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Policies for Soil Fertlity Manapemert it Africa

SEEEEE 00
EXECUTIVE SUMMARY - |
The policy debate

hmproviag soil leriility management in African farming syslems has become a major
issue of concern on the develapment policy ugénda. A number of international ihi-
Yisives and domor programees have been established which am g address Lhe: prob-
lem bl soil fertility decling, and would ineply mujor investment of public funds. This
reporireviews the evidénce-used to define the nature of the soil fertility preblent in
Africa, cxamines a serics of case studics to identify key factors which help explain
" patterns of soil management, discussex whether therc iz 2 case for public intervention

to inprove soif fertility, and assesses the range of stralegies available for encourag- .

ing mote sustainable soil management practices. .

The current policy debate is based on a series of arguinents and data which high-

light processes ‘of muricnt depletion. o ‘soil mining’, resulting in deelining yields
- swhich threaten livelihood security across the continenl. Population growtl, moreas-
" ing land scarcity, and inappropriate land use practices are seen as Lhe main factors
which explain why soils are coming under pressure, Low incomes and short-term
time horizons are identified as obsiacles. which prechude farmers from being able 1o
invest themselves in land improvement and, hence, provide the rationale for some
kind of public intervention. ' - ' :

'Exaraining the evidence - : _.
Evidance for soil fertility dectine stems from a few highly infiuential studies of land
degradation in Aftica, which have been quoled ever and over again, in the process

* often losing much of the quatification surrounding the original study. Thus, the FAC
study of 1930 @ives net losses for soils in sub-Sahacan éﬁifrjuuf,cmiruated ab 1 kg N,

kg P20s and 10 kg -0 per heetare per year. Equally the (lobal Assessment of 8oil

Degradation (GLASOD) review reckons soime 26% of dryland Africa ta be sufiering

" [rom various degrees of soil degradation. The significance and cxtent of sueh Josses

are judged to be of sofficient impostance to demand that zction be taken, such as

Lhrough recapitalisation of soil ferdlity, a greatly increased use of inorganic fertihiser,

and @ more efficicnt recycling of biomass within the farming sysiem. Yet BXAMIA-

tion of ather evidence from more detatled field Iovel studies demonsteates thal the soil
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.1'Ertilit} pmble:m'iq far more complex and diverse, promplivg the need to recast the
'pmblem in a new light and- suggesting ﬂ]tem'ltwe appiroaches 0 mtervention.

This report tzkes soil fertility as comprising a range of soil chemical, physical and

hlﬂlngmﬂl faclors which affect the productive potential of the 1and. The characteris-
“tics of soils repurding their structure, composition and terdility are remarkably di-
verse acress Afriea, In part due te parent rock and panems of rainfall, Diversily of sofl

- conditions tnay also be very greal duc to differences i location within the landscape,-

given impacts of erosion and sedimentztion, as well as the history of use and lund hus-

bandry practices, The availability of soil mitrfents also varies over tine, both, within.

the season and fram year to yéar. There are complex dynamics to the interactions he-
twean soil nuirients, moisture and plant gmwﬂj which generate a high level of un-
* prediciability and hence the need for cariéfol intérvention strategles.

Various approaches hiave been used to assess changes in soil fertility, r-:uLh s nu-
trient balancis, rangeland arable ratios, soil erogion cétimates, long term monitoring
of vields using differeint soil amendments, and natiomal ievel trencds in grain yields,
Cheice of micthod depends on the spatial dimensions of the system being smdied,
the factors 1 he monitored, and the timeframe and baseline against which to assess

trends. Such methods also peed [0 be combined with ofher forms of enguiry which ~ -
include farmer assessment of &oil changes, historical materfal and sosio-economic
analysis which mnethar cafl pnwlde i Inore complLte pictire of enwrunmenml _

chmlga

Case stud},r anafysis

Fifteen case studies were selected fﬂl’ axmmnauan 1mm hm:l're COLRties 1n east, west, S
and suu[hcm Africa, with the aim of 1dant1f}'1r1g iactors which influence” pattelnsh uf.:-. o
sodl fertility management. The available documentation was used as the basis for -

classifymyg tlie'case study sites iuto six categories depending on the level of agu{:ul-.
nal intensitication, and degres of market onicntation, These sites ranged from the
high dcmltg,r, high rainfall, market oriented farmy in Kigi District of westein Kenva,
to the very low density,. 'I.'I'J..i'['}l,]]lil]. rainfed miillet .e.}rstems of cenlral hMali with much
‘more limited market involvement. : :

" The case matesial demonstrates that even withiz a given f;m, there ars Wldﬁ dll"-
ferences in terms of what fmers can do depending on their aceess to land, labour,
livestock, capital and knuwledge Each silc presents a diverse armay of methods by
which people try to maintain the fertility ol their soils, sueh as use of different nutri-
enl spurces, choice of erops, and Inﬂl{mg best use of vanahthi}r within the landscupe

with regard to soil typs, Jogation, and mmu.iure reglme thraugh ihe devell:-pmcm uf

in-field and out-ficld systems.

Rainfall tends to he associated with higher pupulatmn densities and more intemsive a

drmculture. Huwwq, in some areas where land hﬂs been larmed for gencrabions,
cven inherently [ertile soils - such as in Rwanda, and ‘Welaits, southers Bthiogia -
have fost sonie purt of their quality and structure, and few market opportunities exist
ko encourage and enable farmers 10 invest in off-fari sources of nutrients. In 4] case
study sites, farmers were aware of Lhe need to improve soil fertility and allocate the

YArious sources of notrients available betwéen crops and soils according 1 their dif--

tering needs and expected returmns, As population dengity rises and land becomes

scarcet, it becomes more worlthwhile to Invest labour in maintatning and Improving:

s0ils, although the extent 1o which households do this depends oo cecunomic oppor
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fusities elsewherc, such as in urhan areas, and their roader livellhodd strategies.
The presence of high valne soils is not fust a natural phenomenon hut may also be
the result of investmentover decadss ar generations. Low fertility soils can be ton-
siderably improved over time through conscrvation messares and addition ol organic
materials. Whether farmers.are willing and able to make the necessary invesUnents
.depands on the expected returns in relation to the other options available to them.
Cash crops are an important incentive and means (@ permit such investment, hence
_ the key role played by.easy access 1o markets for understanding patierns of agrcul-
lutal intensificatiun. Crop livestock intefactions are ol great significance for main-

taimine soil nutrients even in areas with the highest population density, where reduced-

‘graving availability leads 1o crop residices aéquiting a cash value, and prompls the de-
. velopment of cut-and-carry systems, purchase of animal feed and stall-feading.
Al sindy aceas had experienced impacts (ronl structural adjustinent programimes

. over the past decade, although the timing snd scale of impact varied considerably. In.

many cascs; farmers have reduced their use of morganic fertiliser as a consequence
of their higher prices, following devaluation, abolition of subsidies and credit systems,
and break up ol state bodies responsible for marketing and inpul distribution. How-

ever, in some places, farmers have scen a considerable itnprovement i the marging

obtained on crops whose prices bave Increased mort than input costs,
A survey of silcs algo demonstrutes the significance of political and historical

evenls, _wh'._'::::h affect pallerns of setflement, land yse, and livelihood diversification, '

s scen with villagisation in, Bthiopia, (he wjemaa campaign in Tanzania, and the
gepocide in Bwandsa, Lund ténure was Tarcly mentioned as likely to account {or poor
soi} ferlility manapement. This would suggest that coment systems for supporting
claimns Lo Jand provide farmers with sufficient guarantess thal they will reap adeyuate
benefits from inputs to enhiance soil fertility. Exceptions concern situations where
major policy shifts regarding land tenure are being implemented, proveldng unces-
tainty about (e clainis over land, ' :

The case for public intervention _ S .

Theory tells us that public intervedtion to address soil fertility decline may he re-
- quired In two cases: where therc 14 4 major dispanly belweeed priviic and social costs,
sueh s where Farmers discount future costs and benc(ils at a higher rale than a social
plesvner, and where policy. distortions may affect input or ontput markets, such as

when currency is malntained at an inflated level, However, public inlervention may

nol be appropriate where the irpact of seil mutrient depletion on livelihoods is neg-
ligitile, where substitutes for natural soil capital exist, whete alternative livelihoods
. pan be secored, or where soils can he mined now and Tosses made up later. In prac-
tice, however, given the corrent and likely fotuge significance of the agricnlmral
septor as 4 source of food, incomes, and emplovoent for many millions of African
Farrers, thére are grounds for public inlervention o help. the agricultural sector in-
tensify in o more sustainable manner, - SR :

Options for intervention _ o :

A tange of options may be considerad for improving soil capital stocks, ruising use
of inoreanic tertiliser, and Lnproving nulrient vée efficiency. Recent debate-on re-
capitalization of soils has focused mainly on use of rock phosphate, soinelimes corm-
bined with organic sources, The viability of such an option depends on the availability

" ol cheap, easily iransported and Inghly reactive rock phosphate supplies near to soils

..4
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which are serfousty P limited and with high P-sorplion propertics. Such conditions
may not be widespread. At'the same time, the technical rationale for a one-off appli-
“cation of P may-be less strong than merempental additions on an annaal basis. The eco-
potnic viability of $uch an intervention has also been questioned, with the likelihood
that substantial cxtermal subsidics would be required. Replenishing soil N capital js -
enuch more problematic; given the nature of N dynamics in the soil.

Criven the very low level of inorganic fertiliser use in Afriea, increasing usc of fer- -

- iliser makes obvious sense for many farmers where price and availability combine
with favourable ruimfall and soif conditions. However, in many areas farmers will _
ALt to use worgamc feriliser with care, and suppleent with organic materials, Tt
needs to be available in the right form - chemical copposition, size of bag - as well
as at the right time and at an affardable price, with credit available; as necded,

Eow external input agricniture {s based on making better use of ciganic matennls .
availahle on-farm o build up soi] organic matter. This long termq, labour Intensive ap-
proach is often used to create small plots of high value kand, or gardens. However, the
low mutrient eoncentration of many organic materials means that a very karge amouat
of material must be wansported and applicd to aftain & reasonable ncrease in yield.

Hi ch levels of labtor invesied ' mamspoit and apphnzmun are onky Yike) y tobe fea-
sthle WhE:l‘f: the crap gmwn can fetch a gonnd pnce sich as for vegetables aropnd a
major towr. - .

Integrated? soil fertility m.m,agement cc:-mbmes -a mix of prganic and inorganic
mdtﬂ[‘lﬂlﬂ used with close sttention to timing and placing of the inpurs 1o maximise
nutrient use efficiency. [t provides an approach which needs to be tailored w the
characteristies of the site, and constraings faced by the Farmer, This requires fidc
wining of inputs and a kigher level of knowledpe and kills by the farmer. Such skills -

oo be stvengihened by lavmer field scheels, aining activites, avd action-Tesearch
approaches which involve, for examiple, joint elaboration and analysis of resotirce
flow maps. This approach demands an emphasis on context-specific, adaptive re- -

. Sponses hased on A new IJ‘H'E[’I.EI'SI’IIFI between rtscarchers fﬂrnlr:n-a .md extension

workers.

"Choice of i 1nte11.rﬂnlu‘.ln :-,mtf:g}r wﬂI he datemunad by cc:ntan:t Blﬁph} s1r:al 83C10-
econontic and fnstitutional factors are highly diverse, even withit 1 given site. This
points io the need for combined approaches, with special attention to strengthening
farm&m‘ capacity o adapt thelr systems over time. ~ :

_ CUncI!usmns :
In eonclusion, if the aim of i unprmmg s0il fﬂrtil:!;.- mmagemf:nl is to contribul more
Broadly to sustainable rural livelihoods, thers are virlous pathvways which can he fol-
. lowed, Such choerss include: diveet Interventions o improve soil stats, support to
ivicro-finance and formal credit systems, improving market access, strengthening -
farmer knowledge and skills, and improving organisational linkages which promore
“better learning and E]]"ll‘lﬂg of 1deas, Desipn of a sirategy for tmproving suil faniliy
management necds to consider how best to combine intervention ::-pnclm 1 diffarent
phcea and a1 ditferant levels, dver a period of several years, It may, for instance, be
appropriate Lo pursue a Srategy at macro-level aimed at supporting the evelution of -
policies bringing greater henedit to the farming sector, while at-the same time pro-,
viding RLlp[JDﬂ to uetwnrkmg between various organisations wclr!-;mg ol 56l feru];t}-
1ss1es al rmcm-level :
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“Tailoring global approaches to lacal realities _ :
The high level of diversity found within African furming systerms is it stark comivast
to the global generalisations regarding the parceived trisis in Aftiean agriculfure, as
L expressed in much of the int¢rndtional debate. Global bnitiatives such as the Com-
vention 1o Combat Desertification, and the Soil Fertility Hitiative provide a meuns
for getting attention paid o formetly neglecled areas and themes, However, the very
simplicity of the message they present - soil fertility in Africd is in serious degline -
| prodes o wAsleading and potentially damaging assessment of what is happening,
" leading (o the potential for poorly furmulated interventions, An increasing recogni-
“tion of the complex and diverse naturc of sofl fertility management 40g the conse-
quent need (o support tailored approaches based on work at different levels, howeyet,
" ix beginming to set the interaational debalc along a more productive pathway. Promis-
ing options now being pursued include testing of ways 1o work with farmers more cf-
[lectively, and promoting greater stake-holder involvernent at local and national levels
in discussion of policy options and design of interventions fimed at generating a
rnore sustainable agricultural scotor, : '
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1. Introduction

Soil Fertility issues have risen Up the Afvican development policy agenda in reconl
years. A number of high profile fnternational meetings have boen held leading 1o u .
‘vanut} of differentthitiatives aimed at addressing the pioblein of soil fertility decline
in Africal (see Appendix 1 for a review of some of these). Such initatives call for -
“sobtantial investmenl of public money, ¢ither from national governments or the -
lernafional donor cnmmunm in addeessing the problem. For some, the issne of soils
Man;ZSIMent in Af"n::a i the 1main dcvcmpmant challenge in. Altica for the nexl cen— -
‘tury, : o
Tlis papes mms o Teﬂa-:;t on thiz dLhalB the natire of Lhe cvidence oo wh][:h such
international iniGatives have built, and the utrataglf:s being proposed ta address soil
Fertility issues in Alnca, There is b casy answer to the qucstion of how best o im-
[IDve soils tianagement in Aftica. Our approach has thercfore been to start by asking
a few specific qucsiions in sequence, which are exﬂunncd tn the different sectioms of
this pape, as Tollows:.
* How is “the problem” of smis managument being dHCLI'-‘:":L,d, and what solutions are
being proposed? g
» What evidence is used to suppuﬂ thig fralmng ::lf pi‘ﬂh]b]‘l‘l'ﬂ and snlul:mm? tht are.
the limitalions of this evidenee? - : '
+ What do-cmpirical case stiadics te]l gs about success and failore in soils r|_1.il].;J,gE.'—
ment]? Whal are the key factors whith encourag soil impravement Or derline?
* Is there acase for public investment to fond such inlerventions? -
“ What possible mfene:nrmn stralegies wuuld encourage sustainable soils manage-
ment?
~ Following this mnc:duclum the E|E¢Dﬂd section, thrLFme, will loosk at the 1I'ltf_'.'l—

1 Thege fnchude the Warld Bank qobrdinated Soil Fertiliy Inltiative whesa ariginz| partnets included Fac, SAI0; e
Interpational Cenlre for Research on Agraforestry ICRAF), tha Infemational Feed Palicy &esearch Ingdtute (IFPRI,
Sesakawa-Glabal 2000, the [nlernational Fardliser Ingusty Association and the Intemezlional Fortitise: Oavalopmant
Cantre [IFOC]. additicn, Sail Mananeniant Action Flans kave bean iniliated ima number of cowntries, induding hali
(Gakou et al, 1996} 2m Malzwi (Saka et al, I'?HE-} Related danorled ackivilies mdude wnrk an Land Quallhf Indi-
cators [Pmn exal, 19%6). -
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‘national policy debate by examiting current policy statements from a vaviety of agon- '
cies to investigate ow the soil fentility management issue is perceived by different
actors. In particulur, the section will look ar how the xoil fertility issuc relates to other
apricultural, rural development and livelihood issues, (he solutions proposed to tackle
the problem and sourecs of evidence used to support key siatements jusal’ ying snch
ackon. _ : ' _ S :
The third section will cxamine the evidenee for soil ferflity problems in Afnca by
looking at data from soil and land magagement sUrveys, long-lerm experiments and -
vield trend analyses, noirient budget assessmients, and soil loss meastres. Clearly a
definitive stalement, based on such a limited revicw over a wide area, is inpossible.
While such ¢Jala give some imp:irlant indicators, methodological imitadons are also
highlighted, suggesting cantion in [ollowing too kilerally séme of the policy state--
ments discussed in the first secfion. B _ '
T'he fourth section looks at a series of empirical case studies fron1 Ethiopia, Kenya,
Malawi, Mali, Niger, MNigeria, Rwunda, Tanzania, Uganda and Zimbabswe, The analy-
sis of these cnse studies cxamines the range of facters which encourage or discour-
© ape investmeit in soil management. A number of reneral conclusions are drawn
iwhich suggest that, given the right conditions, soil inprovement is possible and i3 oc-
cmTing in.certain places. Bul for many farmers in many parts of Aftica today. such
. conditions are not present and decline in soil lertility is evident. Paitecns ae by no
means upilorm, however, and the case smdies cphasise great diversity within and
difference belwecn settinges. L o . '
Following a diseussion of huw best to define land depradation in practical terms,
‘the fifth section examioes the pros and cons of public: support for improving soil
management through govesnment intervention. This discusion is sct within the
broader conitext of Lhe extent to which changes in soil ferlility. matter to rural liveli-
hoods currently and.in the oear future. IR o . o
. 'Given the wide diversity withinand between localities, and the multiple pathways
for change svident actoss ihe case studics, the sixth sechivm examines options for in-
tervenlion appropriate L different coniexis. Four broad strategies are exarmincd: goil
recapitulisation (either one-tine o1 incremental); inorgame fertiliser inputs; low ex-
‘termal impat management; and integrated soil fertility manageinent. The develop- f
_menta] implications of zach srrategy are explored, with reference to examples ul cach
" approach. A series of key conditions and trude-offs are idgntilied which might help
" pnide choices for any particular setting, ' C
Finally, the concluding scction reviews the main highlights of thie paper, and sug-
- pests important new directions for work in this area. It highlights the range of possi-
ble approaches and scales for intervention and the need for 4 more cautlous and
tailored approach to addressing the soil fertility magagemert iskuc in snb-Saharan
Africa. - . - I
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2 The current pnlucy de ate |

The current podicy debate on mi[l';l‘crl.ilitj.r decline in sub-Saharan Afrieu is charac- -
teriseed by strong views about the nature and scale of the problem, its causes, its con-
sequences and the intervention optirmys needed to address the prablem. While there
are vanatons il cmphasls the basic argument and conclusions remain broadly the
same across a wide range of scurces.

For this eview, we have lonked systeroatically al a muntber of liu: ky -I:lﬂmlmma
which provide commentary on the intermational debawe. These ave derived from a range
of influentidl players inclnding the World Bank, the UN Food and Agricalture Organ-

isation, the UN Envitonment Progranme and menthers of the Consultative Group.on
ntemational Agricultural Rescarch (e.g. World Bank, 1996; FAQ, 1995; UNEF, 1992,
CGIAR, 1995; IFPRI, 1395: ICRAFE 1996), The !'c:]luwmrrsecrmm cutling the major
clements of the demunant policy perspective on soil ten‘ﬂjty management in Africa,
based on an analysis of these docoments: Thig leads into a discossion of the data
_sanrces nsed 1o generate this lineof argument, and the sotutlons proposed o address

_ the perceived problems. Subscquent sections of this paper will look critfically at these -

policy perspn:_ctives and, i partigudar, the evidr:.nc:.e used to :‘-uppcrﬂ such p{:_sit'tﬂns'a;

2.1 The policy dehate on soil fertility decline in ﬁfnca stated
causes and assumed cnnsequen:es

Soil ferh]:ltj,-r de,v;:ll.rle —and’ purl:[culm'l}'_ nulnr:nt. mining’ — are seen ta be widespresd
in sub-Saharam Africa, especially as apricultural populations increase. Dechiping
. vields, as 4 result of continuous cropping on exhausted soils, are seen to be a threat
‘o food and Yvelihood sccurity across the continent. The major challénge, therefore,
is to reverse tlie tide of notrient loss and increase the soil :md{s t]m:-ugh mapu’lh-
~ Eation initiatives. For Li‘{dmpIE- Sanchez et al (1996:3) argoe: -

Soif fersilily depterion in smallholder farms is the fwndamenial .bmph}.sz—

eakbrout sovae of Beclining per capitn foed prodaction in Africa, and soil
- fertility replemishiment should be considered as an invesiment in natral

s resonrce canital. By fundamental root cause, we mean Hiaf ro matter Fow .
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effectively other conditions ave remedied, per capita food production in
Africa will continue to decrease unless sofl ferttlity depletion is effectively
adedressed, . ' '

Similarly, Buresh and Sanchez {1957:xi} argue:
Sub-Saharan Afvica is the last continent focing massive problems of food
security becanse of decreqasing per capitu food production. Extreme
poverty, widespread wmalnutrition aud massive environmental degrada-
' fion dre direet conseguences of a policy anvirormend that rexults in large
seale nuirient munig, : S B '

Such arpnments form Lhe core rationade for a variety of major initialives being put
forward by the international scientific and donor community (see Appendix 1), Fore-
miost among these is the Soil Peitility Initiative, co-ordinated by the World Bank and
supported by a'tange of other agencies, ineluding Fa0, members of the COIAR
systesm and some prominent NGOs, notably Sagakawa-Glabal 2000, The Soil Fertil-
ily Initiative hrochure states: T R -

Soil fervility decling is @ major lmiring factor for agricutmra! production
- and econmic growilt in suf-Sahargn Africa. '

The underlying causes of such degradation are scen 1o be associuted with the com-
hination of population growth, poverty aud.poor agrictiltoral practices. The neo-
Malfhusian “nexus’ urgument put forwand by the World Bank identifics 2 ‘downward
- gpiral” of decreasing productivity and nsing land degradation (sec Cleaver and

Schreiber, 1995 for the most quoted slalement on this.arglunent; also Cléaver and

.Dongvan, 1995 and others). For example, the Woild Bank/FAQ argue thal, in many

patis of sub-Saharan Afpea: '

. The nexus of rapid population growth and kigh pepulation densities, forn:
productive agrivutture, and depletion of natwral resaterces has created
regaiive synerpies that exacerbate exisling conditions of sofl nurricnt
mining and wderdevelopment, vas creaiing a vicious circle of poverly

- and food insecniiny (World Banb/FAG, 1096:1).0 -

The particular causes are well known and the same doenment lists the nijer pre-
suimed culprits, drawing o the influential GLASOD (Global Assessment of Scil
Degradation) sludy (Oldeman el al, 1990; Olderman and van Enpelen, 199

Activiriey such as overprozing, inadequate agricultural technigues and
deforestation are the diveet causes of land degradarion. In drylund areas,
overgrazing afjects 49% of the region; agricelture; 24%; und deforesta-
tion and over-exploitation, 27% (World Bonk/fA0, 19961} -

This basic argument provides the backdrop for most of the policy siatements of key '
apencies mvolved in soil management issues in Alrica. Fot example, a recent GTZ
_ doctunent, *Promoting Snstainable Soif Management in Development Cooperation’,
cites the important Soil, Water and Nulrient Managu'r_nm'\; Ressarch posilion paper of
the Internations] Board for Soil Rescarch and Management (IBSRAM) (Greenland
el al, 19943 - : - - :

Popwlation growth, land shortage and diminishing yield due to lock of
inpus cubminate in the impoverishiment af land users and hence gregier
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inability and disinélination to muke lopg-term invesiments i sell con-
servation. On the contrary, the capital resonrce soil is increasingly used |
to ieet the income deffcit from farm enterprises attd us used wp in the
Iong term {sofl mining). The ongoing decline in yield and increasing
poverty of land users culminates in o victons circle of low income - T -
fRpHS - fow vield, A a rule, thfjﬂmr:n et L.!.EU_PE this pov&ﬂy rap
without hf’i,u _ﬁvm uuma‘e { GTE 1995 SJ : :

T]]E same G’IZ dncumant WTEELE: : ' '

During the next 40 years, we shalf ﬁaw: ter; dfmbfg wm{dfmdpmduﬂmn

te meer the needs of @ growinp population. While fc:uc}.r:.!‘. needs incredse,
large areas of land are lost fo agricultre every year and soil productiv-
iry is diminishing through degradation. Nineteen per cent of agriculiural
tand is elready affected v soil degradation worldwide and ancther & pev -
cant Is heavily depraded ... As a result of soil degradation ond environ-
me.rimfpﬂi.i‘rman an-estimated 127 miflice tonnes lexs grain is produced
each véar than the ouput would he from irtact soils, Thiv is egafvalent to .
wbout I per cent of global armmal output and all the zr:c.fuﬂmr‘.i‘pﬂm! o a
higher raie of .Em'.i (CTZ, $985:1).

Within the mtematmnﬂl sclentlllc rg:-;earch cummﬁnily, ICR AT bas been a leader
it raising the issue of soils management in Africa Ina 1996 concept note, and draw-
ing on the Lighly influential FAO-supported contincntal nutrient hudgetmg sindy
{Smurvugel and Smaling, IEI'EH:I'] Sanchez et al state:

Sodl fertility depletion-tn smattholder farms fs the ﬁmdammta! blﬂph}.ﬂ-

- cal limiting factor responsible for the declining per capita food produc-
tion of sub-Saharan Africa. Tive magiitude of muirient mining 15 fuge, We
astimate the nel per hectare Joss during the last 36) vears fo be 700 kgiN,
160 kB, and 430 ke/K in gbowr 100 million hectares ﬂj uu.!rw:.ra‘fd feaned
fhamfwz ed ol .!9.95 IL- -

S‘lmﬂarl}r the Iﬂ[ﬂlnﬂﬂl}nﬂl Fertmsar Develﬂpment Eenl:n, [lFDE} mmmﬂnts o

~ the West African sifmation:

Vieldy of crops kave dectined thfﬂ popuiam:rn inCreases, Fanﬂfr? Joce
increased competition from imporied stapies and the price of nputs hay -
rizsan as o result of SAPY. Bxpansion of cultivated area by farmers ta main-
tain production levels puty increased pressure on marginal lands . De-
fovestation, uhcontrolled i:}m_e'm. lnss of biodiversity and overstackin .
continue to destroy an dlready fragiie ecosysiem while investnents to
maintain the productive capacity of the soil, Le. s mutrient stocks, are vir-
feally non-cxistent. The net result is that more and move of the reral pop-
ulation fs being drawn into the heart of the poverty spiral {Molowuye et
. af, 1996), . :

The consequences of this fevel of sodl Fertility decline are seen to be serious. A de-
cline in the potential produclivity of soils, possibly 11‘1‘6".-’-&[‘51'.‘!1& may rasult in falling
agriciltural autput and food scewrtly {Crosson, 19935, Tor axﬂmpla the Wcrrld
Bank/FAOQ paper cites Crosson and Anderson {1995) when arguing: _

E.ﬁmmree.f shaw rhar sotl degr adarion has afrmd} Ieci fex xubstantiol losses
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{prﬂren.rmi pmd:mnwf} 7% on zrngated iu:.rm:L 14% 1 mmffd cmpfﬂnd
aied 43% et ran ggl.:md‘ {World Bank/FAG, 1996 Fy

The result-is seen to ]:H.- a L}'L-lf-' of puverty anid w]nerahmtv linked to continned
resonirce degradation: : :
fn repions with fallow faﬁ:—zmg o mrﬂgram:i livestoek farming... prowing
population pressure compels farmers to replunt fallow land before soil
fertility has been restored of to work marginal lund only suitoble for pas-
ture or forestry. The oafcome is a downward spival of instability - unsus-
v tainability - The spirad ends in a vicious circle of ‘low input - low yield
~low incoeme (Ste:mer 19G96:73),

The svidenre for erisis; sources of data o
1t 15 important te identify from where the data stem to suppoit these stalements, An
cxaminztion of all of the initiatives, plans and programmes surmmarised in Appendix
} identities two key sources, which appear centrally in virually every document?,
First, the UNEP-ISRIC? GLASOD assessmenlof soil degradation (Oldeman et al,
1880, Oldeman, 1994} is widely quoted as 4 key source, The World Bank/FAO paper
summarises the swdy findings:
Estimates... indicvite that soils on some 5, miilion ha a:rf Tand in Afnm o
a whele are degraded to the point where their original biotic functions
“have been fully desfroved. .. Another 321 million ha have been degraded
through deforestation, overgrazing, nismanagement of arable lands and
" ather causes ta levels where thelr productivity is moderately or severely
gffected, Another 174 million i are vegavded By this study ax having tn-
-dergone light degradation W:}{'Iéf Banl/FAO, 1008:1 ),

The conclusion that about 26% of dryland Africa suffers from varying degrees of
soil degradation is certainly a startling one. Such a conclusion is' emphasised by the
- much referrad to GLASOD map {see Fig 2. I} which In[hc..itﬂ'i those areas ﬂSEHl]]EHﬂ _
to be suffering the inost. '
"~ The second study which has rcc::w::d wide dltlantluu 15 tha continental nutrient
budget atud}r carried out by the Winand Staring Centre for the FAD {Stﬂnrmgﬂl and
Smaling, 1990; Stoorvogel et al, 1993} This study conclides that:
. Nutrient depletion ix guite severe in the soils of §5A and estimates of riei
lpsses were of the order of 10 kg N, 4kg POy, 10kg KoG per-ha per year,

When such losses are exttapolated overtime, others estimate that this has resulted in a:
Net loss of about 76 kg of N, 100 kg of B ond 430 kg of K per ha in
about 100 million ha of cultivated lands over the past 30 years.

Z It is beyond the scope of this report to race the use of sclentiRe data in policy statements or the intesactions be-
twieen scieniists and pollcy agtors in the 'mutual canstection’ of policy inthis field, Howeaver, It is Jmigoriast to ac-
krewledge the political, budpetary and other préssurs thatmean that particular ‘namatives about sails ara pmmuted
for strateqic ends, using daka selectively to suppart particular arquments about enviranmentat crises, This i3 despite
the fact that the limitations of the original sentiflc data iz LIELIEI"!.T Tully quahf‘ed in the original documents [ren
Stocking, 1996 for a discustlon of this issue), _

2 Intématinnal Soil Reference Information Centre
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‘The map indicating the severity of nuticnt depletion over the'continent (see Fig
2.2) is also regularly reproduced. o ' .

In sum, the picture painted across the agency documents reviewead, is one of almosl -
universal gloom. It implies, if nothing is done; that sericus food crises and exacer-
bated poverty are bound to follow. Sectian 3 reviews.the datd sources and analbyticil
methods upon which this scenario.draws, including the approaches taken by the 1wa
studies identifiéd-as being most significant in framing the corrent policy debate.

Figure 2.2, Murient depletian in Africa (Stoorvogel and Smaling, 1990),
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2.2 The solutions prnphsa_df

A variety of solutions are proposed to this pereeived crisis of soil management m
Africa; Not surprisingly, all agency documents argue for some fﬂrm of external in-
terventivn. For example, a recent GTZ dacument states:
It is impossible for, sratlholders o escape the. ‘poverty trap’ withe! onl-
. side help, 7t i vitad io prevent more farms or even whole reglons from de-
scending down this spirid... This calls for favming systemns rlaat conserve,
but also imprive resources. This cannet, however, be achieved by the
'.an—mpur Tvstern aften propagated b;.r :Eeve!ﬂpmem r:ﬂﬂpemrmu in the
- past (Steiner, 5'5'5 13} ' : .

In the initroduction to their recent ook, ?dm,hu el af, cmphﬂmsa the important mle
for mtermational agriculoural science:
The need for yoil fertility mpfetms}mwm iw ..-"!.ﬁ‘!-t‘ﬂ therefore, is anafogous |
to the need for Green Revolution- -rype permplasm fn Asia three dﬂﬂud&‘j
aga [’.S'm'ichfz ar .cn!, 1 99? 3L

A variety of E]_}El:lﬂL wlutmn‘v: are p‘FﬂpﬂSEd Thﬂs.f: f111 into a variety ol positions,
ranging from these who emphasise major efforts 1o recapitalise soils, possibly with
. a ane-off thvestment (e.g. Sancher et ul, 1997), 1o those who argue that @ sushaineed
improvement of ciop yield must come through the: massively increased supply of in-
orgame fertilisers (Bremac, 195K “WcIntire and Powell, 19953 to those who believe
that a more elficient use of internal resources, with imited external inputs is the most
. effective and snstaingble way of addressing the problem {Heijatjes et al, 1992), _

Section 5 will lock at the justifications for interventiom, while section 6 will Took
at different interventions and their uppmpmtenesa 1y dlih_rcnl seitings in ﬂm light of
the case studics examined i in-section 4.
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L

3.1 Introduction

What evidence isused to come 10 these conclusions on soil tertility decline, and 10 -
Justify the strategies proposed abave? As already mentioned, 4 few key smdies scéme
particularly important In framing (he debate. These make uggregate generalisations
abont soil fertility stats and trend, sometimes on ‘s comGnental scale, based on nu-
trient budget analysis or soil degradation assessmenLs. Howsver, these are not (he
only studies which are important. A vaiety of other sources of evidence are used in
additiom. These include soil survey assessiments, yicl? trand data, lititing factor ex-
- periments, long-term research tals, soil erosion measures and f:umingiya&m-‘
" models?, o e . - :
This section will teview some of these sourees ol evidence and assess their im-
plications, In particulaf, meibodological tssues wili he higllighted which suggest
caulion during interpretarion, While an assessment of the data does not refute that -
theris 15 soil fertility prablem, it does recast the problem in a new light, sugsesting al-
_ ternalive approaches 1o inlervention than those vtlined above,

3.2 What is sofl fertility?
- Firyt, it is wm’t_fmhﬂé e:t[ah]i'a'h'ing' what we mean by soil fertility. This i-s less easy than

it might appead; as there are a wide range of definitions pue forward, ranging from
quite narrow approaches which focus on chemical status,, to much broader assess-

4.4 number of regent reviews have made good use of these key data sources (o assess the status of ol and their
fertility, Reviews have included gonlinental dverviews (2.4. Angd, 1995) and regional studies of eastisauthern Afifca
(e.g. Araun et al, 1997; Karse, 1906; Kimsvends et al, 1995) and weil Afica (e.q. Bationo and Mokeamye, 1951; .
van Duivenbooden, 1953 Mokwunye et al, 1998). This paper will nat ropaat the detall contaied in thesa rEports, bt
will Insfezt concenirate on giving & £rifice| perspactive on the melerial presented and the conchius|ons drawa,
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. rhents c-f 50il pmpernea A f-:amplﬁ of such defimtong iz given in Box 3.1. In this
-paper, we take a broad defimition of soil fertility, iweluding the range of soil chermi-
cal, physical and biclogical factors which affect the productive potential of the land.
A number of other terms are also importunt when discussing soil fertility maun-
apement. For example, the distinction between nutrient stocks and nutrient flows 1s
important when discussing issoes of s¢il degradation, and particularly strategies for
replenishment or recapitalisation. Thesea and other teris, are dmcusa.ed in'more detail’
. inAppendix 2.

3. 3 Where is sml fertlilty a pruhlem'-'

Given the camplax definition of soil f-E.'l’I'.LIlt_‘,f dlscussad dh:wc finding out if sml for-
" fility is 4 consteaint on production is nat such a simple task, Within any broad area,. '

- avariety of Factors must be taken into aceount, inchuding soil type and underlying ge-

. ology, rinfull and moisture regimes, as well as soil chemical properties.

_ At the coninental scals; Figure 3.1 shows the linkage between underlying geol-
ogy (Figure 3. la) and broad soil type (Figure 3. 1'+), with the volcanic soils of the east
African rift zones standing out from the pogrer ﬂandmr soils af mu{..h of southetn

M‘nca and the Sahelian b::ll of west Africa. -

Bo 3.1 Defining soil ferdlity

| 5ol fertility is the capability of the ol to supply nutrlents that enhance crop grﬂwth Sail
“produstivity is the ability of a sail to pradice a crop., (Follet ot al, 1987:1). _
Soll fertility is & complex term including marny companents: soll depth, tekture and structune
" [pore space far supply of axygen and water), soil reaction, humus content and composition, activity
of sqil arqanisms, nutmient contant, storage capacity for nutrierits, content or absence of
detrimental or toxic substances (Fink, 1995:69).
The inherent fEI'tI|Ii'_5' of soils can iz defined as the capacity to pru'.ude platis with nutrients,
wiater and tixygen, Therefore the inharent soll feriliy can be dwu:led mtu a physical femlm,r and a
-| chemical ferdility {van Reuler and Prins, 1993:18), _
sail fertility can be simply deflned as the caparity of the soil o support growth of plamj Sml
chemical, physical and bmlnglcal pmpemes all eantribute to soil fertility and shauld be-equally
considered in sail fertility assassment... Sail productivity is 2 broader concept relating to the abifity
of the soil to support crop gruwth on 3 sustained hasis, It might be cunsu:lered as the sail's ahllit},-
to maintain fartillty aver time {Ingram, 1900:1-2),
The fertility of land is its productive potentlal... Fariliny is nat a Poperty I:If sgHl alone but uf
land, the totality of enwironmental conditions 4t 4 sike (Yaung, 1974:285). "
Al the aspects of a plant's efvironment which Influenice the rate of nutrient assimllation are’
-part of soil fertlity; fertility 13 therefare the integrakion of soll r:hemlstry, <ol I:uﬂmgyr and &oil
_physlcs I{SE]'I:J[EE. et al, 19494: 11?:1

The available stock of particular hutrients is intluenced, in additkon, by a vanely
of other factors, Phosphorous availability, for example, is highly affected by the fevie]
~of P-fixatign (Juo and Fox, 1977; Warren, 1992), Red clay top soils, with high con-
lents of ferrous and aluminivm oxides, are often high P-sorbing soils (Burcsh et ,al
19971, and may cover as nauch as 25%% of Africa’s sutface aren (Sanchez et al, 1997).
In such soils, high levels of P addition may be required before a response is achicved,
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glthough the residual benefits of such applications are potentially high. By contrast, |
in sandier soils, lower application rates may be required, However, the résidual ben- :
" efits will probably be limited, due to the combined effects of leaching of inorganic P
and the limited existing fraction of organic P (Buresh et al, 1997), '

+ Figure 3:_15 A simplified geslogical map of h{rig:a. Prltd'lard,' L t_IQEQ}.-.'. T R

- The unshaded areas arz underlain by sedimen fary rorks - -sai_l'ﬂsti}ne's, shales and lime*
stones. Such rocks, and also ?ﬂ]c..'mic;, QoeuT ir_] thuye rift'va]_l_f:y troughs of East Africa. .
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thure 3.1k Scil gruupz i ﬁfnta {summarised from the FAGJ'UNESD:} Sail Map af the Warld, *.f-ulume
E TaI}IE 3} 1Grikfiths, 1., 1994] : . :
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% Ferrasols, jnl:iuding- Lataritic ' '”Hilﬁﬁ .':'. ki L

"Nitrogen availability, by contrast, 1s inflvenced less by the capital stock and the
‘degree of immoebilisation, gnd more h}r the rate of nitrogen cycling and the balanis
between N and other nntrients (Giller &t al, 1997)%. Lo clay rich soils with high levels
of organic malter, tjumover is slowed and mineral nirrogen release is more continu-
ous. By contrast, in sandier soils, where soil organic matter is limited, a more inler-
miElent cyeling and.a pulied releass is evident (Menaut &t al, 1984). In such soily
where microlial activity is weak and the structural prolective capucity of the soil is
poer, uppartumties for the build-up of nitogen capiial, associued with ouganic matter,
tnay be limiled, This is especm]ly the case in lowland arceas where temperatoces are’
© high, white in highland areas the potential [or greanic matter boild- -up is greater (De
Ridder and van Keplen, 1990; Budelnan and van der Pol, -I992; Greenland et al,
1992; Woomer et al, 1994; Giller et al, T997).

