIenCIes by maize, sorghum and ffilllet (BatIOno et al , 1993, Kouyate and Wendt, 

1992) 

The combmatIOn of ndgmg and fertIlIzer m MalI mcreased water use effiCIency (Kouyate 

and Wendt, 1992) In NIger, runoffharvestmg mcreased rootmg depth, rainfall use effiCIency and 

nutnent uptake by sorghum and ffilllet (Zaongo et al , 1994) Because soIl compactIOn and surface 

sealmg are major constraints for crop growth and establIshment m the absence of adequate organIC 

mputs, the tradItIonal practIce of ndgmg and other tIllage operatIOns are essentIal to Improve 

nutnent and water use effiCIency by crops 

6. An agroecoystem approach to INM 

Low SOlI nutnent reserve IS a major lImltmg factor for mcreased crop productIOn m 

sub-Saharan Afnca Because of thIS SItuatIOn, a modest mitIal mvestment m external nutnent 

mputs and subsequent replemshment and recyclmg of nutnents are essentIal steps to mcrease and 

sustain crop productIOn Thus, m a nutnent-stressed envlfonment, sustainable crop productIOn 

systems must strongly emphaSIze nutnent recyclIng WIthIn the agroecosystem context, the role of 

INM In a whole farm system may be Illustrated In the FIgure 4 The chOIce of INM strategy not 

only depends upon crops and croppIng patterns, but also upon the aVailable resources, whIch m 

33 



tum, are mfluenced by the ecologIcal, sOCIal and econonnc enVIronment of the farnnng commumty 

Agroacosystems at (he farm level (Source A S R Juo) 

laid Level Agroecosystems 

Soli. 
Crops/Livestock 
Weed. 
Pests/Pathogens 

---II>- Flow of information 

--+ Flow of energy & malerlal 

INM Integrated nutrient management 
IPM Int grated pest management 
FMP Fenn management plan 

FIgure 4 An agroecosystem model deplctmg the flows of energy, matenal and mformatIOn 

In the hunnd forest regIOn, where root crops and tree crops are ecologIcally more SUItable, 

three agroforestry systems appear to have a hIgh potentIal for mamtammg soIl organIC matter at 

levels adequate for sustamIng crop growth, multIstory homestead gardens, plantatIOn/crop 

cOmbInatIOns, and alley croppmg ThIS potentIal anses from the productIOn of large amounts of 

bIOmass WhICh provIdes an effectIve cover of the soIl surface by lItter and canopy, bIOlogICal N2 

fixatIOn, and recyclIng of nnneral nutnents (Juo, 1989, Young, 1990) 

In the subhumld and humldlsubhumld transItIOn zones, crop reSIdue mulch, nnmmum 

tIllage and legummous cover crops are promIsmg technologies for Improvmg nutnent and water 

use effiCIency and sustaInmg hIgh YIelds of maize, sorghum and cowpea (Lal et al , 1984, Juo and 

Kang, 1989) In these zones, clImate and soIl constraInts for crop productIOn are least severe 

compared to the hUmId and semI and zones AdoptIOn of the pnnclples and strategIes of mtegrated 

nutnent management outlIned above could produce a SIzable surplus of food grains for the small 

famIly farms m the Afncan savannas 

In the semIarId regIOns, however, Improvement of mIllet and sorghum YIelds IS severely 

lImIted by the lack of orgamc mputs Crop reSIdues are often harvested for uses WIth hIgher 

economIC value, such as bUIldIng matenals, fuel, and fodder dunng the dry season The use of crop 

reSIdues as mulch and nutnent sources WIll depend upon the aVailabIlIty of alternatIve sources of 

fuel and fodder to the farnnng commumtIes Thus, the potentIal for mcreasmg and sustammg food 

crop productIOn m the semIand zone IS lImIted, and would depend upon successful mtegratIOn of 

crop, lIvestock and fuel wood productIOn on the same farm or m a watershed umt (Manu et al , 

1994) 
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Based on publIshed results, the Importance of INM on the sustamabIhty of crop YIeld on the 

kaohnItIc SOlIs m the sub humId and semiand regIOns of Afnca may be Illustrated by the four con­

ceptual models gIven m FIg 5 Returnmg crop reSIdues to the SOlI and revertmg cropland 

penodically to natural or planted fallow are essentIal practIces for the mamtenance of SOlI fertIlIty 

Croppmg patttern 
Cereal legume rotation 
or intercropping 

~ Tillage method minimum till 
'i 
"ii 
II: 

A No fertIlizer crop reSidue removed 
B Fertilizer crop reSidue removed 
C Ferllllzer & crop reSIdue mulch 

D 

c 

D Fertilizer crop residue mulch & natural or planted fallow 

(Fertilizer = inorganic fertilizers andlor manure) 

Time (Vears) 

FIgure 5 SImplIfied relatIOnshIp,;; between sustamabilIty of crop YIelds and nutnent management 

strategIes on kaolInItIc SOlIs newly cleared from natural forest fallow under mmimum tIllage 

7. Summary and conclUSIOns 
The agroecoiogical enVIronment of sub-Saharan Afnca may be charactenzed by the 

followmg nutnent management features (1) low nutnent reserve m arable soIls IS a major factor 

lImItmg sus tamable food productIOn, (2) overall nutnent balance on cropland IS negatIve 

PublIshed eVIdences have mdicated that cropland IS losmg mmeral nutnents at an alarmmg rate, (3) 

food IS mamly produced by c;;mal1 famIly farms, and (4) mIxed croppmg WIth two or more crop 

speCIes IS commonly practIced WIth lIttle or no external nutnent mput 

AchIevmg food secunty m sub-Saharan Afnca for a rapIdly expandmg populatIOn WIll 

reqUIre mtensificatIOn of food productIOn on eXIstmg cropland through enhanced nutnent mputs 

WhIle mtrogen sources may be generated through bIologIcal N fIxatIon, the needs for other 

nutnents, espeCIally phosphorus, must be supplIed by external sources to achIeve hIgher crop YIelds 

The use of orgamc mputs IS essentIal to mamtam adequate phYSIcal and chemIcal propertIes of the 

predommantly kaohnIttc and poorly buffered soIls Thus, a sustamable crop productlOn system 

must adopt an mtegrated nutnent management strategy usmg balanced orgaruc, blOloglcal and 

chemIcal nutnent mputs 

More research IS needed m the followmg areas (1) Development of economIcally VIable 

and nutnent conservmg croppmg systems that mtegrate N-fIxmg plant speCIes WIth food crops, (2) 
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development of fuelwood and fodder productIOn systems through an mtegrated watershed 

management approach, thus allowmg crop resIdue to be spared for use as mulch matenal or for 

compost productIOn, and (3) establIshment of econOffilC phosphorus reqUIrement thresholds needed 

to sustam crop Yields on major soIl types, and (4) mtegratIOn of lIvestock and food crop productIOn 

to allow more efficient use of ammal manure and household waste on cropland 
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