H
%

o -

e
E

wy

Edited by
Thea Hilhorst
and Fred Muchena




e mr—rey 7
.. - B

R

Nutrients on the move

Soil fertility dynamics
in African farming systems

Edited by Thea Hilhorst and Fred Muchena



Copies of this bool are available from

Drylands Fiogramme

International Institute for Environment and Devclopment
= Endsleigh Street

London W 00D

United Kingdorm

Tel: +44 207 388 2117

Fax: +44 207 388 2826

E-mail; dryland=&ied.org

Internet website: httpAdvaansiied. org

Citation

Hilhorsl, T and Muchena, ERM. (Eds) 2000, Mutrients on ihe mowve -Soil fertility dynamtcs in
African larming systems. International Institute for Environment and Devalopment,
Letiden.

Keywords: Soil fertility managerent-farming systems-livelihoods-Africa=case studies

Cover photos: Loes Kater (large phota — kali)
Thea Hilharst {small phatos — Ethiopia and Burkina Fasc)

Design:  Eileen Higgins
Layoutr  Bridget Tisdall
Print: Russell Press, Mottingham, UK
Frinted on Sowercign Sk 115gsm, chlarine (ree

ISBN; 18 99825 56 8
Copyright & International Institute {or Environment and Development, 2000
Readoers are encouraged o quote of reproduce material fiom this book for their own

publications, but as copyright holder, IED request due acknowtedgement, wath full
reference to the authers, and a copy of the publication,

m Mutrients on the move

P
a




Contents

Preface hd
Acknowledgements vi
1 Managing seil fertility in Africa: diverse settings and changing practise 1
Introduction 1
The sites 2
Monitering changes in soil lertilily 3
Mutriznt management praclices 8
Socio-cooncrmic and inslitutional factars 20
Conclusions 25
2 Impact of policy change on soil fertility management in Uganda 29
Intrerdduction 24
iethadalogy 29
Agriculiure in Uganda 3
Farming systems in the case siudy sites 31
Teends in soil fertility managerment since 1300 33
Agricultural palicies in the 1990s 36
The status of soil fertility in Kabarale and Pallisa 38
Farrmers’ response to scil sertility problems 40
Research and extensicn 43
Canclusions 44
3 The dynamics of soil fertility management in communal
areas of Zimbabwe 45
I troduction _ A5
Methodology A
The study areas 46
Palicy changes since 1300 45
Farmes' perspectives on the dynamics of soils 44
Changes in soil fertility status =
Spatial variability G2
Trends in cropping pattorms L3
Changes tn soil fertility management 55
Management of prganic and mineral fertilisers 57
Cembining water cangervalion technalogies with nutrient manacement 55
ImpHications for sustainabilily _ b1
Conclusions A B3

Soil fortiltiy dyramles In African farming systems m



4 Soil entichment and depletion in southern Ethiopia 65

Introgy ction 7]
Methedalogy E&
Agroulture in Kinde Koisha B
socic-eganamic characteristics of househaolds 70
The historical dynamic of scil fertility management 73
Soil fertility management practices - 75
Rlutrient halances - B0
Concluzion 81
5 Fallows and field systems in dryland Mali 83
Introduction B3
rethoclol oy a3
Histary _ B4
The Sagau region 85
Farming in the bwa research sites : B7
Sail fertility rmanagement practices ' 90
Sustamability of farming systems 899
Canclusigns 171
& Rehabilitating sail fertility in Burkina Faso 103
Imiroduction _ 103
Methodology : 103
Owerview of policy change in Burkina Faso 104
Charactenstics of the case study sitas 107
Farming systems 108
Trends in soll fertilty rmanagernent 110
Seil fertility management practices 112
Sustaingbility of farming systems 116
Conclusions 117
- Soil fertility regeneration in Kenya 119
Intreducticn 19
The study sites 1%
Influence of policy change an sail ferility management 121
Farming systems in Myari and Embu 123
Farming systoms in Machakaos 124
Trends in sai] Quality 125
Promctian of sail fertility management tachnologies 126
Effects of composting and dug beds 128
Conclugior . 131
References 133
About the authors ' 143

m Mutrierts on the move

I

Cr—




Preface

With s many other issucs grabbing Lhe headiines,. it is not easy to facus public inlerest oh
the state of agricultural produclivity in Adrica, which is stagnaiing par capita and per unit of
land, There is a growing body of evidence to suggest that this econgmic situation has been
provoked by 3 gradual deeling in Whe fertility of soils on the continent, which lor many vears
was counteracted by the availability of relatively large reserves of uncultivated land,
Although in clisnatically narmal years i1 was possible to faed the rapidly growing population
by putting mare fand under cultivation, this has had a negative impac: on natural ecosystemns
and is alsa ne lenaer an cpticn in many areas.

Fallowe land is now becoming increasingly rare, forcing farmers te continue to cultivate ficlds
whose soils are often drained of nutrients and arganic matler. Unless some kind of action s
laken 1o prevent further decline, bicdiversity will detericrale and the land may eventually
pecome unfit Tar farming, subject to desertification processes, I such situations, farmers are:
generally forced ta change their traditional praclices and intensify their farming methocds. o
Agia and Latin America, it is onien possible to use “green revolution’ technclogies to increase
vields of cerfain irdgated crops such as rice, maize and wheat, but these methads have had
very limited success in sub-Saharan Africa where farmers have 1o depend an unreliable rains
to water their crops,

Howaver, there is increasing evidence that many farmers are axperimanitng with Lheir own
methods of maintaining and improving soil fertility, 10 several areas, NGOs 2nd researchers
fram warious instituticons have assisted thetmn, tapping into a nch source of indigenous
knowledge and assimilating il into the main body of more schalarly wisdom. If they are to
have amy significant impact, i1 i€ essential that the lessons lcarmed {roun this type of
collaboration are diszerminated among networks of farmers, rescarchers and policy-makers,
and used o develop affordable inteqrated tachnologies that make the beast use of resources
availahle brslh an and off the farm. Their succass will alse largely depznd o the existence of
soeic-eeonamic canditions that make farming a patentially profilable enterprise and thareby
encourage invastment in the maintenance and improvernenl of its mast basic asset, the sail.

This book is the fruit of MUTHET. the soil nutrients nebwark made up of MGOs, uniiersities
and national agricultural research centres in six Alrican countries and their counterparts in
the UK and the HNetherlands. 1| hope that WUTMETS achieverrents in facilitating and
disserninating learming about soil fertility will contribute to the drive to stabilise seils in Africa
and create the conditions necessany for the sustainable and profitable production of [ood
and other agricuttural goods.

s, Leo vorr aare

Director of the Emvironment and Bevelapment Department
WEnistry of Foreign Affairs, The Melberlands
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Managing soil fertility in Africa:
diverse settings and changing practice

Thea Hilhorst,
Fred Muchena,
Toon Defoer,
Jan Hassink,
André de lager,
Eric Smaling,
Zamilla Toulmin

Introduction

The last few decades have baen marked by growing concern abeout the lang-tarm future of
the natural resouices on which our lives depend . Although we can be fairly sure that the sun
will keep shining for some time to come, greenhouse gas emissions, air pollution, the
availabilily and quality of water, deforeslalion, desertification anid Lhe near-extinction of
species have increasingly hit the headlines. They catch the public eve, mobilise research and
developiment funds and, in some cases, lead to major global inbatives,

A lass canspicueus but equally vital issue is the availability of goad quality soils, which provide
e nutrients, water and foathold (or plants in both natoral and managed ecosysiems.
rutrients are iransparted all over the wearld through frade n agricultural praducts and
fertilizers but alsa, mainky mare locally, by forcas such as ercsion, depasition, volatilisation and
leaching. Although still in balance at glabal lavel, nutrent flows have becorne unbalanced at
lowwer spatial scales. High loss of nutrients through leaching and volatilisation are-a comman
feature of same intensive farming systerms in western Europe. This is threatening he gquality
of drinking water and air, which has led in turn to regulalion forcing farmers to change their
practices {de Jager et al., 199490),

This situatian is differsnt in most parts of Africs where the main problem is an hadequate
return of nutrienls Lo compensate far lasses when crops are harvested and residues taken
elsewhaore, or due Lo leaching and erosicn. If insulficient inputs are applied Lo compensate
far these losses sail Fertility will decline, The infarmation now available on seil degradation in
Africa indicales the gravity of the overall situation, as shown by one study of the continent,
which estimaled average annual lassos af sitrogern at 22 kg, phosphorus at 2.5 kg and
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potassium at 15 kg far each hectare of aratle land (3tecnogel and Smaling, 1990} Research
in southern kdali concledad that a major part of farmars’ incorme can be attribuled to the run-
dewvin of soil nutrient stock or "scil imining” (Pal, 19923,

studies at field, tarm and village level provide a less negative picture. They demonskrate the
widely different managemant strategies used among farming households to cope with low
tevels of sail fertility. Thoy highlight the imporLanes of niche management, by which farmers
consciausly nurture certain fizlds at the expense of athars. Yields are still goad and slable on
these man-made 'islands of fertility’, and many examples have been documented recenthy
acrass Africa (Smaling, 199&; Scoanes and Toulmir, 1999 and other parts of the world
{smaling et al., 1999} Howrewer, such concentration in certain areas brings an inevilable
impoverishment elsevehers,

Tt

Wi therelore nead 1o ash: what & acdtually happeaing a1 faon ghd Tield fewel, Do Joes suii
fertility managerment vary between different fields, farmers and locations, and what are the
implications far interventions aimed at improving soil fertikty management? This book
presents @ series of case studies on soil fertdlity management in six African countries. They
were compiled 13y the NUTHent NETwark, or MUTMET, which is made up of African NGOs,
universiiies, nofional agricuituesl researth cemires and theit counterparts in fne UK e the
Melherlands. This introductory chapler summarnses the main findings of the case studies and
attempts to highfight key bicphysical and socio-economic eanslrzints on production by
smallholder farmers, and the possibilities for mproving agricultural productivity in Africa, E

The sites

The case studies presented in this book cover thirteen sites acrass Uganda (chapter 2),
Zimbakwe (chaper 3), Ethiopia (chapter 4), Mali {chapter 5), Burking Faso ichapter &) and
Kenya {chapter 7). Each site has been cateqorised as belonging to one of three zones, mainly
an the basis of its altilude and the distribution and average amount of rainfall: those with
Iowe agricultural potential (LEY), medium potential (MP) and high petential (HF). Table 1 [t
the sites and thefr basic characteristics, The two chapters an Mali and Burkina Faso are wvillage
fevel studies, while the cther four chapters analyse change and divarsity in soil fertilivy
managerment at the level of a dislrict or province,

The sites cansidered to be of low agrigultural potential are thoge in Mali and Burkina Faso,
and Chivi, in Zimbabwe. They are located at |ow altitudes, where Lhe climate is often hed and
sermi-arid, the rainfall pattern i unirmidal, and soils are mestly sandy, with inherently low |
fertilily. As can e seen from Table 1, population densities in the LP zone range from 10 1o '
80 people/km ™. Farmers n Mali have the largest herds and cultivate the biggest ficlds, while
Zimbatiwean farmers in the communal areas have the smallest fields, largely s a result of the
|lard tenure systern, Millet and sorghum are the main crops grovn in bali and Burkina Faso
and any surplus is usually sold in the market. Farrmars in Chivi also preduce maize and some
are engaged in cash crop farming. Off-farm employment is important and many men migrate
o Cties and neighbouring countries in search of waork,

ﬂ Nutrients on the rowe




The lgwlands of southern Ethiopia, Machakas in Kenys, Mangwende in Zimbabwe, and
Palliza in Uganda are sites of medium agricultural patential (MP). They are located at higher
altitudes, and have more varied agro-ecolegical conditions and soil types than the study areas
in the LP zone. Slopes an generzlly nol very steep, except in Machakos. The rainfall pattern
i bimodal in most sites, and average precipitation is higher and better disiributed in these
areas, allhough it can dlso be quile variable. Population density ranges from 100 1o 2329
peoplefkm?®, and is highesl in Pallisa. Average farm size tor the MP area lies between 2.5 and
4 hectares, with 2 Lo & cattle, which spend most of the time grazing in the cormmon
woodlands and pastures. Maize and oither cereals are grawn as subsistence crops and are afsoe
produced as cash crops. Farmers in Mangwende and Machakos as well cultivate vegetables
oh & tommercial basis. Off-farm inceme and remittances are important in all ME sites.

The sites with high agricultural potential (FHP) include the highlands of southern Elhiopia,
Embu and Myeri in Kenya, and Kabamle in Uganda. They are all located al higher altitudes,
and benefit from-inherently fertile sails and a relatively cool, fumid cimate wilh bimedal
rainfall patterns. Slopes in this zone are generally steep, and population densities high,
ranging from 13% to 400 peopleskm ®. The average number al callle per fanm varies from i
1o 3, with many of them kopt in zoro-graziog unils where Lhey are fed crop rasiduees and
foddar fram privately owned grass plots. Farms in these siles are generally very small. b Myeri
and the highlands of Ethicpia, the average [armer cultivates one hectare or less, while those
in Embu and Kabarole cultivate aboul lee heclares. The principal food crops grown are
maize in Kernyad, bananas in Uganda, and rootcrops and enset (Enset ventricasunt in Ethiopia.
Tea, colles and vegelable produclion is undertaken on a commercial basis, as is the rarsing
ol dairy callle by farmers in Kenya and Uganda. & significani amount of family incame in
mosl of Lhe research sites ts derived from aff-fanm activities, with contributions ranging fram
10-60% of total earnings.

Monitoring changes in soil fertility
Calculating nutrient balances

The case studies showe that farmers rely an 2 diverse range of =oils (listed in Bkl 1) and Lhal
there is considerable variation in sail fertility betaween sites. It is possible to determine bow
soil mutrient levels are changing by analysing the inflow and ouiflew of nutrients in the
oystem, using a farm or a field as the unit of analysis,

It has already been noted that over the fast fews years many studies have become available
ort nutrignt balances ai regicnal, farm and plot level (e.g. Smaling el al, 1993; Pol, 1998,
smaling, 1998, Scocnes and Toulmin, 1999; Ramisch, 1999 Defper and Butdelman, 2000,
Scoones, 2000, Studies of nutrient balances focus primarily an nileogen (M} and phasphorus
(P, while potassium (K) only features ta & lesser extenl and micronuliients of the carbon ()
cycle are seldom taken into account at all. Some ol Lhe balances calculated are partial, only
inclading “visible® flows of inputs and outputls thal are easier to measure and are also
considered 1o be more meaningful to fariners {e.g. In1, In2, Cutl, Qut? - see Box 1)
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Al Ts 352 7 iaaInng
' EJAUNE=Y RO A |2eraube JEIH =4H fenead 2anynieGe wisspy gy 2ooacd mednooie me=41..

+ L L ooy E|O=TRLY oog1-aosl 406 L-00E L dH BCUBGEH epuebn
L B0 i 02 S|OsopUY QotE-Qf7L 2007 Z-004 dH NELTY EALE"Y
+ EZ il gt S|OSopUY 0L07-0Es 2faanz-n0s cll nglu3 eAl=y
++ ol £ RiE E|O=MIM ooLe AELLL-LLE aH spLE|YEIH edenyig
+ BE Z BIT S|O5[EddEy ool L-aLot 8ngi-00g dr 5l |Ed epuebn
++ F £ oLl E|O5 1R DiLL g2/aL01-7F5 difl SRUE|AADT N
++ t o k1 S|Q5IX0 ool MMDE 1-05E 4y Bpuanbuew s egu,
++ 5T g o071 S|ELY OLLLGREL dfMoE-00s di SOHELDE Y 2huy
++ g4 P i ST Qe A L-00s 41 NSO L 0SB PUIRANg
4+ 0’5 L HE] E[EaLI QA MA0L-005 d1 150 3R Buyang
++ ‘. r L a[TEATT rot MANE-Nsle A1 L LA sMndEqQucs
+ £ Al gz 3GEI Qag (G L0595 d1 eaEd 1214
+ rad i gl S|GEDUR g (e MHLa5-N5E d1 Aumig EM
{eupazis Buizoy  (ourad)
DUETN Lue) AnE:  Apsuap aclfy {REL I (FTIT)
wiel-gn abeiaky  shelag uoREndod  pos LISy BRNL (EEIMIEY ST S5 funoy

525 ApN]Ss 8583 §SO0JIE SINSUDIIRIELD SNOLBA Jo udsLedwo] | ageL

Butriehts an the mawve



The results of marny studies of nutrient balances indicate Lhal, in general, &t farm devel the:
suin of nitrogen balances far all fields is negative, while a more rmixed pattern is observed Tor
phasphorus. However, alances may be positive [or specific craps, espacially corfain cash
crops, of Tor panicular types of field such as plols near the homestead (Scoonas and Taulmin,
1999 A negative balance implies that soil slacks of a certain element are decreasing. 17 soil
resenves are high, this does not nocessarily constitute a canstraint an productian, although
such & situation will not ba susiainable in Lhe lang run. Mutrient balences should, therefare,
ke assessed in relation 1o the stocks of available, ar active, soil nutrients (Dofoer et al, 2000}

Role of soil organic matter and nutrient stocks

The production capacity of a soil is not delermined by soil nutrients alonc. Crgaric matter
plays a crucial rale in maintaining the quality of & sof, as it improves the structare, ladilitates
aeration and determings the capacily of the soil to hald water and exchange nutrients. Ay
detarioration in organic maller will adversely affect these charactenstics, and dltimately
trigger furthor lasses of nulrients through leaching and ercsian.

The lewvel af arganic matler influences the availability of nutriznts ta plants. Nutrients, which
anz presenl in Lhe soil solution, are immediately avallable for uptake. They are In equilibrium
with ions ahserbed by the cormplex of clay particles and well-decompesed £oil organic matter.
The capabilily of a particular scil to absorlr nutricnts is referred Lo as the cation exchange
capacily (CEC) and when soils contain little ¢lay, organic maller becomes a mare important
rmeans for storing nutrients, Hence, in soils with lowe clay and organic matter content, 2pplied

Box 1 Analysis of nutrient flows on farm

Inflenies Farmn Qirt o
ntermal MNowes)
In1: Mineral fartilisers Ol Products leaving 1he farn
In2: Arganic inputs from cutside Ot Cep residues and animal
she farm hold wastes leaving the farm
In3: Atmospheric deposition e . L N Dut®: Leaching below the roat zone

+ _.I'
\\* I | Dutd: Gaseous losses

Hause

Ira: Biolagical rilragen lixatian p
InS: Sedimentaton ¥ Outs: Crosion and runaff
5 Perenrdal croas taking up . . O G: Hueran sxcreta dispased of in
nutrients from the subssil deep pit latringes

i ——E-

The bzlance ot 2 given nutrient can be calculated ax follown:
Balance = [In1 + In2 + In3 + In& £+ InG + Ind] - [Out] £ Cut2 + Cutd + Outd + 2uts + Oulis)
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nutrients are easity lost from the root zone. Analher source of nutrients exists in the pool of
activa soil organic matter: these become avaitable through mineralisation within one or a fow
years, The size of the active pool, and its C:N and C:F ratics, determine how mech W angd F
are mineralised as the scil organic matter decomposes. Adding poor quality arganic fartilisors
wath high C:M and C:P ratios will contribute few available nutrients to the soil, and may even
immebilise existing nutrients. A sil contains, in addition, stable organic matter paals which
are not easily decompaosed, only releasing nutrients over a period of a few decades. Soils also
have mineral reserves of P and K from which nutients are not available in Lhe short term.

Results of nutrient halance studies

Post of the case studies in this book include delailed analysis of nutrient balances.
Methods and focus vary across the studies, with nulrient balances usually cafoulated an the
basis nf a lirnited numhaer of farmers, using data far aoly rne 15 thres seasens, Some balances
arz only partial {Mali, Burkina Fasol, while others cover the range al inflews and outflows
listec in Box 1 (Uganda, Ethicpia, Kemya). There are farm balances, representing the surm of
the balances for the difierent fields {Uganda), and balances for specific lypes of field
{Ethiopia, Mali, Burkina Fasoy or for cerain crops {Kenya). Ethiopia, ialf and Kenya alzo
prescnt balances for different categories of households. Takle 2 summarises some of the
nuirigni batances prasented in the casze studies for M, P and K, nitrogen stocks, and yearly
changes in the percentage of N, Where possible, we have chosen to present farm halances
as well as some of the balances for outfields or, if these are not avatlable, balances for cereal
CrOpE.

In the farming systems in Uganda, Ethicpia, Mali and Burkinag Faso, there s a distinction
between home fields and bush figlds or autfields. The nutrient balances from Ethiopia and
Burking Faso showe that soil forfility levels are being rmaintained or even increased in the fields
araund the hormestead, which are used for growing important food crops and ather high
value crops wilh substantial nutrient requirements, These ara the most intensively managed
fields, where farmers apply a large propertion of thair available inputs. The bush fields or
outfields are allen a considerable distance from the homestead, making it costly to transport
organic fertilisers 1o them. Farmers apply tew inputs to these fields, remove most of their crop
residues to enrich the soil elsewhere and may leave them fallow for a time. Moving sources
of nutrients around in this way creales ‘holspots’ of goad guality, fertile soil, even where the
sum of the nutrient balances in all the lields may be negative at Tarm lewvel.

Table 2 shows that most W balances are negalive, with higher lasses in the more productive
farming systems, where rainfall is high. hMore delailed analysis shows that the negative N
balarcas are mainly due to leaching (Dut3, see Box 1), which caused estimated lasses of 150
kg/ha in Myeri (Kenyal, 103 kgéha in Kabarcle [Uganda), 52 kg'ha in Embu (Kenya), and 232
kg/ha in the highlands of Ethiopia (Eyasu, 1998)

All these areas have steep slopes and erosion [(Outh) also provakes losses of M, ai well as of
P and K. Erosion control seams most effective in the highlands of Elhiopia, where farmers
cargiully manage their plots and apply large amounts of organic malerial. Howewver, the soil
stock has hecomsa more depleted over time, despite their efforts.

ﬂ Mu lricnks on the move

i




SRIENDS O5ED WL} WO 2B E1E0 J3ULT 18Ul gy pue aoad Joy sadd play (IR 0 WangLRDGe anled aue BuigBis S poerojes ale SEOuepy Lue)
BERIANG 4oy TRUALINDCD SLMMIZTRRSIG IO ooy (% 20 C1EI NS R Bujurese ‘Tuewod spew uefia wow pereunsa s nobnee L) 10, 3301 [ 2| 3002 250 pue| £} EjER
Ud paseq & Neg Y sous|Eq sue ahrlaae A3 S0 LIDRIAEZ "SUa0ed © fetws, Paysanadun . -s=Jabs1en Sioucos-a10as Hamhal 3] UGREEs , B2 ol = - ifay

Introduction

51- COELL - L&- wil- N LB B[RIBg ey epuebn aH
gl- COELL £4- £y = wx|| LLIiBd

- - - - RL- vl BZIE F= ALY dH
Qg o- CO0G gl- £ 95- M LLI:E4

- “ gl 3 - e BIEN e Eilagy aH
S0 COZL - |4 BE- awaallld e

- - - 0971 = LP-M7- .4 [EE=TTR [yl spue|yBH BidalLyg dH
il sk cl ol T In4 IV

- - - - ol- waad AAIEw o5l ed epLebn dl
0= Qo2E - L HE- sanaly e

- - - =L »96-/pE- [In4 Pl INC PLEaT By ol
8- ALY 1] . E Q£ S ILE IR

- - el- T FE. [In4 AZIBLA SO RLIEY STE Al

07e- OGeL 2e- G- PE- v sl [|E1) Ysng nabnomy | DsES BLIHING d1

- - w5 i oL FEE- [FiUe B BQE|Id] ey d1

- - WO5M0E-  WSET Wiz EE E[2Y Ysng AuIng:; et 41

MO %

ul sbualz adf firay

[BU LY HI0LE b anleEg N Anleen d SUBIEG py ROUE|CY Jo add &5 Anuno aunz

1105 2Y3 JO JUIIUOZ N Ul SHHUELD [BNLILE pLe ‘N 1O SY3035 'S22UR[eq UalgnN 7 a[qeL



Balances for P ane mainly positive, excepl for Kabarole (Uganda) and MNyeri (Kenyal, which are
hadly affected by erosicn. Lasses for K are high, except for Paliisa, mainly because nol
encugh organic fertiliser is applied o compensate for the removal of crop mesidues, while
mineral fertilisars do net always contam k.

stoces of Noin the soil are beeoming most sercusly depleted in Kabarole (Uganda), Nyeri
{Kenyay, the lowlands af Ethicpia, and Thiougou (Burkina Fasol, where annual losses amount
to approxirnately 1-2% of current reservis {Table 23, As arcund 20 to 044 of the soil N stock
is part of the stable sail orgaric matter pool and unavailable far plants in the shorl lerem, the
capacity of the soil to supply nutrients will diminish considerably within a few years it annual
losses of more than 18 Erom the active pool of nutrients are sustasined (Hassink, 1995). In
Thigugou (Burkina Fasoy and the lowlands of Ethiopia, M stocks and soil erganic matter
contont are low, and he N balances negative, In Thicugou, the yearly inpuls of mineral and
proganic fertiiser and the output of useiui products ar boib very iow (5 kgfa) and moe or
loss in palance. The negative M balance is largely due Lo leaching and erceion, which
accounied far recorded outflows of 25 kg/hae and 11 kgtha respectively. Most of the nitrogen
lazses {rom the outields in Ethicpia are aused by the wholesale rermnoval of crop residues
(Cul2}, and leaching {Cui3) and gaseous losses (Dutd) are higher there than in the highlands
(Eyasa, 1998). This afferts nat anly the ability of the soil to supply nutrients, but also its
stracture and water holding capacity, and will eventually result in furher losses through
leaching and erosion.

Nutrient management practices

The six case studies presented in the chapters analyse howe different farmers manage their
soils and how praclices have changed cver the last few degades in a variely of sites. This
sectien discusses the role of various practices chserved during the case studies, the main
roasons wity farmers use an array of mesheds and their relative impertance for different kinds
of huuseholds. A& list of the main practices discussed in the chaplers is presented in Table 3
belowe. The varicus seil fertility enhancing methods recorded by each study have been
grouperd according to the role they play in the flowe of nutrients inte, out of, or within the
[arm (see Bax 1), Thess are practices which aim to:

+ Add nutrients to the farm,

+ Reduce losses of nutriznts from the farm,

¢ RPaximise the recychng of nutrients already wilbin the farm,

» [ncrease the efficiency of nutnent uptake.

Adding nutrients

This is the most frequently used method of maintaining and improving the availability of.

nutrients in the sail. Farmers use a wide variely ol lechnigques, some af wiich have hoeon
practised for generaticons, and some af wihich are relalively new.
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Fallowing

At the beginning of the twentieth ceniury fallwing was the most commanly used method
of restoring sail fertility in all the case study sites. Where sufficient land was available, fields
wzre |eft fallow for many years, Troes and bushes were cut and bumed to release nutrients,
when the field was cleared for farming again. This practice has declined over ihe past
decades, in tarms both of the pergentage of [armers leaving their fields falfow and the length
of the fallow period, obliging farmers to u2e alher means of replenishing nutrent in the sail,

The main cause is that lass land is now available [or fallowing. An increasing amount of land
is be:ng used for cultivation, parily because of the expanding population, but also as a result
of the introduction of the plaugh, and Lhe need 1o earn more from cash ¢rops. Furthaermore,
as rainfall declines and the yield per hectare falls, farmers may try to compensate by
cultivating larger fields (Burkina Faszo, Mali). The lack of land has alse forced them o use
mare fragile and less praductive soils, and in Burkina Faso this has led to the appearance af
a crustod, hardpan surface. The expanding fields encraoach on pastures and wondlands that
anz used for graring cattle and Tor gathering wocd and a range of other bush producls. This
has a knock-on effect on the ability of farmers to restore the fertility of their soils, for as the
available grazing land diminishes so does the possibility to keep livestock and Lhus Lhe supply
of rmanure.

There are marked differances in current practices across the study sites. In Siguing {Walk) aned
Thiougou (Burkina Faso), fallowing is still the anly method of replenishing nutrients in the far-
flung bush fields. Farmers in Kirsi {Burking Fasc) and Dilaba {hali) are conslrained by serious
shorlanes of land, and consequently rely an fallow much less now than they did thiry years
aga. The small areas of fallow still prasent in Dilaba are maintained to provide grazing areas
far plough oxen. Altheugh there is some land under fallow in Zimbabwe, Uganda and
Ethiopia, this tends to be a sign of distress, rather than a pasilive management decision, and
is largely due to the household lacking sufficicnt labour, money or animal iraciicn o cultivate
their fields. Fallowing is no longer of significance in any of ke HP sites.

various research programmes, such as thase of [CRAF are exploring the possibilities of
‘improved’ and seasanal fallow, which imvolve prometing the growth of selected species of
lequminaus trees, shrubs and herbs that perlorm better than indigenous fallow species.
Howewvar, in none of the case studies was Lhe introduction of new legumes as improved
falloww of significance.

The use of mineral fertilisers

Since the 1960s the most impertant soil fertility technology premoled by the extension
senvices has been the wse of mineral fertilisers. Costs were oflen subsidised, and supplies
distributed by government or rurak developrnent projecis wilh assistance from internaticnal
donars.

Tabvle 4 gives an overview of the percentage of farmers using mineral fertilisers in the study
sites since the 19605, Initially, they were hardly used, excepl in Kena, but by 1980 most of
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the farmers in Zimbabwe, Ethiopia and Kenya were applying them to their lields. The figues
ara rmore or less the same in 1998, although Lhey are slightly lower in Chivi {Zimbabwee) and
higher in Myeri (Kerea). In Burking Fase, 2 small, but gradually increasng numiber of farmcrs
are wsing mineral fertiliser. The data for Mali mask short periods when fertiliser was used on
groundnuls. At that point they were grown as a cash crap, and there was an arganised
supply af inputs, as well as credit and marketing systerns, The farmers in the Ugandan sites
have never used rmuch mineral fortilser

Malichal rates of fertiliser consurnplion have fallen in Mali and Zimbabwe, increasod slightly
in Kenya and more considerably in Burking Faso and Ethiopia. Very little fartiliscr is used in
Uganida {see Table 4.

The use of mincral fertilizers has not followed an evelulichary path in the case sludy sites,
For example, in the 1970s, farmers in the lowlands of Ethiopia switched fram [allowdng to
using mineral fertilisers, Dut went back to arganic lertilisers again in the 19305 when the
main praject promaling their use was shut down: prices increased and the input supply

Table 4 Trends in the use of mineral fertilisers acress the case study sites

—

aite Cauntry Fone  Flouscnobds wsing rming HAverage Tertiliser chnsumption
fertilizer (% 3 at naticnal leval
1980 1930 14994 1%70-79 1980-89  1930-87
ka'ha kvha kopha

Dilabha rAali LP o i L 44 8.7 7.5
Siguing LP - - ]
Kirsi Burkina Fase  LP - i + 1.2 1.3 &4
ThioLigee LF - + +
Chivi Zirmbabraes ] - ++ + 235 2419 206
rangwrendes MNP 0 +++ +
Lowlands Ethicapia hAF - ++H 1.5 4.1 1000
Highlands HP - +++ 4
Palliza Uganida rAP 0 - - a7 0.1 0.1
Kabarolo . HP - - -
Hyori kenya HP + ++ +++ 12.0 &2 224
Embu HP ++ T4+ F++

- = not user; Q= used oy very Towy fammars, + = less thar o third AF fTamners ; ++l2ss than teee Lhirds of farmers; ++4+ = moic
than wwo-taircds of all larmers use mineral ferilizers.

Sources: caze studies amd R0 (19349),
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systems collapsed. Since 1995, the contral extension message in Ethigpia has been the
promoion of mineral fertilisers in combination with high vielding varieties, and their use is
on the increase again. In both sites in Zimbabwe, the application rates of mineral fartiliser
have declined considerably since the 1980s, In Kenya, application rales have remained high
[ur tea, but were reduced for cofiee when prices and profit levels. o Burkina Fasa, some
[armers are using mineral fertiliser at a law rate, Farmers in Mali may occasionally use tiny
ameounts of minaral fertilisers while il is nat used at all in the case study siles in Uganda,

In ke 19905 rmany farmers thus cut down cn expensive mineral inputs and slarted applying
rore organic fertilisers from a variety of sources. Whila they have continued 10 use somc
anineral fertilisces, this is often only at a [raction of the recammended rate. They mainiy put
this down to inceased costs, the disruption of services supplying inputs, and the
disappearance of agricultural credit systems. Most of these changes are the resull of
structiral adinstment polidies that have bean imtroducod since the ond of the 19805

heralding the end of subsidisad fertilisers and of gavernment involvement in input delivery
and agricultural credit, and the devalaation of local currencios,

when they talked about their experiance with mineral lertilisers, many Tarmers said that they
are much easier to Lranspart and apply than orgaric lertlisers, which are nat onby bulky and
hard to handle, but are also of very varfable quality. However, they alsa observad that relying
soieiy on mineral fertilisers seemed to afmect negatively the quality i the scil. Many of the
problams farmers encouniered with mineral fertilisers seem to stem from not knowing haw
angd when to apply them, and because they are often only ahle to ebtain a single type of
mineral fertiliser. If the available fertiliser s inappropriate for Lhe prevailing sails, as was the
case in Kenya, it is rore likely to cause problems than solve therm.

Another constraint far many small-scale farmers is that they have ta purchase mineral
tertilisers for cash. Before deciding te use this type of input they musl therefare consider the
potential profitability of the crop, the likalihood of recouping Wheir investrnont, and the
patential nsks involved, Farmers warking in more urpredictable, semi-arid elimates face more
risks and have to apply mineral ferlilisers wory carefully, as they may damage plants, if thers
15 insufiicient maisture in the seil. Many farming households are chranically shart of money,
and lack access to Credit, and the fact that minerat fertilisers are not ahways available in small
guantitizs can impase yvet ancther financial burden on them. The lion's share al all nutrient
inputs tends to ge on cash crops, which have the potantial to oroduce an economic return.
Farmers understand the need to apply more mineral fertilisers, but they are unlikely Lo be able
1o do soin the current economic dimate. The authoers of the case studies on Zimbabwe,
Kenya, Unanda and Mali therefore suggest that it would be valuable 1o condurt research on
the mesL efficient use of small guantities of mineral fortiliser,
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Rack phosphates

The Saif Fertility Inftiative' has been particularly concerned with the “recapilalisation” of
African soils thraough the use af rock phosphate, There are substantial deposits in various
countries across Africa, and same al thetn, such as Togo, Sencgal, Morocce, and Turisia,
even export ta the waorld market. Other cauntries fike Mali and Burkina Faso have deposits
that they want to develop for the local market, with a wicw fo increasing the use of rack
phosphate and replacing imported fertilisers, Bath Mali and Burkina Faso currently hawe only
limited capacity to mine rock phosphate, and also face considerable problems distributing i#
to farmers. In Burkina Faso, for example, rock phosphate s rarely available on the open
market, and iz mainly distributed through projects and extension serdces, However, both
caountries are developing initiatives to increase their capacily Lo praduce and distribute this
mineral more effectively.

I ke early 1990s Kali and Burkina Faso launched campaigns to promote rock phosphate,
and it hecarne an issue of national pride to make the best use of this asset. However, the
rampaigns had only modest results. This may have been becauss initially its cxpanents were
promating rock phosphate as a direct source of nutrients, while now the emphasis has
shifted to its capacity to improve the qualily of soil, thus increasing the uptake efficiency of
nutrients supplied through fertilisers (Burmb and Teboh, 1296}, Among our case sludies, rock
phosphate is enly used at present in Thiougowu. Extension services and a local project facilitate
deliveries to the farmers, who mainly apply i1 to their compaost pits. In the past it was used in
Kirsi but farmers have replaced 1L with ash, which they da nat have to buy.

Inflows of nutrients fram grazing

Cattle play an impoertant role in the rural economy and in soil fertility managemenl. They are
the most important and wiadospread source of manure, while the droppings of small
rrninats tend to be used as a fallback when other sources of fertilisor are in short supply.
Cattle, donkeys and herscs also pravide draught power and are used ta prepare the land and
transport materials to and from the field, and 12 the market.

Ownership of livestock s an important indicator of wealth in most of Lhe case study sites,
with the more sugcessiul households cwning larger herds. However, the droughts in
Zimbabwe in the 1990%, and the war it Uganda in 1987, highlighled the fact that thesc
herds arc wulnerable and Lhat significant losses can seriouwsly affect live whole farm, If farmers
rely on animal Lraction For ploughing and other apcrations, their capacity 1o oultivate will be
serioushy compromised by a sudden reduction in the size ol the herd and, as less dung will
he available 1o preduce manura, they may also bave to rethink their soil sertility management
sratergies.