* §uil physical, chemical and biological characleristics, in turn, fnteract w1ﬂ1 zoil
- moisture, making the raindall patteen a key yartable. F1gum 3.2a and 3.2h shoay ihe

M Efl."E-Ii|E'Ib_I|.it!|l' is particularly alfscled by Lhe balance between N, P K and- othar micronutrienes. -
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Palicies Tor Soil Fertility Management in Africa

pattern of average rainfull and rainfall reliability across Afiica. Crop response to - -
is usnally proportionately preater as rainfall increases, whereas responses to P are-
proportionately greateras ruinflall deereases {Gregory et al, 1997}, With low and un-
reliable rainfall, despite prior soils (Yones, 1973}, soil notrients, especially N, may not
he liihiting (Christianson and ¥ick, 1991), However, in an extensive study across the
Sabel, Penning de Vries and Djiléyeé (1992) concluded that nutrients were limiting in
nmch of the agricultural zone in arcas above an average of 250umin of annual rainfall
{se:a als::: Breman :md cie WL 1983, - . :

_F:gureilza R S FlgurEE.?h

Mean.tokal raimfail per ','ear, -"-".frll:ﬁ ' o F‘err:entage varation from mean rinfall, Afrlca
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In savannab n:cul_ug}r, a nsefol general distinction can be made between E:lltmplur:
arcas, with clay rich soils and low infilization rales where, especially in the diler
ateas, sl moistace is limiting, and ‘dystrophic’ arcus wilh poorer sandy soils with
high inliltration rates, where soil notrients are limiting, especiatly in the wetter areas -
{Frost ct al, 1986; Scholes, 19307, Foi example, the rich voleanic soils of the en-
irophic-cast Altican savannas contrast dramatically with dysirophic systams of the
poor, wealhered soils of mach of the west African Szhel and the Kalahari sand areas
of sputhern Africa in terms of limiting factors and productivily djfna:mcs ThlEe irakes
any generalisution abowt *African sofls’ impossible. :

Such pullerns vary hugely through space and thne. Within a seuson, lor instanca,
there may be greal varialion in the availability of parficular mulrients, especially oi- -
tragen. This is purticularly because of the complex iireraction af snil nutricnls with
moisture within the soil mediated by a range of biological processes {Schioles et al,
1994}, Especially it the onget of the rainy season, s0il wetting provesses resull in in-
creased minemlisation and mitrient eelsase (Semb and Robinsen, [969), bul these
are often counteracied by lcaching, denivification and immobilisation {Buresh et al.
1997). As Gregory et al (1997990} point ont in relation to nitrogem: :

Given the muntber af processes and fransformations contributing to e
concentration of miveral N ir sotl solution, i is haelly surprising rhat re-
sponses of crops in rainfed condifions are difficult to predici,

%
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Menaut ¢t al {1954:27, 300 conument in‘a similar vein that: _

. The modalities in space and time aceonding o which the nuirients are. re-
leased and absorbed by plants are nrucit move ecolopically significant
tharn the amount of nutrients stored _ ftherefore] one has to be extremely
cardfil when deciding a xoil iy poor or fertile. A fertile’ soil could well

- b very fragile (unprotected stock of nutrienis) and a yo-called poar soil
possess the biological systems enabling an efficient and protected cycling
of nutrients able to susiain a high and long fuiting production.

This cvident cumplex_lty in ﬂ]B relatmnshlp betiveen soil pmpemes and p]ﬂnt

. growth, highlights the importance of understanding multiple interactions, non-linear -

- effects, and threshold effects in the complex dynamics between soil nutrients, water
and plant growth, The undﬂrlymg uppredictabylity points to'a number of key pracii-
cal issues for development policy and intervention strategy.

' When making statements-about soil fertlity as discussed in section 2, il is essen-

" tial to consider which factor; are timiting, Investing effort in tackling the wrong prob-

lem roay }'mld disappointing results. Limits to agriculteeal production vury oreatly

over time and space, and so interventions require fine-tuning. Systems are dynamic,
¢ and the conseyuence of addressing one limiting factor may be that another, quite dif-
" [erent factor, subsequently becomes limitine, Rather than blanket recommendations,

*"amerc successful straregy must be based on sile specific, continlous adaptive test- .

ing and monitoring of different cptions and responses (see, for example, se-cﬁnh & for

a cdiscussion of integrated soil fertility maragement approaches and Kajirn et al, 1997

for a discussion of dlffﬂrmma[ed [erliliser recommendations),

" 3.41s soil fertility declining?

- Once an assé&;m&m of s0i] properties has been made and insicht gained into the
. range of interacting lirmling factors, the next step in auy analysia is to cxamine ends,

Answering the basic guestion - “is soil fertility declining?’ - is not a simple task, A

variety of ditect and proxy aysessiments can be nsed, but none are sulficient in them-
selves. The following sections review a range of complementary approaches used

_ and evidenée from research in sub-Sabaran Africa. These approaches include TItTi-

ent balance studivs, soit erosion assessments and long-term expenments and moni-

toring. In addition, some of the difficulties mmlvf:d in 1nl.|:3rprL.tJng the results are-

raised

3.4.1 Nutrient balance appmaches

Nutrient balance spproaches look at the balanee between the inputs and cutputs into
4 given system. These have had a long history cver since von Leibig's experiments
in the nincteenth century (Wild, 1988; see also Frissel, 1978; (igow et al, 1988 for
other applications), However, it has been cun]y relatively recently that such approaches
have been used widely in soil fﬁrllll[} assessments, Tn particular, as already noted, the
* continental slidy carried out on-the basis ol national Jevel FAO statistics by Stoor-
. vogel and Smaling {1990} elaborated.a specific methodelogy which has subsequently
been widely applied at a variety of scales (see Swmaling et al, 1993, Sﬂlﬂlmg et al,
1H0n; Smaimg and Braun, 1996; Smaling (ed.), 1998)..
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Table 31 I"dutrieﬁt hutdget analyses at a variety of scales.

Balanre kybhatyaar .

Scale . [SAe Rainall Uit SoUe
: , iy 0] P :
Conlifental | Sub-Saharnific 220 0 45 Shecrwne
o ' ' _ T R (1993
Courlry Buking s = -1.8 wan gar Fol .
| Gambla B -lB " | (1998)
Gulrea - -5 A1
hlati PR &
Niger - S I
Senegpl = 03
| Cha : - g -34 04 .
Regioral [ Scuthewestam 13502059 | Kisi District 12 - 3 smaling etal .
- | Kerpa ' . e f19e3)
' Soullam el afyon -25 0 ven der Pl
¥idize .29 0 | 198
milkt . 47 3
N fkbaw 5 0.5
Southam Rali - Fo01200 | predudion .| BrEman®
. - autern froa
aerage’ A3
“rtemshe’ 21
Willzge . . [Bukin@Fasy, . - - (450 sillane fleld ; Kragh {1055]
' - (sahelizn zmre} ity 01 044 | _
- Iy 56 03
, - cly A8 . .15 .
Fam Mipstem Highlands, | 160041800 | fam - g . - ad Shephard at al
| ke - .. : . | i hedgenig) | : ' (19az -
Kisii, Kera 12002100 | fam, T-102 . -2 e Jagjer e ol
Kakamena Kem@ | 1650-1800 7 ¥ (forthnming)
Erku, Kem@ B44-2000 55 9 .
-| Southem Ethippia . | " | field , ; Byera | Fers el
Llitaryd 1250 homefid © | 30-25 4108 (1248)
. : ' mtfieid - | S4m05 3065
lewdand | oo homefied [ 4024 301035
. ' : cufied. 20f-a0n e -1 65
| West Tanzaniz goo-esy - | fied : ' Budalmzn
' sandy - 17 0 elal {1995}
' . {omnfessTe) . '
harr@'da,' . -5,6.' 5
o . {fc) ) L
Merh-sactMgeria 220 . Farm 282025 341029 | Hams(19em
Merh-eastbigeria | 360 | farm BO08t0i18  NB11E | Hams (1997
Soultem Malf ¢ | 800-900. farm 244 54 Drefoer et al

a

{1958

7 Sauthern Mali - these strongly positive fgures for avarag: balaoces for W, P and also K {3 2 akgihaiyr) are the result

af signiflcant nutrient

pasturas.

inpiLts friom inarganic fertilsar, and nutrient ransfers through grazing of animals on commcn
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For a given sml nulrient (usually M, P or K, the approach is ::aptmed in a simple.
equatiorn:
Elaia nce = M1 +IN2+IN3¢_—IN4+IN5+INE] -
[OUTY+QUTZ+QUT2 +QUT4+-QUTS+GUTE] .

Wherg: M 1=snineral ferlilisers; iM 2=z nimal manure; [N3=atmospheric dcpnsﬁmn IM4=hicfogical nirogen firaton;
IN5=sedimentation; WE=uptake by deep-rooted plants; and OUT1=lzrvested products; DUT2=cop resujues
QUTE=leaching; DUT4= gasenus lesges; OUTS=sa1l orosion; BUTE= Iussp_*t.ln n:flp_-e-p pil Ia!nnesh

: Sﬂma of these parameters muay hu: ]'l::I..'iLWEI}-' easily assessed (such as Tertiliser and _

- manure inputs.and erop outpuly), while others present moré measurement difficuities
(notably leaching, volutilisation, erqsion ete.). The more difficult to measure param-
eters therzfore may be eslimated using standardised fuhetions developed from cther
studies. Beeanse of the uneertainties mtmﬂm:ed by combining actual measureraent
with catimution, sensitivity analysis is always required (Sinaling et af, 1994,

A summary of the results of studies of this sost is given in Table 3,19, Since the
continental study, a number of others have been cartied out al smaller seules, rang-
ing from the regional or district level o village and [arm Tevel W individual field and
plot levels. o '

“Owverall, the results show negative balanees for nitrogen across all sites and scales,
with higher losses being recorded in the more prodactive, higher rainfall farming
-systems. Phosphorous shows a more mixed pattern, with some ewdem:e- of loss, but
alse of balance and accumuolation, :

Another type of nulricnl bulance study focuses on mixed farming, S}rstrams and ¢a-

- timates the amount of grazing land that woold be required to mmeet target peoduction
levels of crups in the arable grea if mmanore was to be the major source of Fartilisen
Bxamples ol these studies are summarised in Table 3,2, Depending on the assump-

- iong (which vary widely bhetween studies - see Turner, 1995 for a'commentary on the

© probiems), altconclude that a large grazing area is needed to support aral:nlr: pl‘{'}dl.IL-
tion, espectally in areas of lmw inherent potential pmducnvuy

Tahle 3.2 Rangeland: arahle ratm cal::ufatmns

| Rextion ) Ranneland; arable rao " Sounm .
apmi-ana West Alica 2001 [40 ha of dry seasan grazing  Fernandez-Bivero et ai, {19953
: . & manure 2 ha of land)| Brarnan, Ketetaars and Traard (19490)
Seenl-arid Wast Alics  #16-47:1 _ [for 1-3tha maizc) Sandford £1935%
Zirnbahvs 14:1 - [tor 2 tha maiae prodection) Swwift et ol, {1983)
Higer T Em [if crapped area is 10 ha] Mclnitire and Powall {1955
' 10:f [if crapped area is =30 haj :

The figures derived from these studies are now mddy used in puhw statements (ses
section 2) to justify major investnents m soil fertility management, either through in-
creasing inputs (usually throegh invrganic lertiliser) or ﬂm‘:ugh reducing outpuls
{usnally through erecsfon conirol). However, sume caution is needed when i lierpret-
- Ing sirch rasults (sE2. chﬂnﬁs and Toulmin, 1998 for a more detailed discussion).

BWith such a variegy of melhods applied, it is difficult to make any detailed oo parisens scross studies as figures ano
not exactly comparable. Nlowever, bioad patiess can be discerned, even if the actual ﬁgures of M and P balanes are
hcal 1a%en Lo serioushy, In general the maore mica studies have fa more rellable liguras, whers measurement was
more fntensive. The larger scale smdies, by centiass, rely nuch marz on estimated data and suffer from soms of the
SI:aIe problerns discussed elspwhere in shis sectian.
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Muode! assumpuuns

Ag with any other model, nuirient hudgﬂt approaches or rangel: .md Ell‘ablf: tatic cal—
culations, make assymptions. Black box elerients are created, pararnucrr-: chosen and
assumptions about dynamies made. In these appmaches for instanee, within-soil -
processes are effectively ignored, as the concentration is on a select tange of input and

_ output flows. The simple accounting approach adopted also largely assumaes a lincar

relaticuship between varables, shch that dafined equilibrium balanees tesolt. Bat,”
as previous sections huve highlighted, conplex, non-linear dypamics may prevail, and
within-soil processes of mineraligation, inmobilisation and so oo, may be h:ghl ¥ Sig-
nificant in determinin g the anraﬂabﬂtty of particular autrients,

. Est:mat!un BITQrs :
*"Data for nutrient budget studies may be ::‘lenv&d from actual ItlEdEurr..erlL, iranslfer -

Fonctions and literature E&tl].TlEl’r.LS Getting realistic estiimates of nmifrogen budgeas i€ -
particilarly challenging, especizlly duc (o the difficulties of estimating leaching und
gageous losses, When combined, the accuracy of the measured data muy be under-
ronined by the wide standard errors in the estimated data, imaking sensitivily analysis
cssential for the various parameters . As Smaling aud Oenema [199? 240) point out:
“putting topether & series of nutricnt inputs and clutputs into-one net fTgure can Tead
i Cﬂnﬂldﬂl‘-ﬂhlﬂ m:cumulatmn ot ermor,

5patlﬂl patterns : . ,
As s well known, patterns of soil fertifity management ave highty spatially vari d.blL in
musl Alrican farming systems (Carter and Murwira; 1993). Farm and field level stud- .
tes show how notrient balances vary between farm sub-components guite considerably,
with some areas accumulating fertility while others are losing it. The more differenti-
ated studics, bised on systematic and stratilicd sampling, show how wmportant such
viratiom canbe. For example, a poot farmer in a lowit potential agro-2cological Z0TE

. may have guite different mmtrient bodgets in hisher }!ﬂrlll.,ﬂv:'}ld and omtf1eld, conipared
to a meher farmer in & higher potential zone (Eyasu, 1997; Byasu and Scoones, 1998;

Chibudu et al, 1998; Dambele et al, 1355, for ex .impll:..'i {romn Ethiopia, Zimbabwe and '

Mali of such sludies). '
However, most of the larser acale studies im‘i o takc accr::unt clf such differences and

depend on aggrogate data derived from ‘aversge’ farmers’ out-fields. Such resulks nmay

‘ive i misleading and excessively negative assessment. As Noordwijk (1998) points out:
* “Losses for one patch may provide opportunitiss for otherk and a pach-mosaic may there-

fore be moge efticicnt n ninitient cycling than a summation ol supposedly indepandent
nnits would swggest”. In an}, complex, muli-component tarm, Tateral transtecs of ntri- -
ents between areay ure inevitable, and an important element in the dynarnics of autcient
accurnulation and depletion in different parts of the Faom landscape. This i especially 50
on the mixed farms typical of much small-scale famuing n Altics, where lvestock in

. particolar are important in the movement of nutrients across space. Simple plo-based

studies of nuirient balances therefore may be quite misleading it agregaied inappropri-
ately, with the patverns of lateral ransfer, deposition, accumoulation snd loss ueross farm
components ignored (see alsn the discussion of soil erosion below), Thus: when nler-
preting notrient budget results, it is eritical tn agk from where and to whom the dita relale. -
Going beyond a static assessmient uf nutnent budgets pequires asking funther guestions
abont spatial and temporal patiems of Tutrent {low and the potentials for capturing flows,
linking elements of muttient cycles and incieaying ciliviencies for productive use.
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L Stud-;s.and flows.

In assessing nutrient budgets it is important to rementber that stocks and flows are nol
necessarily correlated. It may he fhat large flows of nutrients are being nhaed based o
_alow stock or vice versa. I any assessment of the long term sestainability of nutr-
* entuse is to be made, a separate investigation of stocks is required, as the significance
of & negative netrient balance or soil erosion losses (o7 the potential productivity of
apiece of land depends on available stocks. A large negative notrient balance or a
-major loss of top soil may make little dilferenee to potential productivity over a con-
siderable peried of tine if the available nutrhent stocks are. high or the top soil is
deep. This need to consider the longer term sustainability of the system is encapsu-
lated in the nutiient stock: balance (NSB) rtio which provides an indication of how
' Ioug plénning can con'r.mu:, n the same ? WAy, given thﬁ l:tlltt‘l-f:ﬂl“. Fi‘l.-'ﬂl]dbie (Defﬂar et
al, 1998b), ' '
In the context of nutrient balunce studies, Smﬂlmg etal(l 996} propose a selies I:if
nutrient depletion classes: first, conditions where plant available N and P is preater
.. thaw crop reguirements, 5o that nutrient depletion is buffered by available stocks;
~ second, conditions wherz plant available N or P is less than crop requirements and
there is an tmbalance between N and P; and third, where both plant available N and
P arc less than crop requirements. Un!‘animate]y, for any particular place, or rea-
“soms discussed abowve, it is no casy lask to decide inte which clags a given locality
. should fall due to the complex dynamics of soil mutrients and modsture.

3.4.2 Land degradation and soil ergsion assessments

Assessments of soil erosion have lang been used as an indigator of soil degradation.
‘Most countries in Africa have duta which show the number of Lonngs being lost from
grazing cr arable land n different slope categories. Mast of these studies derive from
plot-based experirnents where soil loss from a 30m by 3m plot {or seme other standacd)
is weighed over a period and a per hactare per year figure 15 derived. Tabie 3.3 gives
- some examples of xoil Joss estimates from a vatiety of Adrican countries which shows
that, ara plul level, between 0.1 and 138 t'DI‘II'lE‘i of soil is tast per ha:t'ure each }’E:-EI

_ Table 3.3 Estfimatas uf sml erosion - examples of some p!nt—based assessments acrass Afnca

Cauniry Sll:e.f'é::“ale : Ilanfalll.‘rnm] Sloped¥%l Emsion SOUNRE |
Tanzzhia M[:rwami-a 570 &0 XE " Reppetal1972)
Malmwi - Mlitrnn: s A - ddq-14.32 Amphles {1390
-Burking Faso Quamtugou e 05 06-08 Chemeza {1972
Sanegal Safa © a0 12 3 " Chamear (1972}
Iy Coact Bouake S0 - 1 Chamazi [1972)
. Alidian 2100 7.0 {1150 ' -
Ml Counly. . - .- G Bishap and Afan {1980}
Ethicpia T oopland - - - - . © . -7 Humif1984)
Airnbakewia Cropland - <. - Ehwiell and Stocking (19995
Karg- MagmpsHat - - . - <13 YRl { 19EE)
_ Tingen Plsteda - R ¥ ' :

Sich site specific soil erosion data are somctimes incorporated into !érgér surveys of
* lend degradation. In section 2, we noted the importames of the GLASOD study (Qldeman
" etal, 15900 T['us cnnc]uded that in Afriea a total of 321 million hectares was mmju.itel}
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to excessively” affected by land degradation, with 170 and 98 million hectarss suffering
from water and wind erosion respectively (Oldenan, 1954), A varety of other studies. -
ronke use of such data and, vsing an assumed relationship between erosion and crop pro- |
ductivity-loss, estimate the impact of land degradation {e.g. Dregng, 19%0; Dregne and
Chou, 1992 for Aftica). Lal (1995}, for example, estimated thot vield reductions due to
past soil erosion ranged from 2-40% 1 Africa, with & continental mean of 8.2%.

When site specific figures ars extrapolated dver larger areas (such as a district, a

" COUniry or even a continent) this gives the impression-of very considérable losses of
soil. If the economic cost of such losses are estimated (using a replacement cost ap-. - .- -
‘proach with nuirient losses matched w fertiliser equivaletits, for example), a case can

he made for urgent action. A growing trend in the literature on applied soil manage-
ment is the addition of an economic assessment of soil degradation to existing tech-
nical data (e.z. Boja, 1991, Barbier and Bishop, 1993, De ' Graaf, 19%3; Bishop, 1992, -
Southgare, 1988), Such economic arguments have baen made both within the African
context (e.£. Stocking, 1986; Siocking and Flwell, 1984, Bishop and Allen, 1989;
Convery and Turm, 1990; Morse and Szigal, 1992; McKenzie, 1994; Grohs, 1994,
Bojd, 1996 ate.), as well as globally (e.g. Pimental et al, 1995, Scherr, 1999, While
there is.no problem in theory in rying to attach an economic or financial cost to land

degradation, as this provides a common snonetary eurrency with which to evaluate al- Lo

ternative planning opticns, such caleulations must be based oa solid techaical data.

The apgrepats figures used for wider-seals assessiments of soil erosion and land depra-
dation {and the associated economic analyses so aften repeated in policy siatements)
st be reated with extreme caation for 4 number of reasons (Stocking, 1696). .

First, thére are oflen severe limitations in the estimated data. Dara on soil Ims for -

inslance, are not availahle for all places, and dara derived from elsewhere are some-

‘himes us::d.-Fﬁrcxmnplu, an estimate of the ceonomic cost of soil crosion in Maki used ..

dita from a site in & neighbouring country, Burkina Faso (Bishop and Allen, 1989).
In-some instances, this may be pedectly legitimale, and, iF the appropriate guahfica-

" tions and caveats are muade-{as in the orginal reporl of this case}, this may be the best -

estimate available. Figures of this sort, unfortunately, are not always treated with
such cattion and get liberaily repeated in key documents, as we have already seen i
section 2. This is especially so if they uphold-a particular line'of reasoning, supported
by powerful interests, with influential organisational backing (see, for example, Switt
(1994) on the wse of such data to support the debaﬁe on ‘desertification” in Attica). -
Second, scale errors are often made when presenting dita. Tt is illegitimate to ex-
trapolate fiom plot based measnres of soil loss to wider scale estimates because, al-
though scil may be lost from 4 plot, it may not be 1ost from the wider system due to

'df:pcrsu.u:m and redistribotion (Biot et al. T982; Evanes, 1995; Bojd and Cassels, 1993). - .

For example, the plot estimates for Zimbabwe suggest a loss rate of 50 fornes per
hectare per year. However, catchrnent. based studies show considerably lower rates
(e.g. Edwards and Blackie, 1981). For exammple, Roberts and Larabert (1990} found

‘only 0.36 tha/year being lost from the Chizenpeni dambo catchment. Sedimentation _
studies (e.g. Walling, 1988} equally show how landscape redistribution occurs. In - -
. other words, any study that claims soil losses at a scale different frow that at which

measurements wers taken (usually the ldrger scale csnmatea’] should be regarde:d wﬂh

extredls cantion.

" Third, plot treatments m,a],r not rﬁph-::atfz Earmer pranuae: E:ﬁ'ECT_l‘n"E:I}", as oflen lArm-
ers will attempt 10 pmxf::nl soil Toss through a varicty of physical and biological mias-" -
L. Sn'i.! los4, in sume siluabong, woay cven be benelcial as losses [rom ome parl of
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the landscape are captured and Jirected to another site where 1t will beof more usé Lo
- the farmer. Many indigenous sofl and water technologies capture such natural soil ero-
* slon processes to good effect, making use of eroded soil by concentrating it in gully
pat¢hes, valley gardens or bund terraces (see the many examples in Relj et al, 1996).
- Finally, the relationship between soil boss and agricnltural productivity is not
straightforward (Tengberg and Stocking, 1997). For example, in Zimbabwe, esti-
mates of soil lass were poorly cormelated with maize vields across a range of difler-
“enl areas, in parl Hecause rainfull was probably the major determining tactor (Grohs,
1994}, Therefore, making the [inks hetween datz-on siil erosion and wider lmpacl‘s
an agriculture, food security and livelihoods must be handled with care?,
" Whilz there is 0o denving that erosion occcors and; in some places, is highly dam—

apinig, it [s important also to recogaise that erosion processes are both spatially and - -

tenaporally highly varviable, A= a result, taking poorly estimated o spaua].l}r aggre-
'gated figures as a gtuda to policy should be avoided at all COStS.

'3.4.3 Lony Tarm expenments and munltnrlng
Another source of evidence for soil fertifity decline derives from long lerm cxpert-
ents and Tl‘lﬂnllﬂﬂl'l":'ﬂ These sludics perhaps provide the: mosk comvincing set of

. data, as they highhight trends and dynamics rather than the static snapshots of most

other measures. In undemstandang processes of sml fertilicy change, tlug 13 clearly es-
sential, Despite a long history of wark an soil fertility in Africal?, long term experi-
metts 1n Adneca, hﬂwever, are unfortumately relatively few and far hetwean Table
3.4 lists a selection of .':-lll:h gxperiments fmm across Africa.

' A 1'eview of these f:xperimem_s highlights a number le ke:},r findings:

= All Jong term trials showed yield decline, often with a relatively rapid fail 1o & low
level equilibrium. In an experiment with mono-cropped sorghiun ar Saria i Burk-
ina Faso from 1960 and 1978 (Pichot et al, 1981), yields in reziments with no inpuis
dropped to a very low level (Figure 3.3a). Such yield dynamics are highly correlated
with available nutrients and soil ‘vreanic matier. For example a long term 1rial in
Senegal showed how organic mateer df:r:linr:d fronn nearty 3% under forest conditions
to uader 1% when farmed contituously (Siband, 1974; P‘mn 1'}89 se Frgure 3.3h).

» Scil organie Inﬂtt&r {E-G‘.-'l} alsy dechines ﬂlgmf'LanU}r when Tand i cullivaled (soe
Fizure 3 30} In Wesl Alfrica, long term cxperimoenty show a range between over 5%
loss of 201l organic matler (SOM) per annom on sandy soils 1o argund 29 om betier
textured soils (Pien 1995:244), Aler a corlain point, a threshold is reached where
deciine does not continue sigrificantly (around 1%, Lal, 1995), However, at Tow

- levels of SOM, crop TESPONSC to npitts is relztively poor (indicating a non-linear,
-S-shaped response curve I osuch, sibuations), and it is difficult to-maintain ylelds
© with inorganic lertilisers. dlone {Greenl.md, 1994} :

© 8 Suely Ao is oten not heeded, and much cumens Ferature on glubal issuas continues ta make unsubstanfiated
links betwean soil loss, declines in agrcularal grovth and ienpacts an agwonr’s perlonnang (e, Crosson, 1995 for
une erarnple; similar cases can be found in the IFPRI 2020 workh, Although in mast inssancas the forward prajectiens
tond be be well qualified, it is the headliae cenclusions which are takan up andd proaoted (52e discussica in section 2),
9 See Pier, 19492, 1995; Johnston and Powlson, 1994; Swift et al, 1934, Greenland, 1394, 1955; Singh and Gormna,
1995; Bekunda et al, 1957 for more comprahersive reviews.

- 10 5e2, for example, Muncdy 2nd We |k, 1919; Richardson; 1346; Vine, 1353; and roviowes by Watts Padwick, 1963

-and Ingrarn, 1352,
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“Table 3.4, Lnng tElrn aral:lle cropping experlments in Africa [ﬂmft ot aI 1954: 238),

She- . . Duration Agroecol-  Ewperimental  Measwe- Reference
-CIIIIICE].EDHE acpecls “ments - '
| e Miraria -~ . 1971°BR MSH Fert . 5.0 1
Eenbu; Kenya {29 1957-56 . e Riot: Fert: Gl YE5L 2
195766 - D&H Rot: Ferb: ©M . W50 3
Matuga (Coast} ¥amya 1465350 DM - Fert; Ok~ T g
‘Mwanhala. W. Tanzania (2} 1065481 D5H Fart- Dkl oL g
- ' 1557-6F' ' . : : 3
Ukiriguru, Tanzania 185268 " NISH Fert: CA Y5 7
Saria, Burking Faso 1960- : [35H Fert; BM 5L B
| Ksbete Kemwe - . - - 1976 - [5H Fert; OM ¥5.C ‘4
Ml Ingaro, Tanzania. 1951- osH " Fert ¥.5.C, g
Glaana [30 exp; 3-0years) - 194Bi0-5617 DSH - Feal; DM v 11
IENCACRISAT, Migar 1983- LEH - an Y. i’
Sarere Uoapida 1937-64" - [ Rot: QM b 131415
Gagia, Suilan : -~ 19M-AE _ 1iSH Rat: Ok R *- L PR 1:
' Samary, Nigeria - 1950-54 S Tartid " SC 17
- 196776 . Fart” - Y5 18
Sambwes Tanzamis - 396267 O5H Fort T XS 1M
Kawanda, Unanda . . 1057)5- 1953."4 OSH- T, &Y Ll
| Mubukn, Ugands - - 19R3E7 - D=H I Fert - y5C 21
-|_Mganda £2 exps; 3 sitpst 1959-63 " WSH Fert QI ¥ Y.
Onng, Migerta . "1983-R3 _H . Tillaze; Ok Y5, -33
Ibadan. Nigeria Warious - KSH " Rat 4.6, 24
Yambiz, Sudan . 1943-55 -__hisH Rat i, 25
. ngena : - " 14958-62 ' 54 o Ral ‘1’.5. ' i

DSH=[y subhumu:l (EDD 1200 forrr ranfall); MSH Moist sul:-hummi [T EDI:I-IEUEI mm rainfall}
H=Humid (1502 mam rainfally; Fert=Fertiliser; OM=0rganic Matturappncatmn |=drrigation; Y="Teld;
<=Sail; C=Climate; Rot=Rotation. '

11 Eagd, i 1988, 25 A07-15; (3, &0 0, For, L1970, 246253 630 EAAql= Fac L 197€, 42; 201-208; (40 F. &lr aic. FnrJ 1%z, 7541
[53E. 2T AQrc Fr. 1. 1965, EI-I].'EI,IE-.-E AlrAnecr Fon LINTL, 8-34; (FEepl. Sqrc. T9FZ 8, 2443 14 (3] Agreramia Tiggicals, 35; 127-133; |43
kaRl, Heinok; (100 M1 ngano fgrc fas. IS Tange, Tanawirs; .:|1| Lo | Expfgr. 29 181-195; 122} Far lizer Hes 2&: 327-34%: 133 Emp J ol Cup.
Agric, T, 20 TR 190 1<) Eepl. e 1576, 12: 305317, 151k Al F Corb, 1967, 63: 291-403; | LE) Eagl, S, 1990, & 2vu-2a5; 017 Es|:|| .
Pt 1383, 5: 241-247; [13) EeplAgre. b5 207205, §19] EeplAgro 347U, 1-1234200 Laerie. Se. Cas " 1867, 60; 231-dN3; {111 Bupl. dyFic, T &
17-24;(22) Espl. Agiiz. 1950, 5: 253 266 123; Eapl. Apee. 100N, 20; ¢35 2-1I]. (24) Erp 1. of bxpl.Agric. 3453, L B5-3; |,l5-:IE||||.|..|.|:l:|| Agric. 1955,
24; 755 [35) Beplegre 1965, 2 33-45. .

Figuse 3.2a Yields of sorghum I Lhe fong-tem trial cambining M, P and K with cattte ranure at Saria,
Burkina Faso, 196078 {Pier, 1983, derivail from Pichot 2t al, 1981,

Grain (t ha*1}

., O Control;
LI MPK; _
£ WPK and cartle marre
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- F|g|.ire 3.3 Flelatlﬂnshlp between 5rJ|I arganic matter conent and crapging p-erlud Iﬂllawlng land

cleanng {Sz.rers, £997, redrawn [ram Sihand, 19740,
28
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» Prolonged treatments using oily inputs of organic matter {animal masure, green
manire, crop residue ete.) lso showed yield: declines, although the positive jm-
pacls were sustuined Tonger.than for inorganic fertilisers alobe in many. cases..
Animal munure was the. most effective in renhs'_nf yield respense and residoal effect,
as the tmmobilisation effects of some ofher organic materials were apparent with

_ other lreatments {og. Traoré and Harris, 1995). However, the amount of organic
malter reguired (o sustain yields was considerable, with very- IEII'gl: app.ri:,almn riley
necdmg Lo be app]u.,d M ANy expenments : '

. Rﬂtaﬁﬂnal treatmenls, inc_] udin g sequences with legume crops and fallow periods,
had lower yield declines than monocultures. Such treatments also had lower rales
" ;of 50M loss (Pleni. 194935). Most experiments showed thar reducing tllage Fre-
quency, including no-till aptions, rednced the rﬂtes of organic maiter loss {Pier,
1993), alihough (he mpact on overall yield was ‘often mixed. Thus many rotalion,
fallow and 1illage pattendy have heen tested, but Ao Eﬁﬂﬂrﬂl cunclugmnq can he
. reached a3 lu {}phmum rofations.. ' :

. 1111, biesl resulls {in r:u-ms of long-term sustained vield response) invariably wers
those treatments that combined inorganic and organic inputs. Forexample, over 18
years in Kibete, in the favouralle ighland condiicns of Kenya, maize consistently

. yickded hiphest under the combined treatment (see Figure 3.3d). Achicving un ap-
proprizie nutrient input (nost easily through the choice of approprate inorganic

lertiliser mmeﬂ with good soil structure {through eﬂ‘ﬂclwc organic maller man-

apement) wag seen m be key.-

Figure 3.3d Eh‘ecr qf applir.aticlns of ffarm!,'ard manure {FYM) and inarganie fetilizers on gr.EII'I vields of
. maize In a lang-term experiment at Kabete Kefya, Values are czlculated as runnmg rReans aver three
years. {Switt et al, 1994 ] :

Tr
'E_
~ 5
24
:';
g 3
g
2
T . - -
'UI : ] - ) - : |
1977 1980 . 1985 _' T 1590
_ : Year _—
Key: A g inpus . O FYM=5t dry matier ha;
: LF‘fru'i+NP DNF‘=Eﬂl-:gN+El:Ikg P:s ha;

Despite these 1mp~url=mt insights, there are 4 number of liniitations ol using L-,ul.:h.' :
data to make generalisations about soll fertility dynanics i in I‘arm:.r-manihed 5VE-
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tems. All experiments weie Tosated on esearch statigns and were managed by re-
searchers, Although early experiments tended to look at « varicly of treatments, in-
chuding rotation, green manarmg, and animal manuring {e.z. Walts Padwick, 1983),
later experiments shifted to look more speeilically at morgamc tertiliser, and failed
to caplure the range of farmers’ practices.

OF the 21 experinieits reviewed by Swift el al (1994), only three sp*mnad aperiod
of longer than 20 years, making it difficult to assess Tonger term dynamics. As with
all time-series duty, interpretation is made difficult by eonsideration of the range of

* .pther variables which-impinge. Inter-annual, seasonal and cyclical changes in rain--

fall or pest and disease incidenee, For example, have a major impact, as do changes
in crop varietfes, .particularly with Lhe arrival of hybrids from the 18508 vuwards.
‘Also, relatively few experiments provide details of soil changes, so canmot be nsad
10 [eat fﬂr patterns of soil fertility decline or nutrjent removal-over time.

. 3.4.4 Monitoring of national-level yield trend
Syslematic long-term monitoring of tﬂrmur-managcd systems is very.limited in
. Africz. National ceop yield assessments are the mnst exiensive source of data und are

reparted by FAD on an anmal basis (.0 FAQSTAT). Howevet, these are only rough -

indicators, as the qualily of the data is widely recognised Lo be tighly variable, Figure
3.4 presents national maize ¥ield and fertiliser ase data fromr Hthiopia, Kenya,
M111wl, Mali, Tanzunia, Uganda and Zimbaliwe aver the pmud I'EFEI I‘SI'E"T

* . Figures 2.4 {a-g); Maizo ;..-lelds. flime graphy and tntal fEt‘tI|E5E-r consumnption (bars). Selected Afrlcan
COUNtries, Source; F.E'.IC]STAT

'wm- ' - ' "
16.00 + L 2o
o 4
E G0l : e ) ) : E 1mni

;_. 5.0 . o _ '_ R -
LLE _ 1 1 s
Eiz_.‘.;{: :'"'“"""'""n“ﬂnﬁ”ﬂﬂu"ﬂ'ﬂ'[‘""ﬂiﬂi'.: 4 4
ﬁﬁﬁ&ﬁﬁﬁ @#ﬁﬁﬁﬁﬁﬁﬁé
{2) ETHOMA e

* This duta serics shew's a vatiety of pattens. Al countrics showed overall output
ereuses (total production/yea over the time pefod, although there were significant
- variations due Lo rainfall variabiliey and oiher factors. Although some of this is. ac-
. counled for in terms ol inereased area cultivated, sonle countrics showdéd tnercasing
trends in yiclds (output per hectare} (Ethiopia, Kenys, Wuli, Tanzania). (Hhers showed
more slable yield levels over dme (Malawi, Uganda, ?1mhath} ahbough consid-
erablc vdriation around a mean level is seen.

The interpretation of this daea, however, is gliFﬁuu]t,' piven the ranpe of variables
afeeting yield and the high [evel of data aggregation. However, certain influences are
suggesled. Firat, pninfall, and particularly key drought events, had a inajor impact on
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yield, Rather th.a.n qbseﬁ;ing 2 sceubar downward trend, a high level of variability
arcomd 4 relatively low mean yickd is conunonly seen. For example, fhe droughlsin
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southesn M‘nca in the eaﬂ}r 19905 are cleatly seen in the Malawi and lel'Ib;lbWE—' dam
Second, the aviilability of fertiliser can be seen to be a possible reason for in-
~ creased yicld levels in some countries (although improved varteties, changed crop

management and rainfali levels will also have béen important), Steady incresses-in

ferteliser use pre correlated with increnses in recorded maize yield levels in ‘Ethiopia,
- Kenya and Mali, for mstance’ ! Howaver, other cases suggest that the relationship be-
tween [orliliser use and yield levels of maize i more complex, For example, the sharp
drop in fertiliser use in Tanzania and Malawi in the mid-1 9H)s does not appear to have, -
had an imrhediate effect on yield levels. The case of Uganda is particolacly striking.
" In contrast 10 all the other corntries, Ugands's fertiliser use collapsed to viruaily nil
in the mid 1%70s, and-has only picked up slowly in recent years, Fertiliser in Uganda,
_ for instance, is not by and large EIplef:d to maize and the reasonable vields obtamned-
can be attributed to the food agropomic conditions found in nuch of highland
Uganda. In such situations therefore, a lack of relalmns.hlp betwean national f1gl1ras
on maize yicld and fertiliser use is bardly sutprising.-

Third, brouder contextoal factors and specific policy chunges can also be seen tcu
be important in influencing yield levels. The politics] upheaval and war in Uganda, -
for example, was an important factor influencing mimimal fertilisei use in the last
decades. In many countries, the impact of structural adjustment prograrmes throngh
the 19803 and into the 1990s, has influenced inpul and ouatpui-markets and price levels -
through progrummes of liberalisation and devaluation. 4 nuinber of countries show
adeclinein yield levels and fertiliser use around the time of SAF implementation, bat ©
ofien 4 recovery afterwards. However, the confounding effect of dronght inakes in- -
forring direct causal links more problematic,

ILis therefore difficult to draw firm conclusions on the basis of the data prosented
in Figure 3.4, in part because-of the well knovn inaccoracies in the data collection -
process and in part because of the appregate level at which the data are presented,

At an aggregate national level, there is no sign of a declining yvield trend, as right have -
heen expected if the incidence of severe soil degradation, and the mumber of farmers
trapped in a ‘downward spiral’ were as high #s suggested by sonrces guoted in section
- 2. Nevertheless, the data do not provide much room for eptimism either, as yield levels
. are certainly low, averaging in wost countries between 1 and 2 tonnesfha, and agpresate
output increases are below population growth rates, implying a net decline in available
food per capita at a sational level over the period. Given the very low levels of yvield ob-

- seryed, associgted with very law fertiliser uss fates compared ko otier parts of the world
{Table 3.5), the challenge: of homhng agncultural pmducnmj.-' in Al"n:.u CIEEI[I}I‘ Imurst
IeInain hlgh on the-agendu. , .

TﬂhlE‘ 3.5 Fertiliser mnsumptiﬁn per hectare of éirable iand I:I:g.fha] [Saurce: FAGSTAT)

Year - USA India femya . Zimbabwe Tanzania - Malawi  Mali
19451 {2 - .2 3 Y L 4 ©o00d
1975 57 14 TN s - T a . 3
1980 - 113 - - 3 . 16 70 - . 1A 25 C 7
1999 Lo TR 29 ' GBS 17 27
1993, 108 0 S 19 B3 A 20 2

11 The degree to which mis-relatinnlﬁhlp % caussl, howaaver, is impossible to discem frem this daty, as it 5 not clear -
whethar the Incessses in fertliser used nationally were applled to niaize or o other €Iops.
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- The question remains whether the best way of addressing this challenge should
-Focus on environmentsl rehzhilitation dnd investment in the seil resource, or on in1-
praving productivity levels thraugh other means, including greater use of external
inpuls. Section & explores this question in more detall through discussion of a vai-
ety ol dilTerent S-E['ﬂtﬂg.lﬂﬂ-, uweatlgatmg their applicability in different "JLF.I'.'I'l'lgE

'3 5 Interpretmg the ewdence for soil ferhhfy :hangw some ke:,r
issnes and mallenges '

Inttlprﬂrmg the wide ringe of uy silable data ol -::hﬂugﬂs in sm] ’rerhhty TAlSEs SOMme
key issues and challenges, Below, we idemify a serfes of questions which must be

- agked before drawing conclusions from data on soil ferility zmd designing appropri-

ate 1nl|..r1.fﬁnl.1m15
Given the limired amount ¢ of rood qu.s,hi}r dala on changes insoil fertility any ob-
jective ussessment is far from easy to'make. Tndéed, as already discussed, the Jocul
particularitics of any site or time period may make generalisarions based on this eve
- idence of very limited relevance to other sites. As the previods discussion has illus-
trated, complex dynamic interactions at.the soil-plant micrface make Bncertainty
prevail and accurate prediction difficult. This should not dismay us oo much, assuch

* conditions apply to mast waro-ceological systems. Accepting uncerlmitty aod being

ready for smprise must therofore be central to sustainable management (Holling,

19933, In the interpretation of available data, detailed consideration of hoth spatial and -~

‘lermporal issues mpst be paramoont (Freseo-and Kroonenberg, 1992). As we have
seen, far too often such dynarpics are ignored, wu‘h rnisinterpretation and mr‘-:in:admg
conclusions the inevitable resuit,

As already discossed, the choice of whal to measure’ dﬂp&ﬂds on 1dent113.fmrr these
limiting factors that make a difference to yiclds. In some situations, it is water - not
nofrienls - that is most limiting; in others, a parlicwlar outrient may be sigmificant
omly ut u particalactime and in'a particular pluce. There are many possible sl pa-
. rameters wihich can be measured, but it s essentisl lo-make choices given limited -
nancial and buman resoucces for analysis. There is hitle point, beyond academic
iterest perhaps, in measuring changes in paramcters which, inder existing condi-
tions, have litthe impact on useful outputs {say crop yicld), and are uplikely to do so
- wifltin a reasonable tife-frame (see section 3 for a diseussion on defiving land dégra- -
dation}. Gther pﬂrametﬁrs though, may be much more significant and small changes
“may have large impacets!?, As indicators of change, it is these towards which atten-
" tion must he paid. This is easier said than done, especially as what is key and Limit-
ing may change over relatively sheirt distances and over short periods of timel3,

Clarity ahoul the spaticd dimensions of analysis 15 also cesential This means being
clear about the houndary of the system being exainined, wilh (he units and scale of
analysis well specificd. For exaniple, in' sotrient budget analyscs; it makes a big dif-.
ference if the daty are being pn‘:EEI‘ltE;d at a plot, farim, district o nationa] level, as dif-

A3 ldenufﬂng dppropriale indicators of change, hewever, s Emught with difficulties. oil I:lrganu: mialter is allen sug-
yasted as an indicator, but it s difficult to gat methods which will work ia moza shan one specisic oil #pe or under
_contralled contrasts of lrealnt—nlﬁ o farm due ta the inharent spatial varability in sofl urgarurfra:llﬂns I:H'.Jan Giller,
pars, comim).
13 r{nlatmeI; o cost approaches which IZ-’.‘-.I'I"I|}IErE simple sail tests and unreplicated 5ma|| pleal, Lreatrments on farm
ers ft!ds can help to indicate which sail nutrients &re limiling (Ken Gllles pers. comm.). :
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ferént inputs and ontputs will be relevant. At smaller scales, greater varinbiliﬁy be-

tween sites can be expected because of the lurpe tumber of flows 1n and out. But what

is the most appropriate vait of anabysis? This, of course, depends on what the infor-

maticon is 10 be used for. For the purposes of designing nrerventions o improve soil
management, the inost appeopriate seale mist be that at which management ceones. In
most situations, this is the field and farm level, althongh wider catchment level jssues
may also havve to be atldressed if there are significant off-farm effects. Data from Jarger,

as well as g1ore micro-scale analyscs, most therefore re_lare to the appropriate scale for -
‘management porposes. However, as the example of soil erosion plot data shows, ex-

trapolation across scales is not always possible, .and any generalisation of plot specilic
data must take account ol the differing erosion and deposition processes occurfing
across hierarchical scales, where plots and watersheds show quite different proper-

ties. Sf:llsrmfll}' 1+ §y§tem boundanies, hierarclies and scale levels is therefore essen-

tial in any analysis of spalially complex agm:ultuml systerns.
The Iempumi dimensions ate also equally important, especially if conclusions about
treads are to be drawn. This means being explicit abant the baseline from which mfer-

ances about trend are (o be drawn. To looking at changes in organic matier, for instance,

what should be the bascline? Should it be the virgin, voculttvated state, or the level Ly
whi_ch all cleared land [ulls after a few years .cultw"muu and remains pmducuw ‘and

eSPONSIVE Lo inpuLﬁ'? At he discussion on lang-term expegiments showed, this choice
of bageline makes 2 big dilference in terms of subsequent reconunendaticns, For oxs

arnple, a tetumn 1o the undlaared, virgin land baseline is impossible if cultivation af
30t s0rt 1% 10 persisL Tt will be more relevant to monitor, for example, a decline in or-
ganic matler below the threshold at whicli response Fates o other inputs deckine.

In the veal world, temporal patterms are eften more complex than suggesied by the
contrirled canditions of the experimental site. A range of factors Tar more TILITTICTILLS

than incorporated even in the most complex multifactarial experiment combine w in-.
. Muence chunge, This makes unravelling canse and effect very difficult indecd. Such fac-
Lors are not.always constant and may combine in particnlar ways at partienlar {imes to

influence change, Thus sudden-shifts in soil condition may oeeur a8 4 resull of a seres
of contingent events. For example, important erosion events may be (he rexult of 2 sea-
sonal comjunctore of high rainfall, Iow labour availability and the choice of particular
orops due te market conditions. Equally, dramatic improverents in soil fertility may

ocecur within a short period when, for instance, cattle numbers grow following a run of -
goad rainfall vears, providing plentiful manure winch can be. incorporated effectively -

due to Jugh labour availability which occurs doc (o a coflapse 1 migrant labour op-
portunities {ses, for example, Scooncs, 19974 Jor un hstorical analysis of such soil

InAnAgement dyamics in southers Zimbabwe over the last century). Thus o otder to _

interpret temporal Chﬂ.ﬂgﬁ mswhm ol the Mistorical dymunnies of change are vital.

Such spatial heterogeneity and temprwal variability dominate real woild small”
halder farming systems. Assessing wherher sutl fenility has changed under such-coi-
ditions DbIlgﬂE us to ask a range of kev guestions (Box 3 AR

In most sitnations, getting detailed answers to all these questions is very un]ﬂccl;, :

=0 what should be done? Should anmy attempt at assessing soil fertility change he
abandoned uniil more eomplele information is provided by scientific analysis? tn sit-

“uwations of greal uncertamty and high levels of complexity, definitive answers will -

never be fortheuring, and @ niore appropriate strategy wiil be ty assesy the sifuation
with the mivrmation available, and then act incrementally, while continuing to mon-
itor. Such an adﬂpfw&' mnnngemwu approach (Wallers, 1987} avoids the danger Df
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ither leaping into IMajor Investnents withont sufficient-insight on the assunption
. that *something must be done’, or risking unknown damage by doing nothing.

Box 3.2 Understanding change: some key questions to ask
Hnris. scales and measurements
- » {nhat soll parameters sheuld be measured? Whas are the }:E].' indicators of cha nge? What
" factors make a difference?
+ YWhat endegenoys and exogenagus factars influence f:hanges in soil. Eertllltf,ﬂ
» At what scale should measurements be taken? .
« How should measurements taken at dlﬁerr-:nt scales be related tn each [:nther?

Trend'e and dimarmies

* Aggalnst what baseline should change hE assessed f

* {hat are the longer term dynamics of thie System? |5 obsenved change a temporary hlk'E,. parl of
‘2 gyt or the consequence of a langer temn shift?

= What significant threshalds exist for both soll Impravement and degradatmn processes?

+ |n the past what cnmhlnatmn of factors, precipitated I:q,rlwhlr:h events, have resufted in major shifts?

Jis. range of mgrha.:is a.ra.:i aralyrical tu-uh therelore nmds o i:ua commbined when deal—
ing with complex and djru'umc settings. The appriaches described above - nutrient budg-
eling, erosion plot assesaments, long-temm experiments, yicld lread evaluations - are all
“relevant but, as we Liave seen, can only ever tell part of the story. They can usefully be
combined with other forms of analysis, including participatory approaches dravwing from
" furmers” own analyses, as well as historical and socio-economic spproaches as pait of
ntardisciplinary apalyses of agroecosystems (Swift, 1998), Bax'3.3 sty a selection of
methedological oplions (or nnderstanding termporal and spatial dynamics n seil man-
agement. Such a variety of methods can be combined into “hybrd’ appraaches 1o un-
derstand complex patierns of environmental change (e.g. Batterbury et al, 1997).

Box 3.3 Soma mathods for understanding temporal and spatial dynamics
Temporal change ' | Spatial variability

Lecal terminglogies and clasmﬂr:atlnns of soil Local terminelogies and classifications of
transitions - ' . : glates |

Archival recards ang travellers” reports | Mapping af soil typés by farers
"Btographies and life histories - | landscape and site histories

Oral histories of environmental change  ~ | Resource fiow models by Frmers
Field and site histories n " Compartmentalised nutrient budgets
Aetial photographs and satellite images | Farmers' experlments with spatially.
“Time series CENGHE aRd expeti mental data - _ differentiated treatenents

Watuzal experiments with [ong-term “treatments” T '

Soirce: Seacnns, P97 -

Itlentifying the complex 'ipdtldl and temnporal Lhdl’ﬂﬂLL‘Tl‘{LlCE ﬂfsml fertility chanpe is
ane thing, ut evaluating whether sicch change actually matters is quite another. We
may have plenty of well supported evidenec of detesiorating soil fertilicy change._s but
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this may not justify any remedizl action if the impaet on uselul output over  Tea-
sonable time horizon is lirniwed. The conditions under which remedial actions are jus- .
tified are exarhined in scction 5, where the cases [or and against public infervention

in managig soil ferility change are explored, First, however, if is important to In-

vestigate in more depih the: range of Faclors thut influence changes in soils used for ~
agricultore, both in posilive and negalive ditections. Section 4, therefare, examines
a seties of vase studies from dilferent purls of sub. Suharan Africa, and explores the
range of goro-ecological, socic-ceanomic, institutional and ]:I'D].IL}’ issues which create

‘the ::Dndmuns far pm‘tmular Lypes of change to ceeur, -
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4. What factors influence farmers"
soil fertility management |
pracﬂces’ Evidence frum

'.flfteen case studles |

4

This section reviews material available from l:u case stud} sites [rom 12 coimtries in
sub-Suhar:n Africa. Case.stody sites were chosen to ensure coverage of many farm-
ing systemy found 1n'east, west and southern Africa, but the teview has beeh limited -
by the availabiliy of detatled research reports. The documents of each of the sites
were raviewed asainst a set of hinphysical, socio-economnic and fmstitutional issues
to examine the cxlent to which particular patieras einerge trom which to draw gen-
eral trends. The review of material has also tried to pay attention o dygamic
processes, the rake of technical change; the diversity of conditions al dilferent scales, - '
and the impacts of policy changes over recent years. The information on which this
section is based i drawn from a wide range of research studies, carried out for dif-
ferent purposes, and henee does not provide consistent coverage of all the same pa-
eaneters across all sites, However, despite these caveas, there are some clear and
interesting pictures which can be drawn from Lbe evidence, as described below. Table
4.1 presents and summarises the key charcteristics for the sites exammned for this
papet, ranked by averape rainfall, taken as o proxy for potential productivity. Som-
maries from the tase study material and the sourCey me which they have been drawu
are preseuted il ﬂppm:]m 4 C

-4, 1 From h|gh to. Inw mtensrty farmmg systems

Analysis of the matendl has ftrl]uwed two paths. First, the case studies have been

srouped into six categones I assess current faming pra:.uu::*-“. systems of soil femht}- _
management, and how they may develop in the future given the broader economic
_conlext and livelihood systems of which they form part as shown it Box 4.1 Second,

the material haz been examined a::cr:rrdmg 0 ﬂmae brmd p.imrnLLLr-a - biophysical,
. a,m,m cmnc-mu: and msﬂtutmndl :
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Box 4.1: From hlgh tn low mtenslty systems.

1. High density, market orfented systems: [Kisfi, westem Kenya, Tumhau Kant Clase Settled
Zone (KC5Z), Migeria; Machakgs, Karya). .

2. ngh densiky, intensive but [gw market orienkation thlthand Welalta, Ethmpra, Hwanda

. tpuntry-wide survey: Mtcheu cermral, Malawi},

3. Mid-denslly, mized farming systems (Iringa, Tanzanla; Kabale, south-west Uganda}

4. Coltan production systems {W'Pérésso, southern Mali; Usagara, Tanzania). :

5. Low density, low rainfall, extensive fallow systems [Dalunguebuugnuﬁlgurné Mali; Kaska,
Futchimiram, Dagaceri, north-gast [‘-.Ijgerlajl :

B.. - Low mirdall sites, rising density naw experiencing difficulty (Chivi, s.aulhern Embahwe :
Dilaba, central Maln Farcdtu Beri, scuurh-west Niger). .

The case study naserial demonstrates that, even within a given sctitng, thers ave
wide differences in terms of what farmers are able to do, depending on their access 10
land, labour, livestork, capital, and kmowledge. Bach site presents an amay of diverse
practices by which [armers fty t0 inaintain soil fertility {summarised in Box 4.33. As well
as combining different nuhient sonrces, farmers also adupt and change their farming
© systen, patterns of m/out-fields, crop choice, labour and other inputs to compensate for
changes in available nutrent sources and new cconomic apportuniities. Within study
sites, there are also inportant diffefences between land of different tvpes according Lo
slope, arcas of run on/off, soil characteristios, and logation, such as proximity W waler
gouree, scllement or livestock camp. This spatial variability [s oneimporlant lsetor on -
which farmers can play, of pmumular vafue 1n the higher risk dry farmingureas,

It is also important to place the case studies within a temporal selling, Barmers in
cach site have been adapting whalt they do as their circurnstances change, The case
" stody material demonsirates the dynamics underlying these farming systems aond the

broudet rural livelihood strategics of which they fori part :

4.1.1 High dennty, market-nrlented systems (Kisii, western Kenyza; Tumhau, H’.anu
Close Settled Zone (KESZ), Nigeria: Machakos, Eeuya}“ -
These three case study siley cover a wide rainfall range, from a low of 500- TDDulu:L
. per year in the KCSZ. of Migeria up to wiore than 2000mm in westam Kenya, These
farming systems support very high densities of population. egam particulardy high in
Kisii disirict of Kenya. Such high densities are only passifile hecause of a diversified
farming system, set within a highly developed markel ccononty, wherre urban markets
provide opportunities [or high value crops, nd a wide variety of off-farm incomes.
Farmers have made considerable investments o the agricultoral system, theongh
inputs of labour. as well as inorganic and organie inputs, in order to produce a wide
range of crops for the matket. Inherent soil fertility varies from the deep, fertile soils
of western Kenya 1o light sands in Tumbau interspersed with higher value low-lying
' patches (feeefarreee). In Machakos, soilz include red loams and sands; the fsrnhl}r slalus
of soils depending on their use and management for cultivation, and their exposure
to erosion. Fasiers in all tlwee sites have invested, over time, in goil conservation and

14 de Jager, A, tlandwa 50, Smaling, EM.A., 'l.-'an den Besch, H. [farthu:u::-mmg] Stialing, B4, and Fresco, LO.
{1993]. Smaling, E.M.A. , Mandyia; 5.1, and lanzzan, E. (1598), Harrls, F {1996}, Hams,F{‘IEIQT":I Mortimare, L. and
Adame, Wi, {1997, TFfen ll., Mortimore, r-.-1 and Gu:hu.'r;l.iF 1994,
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improvement, Lhmugh terracing and a variety of tccluuques for improving sml fertihty -
(mamure, composting, chemical fertilisers), Such invesiments bave been worthwhile -

because of the benefits gained from market opportumitics,

Farmers in all three sites use chemical fertiliser, though thls. is more mar]-:ed for -
Kisit and Muchakos thai for Tumbav, where access to inorganic fertiliser is patchy

and uncertain, so that farmers rely predominantly on recycling of arganic matter on-
farm and via Hvestock between grazing and cropped arcas. In Kiai, fertilizer use has

heen zccelerated by Ies recent packaging in smaller sacks.of 10kg, rather than the .
conventiunal 25kg and #0ke formats. Fertilisers are :-;upplcmcmﬂd by subshnual '

amounts of manure and other organic matter n all threc siles.

MNukrient balance aﬂalj,rms for farms in Kisii show high levels D-f inputs El.lld outputs, .

particularly om cash crops like p}rrethrum If visible nuiment flows are taken alone (i.e.

IN1 + TN + OUTI + OUT2), organic and fnorganic inputs into plots were greater than

net outputs of crops, demonstrating considerable interest and effort amongst farmers

in trying to meintain soil ferility. (NUTMON, 1997). Tt is only when account is taken .

of estimated losscs through leaching and erosion. that the nutrient balances 5h+:-w a
negative sign. Similarly, for the Kano Close Settled Zone, nutrient balaaces show that
farmers are m.ikmg considerable efforts to amend soil fﬂ!’l.'l]][} through additicns of or-

ganic and inorganic malter, with remarkable success so far ax Lhe overall balance is

concerned. Close integration of livestock within a1l of these farming systeins is a very

lmpﬂrtant' elemient in assudng the eyeling of materials between soils, crops, and graz; -

ing areas. In the Tumbau case, trees play. a particularly inportant mole in maintaining

the fertility of soils, by drenwing upon dedp nutrient reserves which then contribite to -

crop grovth through mmrpummm of theit Litter into the soil.

Agricultural change in these case smdy sites bas been strunrrl} linked o a nc'u'hjr'- '

town oF city which has provided & source of inputs, off-farm fncomes, and a market
for sale of many, different kinds of crop, Farmess are CDﬂtﬂlllﬂllhl}f a:]apung Lo new

opportunites and comsiraints. They seem well aware of the need for improving soil
quality and mutrient availahility, (heir milereat and -ability to do so depending on Lhe,'
“relative remurns fromn different crops and off-farn activities.

Fuoture prospects for the technical sustainability of these systemy are hroadly

Tavontable, so long as fanners comtinue (o respond and adapt their farming systems .

lo increasing pressuies on land and chunging market conditions. Whether or not such

intensive farming systems will continue 10 be economieally profitable is less cortain
and will depend on growth in other sectors of the economy. For example, mereascd -
compelition b::twaf:n nrban and agricultural sectors for labour may bring osing Lm.tc: ;

for I"armcr'; as they try to mtanslf}r further

41.2 ngh density, mtensr-.re but [ow market ﬂrIEﬂIEﬁIﬂn (Welaita hlghlands.

Ethiopia; Rwanda; Ntcheu, Malawi)'® :
These three case sy sitnations have relatively high rmnfall levels, and high popu-
lation densities, leading to small plots and gonsiderable fraginentation of land. Unlike

the.cuses outlined ahnvﬂ these sites Lave few markel opportunities due to limited

urban growth, while the overall poverty within the rural ceonotny limits benefits and

_opportunities from Jocal diversification and the geneml;_un of off-farm activities. Cash

15 Eyasu Elias {19975, Ewasl Elias, Morea, 5. and Belshaw, 0.G. Ftl {iEIEE!I. Eydslj Ellas and Soeanas, 1. din pre*ssj IECHIDS -
{1598)_ Clay, D, Reardon, T. and Kargasniemi, 1 {1938). Barigs, E.R. and Burgess, 1.C (1993, Dewees, P (1995), Place, .
" F and Dtsuka, K. {1997), Sska, f-. R., Grest, R.I and Ng omg uEa DH. {’IEIE'E] WEIIard K. H?B?} Wifordd Bank {1996)
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erop production 18 YITY Elmucd and tends to involve sales of small quantites of CﬂlffEE:
{Welaita), coffee, bundnas, and potatoes (Rwinda), and tobacco and vegetables
{Malawt). With limited rash incormes and poor matket dEl’Elem&llI there are few
opportonities to purchase mpum [ S.upplemenl the: limited sourees of organic mate-
rial for maintaining and improving levels of soil fertility. Use of chemical fertiliser
is very low,; for exarnple farmers in highland Welaita buy it in local markets by the
cupiul, i Nrchen, and elsewhere in southern Malawi, famners fﬂITher]y had easier
‘access Lo cheaper sources of fertiliser and made more use of it. However, this has
changed as a'redult of market liberalisation and sirocoural adjustment. Tn Rwanda, ]eas=
than 10% of households studied wied any cherdical inpuis.

The high density of population mesns that fallow is Hrited, iT oot clininated, and
Tivestock production is intensive. Inhighland Wel;iita,hatt}u are kepl in the hot over
" night to maximise the colle¢tion of manure, which is then carmied ot to the ensel plot
and maize garden (darkoak). In Rwanda, livestock holdings have declined consider-
. ably over recent decades as arable area bas expanded, leaving little roam for pasture.
It Micheu, livestock mumbers are limited and have been falling.

The inherent sofl quality for these sites ranges from the high initial putentrtl of
many $0ils in Rwanda, which have now been considerably eroded, and exhansted as
a resull of many generations of cullivation; to the soils of the Welaita highlands which
have bzen the site nf settlement and I'arrmng fur several hundred years and coilsequent
- gradual [oss of orzanic matter; to Malawi, where suils are deficienl in organic mater
and particularly short of nitrogen (Conte et al, T99; Benson of al, J997).
~ Inall cases, given nuch sloping land, attempts have been made by tarmers and oul- -

side agencies to address serious problemns of erosion and conserve soils through ter-
" racing, establishment of grass strips, contour bunds, drainagze trenches, and gully
plugging through use of sugar cane and hanana plants. Equally, farmers are combin-
ing a rance of different practices o provide nutrients to their land, such as vse of leaf
Titter, termitaria earth, crop residue, compost-and manure,

Mutrent balance data for highland Welaita shaw the great differences in status be-
twren darkods areas, slose to the house and intensively managed, where thers is -
overill balaners belween mi-lflows and out-flows, and out-fields which receive very
* low mputs, where nitrogen shorlapes are particularly marked. P and K shortages are
Jess spparzol in both in-ficlds and ont-ficlds. The mirient balance data for the We-
laita highlands show b rmnarkahlr: ingeninty of farmers to gét the most from the lim- -

iterl resourees available 1o them. However, it is eagier for fanmers with access to
livestock and who can afford occagional purchases of chemical FLertilizer 1o suppiﬂ-
ment on-fars sources of organic matter.

Tn fhe absence of profitable opportumities Gor agdealwral intensificarion from cash
crop productiim, migration of lsbour in seureh of cmployment clsewhere is an im-
partant source of mcome and helps balance the household budget. Houscholds, in

. turn, become dependéat on labour markets elsewhere, which are th::qum '%uh]LLl
to change. Forexample, migrants from Malawi in recent years found fhaiT access
labour markets m South Africa and Zimbabwe severely curtatled, .

These H}'-‘:-lﬂm‘:- present an example of ‘agricultoral involution® (Geertz, TU68) in
. which techmical, social and institutional armangements have renched considerable
‘camplexily and enabled the support of a dense population reliant largely on ils faom
resources. Fulure prospeets depend op either the establishiment of: profitable markets:
for agricuitaral outputs which could sepport the investment in inpuits and soil con-
servation needed 1o'develop a more sustainable tarm system at the currently high |

-




Pullcles fior Soil Fartility Mahagament in Africa
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Tevels of pnpu11ﬁnn density; or (he substanial outflow of Jabour from farming, either

through the generation of altemative sources of income and econonic growth io the
locality {whmh would also provide u patenlial source of demsnd for agncultural in-
tensification) or by migration elsewhere o higher potential regions, or wrban em- -
ployinent. In the absence of such changes, these larming systems will continue to
provide 2 low level of income and livelthood Lor their populations, continuing vil-.

.nemmhty to food deficit, and. Expmurr.. o soils o ingreasing levels of exhanstion,

4.1.3 Mid- denmty. mlxed farmmg systems [I{lpumelu. Irmga Tanzanla* Habale
south-west Uganda)'

. These twn case study sites with rainfall from B00-1000mm, maintain pcrpulﬂuan den-

sities from 50 to over 100 people/fun®, They demuonsirate the gradual intensification
of farming systems as population densities rise, fallows shotten and farmers recog-
nise that soil fertility needs to be addressed to maintain yiclds. Soils in these sites vary
[romn the ferralitic sindy -and clay loams of south west Uganda, o the leached sands
of Kiponzelo, Iringa in Tanzania, supplemented by small clay patches of valley
bottom Jarid for prowing dry'season vegetables, Farmers cngage in varfous soil con-
servation and nuirient enhancing practices to stem problems of soil ferility decline,
through use of manure, mulching, and some Jimited imports of chemical fertiliser.
Undula[ihg donntryside, particalarly in the case of Uganda, brings some risks of ero-
#1on, which farmers address with varying degreaa of suceess Lhruugh physical and
hiological meastres,

Rural households gain the major part of their mcome imm aﬂn-:u'ilun,, llmjugh L
murketing of food crops within ihe area and to local towns. In neither case 18 therga. -
Tl,'l.ij['lT -cash erop which drives the local economy. Marketing of crops 1akes placc‘c&%.;-

sentialiy within the locality and neighbouring towns and settlements, and mmpnﬂus
the staple matwe and beans, various fivit and vegetables and colitec.

 Chemical fertitiser is litle nsed in sonth west Uganda, due to poor access (o mar-_ -
kets and high prices. In Iringa, greater use was miade of this 1o the past, but thas hus de-

clinad in the last deeade due to a'shatp incredse in prices, and the closure of
progranmies prometing Fertilisce use. Differences in practice within [fnga district”
show the readiness with which farmers engage in trying to intensity. their systems,
when the opportunities are provided. For example, Kiponzelo has relatively easy
access to markets tor sale of ils principal crop - maize - leading both fo higher levels
of sale, and greater use nt :.,humu,al ferhlizer in {:mnpmscrn with vlllages nore distant
from markets. ' .
Integration. of livestock Wlth CTOIHNG varics cmmdarahlv frum the lc-ng associa-
tion found in parts of Ifinga district, where many of the farmers siem originally from
an agro-pastoral background. In Kipomaul, some 40% of households are reporied to

- own cattle, and manure is now evien bought and sold, Animal traction is important for

preparation of land. By contrast, in south wesl Uganda, there ave lower munbers and
far less integration of Evestock into the crop system, due to shottage of pasture areas,
and there is no animal maction. Farmers rely more on ‘recycling of bicmass (crop
residues, cumpost leaf [itter), and mtensive Tabour mputs o eompensate for lack of
aceess to Inorganic fertiliser. Farmers, however, are now maJﬂng Lse clf their linited
qupphes of mnanure more Eystemancally - :

1EEDEEH 1. and Ha'n.lnbnrg, H.ha, (13920, E0=5|:|n . and Friis-Hansen, E, {19873, HE;'-n'hDrg,H M. (1990 Hm'nl.lc-ig. '
K. 119921, warld Bank {1994}, Miire, I-I [, Tunu.halr‘.r.re,l m:uananu':,nz, k1., Bwakuba, A, Enr.d1[e_|'. '.'.' Elis--
Jones, 1 and '.'.'lllmzks,TJ [19'15;1
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* OFff-Farm incormes are pucsued by most houséholds in Kabale, south west Ugandi,

" hut by a rinurity of households in Iringa, a5 a supplement to crop sales. Local market
towns xeerm nol b provide the hasis for great specialisation of labour, Cut-migration
1s significant in sorth west ITpanda, as a means by which more educated members of
the household seek opportunities for work and purchase of Eand slsewhere. In Thﬁ :
case of Iringa, migration seems of low imporiance. S

Future prospécts for these farming systems depend on ththr:r new soutces of

_income {farm or non-farm) develop which might pr-:wtdu ﬂ'IL basiy fur further inten-

sification of agnculturc

~ 4.1.4 Cotton 5j-,r5tems {M'Pérésse, southern Malf; Usagara, north-west Tanzania)'? -
These two siles exhibit sirailar rainfall levels and substantial involvement by farm-

ets in cotbon production; in the case of Tanzania from the early years of this century
and for southem Mali in the 1ast three decades. Tn both cases, animal oraction is very
important for the preparation of soils and has led to increased area cultivated and re-
duced fallow. However, popnlation density is markedly dilferent belween the two
sites, with figures for Usagara of 118 peoplefkm?® while for M’ Pérésso this is estimated
at 18-20 people/lan?, although if the high proportion of non-cultivable Tand is taken
- into account, this figure increases (o 43 people/kme. Soils in sputhem Mali are nzainly
beavily weathered sands, with loams and elays in lower Iyving areas. In Usagara,

- upland sapds have been much worked and now have low levels of crganic matter

.- and muiients, Farmers are concentrating mere on middle ::.lﬂpas and lower [ving clays

“which ¢an be worked wilh oxen drawn ploughs. :

The case [rorn Tanzania shows a systemn which has become very extensive since
the carly part of this century, followin g the establishment of pmuﬂcatmn and the in-
troduction of ploughs. However, it is starting to intensify, aud farmers in Usagara

“Digtnict are now using manure more systematically. In the case of M'Pérésso, there
15 less need to 1ntensify using organic o1 norganic inputs, given the relatively low
population densities. However, the lazge holding size, extensive use of anrmal irac-
tian and substantial returns to be gained from cottan have prompted o relatively high

.Jevel of intensification in this sjstem and ]Jea'l.-fj-' use of inorganic fcrulwr:r mmp.iru.{ _

~with elsawhere in Mali. _

In southern Mali, the Compagnie Malienne pour le Dév&lappcmcn{ des Texliles
{CMIT) has puided and stucmred the production and marketing of colton (or the Tast
40 years while in Tanzania, coiton production has been given 1ess consistent support
gither throuigh price SUPPOIT or extension activities. In Mali, larmers receive help in

the form of access to cotton seed, credit for fertilisers and work oxen, veterinary serve
ices, purchase of the harvest, and a range of extension advice, relating not only to
cotton, but the broader farming systen, including food erops. The importunce of
mamtaining the preductivity of 20ils under intensive cottop production was recog-
nised eatly by the CMDT and researeh has made mujor contributions to generating
recommmendations for | improving the suslainability ol these systerms in southern Mali.
.HS aresult, in & village like M Pérésso, many farmers hayve been experimenting with
mixed arganic/inorganic systems for managing manure, combingd with inputs of
eotton complex fertiliser, and in generating increasced supplies of compost, stabling

17 Dembalg, 1, et al (19863, Defoer et al €1996}4 IER/IDS [19ﬁ33 Ahmed, 8., van Autreve, A, Binder, k., }:atmﬂa,

M., Meritan, R., Rawnaborg, H.M. {1990, Budelman, A., Mizambws, FC5., Strl;}r.rd A, Kilen, R. D {“IEIE!E] EI:Dr.g,E Gi-

Jsma:n A, Hussore, {1, I'in-unge. k., Li, %, Husarns.L.E Tmmerman&, M., '.'.'nngmanapm P {1951).
. 5._2
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of apimals and contrilling pressurcs o gfﬂxiﬁﬁ and woodlands. N
By contrast, in Tanzdnia, cotton has been seen a5 a source of tax revenue for poy-

ernment, but with litile or no re-mvestment in esearch, extension, credit or other . -

forms of support to encourage improvements within the system, As 4 result, cotton
represents far less of a motor driving intensification. hdeed, a vanety of horticultural -
cmp& are repldcmﬂ cotton as the muin.cash crop. -
In M Pérésso, coton 1EGBIVES the bulk of addad numants bm‘h INOrganic {cotton
complex and urea) and munire, the latter being seen as particularly important tor
cormbating acidification af sois:. The nuiment balance analysis for M'Pérésso hence
shows a positive balunce for land put under cotton in that year, but this goes into
deficit in subsequent years due to the following karvests of sorghum and-niillet, which
only. henefit from residual nutrients rather than receiving any nutrient inputs them-
selves. Litile or no difference is found between different households o terms of their
overall nutrient balance, since those investing in greater amovnts of manure and in-
orpanic inputs also tend to reap much greater offrake, in terms of higher yields. In Us-
agara, all areas of the farm showed negative balances for N, P and K. Losses of K

were particularly marked where rice straw was removed fcrr thatclung 1]1atenal rather. .

th111 being recycled. . : :

- Poture prospects for huth case. stud}r su:es depand on the continued develc-pmeut
of cash crop- opportnities, to support. intensification which relies on'a balanced mix
Df organic and | mmgmuc materials. :

4.1.5 Low density, low rainfall, extenswe fallnws {Dalonguehouguu and 5|gumé
Mali: north-zast i‘-ltglena}l‘E :

These semi-arid farming systems-have low pclpulatmu deusﬂms. Emd vanable ramfa]l o

producing millet, sorghumn, and vaious minot ciops, often in close association with
settled and transknumant tivestock keeping, Soils are mainly light sands, with very low -

inherent (estility, except sinall patehes of clay in low-lying areas. They are typical of -

the ‘ring’ sysiems of farming fonnd throughout much of the Sahel, where sfnall, in-
wensively manuréd-in-helds are combined with latee bugh fefds cot from new land -

. or old lallows. Soils in these cases are light sands with little inherent ferlility and

low orgamie matler. The cenerally Tow rehicl and well drained gands mean that waler
grosion 15 nol a senoues risk exeept i overy localised areas. However, wind grosion can
he significanl balh for removal of top sl and’ 48 a Souree of air-borne notrients -
brought inby fhe Hammattan winds.

¥ields of cersuls are low at 200-4K}zha on untermm.d lamud, hut can achjeve ,
lﬂﬂﬂkgﬂm or more where land 15 manured and waritalbwell distobuted, Lattle or no -
use is made of inorganic feriliser, because of poor access, high cost, lack of 4ccess
to credit and limited invelvement with cash crops. At the same time, the highly vari-
able rainfall bongs canstderable nisks of the crop keing bumed, whether by inorgamic -
fertiliser or by mmamwe if nput levels are too kigh, -

Large areas are cultivated per worker, aided by ox-drawn plﬂughs particularly in
Mali, In a situation of relative land albundance, labour is the main consteaint, so culti-
vation practices and soils management are characterised by low labour inputs per
hectare. While extensive bush fallows continue to exist, and nutrients cae be concen-
trated theough Hvestock onto the perinanently cultivited plots around the villzee, there

IEBn:lck_ K.U‘EJEEII Demhele.l at al [’IEIBE:I HECYIE i1993:| qulmln,{ anl:l Fulmn, o {iEE-l:l 1-::lulm|n,{ [1":3512]
flartimare, 1 k. and Adame, WA [1“‘3?] -
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© * is little incentive [or farmers w intensify levels of labour vse on smaller arzas of land.

High value palehes of lower lying land are used for dry season vegetables, rice, to-
baced and {tuit for vwn consumption and & limited amouns for sale. But such oppor-
tunities are greatly constrained by distance to markers and the perishability of crops
ather thian basic gIANIS, : :

Livestock are a very important ]:ur!_ of the croppinyg t;}rqh:m providing traction am:l
dung, throngh conversion of crop residues and pasture resources as well as serving
as a store of value, insuring against the high risk of harvest variability from one yeax
" 1o the next, Those households without thelr own animals ouist make aTangenients to
- acquire dung from other sources, through coutracts with visiting herd—crwnai‘s and

“use of compotingd sweepings. :

. Nutrient ‘balance data for Siguiné showed net outflows of all mutrients from in-
fields and out-fields. Puorts houscholds were parlicularly consirained in maintaining
adequate inpits of manure into their village in-Gelds. Crop yields in the bush fields
were higher than village fields in Siguing, becanse of the Tong (allows and sandy

“soils which yield even in years of low rainfall. In the longer term, rsing population
densities and increasing field size will penerate pressures on the current fallow
system, At the moment, there is no incentive to change the existing S}ratem although

_ﬂlme iz some recopaition by villagers that land may lecome scarce in furure and,
hence, grants of land 1o oursiders are being curtailed. _ .

Mmr&nml is important particularly in the dry season and in years of pu:-nr harvest,
but mmany come back to farn ouce the cultivaticn season nears, Off-Farm incomes and
livelihood diversification are limited by the absence of high value rescurces, distance
to major lowns and small market available lﬂcally w1th man:i,r Imuschnlds lmgﬂly
self-yufficicnt in pmvvm‘m of basic m,-::r;lﬁ

4.1.6 Li::-w ralnfall sites experiencing diffi cultyr {Ehm snuﬂmrn Zlmhahwe Dllaba
central-Mali; Fandou Beri, south-west Niger)!®
These three case study sites demanstrate what happens when systems as dbﬁmbcd in'
. 4.1.5 continue to expand the arex cultivated with few means to intensily. In south-west
- Niger, despite the relatively low population density, all cutivable Land wroend the
village of Fandou Beri is now farmed and there is little fallow land availdble. Low ine
herent potential of the soils, combined with lintited access to” livestock, mean thit
Jevels of seil fertility are low, Where liveéstock manure 1s available, vields can he
substantially iimproved. Pastoral Fulani households in Fandou Beri get much better
yields than Iocal Dierma farmers due to their greaver animal holdings, In Chivi, Zim-
babwe, livestock losses from the diought of 1991-2 limit sccess to dung, while in
Dilaba shortage of grazing imeans anfmals most be away from the village for much
«of the year, which limits the beiefits to be gained from crop livestock interactions.
Use of mnorganic fertiliser is relatively limited in all three-sites, though farmers ap-
. preciate its benefits. particuladly given Iimited access to manure. - In Chivi, a fall infer-
tiliser wse has baen due to rising cost following structoral adjustment programmes; in
Niger, this fall followed the ending of subsidised access through a seed multiplica-
‘tion project established next to the village; while in Dilaba, farmers spolke of their re-
Fictance to buy fertilisers given their high cost, the volatility of grain prices; and

" 19 Camphall, BN, Chikuarg, |, Chinoa, £, Mukane, B. and Sitholz, B, (1996}, ':hlhl.ld.l.l €, at 2 (1998}
HEE¥IDS (1398). Sccones, |, et al (1996}, Dembielg 1. et al ¢1938). IEDVIDS (1998). Batterbury, S, Warren, &, and
\Waugray, [1 (1396}, Battarbany, S, Farsyth, T and Thonpson, K. {1997},
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uncertainty regardm vields of their cereal crops.

Rainfall is Iow and vaiinbie in these three sites, which aicm tall. cutside major cash -
crop areas. Access vo markets is not partieularly poor in any of the cases, but yialds
and refures ame not sufﬂcmm to provide much incentive 1g intensify. All sites rely -
_ hem'ﬂ}r on migraticn for rémittances which further [imils investment of 1abour eiTort
in conservation and sofl enhancing practices, much of which must be dene during the

dry sedgon. Of-farm incomes are impottant as a supplernentto poor crop yields and - .