For part of Lhe year, fallow land and woodlands are wsed for grazing cattle, which Lhen
transfer nutrients from the comman pasiures to the farm when they pass ihe night on the

1 The <ail Ferility Initiative (SF) was set up in 1096 to asisl Afcan counties wirh the deweloprrent of aclicn plans in
response o daclining fertility in Wi soils. The 50 breught togesher BAD, Wiorld Bank, rescarch nstitutes, ard donces
anongsl others, Since 1989 the fecus seems to Rave shifted towards country-lod inftiatives with sorme coss-bordor
csharine: o7 expenience whare appreprate.
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Tield or in stalls at the homeslead. With good management, this practice can provide an
imparant source of nutrienls [or the Farm, althaugh this is often at the expense of Lhe
comman lands (Defoer et ai., 1998; Rarmisch, 1999). This source of nutrients is particularly
impartant for cattle-owning househalds in the LP zone and some of the WP areas, where
comman grazing aress stll exisl. The role of crop-livestack integration in soil fertilivy
managernent will be discussed below.

Cultivation of nitregen-fixing <rops

For generations, [armers have grown cereals in assadiation with lequmes, particularly beans,
This is stiil commen practice in bali, Burking Fasa, Chivi in Zimbadwe and Pallisa in Uganda,
Hawwever, where land is becoming incraasingly scarce, pricrity is given ta cereals. Legurnes arg
disappearing from the cropping system, and are now limited 1o beans grawn in gardens
(Ethiopia, Kenya, and Mangwends in Zimbabwel In some of the HP sites, sucih as Byeri in
Kenya, MG0s have suggested planting barders of legume trees around fields to provide green
manure, Yarious farmers in Kabargle, Uganda, have taken the idea ane step furlher and
started using the trees as live poles 1o suppert thoir passion fruit crops.

Minimising nutrient losses

Fhe most imporstant lechrinues for cutting rutrient losses invokie a range of anli-erosion
measures, such as the constructian of bunds and tereaces, o the use of mulch and ground
cover, Some of the nutrienls lost through leaching may be recaptured by planting frees or
using certain tillage practices. Some practices have evalved fram traditional melhods, but
most have heen developed recently.

Measures to rontrol erosion, run-off and leaching

The prevention of soil orosion is one of the measures most commaenly used to reduce losses
of nutrienls and it is particarly important where slopes are sleep. The dramatic
consequences of severe gully erosion may be the reason wiy, over the years, so many African
countries have inlroduced palicies and projects to combat soil erosicn. In the 19245, the
Eritizh colonial government in Kenya, Uganda and Zimbabwe tackled Lhe problem by
imposing regulations and bylaws prohibiting the cultivation of fragile areas such as slopes,
river borders, swamps and inland valleys, and by obliging farmers 1o build sofl ronservation
struckures. facwvernmenls Lhat came to power after Independence continued in Lhe same
spirit, but the bylaws were often dismissed because of their association with colonial rule,
and farmers abandones these practices when they realised thav they would not be enforced.

As soil erosion Decame a key issee again in the 19705 and 1980s for governments ard
donaors, anather set of large development programmes were introduced in countries such as
in Burkina Fasa, Ethiopia, and Kenya, where they were ofien executed in a rather top-cdowven
Wiy, Since mechanisation was Loo expensive ar impractical on siopes, an enormous amount
of labour was reguired to implernent Lhe plans to.build terraces and bunds. When it became
clear that farmers sisere not prepared Lo maintain these sirectures, and that the programmes
theretore had very lidtle tmpact, Lhey were either rearicnied or completely phased out.
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A watershed approach, using mane participatory methods and group action, s now being
advocaled in Kenya. In Burkina Fasa, projects work in consullalion willt farmers, assisting
Ltherm with the construction of slane lines, while researchers have developed technologies
that are mare cosl-efllfeclive in Llerms of labour and resources. Having been largely [eft 1o their
oweny devices, farmers in southern Ethiopia have reverted to more traditicnal appraaches 1o
constructing terraces, and soil canservalicn is on Lhe agenda again for farmers in Zimbabwe,
with a particular focus an capturing raimwater and increasing its infiltration

Overall, it seems taat farmers in the varicus case study sites are stating 1o pay moie attention
tz erosion control, and are cverceming their reluctance to implement certain measures, Their
main problem is maobilising the labour needed for the initial censtouction work, partcularly
for terraces and stone bunds,

Trees in fields

Mutrients that have keached from the subscil may be recaptured by planting or maintaining
trees in fields, as the decomposition of fallen leaves makes the ‘lest’ nuirients available o
plants again. Trees are a common Teature in West African fields, mainky because they provide
shade and useful products that are generally hanrested ly women, Although land is now
aften prepared and weeded with animal traction, farmers still manage to maintain a certain
density of trees in their fields. One particularly valuable spacies which improves soil fertility 15
an acacia tree (Faidherbia aihidal This leguminous tree diops its leaves during the rainy
seasan, and provides shade and fodder during the dry seasan when it also attracts livestock
which deposit dung arcund its basa, In Bali, the protection and maintenance of Fidhertis
alfida is recognized as a method of improving soil fertility, '

I Zimbatvae, many trees were removed on the instruction of extension workers who
advocated a ‘chean’ sunace, althowgh farmers ame aware that trees can provide lerlile niches
i a lield. An increasing ember of fruit frees are being planted in fields and around houses
in Uganda and Ethiopia, &y parl ol an overall plan lowards diversification and to reduce soll
erasion. The main cash crops in lhe HR cone in Kenya and Uganda are perennials, which
provide ground cover when well main lained.

It has already been noted that agro-forestny with leguminous species is not widely practised
irt the case study sites, with limited MGO-led inftiztives in this field in Kabarole {Uganda) and
Myeti (Kenyva).

Couble dug beds

Dauble dug beds have been promaoled by MGOs in Eenya since Lhe late 1980 The idea is to
prepare Lhe ground lor cullivalion by breaking down Lhe hard pan and creating a deep [ayer
of locee fertile sal. This aerales the soil, improves waler absarplion and retention, increases
tocting depth and allows plants to use available nutrients mare efficiently. Compest should
be addad when the beds are first made. Preparing double dug beds is a very labour intensive
process, and they are mainly wsed for cultivating high value cash craps such &= vegetables, In
none of the other sites was this technigue being practised.
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Managing internal flows

In arder to make mare effective use of the resources available, Tarmers have 1o manage the
way in which organic materials are transported between different fields, livestack units and
the homestead. The need to find and make the best use or available sources of nutrients has
prompted some faimers to better integrate theitr crop and livestock management and to
tallect househcld waste on a regufar basis, which is composted and then spread on the
fields.

The uze of manure, slurry and urine

Wie hawve giready noted Lhat farmers in all Lhe sludy sites rely on dung frem livestock 1o help
maintain 2ol ferlilily. The easiesl way Lo gel access to manure is to keep animals near the
homestead, but same larmers da not awn any [ivestock, wiile cthers may not actually care
and in Ethiopiz and Uganda one households cattle may be tended by other farmers,
generally due to a lack of labour awailabilit,.

Farmers who do not own Tvestock have various strategies for acouiring manure, In Ethiopia
they come 1o an arrangemeant with cattle cwners whereby they share the care of livastagk in
return far rmanure. The exchange systern seems to cperate in reverse in Lganda, wher
lives-ock belonging ta poorer househalds are locked after by more afiluent farmers who
keep the rmanure, in Wali those without sufficient animals of their cwn provide acoess to thoir
weells for visiting herds and receive manure in exchange during the dry season. In a nutrient
scance village such as Dilaba, scme farmers actually pay children to collect dung from yrazing
areas. However, manure is rarely purchased cutright in any of the study sites.

Livestack held in more sxtensive husbandry systems Teed on crop residucs left on the lelds,
leaving dung and droppings as they graze, Howewvar, as the nutrient value of any such wasle
lext lying on the field is likely to be substantially reduced by exposure ta the elerments, larmers
focus on producing mere farmyard manure or tend te concentrate manure on parlicdlar
fields. In Mali and Burkina Faso, animals are penned in the field at night and Lhe dung they
deposit is later sproad over the surrounding area. Flough axen and lactating cows spentd a
large part af the day in a special cattle pen near the homestead, as de livestock in Ethiopia,
LMganda and Jirbabes.

I more intensively {armed areas where [allow and grazing land are in veny short supply,
animals are kept under zera-grazing conditions, and substantial amounts of manure and
slurry are produced in the stall. In Elhiopia, trenches are dug to feed the sluiry directly inta
nearby plals, while farmers involved in commercial dairy preduction in Kenya and Uganda are
slarling to sell same of Lheir manure.

Mosl manure seem 1o ke left in pens until it becomes very soggy, at which point it is removed
and slored nearby in a heap, mixed with leficver fodder. A fewe farmers first compest manure
before transporting it ta the fields. Serme farmers may put down litter in the pen as bedding
to absort urine and ta bulk oot ihe manure. All the Tarmers who were intervieswsad in Ethicpia
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reported that they wrapped manure in a mixture of bedding straw and househald refuse
trefare taking it 1o Lhe lields. This helps to conserve nutriends that would othenasise be lost
through exposure to the eiernents.

Recycling and composting arganic materials

All the case studies roported that, in addition io manure, ather organic materials are also
used to improve soil fortilite. These incfude household waste, crap residues, weeds, leat litler,
prunings and other plant matter, which are laft in a heap ar pit for some time belore being
transported to the lield. The use of such organic materials is on the increase in all sikes, and
is particularly wnporlant for farmers with few livestock,

For anaerobic decomposilion o take place, the heap or pit must be carefully layered and
regularly watered and turned. In Kenya and fdali, various forms of composting were
promated during the colenial peried and the practicc gained new impetus in the 1980s,
when it was recomimended by development projects and NGOs, R has spread rermarkably and
iz now found in all the case study sites, such as in Kenya and Uganda where it is used for
growving vegetables for sale. Howeves, making compost is a very labour intensive process and
it reprosents a considerable investment from Lthose rvalved in producing it, who are
predommantly wamen and younger pecple. There is clearly a need far further research ints
labour saving metheds far producing and transporting this material (Zimhabwe, Kenya).

The gualily of the arganic materials used in composting is another istue that needs to be
ronsidered. Cormpost made from crop residues with a limited nutrienl conlent will not Fave
& signiticanl impact an M ar P levels in the soil and may even immobilise exisling stocks of
these elerments {as described carlier), In Ethiopia, Zimbabwe, Mali and Kenya the quality of
the compost is impraved by mixing in ashes, eggshells and the droppings of small FUTinasTs,
winile farmers in Burking Faso add rock phosphate to their compast pits.

An enormeous amount al erganic Fertilizer would be required to maintain scil fertility levels in
every field, which would dearly be beyond the means of mast farmers, whe are constrained
by lack of time, physical strength, biomass, water during the dry season, and the transpart
needed to produce and apply large quantities of fertiliser. Cambining crganic materials with
small quantities of mineral fertilizer mighl mprove the efficency of both types of input
{Kenya, Zimbabwea),

Incorporating crop residues into the sail

Fawr of the farmers in Lhe sludy sites incorporate crap residues into the sail to improve i
fertility, water holding capacily and ather charactaristics. Zimbalywe was the anby country
where winter ploughing to incorporate crap esiducs is commaon practice, In Ethiopia, saome
crop residuss are chopped and worked inte the sail, but they are mostly used to faed
livestock and as fitter in pens.

The other case studies reported that part of cereal residucs are wsed as fodder, litter or for
composting, while the restis left on the fiefd, where it ray be eaten by tenmites or passing
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livestack. Wwhat is ket will be hurned hefore cullivalion stars for the ness season, Maost crep
residues from lequmes are used as fodder ar zold on the market, Crop residues rat faster in
the HP zene than in the drlands but what s usable is fed to livestack or compasted.

Increasing the efficiency of nutrient uptake

The case studies i this book show bow farmers use their knowledge of plant nutrient
reqyUirerents and the characteristics of the varicus sources of nutrienis at their disposal, to
select their strategies for maintaining seil fertility. Farmers may match differences in nutrient
req)Lirernents and tolerance to stress of different species and plant varieties with the range of
soil fertilicy levels in <heir fields, They may even accentuate such dgifferences by concentrating
nutrients in certain fields and plats, In addition, nutrients may be taken up frem the soil most
efficienty when they are applied close to Lhe roots of plants or in planting hales, and at
timely points in the growing oycle.

Sefecting crops to match soil ferfility ievels

Farmers may match their crops and varieties with the perceived nutrient status of a field or
niche. Dermanding species and hungry season crops are allen grown an ihe betier managed
and more fertile fields near the homestead, while crops Llhat are mare tolerant 1o low levels
of fertility are olanted in less fertile fields (Zimbabwws). Fazmers in Siguing {Mali} use ditfferant
varieties of millet in the home and bush fields, while in Dilaba (Mali) serghum is planted in
weel sonts and fanic (Digftania exflish on sandy soils, where other crops would do fess wedl, In
Zimbakbiwe and Uganda, demanding crops such as bananas are grown in areas previously
used for cattle pens or homesteads and, in Ethiopia, [armers plant enset on the mare fertile
soils, raatcrops in the transition zone, and cereals in the least fertile ocutfields. Lequmes (Iali}
and rogtcrops {Ethiopia) are grown an exhiausled soils to improve thair fertility and quality.
Fartners also make use of erosion pracesses, which generate plots with higher <lay contents
down the slope, and deposits behind stone bunds and in planting pits (Zimbalywe, Ethiopia,
Burkina Fasal,

Cancentrating nutrients in certain fields

All of Lhe case studies demonstrate that where farmers still have access to sufficient land,
Lhey generally create several types of field, which are managed in various ways and which
conseguently have different levels oi scil fertility. I Ethiopia, for example, arganic fertiliser is
anly used on the home fields, while mineral fertilisers, being easier 1o transport, are applied
Lo cutfields. They alsc try to convert loss fertile land inte home ields, by investing large
amounts of organic Teitiliser in these arcas. In Mali and Burkina all inputs are channelled inta
the home or village fields, with the productivity of hush fields maintained only threugh
fallowing. Gardens and vagetable plots in Zimbabwe, Kerya and Uganda also raceive farly
large quantities of arganic fertiliser, rmuch of which has been composted. In Kenya, mingral
fertilisers are used only an tea, and farmers in Zimbabwe also apply most of ther fertility
inputs iz certain cash crops.

In Mali, farmers apply most inputs on tields of certain soil twpes, such as sandy soils, and
those patches which appear loss fertile. Sheep and goat droppings are appled 1o infortile
spots in specific fields while, in Zimbabwe, soil from termite mounds may be wsed an such
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areas. Research in Miger has confirmed the valie of these microslovel prectices, and has also
found that the effects of sheep and cattle manure vary accarding $o slope and levels of
moisture in the sail. This suggests thay nutrients could be used more ellicienlly in the Sahel
if applicoion rates are adjusted to smallscale wvanations in the landscape and field
topography (Brouver and Powell, 1298).

Managing nutrient applications on crops

Where nutrients are scarce, they are not spread evendy over fields but aro placed carefully
near the roots of plants and protected from run-off raimwater, Compost and smeall amaoanls
o1 rea are added to planting pits in Zimbabwe, and also in Burkina Faso, whene Ihey capture
raimacatar and pravide a meister growing environment than the sarrounding leld.

The chapter on Zimbabwe describes howe farmers have learned to combine various blends of
Ammuonium Mitrate and a MPK fertiliser and use splil doses, according 1o the perceived needs
of the plants, the doveloprment of the rainy season, and the Dnanoal reseorces available to
thom. They will also adjust this mixture if mineral ferlilisers have been acquired rather late in
thir season.

Criganic lertiliser is generally applied at the beginning ©f.the crapping <ycle and incorparated
inLe the soil when iLis ploughed or hoed, although farmers in Ethiopia fertilise fields near the
homestead Lhroughoul the year. NGOs n Kenya are developing top diessing products,
prepared either from fermented fresh animal droppings i water or frem succulent plants
fermented inwater, that can be applied t0 growing <rops such as vegetahles or maizo.

Trends in soil fertility management practices

Farmers are changing the ways in which they add nutrienis to the sqil. The shortage of land
faused by increasing population pressure, the expansion of cash crops, and the use of
ploughs, has forced fanmers 1o move from reliance on fallowing and grazing in the cornrmons
as the main sources of nutriests, to mare intensive forms of land and livestock managermenl.
Cereals and legumes were traditicnally grown in assodation in most of the sites, bul legumes
are being phased out as land has become scarcar in the ME and HP zones.

The use of mineral fertilisers varigs acrass the study sitas. The numbor of larmers wsing this
ivpe of fertiliser has increased aver the last four decades. Applicalion rales for mineral
feriliser have remained unchanged for lucrative cash crops such a2s lea butl in general the
amauni applicd per hoctan has declined considerably in the 19905, mainly because of the
ingrzased cost of forilkser and problemns with inpol delivery and access to credit. LP areas use
thae least mineral fertilisor, probably becsuse agricul Lure is more risky and less profitable. Rock
phosphate was only wsed inone sile in Burking Faso, whera access has been fadilitated by a
prizect.

A5 less and less land is available [or fallow, and mineral fartilisers are either unaifardable or
inaccessible, il is increasingly important for farmers 1o manage the flows of nutrients within
their [arms. In all Lhe sites, more attention is being focused on inteqrating craps and livestock
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but progress may be hampered for poorer farmers by lack of access to livestock. There are
several other scurces of organic fertiliser available to those without animals, such as
household waste, weeds and ashes, but it is not always possible to cbtain enough goaod
guality bomass, ar the labour and transpart needed ta pracess and transnart it, The same
constraints apply to the growing interest in compasting and improving the quality of organic
feriliser. Some of the farmers in Zimbakvee and Ethiopia incorparate crop residues into the
soil in a systernatic way. Elsewhere, same crop residues are used for fadder, litter or thatching.
but 7or the most part they are consurmed in the field by cattle and termites, or burned,

When srputs are i snort supply it is essential that they be used efficienth Farmers are wsing
feriilisers in an increasingly focused mannet, concentrating them on particwlar fields, plots
and spots, selecting crops and varieties o suit spedfic scil conditions and perceived levels of
feriility, and adjusting application rates according 1o the developrent of the crop and the
raimy seasan, SUCh praciices often require consideranie knowisdge, Maragoment card and
labour,

The steps taken to provent the loss of nutrients from soil vary according to the prevalent
physical and socig-cconomic conditions. Soil conservation is essential o reduce the loss of
nutrients from sites an slopes, which are particularly vulnerable to erasion, but in the past
farmers rosented the soil consereation programenes that wore imposed on Lherm, and
consequently often abandoned them once the element of compulsion was removed.
Hoawever, they recognise the need for some kind of action ta reduce the damange caused by
arosion and some now have slarted oo imeest noimplementing and managing preventive
INSAsuUres an heir auwn accounl.

From a technical point of wiew, more insights are needed on the most effective ways of
combining crganic and mineral fertilisers, on the best use of small gquantities of mineral
fertilisers and on reducing the labour required to produce crganic fertitiser. Special attention
should be paid to farmers in the drought prone, semi-arid regions where feitiliser uptake is
less efficient due to lower scil quality ane molsture stiess and where risks to farming are
higher. Thought is alse needed to improve the provision of cost-effective technologies far
hiousehalds with little or no access to livestock, labour or other resources,

Socio-economic and institutional factors

Thez sonl Fertility management practices employed by farmers are determined by a wide varisly
of factors which are largely dependent on location. Three broad calegories can be
distinguished (Scoones and Toulmin, 1995) hiophysical, socic-economic and institutional.
Biophysical parameiers, which have already been discussad, mclude climate, soil types, crops
and livesleek. This seclion will concenlrale on Lhe socio-ecanomic and institutional factors
inflluerecing sofl lerlility management.
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Population density

Farmers often menticn increasing population densily as & lactor hat triggers changes in
larming syskerms and seil lertilily managemenl praclices. Population densities have risen in all
Lhe stucky sites. As a resalt, more land has been brought into cultivetion, the length of fallow
periods has fallen and Lhere is a marked decline in the availability and productivity of forests
and cammunal grazing areas. As good quality land clase ta the homestead has become
srarcer, Tarmers have been forced to invest in short and long term soil fertility maintenance,
However, the considerable outlay involved in purchasing feriliser is only aconamically
attractive for crops with a quaranteed cash return, and the only alternative for tha rest oi the
crapping systern is ta intensify production by increasing the labour input.

Yhether it is worthwhile to invest lobour in maintaining and improving soil fertlity depends
on oppartenities in ether sectors. For as long as thore is oo alternative, raral hooseholds will
cantimz o rely an agriculture for their livelihoed, and will have ta iovest increasingly in sod
fodility 0 order to maintain their yields. As the prospects Lo earm a livelihood outside
agriculture are limited for poorer tarmers 0 the Ethiopian haghlands, they invest a large
amount ol labour in maintaining their small plols of land in an ecologically sustainable
[ashion, bul lhese holdings are usoally la smzll 1o provide sufficient food and income do
make ends meel. Richer {aemers with allernative opticns invest less labour in their farms and
consequently have mare negative soil nutrient balances. In the case of Dilaba {Mali], for
example, the increasing scarcity of land has alsa resulted in the adaption of more intensive
methcds and the use or 3 wide range of arganic fertilisers. Howsever, thers is a limit to what
ran be achieved by carefully husbanding and recycling of nutrients and, becasse millet, the
rain crap, does not genergte surficient profits 1o enable farmers 1o buy mineral fertilisers,
they have 10 cope with a continuaus net cutflow of nutrients from the farm.

It is passible that rising populaticn density <ould generate mare appartunities for econoemic
divprsification. Thiz changes the relative value of land to labour, and it has been sugoesled
that this is the reasan behingd the ingreased investrient in soil conservalian in Machakos
[Tiffear =t al., 19943

Eroader livelihood strategies

Most of the case studics note that off-farm activities and remittances make a significant
contributian ta farm income. A growing nurmber of households are diversilfying and engaging
in oll-larm activities. Members of many lamilies in Zimbabswe, Kenya, Mali and Burkina Faso
have migraled Lo cilies ar olher counlries, [rom where they occasionally send money or
goads. I Mali and Burkina Fase, income [rom oll-farm activities and migration is prirrarily
used to meel basic needs, school fees and taxes, while any surplus is put towards livestock,
equiprment such as carts and ploughs and, occasionally, agricultural inputs. It may alsa be
invested etsewhere, such as in diversification away from agriculture ar in social netwoerks,
Hesvever, while it may provide a source of income, migation also diminishes the poal o
awailable labour and may rvesult in househalds being vnable to muster the manpower
required far physically demanding tasks, such as building and maintaining soil and water
conserdation structures, of producing and transportng crganic fertiliser {Burking Faso),
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ol fedility rnonagerment should be considored within this broader context of lvahbood
strateqies (Scoongs and Toulmin, 1999, as the practices adopted will be largely delermined
by opportunitics 1o carn income outside farming and by the relaled process al migration aut
of rural arcas. As farmers mely increasingly on cff-facm woerk [or their income, ey may decide
to spend less time on measunes to imprave soil ferlilily, even though e farm is sLill impeortant
for cnsunng food security. Those who are conlident thal they can buy all the Tocd they want
lpcally, and who feel secure in their new aclivities, may decide to slop farming aliogether.
Having fewer people active in the agricullural seclor could create better opportunities for
those who continue to farm, by encouraging Lhermn Lo expand their operations and invest in
soil fartility management. A case in point are the {arms in the Machakos and byeri districis
of Kenya, which would hardly be profitable without the existence of other eccnomic sectors
which are a source of demand far agricubtural produce and provide opportunities far off-farm
vtk

Macro-aconomic policies

Changes in macro-econemic policies bave had an impact on sail fertility management in all
the cstudy sites. In the 19905 thete practices were particularly affected by structurad
adjuslment programmes and associated policies such as devaluation, the likeralisation of
crop and input prices, the abelition of subsidies, changes in input delivery and agricultural
credit systems, and the downsizing of government senrvices. Ssructural adjustment policies
may also have reduced investment in infrastructure. Changes in road building and
mairitenance, public transport or telecommunications, will eventually influence the quality
and spread of information and marketing networks, as well as the costs of these senvices,
These policies. have altered the cost of inputs for most crops and pui mineral fertilisers and
credit beyond the reach of maty farmers wha formerly had access, Mast of the case studics
therefore conclude that the unintended eifect of wmany structural adjustment programmes
has been to reduce the use of mineral fertilisers {see alsa Masserm and Kelly, 1933

Marketing support services and credit systems

When deciding whether or not they should intensify production, farmers take account of
sevieral factors that affect access to inputs and creclit, transaction <osks, and the risks
assaciated with production. The economic returns from agricultural activities are largely
deterrmined by whether farmers have access to refiable input and cutput markets, which
guarantes a reascnable return to their investments, Howewer, national and international
pricing podicies may disort the market or introduce unfair competition, exerting a negative
influence an the economic prospects of farming households.

Such marketing support services used te he avallable for groundnuts in kal, varioos cash
crops in Uganda and kenya, and for the supply of minerat fertilisers and cther services n
Eihigpia, Zimbabwe and Burkina Fasa. However, input supply services have now been phased
aut in mest of the study sites, although tea farmers in Kenya still have access to some of
these services, Several companies in Zimbabws are offering comparable assistance, as part of
contract farming agreaments whorchy farmers ane guaranteed a certain price for Lheir crop
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and are given seeds, inputs and acvice, Farmers in Burkina Faso also continue to bonefit trom
the support provided by projects working with the local extension servico.

YWhere farmees have been able 1o rake o profit frorm farming and have access tn appropriate
suppart services, they continue o invest in soil fortility management as demonsirated by, for
gxample, cotton farming and irrigated nce production in Mali Cotton Tarmers benefit from
input supgly, credit and marketing services provided by the company contreling the industrial
processing &nd export of cotton. Consequently, farmers invesl inmineral and organic
feartiliser, resulting in positive nutrient balances lor collon lields. |rigaled rice farming is also
g prolitable venture at the mement and larmers apply mineral lertihsers at the recommended
rales or above, being canlident Lhat Lthey will gel their investment back {Scoones, 2000;
Defaer and Budefman, 2000; Ealer el al, 20000,

Larnd tenure

In mzany of he {former Brilish colonies, Lhe arrival of white settlers displaced a large number
of African farmees, who were then resettled in so-called "Mative Beserves” (Kenya) or
communal lands (Zirnbabwe). African farmers were allocated relatively small aveas that often
had poar soils, and were therefore unable to leave fields fallow for long encugh to restarg
their fertility. When yields started to decline due to continucus cultivation, they had to
develop alternative strategies for maintaining soil fertiity, such as applying manure. Afler
Independence in the 1980s, farmers in Kenva left the native reserves and cbtaincd land 1hat
had farmetly been farmed by white settlers, Land tenure did not-change much in Simbabiwe
aftar the country ecame independent in 1220 as the redistributicn of land was limited. Mot
farmers still live in the crowded communat areas, cubtvating only small plots of land.

Arcess to land in the study sites is obtained mainly through customary syslems and most
farmers foel that their land tenun is socurc. Howewver, soeme af the larmers anly have
secondary fights 1o land because they are new ta the village. They are delerred from planting
tress o establishing constructions to prevent sail erosian hecause such activities are perceived
by Lhe primary rights-holder as acts of appropriation. Olhers can ne langer find fertile land
because Lhey have heen away from Lhe village [or a long time, and are consequently forced
to cultivate poor or degraded areas which no ane else wants (Burkina Faso). In Ethiopia,
changes in land reform policies and Lhe continuaus re-allocation of land in some areas hawve
areated a climate of uncertainty surrounding security over land thai indluences the way
farmers manage soil fertility, particularly in the fields that they conzider most likely 1o be
taken away from them.

Mest of the countries featured in these case studies are currently discussing the rovision and
referm of land tenure, Cne of the points under consideration is the fadlitation of access o
private title, as it is argued that this should gree smallholder farmers mere secunty, improve
access to credit and encourage investrment in the improvernent and conservation of soils.
Howaver, none of the case studies cite the lack of a formal land title as 2 restsiclive factor
and other research suppons the view that private title is neither nocessary nor sullicient 1o
oenerate greater security, stimulate rore investment ar increase agricultural production
(Platteau, 2000,
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The revision of legislation governing land tenurs is also likely to affect woodland and grazing
areas, locally regarded as common property, which is often crucial for sustaining livestock
systerns. Farmers in Uganda fear that the new Land act will lcad to the privatisation of
grazing lands. In Mali, however, it is hoped that new legislation will provitde cormmunities with
greater security and the right 1o manage village woodlands and grazing areas more
effectively,

Research and extension palicies

In 1995 Ethiopia embarked on an extensicn palicy that encouraged the use of mineral
fertilisers and improved seeds far cereals such as wheat and maize, which were delivered an
credlit, This approach has resulted in yield increases in tha well-endowed regians ol Elhiopia
bui s=emns less suitable for either poorer farmers ar areas of the country that are mosl prone
to climate risk, It is ako somewhat out of tung with recent thinking on the need far an
integrated approach to nutrient rmanagoment (Smaling, 1295,

Most of the case studies repert on collaboralion belween {ammers and varicus projects,
district extenszion services or NGOs in implementing lachnologies such as soil and water
conservation, the use of rack phosphale, composting, double dug beds, agro-forestrny and
planting pits. Farmers generally adapl lhe recommendations made by exiension waorkers 1o
fit their parsicular siluation. Soume exlension workess focus on promoting a particular
technology acroes & whale region, withoeut acknowledging that it is really only suitable for
certain soil condilions. Moreover, the advantages of combining certain technologies with
other praclices are not always explored (Kenya). Furthermaore, =oil fertility managemment
should be seen as an integral element of local development and investment in othar sectors
could be beneficial 1o agriculture. A proper water system, for example, waould also benefit
O prosting.

Farmers carry aut their owin experiments, developing new technologies threugh trial and
error, and some Qo on 1o become respected inhovators (Reif et al, 19898). 3ormg promising
ey practices include combining infiltration pits and composting in Jimbakwe, using
Sesbania sesban as a live support for passian frut vines in Lganda, creating planting pils 1o
reqenerate degraded scils in Burking Faso, experimenting with different types of manure in
Mali and introducing fruit trees in Ethiopia.

Several case studies also report on joint analysis and action research invelving farmers,
researchers and aextension waorkers. In Kenya and Uganda, participatery technalogy trials
wizre develeped 1o compare the effect of treatments volving compost and mulching with
current farming praciices. Special toals ared methods were developed to facilitate
communication bobaren farmers, researchers and NGO stall, The results wiere evaluated
using indicators suggested by taremers and crileria pul forward by researchers. Researchers
and cxtension workers are generally enlhusiaslic aboul these collaborative exercises, and
have come away with greater respect for [armers” knowledge, and an increased awarensss
of their problems and opporlunilies which should inform future research and extension
activities {sec also Onduru =t al., 1998; Ondoru el al., 1999
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Rescarchers in hali initiated a wellbreceived programme of participatony action-rosearch 1o
analyse land wse and soil fertility managoment far different cateqaorics of farmems. Inilal
diagncsiz, using participatory methods and taals, was followed by distussions, exchange
visils and training sessions amned at idontifying and seclocting possible alternatives. These
wiere subsequenlly implemeanted, and the rosults were momitored by zssessing the inllows
and oulflows al nutrients. Farmers bave now changed certain practices and have started
experimenling wilky nesw lechnologies fsee also Defoer et al., 2000},

Conclusions

All of the case studies in this book show that farming househalds actively pursue a rance of
ohjectives but which ame not exclusively agriculturad. Farmers are constantly adjusting to
change, and to a range of cpportunities and constraints, Their capacity to innovate i3
influpnced by the agro-ccological conditiens under which they farm and by therr resources,
knowledge and energy. In additian, the socio-cconomic and institutional context, nchuding
develnpments in ather sectors of the sconomy, also dotermine whether agricullural activilies
are prafilable and secure, and whether they offer incentives to invest in farming and soil
ferlility managermenl. The impact of these factors varies bebween households, producing g
range of dillerent livelihood stralegies and Farming praclices. This notion ol diversily needs
to be integrated into inlerventions and policies (see also Scoones, 1999).

Farming embraces a wide range ol praclices, capacdities, problems and opportunittes and
peaple have to be highly innovative to make ends meet. Land is becoming an increasingly
scarce resource in all the study sites, while farmers have 1o contend with degrading soils and
daclining levels of fertility on part of their fields. Nutrient balances are more negative for
outfields and those fields that are subject to erosion and leaching, which may have critical
conseguences for production when scil stocks are lowe A targeted approach that focuses
mfervenfions on cropping systems mast &t risk would enablie farmers, policy makers ang
extenzion waorkers to make more efficient use of scarce rescurces.

The case studios show that changes in soil fertility management practices have not fol owed
a lincar trend towards imcreasingly imtensive farming methods with the application of highey
and bigher tases of nutricnts 1o the soil. This uneven pattern is particularly evident when one
andlyses Lhe dynarics of the use of mincral fertlisers. These were intially applied by many
larmers and hen partly replaced by cheaper bt more labour intensive arganic lerlilisers,
Produclivily can be improved by better integrated crop and livestock syslems, recycling crop
residues, and the caretul use of alher available nulrients, but en their own Lhese measures
may nat be enough Lo suslain soil lerlilily in Lhe lang run and il awill sLill be necessany to atid
extra nutrients 1o Lhe larm.

Instability, wariability and transiticn are inberent characteristics of smaliholder farming,
particularly in divlands (Mortimaore, 1998). Farmers have 1o assess the possible options and
tdentify sotutions o suit their own, site-spedific conditions, Whatever the impetus, a large
part of @iy farmers success will be due to their understanding of the environment in whicl
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they five and work. Indigencus khowledge is an immensely valuable asset in this continuous
process af adprstment and innovation, and ane which may be used to evan greatar effect
when complemented by research into agricultural processes and local practices.

A major guestion concerns how governmments, ressarch instituies, extension sanvices, NGOs,
projects and other organisations can est assist farmers in their pursuit of more sustainable
and rewarding farming systems. For instance, extension workers can help broaden the range
of options available to farmers, enrich their knowledge of the processes at work in sails and
plants, assist them in their experimentation and help them disserminate the results. It may be
fane wseful sor farmers to gain insights into the concepts and rationale bohind cortain
technalogies than to be presented with a standard kst of techniques. It has boon suggested,
mareover, that extension should be geared towards 'facilitating learning” and stirmulaling
discovery, craativity and experimentation and that this could be achisved with methads used
N wtormal aduit educaticn, Farmers well also need monilonng tools, so bal ey can assess
changes in sail status, These tools may be inspired by experience with resaurce flowe mapping,
lzzal seil classification systems and indicators of soil fertilily change. Such an approach 1o
exiensian will invalee rovigwing the methads correnlly wsed, and waill probably reguire
extension workars to learn a new range of <kills Lynam et al., 1998; Deugd el al., 1998).

In addition ta the participatory development and acdaptation of technolegies that are
sppropriste to the constrainls and opporluniies laced by farmers, researchers will have 1o
invest more energy in bailding  patlnerships, eslablishing joint experimentation and
presenting the insighls gained from research Lo a wider audience. They will also need 1o see
hroner to develap melhads and toels [ar analysing and monitoring soil fertility which extension
agenls can use in their wark with farmers,

However, investment in socil fertility management will not increase if farming is neither
profilable nar esgential far maintaining livelihcads, Comprehensive and fooused national
palicies could help o improve access 1o markets and support services far acquiring inputs and
selling praduce, finance and information, and help create conditions that make agricukure a
maore attractive option, qiving farmers a teascnalle return on their investments. Mational
policies may improve the ecanomics of the farming sector by supporting better access to
markets, reviewing pricing policies and regulations, prometing investment in infrastruciure
and reducing the risks of farming thraugh the provision of safety mets, Such a palicy
framewcrk needs to be hipad-based and multi-sectaral, It should take account of
environmental issues and consider the development of non-agriculiural sectors, which will
need to provide the growing tural population with altarnative employment cpportunities,
while creating micre demand for agnculiural praducts. Howewer, structural adjustroenl
policias may seriously limit the government's ability to intervene significantly in this wae.