- imclude colleclion of firewood, trading and varioos crafl aciivities.” -

Drata for Dﬂai:m Mali showall hnmehu]ds to.be heavily dependent en a range c:f
organic soutces, from thefr own animals, househiold ‘waste, and more recently froin
compost-making. However, with no use of inorganic sourees, all households showed
substantial net out-flows of N, P and K. In the case of Chivi, Zimbabwe a similar e

‘ture was found. Balances for N were negative for both-in-fields and out-fields far all
categories of farmer, By conteast, P bakinces were bmarll}' positive as o result of very
subsiantial use of compost and termitada earth..

Prospects for this kind of farming system depend gmatl}f an their being able to find
crops with a sufficient profit margin to enable investment i purchased ipputs, as a
supplernerit Lo organic sources. The high level of out-fmigration may make it i ficult
to intensify the system through heavy inpus -:-f labour, hence the need to I‘ﬁl}? DR 4 TP
of inorganic and organic sopplics.

This review of the case study material dama:nus‘r.nﬂu; the dlﬁarem kind of chal-

. lenges faced by farming systems lrom a diverse range of settings. Such challenpes are
posed by a cornplex mix of agro-ecological parameters, nvaﬂam by sucm CEOMDNIC
and institutional factnrs 25 discussed below. : -

4.2 nnalysis uf'caée stildy material by key'parameters.'
The cise HttldlEE hava been anal].f:se:d a-:cnrdmg 0 lhn::e main types uf parameter iden-
tified as likely to be important in explaihing differences in farming system; soil man-

agement p[ﬂl:lll:ﬂs and palterns nf mtens.!ﬂcau:an These arz gmuped below into Ihrea _
n:la] ur catezories: : '

Box 4 2 Hey parameters fnr undurstandmg agncu!tura[ mtenmfl::ﬂtlﬂh

» Biophysical: chimate, soils, crops and |I'l.|'vE5t'DI:F=:
| ® Socit-eranomic: population.density, access to markets, broader livelihond strategies.,
" Instltutlnnal macrgo- EEI}I‘l{II’!‘IIC pullc:,' marl:etmg strur:tures1 p-nJlucal events, land tenure

The case studies wem chosen in urder to give a reasunablﬂ spread across many of
these parameters, Ler identify their relative ¢ itnportance in explaimiog corrent patterns -
nl‘ s0ils nmnagemcnt and trends in agricultural mtens:ﬂcauan.

4.2, 1 Elophyslcal facturs

Climate
- Table 4.1 shows the generally positive l'El‘l‘L'IDHShl[.‘J b::h-.ruen rainfall and pnpl_lldtl:l:ll'l
' densu},r 1L 35 rare to. acfuavc lhe population densities found around the city of Kiino
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al such low rainfall levels, which averaged legs than &00mm for the years 1.992—1996.

- In the absence of irfgation, low rainfall wends 1o be associated with low population

density, and low input-low cutput farming systems, relying on fallow and nultient
ansfers throngh livestock to maintain crop yiclds at levels sufficient to support sub-
sistence. This i clearly seen lollowing the transeet from higher Lo lower rainfall areus
withinn Machakos District, and also in comparng the foor case study 2ites in Mali,
frors M"Pérésso to Dilaba, Siguind and Dalonguehoegon. Highly vuniable rainfall
combined with high Fertiliser prices and few cask crop oppormnities discourage much
investment in soil ferlility inputs, even where available lind has come mnder serious
pressure {Chivi, Zimbabwe; Dilaba, Mali; Fandon Beri, §W Niger). However, hicher
-rainlall is neither necessary nor sufficient L ensure fanners can roaineain soil fertil-
. ity and conditton, as can be seen from grouping 2, where limits to the recycling of mu-
trients available within current systems secm to bave been reaehed in hlghlend
Welaits, Ethiopia, Rwanda, and Nteheu M.ﬂam

Sells '
The sites stndicd vary from the heewly weathered sands and gra".'e]]j,' slopes of the
Sahel (Mali, Niger, NE Nigerin} t the sandy uphnele clays and hardpan of Usagara to
(he deep, fertile soils of Kisii, the long-farmed volcanic soils of Rwanda and the rela-
tively fertile soils of Malawi, which are now particularly shart of N. The currenl starus
‘. and trends In soi) strueture and nutrient management depend-on the history of land use.
" T arcas where land has been settled and farmed for periertions. cven inherently forlile
. soils have lost some parl of their quality and strocture (Welails, Bthiopia; Ruwanda},
. and are particularly subject 1o erosicn on slopes. On the sands and gravels of the Sghel,
the fnitial fertility content of soil tends to b rapidly lost on'cultivalion so that, io the
absence of extensive new areas to cléar for cultivation, any peea.:lblhl;,r of crop ].-"IE].E]H
rising above 250-500 ke/ha must be achieved fhrough additions of arganie and inorganic
- materials, 1o improve water holding capacity and add the nntrients needed for higher
vields. To many of the case study sires, where knd has been cropped for peneraifons and
- faflow has disappeared, shortuges of soil nutrients comaLiite & growing consteaint wiich
can only be partially addressed through more effective recyeling of ferlility within the
. systemn. Spedilic focalities inay Bace shortages of paILlf.‘.ulEu nuteients, such as zine and

© sulphur, as well as N, P and K (Coote et al, 1998). Leive. cation exchange capacities
(CEC) are also a problem n many Lrapical soils and an mnpediment to alficient use of
inorganic tertiliser. CEC can be raised using organic matérials, such as manure and
crop residues, but it is difficult to achieve such mprovemeits in organic content ir
lowland conditions (Endelran and van der Pol, 1992), :
~ Inall the case study sites, farmers were aware of soil fertility maintenance as an

important issuc. A wide range of metheds were being used Lo 1mpn:nve soil condition
and nitrient status, as sllelwn mBox 43, be]ew
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Box 4.3 Measures used by farmers toi wnprm:e soil fEﬂ:lht],r’

Manure fram stall-fed animals o Chemical-fertiliser
kraaling livestock on fields .- Uea .

Dung: water-stiehblegrazing contracts .- Climing . .
Composing/crop residues . - Temmitada . » -
Mulching weeds/mash . . . - Leaf litter ;
_reen manures - - L Ash and household waste
Crop rotation - .- ' .. Agroforestry...
Intercropping with Iegumes . ' Fallonwr -

Sourcs! cast stpdy lHerature, e tabled, i for references

In ﬁmy of the sites, there are small patches of soils with greater potential, which

. provide apportunities for high value crops, such as vegetables, and where high levels

of labour and nurrients may be concentrated in-order to maximise cash returns. For .
exaimple, the valley bottorlands {vinyenge) n Iringa, Tanzania support vegetables

and root crops. Iiiquh;rm ow lands in northern Nigeria are a valuable source of dry .
season crops, while in Kabale, south. west Uganda, farmers spread a-range of crops
over their mosaic of nplaod and lowlzod plots w reduce tisks of barvesr-failurs from

" pest attacks and rainfall shottages. Such patterning of diverse érops within the lan.d—

seape also provides a means of spréading labour over different seasons. ;
‘Higher value soils are not onfy a netural phenomenon, but may alzo be created over
a period of decades or generations, such as the dearkoah gardens of highland Welaita
In such'cases, there is particular damage caused through villagisation and resettlenient
programmes which (orebly stilt hﬂu%hﬂid‘-‘. AWAY ['mm plu[q in which grcat invest-

‘mienls have been made over the years.

The process ol fdvestmenl in soil éonseryition and managcm&:nl i3 cleari:.f 3eCH I:r}f.
taking an hislorical upproach lo wnalysing land ose change, A lkindeed years ago,”

‘prohlems of securily pushed sume Furming communilics into steep and inaceessible

areas where they could protect themselves from marauding armies. They developed
highly intensive termracing and waler management syslons 10 assure hemselves ol
food, They siw no other option and hepce were willing to invest much lebour in cn-
SUTIILE SECire food supplies (examples can be seen from the Mandara mountains of -
northemn Cameroun, the mountns of Jebel Mdru, western Sudun, the Dogon Plalcau,
Mali, and. to a lesser extént, Sukumaland, nortl-west Tarzania), Even today, the
farmers of the Dogon Plateau in south-east Mali still construct onion beds on hure
rock next to a water. sounce, using stone bonds and transporting the earth required, be-
cause onions bring a handsome cash return. Although markets are distant, transport
is reasonably good and onions do not suffer damage. duking the joumey. However,
much of fheir millet cultivation has now moved down from the steep platew into the
1::13]115 below, where large areas can be ploughed up.

Whether farmers are willing ‘and prepared to mnake the investments needed in main-
taining and improving their sofls depends both on the anticipated refurns from sech ac-
tivities, and on the other opticns available to them: Iohérent fertility of soils is
irmportant in such a calculation, but low fertility soils can be considerably improved
over tine, where labour is invested Il conservation and raising organic matter content.
Conversely, once fertile soils can become cxhavsted and eroded, as is mcruasmgly ev-
ident-in areas of long standing cmppmg such as Rwanda and -:auul.hr:m hlalawi. -
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Craps and Iwest-::-d-: : .
Cash crops are an important incentive and means to enable {nvestment in soil fEl[Il—
ity maintenance, Tea, eoffes, and pyrethrum in Kisii, westarn Kenya are heavy users
. .of soil nutrients, hut also the instrnments with which farmers can finance re-invest-

. menl, Cotton in southermn Mali has been a major driving foree belind patterns of bgri-

cnltural growth and intensification of famming systems, and to a lesser extent in

a Ubdgdl’“ﬂ Tanzania. Similarly, much of the force behind environmental improvement
in Machakos stems from the ready market found for a variety of crops in Nairebi:
Grain sales of niaize, sorghum and millet provide sources of cash for many farers,
but their lower valuefigh bolk ::hﬂra::tanstms inake them less of an atiractive crop

for transporting long distances. Food crops continue to receive considerable attention,
evern in cash' crop areas, :mc] olten benelit fram rLF;]dua] nul_nLnlq as when millet fol-
tows the eotton erop in Mali.

Crop-livestick interactions are of great Impl:lrmlce to mmntummrr soil mutrients
aml condifion, even In those arsas with the' highest population density, such as Kisii
and the Kano Close Settled Zore where livestock form an integral part of the family
farm. In [ow density areas, livestock are the means for barvesting nutifents from the
bush and concentrating them on croplands. In these areas, many animals may be

- owoed and managed by specialist herders, such as the Fulanl and Maure. Hence,

access to manure may be subject to negotiation and cantracts between éthnic groups, |

. rather than as an integral parf of the family farm, Such systems; based on extensive
fallows, mn into difficulty as fallow declines, and where cattle holdings fall due 1o
drought, disease, and lack ol grazing, making it much mare difficalt for I'annr:rﬁ 10
ktecp their fields manured (a5 shown in section 4, 1.6 above). :

In general, as population d:_n'-ut}r rises, problerms of reduced grazing d_‘n.-'aﬂdbllll}f .

must he adidressed by more L{}TI'L[.I]EK berding management, investment of lgbour in
‘cut-and-carry systems, imports of livestock feed and stall feeding. The incentive to
" go for such intengification of livestock production, however, depends on access to
livestock capital and atcess ta labour. Even within any particular cise study site, the
options available to different farmers to gain access to dung vary considerably de-

pending on wealth, adcéss to labour, and power relations: Thus, for. example, Bam-

. bara farmers. in Dalonguebeugou and Sj,gume call demand that visiting herds kraal
their anirals an village lands if herdérs are to gain access to water. By contrast, in
Fanden Beri, Niger, Djerma fTamers most pay Fulani herders to bring their animals
orto their land if they are to benefit from their dung. In nddition; a variety of other
- Tactors influences the degree te which livestock can form an integral part of the farm-
ing system, such as the incidence of tsetse (asin lnwhud Welaitn, Ethiopia), Wh_lch
imposes high risks on herds.

. In many of the case studies exandned, the value &fm.mum is mcreasmgl}’ £3C0E-
msed by farmers and is gaining a market price (e. £ Usagara and Kiponzelo Tanza-
. hia). Even where no ¢ash passes bands, access 1o mamue becomas subject to coniracts
in exchange for water or labour, or access to crop residues (KCSZ, Nigeria; IDa-
lnnguebﬂugnu, Mali; Fandou Beri, Niger), Similarly, in many of the study areag, crop
residues are no longer freely available, and are harvested and stoved by farmers for
later sale; vse as fodder, or as compost. Such a tightening in property rights over
residues is a clear indication of their growing importance. for the farmer, In none Df
the case stadies examined was manure used as fiued for cooking,

In all case study areas, farmers knew of, and had used, chemical fr:ruhsr:rs In
miany. cases, they now wse less than formerly as a fesult of higher prices, reduced
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credit and subsidies, and the closure of programmes aimed at spreading their nse.
Fammers’ knowledge of fertiliser and the different types available, however, is often
morz limnited. For example, in Mali farmers outside the cotton zone tend to By what-.
ever is available, In Kisil, by contrast, knowledge of the varions types uf femhs&r anr;l
appmpnate usage for different crops is much greater. R

422 Sﬂcm-emnnmn: factnrs
- Population dEI‘ISII}r‘ : :
_This parameter is of cﬂnmderahle importanes in f::{plﬂmmg dlﬁmeuces in. farrmin g

system and the pattern of agriculmeral intensification. The .case studies demonstrate
clearly the difterence in practice from the very low density, exténsive fallow systems
of central Mali and northern Nigeria to the highly managed systems of Welaita,
Machakos and TombawBECSZ, vwhere all available sources of organic matter are recy-
cled through the farming systen, and considerable effort is made to make maost elfze-
tive use of limited inputs by careful timing and placing. In the former cases, Laborur
scareity and access to land mean that investment in seil fertility is usually restrieled 1o
certzin fislds and carried out in ways which Limir the ansonnt of labowr required. As land
hecomes scarcer, it becomes mors worthwiiile to invest [abour in maintaining ancl-im-
proving soils. The extent to which households decide to do this depends on what labour
might eam elsewheie. Thus, there are some case studies which show unexpected results,
such s in the Kisii case, which shows the highest level of population densiny ar 800 -
peoplefkm?, yet for a aumber of farmers labout is becoming scarce. This is due to the:

- fact that off-farm incomes are sufficiently atractive 1o tempt labour away, forcing farm-

ars to opt for crops requising lower levels of labous inpur, such ag wees (Drwees 1985). -
Rising population density is also important in terms of penerating more opporie- -
nities for economic diversification within the roral sector. However, there arc limils
to economic growh and diversification where based on local incomes alone, henee
the important mIe af externzl sources of income ffom mharke towns and cash crops,

Al:f:ess to markets - :

This is a critically unpﬂr&mt pfu‘ﬂ.mu&r und::rlymg the d‘l.lTCl‘ﬂI'lLL‘i holween case ::.tud}' '
sites, sillce it concerns oppottunities for the sale of erops, purchase of inputs, and
off-farm incomes. As popnlation dengities rise, farmers will need a souree of cash-and
access to markets to-provide both an incentive and a means 1o finance further inten-
siffcation of ctep production. Where there has been limited market development,

hlluglug few profitable oppoeriunitics for cash crops and pour aceess to highly puiced '

inorgamic fertilisers, the process o inlensification may yat blmked as can be seen I
the groupings deseribed in 4.1.2 and 4.1 6 = :

Broader ||l.|re]|hnnd sh'ategles

- Bor farmers, their strulegy lor managing soils - while Dnportant to tl1éir_ overall crop-

ping sucerss - is nevertheless only part of a wider set of issues which they must

- handle 1o maintain ynd improve their welfare. Choices must be made at many levels;

for example, ahoot wherg to apply Limited soil fertllltjr inputs within the cropping
syslem, such as between ditferent.plots and crops. Chelees exist also within the wider.
Farming systern, such as investment of Eabour in terracing or in clearing new land
Farming may be only. one amaongst a number of activities of importance - such as ofl-
larm incomes, mmigration and social investments (narriage and funeral cxpenscs, in-

‘vestment in Hvestock, developmens of a trading enterprise}. Henee, soils management
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needs to be understood within this wider set of choices facing farm henseholds about
the allpcation of resourees, where labour smd capitul might best be invested and rhe
Teturns dmi risks I"rnm cach. :

4 2. 3'Inst|'tutfunal faciors
"Macro-economic palicy . :

- All case study sites bave been influepced to some extent by changes in nmcm—polm}f
parlicnlarly different components of structural adjusiment programmes, stich as liber-
afisation of ctop prices and input supply, abolition-of subyidics and diswibution sys-
heens for ferdifiser and other inputs and devalvation. The Tmpacts of such charnges have
not heen clear eut, sinee, despite’ licredsing costs of production, oulpuis prices have
algn often tisen, so that margins on some crops hiave improved (g2 cotlon anil rice in
Mali). However, in many cascs, the evidencs seeis to show reduced use and aceess
1o fertiliser for farmers foflowing stroctural adiustinent programumes and closure of
progranumes aimed at widening knowledge and use of fertilisers (e.g. Kiponzela, Tun-
* Zania; Nichen, Malawi; Chivi, Zimbabwe; Fandon, Beri, scuth-west Niger; Ravanda).
" Ag 1 resuli, poorer farmers in more constrained conditions with limited market op-

poriunities (see 4.1.2 aud 4.1.6) face serous difficnliics in achieving sufficient yields.
Such adverse impacts of stroctusal adjustment programmaes in many settings are bome
out by value cost ratios (VCRs)2 for miaize and tertiliser. Evidence For Mali and Ghana
shows a VOR of less than 2 (Kéning et al, 1997}, white in Burkina Fasa, the YCRs for
mrghum and miilet felt i‘rmn 5301981 o 2.% 1n 1996 {Brem.m 199?]

Marketmg structures
The example of M Péréssy in southern Mali pmwdf:s avidence for the Jmpurt.ml rokc
which can be pliyed by parastawal companies supporting a cash crop, such as coton.

The CMDT has been un enormiusly important organisation in soothern Mali, nol
only in tenns of providing a market and ready supply of inputs, The CIYMT bus also,
until recently, had responsibiliy [or agriculwral exiension activities for tood and
fivestock production in Southern Mali, A substantial infrastrocture of resedrch, ex-
tension, village associations and credit distribuation systems has helped Mali Lo
become the second kirgest cotton producer in Afriea. Currently, the CMDT is heing
“subjected to substantial reforms which aim at hiberalising many elements of ity ac-
tivities, such as by getting livestock health campaigns carried out by the private sector,
Similatly, farmer organisations have heen cncouraged by the-restmcturing of the
 CMDT to take responsibility for assuring their own supplies of fertiliser and other
" mputs. Ficst indications show the difficultics which may be faced by Lberalisation of
- such asks: for example, provision of ferlilisers and vetevinary cover by the private
seelor ave not-been as effective and timely as when this was the responsibility of the
CMDT, particularly in villages some distance from main Toads.

‘Political and other events _ R

Certain case study sites owe their particular pattern of settlemenl and [arming W im-
porlant historical evenis, An eXample is the establishment of the Kano Emirale sev-
eral centuries ago, from which evolved a complex urban cconomy linked 1o and |

20 Tre vzlue cost ratio s a ratio of value of Sncressad yield to the cost of fertilisar per unit. A YR of 2.0 s usees [y

. ronsidersd the 2hzolote minimurn for fertilisar use to b2 efficient, while YCRs in sscess of 3 2rp neaded if farnens ara

to hawe reuch incentive & risk such an inwestrment (Kanieg 21 al, 19975

L
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drawing vpon the resources of the surounding agricultural zone. As a result, the
Kana close setled 2one hoasts a density of population and market-orientation which
15 remarkable for an arca with-relatively Iow rainfall and few fertile soils, A number
of the edse sindy sites have experienced major upheavals over recent decades due to
political and other cvents, which have had an impact on the stability of farming com-
munities and their semsc of security. These include villagisation and de-villagisation
in pats of Bihiopia, the wjamaa canipaign in Tanzanta and, in the most extreme of
cases, the conflict and genocide experienced in Rwanda. These cvents 1uev1tﬂh1§.f '
meark those whe have expenicnced then and may aise donibts in their minds shooi the -
security of curtent invesiments im farming. Events of lesser horror but of major eco-
noric importance have left their impact on people in'the case sludics examined. For
example, fanners in Chive, Zimbabwe have recently wnderganc a very severe drought
in which many of their Hvestock died, while Farmers in Malawi have experienced a-
similarly harsh drought, combined with the loss of migralion opportunities in Zim-
babwe and South Africa. Such events wotably distupt patlerns of productlon and
sources of incomde, bul also may shift mgmﬂcmﬂy expected relumns fmm f'lmun,g

* and farm investment. . o

Land tenure

" Much of the debate on tand tenure in Africa is baser on tlie wcw lh.itmvea.tment inland

improvement depends on Famers having secure titls to thefr land Recent research (2.2,
Migot-Adhodla et al, 1991) shows that title is much less imnportint than enderlying se-
curity, and that the Tatier can often be assured under cuslormary systems of tenure. In the
case study malerial reviewed here, the issue of fand wnure was rvely mentioned, It

would seem that; for most farmiers, current prﬂcudumﬁ [or allocating and asserting '

claims to land provide sufficient security to invest in soil Tertility maintenance and,
where necded, In more pemanent conservation struclures, such as teiraces and bunds.

- In Fandou Ben, soutly west Niger, it was noted thal 1.he' land tenurs situation has -
becore more uricertain due to the new Rural Code. This has induged many farmers
 clear and cultivate - in very rudmleutar:, (ashion - uy mouch lind as possible, siuce

_ ctiltivation is the nxin means by which 10 establish land rights, A5 -a esolt, patterlls_
of Jand nge are ‘n-El'j? extensive, E:}LpDElnﬁ large: areas to risks of wind arosion, given
low levels of vegetative cover and minimal applicition of Tabour and cther inputs. In
the case of fanners in Welaita, Ethiopia, there have been major changes recently in
paLLu-m. of land holding, with the fall of the feudal regime in 1973, programmes of
land reform and establishment of service co-operatives. The campaigns for villagi-

* sutiom through the mid-1980s crealed great uncertainty for farmers in te lowland

arizas of Welaita, thongh they did their hesl to maintain high fartility garden patches

Lo which they returned on the (all ol the Derg in 192, Highland Welaita was Ll

touched by this campaign and, despite eontinued debate at national level riganding -
the nes for further tepuie reform, 1mp.1¢,b, at local level seaim minimal. :

4.3 Conclusion

The case study material demonstrates the great diversity of larming systeins and set-
tings based on the interplay of biophysical, socio-economie, and institutional char-
actertstics. This diversity is found at many levels - natonal, district, villags and farm.

Farmees in all silcs recognise the importance ol seil fenility, though their srmtegieé

o1
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for. ausuuug their land remains productive vary greatly thwc::n s&ttmgs hatween

fariners in a given site, and between in-fieldsfpardens amd oul-ficlds for a single fam.
‘While biophysical factors are clearly important in estahlishing Lhe parameters with

“which farmers nmust work, the case studies showed that high riinfall; and inherenty

fertile sites do not always generate a more productive and sustainable system. Cases
like highland Welaita and Rwanda show thut areas of dense séttlement and [arming
OVer many generatium can reach a point where the further intensification of ¢he farm-
ing systern is serioysly in doubt, under current market conditions,
Socio-economic conditions pla}r a very unpnrtmtmle in prowiding the incentive and
ihe reward for farmers to invest in their farm., As land becomey seareer, farmers need

"o intensify production. Whether or nut they do so depends on fhe prices of different pro- .

duction factors and outputs, and the hroader ivelihood strategies they are pursuing.
All case studies have experienced same impacts-from stnictural adjustment, though

the timing and gverall effects have been mixed. In general, levels of input use have

fallen, particularly.for food crop production. The existence of strong markelmg stroc-

‘tures, as found with Lhe C‘&'l.fIDT in Mali, has helped (armers maintain cagh crop pro-

duction throwgh HCCESK 1 credn research and exlension advice., However, these

| slipport services may now he put in jeopardy- rhruurrh continued resmu;tunng .md

privatisation of service provision.

Finally, questions of Jand tenure, which have been c::mmdcn:d of ingjor importance by -
many agencies i providing fammers with security over actess 1o lind, ate rarely men-
tioned within the dociments on which this comparison of case study ‘sités. has been
hased. This would suzzest that in mist casés, current systeins for supporting claims o
Tand puarantes enough security for farmers o feel confident of reuping benefits from soil
fertility inputs. Bxceptions concein situalions where major policy shifts mgarding land

- tenure are being implemented, provoking uncerlainty about foture claims over land.

The purpnse of analysing and presenting this case study material has been 10 show
the great diversity. of farming practice and tdentify factors which explain such dif-

. ferences hetwoeen sites. It Haz also shown that decisions abiout whether to myvest in fer-
tility mapagement, and agricultvre wore generally, seed to be underslood in theit

beoader socio-ceomomic context. A technical approach to Improving soil manage-
ment roust recognise that farmers face numerows choices about bow to manage their
searce resources, and that they will only have sn interest i improving soil [ertility
whire there are clear advantages from so doing, '
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RIS,

5 Public intervention in soil
fert|l|ty management:
when does it mal(e sense"

“I'is section is concerned with the hasic question: when does public intervention i
soil management make scnse? First, a definition of soil degradation is elaborated,

whickh links -:hangf;s in soils to impacts on people’s livelihoods. Next, the case for
public intervention is cxplored and a range of setings identified where disparities be- .

tween private and social casts exist or externalities ane avident. But publiz infervin. | T

1iun may not always make sense, and several sitrations are described iv which it miay . |
not be appropriate 1o intervene, Finally, the conclngion highlighis some of the wensions
ard trade-offs which have tobe nddrﬁsaf:rl in the dc-.relnpmeut of puhhc pnhmu. to-
wﬂId‘a sml msmagem-:nL :

5.1 Defining éuil dégradatiun | .

. Before exploring the: arguments for and against public intervention, a clear defmition -
of s0il degradation is needed which makes the explicit link between environmental
change and people’s livelihoods - the ullimate ohject of public policy ntervention.
Too oftent, delimtions of soil degradation focus selely on biophysical Lh.mgﬂ, Wlth—
cut Attention bring paid to the socio-feonomic consequences. . :
.- With afocus on Tivelihood impacts, kil degradation can therefore be defined as: t

“an effectively permanent-decline’in the rate at which Tand yields products usefnl to
Igcal livelithoods within a reasonable time-frame”?1. Such a definilion focuses on the
human use of the environment, rather Lhan any inherent bisphysical chainges. Tt eni-
phaSISES permanent shifts which cannol be reversed. by Inunan investment, and there-
fore is not concerned with wangient shifts in productivity Tevels due to rainfall or
other such factors: Under such a definition, therefore, not all soil erosion or mitrient

21 Abel and Rlalkje (1989) offer a-similar defitlton applied to mngﬂlai:d sextings, whils Bot et al {1995) discuss the
broacer issues araund definfng land degradarian. Cther perspa-::mr-es on measuring susralﬁﬂblht].' are provided, fu:-r in-
stanoe, by Lyriam anl:l Herdt lHElEEI] and 12a¢ and Swift (1323}, -

o
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depletion can be deemed ‘degradationt’, since it focuses only on losses wiich hams a
negative impact Ofi Hvelilwods, This provides, therefore, a focus for debating public
litervemion uptions. While good technical data is needed (sce section 3}, we alsa-
neéd to ask, do chunges in soils marter lo rural livelihpods, now or within a reasom-
able plauumg time hunmn?

5.2 The case iur public iﬁtervaﬁtiun

_Pubh:: inferventions s,h-:-uld be tdl'ngC-d At sml dcgradah:m thre not unlv da i'-lrl‘TI-
ers’ 0w privale injtiatives fail to reverse a decline in potentix] productivity, nt lso
there ave damaging consequences for farming ivelihoods, either now os in the fatura.
The previous section showed the wide range of practices used by larmers 1o manage
and improve the ferlility of soils on their farms. However, equally, a inniber of cages
have highlighted where soil fertility losses resoll in declining crop yiclds and nega-
tive impacts on local Trveliboods. Under 5uch siluations, a case for ]:}uth inkerven-
Liom ¢an be made. :

Economic theory tells us that there majr be twao situations in which fmnm donot
* always manage soil resources ciliciently (or sustpinably, il a broader defimition of
optimalily is'preferred). These arc: where there is u disparily betweoen private and |
social cosls: and where public policy hlases demsmns At npumal 50il mandge-
Inent. : S : -

. 5.2.1 Private and social n:c-st cisparities : _
Free markets may [ail to account for the full costs of 11n::1 use activities, wherever
there is a significant disparity between the perecived costs of prodaction and the real
- eoats incvired by 2 lareer cociety (which may laclude global concoeras andfor the
imagined desires of future generations). The on-site or user cost of soil degradarion
15 gimply-the present value of futme prmluchn benefits which arc sacrificed 25 @
result of nsing the soil today. It is ong elemment in the equation of eosls and benefits
which economic theory suggests that farmers (und society) must satisly in order to
_vosure optimal soil munagement. Thus, one argument for why farmers may not
manage the soil c-lmma‘l]}r 1% that they systematically under—eamnate the Teal user cost
ol zoil’ dagra.danﬂn _
This may in part be duc1o lack of understanding ol nutsient flows mthm and be-
tween Tarm plots and surrounding areas. For example, visible flovws are relatively
casy for the farmer to monttor and control, It is much more difficult for her/him to
- asess losses due to ernsion or leaching, or identify ways 10 inerease efficiency of nae
 through better timig and handling of manures. Such consiraints on farmer knowledge
justily public expenditure on rescarch and extension aclivities with farmers to iden-
tily jointly wavs of improving the efficiency of nuinicnt [lows within the fanm.
P vate individusdls for hbuscholds, frms; even communities) will tend sys.temd;t—
seally to discount future costs and benefits at a higher rate than would be selected by

- asocial planner, resulting in higher current rates of resource use and mote rapid de-

pletion than is socially optimal. In short, whether Itis becanse individuals acknowl-
cdge their ultimate morLatity or becanse they fear more imminent deprivation, it 18
clear that most people prefer 1o receive a benefit today rather than tomorrow, Tike-
wise, people generally prefer to defer a cost unt:l another day, mthf:r than incur it 1n
the present. :

ﬁ.f
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High levels of discount may be dae by insecure nights Lo land, high levels of
poverty, and/or lack of access to credit. The net result is o Jpwer than oplimal level
of investment in maintenance and improvement of soil capital, The case matcerial did
nat identify msecurity of access to land 45 a major cause of poor fertilily mainie-
nance, except possibly in the cases of Niger and Ethiopia. Howaver, pour access Lo
markets, low levels of income and restucted access to crédit were noted frequently
as inpediments to fanmers buying more inorganic tertlhser and prcw:du a valid ar-
cummnent 1n favour of sopie fonn, of public mierventon. -

The concept of externsl cost refers 10 a loss of welfars by parties who are extor-
nal {o a martket transachion, but who are neverthe]ew atfected by 1t. Pubhc inlerven-
tion may be required in order to ensure that extemal Costs are internalised by the
perpetrator, through 4 range of meisores. - T

Off-site costs associated with inabality to mamtmn a.ml terhl]t}r and crop yields in- -
clude 4 senes of tmpacts. related to mippyenshment of rural houschalds, and the .
social, political and enviranmental consequences of such paverty, Tnclusion of such

costs might pistify subsidised provision of inputs to improve agricoltural productive -

ity and rozal incomes. It bas dlso heep argued that sgncoléore constilutes such & fun-
damental basis tor o country™s economic development and graowth, that this justilics
public intervention to ensure the spin- nﬁ of benefits 1'_rom rising crop yiclds to other © -
SECIOrS 'Df the econommy.

5 2.2 Fullqr distortions

Some policies may encourage, sml degradation by 1m:mducmg distortions which -
reduce the incentives for sustainable manapement. In such situations, the relative -
costs and benefits of mare or less soil-conserving behaviour are disiorted by fiscal, -
tenure and other policies. Policy distorfions may affect input markets (including kand, .
kabour, capital, fartiliser and machinery), as well as output markets (including rela-
tive crop prices, agriculture vs, other land vses, and land use vs. ofher sectors).

In section 4, varions cases of such pelicy distortions wers expldred. For exanple,
in Usagara, Tanzania, cotton growing has been discouraged by prices being kept very

 low by thé marketing board responsible, This has led to low investment in cotton

prodoction and a shift by farmers towards other crops. Similarly, it can be argued .
thai until the-tecent devalnation of the CFA franc in 1994, eXport crops wers unfairly
taxed by the maintenance of an.exchange rate far in excess of its market valve. Fol-

Jowing devaluatron, farmers have bean ready o invest much more heavily in pro-

duction of crops such as cotton and rice, and now use preater quantities of inputs to

support such mcreased outpul, ' '
Thereflore, in cases where thets ate marked disparities between public and private -

cnsts, either throngh differing time preference rates or high exrernal costs, and whete

major policy distortions occor, a good case can be ndde fof pubficintervention to re-

dress such issues, However, public intervention may not always make sense, as there
are cases where declines in soil fertility levels simply do not |11alle:r enough 1o make
intervention wnrl:hwiu]a i
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5.3 Where public intervention may not make sense .

5.3.1Where impacts of soil depletion on livelihoods are negfigikle

‘Thete may be cases when the depletion of nntvisats has no significant impact on
useftl peoduets of the dand, even when carried out over a long period. Clearly, this will
not continue indefinitely, even in the richest and deepest soils, since if removals are
greater than inputs (including mincralisation), then adverse impacts must be (el at
sumne point, But this puint muy he very distant in Gime, muking public intervenlion in
- the present questicnable, given existing -discount rates and other priorities. Tn other
© cases, It ay make sense to alow notrient depletion to comntinve, as the costs of re-
plenishment may far outweigh the likely benefits, For example, in’ very poor soils
-which have been used continnous|y for a long period, a low level soil festility equi-
* librinm may have been reactied (see section 3 for a discussion of notrient depletion
dynamics in long-term Exptnmﬂnts) Continued removal of notrisnts nay have a
negligible effect on yield levels, as these are already very low. Within a farm, such
plots are wypically out-ficlds, which may cxist alongsidé much more intensively sonan-
aged arvas (sec case stulies discussed in section' 4), Retumy to investment in such
heavily depleted spils are likely to be very limited, np to a certain threshold which
may only be passed with very large amounts of external inputs (see section 3). There-
fore, under such conditions, it may make more sense to imiors such plots in terms of
soil fertlity management and focus fnstead on ::!Ehe.: soils where higher rates of TeturD
. are expected. ' : : :

5.3.2 Whera substitutes for natural soil capital can be used- ;
Agricultueal production cleadly depends in part upon natieal soil fertility; apd yet
~crop yields {or net fatm profits) are not pecessanily lower on less fertile land. Farm-
ers have many ways of compensating for a lack of natural fertility, including the ap- -
plication of fertiliser, most obviously, but also by making other changes in the level
or liming of inpufs. Farmers may choose to switeh' to less nitrient demanding crops
or cven, at the lemit, abandon farming altogether in favour of some allernative activ-
. ity (see below), In short, farmers can-find substiluies for natural sodl Fertility. More-
over, in some cases the.available substilules may be more. aliractive than investing
clferL i mantaining or enhancing natoral sonl fertitity, Thos, i it 18 more costly o
eonserve nalural soil [ertilily than o purchase chemical ILrL111-:mr we shﬂuld expect
furmers to prefer the latter, : :

- £.3.3 Where alternative sources of livelihood can be secured . .
- Likewise, farmers may beleve that soil conserving agriculture compares poorly with
pther ways of making 3 fiving that are open to them fe.g. raising livestock instead of
" crups, gathering and selling fuel, fishing or hunting, migrating to tlie city, efc.). In
such cases, il would be entirely rational fiom the individual perspective to liquidate
nalural spil capital and to reinvest the proceeds in 11tem111ve more profitable actiyv-
ies, or, indeed, abandon 1'11111111,= altogether. - : .
People have abways moved from marginal farming areas to seek better Dppurtu ni-
ties clsewhere, whether in higher potentisl farming zones (as with Sahelian firmers
moving southwards into cmml countries) ot by migrating to new kinds of work (as
_in sguthemn African lsbour markets}. Such movement away reduces pressure on re-
spurces of Jow inherent prodeclivity und provides alternative incomes to .hl,l]:lIJi:llT '
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livelihonds back home. Dilficollics with this process of adaptstion arse when such,

alternutivees are o longer-availahle or when they dey ap (For example atrempla o
limit aceess to land n Ivory Coasl For non-nationals; tightening up of misrant labour

appartunities for outsiders in South Alrica and Zimbabwe). In soch eircumstances,
:;nptmm, may need 1o be eonsidercd lmpva. Lhese kind of marginal fﬂrmmg areas,,

piven the lack of aliernabve W ﬂLllhuurIH: m the *,hurt 1o medium Lernm.

5.3.4 Where ri makes sense to mine the soil now and make up losses Iater
Some argoe thal the extractive wse' of existing natural capital (*soll mining”) in LhL '
presend 1% one roule Lo more suslainable Farming practices in Lhe longer lerm, throwgh.
a provess oF agrienllural intensilication which slarts with an initial reliance on the nat- -

ural regsource base and movis lowards E'arrmng bascd on external inputs, As many of

the case studics illustrate (see scelion 4), poorer farmers do nol have access to aller-

native fertility sources] duc o luck of cash and eredit, and must rely on Iocal re-
sources. In man}.-' inslunces; nulnLnl Inputs are insullicieol to balance nulricnl

~ removals, and nel Jovemes [H:-Lur However, such Llr..m"mrr durwn of natural capitsl could

he reinvested i mten h1iy1ng the apriculiural sysiem, and & positive eycle of increased
viclds, leading o increased meome, and inereased purchase of external inputs in-the

Tuture, Tn such circemstances, present-day soil mining’ Ty e eompensuled By tein-
x-u.lrnanl. in 50il manugemeanl later, when e 1m|':r{:-!.ed sucio-gconumic condition uF .

the i.irrner .1"{_]-1.3'.’ this iy he p[}‘-;‘-ﬂbll:_.

. 5.4 Cﬁnclusibns _

_Puhlic policy perspectives on each of these m.:elnurips_dci:end in large part om ag- -
_sumiptions about future technicat progress, Optimists who believe n the possibility |

of perfect substitution between natural #nd human-made capital argue that only 4

. portion of the pmn:eed.s from depleting natural resources need ta he mvested I al-

temative assets, sufficient to ensire that the total stock of capital passed on:ta future
geﬁaratiuns remains constant or is enhanced. A more pessimistic {or more cautious)
view is that non-renewable resources should be depleted only to the extent that re-
newable substitutes can be developed. In ihe context of muny sub-Saharan African
conntries, the assumption of perfect substitutability between natural and lnnan-medde

capital might lead to unrealistic strategies which pay insvfficient attention to institn-"
tional; political and social consiraints which limit adaptation and growth opportni-

ties within the confines of the national E:mlmm} m 2eneral, El.tld the agu-::ulmml sector
in particular. :

- Argnmelits in fwnur of pul:rhc mtaweutmn 10 assist fanuem iy improving soil fer-
tl].ll‘}' management need o constder the overall aims, of rural development policy -

where such 2 soils related focus might fit, and how it compares to alternative oppot- -

tunities to support improved incomes, employment and livelihoods for reral popula:
tidns. Suth arguments must also constder the need to support an agricultural sector
capable of providing incomes, employment and pmspﬂcts for reducing poverty lor
millious of African farmers in the near to medinm term. Agricnlnre, while ouly one

amongst a numhm of sectors which mmight provide such opporlunitics in Julure, ney- .

ertheless temaing a very central elernent in almost all Alrican coonommics, Hence,
there are significant grounds [or public inlervention o help the agricollsral sector in-

ensily tna more suslainable way, The justification for donors getting involyed to

&
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SUpport scul fentility Jluuauve.s is based on the limited mcans and ahlhl}* of African
© povernments to pay the costs of such progranmmes, Hance, For exarmple, the Nether-
tands have been supporting a major programme of fertiliser aid for more than two
decades, 10 a munber of conntites in Africa and Asia. The main arguments in Favaur

© - of such a programme concern promotion of self-reliance in food and other crops, and

the reliel of poverly (IO, 1995), The range of possible Interventions to support more
sustaingble soils management, including both fertilisers and organic matermIE are
uutlmed in more-detal in the fullowing section.
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6 Managmg nutrlent stocks'-
“and flows: uptlnns for
mterventmn

If public interveniion Lo support mproved soil ferrility management is deemed ap-
prupTiate, there is a range of options to be cousidered. The fivst part of this section
COMCENITATES Of techm:-]ﬂgma] choices, either throngh mcapltaltaln= the stocks or by -
managing flows through inereasing inputs and decreasing losses. The seconhd part
lurny {o broader stralégics and identifies four options [or intervention, including soil
recapitalisation, increasing external inputs, organic approaches, and integrated soil
Fertility managemnend, The udvantages and difficnities of each of thess ave then eval-
uated accordiog o a varcty of criteria. The concluding part-discusses choice of in-
tervention steategy wilhin the broader set of public policy issues 1|:Iv:nnf13d i the
dlmeSElﬂﬂ of ma CAR wLudlea. exanuued In section 4. - : :

6.1 Technological choices

It the nltimate goal of ntervention in sofl fertility manuiremneit is to increase uselul oot-
. pws for Improving Tivelibaods, there are a vatiety of routes to follow, each with diflenng
technological choiees. Table 6.1 identifies four choices of rechoology, The first focuses
directly on the soil resouree, by atempting 1o improve the ‘capital’ stack, and therchy fhe
‘service’ flows derived from it. The other thre fucus on the flows themnselves, cither by
reduc:ing losses, increusing hiputs o improving uJﬁciencies of ﬁutrieu[ EETN

Table 6.1. Technology choices for managing stocks and Flows o nf nutrients

‘| adanaoing stodks [anaging external Jews *| Managing internal tigs
Intrgasisg nuirient tncreqslng nL|1ru.=nl DECrIgsing e InCressing nusriant use
stocks inputs - .| ourput= : fficiency
P - Racapilalisation Inarga; fertser Erpsion Lantrol Composting, restdue
thraugh rack phosphate | Manusiine Reduced leaching - .. zeryding, buman manuie uge
arether P addisions Medixatian Faguines) {mulching, deep capiug | VWater managament
N - Qregenic, ipather Fallong, yeen maiurs, | throwgh agro-forestry, Ciop cheice and maragerernt
bilel-up gla-iorsty et * tillage systems) | Ferlility input toenbinations

' "Biomass impory Feduced yolatilisatian - Input placement and
{leaf [Eter atey - {manusfirira managzreent) ~ | symchronisation
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Increasing inputs and reducing losses represent the standard range o soil fertility
management interventions, ranging from fertiliser application or seil conservation
measures, throuph o range of biological management approaches, mvolving 4p10-
forestry, grecn manute production, legiune use and so on. The details of such tech-
nologies arc well known, and many u}mhmanuus hm.fa bu:n lﬂStEd in field sellings -
across Afticald

Improving nutricn use efficiencies s 1::% often highlighted 17 the range of chaices
supgested, Tt 15 nmrr:rtllf:lass wta]ly impuriand. Nutrient use etiiciency depends on
al ledst four marginal clficiencies (Noordwijk, 1998). These include clficiencies of
application, uptake, utilisation.and harvest, each of which can be intlucneed to vary-
ing extents. For instance, dpphmtlnu efficiency is sensitive to changes innput mix

" {hoth quality and quantity}, placement, iiming und ij,'nchmﬂ}r {Waoomer and Swifi,
19943, Variations in ay or all of these aspects of nutrient use efficiency will infiu-
" ence the deprae to which the available siock of nutrients i used productively.

A decline orimprovement in elliciency may make 4 big di fterence in usetul puipt,
without any change in inputs or nutrient stock levels, Improvement in outrient use cf-
ficiency therelfome may help tooffset 2 deeline in available nutricnis and depletion of
- stocks, For exampld, & very lindted amount of fertilisér, combined with small amounis
of manure, If placed in a particelar way and at a time which muximises upiake effi-
ciency, can pioduce a bighly significant yicld response, possibiby far higher than that
_obtained by its hlanket application (e.g. Pihd, 1993) dcross the field. Such increases
in efficiency through carclul placing and timing involve higher levels of [armer mén-
apemnent and skill than comyventional application’ mthods:

Dircet investment n the capital stock of a soil through ‘recapitalisalton’ is au ap-
proach which has recently been widely advacated [(Sanchez et al, 1997). In teers of
" technology, this may invalve, lor example, the application of rock phosphale 10 e- -
hanee phosphorous stacks, or the use of nitrogen enriched fallows for nitrogen 18-
capitalisation, : '

6.2 Intervention strategies

This range of aptions for improying slocks and managing nutient flows can he ap-
plied in a vanicty of wais s shown in the following four intervention strategies: -
1. Cne-time rocapitalisation of soil nutrignrs, especially F, using rock phosphate;
2. High extemal input strategy; based an the use of inorganic fettiliser packages;
3, Low external input stnteg}f hd&-Lﬂ principally on the usc DI‘ locally avaﬂab]e ur-
ganic respurces; and

-4, An integrated o1l feriility management ‘ilr'ﬂtﬁg}', mmhmmg a range of high and
 low external input techoclogies. '
The following seetion explores each strategy in turg, wuh a series.of case arudles -
Iustrating hulh the potentials and Dmitations ol each approach.

22 Itis I:eg,n:nd thve seopes of 11l aaper to i 1i1£5E i dtail, bt rany 'EIThl!FE-TIJdIE’S- prowide useful averviews. For
exzmple, Lal {1984} cn soil consenasian; Greenland and hya (1250 on fatlows; Rattray |f1951}- oN green manures;
vogel &t al (1994) on tied rldging; Lal {1238) on tillage more generally, &dugwita and PMunsirs (1997 an-ani mal ma-
ILITES; Glller and Cal:hs-:h (1995 on ritrxgen Teation and Jancs £t al (1997 on leguine Tesiduc use,

n
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6. 3 He-:apltahsatmn uf sails

The recapitahisation stmtf:g}r involves ﬂddmg a slgmﬁcaut quanht}r of external 1 1n[_1ul-:=

. 0 help replenish fost nutrients. The aim is “not to maximise nutent stocks in the soi,

butrather o determine the minimal size of the natrient stock that will maximise scrv-

ice ‘feows, or the value of érop production for several years” (Sanchez et al, 1997:11).

T—Inwcvr_r, as discugsed earlierin section 3, the rehtmnslup hétween nutment slocks
snd crop praduction 18 eotiplex, making 1f:r:ﬂp1tal1satmn investments only appropn-
até under cerlain conditions. The focus of recent attention has been on the recapital-
isutiom of phosphorons with the use of rock phosphate, sometimes combined with
arganic sources. Replenisiing soil nitogen capital is much more difficult, particularly
an, a Jarge scale because of the' nanwre of nitrogen dynamics in the sail. Other soil
mansgement strategices will therefore be more appropriate for replenishing mtrogen.

~ The viability of P replenishment is dependent on a variefy of factors. Of central im=

portanee is the availsbility of cheap and easily transported sources of highly reactive
rock phosphate near 3ols which are both serionsty phnsph@rnus [imited and with
high P-sorbing propertics. One aréa where such c::-ndmans al}Plj-’. at Teast pdﬂl}.r, 15

westeln Kenj.ra f:W{:ranr et al, IEJ'EJ'EJ (see Bc-x 6.1,

Box 6.1 Hecapitalisiﬁg P In western Kenya

In the densaly populated districls of the highlands of westem Keriya, @ variety of experiments have
been carried ok in recent years comyiafing a range of recapitalisation strategies. A dose of 250kg
P perhals recommended for fields which are seriously P deficient using Minjingu rotk phusphate
importad from Tanzania. In some {Teatments, this [ eombined with organic materials from
improved fallows (Sesbania, Teokrosia, Crotolari, J‘rhanra} High vield responses are claimed,
especially far the combined treatments. Simulations of [t income sugeest that this resufts in
significantly increased et fam incomes compared with & no input system (hepherd and Soule, -
1398). Buit the overa ! viability of the replenishment straleqy is uncertain because of the high cost
of the initial investment, estimated atabaut 10% of average annual farm rncome (Sanchez et al,-
1997:31). However, bacause of the evident benefits, especially for poorer farmers who cannok.
afford P fertilisers, and the pasﬂwe axternalitizs generated due ta improved food security and
envirgnmental rehabll|ta1mn 1 Case i5 made far public suppnrt ka stich an mluatwe -

Elzewhere in'Africa_. the pﬂESlbﬂ.ltj«' of exploiting existing rock phosphate d-::pc.nsig.s o

-has been explored (Mokwunye et al, 1996). For example, in Burkina Faso, cxtensive

rock phosphate deposits exist, althonzh the quality is relatively poor. 4 national sludy
estimalerd that the te:c:apﬂalmam:-n and subsequent maintenance al ull a]'.lprupmlc soils

- arross the conntry would require 4.3 million tonnes annually. Farm gate prices 4o cs-

timated at U841 50/tonse, so-that 2 national project wopld cost in the order ol USS 3.2
Billian aver five years {UGFS, 1997). . -

- However, despite its appesk, the-cecapitalisation appmach has been questioned on
a number of connts by different commentatars, First, the technical rationale for a
ome-oll application 15 quesiioned, with incremental small additions making more
wromomic and. economic sense (Janssen, 19973, Second, the economic viability of
such investmends is.oflen doubted, especially. if the rock phosphate 15 0f low peactiv-. :
ity (a5 in Burkina Faso) or the cosls of ransport are high {as in westerns Kenya). Con-
51derab1e levels of extémal subsidy would he nwdc,d to suppori such an inidative, on

?1- .
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the uneettain assumplion thal pasitive externalities would be gained, Third, the ef-
vironmental and heallh costs of @ major rock phosphate addition are possibly nega-
ltve; expecially if 4 large amownt of dust is produced during application. Large inputs

of P may also negatively afféct the microbinlogical conditions of the soil. Finally, the

logistical difficulties of organising a large scals recapitalisation cffort woilld be con-

siderable. Often very large amounts-of rock phosphate are required to make a differ-
“ence to P capital. To be effective, these inputs rmust be targeled curetully, often on very
small farms. If the tecapitalisation benefits of combining rock phosphate with or-
“ganic inputs are o be zatned, then r_nnfmlemble blomass must also be available to
mmp]cmml the: P inpul -

BAA. green reuulutmn inr AfrlcaT ngh external mputs and
inorganic fertlllsers

An alternative to Incresing soil nutrtent capital ig 1o forus on the plant more directly |
and improve plant nutrition through the addition bf’ externy] inputs in the form of in-
arganic fertilisers, Given the rght additions, soily with poor nutrient status can be
made highly productive: Sinee the fertiliser revolution bf the 1950s and 1960s, this
bas been a ceatral throst ol eonventional extension recominendations across Aftica.
A very large number of soil lesty has been condiicted and nomerpons trials carried out
“lo assess the crop response w difterent fentiliser combinations (FAQ, 1994), Most
couttrics in Africa have developed fertiliser recommendations for the major crops,
- sometimey with regionally specific adaptations. However, a5 was clear from Table
3.4, the amount of fertiliser acteally used in Africa is véry small in comparison to
other parts of e world, the highest rates being found in countries such as Zimbabwe
which have a [arge commercial sector. For most sinall-holders, feriiliser use across
the continent 15 45 low as 3 kg per ha per vear, with abont three-guarlers of afl feriiliser
. heing consumed in only six countries in sub-Saharan Africa (exchuding South Africa),
namnely Nigenia, Zimbabswe, Kﬂn}fﬂ Sudan, Cthiopia and Eaml-n.i (Germer d.l'l.lﬂ. I—]am:-,
1993: 1077,
Given the prowth in ferdliser use in Asm over Lhe last 30 yeurs (gee T.ihle. 3.4 er
- the Indian mae}, and the significant growll in yiclds, many observers conclude that
- a similar transition to reliance on inorganic fertilisers must Like place in Africa. If not,
the decline in per capita food production s predicted w continue and food security
to-be increasingly in doubi (Mokwunye and Hammaoned, 1992; Donovan, 1996; Bunb
aod Banaante, 1996). For example, Sasekawa (lobal 2000 arzue that an snnual target
of 3040 kg inorganic fertiliser application per ha is the mininmum necessary to “feed
" the mnrelenting population monster”” {Quinones et al, 1997: 93). _
One of the most vocal advorates of sech a position is Morman Borlaug, who, with
" former US President Jimmy Carer, is-closely associated with the NGO, Sasakawa-
Global 200 which hag imiliated 4 serics of pilof projects to encourage inceeasid fer-
tiliser use through an approach churacterised as “apgressive technology transler’ ina
. number of African countries, including Ethiopia (Box 6.2).
. While the need for increagsed use of inerganic fertilisers in Africa cannot b denied,
there are problems with an appraach hased exclusively on inorganic ferilisers in cer-
tain settings, such as whets water supply iy limitéd and variable. In the many arcas
outside the higher rainfall zones oraway frum immigated areas, any sensible farmer will -
use expensive mineral fertiliser with caution and supplement it with DIZANIC SoUrecs.
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Box E.2. Sasakawa-ﬁlnhal-iﬂﬂﬂ. Ethiopia -

The mission-of the Sasakawa Glohal 2004 initiative is to contribute to foad security in Arica
thraugh the adoption of improved production technolagles by smiall-scale {armers, The ficld
programme concentrates on high patentiah areas and saeks to transker research-led 1echnolagies
1 for lood aop productlen te faymers, | . L
fn Ethiopia, 5G2000 works with and through the national research and extension service. Slaft
are imvohved in funning and menisaring field programmes In & variety ot pilat-aess, Thefield -
neogramme is hased on demonstration plats managad by fanmers according 1o agreed criteria.
Flots are field sized {0:25-0.5 hal in order to demonsirate effertively the podential profitability of
Thes sysiemn. The pakage niometed inchudes improed seed, adiice an agoneic practices, mineral
Fertilisers and improved ciop storage. The participating farmer 15 expected to pay betwezen 50 and
106 percent of the input costs at the altset, Where a loan 13 made the farmet is expecied ko repay
the cost of inputs at harvest, After one or two seasons, the famer is 'graduated' from the
programme and the extension warkers mave an 1 new farmers and new demonseration plots. The
plats are strateqically located and play 2 bart in field days which aim to pramote the new
orixcuction techrolagizs and increase awareness among farmers and ey officlals
* within Ethigpia, the 502000 approach has heen scaled up to 2 natignal prograrne as part of
the o extension policy of the Rinistry of Agriculre, In some paris of the country, major '
increases in produetion have been recorded, paricalarly in the goed rainy s=ason of 1995, Within
552000 areds, Cuinones et al (199786 claim yield inceases of 220% in conparison with
garmers’ other plots. However, in other parts of the country and during the past two seasaris when
| rainfall has not bean sa plentiful, there have been lower yields reparted and seme evidence of
increazed default on [pans resulting, in some instances, in imprisontment of farmers for non-
payment af debts, S S :

[Source: Borlaug, 198%; Quinones «1al, 1997|

In most rainfed areas, fertiliser is therefore nsed mainly on home ficlds, gardens or
higher value cash crops such as cotfan {as shown by maay of the vase studies-dis-
cussed in section 4). _ _ _
There will be siuations where it makes both agronomic and econgmic sense fo use
fertiliser, but imperfect credit markets-prévent fanmers from being ablc to buy it. In
south-west Niger, in Iringa district of Tansania, and in Chivi, Zimbabwe, farmers had
 become wsed to having aceess. to. fertiliser through various extension and cregdit pro- . -
grammes, hut now have found such sopporl cut off (see seetion 4), Following stuc-
maral adjustment and the. dercpulation of [ertiliser prices, the cost of fertiliser has
increased dramatically, Although input and autput price Tulios may not have shifted
hugély as output prices have.often risen tou (see Appendix 3}, finding the down-pay-
ment for fertiliser purchase al a time when housebold fmances arg tight is impossible
{6 many farmers, Improving agriculmeal credit systents has proved a major challengs
in Africa, becanse of high tatcs of defanlt and the transachion costs of admimistering
credit schermes. One of the substantial advantapes of parastatl organisations myulved
in cash crop purchase and pracessing, such as the CMDT in Mali, has been their abil-
ity (o tecoup credit through payments for cotton al harvest time. S o
Even i farmers have the money (o buy fertiliser, it may not be avinlable in the right
form or at the right time. Its availability in smali gquantities (10kg sacks) has greatly.
 incireased levels of purchase in Kisii, western Kenya, In less well-served madkets, and
where Tiberalisation of thi: economy has led to parastatais no longer having respousi-
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bility for fertiliser supply (such as in parts of Mali), firmers aflen cannot gelinputs on
time. With the exception of a few countries, notably C8te d'Ivaire, Nigeria, Senegal,
- and ZImbd]}Wﬂ, where somie manufactunnrr capacity EXists, niost other countries must

rely o imparts of manufactured fcrhhbers (Lele etal, 199(; Bumb, 1995; Heisey and -

Mwang1, 1996, s 15 cosdy in wrms of Toreign cxchange and often involves high
transpart costs, although around a third of all fertiliser imports in 1990 were supported
by development zid (I0V, 1995). Poorly. developed fnput rnarkets therefore combing
. with poor road and distribution infrastrecture to Limit fertiliser use in many ATES
‘(Shepherd, 198%). Local manufacture or at least mixing and pucking are polcntial op- -
‘tions, -but significant capital investment wonld be requited to produce for 2 market
which in maost countrics can be volaulL ani) llrll:E:l'tEIH'I {Wﬂ]huus and Schultz, 189,
Gerner and Haris, 1993).

While the nead [or IHEI'EEIS-EIZI feriliser use inAfriea is apparert to al] the q:h’l].lﬂllgt
of achieving this ¢ very great. A tigh external inpur strategy canmot rely on a for-
tiliwerseeds-crodid pockags, withint pddressing fhe other reqitrements for scedsss
[ul uptake of Green Revolution siyle technelogics, whether it bis water management,
- eredit systems, infrastrueture, fertiliser manulactiee and supply, or ACCEsE (0 A market
tor sale of the crop. In addition, the potential environmental costs of relying solely on
& fertiliser-lcd stratégy must algo be recagriised (Conway and Pretty, 1988). It 15 1m-
portant to Temember that mast African conditions are unlike the plaing of Asia, so that
.the approaches which produced such suceess there are nm s0r easily tmn-:fumhle to the

African continent (Conway, 1997}, :

6.5 Managmg mtemal resuurces' lowe extemal mput agmul.ture

The low external 1nput approach 13 based on making better nse nl‘ available on-farm
organic matetials for building-op soil capital and improving soil fertility, This is a -
long-tertn approach, based on labour intensive management?2. In terms of building
up storage of nitrogen, such an approach may be highly effective, as organic matler
pools are augmented throngh the addition of a range of materials, , including animal
manure, green manure, agro-larestry products, crop residues ‘and so-on (Swift ot af,
1994). Composting is an inercasingly imporlsnt coneponent in such strategics. Tn-
corporation of ur;,amc matter through soi! moeunding or digging of beds may assist
decomaposition and Improve soil structure. '
Such gardening styles of cultivation are long establishéd ways of increasing soil
fertility in small niches on-farm {see discussion in section 4 on the durkoch enset
pluts of Welaita, Ethiopia; in-fields within Saheiian 'ring’ farming SYSISIHs, VIRYHREH
in Iringa, Tanzania). Dhider some conditions, it may make alot of sense to invest in-
tensively in small plots, leaving the rest.of the farm with limited inputs. Fur exam-
ple, where labour is available and biomass or mamwe can he collected, composted,
and applied to plats which produce high vale crops (such as vegerables) with a buoy-
ant market, then such focused Tabour-based intensification miay make a'lot of sense.’
This will be particulatly the case wihen altemative fertility inputs in the form of in-
nrgzmic fertiliser are costly and difficult to pet hold of. An exnmplﬂ ol such 8 sue-

23 Mat all arzas, of course, will be amsnable ta such a gracess of arganic bulid-ug. In amplcal lonw- bying areas, humus
build-up may be vary slow. Equally, in very permeable sands, ligh fevels of leaching may offset any organle natter
gains trough such practices. A diverse approach o esaching sustainable egncul._uraj systenu, which takes account’

. . e context, is thus mest finportant [Eg Budelman and van der Pol, 1392]
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m%ﬁd stratag:,r 10 suppurl If:n:.r external mput gardening among farmers in Kenya s -
ahuwn in Box 6. El : -

Bux* £.3. Gardenmg in Hen‘].l'a the expenence of the Assnclatmn fur Better I.am:l
Husbandry

-

The ABLH project in the Ken;."un highlands asms to ok wnh farmurr. to H:lenuig,I and promote ows |’
cost methads of consewatmn -based farmmg The core principle is that canservation farming or
gopd land hushandry can be both prafitable and safequard the soil, The prﬂ]E{I aims to reducs
poverty thraugh improving farm incomes and baosting rural economies, Vegetable production, -
hased on doubile-dug bed technolagies, with intensive use of organic malesials, is the cantral
activity of the project. Projest activities alsa include business development, am:l adding value
through fead processing activities and grganic; praducnnn certifigation schemes. :

The ABLH strateqy recognises that poor farmess do nat hiave the financial resources to engage
in-farm improvernent, and wiih this in mind, prajects operate on the principle of ‘near nil exizmal
invastment', This appioach aims to maximise fart incame from the resqurces that ae already

"available to Farmess. Fertility managemant is based upofi the effective use of gieen and anifal
rnanures kegether with the composting of acp tesidues and cther available biomass, ;

- The A%LH approach stresses the impartance af markﬁtmg and assists with the pramotion of
pml:iuu:e and market mtelllgence ABLH wwarks thraugh focal ‘salf-help groups’, i of -.xrhu:h stem
framn ABLH stimulation, while others are long established crganisatians, wormen's groups or youth
groups. All iks activitles aim to strengthen local arganisatians in -:rrder to develap sacial capital
through ]UI:I'lt undertakings and business promation. .

[SI:lurces.ﬂBLH, 19097 F‘re’rrg,lr 1007 C o =

The bemﬁl_ﬂ ol a low external input approdch b'lsed on fhe intensive ADAZEITEIT
of an-farm resources are clear ‘nder cerlain conditions, but there are obvious limits
to the expansion al gich activities to wider areas. This is becausc of the bigh biomass
of manure reguirements combined with the large amount of labour needed for trans-
porting and incorporating organic matenials. Beeause of the low nulrient concenta-
- tion of many orgame materials available on-farm, very considerable amounts are '
required to achieve reagonable yield increments {e.2. up to 40t/ ha application rates)
© (Palm et al, 1997 Jansgen, 1993), These amounts may be possible 0 achieve for
small parden aredy, but are not realistic for much larger fields. Such Tovels of invest-
ment onky provide a good retuen wheg the value of the prodoct is high, as i vegatable
. production where prices are high and large markets readily accessible at low cost -
(such as Nairohim the Kenya case discussed in Box 6.3). In ather siluations, 4 léss
labnm intensive dppn:lﬂch ma;-r make [L0TE SENSLE, :

6.6 Integrated s0il fEl'tI lity managemeni:

'lha ideas behmd the ::.unccpt of | 1utegra1:ed 50 fr_rh htj.' mmnagemant emerge from
several ﬂhsemannm, both agrondmic and econontic, Studies in agrononty show the
need for two elements {o & stralepy ainled at improving the uge efficiencies of orgame
arul inorganic’ materials (see also scetion 3). Fivst, nsing a mix of organic and inar
' ga,mn: mulerials pu:-mcrtes greater mm‘mnmlc efficiency, as w:.ll as sustainability than
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use of sach individoally (Janssen, 1993; Palm et al, 1997). Second, to increase sffi-

- ciency further, attention must be paid to the timing and plaeing of inpuls, so that syn-

chrony between nutricnt release and plant uptake is eshanced (Myers ot al, 1994).

High input solutions, based solely on external inputs of mineral fertilisers, are often

" too costly for poorer farmners especially where credin markets are madf:quate Equally,

analysis of lrw input organic alternatives shows thal harvesting, transforming and in-

corporahing the necessary biomdss are ofien tao costly in terms of land and labour re- .

quircrments ko be considered by inany (armers, : _ '

Integrated soil fertility management recognises these constrainls, and seeks a
middle ground which starls with the local context and dmgm tnlerventions appro- -

. priate to the setting, balancing inputs of different types according to the conditians
faced. This fine-tuned approach to nucient managcement 1s knuwledge intensive, and
requirss a range of skills. While smail-bolder farmers often passess many of thesc
skills, as many have been mterrnted soil ferliht}r RENEFTY a]l their lwes SOME new
techniques may be necessary,

In the context of integrated pest management, Rentley {1994} makes the distine-
tion between ‘importance’ and ‘observabilily” of vectors and Processes, reeopmising
that ceriain features are imnportant, yet difficult to observe. Below-pround nutrient
dynamics ate an shyious case in this category where links with rescurchers are par-
ticularly helpful in investigating such #ssues. This miay take many forms, ingloding

juint experimentation and Lraiting in particular skills, The *farmer field school" ap-
proach, developed in the context of pest management, could be equally applicable to
mtegrated soll fertility randgement. The same basic comditions apply, which include
the need 1o manage comples, agro-ecosystem problems and where ao integrated ap-
proach iequites increased levels of knowledge and skill among f‘umetﬁ

For integrated soil fertility management, & varicety of approaches may be of valoe,
Toods such as resource flow ‘mapping, for indlance, can be a useful way of linking no-

" trient buieetl analyses of N, Pand K levels o fammers’ own reality (Delcer ct al,
1998b). Similarly, trainiing in the use of basie kil testing equipment and simple m-
iting factor experiments may assist in defining what intervention optiohs arc appro-

-priate to a parlicylar setting. Join working relationships involving lfarmers and:
reseatchers are therefore vitai (Flagmann ef al, 1995; Scoones, 1997¢). Boxes 6.4 and

8.5 mive lwo examples of the development of integrated -soil ferhhl_v Tanagement
capacily among small holder farmers.

Some proclaim that ‘integrated soil fertility marmgemant is the pu‘iect middle
tivad, an ideal compromise to the long-numning debate between the protagontsts of fer-
tilisers and organic solutions. For example, FAG, having previously been strongly in

- favour of the inorganic fectiliser path, has enthusiastically embraced the integrated soil
{ernility managernent approach (FAQ, 19953, But the approach imyolves more than just

a fertiliser strategy with organic input additions, The essenet: of the approach is the

" emphasis on coniext-speeilic and adaptive responscs, which require new skills,

“knowledge and parnmr-ahlp.a between researchers, exlen ’G]L:II'H':I!:- and fariners.
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Box 6.4 Building the capacity for participatory soil management in sodthern Mali
Over the last few years ih southarn-Mali, a process for the partidpatory analysis of sail fortility
iszues has heen develaped thiough. collaboration between farminig systems researchers of the
nstilut d'Econormie Rurale and farmers in the Sikasso region, Soil fertiliey jssues in s cotton

- protluctian zone are mcreasingly high on famers' list of priarities, espedally givers the redudction in
Fertilisar use with price rises following structural adjustment. Eiut addressing seil fedtlity
managetaent issugs was found to he-highly ramplex and diverse between sitos, fanmeis and fields,
It wias clear that a single solution {a5 cxistetl in'the past with Fertiliser recommendations) was
aeine 1o be of na use. Tnstead, a pracess of ipint |eamning was inltiated wheroky farmers and
researchers explored the local setting together o S

The gereral resquice mapping exercises at village lavel were.combined with ressurce flowr

assessments at farm Level. Different kinds of farmer were identifled during 2 ranking exerclse
according to lacal ariteria distinguishing different capatities and ablities in soil management.
A sange af eptions for intervention were then identified with farmess, including bioth "arganic” and -
finrgatiic’ salikions, such as cop residue management, manwre Managemant, and adapting
re¢ormmendations for inorganis fertilises use. Farm level plans for integrated spi fertility
maragament were subsequantly drawn up by fariners in relation 10 their resource flow diageams.
The impacts of these interventions were, in turn, monitored theough the season by both farmers
and researchars. Respurce fow diagrams praved to be an axcellent toel far menitaring and
facusing discussion on the impacts of changes to farming practice. Thase tiagrams could be user
by Barmers, and explained by farmers to others, including resaarchess. In parallel, rezearchers
underteck detailed menitaring of key parameters in a more quantilative fashion while a cormputer
anialysls package provided a means to analyse the resource flows, ' .

| This Integrated approach, using a range of technalogies and management practices, adanting

and maviloring these at fam level, nacessarify cals for strong partnerships hetween famers,

research and extension staff. The use of simple taols - such as the reseurce flow diagrams - assists

in praviding a channel and forus for communication, sg that mitual kearning takes place. In arder

1o supparl sudh initiaiives, imstilisticnal and palicy suppott are critically imporfant. -

_[s'aun:é; Defoer et al, 1995 Defcer anil Budilman, 1998; Dfoer et al; 1908z

Box 6.5. Farmierf1eld schools in Zimbabwe: learning about integrated soil fettility
management ' -

Organit certification is becoming an fmportant aierion for actess to an increasingly licrative
market for vegetablies and other agricultusal products in Zimbalwe, But heing sure that the coirect
pracedures are followed by farmers is complex dnd requires an Integrated management approach,
Training of farmer ficidwiorkers by & small:NG0 - 2P researdh, linked to the Zimbabie Institute of
Permacultire - s carried ouf in both feld settings and a purpase-buit lab, Farmers learn about the
tange of options zvailable for integrated soil feitlity management, and.gain an underslanding of
the links between soils, nutrients and the wider agyo-ecosystens. This includes tanngen
negeaed pest manati e, a5 e suruessiul oiganic famer MUst practice nakrchemical pest. - -
ard =il management. Such training allows fariners 1o gain expertise which expands their oiri
knawledge of agricultural sysiéms, - '

{Sonrce; Page 1997 .
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8.7 Cuntrasting the options for interuantibn

Table 6.2 presents the fowr siratégies described abiove, and contrasts the ciiteria
and conditions tnder which each is likely to be effective. As cam be seen, the con-
‘ditiéms appropriate for 2 one-time recapitelisation of nuirient stocks are quite dit-
{crent from those that wouyld suit promatien, for ﬂ:{a.mpiL of low a:-;teiual inputs as
the oLALn EE['ﬂlEgj-’

Table 6.2. ey mndltmns for four rntawentmn strategfas '

FEY CONDITIOMS Rerapitzlzation High extgmal L exteral inputs | Mised straleqy:
‘| of nuimient stocks | ‘inputs fesp. - {esp. organic matter | inlegrated scil
Lane-Arneg) - ingrganic faitilisers) | maragordient] ferElity
e , S SR MENIgemAnt .
Soil typs and Apprafitigle far | Amy: depéndent on Most effective for [ Any
limiting suirients [ firnltze] scils, fartilisar mlz “Nfimited solls,
I less. 31 lor M thrcigh OM build-p
Rlesmiass avail ability na. n.a, “High Varialile
Lakur mquizemanis High lore-of] [ Low High Yarial|z
Finanzial costs High High Ly Warialile
Farmers' skill Low Low Fetium Hiifl”
[evels required : '
e for gaod - High - | High L Madium
infrascr
market links fey
input sesgly _ :
Potanrial for negative Yas Yfos Mo Limited
Emiranmelal! : '
hiealeh impacls
Irtervanlion forus Input Inpertation; | Soll tessing; Appraipriate Lol .
transpart; fartilisar tachnology | esperimerttation; -
impdementation. | manufacturisng: | dovelopment; . | rescarcherfarmer
Fjlatics; farmer demonstration plats; | Taining . parddpadan; -
[:and area targeting - [ input peicesmearkets, | SkTE talng ficld sewal
B cradit
© nasnot appltable '

Recapitatisation depends on a redsonable system ol wansport to ﬁndh]E the Very
considerable quuntities of material t0 reach the farmer, Since a-major single invest-
ment would be needed, the financial cost would be bigh, but relatively tttle skilled
_ knowledge would be required of (he farmer to implement such a strategy. The one- .

- off fmanckal expenditire makes it particularly atlractive to cereain lunders who prefer
single large investments rather thap longer running pl‘ﬂc&sﬁ-ﬂﬁcnb;_:d activities. By
contrast, the low external inpul srategy requires confinuohs mujor jnvestment af
Esbour, and very limited financial inputs, but high biomass availability, Such a strat-
ery depends far jeis on t[a_nsmemtm.stmcmr& since biomass is being recycled within
the locality, although it may require that farmers have access o ca_rtg. to shift sub-
stantial qu&umm of vegetative matenal.

AS was seen in Sectmn 4, there are wide differences io nuteicnt status and dy-
LANUCS bﬂtween sludy sites. In som: sites, P is shorl, while elsewhero, shortages of

%
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inorganic N and organic mater are particularly important, suggesting an approach
based on mixing inorganic and organic sonrces of nutrients, a5 in the integrated soil
fertility management approach. In ofher arens, lirpitations in the soil resqurec ate less
. relevant and stiorlapes of either labour or biomass hmil the extent to which [armers

can pugspe a low external input oplion. Hence, thesc [armers will prohibly need

greater-access to fertiliser to Taise yields and generate svil organic matter for the

 furure, In the two eotton producing arcas, continned improvement in the use and man-

agement of manare could yisld returns-for livestock wwning households, while in-
vestigating opportunites for composting may provide the best option for poorer
households. There may be no interventions of relevanee for farmers in the ex lengive
dryland farming areas, %ho cumently do not face a shortage of land, or apparent need
to intensify their systeml. S ) : :

The right mix of interventions, therclore, depends on context. Within a given eoin-
1y, there are likely to be varied optioms. For exainple, the Sasakawa-Global 2000

programme may work well in high potential areas with excellent market links, but.

may be very damaging in more ecologically and economically marginal areus. This

diversity within a eountry is paralleled al micro-level whether at the level of a distdet,

a village or even within a farm holding where the fanner will use diffepent treatmenls
aceording to field locarions, soils and crups. As @ result, a mited strategy is Ikely ko
be the most effective fn any given setiing, coabling farmers to combine organic and
inorzanic notient sources depending om iheit access ta lghour, cash, livestock, and

credit, However, such 4 mixed strategy tends o be more intensive of time and effort

far research and exterision personnel, Strategies need to be tailored in discussion with

farmers to meet their yarious heeds and alse Lo strengthen farmers” capacity to adapt:

their systems over time, in the light of new challenges and ppporiunities.

-
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..7 Conclusmn hew challenges

m the pollcydebate R

| 7.1 improving soil fertility maﬁageme’ﬁt for sustainable I_iuélihuud's- a

The debaie on soil fertility management in sub-Saharan Africn and the options for in-
tervention need-td be set within'a broad context of how best to support roral Tiveli-
hoods. Farmers are fuced with many important chicices relating to their farm
enterptise, other economic activities and domestic comumnitments. The decision by . '

Tarmers to tnvest effort and eapital in improving the soils and productivity of Lheir

farmiand will depend, on (he one hand, on pressurcs: 1o do so, the perception that
changes ate necessary and the Jack of dther options; und, on the other hand, the abil-

ity (o invest labour and gapital i the kmowledge that retums will be worth it. Soil

degridation and mutrient Josses wre unlikely to promipt chan ges in farmer behaviour -
ontil anit unless they perceive clear benefits from doing so. '
Losses of the main soil nutrients have been identified for many parts of Africa und

intetpreted as likely to lead to the impending collapse of the continent’s agricultural - -
syslems. Average fignres on notrient cutflows/ha per vear are used to demonstrule -

substantial and major losses of natural capital, but rarely are such flows related to the
size of the stock of notrients in the soil. The evidence- pmm'tc,d in Figure 3.5 shows

that levels of food production have been remarkably rebust in Afica, given the rel- . -

atively Tow levels of chemiéal ferfiliser used. Exploiting soil capital is & rational strat-
egy for farmers to pursue where nulnent stocks remain to bé tapped and where’
clearing new Jand for such purpmm 15 cheaper and. sasier than investing either in -
purchase of 1 inorganic inputs, ot in the labour heeded to follow low exterbal input
options. Farmers até only likely to ‘maderste sich “soil mining' where they see de-
clining returné (o labour as well as land, where land starts to beeome seatce, and
where they must depend on land to makea Bving in future, : .
If the objective of improving soil fertilily maragément is 1o Lumrabutc more

. broadly to sustainable rural livelihoods, itis possible to jdentify a pumber of avenmes
for intervention, These include approaches aimed al improving the local assel base in |

relation to the five forms of capital linked to Hvelihoods {Cariey, 1998).
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« Natiral capital, through a rnge of direct interventons simed at iﬁipri:wiug- the
_mophysical stames of soils, such as recapitalisation, use of chemical mputs and hmld-
up of organic matrer {as discussed in Sections 6.2-6.61,

* Findneial capifal, by support to credit and savings schemes to fﬂcllﬁﬂtﬂ the impart

. of nurrients onto farms, and investment in ivestock for their manure. _
* Physical capiral, by building roards and other means of communication to jimprove
'+ access o markets, and thus shift relative prices aud | iniprove: incentives for seil fer-
litity mapnagement.

+ Human capitad, through working with and building on hmnm: knuwledgf: and skills,

to develop more effective partmerships between farmers, research and extension siaiT.
» Social capital, by improving the orpanisational capacity of farmers to work togelher,

experiment with glternative techiologics, reflect and avaluate options and Jdennfy_

needs from techmical service agencies.

- As illusirated by thé case studies presented in sectmu 4, 2 variety of factors asso-
ciated with different forms of ‘capital’ influence whether fartners invest in soil far-
tility management or not. Il exiernal interventions are to support local practice, the
form of intervention choesen needs to build on the assets and livelihood strategies of
-, different groups of prople, The organisational structures snd processes Present io i
given setting will also tnfluence the siyle of inlervention, and the opportunities (hese

provide for achicving the overall ohjective of contribisting to sustainable livelihoods

' thmugh improved wﬂ Tertility mﬂnagmncni

7.2 Key r.umpnnen'ts of sum:essful intervention in sml fterttllt],r
management :

7.21 Cumhmlng interventions
Mueh of the current intemational debate on agm:ulm:f: it-Alrica pays paru-::ulm atten-
o to direct interventions airned at increasing soil nmutrients, through Improving natral
capital, Howaver, there may br more effective means of achicving the objective of -
proving livelihood sustainability. The listing of the five cupital assets above suggcsls
other avenues which should abso be considered in idennifving a broader spread of options.
Table 6.2 compared lour approaches to Improve soil fertility management through

direct interventions, and the conditions under which each of these might be appropo--

ate., The table makes clear the need 1o consider a eombination of options, since it is wn-

likely that a single intervention, by itself, will make a big difference to°seil ferdiity -

management and improved livelihoods. For example, in agricultural systems whers
soil organic mattet is in short supply, substantial inputs of N may be needed inftially to

- generate sufficient biomass to contribute to the Ionger term objective of improving soil
. structurs and building organic matter content (see Box 6.5). At the same time, work
gould be initiated through Farmer Field Schools and experimentation simed at in-
- éreasing human and social capitel, thedugh raging skills, knowledge of more effective
hiomass management, and strenpthening partnerships between farmers and extension

systems {see Box 6.4). At macro-level, debate could be initiated on reforms to research”

and extension systr:nis, anel possibilities for improving access to markets and credit,

7224 phased approadh : :
A lnng teTin srmteg}' fori lmprovmg soil. ferllhl}' Tanggement nem:ls 1o adapt aphdsed

a2
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appmach This would allow for the desizn :::f a set of interventions o be carried out
gver time, which are tailored to patticular settings and changing circumslanees {see
Duloer et al, (1998h) for a set of practical guldc]mcq about how to develop an inte-
srated soil fertility mapagement approach at farm level). Such a strategy would need
to address suitable apprauches. the development of new skills, and decisiony mgard— :
mg the ﬂppmprlate scale .md w.,hmlf: for 1utewenhun :

Methm:ls and approach :

. Assessment of context and constraints Is nésded to idondi ly the bleh}fEIEqﬂ SHAC-ECO-
nérnic aad institutional churactesistics of the micro-seting, such as distict, provinee
or arrondissement level, Al macro-level, analysis is n::uln:d of policies which affect
Lhe pattern of ncentives for farmits to manags their soils mors sustainably, given the - '

range of other opportunities and constraints they fave, in the agricultural sector and
elsewhers, Such information provides a broad understanding of die likely factors in-
Auencing farmer beloviour and helps prepare for thie following two steps.