The Scil Fartility Inittative (3F1) is one of soveral supranational imtiatives on soil Tertiliny
management thai have started debate on the need to address soll degradation in Alnca. In
certain countries such as Burking Faso and Ghana, it has led to the creation of a national
action plan for soils. Burkina Faso, for instance, has developed a special natiosal poalicy and
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programme Tor soll fertility managernent, which shauld be implemented in the near fulure.
Recapitalisation of scils with rack phosphate and zgricultural extension are central planks of
this Initiative bui it will also vocus on strendthening input and cutput markets. Other
countries, such as Mali and Uganda, have started discussions on the need for a national oils
policy, often as a spin off from the SF. For other African countrics, i may be waorth
embarking cn the develaopment ol a national actien plan for soils i this would helr Lo cross
conventional boundarios and peroeplions concerning soil fertility decline 2nd how tis should
be addressed, and 1o ostabilish & debate among all the various stakcholders involved. Such an
initiative waould need to aveid adepting a manalithic apnroach which Tails o addness the
many site-specific Bxues inleencing sustainable soil fertiltty managemenl.

Intornational inilialives on soils such as SR are helpful insotar as they attract attention and
rchilise Tunding al national and international levels tx address seil ferility managemaent.
Hewwever, lbey need to be co-ordinated with other international conventions and palicies,
such as trade agreemenis and sructural adjustment programmes. Suppart should also be
mobilised for effective local initiatives and networking between various levels and actor
groups. Metworking by researchers and development workers has generated a body of
knewledse about soil degradation and integraled soil fertiling managemeant largely based an
local level experiances, Mebhwarks such as MUTMET are important for building knesvledge
about the extent of scil fortility declire aned aporoaches vor integrated soil lertility
managemnent, Reqular comtacts belween a variety of organisations and countries #re & central
elernent of this approach as they nal only consalidate the lzarming process bul also provide
a forum for informed debates that may help determine the future of African soils.

€ Othar examples of such nelworks in Afdra have heen facilitated by TSBF and [ZRAF in Last and Souwthern Africa, znd
by OFD 2 ndd w04 iR West Africa.
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Introduction’

in spite of ils excellent agro-climatic endowment, crop yvields in Uganda are among the iowask
in the world. As this appears to be partly due o policy changes which have shaped Lhe
agricullural sector over the last century, this chapler analyses current soil fertility practices in
Uganda lrom a historical perspective. After an mlroduction to Uganda's agricultural seclor and
& descriplion of farming systerns in the Distriels af Kabarole and Pallisa (sec Map), we consider
Lrenids in agricultural policy and their etfects on soil fertility managernens frorm 1900 1o date,
and outline the innovative ways in which some farmers have responded to change. After
discussing the current state of tarming and nutrient balances, conclusions are drawn
sugriesting a nurmber of now pelicy initiatives which are needed o complement existing ones.

Methodology

Informaticn for 1s case study was collected within Lhe framework of the LEINUTS research
programme on soil fertility managerment which started in 1997, In th s research participatory
mathiods were used which enabled farmers to themselves analyse the r problems and identlify

Ve gratefully acknowlerdgr the tarmers of Kakoeo i Pallisa Distict, Kiramn Kyamuka snd Joinl EHoil 10 Save the
Ervironiment in Eabarots Cistrice, o e waluable partcipatinn in this rezeanch. W alse thank the European L inian and
the Guverrmenl ol e Metherlgnds far their finandal support. Our tanks alsa 9o o André de lager and Siebse wan
Wiyke af L0130, and loast Maming of SC-DLO, for Lheir conlrilkations snd hetp,

% LEWLITS stands or: Botentials of Taw-exlarmal inout and sustainghle agriculture to attein moductiv and sustainabiz

land uza in K=rya and Uganda.
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new technologies o resohie therm. Researchers held detailed discussions with farmers
regarding how they perceive changes in the soil lertility status of their fields, and how these
perceptions influence their managernent practices. This inforrmation was triangulated with a
survey involving aver 100 farmers in each study sile. In the two sites, 30 farm households
wereg monitored on a2 manthly basis for changes in ecenamic characteristics and nutrient
floves, and infarmation fram the latier was complemented by s laboratorne-based analysis of
the organic matter contant, texture, and M, P and K levels in the farmers” soils, A eview of
the secondary data published at district and national levels enmpleted the study {cf. Jager et
al., 1999).

Agriculture in Uganda

Crop vields in Uganda are low. An index of tood production per capita, set at 100 in 1970,
had fallen to @7 in 1990 (Werld Bank, 1993). Farm yiclds range from only 13% toe 33% of
the yiclds obiained at research stalions, and data on soil erosicn, notrient balances,
awailability of fuel wood, silting, and deforestalion all point to a gradual degradation of the
coumntry's natural resource base (hWMuokiibi, 1933; MMNR, 19%4b; Worimann and Kaizzi, 1998).
The grevwing pepulation in Uganda is heavily dependent on develepreents in the agricultural
seclor and the available natural resources. Its degradation will have serfous consequences.

Agricullure in Uganda may be described as ‘low inpul, law technelagy and bow productivity”,
Purchased inputs such as seed, pesticides and fertilisers aceount for a small part of the tatal
cost of crap production, Mineral fertilisers are applied in small amounts to tobacco, coffee
and =&, which are grovwn as cash crops (Bold, 1992}

Many factors contribute fo the country's low productivity. Masl agricubtural produce s
cansumed by the domeshic market, The unfavourable. socic-ecaonomic conditions in which
ranmess operale are highlighted by the low prices they receive. Maize Farmers, for example,
only receive 17% ol the retail value of their produce because of the country's deficient
marketing infrastructure, high transport costs and lack of information on market trends
{MFED, t8%8). Under Lhese vircumstanges it is the middlerman who reap handsome profids.

Low procuctivity may also be due to the facts that farming practices have not been adapted
ta changing dircumstances, [armers have imited access to farm implemeants and post-harvest
lzesas are high, Farmers used 1o rely on natural falfow to restore soil fertility levels, sometimes
Icaving fields for up to 10 years o regenerate. However, fong term fallowing is no langer
possitle as pressure from a growing pepulation has made land a scarce cormmodily.

There are no long-term studies moniloring the status of soils, nutrient balances and crop
praductivity In Uganda. Howeever, evidence [romn various sources indicates that soil fertility is
declining as demanstrated by studies on larmers' perceptions of soil fertility change, nutrient
balances and gn-station feriliser trails (Rubaihayr, 1931; Tukahinwa, 19327 Opoi-Odongo el
al., 18993; Zake, 1993; Nsubuga, 194942 Bekunda and Woomer, 1988; Bekunda et al., 1997:
Wiortmann and Kaizzi, 12398,
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Farming systems in the case study sites

This study was conducted in two districts: Kalxarole, which is in western Uganda, and Fallisa
in the 2ast {see Mapt. For the purposes of the study the Kabarle dissrict is considered & mgh
-potential area because of its inherently fertite Andoscls scils and relatively favourahle climatic
conditions. Pallisa is a low potential area as it has inherently infertile Forralsols and less rainfall.
The two study areas vary in altitucle, mean ternperatures, rainfall and population denzity, all
af which influence the nature and praductivity of their respective farming systerns (Table 1)

Kabarole is a hilly region and 604 of the homesteads are on steep slopes, 30% in the
foathills and valleys, and 104 on the hilltops. Palliza i@ generally flal with broad, swarmpy
valleys, Settlemenis are built in dny areas, and all availzble land types are cultivated, The
settlomeont pattern is scattennd i bolh districls.

The tarming systemn in-Kabarole s known as the montane system’. Land holdings here ane
smaller than in Pallisa, and larmers use hoes to prepare the field. The main perennial crops
dre banaras, arabica collee and passion fruit; and the main annual crops are maize, beans,
field peas, Irish potaloes, sweet potatoes, tomatoes, onions and cabbage, Most craps in
bolh sludy areas are produced in mixed stands, except yor some vegetables, old banana and
rice Tields. In Kabarole, 30% of farmers also keep crossbreed cattle in stablos, and ancther
45% of households hold goats, while all of them have chickens, Farmers cultivate [odder,
parvicwlarly napier grass or elephant grass (Peprisetunt curpureum). Mane ot the smallholder
farmers purchase concentrated animal feed for dainy predoction.

About 0% of the land holding in Pallisa is allccated 1o annuak crops and 109, mostly arcund
the homestead, 1o perennial crops such as hananas. The mam crops are collon, Cassava,
sweet potaices, sova beans, beans, maize, sarghum, groundnals, rice, cowpeas and sesame.
Maize, cassava and sorghum, which are more praduclive and less labour intensive, are
increasingly replacing millcs. Bananas are 2lso becormng less imporlans, possibly because their
celtivation has become more difticolt due 1o perceived changes in lacal climate conditions.

Livestack consist mainly of callle and goals, which play a very important role in both the
agricultural production syslem and in lecal cultere. They may be axchanged for land, nsed
1o pay bride prices and are also a source of cash in times of need. Of the households in Pallisa
70% oowen axen for draught power, mostly local Zebu wiich are kept under a traditicnal
system of communal management and graze on the vilage lands. Several familics & ther
have ne plough or anby one ox, in which case they usually join farces to got a complede Leam
of axen with which to plough and work cn each others' varms in turn. Howeower, this s not
always passible, and farmers who are unable to get access to animal traction or sulficient
l[abaur hawve no option but to leave some of their land fallow:

The main concerns of farmers in boih regions are moeting their sobsislence needs,
generating cash, and building up savings, particularly in the torm of lvestock. However,
there are cansiderable differences bebtweoen tho resource base ol smallholders in the two

3 Trese are high altitude farming sestens whare mild temperateres allow farmers to oslbvate lemped le ocs such as
wheat
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Table 1 Characteristics of tha study arga

£ haradlenstics Kalaiola Pallisa

Chirnatic ard Topograplic

hdcan temperaturcs ) 13-26 16-30
Altitude [m_as. ) 1500-1200 1070-1 100
Rainfall (rmrm yr T1300-1500 alg-1200
Eerage slope (Yt ' Z0 1
Cigemorgrantng

PFopulation density (Persens Kin™) A00 229
Population growth rabe (% yr') 270 .68
pwerage sizo of househald (Mo of porsons) B0 54
sail

a0 fype Areddgels Ferralols
Cirgamic Caibon 0. 56R-4,01 0nz-14
Tt W) Ol 2 4 OE-0.23
Todal P (%) 0224053 0.01-0.07
Tonal kifre) 0.13-6.40 0.10-0.49
pH in water (1:2.5) &.4-7.0 4.6-6.0

ELonamic fnice s

Labour

Consumer enils (aau?) 5.0 14
Lalznier anits [ga) 4.0 ny
Land .

Tetal cuktivated anoa (ha) 1.6 256
Fallow area {ha) 0.7 1.7
Capital

TLLI# 1.5 2.4
Walle of heastack (Uish farm da4 Q00 856,000
Walue ot equipment {Ush farm) 23,000 140,000
Aatios

Land/labour {ha asu™) | 0.5z 0.70
Landfcansumer {ha a=u 0.4z2 , 054
Corsummendatiour {ger g 1.21 112

Avefage eronomic ncicaes

Met famn incorme {Ush year' EE0.000 359,000
COff-famm incomme {Lst year") 72,004 101,000
Farnily narnings {LIsh poart Q52 N0 450, 000
kAarket share (%% of gross value sold) 29 =0

1) Figures are the sverages freeo 13 ard 14 farms in Kabzrole and Falliza districts respecivaly, and are bazed on cne
vaar af montaing J9%7-19958), 2) Adult equivalent units, 3) Trapece! Livestock Unis, 1 US £ o1 S000USE {1999),
Source: LEIMUTS sureey
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areas (Table 1} Fanm households in Pallisa cultivate moene land, have more people, more
vestock and more farm equiprnent, mastly ox ploughs. The ratios in Table 1 indicate that
farming systems in Kabarole are mare labour intonsive because there is less land per laboor
unit availabla than in Paliisa, The difforence in agricaltural potential is reflected in Kabaroles
net famm income which is nearly 2.5 times higher than that in Fallisa. While farmers in both
areas sold raughly the same proportion of their agricullural produce in terms of gross value
{299 in Kaharolo and 304 in Fallisa), those in Pallisa sarmed 22% of family income through
orf<farm activitics, comparod to 8% in Kabarole.

Trends in soil fertility management since 1900

Uganda's political situation and agricultural pelicies have undergane major changes this
century that have affected the agricubtural development of the two study siles. We will be
lzoking at trends in scil fertility management aver three broad but distinel pericds. These are
ihe colenial period and the first vears of Independence, the two decades rom 1966 1o 1988
and he pericd since 1984,

The colonial pericd and the first years of independence (1900-1966)

Uganda was qradually colenised from the 18705 onweards, peacefully in some regicns and by
force in others, After the British consolidated contral ower the Uganda proteclorate in the
early 1900s the colonial adrministration started to develop the zgricullural secter through g
series of palicies. In 1200 lacaf chisfs and kings signed a series of agreements privatising land
in the sauthern and central parts of Uganda, where ¥Kzbarale is sitvated. Land titles wiare
izsusd to chigfs, clan leaders and religious institutions, lhereby creating two classes;
landowners and tenants, This privatized land, known as ‘Maifa Land’, may be inhetited or
zold. In the north and east of the country, which includes Pallisa, land ownership remained
customary and passed through olans, although afficially it belonoed to the British crown.,

By promoting cazh crops the colonial government aimed 1o provide ranw rnaterials for Britizh
industries and haped to raise enough revenue from taxes and export earnings o pay for the
canslruclian of roads, schenls and hospitals, and its cwn administration.” The developmeont
ol the cash crop economies was based on the division of the country into warious zgra-
ecolagical 2zones, wilh 2ach area specialising in the cultivation of a perticular crop. The [ower
lyihg areas of Kabarole district were reserved for robusta coffee, the middle belt for tea, and
the higher zane for arabica coffee. A district lixe Pallisa was to specialize in cotton produsction,

The colonial government became increasingly concerned aboui land degradation and erosicn
frotn agriculture and livestack. During the 1930s, thres surveys an soil degradation in Uganda
weare published (Stockdale, 1937, Tothill, 1938; Wayland and Brasnett, 1938). These led 1o
the developrnent of specific seil and water conservation palicias for the different regicns of
Uganda in the 19405 which laid down stipulations for promoting good land imanadement

—a

A There weese no white settles in LInanda as their irstallation was strengly resisted by the indigeneos leadors ©f 1hat,
epadch: LUganda bacame a protectcrate, unlike Keoga wiich wes 2 cokine where Eomopean settlers were permitted 1o
farm. This distirction uriderlay the British changing the oordess of Ligenda, 5o that a lange par of whet used ta be
gastern tlgarda hecame pant of Kerwa and was ssttled by white farmers.



(karnugisha, 19932; Tukahinwva, 1924), The colonial authorities addressed the problam of sail
erasicn By implernenting district leval bylaws specific to “Ayrican-held land' and focused on
coffee and cotton, cash crops that had been forced upon farmers. The bdaws were
administered by local chiefs, and induded stipulations aboui mulching, crop rotation,
fallowing, grass strips, @arth bunds, building terraces, cultivating staep slopes, and buerning
forested argas. The lecal administratve and agnoultural oadicials ngorcushy enforced those
stipulations and s6iff penalties were imposed on farmers whe failed to comply with them.
For ‘ngn-African” farmers, the assumption was that they were aware of the soil crosion
problem and cnly noeded advice frem the soil conscrvaticn committae, Mo penalties existed
far non-complisnce cither then a cansoneation ordor from the Gistrict Exooutive Secretary
which required the cooupant of the land to either adopt the specificd measurss or stop &
specilied activity

i1 Rabaroie ibe mild ciimaie was gvourabie o Europezn breeds of daing caliie and inine
1850 and 1860: the governmenl aclively promoted dairy produclion, establishing a
livestock-breeding centre in the district. This resulted in large numbers of indigencus cattle
being replaced by smaller herds of crossbreed dainy cattle. Pastures weare enclosed 1o control
disease and improve productivity, which meant that there was less commeon grazing land
available for the indigenaus hedds. Introduced Arabica and Robusta coffees became main
cash craps in Kabarole. Livestack rearing in Pallisa did not change in this pericd.

The colznial pericd alse witnessed the developrment of agricubtural institutions and services
such as research stations, agricultural colleges, an extension systern, an input supply systerm,
and processing and marketing infrastructures, The extension approach rernained cosrcive, but
in the mid-1950= a new methodology called “extension through progressive farmers’ was
mntraduced (Sermana, 19985 This involved targeting selectad “progressive’ farrnars with advice
and support in the form of inputs and credit,. Many of the selecied farmers ware relatively
wealthy, had received some formal education, and were therefore expected 1o adopi new
techrologies very quickly, The idea was that this assistance would irnprove the performanos of
the progressive farmears. Their negighbours would then follow their example and adopt the now
practices, and the country's cverall agricultural produgion and productivity would irmprove.

After independence in 1962 most of the basic aspects of colanial policics and [aws relating
to nalural resources and agrioulture remained infact and continueed to be mplermented anlil
1966, when polilical instability engulfed the counlng

The period hetween 1966 1986

This perind started with the abragation of the constitution that had been put in place at
Independence. The mamerous colenial laws and regulations which had proviously gaverned
sail management wene abandoned. Farmers started cultivating on proviewshy prohibited areas
such as along rivers 2nd strearns, and on steep slopes. Swarnps wene drained, and meazsures
e control soil erosion (berraces and bunds) eere no longer implemented or maintainmed. Both
shudy areas were attected by these developrments, as farmors began cultivating steep slopes
in Kabarale and growving rice in Paliisa’s swarnps.
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In spite of these developrrents, the countrys econcmy and agricultural cutput continued o
qrowy until the early seventies. This was mainly due Lo the introduction of new technologies,
such as mineral fertilisers and improved varieties, and 1o new initiatives in agricuktural
exiensian. In 1964 the United States Agency lor International Development (USAID)
intraduced an approach bhased on ‘helping larmers 1o help themsehves’ (Semana, 1998). This
persuasive approach to cxtension wag 2n almost revelutionary shift away from the previcuos
coercive methods. The new emphasis was on extension as a learning process and practically
oricnfed courses were included in the curicelum of agriculioral colleges. Agricullural
mctension conlinued Lo [ocus on pragressive farmers, who received special support.

AlE this came Lo a halt in 1971 when Idi Amin's military government doclared “economic vwar”
on Ugandans of Asian origin. Thelr properties and busingsscs were expropriated and
redistributed 1o Ugandans of African arigin, The distribution system tor agricultural inpuis
breke down, the infrastructure for marketing and agro-processing collapeed, prices dropped
and the whole economy began a downward spiral. The government stated borrowing
money fram the parastatal markating boards for cotton and collee, which initially delayed
payment ta farmers ang evantually resulted in all paymenls for produce being stopped. The
government extension systern declined rapidly as Lhe exonomic situation deteriorated. This
era, marked by political turmoil, ended with & decling in all sectors of the ecenery and
administration, and the breakdawn of laer and arder

In Kabamle coffor production collapsed, and farmers turned io brevvers’ banana® as a.
replacement cash crop. The spiril dislilled from the brewed ripe banana fruits is sold, while

returning the residues to Lhe soil. In Pallisa farmers abandoned cotton as a cash crop and

shilled back Lo cereals winich were in great demand in both Uganda and neighbrouring

Kenwa. There was a sharp drop in-the use of mineral fertiliser, which probably resulted in

increased nutrient mining of the already relatively infertile =oils in Pallisa.

The post 1986 period

This period slarted with the assurnption of power by the Naticnal Resistance Movernent. The
early vears were marked by civil war in parts of Uganda and the intreduction of a pelicy of
ecronamic liberalisation, which meant thai the State withdrew from the provision of some
senvices while market forces played alarger part tn the economy. Feoed prices sleadily increased
between 1988 and 1990 but in the 1990s prices fluctuated Aacgording 1o the size of harvests,

Farming systems in Fallisa were more affecied by these evenls Lhan those in Kabarale, During
the civil swar between 1927 and 1989 Pallisa district was contested by several warring
factions, Livestock and other gecds were loated, and by Lhe end of the war, most of the
households in Pallisa district were loft with no caltle or oxen. The disappearance of cattle
affected the farming sysiem and the nutrhenl balance of soils. Cotton was and still is the
main cash crop available to mast farmers and praduction incregsed as the private sector
became mare involwed in marketing, not anly giving (armers a better price far thewxr crap
praduce but also paying cash on delivery. However, the immediate returns are still relatively

= A koral varisty af hanans used o produce an aloohclic drink.
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lovy bacause cotton requires large arnounts of pesticides and is lakbour intensive, Farmers with
access towatlands can grow rice as a cash crop, but maost of District is toa dry 1o grow upland
rice or bananas as a source of revenue,

The farming systems in Kabarole have changed moere gradually, The civil war bareby touched
this area and |ivestock holdings were not affectsd by i1, As population pressure increased
during this peried land holdings bacame smafler. Although there were campaigns to persuade
farmers to grove coffes again, the impact of economic liberalisation <id not send them rushing
out to their fields to replant it. Coffee bushes take some time to get established and, with
reduced sires of land holdings, there is not much land left for this crop. In additicn, farmers
were sceptical abourt the possible benefits of growing coffee when prices were fluctuating and
unpredictabl. Farmers continued to replace indigencus cattle with the mare productive dainy
crasshreed, while enclosing and privatising grazing areas. With the introduction of "zero-
QraAny’ &ne Sermi-2en-grazing . sysierms, inwiich caiiie spend most of 1he Time in ihe siaiie,
{armers could collecl manure mare easiby and recycle nutrients more efficiently,

Throughout Lhe 1950¢ and 19905 the extension service remained chronically under-funded
and therefare unable Lo train staff, who consequently are inadeguately informed about the
range of new technelogies available or how to disserinate therm more effectively, Althowgh
agriculture is the most imporant sector af the national coonemy, research and exdension
activities are stilt allocated a small proportion of the government budget. In the fiscal year
199841999, for example, it was anly alforated 1.5% of the total budget (MFED, 1398).

Agricultural policies in the 1990s
Environmental and land use policies

The Ugandan goverament, with the assistance of internaticnal development agencies, has

launched several policy initiatives as part of the Natienal Environment Action Plan, or NEAP

{(MEP 1988 NEAP was developed to guide the sustainable use of the countrys natural

resources and to increase the productivity of small holder farms. & Mational 5oils Policy, as

propazed in MEAR is in the making and in 1999 & draft policy was prepared ta prevent and

reduce soil degradation, and promole suslainable soil produclivity (FAC/UNER 19900, The

legi=laticn that will accompany this policy is in preparation and all slakeholders have bean

requasted to present their point of view. The policy will be implemented thraugh three inter-

linked approaches whick are:

* Technical-covering land evaluation and management technologies;

* [nstitutional-cowering research and educational institutes, extension services, and the
naticnal cornrmission on land use:

= Llegal-covering lagal arrangements Tor general land use

lssues concerning soils are al=o incuded in the Mational Erviranment Managenient Policy and
the Maticnal Palicy for Management Wetlands Resources (MME, 19943 MBE, 1995). A series
of ather policies have alse been designed, such as the policy on agricultural maodernisalion
and land tenure refomm, which may be expected to have soime impact on the use of soils.
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Agricultural modernisation

The Ugandan gowernmenl has drawn up a mediom lerm plan (1997-2002) for the
modernisation al agriculiure, wilh an overall Largel ol increasing the annual growth rate of
larm oulpuls Lo 7.5%. Priorilies include research and exlension, marketing, the provision of
credil and agro-processing. The plan proposes 1o change the "training and visit” exiension
approach Lo a more parlicipalory and demaind driven system which would make appropriate
and sustainable soil ferlility managerment practices available to more farmers,

However, government expenditure in the agricultural sector is still relatively low, The private
sector is expected to play a tajor rele and fill the funding gap, but has failed te do so. At the
moment therefore, everyihing hinges cn the government raising the necessary rescurces to
finance the programme. Bui decentralisation and the associated civil service reform of 19403
reduced the number of extensicn staff from aboeut 4,200 in 1393 to 2,000 in December 1995
{MPED, 1936). These rermamning exiension warkers are inadequately equipped and trained.

Rural agricubtural credit schermes in Uganda are very limited and almost exchusively provided
by NGO developmeant programmes and Community Based Orgenisations (CBQY, wsing
membars’ savings. Some hanks will provide agricodtural credit but nol inoa way Lhal is
accessible to small-scale producers. Farmers need to be Merate to apply far a loan as they
have to prosent a business plan, may often have ta negotiate with bank slall, and have to
provide collateral in the form of land or fixed assets. As a result mast of Ihe agricultural credit
prowided by banks goes to large-seale tarmers who wse iL for dairy production, ranching, or
establishing greenhouses for praducing {lewers. Bven when credil is accessible to small-scale
farrmers il is of Len inappropriale for their needs as the nlerest rales are very high (24-30%).

Land tenure reform and management

Iry the 19002, a sepries of land agreements helween the Brilish Government and varicus local
kings and chiels created new syslems af lenure based on landowners and tenants. The rest
ol he counlry continued Lo mainlain Lhe old customary systerms of land tenure. In 1975 a
deviree was passed vesling all land in the State. This put customary tenants in a very insecure
pasition as they were now regarded as occupiers of crown land from which they could be
evicted. Many farmers were indeed forced off their land, as it was commoen for politicians and
government officials to grant thetmselves leases of large tracs of land regardfess of its
gccupants’ customnary rights. This deciee was Teversed by the 1995 constituticn, which
vested all land in the. citizens of Uganda and recognised customary tenure nghis to land
(hMwehaza, 1999). '

The aim of the 1998 Land Act is to strengthen security of tenura for temants and customarny
landholders, whose legal cwnership is 1o be recognised by the issue of land cortificates. The
idea of policy makers is that this will facilitate the emergence of a land market which will
atiract investmeni, particularly from gutside Uganda, and eventually lead to the counlrys
ooonoric developmeant, It is also assurned that having a tithe will give farmers aceess Lo credil
and encourage them ic invest in managing their nesources by replonishing soil ferlility and
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controlling ergsion. The 1938 Act is also intended 1o bring into production some of the
cultivable land that is presently not being used,

However, the link between titling and economic growth is elusive. Much of Uganda’s cotton
and coffee is grown on land governed by customary tenure, and the process of granting titles
has proved tedious, bureaucratic, expensve and sacially disruptive, Devclopment also
raquives investment in infrasructure and the provision of serices and marketing outlets.
Some chservers argue that tithng should be selectively implermented where the need arises
due to increased pressune on fand, land sales, and the increasing indidence of land iltlgatlt:n
such as in urban and poni-wroan argas MMwehaza, 19595

Empowering wenern
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promaote the emangipation of wamen. Ackhatics in this arca have included awartenEhS rAISINT,
the development of legislation to protect warmen's rights, and ncreasing their educalional
opportunities and representation in decision making bodies &t local and nationat levels. 45 a
result the general population has hecame more responsive to gender issues, including
women's concerns and their mole in natural rezource management. Wornen provide more
than 60% of the labour force in agr:r:uILure and head 30% of rural households MPED,
1996}, The grvernment’s policies o empowering women through education, ensuring that
gender issues are laken inle accounl when developing lechnolegies and Largeting women
recreils For the agricullueal exlension services, should result in more elfective development.
Many communilies are already starling Lo {eel the impact as a growing number of women
and men parlicipale in managing their natural resources.

The status of soil fertility in Kabarcle and Pallisa

The scil in Kabargle is more feetile than in Pallisa, where B, P and K leyels are very low (see
Table 2},

Table 2 Soil fertility status in Kabarole and Pallisa

Charctaristics K Earole Palliza
Bl slowck Ckopha) 11,800 4,500
P stock dkoha) 14,400 2,701
K =tock (kgfha) 12,200 4,800

Source: LEIMUTS surees

The impact af carrenl larm managemenl praclices on soil nulrienl Hows in live Dwa areas is
presented in Table 3. Mulrienl balances [or N, P and K are negalive in Kabarale, which is
mainly due to leaching, gaseous losses and erasion. In Pallisa the nulrient inputs and outputs
al farm leve] are betler halanced. Hardly any mineral fertilisers are used in either area, where
mosl of lhe nalrienls inpuls are from organic sources, primarily farmyard manure. In Pallisa
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Table 3 Nutrient budgets and balances of farms in Kabarole and Pallisa Districts

Murtricnt flows M fkathal P (keyhal K {heha)
Kabiarole Falfi=a Kabarole  Malliza Kabarale  Pallisa

Farmm Balance 1735 2.3 -G08 15 -41.3 154
I~ .0 0.5 0.0 0.3 .0 1.3
N2 181 321 2.3 ER 19.4 4.4
Ir 3 558 3B 1.0 a8 35 25
{1 ih 0.3 0 o ] Q
CUT 1 -3 e -1.8 .4 =05 -4.3 -2.4
ouT 2 =F1 -16.3 08 -1.8 -+H 1.4
QuT 3 -104.5 -11.3 0.0 ¥ i -0.54
QLT 4 -28.38 -1.8 0.0 i ] a
ouT S - 3.3 -54.5 a -50.3 -0.5
CUT & -3.5 -3.0 -4.5 -1 -0 -8
IM 1 Mineral tertiliserfeods £1JT 1 Crop harvests ¢ animal preducts
IM 2 Oeganic products DT 2 Crop residues ¢ manure
I 2 Whal + oIy deposilion QOUT 2 Leaching
M 4 Biological MN-jigationd QOUT 4 Denitrification

JUT 5 Water ercsion

QUT 6 Hurnan fazces

Soorce: LEINUTE =ureay.

livestock depend on crop residues and grazing outside the farm. Farmers in Kabarole feed
caltle in zero-grazing units, giving thom napier grass grown on the farm and other materials
brought in lrame culside such as purchasod napicr, mzize stover, banana pseudo stems and
banana peelings. Only limited amounts of nuiricnts leave farms in either area through the
sale of crap or animal producls.

In terrns of productivily, the high nulrienl slacks in Kabarole’s ferile spils pose less sqil ferility
prablems in the shart term and can sustain crap productian. The stock of M, far cxample, will
ba depleted within 68 years at the current deplelion rate. Estimalion: indicate that leaching
and ercsion are the main sources of N losses, probably due o the porous structure of
andosols combined with high rainfall. Same farmers are aware of ihis and are trying to reduoce
thosa losses by installing grass bands and trash fines, using mulch and conlour [arming.

since farm income fevels in Kabarole are currently relatively good (Table 1), praducers have
Lhe resources to invast in their farms or for develaping off-farm sources of incame. |tis better
Lo invest nowy, while production levels are still high and economic reterns good, thane to waik
undil soil fertiliny has declined substantially, production has dropped, and when more
signilicant remedial action will Be reguired. Households shauld alsa cantinue preparing sorme
family members far work autside the agricultural sector for example by ovesting in
education.
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The situalion in Palliza is more comples, Nutrient balances suggest that Lhe {arming systerm
is eeolonically sustainable at present levels of production, as encugh nulrients are imported
threungh nff-farm grazing to balance the cutflows. In the long term however this may not be
sustainable. The rapidly growing population and the recent Land Act are likely to result in the
loss ef large tracts of comman grazing land. The new Act cnables individuals to apply for title
L commoh lands, which could result in the enclosure of grazing land. & more imminent
prablem is that the low level of production in Pallisa% {arming systems makes them
econcmically unsusiainable (Table 1) Farmers must either diversify sources of incame, which
Lhey already try, or increase productian levels, if they are 1o maintain ivelihoads. Increasing
agricultusal production will reguire a consigerable incresse of nutrient inputs, especialy N and
B intc the systern.

Farmers' response to sotl Teriiity probiems

Farmers are not passive observers of change within their farming systems bl ane eontinecusly
oxperimenting and inhovating with new methods as they strive to improve their livelihoods,
often in the face of huge obstacles. In the cases discussed in this chapler, the process of
inmenvalion was lacilitated by NGOs, which provided the communities wilhy techinical and
finangial assislance, but it woukd alse not have been possible without ke high level of
proganisatian skown by fzrmers within CBCs. Intnovation is & canliruous process: existing lecal
technologies are improved and new technolegies madificd. Technolegies are adopted and
adapled arcording 1o the returns they bring, labaur requirements and availability, the amourt
of land involved, and the many other demands on farmers' time and resources.

A number of soil fertility management technigues and praclices in the two study areas were
identified. These can be roughby divided inta indigenous lechnologies developed by farmers
with litdle or no input from formal rosearch, and lechneclogies developed by rasearch
institutes. Indigenous technologies indude traditional failew followed by slash and burn,
mulching, mixed cropping, crop retation, manuring, Lraditional agro-forestry and grass bands
to reduce erosion. The technologies generated by research include nevy designs for agno-
forestry, composting, terracing, and the generalicn of bicmass for graen manuring.

This saction gives a detailed description of Lhree specific technotogies and their impact on soil
fertility managarment;

+ [ntensifying production in homestead Fields

* [ntarcropping Sesbaniz sesban and passion fruit (Passiffora egulis)

+ Application of compost and mulch

Intensifying preduction in homestead fields

Cne response to smaller land haldings and reduced fallow has been to farm the available
laind more intensively, especially the fields around the homestead (Homestead Units or H3Us).
Farmers apply compost and farmyard maree in these gardens and have refined existing
technoslogias such as water harvesting and use of poultny to control pests, HSUs suppart the
widest varety of crop spocies, including rany fruit, crnaimenial and shade trags, arg woeded
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more thoroughly than other fields, and are less inlesled by pests and diseases. |L may be
assurned that such intensive care will reduce nutrient losses while trees {eed leached nulrienls
back inte the cropping system. Farmers in both study areas considered soil bunds and
terracas 25 a colonial imposition and abandaned them scen aiter independence, but have
nawy started using them again 1o contral erasion. In condusicn, the H3U can be regarded as
sites of nutrient concentration and intense utilisation.

The arca of HSU fields takes up between 10 and 25% of the whale farm. Their size depends
an the availahility of family labour, manure and other arganic materials, and may be regarded
az an indicator of family wealth, The mare resources a family has the maore organic fertiliser
it can produce, which can be vsed 1o extend the M5 and aven be transported to other fields,
When animals graze the outhing fields and commoen lands outside the farm they transfer
rulrients [rom those argas back anta the farm and particulary the HSLs, This flow increases
when the callle spend muore time o pens or ‘bare’ near the homesiead. In Pallisa some
farmers regularly move their cattle pens to sproad the manure across the plot (see Box 10
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The higher iwestment of labour inte the H3U enables farmers to handle the accurnulating
arganic materials more effectively. Gender issucs influgnce how these resources are managed
and a number af aclivities seem ta be almost cxclusively done by wemen and children after
schocl. These tasks include cleaning the stahles, cellecting dung, gathering fodder, fooding
the stabted livestock and preparing and applying compost.

Intercropping Sesbania and passion fruit

MGCs started prornating the cultivation of 3esbania sesban in Kabarode in 1988, to produce
firewaod and fix nitrogen in banana fields. Seshania is grown along the boundarias of figlds
planted with annual crops intercropped with banana, and also on emsion control bands.
Over time farmers have adapted Sesbania for other purposes and, since the ag rly 19205, have
used it 1o regenerale seil lertility and as live stakes to support passion fruit plants.
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Boax 2 Intercropping Sesbania-passion fruit

M- Tibesicreea livas in the Kabarole District. He has an ares of approximately 0.1 ha naar his
homestead where his Tamily grows wegetables and -annual crops. In 1996 he planted Seskania
searlénos in this plot and later added passion Fruit, M Tibesigwa ¢lairns that his inspiration for this
iNTECRappinG system came from observing and combining severs| practices, He had been tanght, and
has also ohserved, that crops pertorm well an plots where Sesbania has previousty grown. Bora
significantly, while visiting a friend in a reighboundng aea he saw that anly five Sesbania stems could
suppnrt a heayy crop of passion fruit, while he was strugoiing Lo Ting mongy & buy wanes and poles
lo construet trallises. har. Tibesigwa is all praises for the Sesbania/passion fruil syslem, and listad its
arlvantages ovar posls and wire trellises: these are tewor wiocts, yickds are better becauss branches
don't need 1o be pruned to prevent trellises from falling <émm; the system is more resistant to wind
throw; thie passion fruit plants dive longer; plants are Jess prone 1o disease; the creation of “forest-like’ -
condilions rgjuvenates soil fertlity; and the systorn provides valusble firewood, Unforlunately e -
cannct expand bhe syskeen inks oullying lieids as e is woried about lesing fruit to lhisves a0
naughty childrzn.

Iertercropping Sechania with passion fruit can generase income, provide tedder for small
levestack and improve soil fertility. Leaving Sesbania for three to four years seems to enable
Lhiz Lree Lo extend its roots down into deeper soil layers whore they can extract leached
nutrienis (Hartenmink et ab., 1996; Mekonnen et al,, 1997; amko el al., 1998} Large
Auanlities of organic matter are added to the scil theough lgaf fall. The interest in using
Sesbania 2s five suppont Tor passion fruit is increasing in Kabarole (Box 2), because of a
grewinn dernand for the fruit following the Government’s policies of economic liberalisation
and promotion of export diversification,

Farmers using the Sesbaniafpassion fruit combinatian starl by interplanting this tree with
annual crops like maize, beans, tomatoes and cabbages. They do this for twa seasons and
then plant passicn fruit s2edlings which are trained up Lhe Sesbania plants. Depending on the
spacing of the trees, the undergrowth may he used lor grazing goats. Fassion fruit sarts to
bear fruit after about 8 months and will generally last [or at least ancther four years, The tree
will be cut down for firewood when the passion fruit is no longer productive and the ficld
cleared for annual crops: these are growen {or the next two 1 three years before repoating
the cycle with Seshania and passion fruit. 1t is zssumed that annwal crops growen in this cycle
give higher yields hocause Seshania regenerates sail fertility (Kwesiga and Coe, 1554).

Application of compeost and mulch

MGDs have trained farmers in bath districls e produce compost made frotn napiar, maize
leaves, ash, cow dung, weeds and grain husks. The farmers are clear about ihe hencfits
gained from this compost and they nawe are focusing on improving its quality, using it mare
efficiently and reducing their lzhaur requirements. Researchers, however, wanted mane
insight into its agro-cconomic benelits. Farmers, NGO staff and researchers hawe been
cellaborating on a systematic appreach 1o anpraving the use of campaost and mulch (see Box
3} They chose maize as the tesl crop because it produces guick results, although farmers
normally prefer o wuse ther composl on bananas. Farmers wanted to compare their narmal
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praciices of applying cempost (4 fonsfhay with applying a laver of mulch 2 weeks after
planzing, using either compesl anly at a rate of 42 tonstha ar a combination of compast (48
tonsthay and mulch. Fesling and evaluating took place on a plot of 25 m7 over twe
consecutive cropring seasons wilh 14 farmers,

The data on yields showed a3 significanlly positive maponse to the compost and
compostinulch treatments. However, aller one sezson the ecanamic offoct (expressed in
gross marging of these twa treatmenis was lecs thae in the control treatmens, bt farmers
eupocted to see the tesidual benefits of the composl over the next 3 cropping seasons.
Ircdered, there ware na significant differences fram farmers’ normal practice when taking into
dgccount these residual efiects in the calculation of the average gross marging per seasan. This
lluslrales the dilemma between the short-term finandial gains wersus Lhe long-lerm impacl
al mest soil terility management practices. Ecanomic results may improve il crops of & higher
value per unil of land are used and by reducing the quantities of crganic malerial: applied.

Em-: 3 Partlt:lpatur:-.r technulﬂgy develupment

Muetings sttended by scientists, NGO staﬁ and the participating Earr:ners, :er—r held in- t:-r_:-Lh :..lun:_.],.'
- areas to discuss the planning ot tha PTE activilies. These sessions woverzd the type of experiments;
protocal, Iaj,.'nut menilafiag procedures and .criteria for evaluation. - AN farmers agreed on ‘the
" selection of ong expeiment o mel'ement on their farm, so that they n:nuld jeirtly evalyata he prm,e--;:"
i arie to facilitate statistical anaI',I5|5 5|:|-2nt|5h and NGO stab uged Ihe, E‘:{pprllﬁﬂnlgl rJr':.Jtuml ta amess -
tha expected impact of tha test ttﬂrlmﬂl-ﬁgy an aulrienl flowes and economic gerformance, 2nd farmers -
orow flow maps 1o show he. snlicipated ‘changes compared - to current practices. Cruring . thi.
- awparimanl & liekd visit was organised wﬁ.h farmems to observe and discuss the pprfnrmancp -::-F the
- experiments, Every month MGO staff menitorad INPUTE LT o g 1he Exp:?rlnlﬂntﬂl plots, and',
* tock scil samplas. After one, seasan a JOInt evalualion session was ‘organised to assess the results of
‘the experimants ar'ld l::: plar & I ruund -::uF 'technn:ulc-gg.-' -:Ie'..'elcupmcnt [n:f Jaqer et aI . 19949).

Research and extension

Agricutlural research in Uganda has largely coencentrated on cash crops. During the colomial
period il focused on the reguirernents of these newly introdiced crops ared when spacilic
research on soil rnanagoment started in the 19505 it centred on the organic and inacrganic
fertilisation ol cash crops. The research agenda has only recently widened Lo include
impaitant indigenous food cops such as bananas and cassava. The system for transferring
agricultural knowledye also loaves a et to be desired, The practical effects of this are that
farmers da nat have access to information and extension services and are often unaware of
improvad techinologies and larming methods.

For many years research and lechnology development have been the exclusive damain of
research organisations end prolessional researchers, with little ar no input frem farmers.
Mereover, the local research wrganisations themselves anly had a minimal role in setting the
agenda, which was mostly determined by exlernal funding bodies and international research
institutes, The technologies described abowve represent some of the methods farmers have
devcloped, with MGO support, to overcame problems such as declining soil fertility, Research
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and axtension workers would doowell to consider these techrigues and innovations when they
are developing and promating technologies for sail fertitity managerment.

Conclusions

This chapter has described the influence af polilical and histarical developments en seil fertilily
management practices in Uganda, and has examined the present status of soil nutrien
balances and the econamy of farming in Lwo specific districts. We have saen that there are
considerable variations hebaoon the twa areas

The preseni farming systerm in Kabarole & ecologically unsustainable, but this is still compenzaled
for by large reserves of matrients in the soil. Negative nutrnient balances are mamnly due to
leaching and water crosiort. Econamicaliy the system is sustainable but under pressure. Individual
households hawve difficulty nainlaining livelihoods because landhaldings are shrinking &5
population prossure increases. The current leval of fanm income in Kabaeole is still relatively high
and preducers should nove invest in farming and concentrate on prevenling loss of nutrient.

In Pallisa district, rulrient flows are currently in balance from an agronomic perspective,
However, from an economic point of view the farming system dees nol provide for all the
houschald mesds and off-farm actidties are an important source of reverue. There are
prcasicnal famines in the area and household incomes are love. The farming systems curently
rely on nutrienis being brought in by cattle grazing an comimen land, but these grazing areas
anz dwindling as rmore land goes under cultivation. The situation may further deteriarate if the
new land tenure act encolrages privatisation and the endasure of grazing lands, B cammaon
grazing lands disappear, the farming systems of some househalds will be deprived of a major
source of additional autrients, The current low levels of yield and income make capital
intensive allernatives such as mineral fertilisors a less feasible alternative option.

The crucial question in PFallisa is whather farmers” management strategies will be sufficient to
keep soil fertility decline at bay as the pressure on farming systems increases. The systems of
production even need to became more intensive Lo meet the growing demands for fooed and
income, but the inherenily poar seils will be unable to support more intensive crop produciion
systerns for lang unless additional nutrients are added to the systern. MGOs and CBOs promote
technologies such as cormposting and mulching to reduce losses and optimise internal nutrient
cycling, but these measures will hardly generate an influx of additicnal nutrients into the
systen. Alternatives are stall feeding livestock with fodder fraom external sources, wsing
additional inputs of organic and inorganic lertilisers, and growing nitrogen-fixing species.

The case studies demanstrated Lhal farmers are actively responding to the situation. Somse
have started stabling animals 1o increase manure production and have switched o more
efftciant ways of using the manure, while others hawe concentrated ther available arganic
materials and labour on the houzehold plot. Thase praciices are all part of a general expansion
of composiing, mulching and agro-farestry systems in East Africa (Mairn, 12873 Farmers reserve
the more capital intensive oplions for cash crops and anly adopt themn when Lhe cost-henefit
ratics are suffictently high and they feel that the market for their products is relatively secure.
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Introduction’

Agriculture in Zimbabwe iz divided into two distinct sectors: large-scale commercial
agriculture wihich is mainly privalely owned and the communal secter which is dominated by
subsistence farming. The communal lands are predominantly found 0 regions with low
raintall and poor soils.

This chapter focuses on the communal lands and will show how and why scil fertility
management strateqies have changed over the lasl decades and howe they differ bobwenn
zones and households, The main issue in the communal areas i the declining profitability of
farming, which is mainly due to the rising <ost of inputs. Az mineral lertilizers hawe becorme
mare gxpensive, Tarmers are diversifying and using mere arganic alternatives. Howewer, Lhey
are constrained by pressure on the land and ly massive livestock losses swstained during Lhe
drought of 1992 The chapter analyses how farmers deal with new pressures and
opporlumtics and arques that this has important implications for vesearch and extension.

Firsl, the case study sites and the hestorical dynamics of soil fertility maragement are
intreduced. Alter discussing farmers” perception of changes in soil qualiny and spartial

[

1 The authers weould like to thark stett of e Frming Syetemns Ressesch Uit wha contributed 1o the wark, and the
Wetlerlan<ds gavernmenl, e BLURIED and SUPRatharnstead projects, AGE IES ard IRAD (thraugh ACF2 anc TSEF), whn
previdad fing wial supped foo this stucly.
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variability, changes in their soil fertility managemeint practices are described and illustrated
with several examples. Finally, the impact of policy changes and their implications for the
research agenda are analysed.

Method oiﬁgy

Participatory rural appraisals wore undertaken 1o delermine Lhe diversity of farmers’
circurnstances, soil fertiliny problems and the available options for managing soil fertility, A
trend analysis was alse done to establish the historical changes in soil fertility management
practices before and after indopendence. Specific research methods incuded the evaluation
of secaondary data relating §o hath belare and after independence, and group discussions te
gathar information about soilz and their management, perceptions of changes in soil Tertilmy,
the type of crops grown, trerds in inpul use, ete. A survey was dane 1o determine bousehald
characweristics such as age, education, head of hausehoid, Tamily size, Tandnoidings and
ownership of agricultural imolements. The resegrch was completed with several case studies
on sl fertility technologies.

The study areas

This study wwas carried out in two communal arcas in Zimbabwee: Chivi and Mangwende {see
hap). Chivi is located somea 350 km south of Harare and has a mean rainfall of 650 mm. The
Mangwande communal arga 5 located about 80 km north east of Harare and has 2 mean
rainfalt of 50 mm. Both argas have a unimadal pattern of rainfall and a subtropical climate
with cool winters and hot, rainy summers. Mangwende has moere agricultural potential
because the annual rainfall there is higher, more reliable and better distributed than in Chiv
where it is more erratic and prone to mid-season dry spelis.

Sails in the twao areas wary greatly due to dillerences in parent material and tapography. Seils
in Chivi are Haplic Luvisols, Haplic Acrisols and Haplic Lixisols (Table 1), There are also seme
black clays. Farmers in cne village i Chivi categotisad soils into four broad groups: shallow
sands-loamy sands, sandy laam-clay loam, sandy clay-clay and grev-black wer clays. Mast
households (90%) cultivated on sandy seils and many {&60%) also have fields on loam soils.
Howewer, the area covered by each soil group differs from ene farm to ancther.

Sails in Mangwende are mainly Haplic Lixisels. Farmers in one village in the area, Hakata,
classificd their soils inie sandy-loamy sands and sandy lcam-clay loam, Most farmers (90%)
had fields on sandy soils. Relatively few farms (16%) had beth sandy and loam soils, while
only 10% of the {arms were entireby situated on loam soils.

The zverage size of arable land holdings is 2 ha in Chivi and 3 ha in Mangwende {see Table
1}, There are several types of fields according to topagraphic position, soil lype and
nanagerment. Fields at the top of the caiena are referred to as the upland fields and those
at the boltem as Imwland fields. Some farmers also make a distinction between homestead
lelds and distant fields. The hamestead fields are generally more intensively managed than
Lhe d stant fields. These field types may differ in nutrient and moisture status.
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Table T Sorme characteristics of the study areas

Cnaraceoyistics

kangwenda

C i

fdodn annual rainfall and range

fdain Goil typas

pHICaC )
rdaan aable lard holdineg cha)

Main craps

Population density {Mpikme)
Rear . of household members

hdzan no. ot howsahoald members
providing labour

Housefolds owning eguipmeont
Pliariggl

Chltiva L

O Calt

Wheolbarrow

Hovssfrolds avenimg Messtock
Callla
tanats

850 mm (750-1203)
unirnodal

Haplic | ixgeols

4.2 t0 458
3

MaiFe, grouncil,
suntlovean, vegetables

104

6

a7

31 %,
G1 Y%
A8 %
SEYE

1%
A4

£50 mim (A50-800)
rnimadal

Faplic Luvisuls, Haplic Scrisals,

Haplhic Lixisols
A2 1A,
z

adaize, grouidnud, sorghures,
rillel, collon, sunllovwer

45

7

b

F&RE
2350
skt
GF %

41 %
TEY:

Sounces; Government ai Eimbabwe.. 188E; Munwira, 1587, Central stetiadics office, 19%2; Chende et al, 1990, Suneeys

conducied in 1995,

Land tenure withir communal arcas used to be governed by customary rules and regulations.
The community was represented by the chief, whe allocatcd herivable rights to housaholds
for cultivation and lor grazing their ivestaock on unzllocated community Band (Hellerman,
1852). Hawever, in 1982 the Cammunal Land Act vestad cwnership of communal land in the
President and devolved the administralion Lo districl councils rather tian chiefs or herdsmen.
The Act regulates that access and wse of land conlinues Lo be according to customany law.

In Chivi the average homestead houses seven people, five ol whom conlribule 1o Lhe labour
force. In Mangwende the average housshold consist of six people, of which Lheee conlribute
te the workforce (see Table 1), Women head mare than a quarler of the households in both
reqions. host farmers have completed primary education and some have also finished their
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secondary educalion. Only 12% of the heads of households in Chivi and 6% 0 Manguweende
have receved no ([ormal education. In bath areas many family rembers have loft te find work
elsewhere. Acsislance in cash or kind from formally ermploved members was receivedd by 92 %
of the housebolds in Chivi and 86% in Mangwende, The amount and frequency of assislance
differed [rom family to family and has been declining since the start of the economie erists af
the 15903,

Resource endowiments vary between households. Cattle and the ownership of farm
implements were used as the main indicators oi wealth, ranking households with more cattle
and implernents as mare affluent. There is alse a significant correfation benseen Lhe number
of catile and size of band halding. Livestoek ame impartant in both sludy areas as a source of
manure and drawght power, Households in Mangwende gueraned six cattle and two goats,
while iy Chivi the average was two cattle and four goats per household. However, these
AVErages mask wide variations in the number of animais cwned by different househoids (see
Table 1} Farmers in Mangwende generzlly own more equipment than in Chivi. Ownership of
implernents is 2 significant factor in ouerall tarm produclivity as farmers” capacity to transpart
inputs ar work their land an time is affected by the lype of implements they own.

Mangwende s a maize oroducing area. Farmers here sell more than 60% of their harvest and
earn a high praportion of their income [rom the farm, mestly through the sale of maize and
craps rom gardens and orchards. The main craps in Chivi are cereals, which are mastly
grown for subsistance. Less than 20% of the hansest in this area is scld {Rohrbach, 1987,
FSRLY, 1984} and farmers only earn a small proportion of their income from selling surphes
crap preducts and poultny. Some smallholders in southern Chivi have areas of heavy soils on
their farms where 1hey can grow cotton, which provides a substantial source of income.
Gither farmers ane conlracted 1o grow red sorghum for private companies [ike the Chibuku
breweries. The average matze yield is between 0.8 and 1.5 tons'ha in Chha and between 2.5
and 3.5 tonstha in Mangwends.

Policy changes since 1890

In 1820, Zimbabwe was colenised by the British and given the name Rhodesia, During the
colonial pericd the Land Apportionment Act §15930) was implernented, <reating ‘native
reserves’ which resulted in iwvercrowded communal areas that put considerable pressure on
the natural resaunce biase.

The use of animal draughl pawer, the plough and maize as a food crop were introduced Lo
lzcal farmers at the beginning of the colonial period and adapted an a large scale belweean
1920 and 1940, Agricultural extension stated in the 193050 Alvord developed and
introduced an extensieon package to promote permanent small-scale commercial agricuiture
that iz still in use loday (Alvard, 1958; Hagmann and kunwira, 1996). The package advocates
the use of manure, crop rotation, raw planting, monoculture, winter ploughing, removing
treps from fields and conservation waork in the form of contour ridyes. Ancther aspecl of the
approach was consolidating arable holdings and separating them fram grazing areas. Alvord
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also intreduced a training scheme in which Master Farmer Certfficates were awarded 1o
farmers who successfully completed a Lraining course and adopted the package fHagmann
and Murwira, 1994, -

Atter a lang and hard vought war Zimbabwe gained indepondonce in 1980, The new
goverrement wanted {o increase yields and therefore inlraduced smallholder farmars to high
input lechnalogy previowsly only used by commercial [armers. Free soed and fertiliser were
handed ot tor smallheldars o help them became established as commorcial varmers, This
was done mainly through the Department of Agricultural, Technical and Extonsicn Services
(AGRITEX). The production of cash cops was strongly promated, credis schomes were
intreduced through government parasiatals such as the Agriculture Finance Corporation and
farmers were offered attractive prices for their products.

However, tracitional soil and water consenvation methods were discouraged -a2 the
authorities advocated Alvard’s package of ‘dlean cultivation'. Farmers were aware thal their
soils were becoming degraded, but they ondy had limited ability 1o address these problems
effectively and lacked alternative options. The Village Development Cammittees (WD Os),
ward Development Commitlees (MWARDCOs) and ewen extension agents were hardly
addressing sofl degradation in the larming enviranment {Mukamur et al., 1997

The Ecanamic Structural Adjustment Programme (ESAPY was launched in 1991, ESAP and
other gouvernment policies resulied in the removal of subsidies, the imposition of levies and
& rise i sales tax, Input prices increased while producers were still only getting low prices for
some ot their-crops, levels of formal employment el and poverty levels increased, E5AP had
a major impacy on the earning potenzial of farmers in Zimbatrae's communal areas and
alfeclad Lheir ability to purchase inputs, Some farmers could ne longer afford to buy mineral
fertilisers and switched to using arganic amendments.

The drought in 1992, ocourrng soon after the ESAP had been implemeanled, was considorod
the “worst in living memany'. It affected agriculture all cver Zimbabwe, and smallhelder
farmers weere particularly hard hit. As crops failed completely in communal areas and huge
nuimbers of livestock died, Lhe govornment was compellad to import maize in order 1o averl
mass starvation. Unsatisfaclory ecancmic performance iR the ensuing years contribuled Lo
inflation: the local currency had been gradually dovaluing since 1990 and in Novernhar 12998
it crashed to wihat was described as an ‘all time low’.

Farmers’ perspectives on the dynamics of soils

CHler farmers i particular end 1o be nastalgic about the past. According to oral history the
sail was very ferlile in pre-calonial ¢imes, There were vast tracts of sparsely inhabited land
covered with thick {orests. Farmers practised shifting cultivation and did not apply any
amendments to the soi, abandaning any areas depleted of nutrients se Lhat they could
recover naturally through lallowe. The seil was nat turned over very much as they anly used
hand teels for cultivation.
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Hawwrever, the turning point was the Land Apparlionment Act of 1921 The colonial ‘masters’
displaced Iocal people from fertile areas and settled them in confined marginal areas called
Lribal trust lands or ‘Teserves’. The swil in most of the reservas was mainly sandy with
inherently low fertility, All the farmers we spoke to agreed that the restrictions imposed by
the colonial authorties on where 10 cullivate had forced them to farm Lheir land on a
continuous basis. The elected gewernment installed after Indepondence reteined these
restrictions and farmers reported thal sail fertility had deteriorated cven more rapicly since
Independence, They also pointed oul that the policies formulated and implemented by the
new government faveured & shill lrom subsistence to commercially ariented agriculture,
which alsa nad a negative impact oh sail fertilty, Popuelation in the cammunal aneas rose
steadily, creating such acute land pressure that some farmers cxpanded their fields into
demarcated grazing areas, sometimes using inappropriate farming melhods which resulted
in s0il erosion and deforestalion.

Accerding to farmers their current problems can he traced back oo ta the intraduction of
ploughs and fertilisers. These two technologies allowed people 1o cultivate relatively large
areas in the reseeves, and farmers explained that i was Lhen that soil fertilisy started 1o
dedine Hagmann, 1997). They said that although the plough enabled them w prepare the
land quickly and easily, the soi lost its “strength’ threugh being repeatedly turncd over.
Although adverse aconamic conditions mean that farmers ne longer plough all their fiefds,
sarme complain 1bat the harm to the scil structure has already been done and that the only
salution is Lo be resettled in other ameas wheng soil {erliily is Detter. Some farmars believe thal
the introduclion of fertilises "killed" the sail. They argue Lthat the soil was more fortile belore
fortilisers were introduced, that nowadays it reguires maore fertiliser and that nothing can be
growen now without using fertilisers. '

Changes in soil fertility status

Farrmers in the study areas were asked to assess changes in sil fertilily and the arganic matter
conieni of the sails in their villages since the wear of Independence (12800, Most of the 27
farmners with sandy seil in Chivi (22%) indicated that soil fertility had declined to such an
extent that no yield could ke abtained without applying nutrients {Box 1), The majenty of
farmers (62 %) thaught Lhat this was caused by continuous cullivation. Others blamed sheet
erasion or insufficient application of nutrients. About 65% of farmers thought thav the
moisture rotention capacity of the sandy soils had declined due to loss of crganic mather
whazas 22% thought that this was the result of the amounL of rain falling in a given season.
QOnly 12% of larmers considered that this parameter had not changed.

For farrmers wilk sandy [carn-clay loam soils, 83 % naled & sight decline in their fortility, 42%
abservedd a decline in the fertility of loam soils, while 43% stated that clay soils were less
fertil: than before. Only 13% of the farmoers nated a decline in soil Tertility for the black wef
soils. They alk Tound it harder to comment on changes in organic matter conient and some
it them said that they did nat know whether Lthere had been any changes or nol. Others
mostly relerred to changes in soil colour as @ guide to changes in soil quality.
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‘Box 1 Perceptions on scil fertility as related by an elderly farmer in Chivi -

AP CIIiF_I_U[i.Q"."'."E i 33 years cld. Ho f_armiwith his wile ang claims Lo be among the first settlers in the
lecal area He also used to work in the gold mines of South .ﬂ.fflca e hipungwe recounts the old -
‘days when watar weas plenlili] and wa much land was axailable that they practised shlftmq rultl'.ranﬁn

- Meither cattle rmanure ndr fertiliser was uscd to enhance séil fartilty and he only amendmenl was -
Al sk prodused By- burning vogetation after |r'||1.'|r'|l lan cleamme 1 hipurngwe Enew that red or
black soils indicated goad: sail ’rE-r[llll'g, that - b-:-rne trees and weeds li¥e Munhondo L-'u.l'bn:*n:-e::":a '
o) aru:i M!prull {Emg:--ﬂy.'-.—i- buehm:.'} wera associgned. with deap, fartila 54'_':-I| and tha'r 'rh»::i

'_prt:"'-t:'nr:P of et dnd Lyn-r.ndcln Qrasses | mdlcatl:d good sofl f@r'nlqc;..r : '

-

I LEvey’ 1[35[]:-, d{_;rlcuftural extznstonists arrad ane SFTI;IF-:J pecple in p|.ﬂr'|r'|E{l wlldges Fr {_h|p1_|n|; e )
. vividly remernbers tho white man wihe. pagoed his fiell ged said to him "Chipungwe here is.ybir
. field™ You are. r'J-:' bger aicwse fo, -r_uﬂ.l'mte wiherevsr you want. From this feld viu. shall - faed -
poursef. r‘hr-fl':"rP"r an grendt.l’m.’dm -5 ta.‘:e proper Ccars of it T -fhlpunq'.i.p- .rp-la'rm that mmally_
“the soil was I'ertlle bt -then crop :,rruids starm{! tio decling. Hea noterd lhal L r;.ml T :_han:_:lmq_'f i,
- celous - and becoming’ |Ightﬁ-r indicating that the t:-rganu_ rr1dl.tr_—r content was dedlining.” As we[ds '
+ declined he started applying Parg 1o his Celd, This sustained sofl fertility aiid he managed to fed-
" his 1‘£II'r1I|:||r fram ‘fhE- same ligld Tor many-years. However, he lost.all-kis cartle d11nrg the 1392 dmught
AN, as he was fot sirccessful in-restacking his-herd, he has also lost his sourcs ol manuis, He Oes
ash, househald fitter and dCI:DIT'IpGSE'd I:—'-a’r lithest E-;:- 5up|:1len'|enl thr: small amnunt5 o u'ung prc:-c:lu-:ed
'l:ug,rhlsnnll_.-c-:uw S - . BT S |

Tf Chlpu nqu 1dml[5 lhat Ilhe ﬁml i nc-w tlred due o, -::c:-ntlnuc:-u;, EuHI'..fatl{:-l'l .m-:]' |r‘|-:uf'f|r|pnt u-;a nf '
. el amc—‘-ndmpma He 3r:-.=_-5 the appea rance of n:u::rt:un wc-'-erh stch a5 dise l'-;mga E-FJI‘J] a5 an mdu_amr nf -
- pmr =0l fEI'tI I|’c:.I -

Almaost all the farmers (34% n=31) in Mangwende stated thal Lhe Terlility and organic matler
content of sandy soils had declined since 1980 and was now very fove (Box 2). Some said hal
there would be low yields or stunted growth if they did not add any inputs. They attribule
the dedline in soil fertility to continuous cultivation, scil erasion, increased sofl acidity? and
failure to apply adequale nutrient inputs. Of the farmers interviewed, 45% had cbserved a
decline in the scil’s capacily 10 retain maisture whilst 26% said that they had not noticed any
difference. They attribuled varialions to a docline in rainyall,

OF those farmers with loam saoils, 75% explained that, althaugh soil ferility was a bit fower
than in the past, it was still salizslaclory and thoy could hope to get some yield without
anplying inputs, Farmers’ perceptions of Lhe organic matter contertt af the foam sails varied,
with halt of them believing that the organic maller content had declined while the other half
said that it had not changed. Their perceptions of ils wipacity to setain moisture also varied.

Just gwwer half of the farmers in Chivi judged that soil erosion was on the increase at both
catcbment and ticld laval, They thought that nowadays people are more reluctant to obiserve
the rules inlroduced by local autharities or the government regardivg sail conservalion. Sorme
farmers, however, beliead that soil etosion had decreased since 1he amounl of 1ain faling
was less than before. In Mangwende most of the farmers could nal judoe what impacl soil

4 <ail acicl by is mainly due tohigh rainfall which leaches the cohaaqeald boees of sondy uols,
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. Box 2 Percepticns of- thanges in sml fertlht!.r in Mangwende.

' hir Hakata is 83. He owns-9 head ot catle, 5 goats and 3. B hectares af arable Jand. Maize was nat ©

~ popular when he was young but he rerembers Burnper harvests of sorghurn, finger inillet and pearl
millet, Faimers naver used any inputs then and i soil became depleted thoy moved on 2 vitgin land, '
as there was plenty of Iam‘] and p-::.pulatmn density was |I:J'-"|' Rl Hakah hplnnged' to the muling dan
so his family had the first choice of land.

* This_chainged during q:c-'::.mal Himes vohen ::::n'lnmai regulatlunﬁ made shlftlng cullivalicn IIT‘I[:‘Jﬂ‘EEIhlI’.—‘ .

" Through nedotianion with, the whites, the Hakata Tamily rhose a fartile pla-:E to settle and their -

" homestead 3 still an 1he same site. His father had learned about cultivating maize and using cattle -
rnanure in Cape Towi, Soulh Alrica,. alar white settfers abdudted hirn a5 3 young Loy The Hakatas
started to cultivase maize and for the fies five years yields wers weryhigh. But when they noticad that

 Lhe maize yields wera EI-E:Idﬂ':,I' decllnmg they began b s cattla manure which was then in abunedant
supply: this improved raize vields and Mr Hakata used to sell iie maize to Harare. He also siarted
using rnineral fertlisers and divarsfied o cotan.

i the 19805, Mr Hakata noted that arganic matter cantont and productivity, which be calis “tha

© power of the soil’ wias changing. The fertility f his 501 gontinued to deding, rapidly, even when ha

: added cattl rmanura and fertilisers, and his maize yield dropped ir{:m 5.8 thato 2.7 tha Mowadays,

. Mr Hakata has fewer czttle and le%s manure than he did in the past, He prefers ranune to mineral |

. fartilisers but has to use the Iatter because the soil *has fallu:n in.love with the ferlilizers'. & fiald
thal wsed Lo yu&ld bumner harvests witl no Iunger praduca a hanvest unless mlmral fertilisees are
applled to it - : I : '

- = a T e . —— -

erosion has had on sail fertility but 90% unanirmously accapted that soil erosion was on the
increase in fields and coichmont areas of all sail types, blaming high papulation pressure and
pooty maintained contours in this area of high rainfall,

Spatial variability

Sail variability Thas been well-documented an national, regicnal and global lzvels (FAC-
UMESCO Soil Map, 1974 Thompsen and Purves, 1978). However, there has been litlle
research an the inportance of variahility at larm and field level and how it allecls
praductivity in smallholder farming systems. For example, the scil types and niches used by
farraers for producing maize vary from the poorest soils, such as gravely, stony, sodic and
sandy soils, to Tertile sandy clay loam scils. Mariations in crop growth caused by diverse soil
properties within the farm are generally more proneunced in low-mput farming systems
where production conditions are less than (avourable (Carter and Murwira, 1995} Having
iflustrated the diversity of land-use patlerns along a catenary sequence, Carter (1933) found
that farmers’ management practices were strongly influenced by variations in fepography
and =il type.

Since agricultural production is limiled by the availability of nutricnts and waler in subsistence
farming systems, variatians in soil may actually be an asset to farmers. A seemingly uniform
field often contains various micro-environmenis that are crucial to local farming systams,
Farrnars recoqgnise these varialions and manage them accordingly (Box 3).
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Fields surrounding homesteads are generally better managed than the rest of the land due
to Lheir proximily io the homestead. These ficlds are also bettor protected from lveslock.
Spatial varialions within fields ane often associated with ecological features such as lermitaria
sail, sodic soil patches, seasonally walerlogging, vlei soils and slany or shallow seils. Such
variation may also resull [rom human aclivily especially around homesteads where household
itter and ash are strewn on Lhe ground. Olher niches constitute old gardens, cattle pens and
larmestead sites, apr tree-scil interactions. Miches also occer when farmers use livestock pens
to improwve soil fertility in specific areas by shifting them around arable fields. Trees in fields
can bath depress and improve yields. When species such as Parinard coratelifalia, Fiscus sur,
Strychnos species and hfimusops zeyher! are lett In the field they can improve sail fertility and
thus constitute imponant niches.

Qthor studies have alsa revealed the tremendous variation i soils within indivicual fields
(Carter and Munwira, 19950 In cur experience it is impaortant to identisy and map these agro-
seological niches and document how they are vsed and managed. This allowes for specilic
ecolpgicz] micro-environmonts fo he properly targetod by soil fertility managemenl
lechnolegies. For example, a niche such @s termitaria soils will provide the highest yield in
seasons wilh good rains, but gecerally needs waler-hanmesling lechnologies Lo suslain yields
when rainfall is [owe
_ -Bm: 3. Managlng localised !.rarla‘tlﬂns. in smls -
. Mirand Mrs MG'IE'I'I}"EI ha'ﬂa @ one- hcctc.re 1IE'|I:| 5r{uate~d on a gEmJE Sl'DIZIE' ir '|:|'II'|'I ThE'_..r dlstlngl.rlsh )
< our seil types in their ield, whh;'_h thay dassify scoerding to colouy, | texture and onganic rmatter .
content, According 1o their descriptions the sl is covared with -.and'_,r sailang bronar sandy I-::1:|m "
* il the lcrvoer” diteg i c.::-'-.rered “weilh eney ilg.rdrumuphlc_ clays dnd blde wled le o Fil-d black wied ci’lj.-‘f- '
" wTe khe rmost fertlfe and thE}f attribute this o erosion which I:nrlngs -::Ia;-.r 5|:||I dnwn from the upper grl. '
oi ‘the fu:lcl The:,r make sore that they wlant these: soils eardy Whan pladeed late the crops get.
Cwaatedogged and yialds will Lié pn-:}r Thpy feointed outHAt crop yields in tha [bam soil were especially- |
Righ i the sk E.urmundrng tlie homestaad whees bousshold [iler dnd -ﬂSh Trwwe bieen strewr.
.-"'-Ilhuut_qh thﬂg apphy most inputs 1o sandy soils the sandy soil located on top of the slopsz- his
remained very infertile and inputs applicd were still not Ennuqh o dimprdve yiclds: Mroand: I'-.-‘Ir:« '
" hafcnya canstanthy maenitar and assess the pcﬂrﬂ}rmanrp it rmpﬁ an tl |’rh:r::r"r pr{:-ﬁ and.vatiationsin, -
the snll-: anel- m;mage 1hem .;m:r*f_:r'dungly : :

Trends in cropping patterns

Crepping patterns have changed over the 1asl few decades. The sliding devaluation of the
Zimbabwe dollar has resulted in agricultural inputs wilh imperled companents, such as
minaral fertilisers, becaming more expensive. In nominal terms, the price of hath inputs and
cutputs increased between 1980 and 15926, According ic farmers input prices for cereals like
maize and sorghum rose faster than output prices, particularly betwesn 1590 and 1996 (see
Table 2}, Howwewer, the price of other craps, such as cotton and paprika, increased faster than
the price of inputs, giving farmers an incentive to diversify. In Margwende farmers now
allocate |ess land to cereals, mainly because their profit margins have been lowerad by high
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input costs and she relatively low price they can got for their protdoce. They have now taken
up vegetable gardening, which gives higher refurns per unil area. Farmers in Chivi have also
diversified into aother crops such as sunflower, finger end pearl millet, which either fetch
higher prices or are theught 1o require fower fertility inputs.

Table 2 Farmers' perception of trends in input and outpur prices
for cereals in Chivi and Mangwende, 1980 - 1496

1080 1940 1936
Inpeits 25 100 257
QLS 140 100 ol

Sompges ot wurvey. The verr 19%0 wae taken A3 the baze year with a value of 100.

In Kangwends, anether elfecl ol Ihe increase in input prices has Deen that farmers Duy less
mineral fertiliser and apply il te a smaller anea. This has net only reduced crop preduction but
alser resulted in fields being left fallow because of the high cost of inputs (Table 3 The total
grea under cullivalion in bangwende has dropped from 50,000 ha in 1380 1o 45,000 ha in
1995, hdany cattle owners have reduced the area they cultivate and now concentrate on
grmaller and more inteasively managed areas (AGRITEX Officers, Personal Camnrmunicalion.
When lree seed and fertiliser packs were given out after the 199192 drought, the area of
lertilised crops incieased signiticantly but it dropped again when the handouts were stopped,
amid allegations of comuption and misapgropriation by the responsible autherilies.

Table 3 Farmers’ perception of trends in fallow and
fertilised land in Mangwende

Year Fal lowe Fartilised area
198G 47 250
19493 100 100
199& 2E0 =1

Source: O suriey The yaer 1990 was taken s Lhe Base year with 4 value of 100

The tolal areg under cultivation in Chivi has actually ingrcascd over the years. This is
attributed o the low yields per unit area, and also berause farmers are diversifying their
cropping patterns (Takble £). Maize still occupies the greatest propertion ol cultivated land in
southern Chiv, but the relative area has declined since 1980, Farmers are switching o more
proditable crops, such as cotton o red sorghum grown on contracl with breveeries, which
also provide access to mineral fertilisers. These crops are oflen grown in rotation with athar
craps o capitalise on the resicaal effect of fertilizors or manure.
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Table 4 Farmers" perception of trends in land use for various crops
in southern and central Chivi, 1980-1994 {in percentages}

Crop Chive South Chivi Central
{roean B0 mrn iy frran = GO men rainde)
1950 1920 1648 149410 150G 195905
EETF ol 45 L] 20 22 27
Firegar £ Paail millel a ] o 24 19 14
White Sorghum # b il 24 ] 13
Red Somghum a EI 13 (1 ] an
Groundnuts 27 31 27 9 ! 12
Barnbara groonodruty 13 110 o T 4 g
Lot | o 1z 0 a 0
sunflower n 0 3] 1t 14 .|
Tosal 10005 160 100 % 1% 100 % 10594

Source; Qv Lurve

Changes in soil fertility management

Farmers in both areas use a variety of practices 1o manage soil fartility. These inclede winter
plaughing Lo incorporate aop residugs and conserve moisture, crop retation, fallawing, and
the applicalion of leaf litter, termitaria scil, compost, manure and ash, Farmars choose their
methods according to the amount of material available, labour raguircments and the
gvailability of land and dragaht power Winter ploughing is practised by 82% of the
hausehalds in Mangwende and £8% in Chivi, most of these having access to draught power.

vary few fanmers in either area rotate their crops as land is in shorl supply and cereals
predominate, Fallowing is used by 35% of farmers in Mangwende and 2379% in Chivi, but it
is aften the ¥armers” last resort when a fallow is the result of lack of inputs such as labour,
oxen and fertilisers, rather than a deliberate way of impraving scil fertility.