Participafory planning and amf}aru at conunonity wnd Carm levels enable local
peaple, researchers and extension staff to identify a set of activities which farmers
wanl Lo 1ry, and establish methods for joit reflection und evalnation. Experience

“with Farmer Cield Schmls (Box 6.5) and with résource ilow diagrams (Box 6.4) pro-
vides a variety of methods for supperting farmers in the analysis of problems, choice
of options to test out, and strengthening of urgams;mnn.ﬂ links to help spread ideas
and discussion amongst farmers,

Assessment of organisationagl setting claﬂﬂes which appmach to adopt, the level
at which o foeus activities, and the range of actions to pursue: An organisational
analysis is nceded to identify the corment stireagths and capacily of different channels
throngh which a combination of interventions might beé supporied. This will depand
on 'eXIstng siraclures within the existing gwammenral NGO and private sectors,
the skills available and openness of different stuctures o working with Earlners ina
more intensive and collegiate mammer. Chowee of strategy alsc deporids on the current .
set of commitments and policies being pun.m.d by povermnent r.ﬂ.Tl'I-iEI‘CI -level which
m&y be deﬁcult ter shilt | in the short term. -

New skitls : '

Phasing and tailoring of 5011 fﬂrtlllt} interventions w111 reqmre a rultifacetet ap-

proach which broadens debate away from a purcly technical focus. The skifls needed

by research, extension and devslﬂpment agents Lo Lake fn:rrw;m:l the appruach out-
lined above will nclude: : :

+ Economic and social analysis 1o undamhnd tha diverss constraints faced hy 1‘ arm--
ers and the historical ditnension to the famming sysiem's development, in order ko sel -
the particular issue of soil Fertility management within the broader context uf KUP- |
port to sustainable livelihoods,

# Participatory planning. analysis and Facilitation ﬂi‘ [armer-led expenmenmmn b}f
suppert 1o processes of leaming and ﬂ}:chan,:e anel major chs_rlg_ea in the mlas ui re-
search and extension staft. - .

- Insritutional and ﬂrg;mla..iuunal analysis to identify. structares with whom {o wurk,
and pathways aleng.which the goal of improved sml fertilify management can he
achieved.

Addibional trainiag nud suppurL (o organisations for tha clm-'blnpmr:nl of such skills
would be i "-El!liahlﬂ 1uvesuuent within' Inn-:rﬂr 1&Em pmgramrne uf suppott (o inte- -
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prated soil fértllit],r nranagement, Some skills in these three felds afready exist upnu'
which such programmes could build, though their d1smhuucm hetween counnies s
often ratber patchy

Makmg choices about level and strategy
“When considering the approach to intervention in this area, wrade- -:-ffs and syncrgmq
imuist also he assesied between the [ollowing:

* A tocal level focus, based on & participatory leamning approach which- E!Tﬂdl.ld.ll}’
builds capacity at this level through the development of skills, pilot projects to test
out Tasthads of wotking with farmers, training of trainers, and methods of spread-
ing experieuce with possible partners. There may- alrcady- cxist 4 body of crganisa-
- tions with considerable experience in this field on which to build. Bven if lacking
-within a piven counlry, there may be useful experience in hef iphbouring countries on
whaose skills ‘such a locally focused programme could be based. Support ko net-
working amongst the varfons organisations. working on participatory scil lertility
mapagemend could be ooe amongst scveral ways of spreading such approaches,
throngh exchapge of experience and lesson Jeaming. :

* A fap-down rechnical focus; such as distnibution of rock phosphaie supplies for re-
capitalisation of soils, This would require 4 very different syatern for grganisation of

: dl::lwr_r].-', Instructions to farmers regarding its use and-methads (or re-couping costs,

* A macro-poaticy focus, tequerity- that fanners be sufficiently well-inteprated into
‘ceononlic and policy eircuils for changes at macro-level w-feed through into
changes at farm level. This i much more assured where Farmiers are already engaged
1m cash crop production and reliont oo significant levels of purclms.e.d inpura. I
such cases, price changes for inputs and ontputs can have a major impact on choice
.of crop, and the level 2nd type of soil fertility inputy vsed. Use of macro-level in-
struments also assumes a willingness in government pﬂ]lﬁ} and donor cireles 1o de-
velop a more cohcrent approach to addressing soil fertility management for
1mpmved livelihoods. Without such coherence, policies for soil fertilify manage-
- mentarg, in practice, the net result of decisions made in a mumber of aeas with no
explicit account Laken of their fmpact on soil management (see section 43, -

As part of any consideration of phasing external sppport in this area, it may be ap-

propriate to look al how such approaches may be combined at differsnt points, Tt

" may, for instance, be essentizl to address broader macro-policy issues befure em-
barking on a local level appmﬂch as without such an enabling context, Jocal initia-
‘tives may (ail. Equilly; it may be appropriate to aim for a top- ~down, lechnical
. intervention {such as fertiliser supply} to address the immediate conscquences of
short-term food insecerity and build owards a more Iung—tenu integrated and par-
uc:pamr}r approrach OVer SOMIE yedrs.

_?.E-Gluhal framewurks- ;-hélp or hinﬂrance?

Material reviewed Earher dermonstraied the great diversity of- conditions foutd in,
African farming systems - biophysical, sovio-gconoinic and organisational - and the:
-associated specirum of trends in land nse and soils management. This bigh level of di-
wersity is in stark conlrast 1o the global gencrelisations regarding the perceived crisis in
Affican agricalture found {n'much of the international debate (see section 2}, Dioes this
contrast in forraulation, language and presentation of the ‘soil fertitity. problen’ matter?
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Ate glnhal initiatives, sich s s the Canvﬁmmn to Combat Desertification wnd the Soil

Ferility Initiative, able (o promote appmpnate and tailored appmd:has tr achieving -

better soil fertility mamgemem'? There are two contrasting wﬂws oo thm question,

7.3.1 Glchal mmatwas as |mpurl:ant routes for strategic advocacy .

Thie level at which the global debate takes place demands that many peneralisations -

are inade. The nead to simplify a complex problem is an inevitable and NECessAry COll-

seguence of addressing an international audicnee. If the issue of soil fertility man-
agement 1 Africa is to be putonto an alreudy crowdéd international agenda and raise-

donor interest and funds, a simple position_ has to be stated. This may overstare the
cvidence. for soil fertility decline and the. potential for future disaster, but this.is part

of a strategic advocacy position. Those muking these claims may know that there is . -

mueh more complexirty at local level, and that the technical tlebates are more uncer-
1aim than is claifued, but feel it is better to overstate the ease for the purposes of rais-

ing commitment and funds. Once the-issue has becn raised and acknowledged as a
prigrily, the comnitment secured and momentum generateed, then confes the time to.

wark out the practical details for what sheald be done on the geound. Thus the inter-
natipnat debate sérves an important purpase, and.we should not be too critical of its

simpheily and sound-bite tactics. Caution and criticiém may in fact undermine at-
templs to secute support for what is, in global terms, a marginal issue which could -

zasily slip ofl the internationat agenda.

7.2.2 Global inftiatives as poteatially misleading and problematic

The problem with Lhe peheralised and sometines inaccurate or misleading stateinents -

emanating from the inemational policy debate is that they carry with themn particn-

lar assumptions shoul whatig going ob and what should be done about it The “crisis

narrative’ tells a parlicular story which is appealing, it suggests that things.are bad and
gﬂtrmg warse, and sumelhing must be dons urgently, While this may be good at rais-
ing the interest of donars and olhers, it may result in poorly thought oul and haslily

implemented Initiatives which make it difficult for other approaches o be carried
-~ out. If the base assumptions arc wrong (1.8, the key consfraint 13 ot x, but ¥}, the
desipn of solutions will inevitably be inadequate. There are plenty of examples ol
such interventions, based on inappropriate assessments of cause and effect, ko suggest
that this caution is justified: Such interventions may, in some cases, undermine liveli- _
hoods and reduce the pnteuual for sustainabi lity i the long tefm. Programmes which

siress firorganic fertiliser use may, for cxample, push our a more balanced approach
meluding biomass management whtch wiuld help assure the lc-nger term shnictare
d.ml productivity of sots.

7.3.3 An alterna‘twe apprﬂach?
An allernative, more cautious way. forward apptals 10 ba emerging. This approach

recognises scientific uncertainty and priceeds adaptively through farmer learning

and experimeniation, monitoring and sequential learning as part of a longet term pai-

ticipatory process. It is less glarmorous than plobal initatives and spends money less .

on leehmical aspects and more’on building skills and processes. Such ao approach
does not state that “thees is 0o soil fertility problam’, but mather that probléms aré

. local, specific, differentiated and dynaniic and will require mostly loeal clionts to be
. addressed effectively. While such an approach focuses on the local and Lthe parlien-

lar, it recognises the importance of the broader macro conditions within which loeal
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practices are set. Those in favour of this approach need to establish a rather different
kind of debate at global level which avoids simplification. The ‘narrative’ for such an
approach tells astory of complexity and diversity and the need to suppost a set of lg-
cally generated processes, pay attention to institutional and policy Fr&m::wnrkﬁ ang
place soil fertility m.magemﬂnt issues 1|1 their broacer 11vchhmt|~d cnmu:t

- 7.4 An opportunity to open up and :larify current debates

" The current “global debsiie’ ffers o contsing mix of positions: The Copvention to -

" Combat Desettification and Lhe Soil Fertility Inftiative both talk much of participa-
tion, while-also urging rapid action, which makes consultation and ownerskip of the
-process al nalwmal and local levels more difficult. Corrently, the debate has Heen
dominated by the international agencies {throngh the UN pml—Rm process, the
COIAR system, FALD and the World Bank). Such dommance serves to capture the

subject matter, zenerate interest and funds and support an e:v.p.mded mandate and -
hudget for the organisations concerned. One conscquence iy that the ensrgy and cora-
- . mitment of other actors may-become immobilised within the framework of this global

- Inifiative to which they have established a political commitment. But many ‘othey
. actors it national and internatipnal level have 1mpm'hm: contributions to uuurmh
debate and ‘channel activities along more productive lines.

- The conclusions frond Uis study demonstrate the need to c:ben up debate to a wider -

serof ACEOrS. A HI0rC plura] policy debate would draw in a broader range of views and
ﬂ}l:pf:uﬁllce seralinise the uncertasinties in the. scientiffc data and their implicalions,
. tackle the issucs of eomplexity and diversity and the need for local solulivns, and pro-
vide posilive messages trom local level actions to counter pessimistic global views,
There are clear oppertunities for [{ke-minded agencies to play a constructive role i
this feld and identify, in partnership, how best to take forward a tailoreed straegy fo
improve soil Fertility management in the diverse and challenging farming systems of
slb-Saharan Afneu. Such a role could vsefully inelode- i‘amhlahng diyenssion of g

brorader runge of views on this subject, and thereby build commitment intemationally

and within Africa to respond to a more diverse agenda and set af options.,

It 18 cneourgging to see a growing recognition by the Soil Ferality Initiative of 1:1115_ ,

neced for diverse methods and more critical approaches ti supporting soils manage-
ment. There are many opperfunities to support and extend ongoing programmss io a
~ rangee of countries and sites, to test out appropriate methads of working with farmers
“ter tmprove soil fertility management and to protoole greater stakeholder involvement
at Toedl and national levels in discussion of policy optons and implementation paths,
Such df.-tl‘l.-’ltlES wonld provide a bagis for cvalusting approaches and exchange of ex-
perience at many levels, both nationally und intemationally.

- Acknowledging thie comples and diverse oature of soil fertility management ang

the: consequent Need tb support ilored approaches and work at different levels would

scl the international debate along & more productive pathviay, which recognises the
-need b set eptious for nafural resource management within the hlﬂ&dﬁr goal of sup-
parung hll'itﬂll'lablﬂ rural hvahhnmh

 Lamiirl
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- Appendix 1

. Profiles of major policy initiatives

This overview concenimates on denor, NGO and research centre activitiey that aee grinanly ot sub--
stantially fecuscd on soil fectilicy msnagement. These lagshipprojects do not, however exfiaust the
ronig, & ot =il fﬂl’h!lt_":" TTHLTLEEE NIt interyéntons. Soil !-EITL'I]JI:,' may alzo be wldressed as 3 CDLIT[JDII.LI.'IL
of ather projects agriculural development, rural dev EJn[Jmem land usl.': manugenent, natarsal IC.EI:ILLI-:L

nraagament and agmﬁm&f;lf}' L _]e::ts '

Soil Fertility Initiative - .

1 A broad nabrella inilialive simed at improving (e Jertility of African suils l.hraughpmmclnon ]
befter and incressed use of orpanic and inorganic inpets, developmen!. of ﬁ:rul:ser nwkcts amd -
mplmizsatlun of suids theough additions of rock phosphare.

“+ The Initiative comphawises the social benefits of sl fertility and 50 giecky mﬂhmmm: for coat ::hur—
ing tiwongh the public and private scotors.

» At the national leve] Soil Manapement Action Plans are being dl::wlopml Tn Burkina Faso thl:n:: s
a unic {Uniéd do Geslion de 1o Fertilitd des Suls) within the Minigsiny of Apricelwre wiich has eol-
Taborated with TFDC in producing a Natiunal Soil Fertility Action Plan. In Ethiopiaa nationa Sml
Fartility Initiative is curenty being negotisled with government and doners.

+ Kew collaborafing organisations include the World Bank, FAQ, TCRAF, [FDC, Il:"..f's.1 H’FRF and
LIS AID. Fyniding asencies inclnde the Muuﬁ‘tl‘j.f of Forcign Aflitvs oF e Netherlands, the Govern-
rent of Belgiom, the Govemmeot af Noeway and the Global Rnvirenmental Fa{!Il'lt.j-'

" Rock Phosphate Initiative (RPI) . : ' :
This high-profle mmpuneumfth:., Soil Ferdlity Initiative inwol ves nmml}' IELC, FAD nml WE The
1RIT aeddroswes what i3 secn as the widespeead phosphorony defteiency of Aftican sojly and ENVIEADES
recapilafisdtion diough larpe-seale are aff apphc.a.tlnm of phusphate rack (or in Some cases repeatecl
apphication of smaller doses). Filols are underway in Butkina Faso and Kenya.

Land. QUallty Indicators

The World Bank, BAQ, TINDP and UNE? arc collabarti h oo this projest to dtve.]ﬂp indicators of
wends in land quality with supporting databases for different agroecological zimes. Soil fﬂm]lt}' L3 ane
indictar of Jand quality.

Soil and Water and Nutrfent Management Inifiative
This broad iritiadive lorms partof the CGIAR syslemewide pmgrammc: L -uml and wrater umua.gc:m:ml _

Bl]ateral projects and funded prugrammes

Gl17 . Sustaineble S0il Monagement

USAIT SANRER - Snstainable Agriculters and Natiral R-::wumu Manazement, B-urluna Fasa
Do1sd Furd haumm! Soil Fcrhhl} Management l’lan inBurking a.n:l Bali.

1 Intesnational Feriliser Induslry Association - _
2 Dutch Ministry of hsternational Cooperation, riese called WEDA
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Murtllateral urgamﬁatlnns

FAQ ~ Contributes o e Soil ]"x.rlt]ﬂ;-.r Initiative throoph Fian| Nulrcnt Mamgmmmt pm-
o grammes. Suppocls Land Quality Indicaters prograrme (sce helow)
CGIAR Soil and Warer Manazemnent Tnitiaiive-

World Bunk  Recapitalisation Pragrasene, Land Quiality Indicators peojeet eollcets information on
mutrient balances kv dilfecent Afnican agmecnlng:czﬂ anoes, Hock thph'ﬂc Ini-
Lizdtve,

rirRe 2020 YVision Injtintive contribules rescarch into sncm ECONOITIE d;.rnurmu-. of sml _

[erlility mansgenont

FLC - Rock Phosphue Tnitiztive, luteurnted nutrien! managemnent for maize based systemsy
' 10 soutlers Africa, soil fortility resioeation in Wi esl, Africa, Besearch ioto imprmved -

cfficiency of fertiliser wse, Drarabases tor Burkina Fuso ﬂ'l']d Zimbabwe. Supgrds
Soii Ferrility Managemeni Unit in Burkina Fasa.

ICRAF - Soil Fertility Lnitfative. Lolluhoralive research links 11':.-5Jnr.4m Highlands [nitiative,
_ Soil and Water Managecient Tnitigtive
UNEF - Suppants Land Quality Tndicalory prajcet

International NGOs : :
Trtepnational Ferdliver Inefsiy ﬂj.!’.‘ﬂﬂ:ﬂﬂr)ﬂ (i)

* Works with FAD ¢n Plant Nutrient Management P'mgrdmmc Contributes o the SmI T'm'l[ht}r Initia- -

l:l‘-"l: th!‘ougll ltltEgrth:d Pluni Mutriticn for Food Securily p‘mgﬂ]'rm].l:

Sasakawa-ﬁlul}al 2000 pm;arts
The Susakawa Africa Assariatine collsborates with Globul 2000 [u Caiter Cente prngrmumu} and
wims o bring “science-based coup prodicction methods 1o e small farms of snb-Sabaran Alrics',
This i 0 be achieved by disserminuion of ‘proven agriculiural technologios”. The plojects emphu-

stre the primary role of chemical lerilisers in improving soil fertility and subsequently agricnlural -
pmduelion, Tn Bthiopia, where the pruoject formed the basis for the New Exiension Policy tertiliser -
“and seeds are dismibuted on credit 1o furmers, SG-2000 opecates in Mali, Borkina Fasc, Gumen -

Ghana, Tz, Benin, Nigeria, Briteea, Bthiopis, Uzinds, Tanzania and dsambicgue,

. In addition, a large Tumbter of NGOs are warking on soil fertility managernent such s the Soif s
gociatton, (he Henry Dovbicday Association, The Rodale Institute;, World Keighhanes, ind she I:mm- :

national Federalion fur the Grgﬁnlc: Aeeicnlune Movernent (IFOARM).
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Appendix 2

Some terminology explained

" Nutrient capitalfstock '

© Nutrient capital is the concepl uked to descnibe thie nutrient stock hﬂ!d in fhe soil. I is defined as “{he
stacks of M and P aru:l ulher essenrial elements in the soil tat become availahle ta plants during » lime
scaleof 5210 years," (Swaches el al, 1997:117. N capita] consists of the labile pools of soil orpanic N,
||||:]udmg particulaic ™, in e light feaetion of sutl arzenic matter (SO0 (e, the mare available forms
.. of organic N, heavier fraclions are stable for over 10 ;n.-earsj P capital vomsists of the soil © that will
be relenscd in plant-availoble form over the nexd [0 years. This incledes the inarganic I that i fixed .
o clave and Fz and Al uxides and dhe I* n organic pocks (Buresh ot al, 185970 Muirient capital is -
[:nresse:d az Iv;g.u'hu N or B within the ronting gopth al planis, ' '

-Mutrient ﬂuxes.l’semm flonws : _
Continning the eoomrnie adalapy, outgent Muses (the movement of natriens Tmm one '3"C*]Tll'-"Ufl""*1'I1L
af the sy sterm o anulher} cat be reparded as yervice fons,

Heplentshment
Renlerishing noinisnt r::lplml imwolves adding o ;iepleted nutcient stncks. However, the diffurent
" natere of N and Peyeling i the soil means (hat replenishment must be spproached differenily lor lhe
twa clements. The ability of some 50ils lo fix P permits 2 smwategy af large P applicarions o resocg
stocls af Pan the soil. The gmi hcrc is o socrease Poapital f2 4 s oo allaws sufficien) servic eﬂuws
to the crap wver ane or more Zrowing seassos. Subsequent ammnal esses can then be :,q-rmpulﬁaled T
* small P fertiliser additions (Buresh ct al, 1997). In contrast, tu build soil N capital it = necEssiny o
. raise [he bevel of SOM b the soil, However, I erder for SOM w acevlate there mesLhe 2 high pro-
" portion af relatively incrt erganic matle in the pool and Ihis cunstituent of the SOM l'ruLlLDn [ERITE
likely Lo contribute rauch M o crops (Giller er al, 1997), Thus, neplenishing soil N swocks may not be
the best romie to maximisingg service flows of M in jhe shor-leen. Here, cnsuring N avalkability
thro gl regalar additions of nrzanie and inorpanic inpuls is mole effective,

- Nutrient ording :

The term “cyeling” s wsed in a number of n,!ulu_d but shg]]tl}r different umlmns Nuricn: ::}ﬂmg
commonly refors Lo the transfer of alements hetween dilfzrent components af he 4010-ECOSYEICI; 3.8,
“Nitrogen cycling cansisis of varfons inputs, outputs and intemal flows L the feld scale™ (Sanchee
etal, 1907:20). Tis impartant to distinguish heslween “inputs' and “eyehng’, the Tatter which rvolve
r.he transter uf nulrients betwean tarm compunents while the former refers 1o :deltmns Erom cmm-ﬂu:

: Mamtenance '

The mainténamce of nutiett cnpmxl oS :mpmved efficiency in fhe Lyr:]mfr {and recycling) of nukr-
eits in crder to sindmise losscs foom the systent Losses ¢other Than in harvested praducts) from the no-
1nunLunckcauumurmrm1gh crosiom, leaching, volatlisation and burming. Enhancing synchrony between
~ nulrdeat 2y ailabilicy and plant demund redoces the risk of losscs through Teaching, Agronomic prutices soch
48 remnning crep residues to the soil, composting and sail conserratian can reduce lasses and help w maio-
Lain 2ol capital, Replacement of otciems exportod from the sy slerm is also an essential ord af nuasctlenanca,
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~ Appendix 3 !

IR T

Fertiliser (ammonium sulphate) / maize price ratios.

T Iniia ke Zimbabwe © Tatzania  Malawi ©_ Mali
1967 B.18 237 - - - - g
19m - 3.2 . 250 B85 - - 7.41% ; -
1950 975 3.06 9,48 - SE1E 9,38 154
150 ER 43  EB¥  ag 5,533 1208 .. BAIT -
1993 9.08 L L ¥ > -1 e

8 190% b 1972; c 1988 d 1971; & 1974: 71947, -
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 Appendix 4

Case studies

M Kisfi District, western Kenya

Population and agrnecﬂ!ugy '
Eisii district s an area of very high popolalion density - - 300 pmph.u"krn The district c:».hibm: sub-
" . stanfial urbas and market development, Tu miling conntyside of <keep, leelile solls receives belwsen
1350 and 2050 mm rainfall on aversge in & bi-nedal system, with peaks in April and November, The
sils ace well-deained, vory deep and rich in nutrients, heing of recent volcanic origin However, Ihey
are sharl af plant-availabls phosphamus doe w the high levels of Tiwaton.

Farming 5],r5tern

Averue e size s c, 1ha, uf which ]1aIst devated to maive and beans, with snmlfl:r anezws 1f sweet
pmum {inger milles and wegelables. Tn the eastorn part of the disict, the utain cash crups are 1za and
pyrethrum, wllLlc: in the west, tiey are bananas, cobfes and supar cane, Small arcas of nproved pos-
ture: pravide for grazing for catlle. Tl hialt intensity of cullivation is deraonstrated hy the Fact that
only 3% of cultivible lund tends te be lefi fallow 1n amy yeor.

Livestock Furm an essential part of the fimming system, with 600, 000 e wrade cattle, a0d
stnaller nombers of sheep and poats (for the former Disleict area of 320,000 ha). Cutle e kraaled
" over might smil 1ethered on pastures during the day. Crop tesidnes form «n essential part of their dict,

and manure is collected tfor 5.pleadmg on {iclds. Sheep and goats arc left o prace mowe fl'EJE-'I}' where
" they gan find fadder.

Furmers have becomea nscd to fertiliser over (e ]zlst decade or more, T LOE], rites of usc were
approxieately 3 kpMa whescas by 1991 this had visen w 57 kgfha, A mnge of different chemical [
tilisers are available, and farmers are heeoming mora aware of the noed (o matel fergiliser 0 crop and
5ol Lype. Purchases have been aided by distrihution In smaller {10kg) sacks, rather than the conven-
Gemal 25ke or S0k sacks, Mevertheloss, the sholidon of fertiliser subsi dies reduced, for a fow years,
the speed at which farmers purchased this inpul. Fasmers tond to pul. much tigher quammca. of ler-
tiliser on cash CLOPS, and rarely lorhilise fuod crops.

Crop residecs are mainly fed w Bveslock, with some alsoe being ut‘-ed ot mmpnsung Farmersara
also lllcr.,us.mgl].r Iareslenl in groving trees, in varows agro-Turesley technigues and planting ol legu-
- minous frees and shrubs such as Leaessa, Sotl snd weier conservatdan imeasurcs have been parl of the

zct of inlerventions porseed by govemment in Kisi, theoagh e Ministry of Agriculloce’s carclunent
approach. Measoees include: ent-off drainape toraces; stone walls, pinuglu:d StRps, Brass sitips, cover
- GO, mr.er—:n'appmg and mull:hmg :

- 102




"Policies for Soit Fectlllty Management in Africa

. 4
Dlespite sucl conservation mewsares, iLjs reckoned that most fam plots experence significant erm-
sion and leaching of nuwients. Overall, nulrent Josses por by per year arc cstimated o 112'ks of N,
23 kgof Pand ?U kg of . Thage reprmeni rn:alw-:,uw]}-, 1‘}".;' (L% and 0.3% ufcstmmteﬂ sodl sleck.

ifarket nppnrtumues

Farmers fotiow market prices Gaicdy closely and shifl thsir :..mppmg Patbcos a.ccnrdlnnlj,r Thas, h:-r _
cxarnple, pyretluwm used to be very-important It bas declined greatly in arca over the last 10 years.,
Sim.i]arl}r, CDEEE no lonper receives many tnputs given the low price wined by fomers. :

Tenure sequrity -
. There i nep lﬂdlLﬂuﬂn af an;.r tcuure lLISEI:l]I'JIj.' -

* Referances

de Taper, &, Mandwa, 5, Smaling, E. and “\-'.'1.11 den Bosch, H. (IEEEJ M.:ine.l‘f}rm‘g nurrmmﬂam and
erimamle perfarance @ fawn Jevel! for priority seiing in irtegraded nulrien! monoyement re-
seeerch B Sulz Safuren Afries. In; Carter, 8. and Lynam, 1. (Bds). CAB hternationnd, WallingFord,

Smmalitg, E. aad Fresca, L {1993), A tlecision-suppont model for mqmtmmg 11ur.nem Tralemiees pnder
apricnlineal Tand vse (NUTMON). Cregdermea, 60; 235 - 256, .

Smaling, E., Mandwa, 5. and Janssen, B. {1 #98), Soil Fertility in AfTica is at Stake. In: Buresh R. el .
al. (Eds) Replenistimg sodl ferulity in Afriea. S35A Special Publication no. 51, 584, Wiscausin.

| ﬁwénda

e

This eounurywithe sady, camicd out in 1991 before the civil war, is based oo o sample of 1,240 farm-
 hausehalds chosen from across all five agro-scofogical zones in e <ounley. It presents an analysis:
::-1' Facucss w‘rm.h help seplain d]ffl::nng ]c:‘-’cls of f'm.uer J_uvestment in sml comservalion and lerility
T CT :

Technical change -

Urver recent decades, haldings have beeome smailcr and more fﬂ*TIIlE.]ltEd Ieadmg to collivation sl

bottom]ands and steep slopas previeusly used for pasture and woodlots., Fallow periods have become
shorter and renting is becaming mere commun but sl relatively insignificant. Facms are peone ta eco-
ston and farmees teport praductivily deslines due 1o lund degradation.

Spil conservation measares are opplied b 76% of the land, the most common bemg arass strips
(probably due to the ease of establisbiment). Other melhods used are ditches, hedperows and temaces.
Ohrpanic manure s applied to most (329%) Tanms ol very Few (6%) reccive any chemital inputs, The
smiallest farms use their dand most ineensively, cullivating 865 of 1fe availablc’ arca. This contrasts
with lurger farms where on average 36% of the available area is eolfivatel, Small farmers crop mate
densely and grow more trees per hectare. As such the Jand o practices oo the smallest famms are not
mnre erosive than those of mors laad-ich farmers. Tn geseral, smail fanmer stratésgies of intensificn-
tien have “ofT-set {he inevitable impacts of popolation « growth o the lslml“ Thes lancd arca undee
perem:m‘ls mn.rmm:d betwenin 1984 and 1990, - -

Agroecalogy -

Beans, sorghmm sweel polalocy and cassava are T.he main food CIOpS SO Cash erops inclnds
coffee, banans, and Trish prlutoes, Livestock holdings have fallen because of reduced ludider ay-ulr
i a.bllltj.-: leading o reduced munurs mq;p[:n:s

Population and farm siza : _
The average farn size is fust un:h.:r onc hc:ctﬂrc S
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. Off-farm incorme . .
Two- Lhmh. ol hosehalds £am some oft-Eum | income, which mntnhuh.b girasuncl ones-Lheed Df!muse-
Lol income. : - :

Laboar availability
Land prepagation is camied out by haad, and animal waction is not vsed, Wum::n have the main ce-
5]_:Iﬂ]'].3l|:ll]lt]r' for food crops while. men usually domémae cash crop production snid animal husbandey.

b

Tenure saurity
Iost land is imdivieluslly wned. mﬂi ml[j.f 'i petcant of Jand thElln'lTs- r{:ntn::{l

Referenca o
Clay, 13, Beardon, T, and Kangu#mr.m: L1008, E'Lu:mmﬂble mtenﬂﬂn:auc'n inthe highland ropies:
Lwandan Earracrs’ imvestmenly in dand consarvation and soil fertility. Ecoronic ﬂew!apm&n.r ard

Crefrurend U:au_gf, 46; 351-376.

W Kindo Koisha, Highland Welaita, Ethiopia

_Farrners of Kindo Koisha district in Welail, sowlb-west Tibivmz, have adapted intensive niatagoment
sysbelts 1o secure ford production within 1he context of inlemse populiation pressire and land skort-
ages: This i3 on area of long-standing seitlement and cul Livaticn. Trtensive soil anageient appoaTs
ta be successful fn maintaining fertilily in homes keac plots. Tlowever, faciers” resources arc net suf-
ficient to raintain inputs into outficlds where fediBly s Jechning. -

Technical change

* Shortage of land has led to 4 high dugrce of agricalioral liil&llslilmhml in the district tJ:lmugh multi-
ple-cropping (intererapping, sequenlial crupping, rekay crapping), elimination of fallow prrads, and
private fodder production {Rahmatka, 1992 Flias, 1898: Dea, 14481 In addition, previously uneali-
vated land such sy grassland, woodhis and marginal areas are being brounght into production. )

Tt matntuin production o the declining area of land av ailatlesionschold, famers wraploy 2 range
of fortiliny wanzapemenl siralegies. For wealthier farmers these ivvolve applications of memere and ler-
tlisers, Poorer Farmers who have limited access to manee and arc unable to obain credil for feilis-
ors, imlensively Toseuge o cange of oiganic matedals. Fhese inclode crop residocs, houwsehald wistes,
lesnf Hiter connpost and teemitaria {Blias, 1997), Through these practicrs, Brmers wm Lo sustin pro-
duetion and where possible ncrease the darkank? arces of their Farmes at he expenss of less produc-
five authields. The potential for farmars to expand their derkoaf s linely delenmined by their access
I resoncces, Lo particular drauglt POWET § and manvre. For this reason, poaner heuselholds ace Iess abite
i puesiee this sieatapy.

Lozs of livestock, largely duc oo dronght #od discase m the PRE0S, has alsoe had serions !mpllca- '
Lions for farming in'the distiict. Less manure is available lor leiilising Qelds, and a shortane of oxen
prevenis adequate and timely land prepuration for many Termers. Tn Be Towlands, farmers without
oxen are unable to cultivaee 3l their hollings and must hire iemselves out to wealthier Farmers in
‘exchange for dravght power, As 1 wsull Phese farmers ane hen Tess able & etgape i lahoor Hiten-
sive soil fertility mmanagement (Flins, I_GFJ'I}_ C

Agraecology :
T Weluitz thres apme-eoolomval zones cah be identified, tie highlond dreas lying ahova 2100 NEETES;
the: ooid-aftitude 2ane betwesn 1300 and 2000; and the lowland zone at 11°4) 0 1500 metres, The mid-
allitude/highland zene is semi-lunid with dverage anmua! rainfall of around 1230 mme'yr and a mean

1 Garkazh re‘fersmﬂ'le'ln'gerﬁhlfl'_.'mari:.red prs of [ nezl 1o dhe famer's houge, allocatad In parfolar (o enset produdion.
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annoual temperswere of 20* C. The rainfall paiteon is bimadal, {he shoet rins fall between Wamh
May and the heavy sumer raitis frem June to October. This ives sise to o relatively lung growing
peried in the highlands of between 120 and 210 days. In omlrail, a semi-orid climale chacacterises
the fewlang areas. Flare, the mean annual temperamrs is 237 C, and the-average ] radnlall is
around 800 mrofye mainly falling belwesn June and Ocloher, The arawing pericd iz 90- 150 days. Soils
inthe districLare predominatcly Fuine Mitosols, These sails ace characrerised by good plipsical prop-
Crties hul are generally low in P M and arganic matier. Soil fectility is considered the peimary con-
Jslrginl an crop yields (Eliss, 1997, .o :

Farming system : _ _
The staple crops of the area e enset. maize, sweel potato aid taro, In the luwlands, Oue shorter grow-
ing period restricts the planting of long scason craps such as majze antl fure, and dronght tolerant cripy
{socghum, cassara) sre rmare important, Seeondary crops are beans (Phayeolesh tef, barley, songhum,
Lish potats, Welsits potato, cassava and yum. Production iz divided hetween intopsively manapged . -
nomestead or darkoek plots and owtfields, shoka. N . '
Livistook ave an intagral purt of the facming system, cattls pﬂ,'ﬁ'idé tnanurc, dravght poveer, food
(dairy prothuis), and a sourée of eash for puchasing secil, ferlifiser and biing laboue, The decrease
in commue] grazing areqs in the highlaads has led to (e establishment of grass plots an fums for -
cither cut-and-carry of tetheredd graxiag, and this iy supplernented by crop rosichous. :

Papulatlan f farm size . : -

. The dislsict has an voeven papulation disaibudon; the highland arcas hokd 375 peepledan®, cam-
pured ta 11§ people/km? in the lowlands, The selllemenl of the less hospishle lowlande occurred
Targely a5 a fesponse to populaton pressuce in the 1960s, forther aided by reseltlemedt proprammes
" in the. 19705, The pupulation of the district glmost dotblad between 1984 and 1494, and annual
geoswth i3 estimated oL 4.8 per cent, High population densitics hiwe Placed severs pressure on land
availability, with (he average holding for a howsehald in Welaita estimated tobe 0.5 ha in the high-
lands and 2.5 ha in the liwlands. Land holdings in Kindo Koisha distoct may be slightly farger, Thas
estimates averge holding o be 0.9 b én Lhe highlands, and 4.2 ha in he lowtands (Elias, (2970 0

Mark_ets- ' : . _

Continued food inseciuity means thal subsistence erops soe still the priarity o0 maost Tarms, and e
sale of crops und livestock producls is limited wo 2 few wealfhy furmess. Cash cmps (eoffes i e high-
lands and cotlorasd pepper in the Jowlands) bave beedl imponant in the avea g bhe past hut Tiave now

declined due L disease, low prives and reduced marketing wsisiancs (Elias, 19975

Ofi-farm income - . - : o .

To oblain cosh incémme taost honsebolds bave at [east one memnber involved in pelly trading, An ap-
parenl increase in ety mading dod the number of locsl markets n the district has been attributed (o
Ly shortapes and growing inlepration with rogional and naticnal markets {P2eta, 1997). '

" Lahour { household structure o o
T.ahior i5 1ot considored o he @ sarious constrainl t production in the highleod areas where shorl-
ugpes: of Jand and dranghl power are more critics] (Reteat, 1592 Eliay, g7y, Mowever, in both high- -
lund and lowland arcas household size, and morce impoctantly the nunsher of active aduliy, ard
signiticantly highcr for wealthier hovscholds. Tubowr erclinges still ovcur in The distriet, but an: less

" jmportant than in the past and housebold members provide the principd sounze of farm Jabovr, Crop-
ping activitics are dominated by men, whils women ave largely nesponsible for the core of Bvestoek.
and transport of fivestack wastes. ' o : .

External intervention .. _ S

The cropping tiends that liave dccompanicad intensificetion in recenl decades Iiawe been strongly in-
finenced by cxlemal Factors, A significant 1l in cropping emphasis was geuerated by the activilies
of the Walailn Agrieultural Development Tnil (WAL which opernted betw2en 1970 and 1982.
WA éreoursged cereal production through piovision of imprved seed, fertiliser, draught axen,
fanm implements and credit services, Allhough successful in meressing cargn! production fthe wraa
nnder madve inereased 20-fold borwoen 1972-76), this was #l the axpense of enset and Too crop pro-
duetion, « changs which is considered o huve setionsly redmeed food seewdty in the disimict. Tn ad-
dition, thy aceamulation of foriliser debis resulted in the sule of Nivestock, @ salutidn which has
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aggrivaled soil fiortiity constrainls by reducing manme avuiluhility, The expansion ol prain ¢ropz and -
tertiliser nsc noder WADL veplaced the declining fallow sysiem previously used Lo ozt nluin the ont-
fields (FEling, 1997 Data, 1997,

Tn the early 80s, the goverinnent launched a pu:rgra.mme al spt] and water consedvation. Tnder the
Soit Comservation Reseach Projecy, soil Donds were consirucued under a food-foe-wofk seheme, wnd
this lechnigue has spread to heighbouring watersheds. These structures have besn found w be most
effeclivily mainfained ein e land of poorer farmees. This ix admbuted to the fetlency for poorer
tongeholds to jnyvest mores Lakouor om their amaoll fatm plats, unlike nchc::r hnusemld'% whiny eng nee offe
furm income to pun:has& fertiliser {Elas, 1907). :

Recent initiatives in e aren of techno]osical mLErvunhcrn m-:qu:IE e operﬂhfm al Basakawa-
Ciloha | 2000 projects in Welnita, T_['l:ls prograune seeks Ky mtroduee fakmérs 1w improverd? production
technulogy (sceds, feniliser) throngh demonstration plols and subsidised inpols. S6-2000 s working
with jhe Minisery of A*rtcullum extousion servies Lo tlm::l::mmﬂtl: this kechoolozy.