Farmers’ 501l fertiity management practices are alse closely related to tietr wealth {Campbell
ef al., 1597). Wealthier farmers generally possess more farming implements, apply maore
cattlr manure and cormpest and recycle mare stover, By cantrast, poor househalds rely more
on hosehold waste and leaf litter,

Use of mineral fertilisers

Farmers in hath Mangwende and Chivi now use less mineral fertilisers than they did before
1950 (Table 2. Befare ESAP most farmers in Mangwende used to apply fertilisers ta maize at
the recornmended rates of 350 kg'ha of compound D! and 250 kgtha of Ammonium Mitrate
(AR, Mowsadays most farmers only use 250 kg of compound 0 and 125 kg of AN, which they
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apply as a misture. Althaugh this reduces production casts, lacmers are also awara that they
are compramising their yietds, The amount of ferfiliser 2ppled per hectare has thus declined
ronsiderably since the 19305 when mincral fertitisers were less expensive, Farmers reported
that they used 50% less fertiliser in 1990 than they had in 1980, and that application rates
harl Tallen ancther S0-E0%% Dy 1996 as fertilizer prices increased significantly between 1950
and 1995,

Very little mineral sertifiser is used in Chivi becausse of its high price and the high risk of cop
failure, such that less than 10% of hausehalds in Chivi still purchase fertilisers on a regular
basis. Most of those whe use fortilisers eilher obtain them through free crop input pagks from
the government or through contracts with private companies far growing red sorghum or
cotton,

Traders in biureed reparied ihat giibourh e prices e goo ups andd sdividug fanies ae
now buying 50% less Lhan they used to, the total guantity of fertidiser sold has aclually
ingroased since 1990, These traders serve both commenal areas and adjacent small-scale
cornmersial fanms, and benefit from the fact that more people are nowe engaged in farming
singe the shorlage of work in wrban areas has forced many people Lo return o the land.

Use of organic fertility inputs

Farmers who own cattle use manure as their main method of improvinag soil fertility. Thew try
to increase their manuee production by incorporating grass and stover in the cattle pens. The
usa of manure has increased in Mangwende since 1980 {Table &), although farmers used [ess
in 1990 because af the number of cattle lost to drought and disease.

Table 5 Farmers' perception of trends in the use of fertiliser
and manure in Mangwende

Year Fertiliser hanure
Mangsends it Mangweente Chivi
12340 ity 200 300 150
1990 184 100 140 100
1994 4 nh 200 S0

Solarge: Cian suray The yazr 1530 was taken as the basa yaar with o value of 100,

A survey done in 1298 in Guli Village showed that farmers used a range of sofl management
practices, accarding 1o whalever resnutces wers available, Some 609 of farmers used ash
and household wasle and 57% used mineral fertilisers or cattle marre, Only 41% of
househalds awwned caltle, so those without <attle were either given manure by close relalves
or bought it. About half of the farmers used compaost. Lear litter and termitaria soil were the
lcast used malerials. [t seemns that the mireral fertiliser used during this year was suppled as
drought relief by Lhe Government and donor agencies,
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Qverall, farmers in Chivi used more manure in e 19803 Lhan Lhey do now, as they had
more cattle then (Table 5). They have nol changed the amaowent of manure they apply per
hectare but itis now applied to smaller areas. Livestock owners apply maost manure to sandy
sails which have an inherently low fertility status. The use of alternative organic fertility
mputs did not change much between 1980 and 1930, but increased by 50% between 1990
and 138, Where manure is pot available i sufficient gquantities. farmers in Chivi use more
compoest and are increasingly turaing to ash as a saurce of fertiling. The wse of anthill sail and
leaf litter have been on the decline in both areas because they are onfy available in limited
quantitics.

Ower 70% of the manure used in both Chivi and Mangwende is sllacated to the main fields
rather han the gardens and this proportion s incroasing, 0 soushern Chivw the peroenzage
al manure allocated to maize grown an sandy soils fell from 5056 in 1990 to 30%: in 1996,
ley Thivi Cenlral Lhe pereentage of manure allocated to maize dochned from 70% in 1920 Lo
36% in 1999, and Lhen rase slighithy Be 50% in 1996 N s ditticult to explain why allecation
ta this staple has declined but, presurnably, allerndtwe creps siech as gruundnuls and ratton
offer better cash relurns.

Almast all farmers noted that arganic Tertility inputs are used @ improve crop yields and soll
fertilizy. while half of them alse mentioned that they enhanced soil structure and increased
the seil's organic matter content. Fatmers wha wanted to use mineral fertilisers said that their
drsadvantagas were that they are expensive and neaed o be applied every vear, Constraints
ort producing and appiving arganic fertilisers such as manuie, compost and terrnivaria soil
wiere their high labour and transport requirernents, &lso, it was not always possible o get
adequate supplies of these inputs for compaosting, especially ash and househald waste,
Farmcrs wiere unable to use cattle manure widely as most oF them either did not have any
cattle or did not have enough manure to maintain scil fertrlity.

tdanure and lertilisors are increasingly being used in combination rather than as separale
applications. Farmers recognise that, as fertilisers ane too exponsive to be used on tHeir own
and as anly limited amounts ot manure are available, they would be unable to redress the
decline in sail ferlility with a zingle type of inpul alone. o both areas they adjusl (he use of
various sources of ferlility according 1o how Lhe rainy seazon develops. For example, in 1996
the use of AM during the {arming season rose in Chivi and Mangwende because rainfall was
qoad that year

Management of organic and mineral fertlllsers
a case study in Mangwende area

In the village of Hakala, Earmers said that Lheir ohjeclives in asing certain 2oil amendments
are 1o raise soil nutrient slalus, Lhereby increasing crop yields, 1o imprave soil slructure and
o £Ut input costs as much as possible by replacing expentive amendmenls with cheaper
alternatives. These farmers use relatively large amounls of mineral lerliliser, househeld waste
and catgle manure. They use them in vandng guantities and a range of ways, depending on

ZFimba hﬁe-ﬁ



their socig-cconomic status and the spalial and lemporal diversity of the farming
enviranment {Campbell el al., 199E5).

Gf the farmers in lhe survey, 97% used mineral fertilisers, and 74% cattle manure, Mast
farmers used thern in combination bul the major limitation of mineral fertiliser is that it is
expensive. Some of e larmers who did not use manure rely on mineral fertilisers because
they had no callle, while olher farmers without cattle sither bought manure or were given
it by relatives. Tolal yearly manure production per household ranged from one &0 more than
five Lons, depending on how many cattle they owned. Most farmers applied all their manure
lo one parlicular plol. Application rates rangad from 2.5 tha to 12.5 tfna, depanding on
availability and the farmers perception of soil fertility in different parts of the field. Manure
is generally spread ower fields at the onset of the first rains, although some farmers,
parlicularly those with limited access to manure, drilkle it in planting furrows or in every
plant hole atter gesmination,

Ash and househald waste were considered important by 77% of the farmers although they
are anly available in limited quantities, and are usually applied to fizlds near the homestead.
Campost, termitaria soil and poultry and goat dropeings were used by less than 10% of Lhe
tarmmers, who generally put thern on their gardens,

Compound [ was wsed inoa vanety of ways. Seme farmers applied o bao Lo seven weoeks
after crap germination, timing the application according to crop developrment and Lhe nalure
of the sgason, They put less mineral fertiliser on plots where they had used manune, compaosl,
asn o household waste and, when they thought that creps weare growing well, they used
cattfe manure instcad of Compound D. Farmers gave several reasons for using the basal
fertiliser Campound D some time after crops germinaled, instead ol at planting. At the ohset
of the growing season they are hard pressed for labour as they have to spread manure,
pleugh, apen up furrows, drop in seeds and eover Lherm in a very short space of time. Some
farmces may not have bought ferliliser at Lhe slart of the growing seascn because it is
oxpensive, while others wail 1o see how 1he rainy season develops before investing tirme and
maney in applying lertiliser \When [ertiliser is applied eatly, and there is oo much rain at the
start of the growing seasan, it will either be leached or washed away, and fertilizer applied
when Lhe seeds were sown will be st if germination is poar,

Top dressing with Ammonium Mitrate (AR} is generally dene when the maize crop is aboui
Lo tassel. Very fewe Tarmers Tollow the recommended rate of 100 kg ANha for top dressing
because it is too costly. The timing of application depends on the farmers circumnstances.
Those who have not previously added any inputs apply AN about 5 1o & weeks after
gerrmination, while tarmers whe have already applied basal dressing {cattle rmanure or
Compound D) top dress when the crop is tasselling. or sometimes even when it s silking.
Farmers cultivating fertile Inam sqils made a single application of top dressing 6 to & wocks
after crop germination, while those cultivating sandy salls anly usc basal fertiliser.

Biany farmers (74% ) mix basal and top dressing fertlisers into what they call *“Compound X
Most of them learnt this practice from other farmers, while a fow found it by experimeanting
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on their awn. Each [armer seems to have their own preferred formulation, application rale
and time far using Compound X. Half of the farmers used two pans of Compournd 0 i ane
part of Ak, while the resl of the tarmers used a variety of cther ratics. The main reascns
given for mixing fertilisers were Lo cut costs, boost crop develepment and reduce the adverse
effects on crops of late procurement and application of mineral fertilisers. Pooser farmers
nsed fertiliser sparingly by only applying it once, about & to & weeks after germination. Thay
may apply further small amounts of AN, if svailable, when the crop is silking. Farmers wheo
bought fertilizers late increased the proporticn of AM and applied it 4 weeks after
gerenination, with sorme additional top dressing when the crop starts tassalling.,

If farmers think that the maize crop is not grean erough, o if thers is too much rair, they
ustally apply lwo parts of Compound D to one part of AN and will alsa top dress at the
tasselling slage, varnying the amaunt according to the conditian of the crop. F they hawvo
already applied manure but ihink that crops are developing poordy, Lhey apply equal
quantities of Compound D and &M as top dressing, whereas when crop growedh is good Lhey
apply AN aR its own as top drossing,

Combining water conservation technelogies with
nutrient management: a case study in Chivi

In the drier parts of Chivi, 90% of the farmers consider that msufficienl moisture i the soil
and poar soil ferlility are the twa main constraints on crop production. However, there are
only a limited number of technologies available for water managerment or which adrdress
both constraints simultaneausly. More than 80% of the farms hed contour ridges, which
reduce scil erosion by draining off exoess watar fram the fields but do sot promote
infiltraticn. Almost all of these ridges had been compulsorily canstructed during the colonial
cra and are, as a result, poerly maintained. However, farmers are gradually realising their
impartance in reducing soil erosian in their ficlds.

In 1995, farmers in Chivi started using infillration pits to harvest and termporarily store water
Lhat 1= infercepted by the contour ridge. These pils are approsimately 1.5m x Zm wide and
one metre deep and are dug in the cantour ridge of 4 gently slaping field {Fig. 1), Capillary
and laleral drainage gradually release the waler inte the field lower down the slope,
improving ils moisture status and benefiting the crops growing there.

Most of the farmers in Guti vilage have fields on sandy soils. They have recently dovelopod
a new technique using infiltration pits or composting, which makes il possible to combine
warer harvesling and seil ferility management {(see Bax 4). After the harvest in March or April
they put crop residies in the pits and then water themn to facilitate Lheir decomprsition.
some farmers alternale layers of crop residue with leaf litter collected fram the nearhy hills.
During the dry sezson the compost is watered when labour is avallzble for the Lask, and in
the rainy seasan the pils collect mnoff water fram the contour ridge, the upper lield ar lrom
the base of a hill.
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Box 4 Hnw one farmer started mmhlnlng mflliratmn pits with l:nmpnstlng

M BAazongaza is a 35 year old farmer wha lives in a homestead of ning people, thres of whonn wark -
con We [arm, He attended school up to primary lavel and abtained an advanced. master farmer
. certificate. Mr Mazonioza first heard about'soil fn;rtil'itj.r manacemenl t imgeos crop yields five years .
. ago, when researchers ata farmears’ mesting talked about using cattle manure and ¢ompest. As he
el nat have any cattle manure he tried Ul the compost and. made some progress with his poar soils.
A year laler another ressarch -tram started weorking wilh him. This tedm focussed on water |
" management and introdiced infiltration pis and tied ridges. My Marongora particularly liked the
" infilteation phs as thew slowed the rapid Ao of water thae had been causing soif eragien in his field,

s his Crops o langer died of mcisture stress, - -

He then thoughl that he coutd minimise s labour and lrar‘nspu}l‘t rquJIrE-memE |:|}' using the pits 1o
. stare both water and compiost. This comEination of soil fertility and water managament techniques
enablard him to impmee Ris crop vields dramatically, 25 seen by his maize weld which rosa tram 0.9 1o

" 3.2 tha

Fig. 1 Schematic diagram of compost/infiltration pits in contour ridges

CHO TONTE 1519 EE
COMPOST PITS __QE_EELEDF‘E fﬂ_ﬂ__,—-
e,

T DEWVMSLOPE

EECROCHK YERTICAL AMND LATERAL
DRAIMNAGE OF WATER

Oifferent farmers praduce varying amounts of compost, depending on how many pils they
have and how much organic material they put in thern. The average output was estimated
at 1.8 tiyr {range 023 to 2.7 thr), As compost 15 8 scarce resource, farmers want 1o use it as
efficienily as possible and it is usually carelully placed in planting heles. The average dose
used is estimated at 3 ttha, which is well below the recommended rate of 10 t/ha. Howeever
farmers were still pleased with the way their sancdy seils responded to these amendments.

Farmers raparted that the hiomass needed [or this techinology is easily obtained as leaves,
grass and crop residues are readily available in gocd rainy seasons, However, fires and adverse
wieather conditicns may affect supplies, while arcess to implements such as picks, shovels
and wheelbarrows, has becorne increasingly expensive and therefore inaccessible. The total
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labour regquirernent for praducing compest was not gquantifizd but some farmers memiohed
limited time &5 a canstraint, They pointed out that many other activities competes for their
time, which may also ke taken up by lness in the family ar funerals in the village.

Despite the bensalils of Lhe new technelogy few farmers in Gutf village had actually adopred
it. The twio main reasons Lhey gave were lack of knowledge (65% of farmers) and the fact
that it was laborious and Lime consuming (61%). About half of the farmers concured that
laziness was the reasan the praclice had not been adoptod while 30% of them thought that
other johs, such as trading, took precedence. Some farmers {19%) relied instead on supplics
ot mmeral fertilisers or manure.

Implications for sustainability

In the preceding sectivns we discusscd farmers’ perceptions of changes in scil fertility,
diversity of practice and the importance of spatial variahility, Ywe also analysed the dynamics
af sofl fertllity managemen! praclices and how they have been influenced by drowght, other
alvaotic strass factors such as poor sail ferlility snd external factars such as palicy change and
popubation pressure. Table & details a range of external pressures, their effects on the
envirenment and how farmers respond Lo Lhermn. ILis important o realisc that decisions about
soil fertility management are dynamic and may evolve as the farming scasen Drogresses,

Ever since the Land Appartioniment Act of 1930 smallhalder Farming in Zimbabwe has besn
confined to communal areas with relatively low agro-ecological polenlial. An anoual
population growth rate of 3% has created growing pressuere on land and resources and tarms
Fiave become increasingly fragmented with the division of landheldings amengsl the [armers’
heirs.

There is lillle deubt that land use has become more intensive fallowing Indepandenca in
1980 when [armers in communal areas were given the apportunity -0 take up commesdal
farming, opportunities which had provicusly been blocked (Carter and Munwira, 1995,
Government supporl and attraciive producer prices resulted in a dramatic increase in the
producicn of maize. Maiy farmers took up planting improved seeds in monocalture but they
waare less enthusiastic aboul Lhe soil management practices proposed. Improving soil fertility
management seems 1o be a more inLraclable problerm, particularly as extension programmess
hava not taken account of the inheranl variability of the envirgnment and the resulting
variations in soil Tertility.

The E5AF which began in 1991 had a major impact on the econamic envirenment faced by
larmers and consecuently affected their scil fertility managermend {see Tahles 5 and &) Profil
margins have fallen as producer prices failed to keep pace wilh inpul prices. But {farmers have
counlered thes setbacy in several weays, In Mangwende they reduced the area planted wilh
maice and shifted 1o hotticultural preduction, while in Chivi they started growing elher more
prefitable and more marketable crops such as red sorghum, cottan and paprika.



Table B Factors affecting scil fertility management

Procsino

Stale

Response

1. Gowernmert Policy on
commerncial produclicn i
communal areas (19805
Thas included frea tersiliser
aid sead packs, attiactive
arccligar prices and
agbhsidise tilage wnits

Z. Poaulation increass

3, Inllatian {(1930s)

4, Mrhearse weathar patcrns
(1G847270592) rosulting in
low rairdall and drought

5. Change of government
oolicies in 1991 .y, 250F
removal of subsichas,

im posilion of levins,
increaser] sales taw

= Incraased pressure on land
anel rescurces (larger arza
cutivaed)

« Docroase in grazing aneds
and cormmunal wood lots

+ Land shortage
+ Land degradazion resulting
in soil crosion and o vields

» fising procuclion sosts,
push up price of inpurs

s Low wield=tcrop [ailure
e Loss of livestock
* Loogy reraniarg autput

» [npul pricaes increasc wiilo
pinducer prices remain low
for some crops

» Retrenchrents from formal
crmipleyment '

» Increasing povely

* Increazad vse of inputs
* |ncraased prodocion

» Fragmentation of farms

» (oeopalion of geazing areas

= Expnitation of productive
nichas

o |nereased use of arganic
manure

¢ Decraased gse of rinaral
Tartibisers

* Extublishment of co-
pperatives (mainly fer
biying inputs)

¢ Doacease in livestock
numbes

» [nnovations in soil Saeed Lo
conservalian

» Farmmers combing organg:
ard rinaral inpuis

w Llza of stower and grass to
increase manure production

& Usa of alternative nutrients

sournces e leaf litter

» Fall in cropped area

» Drop in wse of expansive
Ie1 1S

= Diversitication of crops

s Mdixing of forilisers

« Farmers fine tune methody
and timing of input
application

* Innovstions Lo rmgroe il
and wraler rasnues
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Asx the price of ferilisers escalated, farmers 0 both Chivi and Mangwende responded by
using &5 little mingral fortiliser a5 possible and replacing 1 with locally available arganic
mputs. They line-tuncd their ferilisation tochnigues and the timing of applications, and
began wsng splik applications of amrmoniurn nitrate and selective spot applications on she
less ferlile parls of a field, mizing organic and mineral fertilisers and withhelding fortiliser
applications until maoisiure condilions were favourable. These strategies cnable them to use
inpUts more efficienLly. Pilka (1993) has shower Lhat soch strateqies ans maore econamical than
the blanket recommendalions proposed by AGRITEX. However, Lhe queslion is whether lhey
are robust encugh Lo sustain scil lertilily, and whether they can cope wilh the increasing
strain on soils caused ultimately by mounting papulalion pressure.

Farmers” percepticns clearly play a rale in soil fertility management and in decisions about
Crapping patterns, These perceptions are as diverse as the resources availakls to farmers,
although therz seems to be a commaon viewe that more is reguired now ta sustain produciivity
and livelihoods than imthe past.

Conclusions

Farmers have responded to shorlages of manure and declining sait lerlilily by using mimeral
fertifisers and manure more intensively, facusing their use in niches wiich offer beller relurns
or which are perceived to be intertile. There has been a shift away from mineral fertilisers
toweards the use of arganic inputs and, although there is little difference in the range of
organic amendments wsed by individual househalds, there are considerable variations in the
quantities usaed, In ouw opinion, the recormmendations made By ressarch and extension have
falled to recoqnise these changes in famming practicas, which should be informing the
research agenda. Research needs to ermohasise the use of a diverse regime of fertility inputs
and to develop mere flexible fertifity recormmendations that reflect variations in scil types as
welt as the capahbibity of crops to reweard farmers economically, For their part, farmers need {o
concentrate on using locally available resources as efficiently as possikle, although it appears
that there are insufficiont organic inputs available to sustain sqil ferility in the long term.

It seems thak it is hardly ever possible lo generate sufficient organic inputs to meet Lhe

application rates recommended by research. According to Campbell et al (1595), local

sources of enputs such as manure and [eal litter have diminished considerably over lhe years,

largely as a result of very high cattle losses during Lhe drought ol 1992 and the progressive

disappearance of grazing areas and communal woodlands. Giller el al. (1997} also pointed
gut that as the supply of arganic materials is often Bmited, 1hey can nol provide the nutrient

boosi needed by farmers unless they are supplemmented in sofmne way. Crops rarzly yvield their

full potential, as farmers are unable to fertilise them adequately, becawse the organic input is

cither poor quality, insufficient or applied in inaporopriate or nefficient cormbinations.

Howeewer, mineral fertilisers are expensive and not always readiby available o farbners.

Research should aim to support the use of organic inputs as the scurce for most of ihe
necessary nutrients, making up the shortfall with mineral fertitisers, This is a major challenge
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because Lhere is very littie information about the cptimum use of small amaounts ol mineral
fertilizers Lo supplemert nutrients in locally cbtained arganic materials (Palm et al., 1997).
Whien the available organic materials are poor quality and in short supply, researchers have
i invesligale alternative methods of generating high quality organic materials that <an be
incarporaled into the farming systern, and which are appropriate te farmers” sodio-economic
condifions.

Our wark has shown that the biophysical, economic and political environment heavily
infuence soil fertility management practices in the bwo study areas. Each household has
rearted 10 these influences accarding ta its specific characteristics and farming capakbilities.,
Many of tihe constraints on the use of technolegies 1o improve soil Terility, such as scarcity
of inputs, labour, land, capital and to some extent knowledge, require interventicns at palicy
level, It is therefore essential that accompanying policy measures be introduced to ensura that
new teChnoiogies can b used o their fulf potentiai.
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Soil enrichment and depletion

E o2

in‘southern Ethiopia

Addilis Alxaba =

m Hodo-Winlaiza

Eyasu Elias

Introduction

Following the publicaticn of several influential stedies soil degradation has bocorne a major
national policy issue in Ethiopia (Barber, 1984 FAC, 1986, Hurni, 19588; Camphbeoll, 1991;
Bope and Cassels, 1995). Howewer, given the great variely of agro-ecological and socio-
econgmn; setiings, there are no simple solutions to the problemnalic skale ol he nations soils
in this vast countny, This chapter analyses farmers' scil fertility managemenl praclices in a
range ot cordrasting agro-ecolagical and sccic-ecenomic settings in Scuthern Ethiopia in
opder to demanstrate the need to understand this diversity.

The rase study sites am located in the Kinde Koisha district of Wollaita in southern Etfhiapia,
ane al Lhe inost densely populated areas in the country, Variations in altitude, scils and
rescurce endovimenls sl howschold lovel have resulted in 2 range of different farming
practices. Food shorlages have become a permanent prollem in Kinda Koisha and farmers
identify declining scil lerlility and soil emsign as main canstraints on production (FARM
Africa, 1992). Local extenzion services and non-governmental arganisations {NGOs) have,
however, been unable to lackle Lhese problems proporly due to a lack of area-specific
infarmation on scil fertility managemenl stralegies.

After an introduction to the agricullural seclor n Kindo Kosha and tie case study sites, we
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will luok al historical trends in soii fertility management before moving on to a detailed
descriplion of current soil fertility managernent practices. We end by examining the
sustainability of these farming systerns and by considering what conclusions may be drawn
from live assesement.

Methodology

Our -esearch focused on how farmers with varyving access to resources manage notrient lows
and how they could improve lhe way they do so. Farm suneys were conducted in lbree
randomly chosen willages lrom each of the main agre-ecologica! areas: highlands, mid-
akitude zone and lewlands. Key resource peaple classified hausehalds into four
socio-eoenomic groups, laking ownership of draught oxen as the main local indicetor of
wealth (Grandin, 1988). In this paricipatory dorm of wealth ranking, 2-5% of households
worg Clessilied as rich, 17-30% were considerzd modorately wealthy, 39-46% a3 poof, and
33-39% were considered to be very poor, The relative proportional size of the various socio-
groromic groups was similar in the highlands and mid-alitude zene, while there were mare
moderalely wealthy and fewer paarer houschelds in the lowlands than in the other
Lwa 2ones.

& stralified proportional sampling wos wsed to selecl 50 households from each agro-
etalogical zone (Coleman, 1925), and we analysed Lhe data using the General Linear Model
test (Hortan, 19781, The research was completed wilh a set of case studies of innovative
farmers.

Agriculture in Kindo Koisha

The Eindn Koisha Distract is situated some 450 km south of the capital Addis Ababa {see
Map). Table 1 presents the characteristics of the throe main agro-ecelodical settings, The
highland and roid-altitude zones have a semi-humid to humid dimate and are densely
populated. Some 85% of the total hurnan and lvestock poepulabon, and over 90% of the
area’s tolal orop produciicon, are concentrated in these zones (AVADL, 1976}, Certain areas in
the Righlands have a population density of 500-800 peopledkm?, making Kindo Koisha one
of e nast densely populated parts of Ethicpia. In the pasl, pepulation levels in the lowlands
were very low due to widespread livestock disease (Typanasormiasis), malaria, poor sails and
erratic rainfall. However, in the 19805 the government initizted a reseitlement programme
moving landless farmers from the highlands nte the area, an influx of people which
intensified in the sarly 19705 with the setting up of the Wallaita Agricultural Developrment
Uit (MeADUY project {Eyasu, 1997}

T Survags in Lhe highland ang loweland zones wers conducked during 1he 199598 praduction season, a5 part of
Eurapean Lnion fundsd ressarch or the dynamics of soil fo Gty ranacgezent in Africa. The case studies of innowalive
faremers and the survey in e mid-akitude zone were conducted in 1958 as part of the NMelhorlancs finded MUTNET
RS preegramime,
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Table 1 Characteristics of three agro-ecelagical zones in Seuthern Ethiopia

Characterislics Higbdanels Modicl-altitude Lowiands :

Alitikia {im) 2100 1400 - 11730

Fainfall {rrm)* 1272 1100 Lid

Population density {ppm) 375 281 140

average land holding (ha) 1.1] 0.2 4.3

PRI Creopay Enzat, mnize, Cnzet, maizc, haizp, syeeet
sweat potata, taro root cotato, sarghuers,
haricoi boan CaLsHTa

" ANDIAGE QWor 2 3 vears,
Source: Weigel, 19240 and cwwn sy

Solls

The predominanl zoils are classified as Eutric Mitisols and cover roughly two-thirds of the
sludy arez (Belay, 19921 Sandy shallow scils are also commen on the escamment in the
intermediate zone. Mitisals are inherently fertile, but large areas have now been depleted due
to many years of continuous cultivation, leaching and erasion. The main limiting factos (or
crap production are lowe levels of phasphorus, nitrogen and Grgenic rmattor, in that onder,
Potassiurm levels are generally high. Sofls in the highlands have a high phoesphoras Deation
property, making F availability rather critical. Lowland sails have lowe chemical Terlilily levels
aind are liable to crusting and compacting (ABOLL 1974 Waeigel, 19585, Weslphal, 1975).

Adthough researchers generally classify Xindo Koisha scils inlo a single cateqong farmers
identify ahout seven difforent sail types in the aea, sach of which is managed in a particualar
weay. Farmers classify soils acoording to their lerlility, coleur, depth, erodibility, apacity 1o hold
wzkor and howe masy they are to cullivale I:Edjigu et al, 1995; Eyasu, 1997, The ke s
describing soil fertility are graoa (ferlile soil) and lada (poor sofl). Aradz sail is characterised as
dark, rich, thick and ‘poweerful’, and fada seil as red, poor, thin and *powerless' (Data, 1997

Farming systems

The tarming syslem is based on crop and ivestock production. Ouer the last 20 years the per
hectare yield ol cereal crops has declined and food insecurity has become a severs problem.
A farm surwey conducled i 1935 showeed that 93% of househclds experience a food .
shortage every year (EByasu, 1997).

[n the highlands and mid-altitude zone, varmers rely on enset (Enset venincaswm ar Adusa
enceted 1o guarantee food security and it therefore dormnates the farming system. Other
staples are cereals, oot crops and tubers, The major cereals are maize and to 2 lesser exlernl
teff (Eragractis tef], barley (Aol wigaras), wheat {fRticum aestraum) and sorghurm. The
mast important roct crops are sweet potato and taro roct. Cassava is increastngly cultivaled
in the lowlands and intermediate zane as i is resistant to drought.
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The rainfall pattern is bimadat, resuling in two distingt cropping seasans of different langth,
Fields are cultivated throughout the year in 3 multiple cropping system, particularly in the
highlands and mid-altitude zone. Farmers prepare their fields with aniren tipped wooden

plough drawn by fwa osen and use hand hoes (o ultivate gardens and rocky soils on steep
slepes.

Patterns of land use

Figure 1 shows the [and use pattern of an average farm in the highlands. Maost farms are
rectanguldr and Jne iocatad o F siope, with the fiouse and enset garden at the top and
dariaa fielas, taro roct fizlds and shoka fields an lower ground.

Figure 1 Field types on an average Kindo Koisha farm in the highlands

JE - Front yvard (Karea)

rf"' ™, House sita (Katesa)
\ ¥ Spice patch (Darlncha)
Y

- T— Enset garlen (Darkoa)

......

— Maize garden (Darkoa)

Qut-field maize (Shoka)

rass patch (Mata gidiya)
Tree patch {Mita gidival

The term darkoa describes a homestead field which is enriched with eroanic materals and
theretore the mast productive. The shoka, or outfields, are far from the house and, as they
receive no manure, they have low sail fertility and limited production capacity. Table 2
sumnmarises the size of each farm component in each zone. The largest properion of total
cultivated area in mast farms is taken up by the shoka field. Most of the farm®s grain is
produced here by various forms of multiple cropping of a range of cereal and root crops. Ay
part o the shoka left uncultivated is used for private grazing.

Between the garkoa and shoka there is a transitional land vnit that is planted with tara roct.
This fiald can be seen as a moving “fertility frontier as scil enrichment transforms it from
relatively infertile shaka into 2 fertile darkea area. In the highlands and mid-altitude zone, a
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grass plot iz ledt at the foct of the ficld to produce fodder, mulch and thalching mateiial.
This is an important source of nutrients for the ofher tields, as ils biomass and resulting
manure are apphied to homestead fields. However, as farmers do nol invesl in maintaining
thair soil fertility these grass plots are liable ta degrade thraugh sver-use. Inthe lowlands,
natural pastures romain the major source of fodder and “lranslerable nutrients” for use on
the farm.

Farmers manage the sail in lhe hemeslead areas very carefuliy, enriching it with manure,
relained crop residues, househiold refuse and crop residues taken from the shioka field, As
Lhey need to mainlain production in the enset gardens during periads of drought, farmers
use most arganic inputs on these areas, maintaining and gradually increasing levels of soil
fertility (Eyasu et al., 19%8). Organic and inorganic inputs are generally not used aon the
same field: farmers do not apply fertiliser on the well-rnanured homestead fields since they
da not expect it to make a noticeable didference to fertility levels. Al crop residucs are
removed from the shoka fields ang applied to homestead fislds, Farmers regard shoka soil
as poor and inferile but they do not put manure on these fields as thoy lack both Lhe
material and labour ta transport it there, The limited nutrient inputs are mainly derived (rom
mineral fertilisers, T

Tahle 2 Area (ha) of various field types in each agro-ecological zone

Zone Enset ganden Crarkos ganden Shinkg ool field Grags plat
Hieyhilarids (1,7 (Eh0a-0.2) 0 iD2-05) 0.5 (0.t-1_8) a.1 (0.06-0.2%
hAid-alvituda 0.1 (3 1-0.2) G2 d0.2-0.3) 0.3 [0.2-0.4) 0.07 [0.0-0.2%
Levwdanicls M.F 0.8 {0.7-1.1) 3.3 [2.7-6.5) M.E

Fiquras in paresthess shows ranges, W= 4 per 2one, P not Gresent.
Lource: Saen surey.

The enset gardens in the highlands and mid-altitude zone produce the most foad in terms of
total dry matter. Gn a per hectare basis, the darkoz fields in all zones preduce significantly
higher yields of maize and other grain crops than the shoka fields. In the highlands, average
maize vields are 2,800 kg/ha from the darkea and 1,500 kg/ha from the shoka fields. In the
lovelands, the average maize yield irom the darkoa is abouwt 1,450 kg'ha, compared with S00
kasha from the shoka outfield (Eyasu, 1997; Eyasy et al 1998,

Institutional setting

The basic administrative unit for farmers is the Peasants Association (FA)L The PAY
responsibilidies include the administration and redistribution of agricultural land and
centrelling access to grazing areas under ils legal jurisdiction. Three to five FAs can join lorces
ta form a Service Co-operative {3C). 5Cs play an important rale in supplying fertiliser, olher
agricultural inputs and consurer goods, and can also provide crodit and marketing lacilities
in canjunction with the Ministry of Agriculture. Private companies sell fertilser to SC4 against
a bank credit and the SCs then sell it an to farmers on credit. Farmers moest have collaleral in
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the form of lvesteck to be cligibile far credit and are required to make a 50% down paynent
wenen the ferttliser is delivered. The halance, plus inleresl, bhas Lo be paid al karvesl, which
forces farmers to sell their produce when prices are low. Collective liability for outstanding
debis at C evel has recenily been intraduced. There are also several forms of sadial support
newwnrks based on kinship, neighbaurs and palron-client relalionships that provide informat
credit sendices to farmers. These include Lradilional saving schemes, local traders and
moneylenders.

Land tenure

Fricer ta the 1975 land reforen the land tenure systerm was feudal. As lenant [armees could be
evicted by their landlards thers was lillle incentive {or lhem to invest in long-term
improvements to land such as soil conservation and fertility maintenance. When the
revarle dionary newarnment 1ook nesaee in 1974 0L daclarad that all land helonged to tha State.
Farrmers received users’ rights and PA leaders were empowered 1o redistribute land. Under
Lhe land refarm, 2l farmers were enlitled to access a particular piece of arable land, but in
reality contral ower their plats was insecure as they were constantly being reallocated by the
P& authorities. Farmers also complained about unfair distribution practices and corruption
amaong P4 officials.

Owerall, land tenure pclicy has remained wirtually unchanged under the Transitional
Government (1931-1995Y and the current Federal Demacratic Republic of Ethiopia,
Redistribution continued wntil recently but generated so much opposition that the
gaverniment has now halted it. However, as the near landless' continue te demand referm
and rumours about new land distribution persist, farmers still feel imsecure regarding thekr
lancheldings.

At the moment the most commman strategy for gatning access to land for cultivation is
sharecropping, which is practised by 60% of the houschelds In cur survey. Sharecropping
does not hring secure land rights and contracts often restrict the farmers choice of crop and
methods of cultivation.

Socio-economic characteristics of households

In arder 1o provide 3 contextual background to farmers’ soil fertility managernent practices
and 1o explain their chaice of strateqy this sadtion examings the empirical results of a
hotsehald survey on the ownership of key productive assets (of, 3ccones and Toulmin, 1995}

Ownership of livestock

Livestack are a key praductive asset and a major cormponent of the varming system. They
influence sail fertility not only by previding draught power and manure: they provide also
collateral for fertiliser credit and can be seld to purchase fertiliser, Pocr farmers with no cattle
may gain access to manure and draught power through customary arrangements for
barrowing animals or in exchange for their lakour, Farmers from all resource groups in the
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leravlznds and from maost households in the highlands tock after animals on loan, belenging
rmainly to the richest households (Data, 1998; Eyasu, 1997}

Tabile 3 surnmarises varation between households in ocwnership and access 1o livestock, The
average number of cattle owned in all the zones is about 3. However, this disguises wide
varialions belwoen the disterent socic-economic groups. Rich farmers in all zones owm
signilicantly morn cattte than any other group, while 25% of all houscholds do ot own any
cattle. Poor [armers try to raise goats and sheap and use their dung to fertilise their land.