Tenure sequrity '

Prier o the land reform that Tollewed the revolution in 1974, ool 65 per cerl ool The pnpuhtmn of
Welnita owned land (Bliws, 19977, The fewdal gystern olfered flitle seenvity fo wenaniy who conld e
evickel at whim and were hurglencd by triboge dessands, However, althengh cedistribution reduced
" landlessncss to low levels, furmeers| scenrty of tanure remained aneertain due to penodie reallocation.
This practice has now cewsed, hot the state retains ownership of lands and lear of Tand redestribution
rematng, Under villagisation (1986-91} farmers had b abagidon darkoss land which was theresnlt of
wnuny years of invesiaeal in suil ferdility. 1t is arpred that this has firrthes vndennined Frmers” sense
ol security with regaed Lo Iu.m] hoiding and their witiingmess 1o make lﬂng -lerm investmcTts in land
{Crale, JEEJ'."'}

HEf&rEnces
Duta, 1. (1997). Solf _,r'a*n'e!:r} nu:.rn-::rg&rrwu it Woluita, suuthern Ethiopia: an endirepological inves-
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M Gowa, Ntr.heu Central 'Hgginn.' Malawi

Favmars in Cowa, Ma]uw: faue Lhes problem of sustaining pml:luct.l-:ln under canditions of land sherl:
aze with Lirtle aceoys 1o manure sud low retwrns to foniliser. Much of the anhle Tund is sloping, and
soil eroston has been significant in the past, Famoers consider thad levels of eroston bave leen reducéd,
Bt [hf:.}l rismen coneemed a_iml.l[ Fatling soil fortline, -

Tachnolagy change’

Hill cultivation has increazed rapidly in the st b til:uuh:'- o [orested avzas are declining. The de-
© cline in forest areas is considered m hive prompled the phanting of wees and weodlots oo farm. How-
evel, the expansion of woadlols hus e |HIE,|:1}' cemsed due to the shomage -:nf land for I:l1lt:|‘--.1.[II:I:I']
Fwellad, 1997),

Land shortage duc to pnpuhumn pn:.l:ﬁ.ure 15 comsidered by fa.tmers to be a serous problem. [Fal-
lowing 25 & means of restoring Tenility s now contined o arzas where dernand for lane s less ntsnse,
and continuous culiivation al hill plats is e w1ast commen practice, In the past, bl [wrming -
volved the eulbivalion of millel lar 1 ar 2 seasons semetimes followed by groundnets. a1l was then

rested under naturad hush fallow i plgecm peas. Plating was done on mownds witkh ::mp residues in-

' n::ﬂrpﬂmtnd within Lhem.

Mot Ewrmners Lake some soi] consecvation weasics, usual]} ecinlour hu:u]z. Hnw-ﬂ'm tiese strne-

ey wres st cocnon o Jand eastly accessible wo extension workens whe assistin neasueing contowr
Tirves. Ouvanare distant plots, famnees rely more on their cwm mietbuds which include: trenches and bunds

Lus clireet’ water:]wa}rtmmme field; steoe lines, Hn{l]_'ﬂuﬂhnb sugarcang and buanas in gullics. Farmers

- w0 incarporale orpanic mAttcy, 4nd UsE sass or pigeon peas o seatbilise buods (Wellard, 19973,
A vaticn-wide survey of 37 cnomeration sreas and the analysis af mrre.spnndmg acrial phatos from
1971 and 1993 upgest that rising pupulation dessity has induced the conversion of forested land o

. asdenloce {Place and Otsul; 19973, Thespile e ellares of favmers @ maintain production, the siw- -

ation of deteriorating land guealily sppeses eoticad. The Tow livestock population wesiriets the avail-
ability of AN and rc!umb o lertilifer dre repmted o he lnw i . -

Agmemlug}r

Htchow district Bas an unnual rasinlald ol aretnd 900 mam, falling im s ﬁ'r-:: manhy |1|.rm|l from Tay |:|:|'|hEr - .
to April, Fomuginous soils gl Tlosols derrinate e wes (Sake ot al, 19953, Toemperdures: canges [

18% Cin July o 36" O in Oclober. Farmers concentrate on arible predoclion, with the roain crap
maize togelher with purophkin, beans, geonndmats and cassava. Froil frees and vepelables ate oroiwmn
in homwe-gardens, and soma _farmer_s gmw tobacos and sova, '

Papalation density

The: popelutcn in Huwehew disifict is 105 persons per kan® with aonual bmwlh al 4,65 [Dewees, 1295},

Tn the Tradivonal Authoeily in which Gowea falls, the population has tisen Feom Y6 persons per koot

in [966 10 230 per km® in 1987, Ct:-nsn:qul::ml}' lansd hultlmhh are stall, with the average for Cowa

fosumd l-nhe 1.1ha (Wellard, 199'."]! Co : _ ) .
Market opportunities apd prica ratios . ' -

Theee is very finiced rarket d'cvc:lopmcm amid nppnrlum Lies: [or E&rmecs in TJJ.Ls Lggion, I-llgh t[ﬂnspurt

oL 11aan that the MTogen to medze price tulo e Malosi is pnr[mularl} high §Thewees, 1925} Asa

result, the beuefiteost rtios for feniliser use oo maize do got offer nmch inccative to frmers (o buy

fertiliser. Benefit: cost ratios ar caloulatisd ai [01-1.2-for unsnbsidiscd fertiliser on local maize in
108788, Cm hybrid maize, the i rLLI.TEh are Tel e EReOuraging (2,2-2,3), However, thore 15 evidence 1huL
the rezponse Tate for hybrid maise haes beeo overestinmated and is close to thad of Lol maize {Barbier
anid Burgess, 1992, Tt has been suggested that teniliser use {even under hlll.'lb[[[lL-b} weesnhd Tel fo sis-
mi [Tcenl] y imprave hﬂuxutll}m ﬁmd secirity [Dewees, 1993,

ofi-farm fincorme
While most iscone for siallholdars cames from aguculmre {735, ather incame is pentmied throogh

rellings Tabuour cli-Tarm (75 and ctivites socl ik basket weaving snd brewing beer {Wodd Bank, 1996).
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‘Labour availability :

“Sinall halders rely almewL entirely on Tamily laboog, During perieds of hiph labour dc:mand t]cmber
and Mowerabze, this @5 ofien nol solMcient {Barhier and Borgess, 19929, Hooschold members, espe-
cially the pooeest whe ure he most n:liant og off-farm ineome may be forced o scll their labonr
doring this period, Turther redncing e lsbour availability on B (World Bank, 19657,

Household skza : :

Thé mean rocal homsehyld size jn Malawd is 4.4, with a dcpcndcnc} catio of 1,08, ueomes pae adult
are lower {a large hoonseholds, This may sugeest that limited opportunities’ exist outside apricultuse,
* and thut Tumily luhone {or farming is act § constraint on farm income (World Bank, 1996}, Fermale-
headef hawseholls make vp a large propertion of households that do not hold sufTicient lind l.-l:r meat
* their subsistence rogeirements,

External mtenrentmn : : :

* Seil eomservalinn was 3 majer eoncerm of the n:culu:lru'ﬂ adpinisesition. From the Tate 1930, s0il Lon-
servalion progEmmees promoted ricthods snch as contows, check dams, inanumtn,,cmupmlm;_,, anl
reslutivms with groendouts and pigeon pea. Since the '19305. a laree munber of NG esosurce man-
agemenl projeels hive operited in Malawi, Technologies promuoted ihclude soya, cassave, heans, anl
‘& Trames for measuing contoor bunds, The Madawt Agroforestry Extension Project is pmmuhng_
. hedperow intercropping with leguminous 5]:!:'.::1135 {Weallard, 1‘39'."}

Access to technical knowladge

The eatenson service is fimitcd by stff shortages. Survevs md.u:ate that pﬂ:uclpalmu m m!ﬂnamﬂ

meetings in Nisheu is 28 per cent, with 11 per éene of farmears receiving persoral eld visits. Parlic-

) ipaliom in ::xu:nmtm aclivitics s gresier amongst farmers sith larger lmldmns [Barhle:r and Bunm=ss,
- 1593). .

Tenute 5ecurit],r
st land wieal by smufl Grmees Bs customary Land, TJ:us is land cfficially belonoing Lo e ]:e.ul ol
-slale and slovated to [armers by chiefs and village heads. Residence on customary Tad gives usufrucl
rights. Cusloriary land cannid be owned but it can be inherited, whizh follows a matitineal sysmsm,
It bas been suggesled, on the evidence of greater woodland conversion in matrifocal systarns, that (his
tenure arrangernenl provides lilde incentive for males to mw.:st in resource manageniedl (Flage, and
Crsaka, 1997). . .
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- WKiponzelo, Iringa District Tanzania -

Farmers in Iringa district are goncomned by poor soil fertility and declining yields, Although Tand -
scarcity is nat a severe problem, fallow periods ao longer form the pridary 500l manageraent strat-
“agy. In the past, lorg tallows {Jonger e B years) were practisal compaved to the shorl duraliom Fal-
lows (3 years) now contvon. Faliow lund is now often evidenes: of insulficient moans 10 ultivaie Jand,
rather than an active land management sirategy. To compensate [in s changy, farmers enpage ina.
mumber of additional strategies io maintain of cnbanee [erility an their land, inchuking the ise of
manure ahd compost which becarne widespread in thee 19305 and 605, Manore ixhueught and sold in
Kipanzelo village bebween tuwe households withanl Fvestack and cagtle-owning neighbous. The use
of raineral fertilisers is restricted by high gosts und poor response mtes {pewsibly linked to inade- -
guatz technical informaticn} ar appropriate incrpanic recanunendations. Other [enility management
practices include incorporaling crop residucs and planting lepons break crops. Despite thess offorts,
declining fertility is o eoncern of fammers, Hossehalds have problens meetiog their own food nocads
and yields arc low. : ' C .

Agroecology - -

Kiponzelo lis al i 700, The averape dnowal rainfall of $50mm falls mainly betwecn Novemberiand
April, Precipitution i§ exceeded by evapu-transpitation for 8 menths o the vaar, Soils an: lesched and
shallow. The main crop giown is maizz whicl is both the main cash ctop and staple faod Heans,
grown alung or intercropped with toaize are also imporunl ux a Food and a cash cup. Secondary
crops taclude peas, grovndnul; sunlower, vegetables, potdoes and cassava, Upland raittied flelds
eomstille the bulk of the area cullivated; however, small areas of valley botiom Tund are ipOITaLL
Tur securing food durng the dey season and for vegetable cash ceapping, The low lyiag felds bene-
FL feom tun-off and 2 high waler table and farmers coostruet ALrow impaion systems &0 exploit
these areas known as viramgie” : : .

Population density / farm 5_'ize_ o _
_The population densily in Kiponzelo Division vades betweel 10 and 50 pecsons per ko’ From & ..
survey of 28 homscholds in 1989, the average hlding per howschold was [oond to include 4.9 seres

of upland, of which an averiga 3.8 acres ts cullivafed and the remainder left fallow. In addition b

thirdz of howsehelds cultivaté beewcen 0,25 il | acte of valley boltam ﬁ&lﬂ_:.%. Aosurvey of 33 house-
holds undertaken ir 1997 reports average hansehold land holding lor Kipoizeld as 6.8 aones of
cultivited land and 3.1 acres of upewliivated land, Avcrage honsehold size in Kiponzcle s 0.5 pes-
SORS. . _ - : : '
arket opportunities and price ratios - : _

Road access 10 Iinga town i3 god and there is a rogulir bus service, L Kiponzela, 40% of house-
holds sell raize. Beans and vegeiahles are also repularly sold, though aver a quarter of hauseholds
ke no crop sales, Thite are ne detailed data on price ratios af cops o feriliser, bul fwmens fro
yillumes 1ike Kiponzelo bath by move tertiliser and sell mare freaize thant those from villages less well-
vomnected by road fa the nearest own.” :

off-farm income -~ ) . T
Ot farn incomac s relak vely limited, with one fiflh of housshelds eamning sume extecnal ncome. Jobs
cited by howscholds include labouring, crefl or iride activities and- governmuent enployiment, The .
seliing of fermented batibo juice or beer {irom millet and maize) is camied out by nearly three-

- quarters of househalds. ' e , .

. Labour availability o _ :

"The farm housshold provides the bulk of Jaboue for the farm, 4wl less han ane thivd of honscholds
have aeeess 1o an ox-plough or tractar for cultivation, Labour may be hired occasionadly, but it is not
aTegular ur cormon occurrence, Reciprocal work geonps accused for laid prepauration apd weeding.
Adcess o the means of cultivating land # cansidered the prineipal delenninant of honschold agreage.
Labour cunstraingg rather than total landbolding appear to determine the atea coltivated.
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Extemal intarvention : :

From the luus 19705 to the euds 19905, subsilised or free fal‘t[]].EE.l.:. Werany u.ﬂu[’llﬂ 10 furmaers i this
area throwgh povernment programines, and exiension advice (lagely caneérming n:commicndations
for yboid meaize) was available. Revolving Joon lunds have also been st upr h:,- erlher ngeneies, in-
- cluding FAQ and Global 2000, Andagst oiher things, a rdse in fartiliser cast: mllpwing storciral ad-
- Justmenl has contributed to the tﬂJTLIJE ol thes: proprammes to induce the sustai n-:..d s ﬂffcm]lsers
ity sroalThelder pmduc:tmn

" Tenure  SEELrity : .
Buying andd gelling land is eare, aind while UG TCnting dogs acclr, these lenancics arc naually vary
shiorl-term due to general uncerlainty sver land fonuss. Blany of the eestdents of Kiponzele WEE i
fetiled here during the uleagjsalumL [PCI TG {19‘.-‘#?}]-
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Policies for ol Fertllity Management In Afriza
'u Mac'_hakus D'rstn'cl. Kenya

The Earmingz systems of Mochiakos District range from the intensively scttled 1,g11r.:111tum1 HISHS AL
higher allftades Lo marne exlensive ciop and livestock production in the lower areas, Higher tensity
srens huve evalved Lrom a situation of chronie food nsecurity and high levels of soil erosion Wwa per-

© misient ygrculineal system based oo ox-plough culivation with censiderable investment in soil ean-
. servalion lechhology. The produection of hish value perenuial crops has coniributed b an increwse in

the value af apticultural gntput per kead and per heetars, The growth and iversiGosGom ol the locsd
aconoimy is rE.'ﬂE.Ci'BI:l in ﬂl-: fa.!]mg propartian of the pupu]almn :Ilml!:,- mm]w:ri in1 agm:ulLurE

Technology change "

* Land shortage in high potential areas of Machaikas bus tedueed (e tilal area of frrilzmg land and ine
creazed labour investment in almest 4l aspects af e apicullucal productien syseem. Avable Jand is
commonly double cropped smd gnimal hushandry now invol ves tathering -stall feeding and fodder pro-
dugtion. Farmers inyes) heavily in permanenil soil conseevation siructives and regalaely apply manure
for fertility maintenunce. The increased lahaue requlmdl:ﬁr all these production stratcgies has bren co- -
cormaged by Ve inereased pmﬁmhﬂu:.f of faeming compared’ with alternative activitics, such as mi-
< grafton or alT-fwrm employment. Iligh population densities have raised demand for food whilst
slimululing the necesiary infrastmcioral proviston requived for cfficient macketing. In lower poten-
Gial areas, cash crop production iz fess J.rnpmta.m aod animals rely on grazmg grop residnes and
LOTITION PRATes: : :

Agroecology .
The disuict eomprises o cenieal ]'.IJ.|.|. ared § 1802 100m), surrmmdml e, i Plateau whicl: slopes o

1704 to 700, Average anmual rainfall increascs with altiude, fromm G00men in the lowlands 1o
1200 a¢ 2000m. 'The rinfall paitcrn ts bimodal; the long rains obcor between Mavch and May, the
short zains bersean October ond Drecember In the dder Jowlanl arews, this Teads Lo e prowing period
ot ouly 50 days. Dronght is a problem in most of (e districl, with anly the centeal region experienc-
inp adequaie rainfall in more than 8 oul of 10 years. The rainfall disteiboton pives rise @ o short
: growing seasons and cropping is geaced fo Dl maturing armceals (ph geon peas are able to tolerate the
_short dry scasomn). Maize, heans, cowpeis, aid pigeon peas acaupy the bulk of enltivable Jaod, Where
conditions are foveurable, small wnas are given o veperable pmdu-::tmu tomiatoes, cabbage and
kale arc prpular. Coflee ynd eolion wre impwrant cash CEDPS i1 SOLe dreas. l.unrgmuc: fCIZ‘[]J.lE.Cl 1s ap-
plicd o LHS"J crops, such as calbee, bul 15 rnur:h less weed for rm:ld n:mps

. Population density :
In 1990, the population Ll-::rml} in the dmtnr:t vamged from 333 ];le.rsnns.n'lcm’ in the more Fmrﬂur.tblc o
il,gmucnlubma! womes 1 30 permnaﬂkm m the diy Inwlmd "ll'Eﬂ.! .

Farm size - . )
. While averoge farm size i 1985 was 2.96 ha fof which 0.6 ha was grazing ]Hnd) Ty L Luﬂu I E?F}Dl.
iL weus J'E:l'r{rried f bes absout 1.2 ha which consisted of little or na grazing Jusd :

‘Market oppartunities : ,
- Machakes is well inteprated into repional and mtcmatmnﬁl matkets, In Lhe highland arews, vegeluble

production lias been an important souree of farm income sipce the. 190 when the comstrocdan of

. toads and the growth of Nairobi created new oppartunitivs, Contracl growing for catnens and expar
iarkets also provides an outlet for farm produce, The wrban dumestic macker is less re"ulalerl while
the nofi-farm SECtOr gONCrRICS & slg:mﬁcanl; local matket fur Foued croqms. :

ofi-farm income - : : :
" Hovsehold budged surveve indicate thut HIﬂlJI'II:l S0% of howsetwded ineome in e disteicl is derfved

from non-farm sources, Wages, remittances and don-farm husinesses, siech as services like tailoing,
campéntry. butchering, building, shopkeeping, doving, the tnmking and sale of crafis and labeuring
work, make up off-farm income. The increazel commuercialisalics, of the Faf economy, together
with reduced a¥ "-I]lﬂhill[j-' nfhl:luw:huld lalxrur. r:r:...m.-. up]'mﬂum Lies fioe selling Ialmur
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tabour avaitabitity :

The typical Fare havuselold lias mﬂ} L3 adoles, whirse muin umt_-:,_m is Furmm work, Thi: absenee Uf
. young family menlbaes and childeen oo e ferm, doe b sehool or ofl farm work, and the Righ
Lalour demnands of e fanning syslem ecessitoes the hiring of Jabour. Consegquently Tahor avail-
ability is larpely linked b Lhe abilily o the Tacner b hive, Somes roiiona] wbour-shaning aange-
mets are stell used for cecurent Laon work, such as weeding, '

Household structure

Land shorage and e aisacioled L!Jun'fc::. in produciion §YSLEMS have had an ]_mpam on family or-
ganasation. The nuclear family has hecome the norm fn depsely scrtled arcas, dale dominated mral-
urban migraton hes necessilated mercased fexibifity in gender roles and decision making. The
develnproenl al permunent inensive arable systems of production has alse rcant that those men who
skay fon-Farma ner longer restael lhmr Tabrur to Jand clesdng and livesiock -:a.re. Bt tokze paut in all fm
up&mlmnq Hg; ﬂﬂ WIITTIETI, .

* External intervention SR
. Offieial concarn regacding kand degradation provobed intervention in Machakos faiming systems from -
. e 1930 omwards., Pasture degrolntion was tackled with ratational grazing, contour menching and on
. one aucasion compelzary desmiking, On wrble Bands, the use of manure snd rotatons was advocated.
Sod] conparyation slralemas meluded (he Lum-tnlc:lmn af wnclm-t_',']:lcs of tetrace, mnmur rfdzes and was
tErWRAYS. .
- Ineteaged cofmrmenalization of wgrcatum Wil r.:n:.:uumgcd threngh tch Betterment Flan initiated
in 1951, Madel T demmnslrated vegelabls sod Omil growing, and resmicions on coffee growing
ware lifted. Boildig of Mesder woads ind smple methods of dem censtruction for watening livestock
were demonsteated and Taerertel. Trnpraoneed] matze varetics logelher wilh asseciated toohnologies, such
as peaticides and ferlilisers, were aolively promoted by the eslension service from 1963,

Much of the teracing toak place in the perad 1960 - 1978 duc ko #s clear profitability ard watc-
© saving effects, despiie Hule grvemment assistanes, Guvernmen| inlervindion resumcd around 1978,
tivse with a SICA pragranimme in 2 oorlem secian of the TRy, amd Lhen wilh the 3achakes Inte-
pratéd Development Propramine, which openaed from 1978 wm 1988, Within this programme, soil
CONSeryation SupE;WHGI‘S treainedd 1E|.H]:|Eﬂ in Tayang wul soil conservalion sivuctures, and conservition
was widely publicizsed through the wse of slides and ﬁlmr-. '

Access 1o technical knuwledge
.The povernment extension service, NGOs and commercial ftuit and veypetable hujers all provvidle
scurces of tochnical imu:uwletlge that the well edu::ated pupu]almu i2in e bnnd pusilinn I.n- arLess.

Tenure secunty : :

" Cugtamacy fzhes to land are acquired throuah clearance. Once the land has bem: r.:!eared the: claim
fs hetd no matler whether the land iz cultivated, temporarily fallowed or used for grazing By the
wwner's Tvestock or by (hose authorised by him. The claimant bas the rieht to sell or cent te land.
Thowever, since the (9405, Jittle unelaimed land has remained. Fammers were encouraged o fence
laul during this perioed, which led fo permancnt claims on grazing lands, Farmets § 'ﬁcqmre [and ﬂ:ln:uugh
inheritmee (men), Toarmiage {women) ot purchasé; renting land is uncommon.

. Refersnce :
: Tlﬂen W, Sdortimare, ML uml Chichoki, T [1994), M:'.Ire pmp!e, fexs &ms‘mn. Emvirmamanial recow-
m-;» irl .F&'n}":a John Wilsy, C‘huh:alc:r )
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[ Mwagala, llsagara, Nﬁﬂh Sukumaland,'Tanzania

In ihe: past, Mywagals famers have responded to population pmssme and declining soil ferr.l].lt;.r by ex-
pluiting diflerent land types sod fallowing, However, all cultivable land is now n:n:upp&d and femers -

- Ty been foreed th adopt infensive fﬂrmmg_tochmqucs Fertilisers were adopted in the 1970s, but

problems of cost amd supply have redneed their wge in weent yoars, By conimst, manere and crop
resilue rtmﬂu;:,ﬂm::rtl has ineressed bul il unclear whelher 1]1::5:; stratcgics are sufficiont to balt 2 dc- .
cline in soi] fertility. :

Ted'mu!ngy change :
Mwagale viflage is in Usagara Divisian, Kwimba D stricl, close i Mwum_u Lw. F'm.l tremds in Jand
nse in the District follow the shitting inpoctance and pralitability of e various land Lypes in the ancs,
The Lizhtly texmred hillop soils have bean overworked; and are now telatively infertile. Tn response
to the redneed fertlicy of these soils, cultivation spread o fhe havdpan soils Jower e Gie coenz, and
then to the clays of the valley bottom, lh.E'.SE two changas were facilitated by saparare techroloméal
develupmeniy: first the developrent of watcr harvesting te:cluuques ennbled the enltivation of rice o

 Ihes hetdpin 505, second the infroduction of animal taction fﬂCI]ltMEd the use af H:E'. tentila l:rut d.lﬂ:-

cult tr work clays,

Exputesion indo unealiy kel Tameds T ma ]ungcrﬂ mlum:-n to d-:n:hlu.ug land availability in the arza.
Continuows sollivalion is nesw commaonly practised and Increasing sreas e coming wnder cassava
prodoction. There i alsa a trend kowards lomatn and off-scason maize production. However, the po-
tantial Impanance of higlh !lJI'.E.rmLL:.r COOIEING 15 Tesirivied h:,-' the liroéted area ol suitahle Jand -[',Emdr:]-

T oowan ar al, 997

Competition for fand has reduced the amount ol grEL.-'uu'r u'!.rul].l:lhll:1 and :rfa:r,iwr,]}l hmm:rl l.hL
livestock population, In 14943, it was recorded that 22 per cent of hauseholds in Mwagala owined,
cattle, n lower fipure than for the surronnding district (Budeiman el o, 1997). Them is some #vi-
dence that the importance of cattle 25 a source of security has diminished and individuals are chusos-
ing to invest wealth i othar sréas. .

The maditicnal meons Dfmmt:umng ferilfey ﬂ:mugh 1aJl{m' petiods his declined as a resull af
lami! shortages, The removal of feriliser subsidics, in addition to te problem of wbtaining Hmely
supphicy, has redoced the use of inorgahic ferviliscrs. Manuee application is now the main strateay for
lerlilily mainlenanee; 70 pereent of howschelds sureeyed in Usagara are nsing moanuee, This is 4 rel- -
atively recent change - in the 19505, manure was rarcly uliscd and it was only in the mid-1980s that
fﬂ:rru_:n begen by catry manure fom {bes kraaf 1o fields other than the home garden (Abmed of al,
1990, The low propertion of hossehalds with their own cattle, combincd with a shortage of grazing,
bias led m exchanpes of crop residues sod munure between hovschalds, Carcful management of crop
residues and manuce s becaming mors erusial forermopprodugiion. However, the capacity of farm-
ELE [0 Litensify production i this way is determined by the househuld's resources, Poor houscholds
taca preater cousiaints i Saiking ACCess Lo s and J'e:-hhaen and wre u]l.::l mure likely to be da- -

) pendem ol sm:.lllral, lIess producive Jand hoidiags. -

The growing vatue of manwie may forderintensily anannrrel:uﬂm ﬂrreq:duea and munure. T-Tclw—_
over, the abzoluie quantiGr of mamwe available does nol appear o e sullicient to roadntin the fer-
tility of village lands. In addition. mutient balance caleulations md.tcam anel ramoval of nutsients from - '
the main c;lcmc:nts of the CIOPPIng systems.

Agroecology . '

Annual rainfall in TTsapara Division ranges from 800 and 950 mmdve Rmnfnll is weaLI:,. hiniodal
wetd Eally betwzen Oetober and May with peaks in November/December and March/fApril (Ahmed et
al, 199 Three sot] {ypes muke up 0 per conr of the dismict: Lusesi are ight sandy soiis fom die-
Lop of the hills, low in erganic malter, with poor fertility and structurc and slightly acidic; irogaie ace
fesund mid-sloqe, and comprise 3 sandy topsot] overlving relatively impermesbla boamy clay subsoil;
mibuge are duck heayy clavs (vertisoly) foynd in the valleys (Budclman cc al.. 1995).

The fsend suil-Lype covers the Bargest arcn. Sorglinm, millet, mpize, sweet potatoes, cowpeas aud
chickpeas are misergpped on tess soils, planted on fidges made by hand. Cassava is becoming an
importanl fovd soeree 3n the arcg; it often grown #lonc and has o some cxeent replaced the fallow
rreoiod i rotatien cycles. The. main cash crop grown on desend seils is cotton, Rice, also an important
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cash crop, is EIOWLL 0Ll levelled pround inside bunds on the fegele soils. The mbupa toils are tsed
* for sorghum and rice, together with somc cotton and madzeproduction, Foyalode 1s 2 less wideipread
hut nonetheless innportant fand type in Mwagald, its @ mid-slope soil wilh Tavourahle watee I‘EJ:HIGHE-
that is nsed for horticulnre {Muued ot al, 195"[! Budclman et al, 199‘1'}

: Population density

The population density in the dlstrlc:t iz 114 persons per km {f&hmcd wstal, iE'QD}I n hdwarala - '
lage, the population density is mnel hipher, at 218 persons per kool This has barcly increused sinee.

1573 when 2 law was passed prolibiting cutsiders settling in ¢he village. Further population growth
" hias been eeduced eirough cut-migration to neighbouring districes (Bndelmim «t al, 19935).

" Farin sire

The avene () s, cafoalated trn}m ihe villape tE.I.I'lt'l}l'j’ area and the total number of households
£A003, 1% 243 ha. This compeises an average of 1,25 ha ivsend land, O 9]" hy frogale, 0.08 ha invalala
and (05 e amboger. Mowever, Jand rescurces are not distriburcd u.-c:nl:f among hovschoelds, Tn o
“seenple ol 40 B 1 was Jound that only 4% and 38 per cent of hesehalds kave secess to the mons
productive dogedi and inyabafe Tand pespectively. Those 12 househalds thit have acecss 1o o:nl;-.r T
Iﬂnd lvpa have an average size of 1 ha {Budeluu].u at al, 1945,

I'u'Iarket apportunities and off-farm income

B Reymionul- oOpeTalive Braans are e official chammels tor nzlarketmg cash crops, such as cotton. Rics is

lurgd_g, sarlel thovangh privale lraders { Abmed elal, 19900, Mwagala s close to the repional centre of bdwanza,
Tn Usagrera Dhivision, 400 af haoseholds sueveyed wete enpaned in eff-farm activitics, incloding sclling
pnn:n::.lim:i'_l Toncl, brewingy hee, tateling and labouring (Atuned et al, 19540, Honzéholds with Lmited hold-

nygs on puer land are mares dependent o elf-Faem incotme to neet thele needs, ‘1rading activitics borween .

thes vifluures wod Wlwanies mﬁb&mmmg afy ivportast souves of lneome for !audlcss 1113]!:5 (Eadclmen ot al,
1953).

E Hnusehu]d size

© T Muwagala, Uere dre an averoge af 3.1 PECRCNE per farm fmiky, {Eude]m:m et af., 1993), vrhlch i5
Lowwer than the national average (6.3) (World Bank, 1994}, A survey in Mwagala village (n=3¢) fond
average Tabour availability 10be 3.4 percots par B, and 26 % of households hired in laboor. “Rich’
Carron hsnseholds had access to more Bunily Tabour and hived more often (Ahmed cf al, 1990),

. External intervention :

A hiswory of external intervention can be traced from she colonial pcncld anveards. The Sukymalund
- Developmant- Scheme ¢1546-36) was initiated partly in responss (o concerns aver bigh™humen and
livesteck pnpul:lt[mls and Jand degradation, The scheme cneonzaged seitloment of bess phspulius areas
and comeel productio, Fa.tmer; wirs nrzed to use mamire on their Aelds and pravtics comservaton
techniques such as tied-ridging. Ferilisors were introduced in the 19705, and thear wie proronled
throngh extonsion and subsidics (Ahmed ot l, 19903, In 1990, thero were 12 extension workers sery-

- ing 17 villages in Usagam d]\]!ﬂ{ln ¢Aahmed of 4l 149800,

: Tenure security

Land is allocated by movermmenl, aur.!umlnzﬂ iend Lenure is Based po vsafenct dghs. Land maybe -

" herited pairilingally, bal officially 3L conocl be sold. However, with increasing land shm'tnﬂes, varj-
aus fransnelions i lum] ure: hecorning more prevalanl (Ehong el al, 1491,
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F‘DIit‘lE'Iﬁ' soil Fertiltty Management in Aftica
M Kamvrezi, I{ahal_e District, Southwest Uganda

Formers in Kamwezl wtilise » runge ul muctozament practices that have enablad LhE fmnmg sysiem
ta support #n increasing poprlulios m a regen with ligh patential eroston rates, However, farmcrs
constder yields 1w be declining due o inceeased water sivess and reduced soil ferility, High pepula-
ton densilies have Ted 10 highly Iagmentsd holdings of stall plors and have reduced the practival:
iy ul Callew periods i the friag systen. Indipenons techuimes of land managenicnt such 4 trush -
lines, nulehing and incorporation of weeds are widesproad, and their wse appaears fo b incresing s
lacal awaretiess af their benetits grows. The usé of mannre and cornpost ie i 1m[n'm|: il Terlility alsa
appears to e on the ncredse;

Agroecu]ng},r _

The-area Vies batwesn 1470 and 2000m and COCDIOMYEES ﬂa’r hilly andl mounlainows lesrain. Rlea
ammal rainfall is around 80mm. Rainfall distribufion iz bimolal; the heaviest mins fall fromm March
i May 2iud resame in September through to November, The sorils wre rhednly Fesealitic sandy, cla}r: :
lﬂ;tms Annual food crop prodoction includes songhum, e, maize, willed, sweet potaloes atd cas-
aava, The most impoctant cash crap in the anea s bunwens, Colfee and froit eees ate also proswi Live-
stock production 15 oot losely inlgratiecd inle the eopping sysien. Upper Lilkslope lands ace used for
comnunal grazing. Manuere 1 mow sed oo l.ynl-:muhcn]hr ol plﬁt'i closest to the Lomestead. Au-
imals wme Tl mmi iy clruuth :

Population 7 farm slze

Popolzlion density i Karnswesi sub-zoonty is 128 personsiioy. “This is fess than the average {or he
disirict us o whale (Kabale) which has a population density of 250 persons/km?, Land availabiliy is
liariled oed [arre holdings are becoming more fragmented. Plats are commondy between 0.2 um.l n.a
acres in gire and 1ol Farm size ranges fram (0.5 to 10 acres, '

Market opportunities and off-farm income . -

The main tadbng area wod weekly mdrke are in Koowezi village and |hen: ane small Lmdmtr CEOLES
(storers and bars) throughout the sub-county, Faomers scll produce and porchase 'I'I'I]_'Ilil.h al These cn-
tees. Teansport links within thé sub-county and diswict are poor, Howsehold income is toisly derived
{ronn agricultnre and o wide range of crops are sold (bananay, beans and sorghuro are e mast oe-
portant]. The main souies of off-fam income is labouring on olher farmes and 15 matily caried out
bor weaumen. Few other wape caming. uppnrmmuu: ezl Spme hu:ulu.rarl ek is undermken in the
Iil'j.- SCASOIL. i . . . - :

-Lahuur EI"l.I'-EII|E||JI|I1.'_||f . -

In mast hovscholds, there wre 5 to4 adulis who :nguj_.,c in furn wnﬁ: Qi d mgulm basis. Lalour shor-
agcs are folt most during limd preparation, bul ause Jaler in the seasan and wlen children’s labour is
availabile (schoel holidars). Food crops, sweel polaloes: and vassava, dre maioly women's responsi-
bility, Wen ke sole charge af some cash crops such as eoflee and onions, Men generally dominate
activiiics such as Lapd L]I::.IlTI mz amd plnuwhmg and wamen do most of the weeding.

Huusehuld size and stmtture
Hususeholdl H]J’L-TH.I'.I:IJI:.h J'mrn B[4 p*npl&

External intervention :

Dupting the 15405, compulsory S0il colservatan was ul'r.ml:luced o thc'. arca. GIHbE S[I‘Ipb WOTE 3 TG
-quitemant o ] ciopped land Other technologies intradviced at this me were eontour bunidy, ditches
“‘and channels tor cnnm:u]lmg run-off, composting and manurng.

Al present there is a sovernment extension service aud NGOs {"ﬁruﬂ{[ Vision and CARE) vperate:

i the district. Thers is ﬂlsn an ICRAF research station in the district but Kamwiezl furmers frave yt

to expericuce any extension efforts, Receni govemment interventions ¢liewhers im the districl in-

chade a land cmlsnlu:l:ltmn programme to reduce fmgmcntatmn of farm:s, Tl this hﬂb nul pelincluded
' l{ﬂmwez: : c
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Poticies for Soil Fertility Managernert in Africa

Access to informatiun

Farmer rrruuln. hoye been encosryged by the Ministry of Abnr.,ultun: loy wewk with exlension and
cegdil agenrcies and NGOE. Commerei] gmups als eperals for e boying and sell] imgr ool provduee. The
Ugmnﬂm: Malicmiad T:anﬂ&m LTrriwore anlsien espsraetes: 1on thes deaa

Tenure security

Bofest Tanud 15 eowaed Individoslly under fresholl tenore. Some am:ms HTES LL1|'.|',|;|'_|'_|I:I|]E|]1:|.' managed for 5ru;—
1k am Elgleem::tLLh'_n,r a yrroup o farmer;, Tahented Tand iy u.l,u:q]]}r :,lwull.d ﬂmﬂng LUNE, TI,']uml 15 Takl
Loy d:lughler she lias user nghlb, bt cannsl selt e .

‘References . Co '

Miire, H.D. Tumuhmnw. E Kﬂhﬂ'ﬂﬂ]‘]llk}ﬁ., KL, Lwatkuba.ﬁ ‘Critchley, W, EﬂIS-JDII.Gh 1. hm:[
W]l:.m..ku, T.I. (19%5). A participdtory rural appraisal (PRA) in Kanwezi sub-connty Kafmiu
Dixtric, Ugrlru'ﬁ'.: Silsoe RL«HWICh II'Ih11tLElJ:~. Bediord.

W M'Pérésso, Sikasso Region, southern Mali

-

' Sute and famlmg sysbem
- Thes willape 15 siteated st 25 ko ffom K.Dl]tl.ﬂlﬂ A maAjorc marh:tmg town amd ooote Dfmtcuslﬂn activi-
ey, Bainfed syzricul o 33 bused on eolicn grown in méation with cercals (maize, millet-sorphont) Cotton
and growmdnuis are the etn exsh crops, The arca culiivated per howschold vardes from 7.4 to D78 ho.

Callle are importand a5 & soues of animal tracton sod maomce, The animals stay the whole weor
rand om the village Iands amd are goarded at nipht in kraals in the village. Farmees stock mesiducs from
pravadnuts, cowpes und cereal stalks for dry season feoding, and also buy comcenirates (eotlon scod

coke). The numther af caltle per howschold varies from 3 to 24 hoad,

Technical change
Coteen receives chemical and organic feriliser so (el (hose coopy goown in mlaton with clan ben-
efit feotn @ie residudl effeir Fallowine e mestore sl lerhlily 15 ne longer pusﬁ.ihlc LIVET PRSI
on land, Urea use tollows the iecommended dose T hetter—a T Tarmers bt is lower Thim this for QL
tariers. The use of ‘complex cotton' Tediliser {14:22:12) 15 n beneml helow e recurmnendel
dose. Gereals only recefve chemical fertiliser when prown an vecy poor soils or ‘when [he Ump i
sl redatively late in the season. Cereals are alsa grown it asgociation il cow peas. Onaoic matter
is applied on some of the maize and sorghum fields. Organic feriliser production has hecnme aley
_ an::’r.th]r' singe the 1980s, ‘The larpest amounts are produced vy incorpatating cotton and cereal stakks
" in the livestack kraals and by composting residues and houzehold waste heaps. Animals are kept o
th:: fieskils at night <furing the doy season (o cosure manwee benefits the soil. Farmers apply between
1.5 amd 5.2 toms of organic matter yeady on 20-55% of their cultivased atea. All houszholds produce
. rrgamic mslber hul the guneatity dcptnds onthe ﬁva.ilabi]it}r of carts and lahnur,

Agreecology
' Rmnfnl] varies feom 730-000 mon. Thc, s PH Iuam}, n::lmrl::} or of the gravel t},pe

Fopulation density : .
Population dE.LlSIt_',-' is 18 persons/rn® bud, Fiven uhigh pﬂ]pnmun of unusﬁblt: Lu.ru:[ the cffective pop-
nlation donzity is clozer to 50 persmm.’ km’

(f-farm income
Activittes include trading, weaving and carpentry; diy season lmg,mnm: las become leks impariunl
Sallowing lhe & mr.nmsmg imprutance of cotton and dry season market pardens.
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Hnusehnld size and labour -zmr.a:]ahnlli'i'_n,.r :

The average Tabour fovee per hintsehold mnges oom 4.1 ta 18 (or 1'|-:1-:Jr|:r und richer howscholds ra-
spE:tle]:,.' and the monber of heclaces varies Imom [4 1o [LE hofacive worker Howseholds arc often
large commplex stciures mm;mmng several married mup]ef; Their |_En1d.n:n pun:ml.h antl Emlbll.'tb

‘External mteruentmns : ' : -
The Comopaenis haliene pnurleﬂémlappemztdes Textiles (CWDTY ﬂﬂrlﬂdﬂrlm‘l‘lrj Kowdiabuin the mid-
19508 with the ain of developing small fumer eotton under rainfed conditions, and wali] recently, iU pros-”
vidod all i mpuw far cotton cuitivetion, auirnat raction aod carts, ceedit, inacketing ol coltan 2o Be traindng
Gf ¥illsgs associaions, Inthc past fowr pears, the CMUT Las cdme under poessine frowy the Wootd Bank 10
thvesl itsell of muny support activitics, these boing woostemred to fummer associstions and the private sscloe
Tuis umelear hesw fast or Ear this process of divestment will go, bur some negative impace ae already evident
wialy the handover of w..lm'rrmw ae.:rﬂcn;hand same Eeriliser supplies to the ]:Itl‘r’“'-IIE =aglorn '

Acress ta technical knowledge

CMOT extengion advies has l..mphamud the ]:Im:!un;tmn of ﬂrgamc fentilizer and 11.5& of the recom-
miended -::hemmn] Lerliliser dose, .

Reference : S :
 Dlembele; 1. (1508}, D}ai:.’.rmf 5 q,l" w:!f.-:m!:r} mr!rragﬂmrnr in yIvanng Aﬁ?.:.‘.:z Malf cﬂum'r}' muf}t
FLLIIIlTEEhE‘IIL‘;ﬂ Eeport o EC DIOXIL, TELSTDS, Ll![l.lllmmnhhl[m _

B Tumban, Dagaceri, Hask_a', Futc.himiran'i, north-east Migeria

The adaplive respuomses of Sdhtthun cammumiies b population pressurc and n:nw.mumt:ntal rjsk are-
e:xplnred in thix sludy of fsur siles alomg an Lr_uiugn,_:q] pradient in north-castern ngcua H.lgh -
laticn d’EIHLLIEG drg associled with Higher roinfull and increaset land wee intensity. This stody demeon-
sirates that the aosl intensively mamaged sysiem in (he sldy hus the hijghest pnpulatmn density and -
is abso consideced oo he O mast suslanalble, .

Agroecofody and farming s;rstems

Average rafnfall in the tour study villages varied froo ?45 - 571 mm-f;,r aver 1992-06. Highly in-
tensive, mtenrated mixed farming systerns charclsrise Tu.mbnu in enclrust o Lhe mon: cAlensive
agru-p:lstuml systems of Kaska and Futehimiram. : :

“villaie- . " average rainfall mm.’g,rr.l['IEIEIE-‘EIE] population! kmé  farm size harhalding:

Tumbay, Bano State A . il 4.

Dagaceri, ligawa Stte | - - 364 _ 43 - 11

katka, Yobe State ) 345 N B TR [1 Y

Fuelciimiram, Yobe State i S F R o3 5.4 -
Tuml:rau

The average annual rainfall during tha Sludy petiod was 571 mrn.":.l'r Talling maialy betwern June and
September. The mean annual eeraparatore is 26°C. Soils are soady, hlgnl;, wenthered Latosols, well
drained, acidic and very low 'in orpanti matter (= 0.5 &) - .
‘The main food craps prown are millet, sorghur and cowpea, while some [armess alse grow cas-
sava, The principadcash coops 2re groundnus and pEppert. Plols are inlensi w:l:, crapped uzwally with
twomajor and two or three Juinar crops. Crop molation is practised helween grmn andl gmundn:lt.—dl::-m-
' matc-:l ruixhuves avery year or toe. Land prep:u‘uunn 15 by a-plongh. :
. Crops and livestock are well integrated i the rZI.'I1[IIIIl" Ay sLETL Manmrce ariplicatiom 14 Lh-:. mauin slral-
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‘egy [or maintining srop prsducion, und ceop reridues and tarm weads are fod to Ivestock, Bslimales
of inoreamic Fertiliser wse averymed 15kpda, a8 eompared with 4.2t'ha for teanurc, Liveslock (e
tlibrds of which are smial] stock) are parined in the rainy season and released after harvest in the dry
season. Trees within the farm are impaitant spurees of fuelwood and fodder, and seme provide (i
and fmiber, Marked ooy 15 bnnd witlya daily and weekly m'LrE;et available in the villages, :md K.mn

- ity l;‘-ﬂ.S]lj’ ﬂCEE-ShlblL ) .

Dagacen :

Tluee ethnic grovps live in and amund Dagaceri; the blanaa zl.ud l-lnuq:l liwe in the village aod fhe
Ful'be occupy the surtounding rangelind. Dawdcedd is dey For 7 months of the vear, with rain begin-
-ning in June or July antl criding by Quinber. The average anawal tinfall bervezn 1952-06 was 360
- mryr, Theer soil types ane idendifed by Tammers, ‘red” and *white” stabillzed dune soils, and dafker,
finer texrred soils found jn deépressions. Sorl maistere 3s quickly lost after the rains have ceascd.

"Lhe main craps arc sorghum, miflt, cowped, besdisesd and guia (Ciirefus fanags), The later

“thuee are the majer cash crops in the area, Groondnet was important in the past bt now has almost
disappeared duc i drought and disease. Fanns comprise manured infields aod unmamred ondiclds,
Cattle acc mostly hold by the Fil "he, though-the Macga keep bulls for tratispolt and traciion, Sheep
and poats owncd by Manga ond Huosa ere rmaneesed cn[]e;:iwely doting the rains they are prazed on
the rangelands, sod in Mhe dry sewson soimals ae Beouplil anmo karvesied fanmland,

Kaska
Kaszka received an awerage twinfull nr 3 mrofye |JE1'|-'-'EEJ] 19972-0¢6, T]]E.' '-']l']r' seasoi extends for mote
‘than # raonths, resulting in s growing periad of oaly S days. The main food crops are millet and
“gorghum. Chssave, cowpews, quna, ooataed and enians are all prown for commercial purposcy by
' the Mangy, Date palm p]uruulmm are alsa an impartant sowce of fam income, Threc grpes of land’
* are found in Kuska: poor eplaned dune saids; sandy soils with 1 little clay in the intormediate lowland
arcas; ant heavier soils in lowland depressions. The flner texnuwed soils of these depressions arc rel-
atively high tn patassicon and phosphate and were favoured in the past. However, they are difficull
to munage under Loy conditions, al Foush Gy are still nsed for indgated plogs diring the dry season.
The Munga wid Ful'be operate mixed tarming systems, However the composition of livestack
henls has changed considerably since the 1970, with fewar cattle and more poats than sheep. The
Ful'he in particuar have sulfeced foom severe livestock losses throuph forced dry scason 'sales, The
Wanga abtain income dirowgh tha drv season from imipated ficlds and arc less lkely w b J.'nrr.u-:l y
sell slock, :

. Futchimiram ' : '

Raiafal] in Futchirnivam is low and cmn-::. :wcmgmg a3 mm."vr For the: | 982- 1006 penad. The rainy
sedlson Jasts oty 50 days, front July to Scptember. Barly. season moislure stress and high iermperatuces
present’a major problem for crop production, Seils wre samdy and of Tow Terlility (ow in omanic
pater, M and ), RMillct and sorghum ate the main food crops: grown. Growsdiowt iz an impoertant cash
‘orop; women with independent Fxrmy devole all theic land 1o groomdaue production. C{:wpeas are
arown'for consumption and sale, Land preparation s minmal and doimal ieaction rare, baswrs s ap-
plicd preferentially to homefieldy which ure conlinuously planted, while uutt‘elds ave menaeed
* through fallowing. Rolations are pruclised hetween cerenl crops ated lepimes.

Liveslock (gatile; shesp, poas) provids wilk, meat, manure and a source of capital. Donkeys arc
important for drawing water. Tn the dey seasen, Tivesock range freaty and graze on crop residues;

. tluring the riny seasom ey are herded by dﬂ!.' and penned at night to puard against cropdamage.

Lant management trends . - 4 - '
To Tumban, a1l suitable wpland areas ure dey ated 1o arable cultivation, a situation which has changed
Tittle since the 1¥7s. Fallows are not enployed as a land manapement strategy, and all land is culti-
. vaed every year Farmers maintain soil tentiliey ﬂuﬁugh applicafions of manvre aad inerganic for- |
. tiligers. Manure, ash, weeds, dimaw cte, ae olso cnmposmd wikhin the mmpuund lo proide erganic
- ﬁ_amhsc.r Livestock ace penned during the TdEnY 5CAsOn and fod oe orop nesidues and weeds,

The srea cullivatd in Dagcer grew at the expense of grsslend helween 19500and 1970, bul thiz -

CXRENSIm Lmbml in 1972, J'l:‘]l]m'-'mb i meseerwwt3om of praseing arens for e Fol'he heeders. Ammoal
caliivelion s praclsed da felds immediaely sorrausding he ¥illage, and cantinuons cropping sus- -
tained thaugh application of incepanic and organic ferilisers, Hnusehnld_reiuse ash and some tivan e
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is teft on heaps at the cdge of the: villape. This composted material is taken by farmers io their fields
during the dry seazen, The ability of a famer te utilise this Teseurce is determined by acecess to trans-
port, labour availability and the proximity of ficlds. Manure inputs are more casily achicved by al-
lowing animals to graae on crop residucs dvring the dry scason, However, the increasing competition
for vommen graring bes taisdd the value of coop residucs much of which ars now stored, dnd sold,
Tor [vestack [eed in the dry season, Grass is alse harvested and gold io the Ful'be for their cattle.

T Kaska and Fulchimiram, wercollure emainy oxlcmstyve, qod fu]]{:lmng iy the pringipa] '\-.Imh:g:,-'
Tor 5ol feedlily raimlenance. The colleclion and ranspuorl of manore and bowsehald reluses 15 o
practised; manming is al_!ue'.-'ed Lry gm.e.mg ani ks oo ST rtm-llu::'. wad krhog t'lfhﬁl:‘ﬂb 6 1h¢ held
ar fight.

In Kaska, pnpulaunn pres.sure and the recent decline in rainiall {ﬂ:& area has exp&n&nmd a25:35%
reduction singe 1963) have forced azriciliure oto (e upland areas and to conypetition with graz-
ing. Increascd pressure on the frapile up[nnl:[ dlne.soils.hasled to increased aeas c:nfdegrnded land
in the past decades. Dhesiccation and moving sand dumes have tumed 47% of the study ared upo-
duetive, The resulting lind scarcity snd cneroachment onte mneclands has created ineroased coms
petition with the Ful'be aver the use of the uplands, The decline in shifting cultivation in Kaska iz -
expluined By the shortugs of pood quality land, which firmicrs ALC reluetant to leave, and the appro-
pridlion ol Tandd Tor private Todder prodeciion,

I Fulehimizam, the srest g culttvaterd Jand has changed Title in the past fow dr.x,mh._b Farmors ap-
erle wial hans hiessn described as o “mabile inkens v systern'. Shifung cullivelion t prachised by
aroups of frmers, and (he clearunces of new Jands must be bothosed by dse villame ]'I&-I.I:II This “col-

" lective shifting” reducea rjm cosis ol 1E|a|:mg e protecl pmp lands I'mm Tivestack.

Lal_mur -

willage hiousehdld size  hectares per capita  hectares per labour unit “labour days per hecizre
Tumbsu - 106 - {135 . oy ' i
Degaceri - 5.3 : 1.6, ' 4.1 ! .+ 185
Kaska 7 13 : 16 12

. Futchimiram 41 .- 1.4 . 15 - - -3

The high ]abnm use pea hacrar in Tumbnu eeflects ey anpects r.lf the nnermwe Facoimans s;.-sl-zm ' .
rapeatad TS applicaticns, multiple crapping, high aumber of weedings, and reater biomass po-

" duction (increased harvest operations). Ly Tuhlh-am the ugin faboor soutce is maJe househeld mems--

bers. Wouwen ave largely confined to domestic compound work. Laboyr is hived when shortapes ocour
during weeding opermtions, ond during harvest co-operative labour groups reduce the burden
Similarky in Dapaceri, labour shortapes are meat cridicat during the weeding period, sinee the usa of
the ox-plough means that large arcas can be prepared even where there iz not the labowr for subseguent
mamagement, In Futchimiram, where ox-plovghs arc not uscd, Iaboor constraints limit the arca that can
b cultivated. Here, co-pperative assistancs between houscholdz helps to relicve labour shoriages., ]
Dicxpile the high [abour demands of the intensive farming systcm, Tumbaw ez 4 snaller pro- -
parlion ol ils availablc Jabour in agriculivre than the other villages given the barge number of oppor-
luniLiess ta pursne ofi-Barm sourees of ineome, Tn fhe extensive farming sysiems, the Pﬂtﬁ.ﬂ'ﬂ of lghou

- usite 15 highly responsivie kit rum I'zﬂf {hhinbuh:m and crup pc:rf{m'nunLr..

Househald structure and slze S :
Household size declines leon L06 persans in Turohan 16 4. | in ]"Lm,hmnmm The numhber ¢ childoen
per houselold folldws O same- p:ﬂtem 32 in Tumbau, 43 ;n Dagacar, 2.T in Kueglo and .| in
Futchimiram. -

Warket opportenities and off-farm | ineome

Markit oppontunities vary considerably between Ui 4 u1llage.=; Tumbnu la 2 unpnrlunl markel which
drrws ‘people from soreounding villages: Fanvers 2211 ceops tod crafs wo widdlemen. Tiens iz a Tange
claily market 30 Jon away, with poad road aceads, where livestock ans traded. This acker s also im-
partant for 4 range of goods. Dagacerd 3s 13 ko from an all-wealber road and has relatively paod
#ccess 1o niarkets, In contrast, both Kaska and Fuichimicam have veey poor transporel ad market
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links, Howsehelds in Daga:,c.n spend the: most Lime ::11,_...1'11:41 mn L:lT larro achvides because of their
close Links to markets, In Kaska and Fuichimicam, sctivites such as Tood selling and AL
ATC VELY l.lmltcl:F due t-:l l:hc sl and mpeeessihle nature of the sellements. .

External mtermantmﬂ { access to technical knuwledge '
An agroforestry project was initisted in Fatchimirum in 1992, Tres planling campaigns have since
hecome an annual cvent and agroforcstry satension servives and seerlings are available w farmars.

. Tenlre security
Most private Jand is acquired by inbertanes, In arcas where land shortage is c:ntJml lessing Tund 34
beseiming rore common, but is ouly an option for wealthier farmers, For mm:i Tyrmgrs, lonune sepa-
rity does not appear tobea probler :
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Policies e Sail Fertility hManagament in Africa
W Chivi District, Masvingo Province, Southern Zimbabwe

Technical :hange . :
The dryland fm'mlng syslem u[CI:m is ar&lﬂuvely recelt dn:vclnpmcnt In the 192{151 cullivation wiy
largely confined to rivedne sardens. The resteictions placed on cultivation of tiverbanks in 1928 -

“foreod a shift bo dryland ceopping, This was Fucilitated by the nfreduction of plough teehanlogy
which remeved lalbour constraints and coabled cxtensive arcas to he farmed. Popubabun decsily in

Cliivi incressed rapidly i the 1940s duc o the resettlement of people Temuved [roen areas sat aside.
Inr w]nte fariners, The pressurc to intensify pmdul:tlun gnd impraved availability of ransport, led to

' ~ the use of manue on farms in the 19405, Tnorganic [erlilisers wers intraduced in die 19508 but ouly

entered peneraluse following the infroduction and premotan of demanding crops, such as coon and
hybrid maize. Ash, compost, loaf lilter and termilry are o1l vsed in Imited quonities. However,
most farm Lond reccives no fortiliser of any kind and fallowing is racely used as a soil management
strategy. ‘The small arcas of farm lamd el fallow are vstally the reswlt of problems with acccss to

" drawght power and labour, Ihndeguale ferlility iaputs are 2 reflection of Timited !wpsn:lck numikery, lac.lu:

of cash to pure:hay: inorgunic feclilisers and Jow Yabour zﬁrm]:lhlimr

Agroecolooy
The HVETHEE anaual nanfall recorded in Clivi baru.-een 1uid *md 1992 was 548 mtnf:r'r and the aver-
#gc srowing period was 76 days. Both these figures mask a high degres of wamiation; one 1o [ve -
TEHTE A severe OF very sevete drouplr is recorded. In the three siles stadied in Chivi District -

Tukavarush, Ngond, and Chivi Central - different ecological conditions an: found. Tn Takavarasha,

hesavy clay soils predominate, Chivi Central is characterised by sanils with some aress of wetland; and
inn the Moudn area fhere is o mix of sandy and clay soils, hMaize is e domimant ceop grown, but other
impartant crops are ped millet, finger miller, sunflower, sorghum, groundnuds, cotion and bambara
nuts_Ngundu recaives more minfall than the otter sitcs anil this 15 tefeced i the preater pmpmtu:—u

of Tand devoted to-maize, fn Takavarasha and Chivi centrl, fursners plant mare small prains and

geonttdnuts, Cattbe are tmportant for dranght powsr, milk and raamuee a5 well 35 an emelpency source

of cash., However, even pror i the drought of 199192, unly 55 pec cent of households had cattle,

Cimats are mose cnmmnn. mere n:udil;-' solel amd are hurdier Fw cattle u.l.lde.l' dronght mndit'mns.

Population
The population densiry in 192 was 44.5 pn:r-.:mn. p.:rl-uﬂ2 :m{l the avetage Ilﬂld area fo"-ll':ll‘ls- suwcj.nc:d
was 5.3 ha, ranging from 0.4 w 16.4 (n=146).

Warket ﬂppunumues

- Thé variability of minfall and burvests means that few houselolds repularly pmdl.u:l:: surpluses o

scll. Some grow matee, sunflower and cotuom as’cash crops. Prior to the market reforms of 1993,
government matkeling haards were e doninant channels for crop and livesiock sules, The Jifling
of restrictiony on the movement and sale of geain has penerated increased marketing uelivity in ttmes
of sirplus, snd rised Ow inpoctance of Focal markets, However, it iy cbtmalr.bd that 40 per cent of
Furmm m::l] T CTOPE.

Prite ratios . : -
‘&"ue]d cesponses ot madze to fenilisers on Chivi faoms betw een (984 wod 1290 were rmmmzﬂ Euid the
use uf fertilizers is considored barcl:.-' COOMOTTME.

Off- faml income :
The potential for carning off- fH.lT[I_ ineome is restricled by the listited develapment of the Iocal eso-
oy, Labouring work it an impartant soures of cazh for paor howseholds, and wealihier howseholds
are-able to lease out ploughs and canls, Nzundn howseholds ace elase o rmadside markets and so have
the opportsnity to scll crafts to touris passing thmowgh. The pm:{imu.:,' of Food transport links also
enable-Mzundn women to cruzage in (rding aclnilies.
Migration to tewns for cooploymsent is an tmporiant camnpanent of need hw:[uimnds in Cluw whare
apricnlure alone cannot support honseholds. Tifly per cent of househalds regulacdy receive remit-
tanccs from abscnt menabers wind relati ves, The theee communiles show ditferent pateerns of outmi-
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gration which teflevt the ppportunitics epen to them, In ‘ilovarasha, there are swrong links with
inidng Lowns and Ngundo provides seaseoal workeors for nearby sugar estates. Chivi Centead howse-
lolds bave Texs asresy J lung—ler r»:.gularﬂr sal'i.ncl:l -:mplo:,'mmlt and reuumnc:e.s ate legs i lmpm‘—- }
tamr bers. i

tabour avallability { household size

Average henasehold size for a sample of Chivi hovseholds (n=146) was 7.2 persons, thaugh this Iu-:lm. .

- a wide varation in. houschald size of one 1o 56 persols.

External intervention, _
Cowernment inlervention strerehes bick to dhie beginning of the century. Barly o B colanial peniod,
. leyrislulion regarding settlemene siguificantly altered patterns of resource wie. Palicies in 1he 1930 -
aimetl 10 modemize small scale aedodoore, by allocacdng plols o Frmers arf insirueting them in
‘proqercaltivation methods, including advice on crops, eotatiens, and mianuring, Tn the 19403, von-
=" vemn gver resoures degradation saw compuisory destocking, the peeventios ol riverbank ‘enllivation
wad widespresd implementation of soil-conservadon measares. In die 1950k, biybod maize und cash
croqes, sech i collon, were introduced o the area, tngemer with fertilisacs. Followmyg independence,
the exlension serviee was capanded aod the priovision of mbsidies and markalmu s Irmrnul.r:.ﬂ lhc
Plenling ol muizce, sLmElnwc:I and other c:nsh crops.

Access to technical knowledge -

Fn | 993, 33 agricultural cxtension workers wete operating tn Chivi djsmcL LEalemsion mossages 4

141T1.,l:]y fcusesl on high-input teclmalogies, NGO activities inclode the promoton of tree-planling and
wendlind mamagement, gmdc:mng aud soil 'mu:l watelr congervadon.

Tenure security :
The Land Husbandry Act of 1951 aempted to establish a systeen of I'r-e&lm]d Lenure by u]TuLuung
lumd rghts 1 male bouscheld heads, This did not succasstully override the coslomary sysiem oF
tepmne where wser tights were #llocated by chiefs and headimen, and these powers were reinslated in
1984, Follywing Independence, conerel over [ands revaced to the state dod complex polilical won-
gles wver nghts to allocate land between traditional leaders and political activists ensued. Thus, the
recanl hislory ol change and revision, resulting in the redrawing of bowndaries, has Teft (e laod tenuns
pictare “cunlused vad vadcd’, At the Buama [ovel, differant land types are managed vader ifferent
tenlre arrangemments, Access to valuabls lad reseurces is more-tightly contralled dian aceess 1o leas
produclive aneds. For eaaniple, homeficlds and gardens may be fenced and individwally owned, while
- lough geazisyg is noedroally common properdy, Tenure amangonents afso vary in time; land may be ex-
clusively managed ductmy e pmeweng seasum Bl revert (o open access in the dry season. The tenuee
. gusta s aot Eﬂl!ﬂd&red L discaorage sl E:rlrhl_':.r THNHEETICRAL (C‘ampbc!l ct '11 1995}
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Folicies for Soll Fertifity Managament in Africa
M Eandou Beri, Southwest Niger

. The Zarma Farmers of Fasdou Beri practice au extensive form of agrienlone, ruwinly producing millet
for hemseholl consuriplion. Declining soll productivity is largely alusbuted m redaced fadlowrs and
chianges in rainfall. There his been litde adjbstasent in the Jand managemend system in respouse to
those cheages. TTouzeholds have adapted to declining :-l.gn:u]tuml :,-:::Eda Uieouph increased reJ.HJ:n:n:
4m hl:..nunaf migration and. patty tndmg .

Technical thange :
The avea of the w]lagc: terzitory wngler cul livativm increased 1r|:-m L[ g2 23 prrecod between 1950 and -
1992, This increase in Jand onder coltivalio is comsidered the principal cavsc of shortening of l'a]]uw '
penmjs from -approaimately L0 years v e 1530s to less than 5 yoars at present. Holdings | hawve
changed from lurge family felds 1o sovaller individuad holdings as Tslamic inheritance systerns (whare
land is inherited indlividually h:.. ‘sans) have been adopted. Crood quality soils widsin dae vilkage teeri-
tory have disappeared soul yields have declined. However, kittle InfensiBeation of peoduction las oc-
enrred. Feriilisers were usad far a period in the 19805, but aftor praject support and subsidies were
withdrywn, their use has dwindled. Zarma famers do not routinely apply manuee to Oieir fields, Theic
limiteed Yivesivck holdings ave entiuzted o Poul families and there i lilde igtegration between CLops -
* and Tivestock rn Zaeia fanns, Six Peol farilics Hve in the villye and cultivate small permanent fields
om luets Frords the contmiiity, '[hese farmers ane able to crop contintonsly and achieve higher yields
thirough manuse additions w0 their sotls, Armangements Gor stzbiling livestock on the ficlds of Zaoma

acmers ace limited o those whe ean allond o puy Peal cattle-owners for this scrvice, Cropping ap- -

pears to iave becorne less divers: o5 a resudl of changing, enviroamental conditions, soch That serghum
is no longer cultivated in significant guantilies ad cash crops such as cdtton and prouadnuls sre rare.
Short-cyele millet varietics havis been adopled Iy tarmers, Livestock ow nership is hecoming moee at-
teactive to Zarma Fammers a5 amesul of favourable animal prices, but there iy hltl:. mdn:almn of any
trend b ards more ]:r|1=..gruLLd anirnal and cmp pmducunu

Agrueculugy '

Botweeen 1991 and 19425, he annual ramtnllw*ts beteoen 450 and 660 mm. Soils ane acid {pI—I-afj] BLAv-
"elly fams with doar nutrient stalus and poor water holding capacity. Soil iypes idantified by famers .
* inehde sandy soils with elay at dapth qud clay-rich valey ballom suils. The nl:ara;:terilsﬁcs'nf thest
suily are saploiled Lor different crops. n the past black crgunic seils dominated the viflage lands bt
{hese have all bul disappaaved. mepmg is cdominated by rn1|]t=l Culer lmp::lﬂzult erops nclude cow-
poak ardl cagsava. .

- Papulation density and farmihousehsld size
The popukation density is estimated at 20 prersomsifkrm®. The average hnuselmld size 15 6.4 persnns
living in complex and ouclear houstholis, Huusehalds cultivate berwean. 2 and 3 ha of lamd.

Market opportunities and off-farm | mmmes .
Fandon Bari has itz own 2mall mirset and poed comections with local willages and fowns, Nmmey
" isd5km west and can be reached by bos Fom awwn Bk away, The major livestock markeds are
Tere and in Dantiandou (25 ko). Daily makets occur within a day’s valk from the village. However,
sales of crap surpluses ae auw mume corpaced to 19808 becanse of very low yiclds. A ueagor souree
of houschold income comes From men who have miprated 0 cngage in iruling aod other achvities -
in Céte d'Tvoire. Almast ol young ten leave the villape by harvest me to cam cesh i Uis way.
Women derive income Trom selling a variety of fems, such as prepaned fnod and bush sance ingre-
tlienls and [mom petly trading. Thete ave restrictions that prev cnl women ol repradictive age tiom
tsking stalls in mirkets and much trading occéors from women™s homes, Other loaie based activides
m-:lude ol makiag and mtsmg animals.

Y

* Labour availability :

Nfast Faren wark is carried aucby family members, Out-mi gmlmn ol young male labolur canses ptol-
lerns with Tabour shortages and many houscholds are nol mea powibion o campedsate wily hived
Lalyur: Mgt Ertners prepaie their land by hand using @ long-hindled hoe. There ane four plﬁughs in
i |]!|5 village hut r_he.u Ui 13 J.LLmLEd to wealthicr familics, Foth men and WLIELD mLe pavt Lo sowing and -
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harvesting; waeding and tﬁijming ave cirried oul by meen, Semelimes mote lan is sowm to millet than
~ can subsequendy be waeded due purtly Lo labour HhﬂTIHng wnel partly the dc:szlrc to mamtam claims
- “on Jand.

External intervention

External intervention has been liniled. Tn the 1980z, a millct sced mu]t[pilmnﬂn PLOSLARLTS intro-
duced inpraved varelits, subsidived lertfliiers and pesticides to the village, It also purchased millat
from tarmers al abave markel prices. Sinee the programme ceased, SOMmc new varisties have been re-
- tadhed but, due o high cosls, lerlibser use Rus been mech reduced. Doring the sawe period, a small
inidative invelving dey seaxon irogation for wegetable pmdu::!mn was started with women, Lt this
was quickly uhandnnml .

Aceess to technical knanEdgE

Thelte iz i grrvenament extension service apd Do n:xtcmﬂl apcncics CI-]JGFEIE plojects in me area. Farim-
e15 are ABle 1o s ve radic hmﬂ-:lwsus an agricnliural issoey and gam exposure to new teclinologies
© duwring thed ravels. .

Tenure ser_urliy

Since the [960s, family Tand s been Jnhcnti.d individually by sons. This has led to the fragmenta-

tion of larpe Fateily [elds and the-emergince of individoal owncrship, Land conno be sold, but may

De leaned for paymenl. To reloin land ights, land must be cleardy. in vse or tn £allow, This costomary

- practice has heen reinforced by the provisions of the now land tenore legislation the Codk Ruiverd,

which aliaws Jand o be transTerred o gnother houscheld in'need of 1wove land, i it remains unused
for petiods of over iree yeurs. This bas encoursged familics to wtilise all land they have claim to,
- deters the nse ol exilawbed l'u.-l]uw perods, snd discourmpes [eting land oot on loan.
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Polides tor Soil Fertily I‘uﬁnagemérrt in Africa _
M Dilaba, Ségou region, Central Mali

She and farming system ,

This srfad] villaze lies 40 kom from the larpe merked and mL:.r ol Segou. The ramfed agrienleral systc:m
iz hased on mlllet which is mostly grown in awaciation with cawpea. Millet is gmwn for homoe-con-
suruption and auy surplus iz stored or sold The cultivaled area per household varies from 7.8 to 33,9
ha. Parmers have cattle, shoep, joats and dankeys. The catfle must be herded auside the vitlage for
part of the year, #s pasteee is Hmiled, which fimits the avafabilidy of manure. Cattll: owncrship varies
from 1 - 73 from pror n-;,her h:‘]u'tehﬂ]ds .

. Technical change

Land for cullivation has bemma searee and fallowing to restare soil ferdiliy I-nu‘ ol been, possitile for
the Tast 20 years, Sorghum vsed to be the main coreal crop grown, before the deoughLof 1973 and 984,
Plougls arrived in the village in the 1930z, and their cxlensive use helps explain (he expansion in culs

Civated area . The use of mineral fertifisers started in thie 1970 with the project “Opération Araclide et

Cullovas Mivegres” (0ACY) md was wsed on groundnies, Nowadays, these are 1o Jongar nsed because
arvilydnuts have ceased to be a cosh crop and fertilisers ure 1o costy 1 vse for millet. Production of
oepanic Fertilisar hag become important sud all Tarmers we s, Farmers recycle honsehold waste, some. -
crop residves and aniival facces., The tramspord ol enganic (ariliser 1o the felds stans in April. Ficlds sre,

on gverage, fertlised cvery 2 veims, The amourd weed varies fran 1-4 tonnes per heekire, Caltle ae

kradled 3t night on the felds, during the dry season. Heowewver, the declining availabifity of grasng .

means Cattle must often b ahsent fur sevecal inonths durihg the dry season, scoking pasture: clsewheres,
thus reducing the availabiliuy ol mwnure for tertilising e soil {Macinanke, T998). AT slulks and rexidues,
from grovndouts, beans anil Monia are stored and nsed as aiimal fedder. Part of the millél and sorghum
n:;sn;in:b are stocked on‘the Gelds and access 1o r.hese stocks is resenved for the househshl's own catlle.

Agmem[ngy
The seils an: mostly sandy and Toam- sandy, Rainfafl is hctw-:x:n ‘751}—?50 mm.

Population densTty and househotd size

Papulation density is 29 persous per ke, Houschold size vanes Trom 2—4 pemons in e pnnres.t
huusehalds o around Z% persons for the betier-off ]'IDI.LbI:hU]{[h Tl'u: number of heetaresfvocket vares
Froon 1,13 -3, Zlmmmk&l

Off-farm income

. Diry seasoll dgration by young men to Bamako and Tvary Coast is very canunen. In the past, anly

voung men belonping to poorer houschobds migrated, but nowadays all hovseholds are involved in
migeation activities. Another sowrce af olT-farm incorne Is brtc:k_umkmﬂ .

External interventions
The $3A0Y operated from 1972 10 l',i'n: mil- 19805 und intuduced chemdcal fc'.mllsc.r and m,:rh L ]mkml

"to 2 guarhnfoed market for groundnuis. The TRAD lunded Projet Fonds. de Développement Villagenis -

de S¢gon (FEDYE) had 1 shonl-lived impact in 1986-87. The praject stoppl:d activifies in Th[uhu e
to prclhlcms WJth repaymenl ol credil.,
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sty Tinud technical eeport to BC DX, TEDADS, Londen/Boightan,

Macinanks A Ly, B. and Katér, L. {1998}, Btude historique sur B gestion e Ta Gerlilitd des sals ao
gedn de guates wl]:lges régions de Sikasso ot do Ségou, In TMEDADS, Byaamics of 'n::':J'_fem!':f}
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“Poliies for Soll Fertility Management in Africa
. ¥ Siguiné, 5égou region, central Mali

Site and farming system :
- Rainfall varies fom 350-550mm, Sandy and clay ::-:ul'_c support rainfed agricultnre with millet os the
. hEin ceop o in assoeiuion wilh cowpes, Management differs betwercn home Belds {max 5-hag
and Lot ields (on wveruge between 10-20hat Long erm fallowing of bush frelds is still used o re-
store soil [ertifity. Households culiiviie between 14 and 53 heetares.

Hausehalds possess cale ynd small mminsnts, which remain mostly on 111& village lands, bt
saine herds alse go, wler harvest, to The dee ficlds of the Office du Miger. Cattle are puarded at night
0l IhE Temeields during the dry seasan and their dung thoreby manvzes the land. The size -D-f the:haed
- ovarias [ 2 e 32 hewed. : '

Technical change ~ - :

Receatly, the praduclion of orgmic F-::rlﬂw:r bas hcmmc moLs lmpnnmt Iris idenmmamlv tased

an deappings from donkeys, shoep and poats which aze thought to be more effective than cattle
manure. Orgamie lerhiliser s coneentrates] on, the homeficlds which is abount 25 % of all coltvated

areas. Hevsehiolds produce yearly belween 25 snid 64 carts of orpanic fertifiser cach. All residves of
sroundimts and cowpens arg franspoced 19 ihs homestead and uscd for animél fodder or seld in the

nearby tovwn af Mione. Milked and surghum stalkes azc left on the ficlds for “free grazing” by animals.

Market opportunities and off-farm inceme : S

FheE village s siluated ot o dislance of 20 km from Miong, 3 lirpe market town and 2asy b reach bﬂ_r
Lsush faxi ac hisycle. Diry sesitar rmgmlum Bs important, #5a0 4 fow handicrafts such as makdng mats
and 1ajie. .

Population density _
Fopulation density is 7 — 10 parsony per ke’

"Household structure f size and labaur availahl ity
The number of heclares per aclive peron vanes ftom 2,2-3.0 hc.:clarcs The honschold workforce
 varies from b oto 24 parsans. ' .

‘External interventions
- Teclmicians seut by the colonial :Ld.mjmsummn sla:,n:d in the villigre Feoem I‘J [Tt 1942 Thiy intmo-
‘duced cotron, eroundints, cassava atd p]ﬂunh.q as well a4 lechnn_]nwma oo seAl Terifily manwgement
{(cownposting, uze of stalks iu the collective Eraals). Farmers abandooed (hese praclives when the kech- '
nicians lefr, Cotton is alsé ne longer prown in the village, due to the roocl Tower rainfall o] the Tas,
30 woary, Farnocrs suy that yiclds started to decling in the 1578s: On the hame fields, Grrmers hegon

to wse homsehold wastes mizxed ‘Mﬂl animal dung once more and o kraal theiy :uuma]-: af (e fields

at pight in the dry scason,”

_Referance .
Demheli, T. el ol (I998), Phynamics qfsanffeml:i} RNTAgaret B dewanna Afvica: e'k:if:u'r CotiEy
study. Fianl Technicul RL]'.lurl 10ECTJG}C[I IEDY DS, Lmldou.-‘ﬂrlghm
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Policies for Soil Fertiliy Management in Aftica
H Dalonguchougou, Ségou region, central Mali - E

Pupulation dans[tgr _
Paopuleiin densities in this empty guarler of central Kali are low with ao estinjated 3-3 Pf}un’ in the
bands surreunding Dn]m:guebnugnu ’ .

Agrozcalogy

This villape provides a typical example 6f a Sahelian “ring’ I"-I.[‘:I]J.Lllg system, Infields suuﬂund ﬂm wl-
lape setflzment for a radivs of more than 'one k. These permanently cultivated ficlds, sown with a
short cvele milet variety, are fertilised twough dung received frof the fammer's own stock and from
dung-water contracts between farmers and transtimant herd-owners who visit the village during the
long dry scasen in scarch of water and grozing. In order to copmge in soch coptasts, Famers dig
wells on their vilfage ficld lands, which then provide them with i private soure of water te negoli-
" atc. Typically, dong-water contracts invelve access to weler for hends in exchangs Tor the unimals
being brought to pass the night oo the Geld of the well-gwner. However, access 1 water i 1150 now
being c..m:hﬂngl:.d in some cases I'ur vash, und in cilluter L fur pmuﬂlm] ol o o7 wen plangb L‘.lx-.':n
by the hr.ml—uwnu:r

Farm siza -

TField sizas are very largs wilh averape villase and bush eld areas atafing ap to 80 ha in the Targest
- Bowseholds {whach hemse” ox can excesd 30w Gl peopte). Village field sizes vary from 4240 ha '
Bush lields Tie at 4-8 Tm Lo e villape and compeise very large, shifting weas (of np. oo G0ba)
gown with a Tonger cycle millet vaiety. Bush fields are not imanured or fertilised, Animad traction is
used to. plouat and wead bath bush and village ffelds. Yields are highly vadable giver the lowand -
risk proge rainfall of 320450 mmdyr, Typical levels for bush ﬂelds are 25[]-4[!} ketha while for vil» -
lage fields avernpes lie withio the IEJ:ngE. BOG-1250 kgtha, |

Livestock ownership - - '
Many honseholds have their oW curlc axen, cascnital for prcpamhﬂn and weeding of lind, Caltle
holdings above the work oxen requircrocor are mare limited and highly concenirated tn the hands of
a few suceeszfol houscholds who have been able to invest and diversily theit sourees of income and
capitil. Sheep and Zoats fend to'be owned Al the individual level and provide o ready souree. of dung
for women's fields - the small plols of [and allacaled 1o them by hesr bushonl"s Tamoly, lor cullva-
iion on the one day & week when wotk {or the heuseheld is nol obligatury.

Market apportunities :
Mackels gre isbant - the weekDy markels ol S il Dnuwahnufr{:.u ase 30-50 ki awa}' But are fre-
quenled by many, whis ke a donkey carl ar eceasional Jorry vide to biing goods for sals. In addition,
trinclens visil the villue Crequently ta bay graie and sell -:lnﬂ: |, Dnnkev cirts are essential for such
Iradse.

Cash crops mmprjse the ~'.1.1|1.1]us Fronn the imillet crnp with some h-:uus.ehc-lds able 10 Commmers
cialise at leasthalf of theie crop, dwonelh local markets, and in sales o visiting traders, Small umowits
of ather crops are prown to diversity the diet but play ne sipniticant role in the hnus-nhc:ld coonomy
(fonie, groundnues, Bambara garhons, maize, okza, tmn*m:les tobaceo.

" Ower the Jast twenty years, there are Scverl proccyscs bcconung cvident which mey rooder the
systern unsustainable in ¢hé longer tenn, Fimst, demographic growth wirhin the village in less than 20
vears Ias seen the population. grow from 520 to uver 750 peuple, The repion is also siarting to fill
up' with fanwers, some who ave fleeing the drylaml cropping urely cloge do the segarmsme plantations
along the Office du Niger canal, due e preat depredations ey bitds { Quelea guelea). ALThe swenc Lime,
transhumant herders who formerly just visited the village lor a few monthy & yeur are now secking
Land for settlement aud cuitdvation. This is bokaesis 1hey ses the henstivs obe gained fomemillet eol-
tivalicn in 3 good year and cven in an arca of relalively low ol unsceptain ruinfll, They sy meone-
mises [hal Jand 35 starting o beeome scarce, and that it wonld be hest o eylablish some form ul' Llﬂl]'ﬂ
;. oam Larud whmw_r prassible, -
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. Offfarm income _
ey season iy pralioo is w:r;.- zmp-crﬂm:L particular]y for yowg men seekmg cash [ar thelr own needs.

" Bimilurlv, crafls provide 2 means [or many 10 earn a lide extra cash. A lew Biouseholds now have s]1np~.
which earmn gond proalits given the relalive praspeeity of Qese aillel fanners and Bie Javge nurbse of
vigiting herders and Minerant Grmers. o

Tenare sacunty _ .
The EH‘I_'I'I]JHFH Taemers sl {his and peghboonng villazes effectvely mnlnl.um ceslomary [.Iﬂ‘-?-fﬂr'r QvLET
-qeeess o water, greong, and land e calivation. -

. Heferem:es

Brock, K. (1998}, Reporls (o the Susiwinable moal hvelibomsds pm]LLl DFID!ESCDR ﬂT'E SUSH--'&

- Fulton I3, and Toulmin, C. {1982}, A sodo-ceonemic sludy of an agr-pasionad village in eontral Mali,
Un]:mhhshcd repord, ILCA, Addis Ababa,

- Tovlmin, C. (1992}, Carie, woren med wells; munaping Towseheld swrvival in the .S':ﬂzef Clarcndon

P‘rt..hs, Oxlumt.
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