Table 3 Acress to livestock in 2ach agro-ecological zone

Zone Cattle owned* Deten e TLLI goagryeerd® = TLU held

Highland 3.1 (0.3-%5} 0.8 4{0-3.00 I ILNL11)
Mid-akitude 3.2(0.1-8.1 0.7 (0.1-2.0) 18 (0.2.5.6) 1.9 {0.3-5.65)
Lrawteliaeed 21 40.5-10] h5 (052,58 2.14{0.3-2.2% 46(1.7-12)

Fiuie= in parenthesiz show the range of rmeans ir cach neoures group. B=E par 2one.

*liveatork cavnership s Jehined wy animals fully ownsd, plos a half aroashicd of animals on lean, depending ore the
ki of share owmership arrancement. ** 1L is calcolaled ws followes: 1 sdult caw, Fores o donkey = 007 T 1
goar or sheen =01 LWL 1 calf = ©.4 TLU Jahante, 1952).

SOLIroes Chr survey,

As aircady mentioned, ownership ol oxen was the main criteria for ranking farmers” wealth.
Average ownership does nat vary much across the three zones (see Table 4) and is
concentrated among the few resource-rich househelds. About 34% of all househelds do not
Dt any oxcn. Cien provide most dravghl povwer, and access 1o this resource desermines a
farmers capacity to cany out agricultural aclivilies at the appropriata time. It also creates
opporlunities £0 gain access to land through sharecrepping or labour exchange, since poor
farmets shtdin access to draught animals by Wring themselves out te richer farmers,

Land halding

Farmers” sail fertility Tnanagernent sirateqgies are shagied by the size of their farm. Owning
more land allows a farmer to graw a wider range of crops and to use diferent niches, therely
increasing 1he hausehold’s foed securite The size of land holding varics significantly acrpss
the different socin-economic groups and anro-ecolonical sones? It is skewed towards the
UppRer two resource groups in much the same way as the paltern of livestock gwnership. The
rich varmers swrveyed obtained their land through P2 reallocations and could increase thoir
land holdings thiough further leasing.

The average land helding is 1.0 ha in the highfands, 0.8 ha in the mid-alllude wone and 4.2
ha in the lowlands, a pattern which meflacts differences in poputation density across Lhe
zones, [0 the lowlands, all settler hauscholds were entitled to 5 ha per household bul many
farmers cannot cultivale all Lheir land because they lack draught oxen and soil farlility inpuls.

£ Survey data referred 0 in Lhis seclion have been submitted to statistical Ansysis {aee Lygsw, 199/,
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By confrast, 81% of households in the highlands and mid-altitude zone have less than 0.5
ha, and about half of these cultivate less than 0.25 ha.

Household size and labour supply

The average family in the area consists of -about 9 people, which is well above the national
average of 6. The survey dala on the age of houscheld members shows that halv of the sledy
population is under 15 years old. The largest families in all zanes wers found in the resource-
rich hiousehelds which average 10 people per family. Richer farmers are aften palygamaus,
which enablos thom Lo cultivate mere land and increase their off-farm aciivitics. Our sunvey
seemms to suggest that large households have more economic potential than smaller anes.

There arc signilicant differences in land-to-labour ratios across the various agro-ecological
pongs, Une average rand i hoth the highlands and mid-altitudo zonc buing 0.2 ko opor
persat. In the fowlands, whare farmers cullivate considerably larger areas, the land-to-
labonr ratio is 0.5 ba per person, These figures indicate that in the lowlands labour is a more
imparlan produrtion factor than land, while land is the scarce production factor in the
cther lwo zones. Mest farmers use their family as the main source of farm labour and they
rely on reciprocal arrangements wilh neighbours to provide cxtra hands for planting,
weeding or harvesting, Hired labour is used by better-off farmers, mainly in exchange far

dravght power.

sources of household income and expenditure

Maost households (819%) earn money from non-agricultural activitics. Only Ihe relatively rich
farmers generate any significant incame lrom the sale of crop and livestock produce: farmars
in the other soco-ecanomic groups sarm very little in this way. Trading is also important for
Lhe richer farmers who are wsually only part-time farmers, For example, they buy cattle from
neighbours, particularly during the ‘hungry season’, and fatten Lhem up vor later sale
Oppertunities for paid off-farm employiment are limited in the area and there was na
evidence for major flows of seazonal lakour migration.

liost househelds in the highlands and mid-altitude zone reported that the Yargest share of
toial farmnily monetary expenses goes to meeting basic household needs, followed by
expenditure on agriculural inputs such as fertiizer. Bath buman and animal discases seem
rnore prevalent in the lowlands, where the largest proportion of household income goes on
vaterinany services and medication for family- members. Fertiliser aise accounts for & good
deal of money, followed by land taxes, scheol fees and funerals. Further discussions with
farmers revealed thal poorer households spent relalively mare on food and olher basic
household needs while richer farmars spent mere an fertiliser and improved seeds. This
suggests that most farmers have limited financial resources available to purchase inputs for
maintaining soil lertility.
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The historical dynamics of soil fertility management

Linlil the 1970s, the national agricaltural extension systemn focusec on the high potential
cereal producing regions ol the northern-central highlands and farmers 0 Wollaita were
fargely lefl te their own devices. Farming mainly consisted of rear crop gardening within the
hoimestead areas, where farmers used organic inputs such as manure, hausehold refuse, cop
residues end human waste. This intensive use of arganic inputs maintained soil ferility and
impreved the soil's structure and porosity. Soil fertility in the outfields was managed through
leng fallow ovcles and crop rotation with lequmes, such as field peas, faba beans and haricot
beans.

The first co-ordinated extension activity in Wollaita was launched in 1972 as part of a World
Bank funded project called the Wollaita Agricultural Developrent Unit fAADLY. The WA D
praject brought major changes in cropping patterns and sofl fertility management praclices
in Kindo Koisha. WaBL agents belicved that using mineral fertiliser on cereals such as maize
and taff wonld rapidly incroase food production and thereby mprove bath faod security and
family income. By intmducing price subsidies and providing  credic facilittes the project
encouraged {armers fo grow mare cereals and use mineral ferlilise, Tnstead of cultivating
rocl craps in gardens. The major extension  achivities of waDl included ocn-farm
dermonsiralions af fertiliser and improved seeds, and the establishment of soil bunds on
farmers” fields.

Farmers were keen 1o use mineral fertilisers because they enabled them to cultivate fields that
cthervise had to be left fallow, and so to increase overall praduction. Since théy were also’
much less labour intensive ta apply than crganic inputs, mineral fertifisers becarme the major
nutrient input for the farm and organic inputs were only applied to the enset garden.
Depending an the farmers economic stoius, application rates rangad from between 100 to
350 kg per ha of Di-Ammenium Phosphate!, Crop production increased rapidly during the
WADL period (Eyasu, 19977 but because the praject approach was so costly it was phased oul
in the 18980z, Fertilisers were no longer subsidised and, although the Ministry of Agricalture
(MoA) made them available through 3Cs, supplies were irregular and not ahaays timely

At present, the Ministry of Agricelture s rnplementing  Lhe Parlicipatony - Agriculture
Cemonstration and Training  Extension Systern (BADTES), which in 1995 - adopted the
Saszkawea Global 2000 appreach. This programme locuses on a packane of mineral fegtiliser,
pesticides and improved seeds for strateqic crops, such as maize and wheat. Fertiliser is sald
&t market prices. Howvever, e package of mineral fertiliser and hwheid seeds is not really
financially viable tar emany farmers in Wollaita because of their limited productive assets and
the erratic rainfall in the area. Morecwer, these farmers have already developed a farming
systerm baged on raot craps and use limited external inputs. Unfortunately there has been a
ceitain armnount of Coercion in the way the extensicn programme has been implemented.
Those farmers who meet the MoA's minimum requirements far Jand holding and possessian
of livestedl feel forced to accept the package on credit, and seme farmers are now saddlod
with debts which can only be repaid by =elling livestock,
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Expanding darkoa in the face of declining soil fertility

As rrineral fertihsers became more expensive farmers used less or them. However, in the
19705 they had shartened fallow periods and abandoned the fraditicnal rotation of lequmes
with cemals, bacause of problems with disease and the legumes’ relatively low vields, As a
result soil fertility declined, particularly in sRoka fields, and farmners started noticing changes
in indicator plants, physical properties of their scils and crop performance, such that yields
werz fow cven in cimatically good years (Evasu, 1998} They respentded 1o the situation by
starting to wse arganic fertilisers again, farming the homestead f|EI{15 |r1ten¢.|'.r1=~|'_',-' and
expanding dzrkoa fields {see Box 1.

Box 1 Creation and expansion of darkoa plots in the lowlands
Eyasl kunida is 2 moderately wealthy fanmer in the Iomwlands who owns 7 cattle and cultivates 1.25
e He used rmineral lerlitsers uilil Hhay brerdrne o0 expansye altee Bz cloung ol e Wiau proeet,
By 1385 soil fertlity had rapidly dedlined on his farm and he dedded to fertilise his crops with decayed
plank raterial and manure. As he did not have cnough to festilise the whale farm, he concentrated -
on enlarging Yhe darkoa area thiowgh organic manuring and by planting “fertility creating” crops. He
initigfly planied the plol wilh tard ol and Wollaila polalo (dokens 2o, am:-lg.nng large armaunts of
. manure and hoeing intensively to earth up the plants and intorperate ‘organic nputs e the sail. |
- Althangh these oot crops do not fix nitregen they do preduce e amounts of easily decormpasable
- bicimags, which improves the soils physical propatites such ag its density, strecture aned capaciy 1
" hold veakar, He would not' need to manure -thesa anriched plots for, 3-4 years and <o went on to
_ranure the ad]acent shoka: plet. Eyasu listed several benefits of this stratedy such as improved scit |
tartility, needing less fertiliser, higher crap yield and farm income, ar‘u:l the ef'flment use L‘lf Inr:all],r
ﬂ'.raﬂahle nrgamc re-snumes '

Farmers do not have encugh manure to ferilise both the darkoa and shobse ficlds and
therefore congentrate on establishing and maintaining the darkoe plots. Each year they
transiorm a small piece of shoka soil inta darkoa by combining a specific fype of crop ratation
with intensivie organic manuring and gardcning (Eyasu, 1997 Scoones, 1997). The size of the
area depends an acress to livestock and their manuee, and o laboor Farmers nowe mspire to
convert all their fields into darkoa, and are Lrying Lo push back the ferlility Mronlier marked
vy taro fields into the less fertile shoka land,

While men provide most al the labaur in lhe mare dislant shoka fields, wormen play an
imporlanl rele in the homeslead plol (enset garden, darkoa, rzro) wiere they traditionally do
the gardening. They are responsible for weeding and for faitilising crops with a range of
orgenic inputs, particularly animal manure. In return for their hard work an the farm the
wioman have a small patch of land near the homestead, wihere they grow vegetables, and
they are free to use the produce from these patches as they wish.

The cantinual creation of darkoa as a coping strategy 1s in line with Boserup’s hypothesis that
newy land use systems will develop as population pressure increaszes sBoserup, 1965). Over the
last feawr years the total area of enriched dzrkaa has augmented in Kindo Koisha. Thisis partly
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a result of the populaticn growing, for as new bousebolds are established families build
houses and gradually expand their darkoa plel In Lhe high and mid-altitude zones in
particular, farming sysiemns have evolved icwards a type of multi-stereyed garden planted
with 3 range of new income generating craps such as fruit rees or ginger (see Box 2). At the
mament, these gardens are ecoleqgically suszainable, but if land lragmentalion cantinues to
reduce the size of the plots it is doubtiul whether they will be able 1o cuslain Lhe livelihoods
ol lacal farmers,

uo- - r e = = e

: BG}{ 2 Innuvatmns n agmfnrestr},r

ramo C-am-:: is rclatrw:h.r .ueahhr_,' and lives with his T’n‘ml'_-.r ol 18 i lhe rrilld-nHItL.IdE zone. He -DWI'IS--
abaut 1 ha o land aned 7 rFutT.IE- His Farm, is close 1o an allweather r-::nacl and is-sittiated on a, slnpe
. WinETE Soils .-Jr:ﬂ- -;hﬂll-:J-.'., sandy @nd fragile. He used 1o apply mlneral T-EI"III|I5.CF5 but stoppid whei pricas
el 2pa, Huwew:r ke thinks that I'||s s-:jlh became addlcte-d“ ta tharn, There' is mﬂmdemble BRI
on this famrn and, a lot of fartiliser was Inf;r thraugh run-aie rdames usad o gmw rna:ze and teff hut‘_'
thoy made the sail more F-I'ﬂdlble, a3 prapaning Lhe seer] b mw:-lues mtenswe plﬂuthnq, '-.'-'hl|l'_" uhl'_" .
©CInp pFaices ﬁnln-I firniled gmund woter - " -

- The gorfbinglion of erosion and"a limitied” suppl',r of nutrlen' peant- TIﬂT. sl f:-‘-rtliltg..- ﬁmpperj 511£|rpl;-.n' '
- About A5 years agoe Mamd decided to axpenmant '.Hlth friit trees o his farm. Lising seeds from |'§.'II:_d|--:
State farms and . nearly Tr:-wm he planted species that™ are cﬂrnpatlhle with crops And, also |
T eparinanterd wnh s.paur:j He created & multi- stclreyEd agrc:-—fﬂmi{r:,' syseorn, Using the heome gartlen
_lﬂ gll.‘lw ﬂvm.ddo mangad, gu-;ﬁ..'a an-::I -::ranqe In assaciation with enspr 1n-:j cofleg ]}'Hl'lli, and'
- cormbining these specios iwith’ annua} crnr.n-:.. 1] lar T glm_:;n:-.r rnm.-:e ) rm:rl r_rup:. in thn n'ufer f|e|d3 '
© Tradeors .come to- the farm 1o huj.-' big- Froits, which dre stll rare in the ares and fotch a”good | pncc S
Marnc mTPnri: Tl:: LG ELr||.I'-.'d1II"Ig ceTedls dltngether and bug,-' what he needs’at th-:: I|:|r:.1l markpt

o A5 he sees il Lrtee gar-::l=n|ng has several boncfits: soil n:u:unsewzltl-::-n m:hnlqups are mc}re effpclwe. Iﬁ-.ar -
fall dnd r.ugam:: matter have inade the soil mone tartile: it has become.ack, thick, and- TEIREINS mmﬁl
' He earns moncy I:n,- selling fFLJI‘f and ';ae-{rlmgs anel The Eruit pruwdea f-:-crd all :.-ear mund Rany farmerﬁ'_,
are nowe fﬂllnwmg Ens —':-:Hm[:lle and havée starked plantmg fruit troes. Mamn raises sepdlmqs fnr sala’ .

' 1an his [arm i% L-l"_-ul';'d Az 4 l:lern-::lni‘ratl-:m plot. ) C PR - : __' e

Soil fertility management practices

Tabr 4 shows the main inputs used by farmers in Lhe Lhree zones ta maintain soil Tertility. K
demonstrates that farmers from the twe poorest sacia-economic groups actually use a widor
range of inpuis and technelegies than thase from the bwao richer groups.

Mineral fertiliser

On average, farmers use at present 65 g ARha in Lhe highlands, 15 kg DAFha in the mid-
dltitide zang, and 53 kg DAPMa in the lowlands, levels which are signiticantly loss than the
allicially recommended dose of 100 kg DARha and 50 kg ureatha. Tohe major constraims an
Lhe use of fortiliser are its relatively high price, lack of credil, and untimely and inefficient
supphy. Only these farmers who are included in the PADTES ‘model farmar’ programme have
ACress Lo urea.
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Table 4 Use of soil fartility inputs per socio-economic category and zone

M BamsLIRE Highland Mlic-zltitarcde Lowland

RG1 RGZ RG3 RG4 RG1 RG22 RGE RGd RG1 RGZ RGET Kid

n=5 n=f n=1% n=18 n=3 n=8 n=23 n=1€ n=5 n=14 n=13 n=18
Mdariu res 100 100 85 Ta 103 100 100 13 100 130 100 55
AN, dartiliger 100 100 B2 s0 100 B3 13 13 1ad  1an 77 TZ
Resilie 0 0 2B Q0 1 0 7 75 2q =0 B2 al
Leaf lithor ] 0 42 33 G 0 74 94 0 D 46 4
Cormpost il ( 1B z 0 0 1] 25 iy f 4] &
Tarmitaria i a 16 z (4] ] 22 N o ] 8 &
Fallonn a q 0 0 Q0 Q o { a4 14 48 17

RS = Reserarce group €1 =ich; 2=medium; 3=poar; d=very poar)
SoUroa: Jwn ELresy.

Farmers in the highlands use maore mineral fertiliser than their counterparis in the other i
zones. This may be because the higher rainfall and langer growing periods in the highlands
rosult v beller crop response than in the lowdands, where rainfall is more erratic, Although
WAL was not opetational in the mid-altituds zone, tarmers Lhere knew about mineral
Fertitisers and the Mo# has been promoting them in the zone since 1996, Nonetheless many
farmers still prefer to stick to organic manure as there is serious erosion in the area and
fertiiser grains are easily washed away by runcdt from their steep and rocky fields.

There are significant variations in tho amount ol lertiliser used by the different socic-
economic groups. The ncher farmers buy ihe most fertliser, while viruzslly all the nen-
users come fram ihe poarer socig-ecanomic groups {Table 45, Poor farmers may buy as
little as a cupful holding 2 kg at the local market, applying it carefully to small arcas and
individual planis.

Use and management of manure

Table 4 showes that most of the farmers interviewed in Kindo Koisha applied manure 1o their
fielrds, although 10% of highland farmers, 30% of larmers in the mid-altitude zone and 18%;
of lowland farmers did nat use any manure. All these fanmers came from resource-poor
groups whose lack of agoess to livestock alse deprives them of manure, There is no manure
exchange system ameng househalds and no market for it in the area, High fertiliser prices
have made it an increasingly valuable resource, and not even kinship will guarantee a supply
of rmanure. When askod, ‘Do vou ever receive manure from a refatved” ane woman {rom the
highlands responded, "Wouwd you give sormeane your fife?” The only way to acquine manure
is to keep livestock. Manure 18 such a valuable fertility input that it is rarely puet to non-lfarm
uses. This is veny differenl framn the cereal culture of the northern-central highlands of
Ethiopia where manure is normally dried and used as fuel (Gryseels and Anderson, 1383).
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There are several reasens why farmers prefer using manure te fertilise their soils, It has dubas
ayana' of a longer lasting ellecl, is easy Lo acuire tor those who have livestock and roduces
the need to buy mineral fertiliser. Some larmers have conducted simple experiments in their
fields, comparing mineral fertiliser with manure (Box 3. :

e - -

 Box 3 E-:::mpanng manure and mlneral fertlllEEr

hr Munde 15 3 relatively rich farmer'in the lowlands wr'n regularh_,-' uses ’rprnllter wihich he |'_'|Ll1_,|'5 o
credit abtained ;hn:uuqh thi Aok Mnr—". pxr:-'-mmn staft usg his Tamm for Tertiliser demansiralions. .

- Howeewer, B h.-'lunap wis of tha opinion thal minersl Terliliger did not improw sail tertility Iex-el:.

- e daciclpel [ﬁ doa sirmple experiment to D::rrlpare the value af mineral fortiliser anu:l argsnic manure '
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There are significant variaticns in the amount al manure transporled Lo fields by dilferert
sociceconomic gioups {Table S} Mot surprisingly, richer Tarmers produce more manuare,
mainly becayse they have larger herds. However, poorer [armers in the highlands generally
apply more manure par hectare because they onby cultivate very small areas (see Table 2)
There: arer also sigrificant variations in the amount of manure transparted by farmers in the
different agro-coolagical zones, Lawland farmers can keap mere cattte because they have
aceess o larger grazing areas. On average, farmers in the Jowlands shift more than deokle
the amounl transportod by their counterparts in the other two zanes, although they usa less
mariure per hectare because their farms ane generally bigger,

In ihe enset garden, larmers put dsan manume and cover it with soil when they are
transplanting, or il i mixed with ald leaves and strave and incorporated into the scil during
hoeing. Other fields receive their firsl application of manure when farmers stat cultivating,
and they are then given further doses every few weeks. Applying the manum gradually
makes it easier to incorporate inlo the sail and also minimises losses.

Table 5 Manure availability per socic-economic category for the three zones

Highlands did-altitude Lowiancs
Categeny kryfTaern koyiz kafarm  katha kofarm kaha
Rich 2800 1333 114 S095 F2a0 957
Mlediurn 2250 1730 345 456 algh 1498
Praor 1368 1710 2304 3294 A31% 1198
WAy poor 238 2065 1152 1920 1361 358
alEan 1542 1800 2343 31z0 3904 Q27

Source: Cown snreey
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Al interviewed [armers put bedding materials in the livestock pen to absorb urine and before
taking the manure to the fields they wrap it in bedding strawe mixed with househald refuse.
This praclice rainimises nutrient loss through exposurc to the elements and conserves
nutrients via microbial imrmobilisation, whila nutrients are gradually released for plant uptake
when in he field. although there may be no significant increase in crop yields the first seascn
he fields are manured in this way. farmers knew that this will be compensated by higher
yields in subsequent seasons.

Use of compost, crop residues and leaf litter

Resource-poor farmers, with limiled access to manusre, use a range of ather socurces of
matrients, such as compost, crop residues, leaf ftter and =il from tarmitana, while richer
farmers generally only use mineral fertiliser and animal manure {see Table 4). Composting
was first intraduced by WiabU and is now being promated by the Med. Only a few farmers
in ¥Kindo Koisha produce compost and it is used almost exclusivaly by farmers fram the poorer
SOCIG-aCnomic groups see Table 43 The main constraints on composting are is high labour
requirements. Richer fagmers regard compost making as too labour intensive and Lhey prafar
. to inwest their lime in ather econemic activities, As it requines neither cash nor livestock it is
a better option {or poorer farmers who need substitutes for manure and mineral fertilisers
(see Box 4). In genesal, women collect househald mefuse, cow dung, and chopped enset
leaves [or making compost, while men collect leaf itter and grass. Bolh men and women are
responzible for taking the compaost 1o the fields,

Box 4 Mak!ng cnmpust

Gonosa Alar i & poor farmad wh-:r |I'-.l'-i.-"'§. in the r‘md altitude zone. He keeps 3 gowes on Jexdr aned
cultivates 0.5 ha.of land. H|5 fields. are steep, vaoy stany atd subject to scricus erasion, so when sol
tertility declined sharpl',r he started-using mineral fertifissrs This was b prove pr-::.hll;:rw&w dxpoensivo,
50 gholl 3 years ago hé daridad to use enspt lzaves, crop Tesidues, ash, elo. to produce COMAGSE in
his enzet garden, He neticed jmprovements in the fertility and structare of his soil. Crop vields
increased considerzbly and the soil turnad klack and spongy, retaining more moisture. The scil was
also easies to wark as adding organic matter meant that it no longes stuck tightly to stones, which -
can nowe be easily rermoeed and nsed o construct I:uunds fclr -::-::ntmlhng S0l ergsinn ms.tmd of
" hindering plc:-ughmg anl. ,:lliant gErr'nmatl-:-n .

After harvest, many poor farmers incorporale crop residues such as chapped cereal straw inta
the soil {Table 41, This improves the soil’s physiczl properties and alsa makes it easier to work,
which is particularly important for fazmers who rely on manual hoging. Farmers are awane
that crop residuss arc beneficial Lo soil Tertiling but they also need thesc for fodder and
household Tuel, Leaf litter is used a5 a nutrient input on homestead fields by 32% of tarmers
in the highlands, B0% in the mid-altitude zone and 44% in the lowlands. All the {armers
who use leaf litter come trom resource-poor groups, Tor whom it 15 a relatively new praclice
which imwolves cutting branches rem selected broad-leaved trees and transparting them to
darkoa fields where they are lefl as mulch. Its widespread use in the intermediale zone 1s
probably facilitated by the prevalence there of bushes near farms.
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Soil conservation techniques

Land in the highland and mid-altitude zones is particularly vulnerakle to soil ersion. Farmers
kniene that Lhis alse reduces scil fertility and they use several soil corservation Lechnigues to
counteract its ellects. Most resource-poor farmaers wse mulching. constrict seil and stone
bunds, deal with erosian rills, and install waterways and cut-off drains to discharge run-off
water. Another technigue involves laying maize stalks, tree branches and enset stems along
the contaur to control sheet erosion and increase infiltradion. Instead of being washed away,
soil sediment then collecls behind the strip while termite activity under the strips will help
imprave soil fertility. In the shoka lelds, womon put a mulch of crop residues and grasses an
araston rills, MEOs have intreduced grass strips in the arca to prevert erosien and fanmers are
axperimenting with various types of hedaerows (see Box ).

A = - - - = = -

Bmt 5 Bmlaglcal and agrﬂnﬂmlc soil -::::nsen.ra‘!lun techmque& R
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The: first s0il bunds in the area were constructed on selected farms in 1982 as part of & food-
tor-wiork scherne. Other farmers copied the technology and almest alb the farmers in Lhe
highlands nowe have scil hunds on their farms, which they have adapled 1o Lheir
circumstances. Although the bunds take up valuable space an the imited lane available for
arable farming, farmers A convinged that their benefits more than compensate for this loss.
50il bunds ere used more in \Wallaitz than ampwhere else i Ethiopia, which may be because
land is farmed so inlensively in this region {see alsa Box 5.

Stene lines, known locally as keffa, are laid along contours at regular intervals to stop sail

arasion and are also conslructed when ficlds ame cleared. This method has been usec for
generations on the stony, sloping land in the mid-altitude zone, Both men and women make
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slope lines, which are gradually exended depending on the amount of bousehold labour
available, although sorme icher farmers omanise wark parties to construct them in cne go.
They require continuous maintenance and repair because they are easily damaged by
livestack o during ploughing. When depreils of sediment build up hehind the keffa, farmers
then dismnantle thern and rebuild them about 2 meters away, planting creps in the sediment,
Stone lines marking farm houndaries are, by contrast, lefi intact,

Box 6 Drainage ditches, soil bunds and cassava fallow

M Aderna is a rescurce-poor Tarmer in the highlands who owns 2 cows and culthates 3 0.5 ha plot. '
In 1980 a read was built above his Farm, causing serious erosion; and Adema had o adopt several

- slralegies ta Yeepit under contral. He dug & cul-ofl diain to divert the runoff water into 8 grass plor,
and planted mango and avacaga in the darkoa area. He pul micro-hasing around each tree into which
he foeds same of the run-cl From the drainage ditch. Any sediment trappead in the basing is regularly '
spraad o the field. He built soil bunds and planted themwith clephanc and veliver grosses which also
prowigde Todder and mulch. When silt deposits start to fomm a smalk mound, the bunds are broken ancd
moved =slsewheara i the field. Cassava produces focd i@ Urmes of dmought, contrals erosion and
irnproves sail Farilit dru_l [or 1he Jast three years Adema has been growing cassava as a “fallow’ on
degraded parts of the :hl:.k.a field, Kellecking on his varicus soil conservation and management
slravargias, Adama pn:udh,r zaid, ”My 5|:||I used ta be in tha Omo r|'.-E-r Ut nowe Fam able Lo keep st
of it o the famm.” - - .

Nutrient balances

Farrners uge different soil fertility management strategies for differant parts of the farm.
Craps grown an the homestead and distant shoka fields are very different and so is the
allocation of manure and fertiliser. Manure and other arganic inpuis are applied 1w the
hamastead plots while enly a limited sinount of mineral fertiliser i put on Lhe shoka fields.
Staple crops like maize and enset require a cansiderable nutrient input &nd %o are grown on
mere fertile plots,

The nutrient input and cutput s of selected Tanms were analysed o explore soil fertility
decline at field level {Eyasu el al., 1998; Eyasu and Scocnes, 1999 Tie nitrogen (M) and
phozp:ithS (P halances in lields were caleulated from a combination of input and output
functions based on the nulrient balance model developed by Sloorvegel and Smaling (1590).
Table 6 presents the partial nutrient balances far rich and poor larmers n both the highlandy
and lowlands, no data havieg been collected an the mid-altilude z2one. These balanges are
based on data collecled For eight farms over a single year and do not provide information on
temporal patterns. .

The marked wariations in N and F balances acress tarm units reflect differences in sail ferlility
managerent and cropping patterns, M and P balances in the enset, darkoa and taro lields of
most of the farms studied werte either slightly positive or n equilibrium, but thare was & slight
deficit in poor lowland farmers’ tara and shoka fields, which can be accounted for by Lheir
lirited acoess Lo manura. [t seems that farming 13 sustainable on the homestead fields whers

'@ Mutriernts an the mave




[armers invest maost in terms of soif Fertility maintenance, enriching the sail to sustain fond
preduction, particularky enset. The absencs of crosion in these fields is probably due 1o the
scil's high organic matter centent and slable strugctune, mulching and intensive management.
The data suggesis that, if producers larm intensively and improve their management
praclices, increased prassure on land will nol necessarily-load to impoverishad soils,

Table 6 N and P balances per socio-economit category and zone

Farm Higghland ' ~ Lowdaned
cormponents Rivh [arrmer Foor farmaor Rich farmer Poor farmer
M P M P M F i P
Ensct gardan 12 11 -12 o - - - -
Darkoa garden -3 & -5 4 -4 11 -24 E
Tare: garden 4 & 4 . -7 B -5 -5
Shoks fiald A% 7 -S4 3 =20 &) -4 -1

l'snurce: Fyasy énd Sracmes (1909, ' : II
Table & shows that the shoka fields have the most negative nutrient balances for N in both
agro-ecological zones, This is due to Lhe large outflow of nutrients when crops and stalks are
harvesled and removed, to sericus erasion in the Bighlands and to the fact that lost nutients
are nol replaced by any fertility inputs. The grealest prapartion of cultivated land = taken up
by shoks, which is where most of the cereals are grown. If the soil feriliey in this area
continues Lo dacline, there will be repercussions on Lhe sustainability and the evalution of the
farming system as a whole,

Conclusion

The analysis of farmers® soil fertility management practices in Kindo Koisha has demanstrated
majer cheanges over the last few decades and a high lewal of variation between field types,
sodig-econamic groups, and agro-ecological zones. Mineral fertilisers were introduced in the
19705 and dominaied soil fertility managemenl until 1982, when the WADU project which
facilitated Lheir supply was phased out. The credit scheme introduced after WADL sets
conditions which limit farmers' access to mineral ferlilisers and also make them moere | able
to fall into debl. As thasa fertilisers have alsa became more oxpensive and supplies more
erratic, farmers have furned increasingly to organic impuls and cancentrated on expanding
their darkos fields.

Land fragmentation and the need for food secutity has rdriven {armers in the highlands to
Adopt very intensive management systems in fields near the homestead, at the cxpense of
outer fields where farming methaods result in nutrient mining. The soil in the homestead arca
is ennched by organic inputs and careful gardening. Farming in these areas is intensive and
{inely tuned, with little room lor further improvement. The positive nulrienl balances indicate
that farmers, particularly the poorer ongs, have adopted the best possible oplions (Eyasu,
1887). However, this type of farming will only be ecclogically sustainable if farmers conlinue
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to have access Lo sources of nutrients, The guestion is wnether farms can continue to
pradJace sufficient biomass and manure te mainlain soil ferility, and whether Lhis darkos
system can suslain the livelihoods of a growving populatian,

The rclative relurns feom off-farm and agricullural activities are determined by a household's
access to callle, family labour, finangial mesources andd network of ecanomic and sodial
cantacts. ILis more financially profitable for richer farmers in the highlands Lo concentrate on
oH-farm aclivities than to invest ksbour in soil conservation measures and intensive soil
tenilty management, Although thoy use & greater quantity of manure and mineral fertiliser
than do farmers in other areas, they aclually apply less por hectare and lose significant
amounls through ercsion, their shoka lields being the most affected by nutrient mining.

There is clear evidence of nutrienl depletion in the outficlds (shoka areas) in all three
eraicnical zones, s these fisids account for e largest propuo ion of aiable iand wisie mos
af the cereal crops are produced, Lhey should e the focus of any interventicn oromaoting
integrated scil ferility management. Farmers' socic-cconomic status nfluences their access
to productive assets, which in turn affects the nutrient balances on their farms, so technical
interventions should he carelully targeted o suit the different reguirements of poancr and
better-off households. Activilies showld aim at ingreasing Lhe level of nutrient inputs and
reducing nutrient kisses by recycling crop residugs, conlrolling ergsion and agro-fanestry.
Farrmers may be able Lo recycle more rop residucs it they have alternative sources of faodder
and fual, so-it may he appropriate to consider inlsoducing agro-forestry systems wsing
Leuceana and Sesbarwa seshan, pigeon pea, better qualily fodder and grasses, wood saving
stoves, and possibly biogas technologies.

The greatost weaknass of the preseni extension policy in Ethiopia is its failure to recognise
the diversity of Lhe country's farming systoms and socio-ecanomic conditions. This research
shows that sail lertility management is dynamic and that it varies according Lo agno-
ecological zones, acio-economic groups and lield types. A general ar blankel approach to
extension which does not take account ot this diversity will theretere not be able to improve
the sustainability of farming systerns.
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Introduction

A numbrer of diagnastic studies have been carried out in Mali showing that farmers are
seriausly concerned about decline in soll ferllily iMaiga et al., 1995; Coulibaly et al, 1997;
Koné et al, 1998} This decline is also cited as are of the main constraints on agricultural
productivily al nalional level (MDRE, 1994: van der Pol, 1992; Tracre, 1993; Kouyats, 19985
Fowever, maragernent practices vany a great deal belween regicns, farmers and fields and
alse change over time. The purpose of this research is Lo present @ more detailed picture of
soil fertility management in sceni-arid regions of Maki, wilh a parlicular foous on the dyvnamics
of millet production and the use of organic materials Tog lertilising ke land.

After outlining the melhodology, we will describe the region and the research sites and then
gor on to analyse the diversily of soil fertility management approaches [ound Lhere, including
recent oF current changes. We Lhen discuss the sustainability and lulure prospecis of <he
production systerns found and dose the chapter with some general conclusicns.

Methodology

Qur study is based on figld research, carried out since 1995, inte the evolution of sail fertiling
managerment in bwo case study willages in the central region of Segou. Efernents of this
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research presenied here derive mainly fram the [irst stage of an action-research study
undaertaken by a mulidisciplinary team of researchers using a participatory approach {cf.
Defoor ot al., 1997, 19498,

The $carm starked with an analysis of farmers’ problems in the village, Te bogir with, farmers
wore asked 1o map the village's soils and natural resources. The different soil fertility
managermenl lechnigues used in the willage were then identified and farmers were asked 1o
classify all households according to the degree to which these technigues were practised,
Thereailer, fertility management practices were analysed, using farm maps drawn up by
selected case study farmers, The maps were also used to identity and quanlily the varicus
flows of nutrient inputs and cutpuls, erabling researchers to calculale partial nutrient
balances. In the final part of this first slage, the results were brought together and discussed
wilh farmers at willage mectings where suggestions were elicited as 10 how soil fertility
managemeant couid he Improved inedch cateyory vf o i iolowang stages new divitiss,
incorporating prior discussicns and suggestions, were planned, implemented and evaluated
with the farmers.

Mext, the team started research on the dynamics of technology adeption and adaptaticn. in
ihe region, using tools sugh as historical profiles and infarmal mapping (Macinanks et al,
1998), The results were compared with information availzhle in publications on soil fertdity
management in the region since the 1960,

History

Seqou, the heartland of the Bambara kingdam, was taken over by the French in 1830, The
French imposed taxes, forced labour and militany conscription. They also ransformed cotton
and graundnuts into cash crops and began constructing the Gifice du Miger irrigation scheme
it the 19305, Alse in the 1930s, fellowing several years of droughl and crep damage by
loCusts, young Then sharied migrating 1o Senegel 10 aarn money by harsesting qroundnuts,

Mali gained independence in 1960 and the sociatist regime of Modibo Keita came te power
cormmitied 1o the principle of the state playing a major role in promating ecenomic growth
and development. Policies included conteoi of marketing and distribution of cerain key
agriculteral products, including millet. In 1968 Moussa Traoré seized power in a coup d'élat
which was the start ol 23 viears of didatarship. Traoré's government centinued frying Lo
cartral cereal markels but these were eventually liberalized in 1988, This changr was parl of
a structural adjustrhent preqramme agreed with the World Bank, which also emphasised
reforming and downsizing gavernment-run rural development institutions.

Farmers in Mali say that since the early 1970s rainfall has been increasingly unreliable. The
country has in fact suffered major droughts in the last few decades, the most severe being
those of 1972-72 and 1983-84, The first of these led to the loss of sorme cattle and almost
wipod out cash crops in the Segou regien (Kater et al., forthcoming). As @ result [armers nows
grows fewer groundnuts and use millet a8 bolh a food and a cash crop. The devastating
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impact of the dreughts alse marked o watershed in the way people porceive natural
rescurces, Many farmers see 1973 as the vear when declining sail lerlilily started to become
a serious problem. The increasing use of manwere all over the region since then is an
leestradion of ihis change in perception.

A popular uprising in 1997 led 1o Lhe military dictatorship being overthrown and replaced by
an electod prasidency. The new goverranent led by President Konaré has pursued a pro-
market econamic policy, continuing Lhe processes of Bberalisation and privatisalion. &
process of administrative decentralisation was also set under way and culminated in eleclions
for rural cornmunes in 1999, The Konaré government is widsly consicered to have achieved
substantial ecenomic and palitical reforms and has attracted considerable funds #rom the
main daner anencics. Mational dvil society has prospered i with the re-esiablishment of a
democratic system and the emergence of many new greups and organisafions,

rdember states of the \West Adrican Manetary Union devalued the CFa-frang by 50% in
January 1994, under heavy pressure from IMF and World Bank and with Lhe aim of restoring
the trade balance. A< a result of the devaluation, together with rising warld markeot prices,
cotton production increased consistently and Mali is now the second most impartant
producer of cottan in Africa. Devaluation alse helped to increase exports of cereals,
vegetables and livestack 1o neighbouring conntries. Overall, these changes have altered Lhe
terrs of trade between town and country, rewarding producers of food, rash craps and
lveslock but incurring higher prices for lhose nerding to buy these commodities.

The Segou region

This research was carried out in twe villagas, Siguing and Dilaka, lorated in the rolatively flat
Segeu region of central Mali {see Map). Mali is a landlocked country, much ot which falls
within the Sahara desert region, and it hias a total population of aboul 1Q million peopks.
Agriculture plays a major part in the economy and there are Dasically two types ol rain-led
farming systerns in the country: pastoral in the nenh, and agro-pastoral in the cenlre and
saulh. In the centre, including the Seqou regiors, farmers depend an miflet- and legueme-based
Cropping systems, while those in the south ol the country grow a combination of cotton and
ceregls. Thers are also a number of inigation sehemes producing rice in the Segou regian.

Average annual rainfall ranges from 150 mm in the nerth of the Segou regicn to 750 mim in
the sauth, alihough levels may vary considerably from year to year The rainy season lasts
from three to five months and the remaining dry season comprises successive cool and then
hiot periods. Seils are predominanily sandy and loarmy Likisels and Arennsols with low natural
fartility {sea Table 1.

Agriculture is the most important soctor of the region's econormy. Aboutl 60%, of cultivated
land is given owver 1o millel, with average yields approsimately between 600 to 900 kg por
hectare {OMSI-DMNARME, 1998). Rainfed areas comprise around 700,000 ha of cultivated land
and are managed in accordance with customary land tenure systerms. Ateut 100,000 ha of
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Table 1 Characteristics of the two research sites

Charactoristic Siguing Dilaba

Soil type Glayie Lisisols, Haplic Glowic Likisols, Haplic
, Argnoaols, Gloysols Arenosols, Gley=als

Rainfall {rm} A50-550 LE0-750

Pop., Densily par knr’ 15 dn

Ma. of prople 400 A4

Mo, of households 35 11

Ayailability of [and ahbundant Lirnated

Sources CREA, 1998,

land is taken up by imigation schermes: these are managed by the State through agencies
zuch as the Office du Miger and Qnératinn de Seanu which allecate olots to farmers on leng-
terin leases,

While the average population density in the Segou region is estimated to be 25 inhabitants
per ki, this varics considerably between disticts. As can be seen from Table 1, population
dersity in Ditaba is more than double that in Siguiné. There is now great pressure on natural
resources in the more densely populated southerrs part of the region and around the
irrigation schemes {see Box 1). Matural grazing lands and woodlands are shrinking as more
ang more fand is cleared and planted with cereals. This is partly a result of populalions growth
anel the ingreasing use of axen-drawn ploughs. Equally, there was in-migration by pastoralists
fallewing the droughts and the number of livestack kept by villagers is also increasing,
putting mare pressure oh the remaining grazing areas.

There are numeraus weekly rural produce and catile markets in the region, to vwhich both
Siguing and Dilaba have relatively good access. Willagers in Siguing, however, have better
access to ofi-farm employment which is available in the nearby Office du biger irrigatian
scheme. The tnain towns have bank branches which adminisler credit provided by
development projects, NGOs and agencies such as the Opération de Segou, thus fadlitating
in principle farmers' access 1o agricullural inputs for growing cash crops.

Bl:-x 1 Wh-_,r farmers in Slgume are expandmg their fields

Fa mets blame rallmg piachictivity mainky on the de-:!me it ralnfall and’ say that in {erer b maintain
Qr increase pr-:n:luchc:-n 1he],r o T n:ultwa'r.c rnore land. The'; also plough and sow larger areqs as a-
. rigk aversion stratedy, an the as.g.ump-uun that-f one part of the field fails to produce a crop anulhei
pll:.'-t rrl-:n-' succeed, providing groater faod. sea:uru{g,r For theii fal'l'lllll:‘S Another reason for anlarging The
f|-:||:| is that Tillet is incransingly used- as a cash wop, and must produce @ good yield Lo faed th-e
h{:usehnld cover part of the Tamilys cach, expenditure, l:lu:.-' Iwesl::ﬂ:k and ‘faTm equipment, z2nd Ay,
vl miariages {Kater ot al.; fn:-rthmm:ng] I.n::ame fn:um I:Iff farm aclmilics ’In-:'! mlgrant wurk e
annthﬂrmumeufre&r@nup T TP o
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Farming in the two research sites

Siguing

The village of Siguing is situated about 80 kilometres narth of Segou town, clese ta the Office
du Miger irrigation scheme. Located in a semi-arid area, it receives between 350 mm and 550
rm of rainfall per year, and is affected by wind erasion, The village now consists of 35
farming households, its population density having increased from 3.3 people per square
kilometre in 1959 to 144 in 1987, The main ethnic group is the Bambara, who consider
themselves 1o be fanmets although many may also own some livestock. Since the droughts
in the 19705 and 12805 peaple from the Bella ethnic group, who are pastoralists, have sotled
on the edge of the village terrilary and graze their herds of small ruminants-on villzge lands.

Farmers in Siguine cultivate two wypes of fields: village fiefds, whick are on alluvial soils, and
Bush fields, which are on sandy soils (sce Box 20 Fallow s used in both types of field,
althcugh the bush fields are left for 15 years or mare, Farmers apply organic fartiliser te millet
in the village fizlds. They have twio melhods of sowing: dry sowing on the previous seasons’
ridges and sowing after the land has been ploughed. Dry sowing is more commaon in bush
firlds when a large arca must be sown as rapidly as possible o make best use of scarce
rairfall,

\ Em{ 2 Ulllage 1|EI:I5 and bush flEIds T o

' Mt}sl Felds ar-::lun-:l the wllage are ELrHI'.'El'[Ed relatll.rel;.- |r1tEn5|-.-e|; an-:l are fpmhae-:r mth huusehn:uiu:l
re[use Manse, and t-::-mmi from the -:a“tle per. They are. 5|tuated within. bk Ekm raciug fmm ﬂ;le .
 centro of- th-éi willage, and an: knm*m as lhr: '.'llldge ar hnme fialds. e I:Jus.h ﬁEldS ara- fur‘[her Ay’
> and are managed iy @ meie P:m:-na.we FTIan'IEF . Thizir’ *:m:r is, us.u.::ll:.r deterrnlnl;-d by the auendmh!y af -
'.plc}ughﬁ Depenqu on rhe perfurmance of EIDI‘.‘IE ar:rj 4l quallt:.r I:uush felds ace: uaudfly.r Ieft fall»::w :
alter E'I:I-Dut 5 yaats of ::L:Itwdtrl:.\n The ﬂlstlnr'rll::m heiween wllaqn and tarsh f|ufd5 iz, foumnd i |n Sug Lin
and” mﬁf"}' rigighbiniing Vl"aqﬂ but i Dﬂdba therf is no such d1frE'l'E'r'|tldtIC'|'l I:-ecause 5o little fanid
'uaumhble ST L P
lSetTIEments an-:l thn:lr assurl.-‘ﬂed W Ildge ﬁelds dna generally found on 5{:|F5 .-.'ltn a. rPJalu.-E-[g.r h:gh Inam -
" Cnnlent, Thizse - snlls are; o used.-to ey relatl-.e-ly lertile adnd I:n:-cause l:heg,- ‘zre often’ Sltuatﬂd in.
' dEpI‘EE:-IE-I‘IE— they, are miare |t|{E|',.f tr have p:—:-rmdnent watcr. EI.IpPlIPE- In yearsof gu:uc:ud r.alnhH Immy '
+ soils “5”3"!-f pmduce a"good r‘rullp'r, hariiest, However, when, rains.sme poor they pmdun: less Lan the
sandier s6ils of the bush. le!riE- which allow zhe mi Ile'r Flanl to.develop an e:-:ts-nsum rr::-c:-t 5';.:.tern that
CCan cetch what flttIE walrz-r s d'.'alfablr_' {k:ater 2t al. [ur‘th-::-::-mmg} e

.-
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The average farm household cultivates 43.7 ha in Siguing compared with 17.2 ba in Dilaba.
As can ho seen in Tabke 2, farmers in Siguiné growe millet in association wilh coveprea an about
3% of the village fields and on 85% of the bush lields. Millt in 3 pure stand is grown mare
on village fields than on bush fields, Bambara groundnut (Woandzela subterrarnca) is the anly
leguimie grewn in pure stands, although it is sometimes rmixed with groundnuts. |t seres
partly a¢ a hungry seasen crep, as it is ripe just before the new millet harvest comes in, and
it ts alzo sald, Millet yields vary a graat deal from year to vear, and between housaholds,
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ranging from 300 1o 800 kgiha, Millet and cowpea are grown for home £onsumpricn and
the surplus is soid. Mearly all cowpea crop residues are sold in Miono for fodder. Box 3
presents an impression of farming and sail Tertility managernent in Siguine.

Table 2 Average cropping pattern in Siguiné and Dilaba (hectares
and percentage of total ares)

Gite Field  Millet  Wallel & haize  Fonio & Cowpea  Groondnod Tartal Fallowe  Total
type CoEd Sorohm & Bambara ¢ulthvoted aresa I
oreundnut Ares !
Siguing  Wilage 4.5 5.6 s 0.E 0 0.2 1.0 2.0 150 T
firlds  {3u%)  [@3%] 2% (%) — (1% fB%)  (15%) -
Bush 2.0 12 a 0 a 0.2 143 185 307 -
folds (sEwy (e —  —  — (S} A% (54%) |
Dilzba Willage 0 13.1 0.1 1.8 0.4 13 18.7 0.5 172.2 re
lialds — (iG%) (0.5%) N10.5%) (2% (340} @7y (3% .

Aywragu per haysehold for 19951 957,
Sonvoa: Chan sUrvey.

Box 3 Seil fertility management strategies in Siguiné

" wde Diarra is 2 full-ime Tarmet, close to retirerment, who lives wilh his Lo bhrothers, their wives and childeen. .
He earns most oF his cash by selling millet (about 5% of the harvest), and also sells cowped hay. His brothers -
carn income [rom off-farm ackivities and irvest itin livestock. His farm is classified as Category 1 {i.e. indicating -

" the best ma nagemerit of soil fertility — see main text) and haz over 20 lead of catilke, more than 20 goats and

' sheep, 2 ploughs and 2 carts, while 14 family rigmbers woark in ihe Tieldls. In 1995, Diarra produced about -
14 tonnes of millet on his 3 ha village ficld and 9 ha bush ficld. In 1938 Lhe same area anly prﬁdured halk

. that amourt due 10 wery poor rainfall.

. I the dry zeason lhe caktle spend the night on the village lisld in a pen of aboul 20m by 10m. After 3
manths, Diarra moves 19¢ pen and spreads Lhe manure over an anea of roughly 1 beclare. T resiore fertility |
in his Yussh fields, he lets them lie fallow for 5 years, Diara collects his yoat and sheep dropgings there and
uses them on ha village Tields, He also stores manure in a pic and may ask his wivas 1o ihrow psed housahold
water into the pit 1o facilitate decompuasition. He produced 2.3 tonnes of cryanic Fertiliser in 1996 and &

- tonnes In 1997, some of which was composled with weeds and Ihe dreppings of small rminants. At the '
merment he does not use household waste even Ihaugh thens is & heap wl it in the compound.

- M. Coulibaly is 2 ca‘cang,r 3 farmer {lenst effective manager of sail fertling whe returncd to the village about
" 10 yoars age. HIS farm is the legacy of his extended family breaking up, and vonsists of village fields only,
with 13 ha of rmilet and 5 ha fallowe. He has no access o bush feld larel and is unable t expand the farm.
" Hee owyng 2 axen, 1 plc:-.Jg'n and 2 caris, and anly ane of his children | is cld enough o help.con the famm. As
* the farm doas not pmduce enouagh rmllet to feed the lamily he does a lot of off4arm work:as @ blacksmith,
" @nabling him to Ywy gain o rriest. theit Taced requm:rnents He-gronas millet in d.-ssamatlon with cowpea and
" sells the cowpea Nay. W 1996 he harvested about 4. = tonnes of millet, but yiclds in 1995 and 1997 onky
" amounisd 1o about 2 sonnes, He only prc:-duces. sreall guanitics of orgaric Teriliser: 1.6 tonries in 1996 and
0.8 tonnes i 153:‘3'.-‘ The family sk, haLsehiold -.-.-aste as fernllsar and mmpus.[s the’ -:In::pp:ng:. ol small ==
rminaets with grar.s&s mlfectn:d m:nm I.h.t' bush. . LT ) - :

- . - - - FE— - FR— - - - = L - -
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Cilaba

There are elaven households in lhe village of Dilaba, which is situated 40 km east of Segou
town. Is average annual rainfall is bebaeen 550 and 750 mm. Population density in the
village has increased from & people per square kllmnﬁ’rrn in 1960 to 16 in 1980, and to
approyirnately 40 in 1995,

Unlike Siguine, there are no bush fields in Dilaba due Lo the scardity of land (so0 Box 20
Consequently, and a5 can ke se2n from Table 2, the {allowr area 18 very small. The dominant
crop here is millet combined with cowpea, covering 70% to 80% of Lhe cullivated land (Table
). Yields vary from S00 kgfha to over 1,100 kg'ha and between 1995 and 1997 (hey
averaged 950 kgfha, which is higher than the average yields in Siguing. Very lillle millet is
gron in pure stands. Legurmes such as groundnut, Bambara groundnut and cowpea coaupy
around 10% of the land and farmers alsa groww scrghum and Tonio (Digitaria axifis). The
sorghum is mastly grown in lower-lying areas as millet does not do well in heavier sails that
retain mare waler, while the fonio is cultivated in sandy patches.

Fart of the millet-cowvpea plot is rofated with legumes and farmers sometimes also grow
cassava. Farmers in Dilaba growe more legumes in pure stands than their counterpans in
Siquiné, mainly because climalic conditions are somowhat better in Dilaba. They are also less
veliant on millet and cultivare larger areas of sorghum and fenic. Millet and groundnuts are
grown both as cash crops and for home consumption, while fonig and-Bambara groundnuis
are usad @s hungry seascn crops, as hey are in Siguing.

Table 3 Ownership of livestock and equipment in Siguiné and Dilaba

Site Cattle Ciraught Shaeap & Carls Farnily Hafworker  Ha'oxen
[Ixeh aoals "Workers .

Siguind 16 4{0-ad 59 (0-20)  15h (4300 1 11 (4-20 2300-4 6 12-15)

Dilaba 200103 550(0-17) 33 (2-90 1 11 [1-38} 2.5 {1-5} 4 {2-7)

Awerage per househald for 1535, 1A% ard 1997, pagimuin and mini mom fgores ure shewn in brackets,
[OURCES O] SR

Table 2 shows the number of animals, carls and workers on an avcrage farm in Siguing and
Dilaba, There is a cansiderable variation between individual fartns and this affocts how cach
houschald manages soil fertility on iis land. Livestock proeduce manure and are a source of
wealth and securiy. Oxen are essential for ploughing the Tields. The number of family
tnembers who can contribute lalour also determines whal kind of management care is
possible. Carts are needed 1o transport manure, crop harvests and residues 1o and [rom Lhe
[felds, Lo mowe clay and kbricks and to go to the market.

The average area worked by each draught ox is higher in Siguing because more land is
cultivated Lhere (Takle 2). Bui contrary to what one might expect, the average area cultivaed
per wiorker is somewhat higher in Dilaba than in Siguing. This may be bacause the number
of workers on each farm varies a great deal in Dilaka; seme households have anly ane waker
at the farm. Box 4 gives an impression o farming in Dilaba,
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. Box 4 Soil ‘fertllltyr management Etra'tegles in Dilaba

] hr Kamara is one of the mast succassful farmers'in the vlflage He is & cateyory 1 armer ises main "

. texty with a wellendowed Tanm, He owns 60-80 head of cattle, including 12 oxen, and-aboul 30 .
. goats and sheep. "Kamara has enough ploughs and carts ta cultivate 22 hectares of millet but, -

sithough there are about 30 people in his howsehold, his family umrkfnrce [ msuh‘lrlpnt to meet all -
his labour requure-mems ang he empleys 5 labourers. Botwedn 1995 and 1957 he harvested ai.u:nut 30

-tonfyear of millet, Both he and his neighbous say that his yields have beon increasing.

Curing the dry scascn, part of his herd spénds-the night in temporary cattle pens, sat up in 1 the least:
lerltle parts of his fields The oxen seend the last 3 manths of the dry season a pen dose to the

. nomesiead, where hey can be looked after more easily. He-gives them crop residues to supplemenl

their feed but does not have enough famaly labourers to 2pply litters as bedding in the pen. Gne -
soue of hiomass an hisfarm are these growing near the waste heap and during the rainy seasen he

" hires Tabiolrars ta cut theweeds and add them to the heap. In 1595 he produced 48 1onnes of t:lﬂ.:lanlc
fertiliser, including household waste and the droppings of small ruminants. He increased this

prc:ducl:inn to 5B tonoes in 1997, He wsed o borp ks fialds 1o clean themn bofere ptoughing b,

. hawing discussad soil fertility maintenance wath researchars, he o longe does so. He has also started
+ L tul the branchas and leaves of bushes. qmwmg in his fields and wcorporale thern inlo the soil.

" M. Coulibaly-ane his small lacnaly livia on a categony3 farm: His daughter helps WLth ploughing anel
“wreeding and his wife does the sowing and manual weading. In 1956 he had-no oxen because one
. ad died and he hag sold the scoend one, 50 ne had 1o bosrow g pair Gf oxen from hig ’ral'ﬂll';r e has .
- since bought ayoung o and iswraining it. He has a donkey and Zart whach are used somalimes by a

farmer friend whi hds no cart, in exchangs for h::-l_r-:uin'g UL 2t hanest time. Coulibaly has 10 hactates |
of Fand. The family i is self-sufficient in'most years and selts small’ quantitias of millet, gr-;:nundnu'rs and .
<owpea. The: farnily produces arganic fertiliser by stabling the ox all year round, collecting the 1

druppm__;s al srmall rurminant, hoosakhiodd wa-a'r.e and with the ‘debris that is left- after threshing and

wmn-::-mng the millet, Gryanic ferliliser pmdum&r‘l Infrea*ipd ﬁ’EIiTI 3 tennes in 1995 to more than T-’

Fannes in 1 ooy,

soil fertility management practices

Farmers in both villages were asked 1o list a number ot soil ferlility management practices
that they belisved to be appropriate for restoring e maintaining soil fertility (Dembélé et al,,

.

G838}, The main methads they listed weare

Fallowing

Adding croanic matter; -
» of animal originn frem penning liveslock on cultu-.rated land, cattle herds in sheds,

catile grazing on the crap eesidues

» Compost
» household waste
» incorporating weeds into the soil when weeading

Applving minaral fertilizcrs

Rotating crops and growing them in cambination with leguminous craps

Pratacting the tree Faigherbia albids an cultivated land

m Nutricnts on Whie imoye
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Farmers were then asked to categorise every household according o the exteni to which it
implemeanted these practicas, The virst category inclades [amers who used mast of these
methods, the serond indudes those whao vsed a reasonatle rumber of them, a2nd the third
covers farmers who only used a few of these practices. The resubts for cach village are
presentad in Table 4. About half of all househofds were dassilied in the third categony, these
tending to ke farming houscholds with fewer assets.

Tahle 4 Categorisation of households according to use of sail fertility
management practices

Yillage Ma. ot Cat, 1 Cat. 2 Cal. 3
horsahcles Infansive UsC hoderata nse Lirnitar] wse

Siguiné 2% 3T 28% 434

Dilaba 11 27 % 187% LG ¥

SOLEMCED [ GulvDy.

The following section discusses the key elements of diversity and change in soil fertility
Managament. & comparison is made between the two villages, and between categaries 1
and 3 withir and across each site, focusing on major differences insoil ferblity management
and reasons tor this diversity,

Fallowirg

In b past, farmers in bath villages used [allvw &5 the main technigue for restoring soil
fertility. Because there was plenty of agricultural land available, part of each field could be
left fallowe [or relatively long periods of ten to fifteen years or more. Although fallow periods
are becoming sharter, this technique is siill used to restore fertility for bush fields in Siguing
where agricullural land remains plentiful {Table &) Farmers thers use the presence of
Eragrastis sp., Zornia spp. and crusting of sail as indicators of declining soil forfilide

Previously, sandy soils were rarcly used for more than three years and sandy-allnaz! soils for
noomare Than fve years. Howowen witn conliToous appicanons of orgaric feriiser he
village fields are nowe generally cultivated for very long periods of twenly years or more. In
these fields the area lefl faflow is mch smaller than the cultivated area (Table 5. In Dilaba
gl cultivable [and is now in use as a result of rapid population growth, while Lhe small
remaining ‘fallow’ area is aclually used as pasture for draught oxen. In contrast with Siguing,
l[allowr is not & significant means for managing soil fertility in Dilaba. o both sites the
Categery 1 farms have the most land under falloa.
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Table 5 Proportion of cultivated to fallow land in Siguiné and Dilaba

it Categorny Mo, of Culbivatad araa Fallow area FallowgrLtrated
households {ha) tha) area fratind
WVillage  Bush Willage  Bush Millage  Bush
Siguine 1 4 45 24 2 ELs) el 1.6
3 b a 3.5 2.4 55 0.3 1.5
kean 12 11 14 z 16,5 0.2 1.2
Cilaba 1 d 30 0 1.5 ] o.05 -
3 g a0 ] il ] a -
kAcan 10 16,5 ] 0.5 a (WA E -

SOUICES (e SLrvey.

Association and rotation of cereals with legumes

In the village figlds, farmers grow millet and cowpea on the same plol year after year, When
they find that the ferdlity of part of the plat has fallen significantly, they change the
association to pure stands of groundnuts or Bambara groundnuts. The following year they
apply organic fertiliser and then start cultivating millet'cowpea again. Such a strategy is used
in both villages.

eroundnuts were heavily promoted as a cash crop in the Segeou region by the Opération
Arachide et Cultures Vivrigres {QACY), the graundnut marketing board, between 1974 and
1981, In Siguiné the area under groundnuts decreased after the withdrawal of QACY, and
the praportion of legumes in the cropping pattern has consequently diminished, now
stantding al 1% in the village fields and 0.5% in bush Telds {Talle 2). In Dilaba the proporbon
of total cultivated area per farm under groundnuls has hardly changed since 1276 bul the
proportion of land under legumes has increased and is currently around 10% {ER, 1977}

Sources of organic Tertiliser

The use of arganic matter has become a means al restoring seil fertility, Qrganic matter
comes from manare, household waste, compaosl, or incorporating weeds inta the soil. The
tasks involved in producing and using organic fertliser are divided botween different
members of the household, Young people collect the crop residues, dig compost pits when
needed and transport the organic fertiliser 1o the field, while the head of the family is
responsible for managing its production. Women rake arganic fertiliser from household
waste and keep seme of 1t back for use on their own small plots of land.

Grazing crop residues

After the harvest, crop rosidues are [reely accessible to all ivestock including those from
outside the village. Animals leave Lheir droppings while they grazo the stubble so that even
farmers without livestock will receive some on their fields, 1t i difficult 1o guantify the
amount of faecas depesited on the figlds but it is unlikely to be sufficient on its own 1o
restore soil fertility, given the quantity of crop residues exported by grazing animals. The
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quality of the dung also deteforates because it lies unprotected on the field for up to six
rnarths.

Corralling livestock at night in mobile pens

For three to five months, the animals spend the night in pens which are shifted every few
waeks as 4 way of spreading dung ire areas that are constdered to be infertile, Corralling is
mostly done on the village fields Lhal are closesl to the wells. The amaount of manure applied
by this means is relatively amall in relation Lo e Lotal cultivated arca, but it reguires litle
lahaur in contrast to making and transporlng compasl or manure. Category 1 farmers, who
hava a herd of catle of thelr own, benefit most Mrom Lhis practice. In Siguing, category 3
Farmers can cnly dao it on a rotating basis. A group of farmers gel logelher and for one dry
season corral 2l thair animals in a field belonging to ane member of 1he group. The tollmwing
vear anolher has the herd on their field, and so on.

Manure produced in permanent pens near the homesteads

Throughout Lhe year draught oxen, denkeys, horses and small ruminants are kept overnight
in pens in the compaund, snd the manure they produce s transparted to the fields during
the hot dry season. In Dilaba the droppings of donkeys, sheep and goats are often added ta
the heap of houwssheld wasle, Howover, farmeors in Siquing keep droppings from small
raminants separate and wse them in Lhe home ficlds to manure certain spots in the millet
crag, They say that the manure (rem small rominants takes longer to have an effect on crop
yields than cowe dung, but thal once iL has slarted the cffect lasts for several years, As
categary 1 farmers own the most liveslock, Lhey tend to be in a bottor position to produce
ranure from these pens. Farmers in cateqories 2 and 3 produce what manure they can get
friem their small ruminants and axen.

Composting

Ouring the calenial period French extension workers were based in Siguing, where they
pramoled cotten and introduced composting and the use of manure. Compost produclion
was in lacl compulsery and dong en a collective basis, villagers used crop residues and cow
dung to make compost and alse applied crop residues as bedding in the cattle pens, which
were at thatl time commonal. The produce was shared between the various farms but only
used an cotton and groundnut fields. After the French sxtension agent left in 1942, farmetrs
stopped producing composl. Fromn the mid-fifties cnwards the cultivation of cotten as a cash
crop was abandoned in Siguing, when rainfall levels started 1o decline.

Curng the action-research programme, Tarmers in Siguing identified declining soil fertility as
a majar constraint on production. The researchers propused composting as a methed of
deafing with the problem and some farmers have now staried making compast again, this
tirme: of their awn free will. They dig the pit in Augusl when the soil is damp and start filling
iL with househald waste, the droppings of small ruminants and semetimes maize residucs
and tonia hay, They iake advantage of the last rains Lo starl watering the materials. Once the
pil has been dug it can e used for many years. Twe farmers in Lhe village have dug a pit on
the edge of the home millet field so that they can compost some af their millet stalks without
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having to transport them. They fill the pit after harvest, add a ot of waler, lhen dose it up
and leave it unti] the new cropping season when they emply it and use Lhe compost on the
fields.

The QACY introduced composting in Dilaba, advocating the use of weeds and grasses, The
practice was abandoned after the OACY left Decause farmers said that there were not
enough grasses and weeds avallable in the village area. 1 was re-introduced as part of the
actipn-research programme, and is being increasingly adopted by [armers. They make the
compost by collecling millet stalks, cow dung and small ruminants’ dropgings, putting them
in a pil ar heap 1o decompose, covering them with earth and walering them regularky. 5ome
farmers have also started composting the trunks of fallen baobab trees, which decompose
relatively quickhy.

Housshold waste

Heuseheld waste consists of partially decompased wasle lrom a variety of arigins. Inthe past,
iL playad no part in fertility management, bul il is now wsed on village fields in both study
sites. Farmers in Dilaba said that thoy started applying household waste in the 1570 after
the drought, combining it with cow dung and small ruminants” droppings. It 15 now widely
used in Dilaba and is starting to gain ground in Siguing also (see Box 5} The amount applied
by different farmess depends largely on hewe much they are abla to transpart,

—_— = - . . - - - —_— [ a = = =

' .E;nx 5 UElng huusehull:i waste

“Tha pjmnpatnr’y anal:,rsls B8 carnEd l:lut in Sh_‘iulné in “IEBEIS I'F"u'EEﬂI’.-‘d that fa.rm-.':rﬁ dld not use’

- _household wasle o their fields. There was a I:ug cammunal heap n Ij‘le village wheve people put their -

. waste but it sas r-.m wsedd @5 Feiilisei Farmprs onby used” manire” and SI‘HEI'" rurmnanis didppings on
villaga fields. The PA ended- wlth GE d|3::u55|t:m abgt how m Imprm"E “soil fertility managerent: afler '

“wihich 7 of the fase study farmers started o use malE-riﬂl fram tha comimnnal houschold heap. At

present, each hongebiold ivas its own waste heap na Ic:-n.ger pLtinTg iks. eubybish & :! rammunal enz.

n 1996 cne farmer started Loo ko improve the ruality of the hDUSEhUId wgste’ I:q.f mmng It with small

: 'rumllnams dlnpplngs and bj.' 199}‘ SEyEE] uther rarmers were EIISD dmnq SO :
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Use of organic fertiliser

The use al cranic fertiliser is affected by a number of faclors, including the ferility of the
ploy, soil type, plot lacation and the crap being cultivaled. Village fieids are manured most
[requently because many farmers lack the transporl Lo Lake manure 1o mere distant fields.
Farmers prefer 1o tely on fallowing to restore he lerlility of bush field soils since the
invastment in transport of organic materials to these would be too great.

Farmers do nat produce encugh organic ferlilizer Lo cover all culiivated village figids and
prefer to apply it 1o ihe moderatoly fertile alluvial and sandy sails, to ensure that they produce
sufficient millet, Because rainvall is low, farmers have to be careful not to put down poarly
decomposed organic maiterials, or even oo much mineral fertiliser, as this would burn the
crops. in Siguing, farmers in categeies 1 and 3 fertilise the same proportion of village Tield
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arca (see Table 5}, which suggests that categary 1 Tarrns are not fully cxploiting their animals”
potential to produce manure, On average farmers in Siguiné manurg a lgwer proportion of

thair farm land than their counterparts in Dilakba (Table &)

Table 6 Area of village fields manured on each farm

Sierrirg: Dilaba _
Carcgory M e S ol Lolal %% af total | Arca % of total
mararac dar=2d Wil F cultivated manurac aren
Vil E arca ' _
1 q 2.3 Ha 16% 933 3 7.0Ha 2%,
3 | 1.4 Ha 15 % %G o 0.0 Ha 11%
Average 12 1.8 He 14 % 7% 10 2.8 Ha 17 %

Siguing: average for 1958 and 1597, Zilaha: 2eeage lon 1955, 1936 and 1207,
il, I s willage Tield: M= Murmber of househo’ds.
Eourca; Jwn survel

Table 7 Characteristics of farms and levels of organic fertiliser production

-

SroLing* Dilaba
Warigble Category 1 Calegory 3 Category 1 Categary 3
#umber of households i 4 4 3 .- 5
Mumber of warkers 17.2 3 29 - LA
Nun_lber of c:arlﬁ _ 1.5 1 2 0.6
Menmbsar of cattle and oxen aG R 74 i
Falio {allowwicultivated area a.14 0,25 0,05 o.m
Arnzunt of househald wasic kgdHh 300 i 14200 2700
Armount of compost kgHn 1200 400 0 ]
Amount of manure produccd kaflh 304q 1] 12400 200
flanure from corralling kaHh L5 B0 15800 0
Srewall rurninants” droppings kofFh 1000 GO0 ] 200
Fatal urﬁanic fertiliser producticn kg h 2300 AN A3E00 3500
Qrpanic fertiliser per worker fkg) a8n - i} 1500 1460
Organic fertifiser per hoctare of millet £kg) G20 A1 1738 G40

*Siguing: based crily on village tields and meraged fre 3996 and 19397, Dilaba: sased ur all figds and avaraged For

1595, 1390 and 1947,
Sorea: Shnerd suney
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Table 7 shows how much of each type of organic feriliser was used in the Lwae villages. On
average, farming houssholds in Dilaba preduce three times as much fertiliser ag those in
Sigquing, This is because farmers in Dilaba corral their ivestock for longer, keep their axen in
cattle pens and systernatically collect and use hausehold waste. The amount of organic
fettiliser applied to fields vartes according to the category of farm, rainfall in & given year and
the site.

The average farming household in Dilaba uses approximately 1.5 o 3 Limes as much arganic
fertiiser per hoctare al millel as its counterpart in Siguing. The awailability of fallow land has
a major influenze on Lhe uze of organic fertiliser since the smaller the ratio of faliow to
cultivated land the mare is used. In both wllages, atcgary 1 tarms use more organic fertibser
than those in category 3, refleciing their greater capacity to preduce and transport this
cormrnodity since hey own maore [ivesteck and mong carts {see Table 7).

During the group discussions on scil fertility management farmers listed a3 number of factors
that they felt affected whether and how they used organic fertifiser. These included the
availability of labour, water, access to transpart, how many animals they owned and how
they managed them.

Avaitability of labour, livestock and carts

The quantily of organic fertiliser produced largely depends an Lhe number of workers farmers
hawe at leir dispesal, the workers' commitment and the number of livestock. Qrganic
fertiliser is generally made and transported in the dry season, which is when many warkers
leawe the village. Thase who remain often do nct regard making or transperting arganic
ferliliser a5 a proper agricultural activity and they prefer to take up off-farm wark to earn
some income. In Dilaba, for example, many young men spend most of the dry season away
from the village, only returning at the start of lhe agricultural seasan. The money they earn
is. spent on clothes, livestock, tadios or taxes.

In both villages, levels of manure use were found to be desely related to ownership of
livestiock, Category 3 farmers in Siguing use more material from their waste heaps than
rnanure because they do not have many animals (Table 7). Farmers also s=erm 1o adopt mare
lakour intensive methads of produding organic fertiliser when pressure on land increases. In
Dilaba maost organic fertiliser is produced in the compound and transperled to the fields,
while in Siguing about two-Lhirds of the manure used on fields is produced by livestock in
pens. Farmers also said Lhat Lhe shortage of carts prevents them from applying as much
organic matorial as they weuld like to their fields. This was barne out in Dilaba, where the
amount of househeld waste transported is directly related to the number of cans available,
Those without carls had to barrow them from other farms when Lhey needed to transport
their organic: tertiliser.
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Availability of water and grazing areas

Lack of waler during the dry season makes iL dilficult for farmers to compest fully their
manure and crop esidues. Az the only sources ol water in the dry season are wells mare than
40 metres deep, rescarchers proposed that farmess try out other ways of recydling thess
materials, such &s rainy season composting.

Livestcck play a crucial rdle in maintaining sofl fertility in bath villages. In the past, Tarmers in
Siguine without livestook wonld provide transhumant Fulani herders with water for thair
animals during the dry season in exchange far manure abtained by corralling the hord on the
least fertile parts of their fields. However, herders abandoned this practics in the 1970s
because the village wells and pands weare getting drier each year, while the expanding
irrigation scheme nearby oflered more abundant water and grazing. When Lhe ponds in the
Siguing bush dry up, the cattle now move to the harders of the Office du Miger irigation
scherne, where they wait until the rice fs harvested and then graze the stubble. Today Lhe
anly animals cerralled in Siguings home lields during the dry seasan are livestack ownerd by
the villagears.

Faor @ large part of the year vestock feed on fallow land and in the communal, semi-wooded
grazing lands. For the dast twenty years or so, liveslack herded by Fulini herders have bean
spending the rainy season on the grazing lands of Siguiné. Kany of the cattle they herd now
belang to rice farmers in the Office du Miger area. The woodlands have alse. hecome an
impartant scurce of firmwaod and construction wood [or people of Miano-town and from
villages within the irrigation schame.

The sylvo-pastoral xones araund Siguing are being used at the lrmil of their capacity, as can
be s2en in the declining ground cover, grasses, hetbs, bushes and lrees, and are nearing
overuse (MDBE, 1999, Farmers in Siguine, however, blame much of 1he deterioration of
village woodlands on groups of Bella who migrated dowin fram the nor ik with their herds of
sheep and goats after the greal droughts of 19723 and 1983/ Fressure on Lhese sreads s
expected te increase further as more land is clearad for cultivation and livestook numbers
carstinug 1o mount.

Dilaba has access w0 only one area of overgrazed pasture, which is shared with another
village. It is alse used by cait owners fram Segau, who go to all the surraunding villages to
cut hay for livostock kept in the town. The limited pasture and crop residues available in
Dilaba are exhausted befare the end of the dry season during years with less rainfall, and
vestock Lhen have iz leave village lands in seasch af pasture. Their departure to more distant
Qrazing areas rernaves a significant guantity of nuliienls from the farming system, as they will
deposit their dung clsewhera, Only draught cxen are kept close to the village, stalled in pens
during the dry season, but as farmers anly pravide a limited amount of litter they can not
obtain much organic matter in this way.

It is important to manage the collectively used pasture areas better so that thay are not
cverused and degraded. It is also easier for farmers to produce crganic fertiliscr if their
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arimals are kept on or close ta the tarm. nthe past villagas had custormary rutes regulating
lhe use af commaon Tesources such a8 Lhe wild fruits hansested in the area. These rules used
lo be respected by hath willagers and cutsiders, but unforturately this is no langer the case,
They were partly undermined by the government’s declaration at independence that all
unicultivated and befonged o the Slate and waould be managed by Lhe forestry service, This
resulted in sylvo-pastaral land heroming de facio open-access areas, which has not facilitated
the developrnent of an cffective management system, If land uge is to improve, land users
will have o change their behaviour. New legislation and local ty-faws will also need 1o be
recagnised and enforced.

hali is in the process of implementing a decentralisation policy. This could have an important
impact on soib fortility management if it results in grazing areas being better managed.
Hewever, the results will Targely depend on how the decentralisation take place and the wey
in wiich new caundis Manage Naturgl resources under teir jurisdiciion, Fanmers s Dlidke
l:elieve that decertralization may exacerbate the already unequal access to resources by
different villages, as they fear the imposition of more restrictions on using land clsewhere.
Howwgwor, they afso said that it could lead to belter management of local resources and
imprave the management of pasture, herd movernents and forestry rescurces. Farmers i
Siguing are al Lhe cpinion that they will be in a slronger position o protect their natural
resaurces frem abuse by people from Niano and neighbouring villages,

Promotion of cash crops

In the past, farmers in both villages had been encouraged by the government to use manure
and mineral ferlilisers to increase production of cash crops. It Siguing the production of
arganic fertilisers for catton was promecied during colonial times, but farmers stopped using
them when the French extension worker left, and cotton cultivation geound to a ball.

In the 1670s groundnuts were promoted ag a cash crop, The QALY delivered seed and
mineral fertiliser to farmers on credit and hen bought the Rarvested groundnuls. Both
villages were affected by the promotional aclivities of CACY, although these were lower key
in Siguing than in Gilaba, Such assistance never extended to subsistence erops, like millet,
apart from general recommendations on how 1o grow these crops. The use of mineral
fertilisars was largely abandanod when he develapment agencics withdrew from the village
in 1981 and farmers lost access to inputs and an easy and assured markeling channel.

In the second half of the 19805 anoLher extension programme arrived in Dilaba. Groeundnuts
were once again promated as a cash crop, and seeds and mineral fertiliser were availatle on
credit. . This prograrmme pramoeted too the use of mineral fertifiser on millet and made i
available to farmers on credil. Some farmers were reluctant to use fertiliser as they war
worried about not being able Lo repay their credit if yields were low.

Mineral fertilisers are now being used more in villages around Segou, especially when they
can be purchased on credit. Land i€ very scarce. in this ared and fallowing is no longer an
apticn far restoring soil lerlility. Since farmers cannot prodoce sufficient manure and there i=
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not encugn labour available to produce large amourtts of compost, they are gradually sing
mdore mineral fertilisers. Farmers in Dilaka are likely to fallow this example.

Same of the {armers in Siguing started experimenting with small quantities of mineral
fertilisers. In 1997 a categery 3 farmer in the village bought % kg of DAP which he mixed wilh
millet seed betaore sowing, a practice which is widely used in tho ama to combat striga. He
wias vary pleased with the results. Other farmers saw or keard abogd whbat he had dene and
tried & as weell. Farmers in Siguing could dovelop this practice further and improve ils impact
by making betier use of available rainfall, reducing runctt and improving infiltraticn.

Sustainability of farming systems

A farming system can be reqarded as stakble if rescurces are axploied in such a way as Lo
maintain the system’s technical and socio-sconemic petential and to guaranten the survival
of future generations. The population in both villages has grown sunstantially since the late
19505, In Siquine, for example, the population mane than tapled bevween 1958 and 1298 but
miilet yields only ncreased fram about 550 kgha in 1958 to 700 kgha in 1998, Some {armers
have increased the si7e of their farms 1o meed the food needs of 4 growing populatior, but
this strategy = net an opticn for llages such as Dilaba which face g shortage of land.

Partial nutrient balarces

One of the objeciives of this rescarch was 1o draw up a partial nutrient balanee per hectare
of [and under millet for cach categany of farm. The farm maps drawn daring Lhe first phase
of the action-research programme were used o produce Lhese batances [Dembélé et al.,
1998). Partial nutrient balznces were calcolaled according Le a model developed by Smaling
(1993) and adapted by Deloer el al (1228). An znalysis of partial outrient balances shows
Lhat neilber lield system presents a pesitive outloak for agionomic Sustainabilicy (Tabbe 8}, The
bush fields in Siguing are the most deficient in nitrogen and potassium, which fs nat
surprising given that no fertiliser is used on them. However, the effect of fallow has not been
included because the study period was too short. T account is taken of fallowing, nutrignt
budgets far Siguiné are likely to be mare positive.

The nutrient deficit for afl categories of farm is more pronounced in the village fields in Gilaba
than for those in Siguing, although Dilaba produces more organic fertiliser it also has higher
yiglds, and the owtfiow of harvest and crop residuas is therefore higher. Hewever, farmers in
Bitaba have been cultivating these fields for many decades withgut any decline in yields
(Kater et al., farthcoming), it weuld seem that cutflows are boing campensated partially by
the nuinent stocks in the soil 2nd by other flows which have not been taken inlo account,
such as atmospheric deposits, weathering, fallow perinds and  biological  M-fixation
bdorcover, farming technelogies have bocome more sophisticated and farmers lake maore
care of their grop. Mevertholoss, since sails in both willages Rave inherently low fertility
nutrient stocks are incvitably limited and thers is a real risk of seils becaming degraded,
particularly in Dilaba where fallow is na longer feasible.
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Takle 8 Partial nutrient balance for millet-based systems for ane hectare (1996}

Willage  Swstem Catagony 1 Categon 2 Catogony 3
M L 4 M F 4 M P k.
| Siguiné  Willage ficld -4 -2 23 -1 -1 -i7 -8 -2 -G
Bush field -0 -5 -ED -4 -3 =30 -ZE 4 -3g
Dilaba Village field 23 -3 36 =25 -4 43 =24 -3 -3E

Source: Jwwn survey.

Promising technologies emerging from the action-research

Farmers and rasearchers worked foogthor {o identify ways of increasing productian which are
now heing used at both sites. Farmers in Siguiné and Dilaha helieve that if they are Lo develap
sustainable farming systems they must use more organic fertiliser and grow crop varisties
that are hetter suited to current levels of rainfall. They started with a visil 1o the colkton
gronving area of southern bdali wihere mary such melhods have been successfully employed
[or & number of years,

Box & ngamc fertiliser production in Dilaba

Al th: farmnors in Dilaba produce mghmc fortiliser but, according tcu several villagers; ﬂ'1I'EE farmers are '
rurrenﬂj.f sagnificantly. in. acance of the rest. These ace the penpla sehin in 1999¢ partidpated inoan
E-m:hange visil Lo lhe soulh ol holal, whem Orgar'm: lerliliser pmduﬂlm |S veell developed, CCIIT‘:FJIDHIHQ )
crop rem-:lues partlr_ularly rnpn:—&sed ..hE ﬁ1ree farmers They -are I:Ii:l-'n.fll:Il.I5|'5-' enthusizstic db{!Ith .
improving soil ferdlity management an their fields and usa metheds that they saw during the visit. -
Other fa nmneTs arg waiting 1o see what res.ults they get, for 25 one of themn put it * A technalogy cannat
b uw_d b Eweryune at U‘lE sarme til‘ﬂE Soimecne has to be the first to test itWhen the resulls are
satisfactory others will follow. " The actinn-research has made people in the village much more aware
of seil fE]'tiIi‘qr managemerit'and the importance of manure, comgosting, and recyding crop rosiducs. |

 Some Tarmees nonve pay children between 300 and 500 frang IL',FA' o oo and collect a bag of oo -

) dung from thE- communal; QrAZing angas. :

Given that many draught axen are stall fed in Dilaba, the researchers suggested that farmers
conld use their crop residees as a more ewicient feed if they were chopped up with 2 chaff-
cutter, This device cuts millet and sorghum stalks in piacas which are then mixed with
molasses and ures to increase ther fodder value and make thern easier to eat. Farmers now
store maore crop residue as fodder or Iitter for draught oxen. The manure and leftovers are
stored in a pit or heap on the farm. Farmers and msearchers have also warked tagether an
recycling household waste and composting the droppings of small ruminants during the rainy
season, Both actiities.are newr comron practice. Howewer, the quality of the manore and
compast could be improved in hoth villages by adding rock phosphate or urea.
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Expansion of the irrigation scheme

Many villages neighbouring the Office du Miger scherne wiould like to have access o irmgated
land., The creation of the Bewani irmgation zone in recent years has furned this wish mlo a
reality for 39 villages so far, induding Siguing. Bowani is still small as thore are presently only
1,000 hocares of nce figlds compared with the total target of 15000 hectares. Bul when
complete, the now irigation scheme s cxpected to bonefit & large number of villages as weell
as private investors. Houscholds 0 the scheme have rice fields ol between 0.25 angd 1
heciane, znd farmers are cxpected to contribiote labour or money {300,000 [rancs CRA per
ha) towards Lhe installation costs of the scheme. The government and donors will linance the
mnain inlrasleuclural work such as canals and drainage ditches (Touré et al_, 1997).

Acress to more irrigaled land can make farming systems in Siguing more stable and
financially viable, as cueltivating rice and other crops with irigation is tess risky than growing
rainfed millet. The Bewani development is thus likely to have major implications for current
farming systemns in the village and there are several possible scenarios.

H Siquiné farmers can earn a reliable income giowing imigated rice, they may decide 1o
rediece the area under millet and only grow enough to cover their houssheld needs, At vllage
level this would mean thai the total area under rainfed cereals would decrease and the area
nder faliow would expand. Farrmers would alse be able 1o invest mere labogr, management
and inputs in these smallar, more nearby vllage fietds, '

Bewani could alsa change the way farmers rear their livestock. IF they carn monz, farmers are
likely to invest their additional ingome in livestack, which constitute the farmilys savings. They
may continue ta rear vestock extonsvaly ot arne likely o come up againsl Lhe same
restrictipns that thoy do now, as any increase in fallowr land that can be used lor grazing is
likely Lo be affset by & growth in berd size. [ on the olber hand they rear livestock more
intensively, animals will need Lo be skable fed, leading Lo an increasa in manure production
which 1hey can uze 1o grose vegelables on Lhe irrigaled plot during the dry season.

Conclusions

Experience in both case study villages showed that, when lang fallew poricds are no lenger
an opticn, ks not possible to continue farming i a sustainable way unless farmers apply
organic and mineral fertiisers. At the momeni farmers in Dilaba rely mainly onerganic
tertilisers and these are ingreasingly being used too on the village fields of Siguing. Fallowing
rermnmains the most important practice for maintaining soi fertility on bush Gields in Siguing.

Howeever, Bz sludy also showed that not enough organic lerliliser is being producec and
applied Lo bring the parlial nulrienl balances inlo equilibrom. Farmers find it difficudt 1o
produce and Lransporl encugh good-gqualily organic {ertiliser [ar their fields’ needs and many
of them cannot allord Lo buy sulfidient mineral fertilisers to complement arganic inputs.

1 The cument oxCRange rate i3 1400 Franc C1A far 1 Frensh Franc,
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Fromn an econormic point of view, low and unpredicable farm-gate prices for milles make it
difficult for farmers to find the wherewithal to make such investrnonts. Davaluation seems o
have improved the terms of trade for growing millet without external inpaatst, bug many
farmers =till have limited purchasing poweee, There 15 thus little incentive a3 yot te invest in
mineral fertiliser to balance the loss of nutrients causod by cultivating corcal crops.

The current outcome is a farming sysiem which cloady cannot support continuous pepulation
growth and some people have to find waork outside the agriculboral sector Having said Lhis,
Siguing is something of a special case and ifs future does seem brighter because of Lhe
appatunities now offored by the now irrigation scheme. This will also affect the village's
rainfed farming system, although the exact cansaduences remain 10 e Seen.

This study has shown that there is considerable diversity in farmers’ condilions and seil
foriiiy randgement sirgieyiss and ihere s no blankei soiuiion (o inproving soi jeniidiy
management. A more parlicipalory aporoach Lo soil Tertility management is essential, to take
account of the diversity of management techniques, and as illustrated by the two study sites,
iL generales energy and creativity both within the farming community and among researchears
and exlensicn workers.

2 The price of millel in the e ol Segou varied between 30 and 53 Tranes CEa per kg oefare Lhe corrency was
chwalued an 1994, Frices then 2west doubled to 101 FCRA per kaq during the 132571596 saasnn, befare falling o 27
Francs CEA IR 19396414997 (oS, 1998, The price in December 1998 was B0 francs CFA per ko
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Rehabilitating soil fertility
I Burkina Faso

[Burkina Faso |

kirsi m

Cuagacdougog

m Thicgou
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M. Banzi,

R. Zougmora,
5. Youl
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Introduction

Burkina Fasz is a landlocked country i the West-African Sahel, The agricultural sector is Lhe
rmainstay oi the econcmy but it has 1o cperate in the face of many constraints. Over the last
lewe decades, rainfall has become increasingly unreliable and the country suffered major
droughts in the 1970s and 1980s. Pressure on nalural resaurces is increasing. Farmers have
to maintain their lvelihoods in' these unfaeourable and changing <onditions, and find
solutions that will allow them to continue cullivating in a sustainabie way, This chapter
analyses Lhe dynamics of soil management in two villages and focuses on several promising
technalogies which include composting with rock phosphate, nlanting pits (zars) and
methods to conlnol sail crosion.

Methodology

The hwo case study villages, Thicugou and Kirsi, were selected because they had both been
part of ongaing research programmes. A database was available which could be used to
Sludy how farming systems have been changing. In addition, secendary data was collected
for each region, mostly from the archives of various government senvices. Supplementary
fesearch was. undertaken to assess changes in 2ol fortility management in the case study
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villages and a nulrient budget was elaborated for Thinugaou as part of the VARIMUTS research
TOgERMITIE

Seweral projects funded by international donors are operational in both villages. Kirsi benedits
fram a large soil and water conservation project, Lhe CESFAGF, which is active in the densely
populated central plateau of Burkina Faso. This project warks collabaratively with the Institut
de IErwironnement et des Recherches Agricoles (INERAY on ithe developmenl of new
technologies and has greatly influenced soil managetnent and erosion contrel in Kirsi {{MERA,
1989). It has provided technical, financial and material suppart for manure production, the
construction of stone lines and planling pils. CES/AGE has also encouraged the development
of cost-effective approaches 1o anti-erosion worls.

Thicugeu falls within the intervention zone of the PIN/Z%, a programrme that supperts the
regional extension service but does not carry out any activities of ils own. it has provided
training, supported a credil system for purchase of agricultural inpute, supplied farmers with
srmall items of equiptnent and facilitated the provision of cement {or constructing manure
pits. PDIZ also supporls Lhe exiension service in its work ta promete more intensive use of
organic fertiliscr. This hag included organising competitions for *the best compost producer’
in the region.

Overview of policy ¢change in Burkina Faso

In the pre-colonial pariad, the central plateau was occupied by the Mossi peeple under the
rule of kings and paramount chiefs. They were conquarad by the French, whao formed Upper
Wolta in 1897, created a new adminislrative system, introduced military conscription and
recruted labour to build roads They also imposed a head tax and compelled fanmers to
cultivate cotton in thair mast lerlile fields, destinad for the textile induslry in France.

Independence came in 1960 and between that vear and 1983 political power changad hands
four times as military leaders successively deposed thefr predecessers. Captain Thomas
Sankara came to poawer in 1983 and in the following year changed the name of the country
1o Burkina Faso, the 'land of honourable people’. A radical leader, Sankara introduced a new
vision of econamic and secal development based on principles of self-sufficiency, honesty
and dignity. In 1937 he was assassinated in a colp which brought Capiain Blaise Compaare
to power. Compaoré has since twice been elected a8 President.

Baoth Sankara and Compacré have been actively concerned about erwvironmental degradation
and lkunched nation-wide campaigns such &5 Sankaras "frals futtes' for three challenges)
which focused on bush fires, unsupervised livestork and excessive wood cutting {see Box 1)

1w ARINILITS stands for Spatisl and Ternparal Vanatians of Soil Mutrient Stocks and Maziogernenl in Sub-Sabka ran African
Systems. This research programme is ungdertaken in Burking Faso and Kenya and financee by the Eurooean Uintan,

2 Prograrnme Specal do Coasesation des Eaux et Solfgro-Fonastiere dars o plateau censral, or Spadal programn: for
Fail anel water Consenation and Agra-foresley linancod 1y IFAD,

3 programme pour le Cévelcppement Tnbdg i au Sauchwéogn, or Integrated Developrmenl Progiamme in
Zonudwioge financed by Lhe govemment of the Ketharlands.
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Compaaore has also launched campaigns such as ‘one wvillage, one forest' and supports
naticnwide competitions between farmers and villages on the adoption of technologies like
planting pits, stone linas, compesting and the use of locally produced rock phosphata.

I B::m 1 Les trois .f.r..rt'tes or Fhe Three Challenges

‘he ﬂnree FAAiR: Enwmnmen'tal E".I'I|S ||:|ent|f|E|:| |n ’IEEE I:I:.r the Departmr:n‘ nf the Enwmnment weTE
E:cnssv.'n: wundcuttmg, unsuper'.rrsed .vandenng !wert-&::k and bush tiras . The campaign against them 1
was rhrl-atpneri the’ Thrge Lhallenges” -and 1he main J}rﬂtagnms.l,s weere ruml, peupl:e riyanigiel’ indo -
i _;reen brl_;ddeb “and de[ent:e mrnrmtlee:r Thes weas. |n|t|d||-3.f a rl-;_:-uceahie TEd'LICtIC'r'l |n ﬂqe rlurrlber ol
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Agricultural policies

After ndependence, agricultural poficies were sector-criented and focused on developing
cash crops in collaboration with fereign agricultural developrment agencies and companies’,
Howewer, the results were disappointing and the exclusive focus on cash crops, such as
cotton, seems to have heen one of the major factors contributing to the degradation of
natural nesources.

A new approach to the agricultural sector's prablems was doveloped in the 19%1s. This was
knowen a5 inlegrated rural development and was implemented through various profects and
stale supporled agencies tor rural development. Donor assidance increased substantially
after the greal drought of 1973 and was channelled into programmes adopting  Lhis
approach, while an a more general level he government aloe supparled research, marketing,
banking and distribution.

A nurnber of projects were alsc set up 1o pramote the use of mineral fertilisers. Between 1970
and 1976 large ameounts of State subsidised fertliser came onto the market, and from 1976
to 1986 the 5iate alsc launched a Maticnal Fertiliser Programme (PME) which shiowed farmers
how to use feriliser cn varicus crops in diferent agro-ecoleqgical zones. The Fhosphate
Project promoted the use of local rock phasphate and imported phosphates. The Fertilisars
for Feod Production Project, {PEV) ran from 1986 to 1997 with the cbjective of pramoting
the use oFf arganic fertiliser and rock phosphates produced in Burkina Faso. PEY further
commissioned INERA to research aptimal applicatton rates for fartilisers (Sedoga, 19987,

Howwewer, neither the new approach nor the usc of mincral fertilisers promated by variaus
integrated rural development projects scemed able 10 pratect the country's natural resources

4 Thea included 1ke Bureau poor Je Dévelnppernent de la Preduction Aghcols (BORS) Lompagric Franaie poae e
Develeppement des Testiles (CFD1) Compeanic Internationale de Coveloppement Gural (CI0R), Socete d-assurance
Technigue et de CaopEration {SMECT

Burkina Fasja m



fram further degradation. Toweards the end of Lhe 1950s a more integrated approach towards
natural resource managamerd and local development al village level was advocated. Called
"Grestion de Ternpir', or land managemend wilhin the larritory of one or more villages, it was
increasingly adopted by programmes and projects in Burking Faso. It has become the
mainstroarn appreach to local land use management, and is often used in combination with
participateny methods for analysing problems and planning activities.

In 1991, under the guidance al the International Monetary Fund ((hF) and Wortd Bank, the
government started irmplemenling an Agricultural Struciural Adfustment Programrne (PASAS)
ta reform Lhe agricullural seclor. This has involved abolishing subsidies, liberalising markets
[ar inpuls and crops, abandening the minimum grain price and promating invelvement of
Lhe privale sector in comenerciatisation of agricultural inputs and ocutputs. The Governrnent
was advised o pull out of the fertifiser sectar and cereal marketing, but when the private
se v Lo nowed (L raised Terliiser puives aod owered e quelily of e prodecls onosaie. T
has had seriaus implications for the rural econcmy as producers are now no longer able to
obtain good quality agricultural inputs at favourable prices.

I January 1934, all the countries belonging to the West Afncan Monetary Union devalued
the CF& franc with 50%. As a Tesult, the price of imported agricultural equipment and inpuls
daubled, Finging that they could no lenger afford to by mineratk fertilisers, fzrmers ool down
an their cverall use and na longer applied the doses recemmended far parbicular crops.

The Government decided to tackle the prablem of peor soil fedility a3 a matter of prioity.
Eetwean 1995 and 1997 the Ministry of Agriculture consulted wilh inleresled parties and
developed a national policy and strategy for integrated soil lertilily management®. A
programme of activities was prepared by the dinistry in 1997-1998 and is currently being
implemented in conjunstion with agricultural research and MNGOS. 115 Twd Main camponents
are technologies for impraving saoil fertility and the creation of a socio-economic
envirgnment favourable 1o investinent in soil Ferlility (Min. de 'Agriculture, 1996a; Sedogo,
1998).

Land tenure policy

Insacurity of land tenure is a particular concern {or Lhe many people who left the
disadvantaged rones in the central plateau for areas with higher rainfall and mere land in the
South. Itis also an isue for migrants reluring to their villages after long periods in coasial
countrics.

In 1984, the Sankara governmenl inlroduced the Réorganisation Agraire et Fonciére to enact
lagislatian which codilied a ‘modern’ tenure system based on controf over land for those who
worked it This legislalion radically rejected any role for customary autherities, regarding
themn as “feudalistic’ {Lavigne Celvile, 1999} The government took aver responsibility srom
custamary aulhorilies [or altribulion and retrieval of land. It was to become the task of newly

S WNIth assistance af the Africa offios ot the Intsznational Fertilizes Daveloprment Certre (IFOC). -
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elected commiltens, operating at village level. However, lraditiona! caders resistad this policy
and customary land tenure systems still prevail at village level.

The legislation of 1284 was complex and increasingly considered inappropriate with regard
to customary rights. Successive revisions fallowed in 1991 and 1996 under the haading
Reforme Agraire el Forciére. This new legislation allowed e privalisation of agricultural
land under customary land tenure systems, stating that this weould strengthen scourity of
rescurce ienure and increase agricultural proguctivity Whiile cuslomary rights ang formally
recagnised, no leqal salequards are previded and so does not conslilute securily ot tenure
ior most rural people {Lund, 1998; Lavigne Debville, 1929 Ancther inlenlion of the new
legislation was the desire 1o ladililate land doveloprnent, predaminantly by clarifying righits
betecen landowners and wsers about troe planding, anti-erosicn measures “and  Lhe
applcation of ferilisers. However, having been drawn up without the participation of 1he.
people it was supposed to help, Lhis legislaticn has gane largely unheeded.

Characteristics of the case study sites

The case studies covered two different agro-ecosystems. Thiougou is siluated 130km south
of the capital Quanadeungou, near the Shanaian bosder, while Kirsi is aboul 150km north of
the capital. Both villages have easy acoess to roads and local markets.

Climatic conditions in Thiougou are relatively favaurakble to agricultural productian. Thera s
a rcasanable amaunt of surlace vegetation, which limits the erosive effect of rainwater on
the soil although when tihe rains are heavy there is mun-off and gullies inevitahly lorm. The
raimaatar also washes minerat elemenls down from ithe high ground to the allevial plains and
battomlands which, as a result, have {ertile solls. ' '

The climatic conditicns in Kirsi are less {avourable. Productiaon systams there are quite fragile
and unslable. Annaad rainvall is low and wnevenly spread over time and space and in some

Table 1 Characteristics of the villages studied

Mo, at inhalbilants

per househald tha)

2,812 (232 housahaleds)

Characteristics Thicigou Kirsi
(central-5outh) (cenlral-Morlh)

Rainfall range {mmém) BOO-1500 S00-200

5oils (FAQ classitication) Lithosols and vertisols Lithesaols and Luvisals

Altituda {rnash 300 200

Population density (ppkon 47 S7-e0

4,560 (450 houssholds)

flaitn Srghas “orghuin, millet, maize, Saerghurn, -millet, cowpea,
greimdnuls groundnuts
iledn ared coltivated i3 5%

Sources: IMERA, 1983; VARINUTS

. TSS9, meen sundey,
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parts of the year crops suffer from water striss. When the rain does fall it can be very heawy
and gause erasion. This remaves the topscil lcaving bare, crusted land, producing a gravely
hard pan {zipeliés) whica then requires remedial work such as planting pits or stone lines e
make it cultivable again. 4 study in the pravince estimated that 15% of its total surface area
was taken up by bare patches of zipelé (Kahard, 1994,

A variety of trops are grown an the twe siles. These include sorghum, milled, maize,
groundnuls, cowpea, sesame, cotton, Bambara groundnut and various vegetables. Cotton 1s
groven in Thiougou and scld 1o SOFTEX (Société de Fibres et de Taxtiles du Burkinah, and this
enables farmers to purdhase ferilisor an credit. Because of the low levels of soil lertility and
adverse natural conditions, farmers cannal always grow sufftcient food fer their household
needs and sormetimes have to rely an oll-farm incoims to see them through pericds of foad
deficit. Foad security is particularly a problern in Kirsi,

Livestock are reared oxtensively and include on average a dankey, a lew oxen and other
cattle, some sheep, goats, chickens, guirea fowl and pigs. Dankeys and oxen are used as
draught animals, Cattle awnership in Kiesi is limited: ¥5% of all households have ne cattle,
Most households in Thisugou have catile.

The production systems are essentiafly managed by large households that farm with a
rrinirtum of equipmenl, use little or no mineral fertiliser and apply only imited amounis of
crganic fertilisers. The head of the extendad family is responsible for managing collecively-
wiorked fizlds to praduce the crops io meet the household's food security and Basic needs.
Ha thercfore ensures 1hat priotity is given to these fields by all family members. As @
consequence, individuals within the extended family are not able to spend much time on
their cwn fields. Seme large exdended families, howeaver, are undargoing fragmentation inlo
nuclear hauseholds which farm land autonormosh.

Farming systems

Thiougou

The Central-Southern region is a flat area with relatively fertile sails, better raindall than Lhe
Morth and greater poential for agricultural diversification. Rainfall in Thicugou ranges

between 800 and 1000mtm a year fsea Table 1) There are also substantial rosenses of water
ard exploitable bottornlands..

The population rose from 1,935 peaple in the 1980s to 2,612 in 1997, B0% of whom are
bdossi and 20% Bissa. The armount of land under cultivatian in Kirsi has become 5 times
larger bebwern 1960 and 1998 and is increasing at an average of 5% per year. Gemographic
pressure is still relatively low, with a population density of arcund 47 people per k.

There are 232 smallholdings in the village and between them they own 310 ploughs of
wvaricus types, 300 machanical weeders and pieces of mounding cquipment, and 55 donkey
carts. Both oxen and donkoys are used far animal traction. The main crops here are cersals
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ard groundnuts, In 1926 the sarghum yield was 650-700 kgaa, vields for millet being 550
kipha, for maize 350 kgdha and for groundnuts 650 kahia (VARINUTS, 1997)

Land in Thiougou is used by farmers and semi-nomadic Fulani herders. Fulant hicuseholds ars
uften located away from the village fields to avaid damage to crops by their hards (Holworth,
1993). Some [armers use the large Fulani herds as a saurce of dung, imating the herders to
corral the liveslack on their land in cxchangeo dor water and other products, Other farmers
buy manure or are given it free by the Fulani.

Land in Thicugou is acquired Lhrough [amily inheritance 2coonding to custormany law, Farmers
there still have a reascnable ameunt of land 21 their disposal, although some of herr ciled
lack of land for agriculture and grazing as a conslrainl an preduction (GARINUTS, 19970
Fallowing is still used as a3 method of restaring sail fertility in Thiougou which has 303
hoctares of household fields, 185 hectares of village fields, RO hectares of bush fields and
about 6,561 hectares of uncultivated land used far pasture and fallow. This typaleoy of fields,
that is, howschold, village and bush fields, results from the dispersed patiern of Bossi
setlernent. Household and village fields are near the homestead but bush fields can be
drcated gt & distancs of gver 15 &mr. The hovsahald felds are the besit fartilised and support
bolh burgry season craps and the mest nutneni-demanding craps, such as maize and red
sorghum. Less demanding crops are grown an the village and bush fields, which receive
hardly ary inpuis. '

Garoundnuts, cowpea, rice, red sorghurn and more recently cotton are grown far sale. These
products are sold &t the large local markel, I neighbcuring towns and at the nearksy borders
with Ghana and Togo where inputs can also be bought, Households in Thiougoe earn
significant ameount of meney through trading peultry, small reminants and cowpea with
ishana, where they also buy mineral fertiliser. Revenues are alse used Lo purchaze [arming
couipmant ang carts, '

The agriculturat extension senices have identified the main agriculteral problern i this aiea
as declining soifl fertility and they are helping farmers In Thicugou to address this issue,
Farmers are currently trying out new techniques such as improved cereal-lequme associations;
crop ratalion; the use of arganic feriilisers, such as manure and compost with Eurkina rock.
phosphale; and combining organic and rmineral fertilisers on careal craps. Local varieties are
progressively being replaced with new varigtics, particularly maize, cowpea, and rice.

Kirsi

Kirsi is situaled on the central plateaw to the north of Cuagadougou, 1t is an area of high
demagraphic pressure, low rainfall, low levels of soil fertility, serious water erasion and
emvironmental degradation. Ranfall varies bebween SO0 and 7D0mm per year, with
significant variations in Llirme and space (sec Tablo 1)

Villagers come frorm warious ethnic grougs, indluding Masst and Bulani, and are mosthe
farmers who rear pouliry and small ruminants extensively. Thoy use thoir donkeys and few
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harses far transport and any cattle are usually lgoked after by Fulani herders. There is
considerable human pressure on land in this region, with argund 57 people per km?. Lack of
land has forced some farmers to cultivate on marginal, easily eraded, soils and in some areas
the land has become so degraded that pecple hawe ledt the region and migrated to the South
of the country of abroad. Remitiances from gut-rigrants are & major source of income for
households here, mostly vsed to meet basic needs.

Fiedris are planted with pure stands of cereals such as sarghura ar millet {local and impraved
varietiest and association of cereals with ather crops. Muost households are not self-sufficient
in foord_ Some agricuftu-al products are seld inlocal markets and in the provingal capital. In
the 1960s coton, fice snd tobacce wens important crops but they are no langer cultivated,
rrohably because rainfall has dedined in the last thirty years and soils in the village hawve
becane less productive, Fowsavar, farmers are starling to develop market gardening since the
Lonsirueiion ul o Darsdys g Ui village.

Farms in Kikst have less equipment than Lhose in Thiaugou. There are anly 48 carts and 92
plaughs {maostly donkep-drawm} in the whole village and none of the farmars have any
equipment for mechamcal weeding. :

The main problems in this zres, according 1o extension services, are the physical and chermeal
degradation of soils caused by waler and wind ercsion, and dermographic pressure on natural
resources. But Kirsi is located in 2 region wihich has 3 very high concentration of RGO and
village associations, and local people have benefited from the services offered by both NGOs

and the national extersion nelwork. Since the 19805, this assistance has helped the local .

people not anly to improve the infrastructure but alsa to do a lot of wark on improving sail
productivity, rebabililaling degraded land and using valley bottam lands mane efficiently
(Min. de "Agriculture, 1993).

Stane lines have been installed on 411 of the 2,454 hectares currently under cullivation and
farmers alzo use planting pits, mulching and anti-ercsion bunds to rebabiliLate their land.
They planl grass strips on watercourses ta slow down minoft and help prevent erosion. To
imprave the soil fertility of planting pits and some hauschold fields Lhey use small quanitities
ot argamic lertiliser made from household waste, crop residues and animal dung, but they
rarely il ever apply mine-al fertilisers. As many farmers lack the Lransport to carry manure and
alhei arganic fertilisers 1o thetr bush fields the soil there 1ends to be poor, particularly in
camparison with the household fields whose proximity to the homesteads ensures that they
receive whatever organic maierfals are available.

Trends in soil fertility management

According to lacal people the land in both sites was very fertile until the 1960s. egelaticn
was abundant and this helped maintain fertility as leaves fell and decomposed in the soil.
wWhen fields wene gxhausted farmers either dug in animal dung collected during the dry
season of loft them fallew. When they cleared newe fields they left same trees growing 2long
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the edges and along rainweatar courses to provide material for ronling, lences and mats. The
tmast useful species include sheanut or karité {Butprospermum paradosurn), nérd or looast-
bean (Parkia bigloboss) and perennial harbaceaus plants [Andrapegon 5o grewen in bznds.
Bare patches or old termite mounds were traditicnally covered with raulch to retain moisture
and encourage crop growth. All these practices heiped to maintain soll fertility and provice
geod yields that ensured tood self-suiriciencg

However, populstion grawlh from the 19605 omvards has had a major impact on the
praduction and land management systems in Kirsi, As pressure an productive land grew,
iarmers abandoned the praclice of leaving ficlds fallowr for they could only survive by
culfivating continuously even if (his exhausted the soil. Herd sizes also increased during this
period, putting a further strain on 1he village's natural respunces.

Iy Thiougou a similar trend was observed. Surface vegetation diminished and the rains
became increasingly unprediciable. Althaugh farmers slill owrned relatively litle agricultural
equipment, they cultivated larger but less productive fields which they started to fortilise with
small gquantitios of household waste. They also extended Lhe fallow periods when fields
were lell uncultivated, In the 1970s, aqgricultural extension was pramalireg sowing i lines,
animal traclion, and the vse of mineral fertilisers. There was no specilic technical training in
small villages, such as Thiougou, whers hardly any extension work was dore. Very [ew
pecple parlicipated in the cxtension programmes that were run. They remained largely
unconvinced by Lhe argements for using maore organic manure and they hardly used any
rnineral fertilisers at all. :

The majer drought of 1973 alerted many people io the fact that their environment and scils
ware in & critical condition. Farmers noticed that their scils ware becoming lighter in texture
and that water erosion was increasingly apparent. In Kirsi, they staried using preventive and
restorative technigques to protect Lhe soil, such as by butlding earth bunds, Extensicn agencies
also intreduced farmers to Improved crop varieties that were more productive and whose
relatively short growdng periods were betler suited to the length of the rainy seasan,
Unfortunately, they also required minerzl ferlifisers that either weme not always available or
were not afferdable, and therefore did rot have Lhe desired effect of making local penple
once mare selif-sufficient in food.

fn the 1980s farmers” maunting concern about declining ramfall and sodl lertility led them to
adopt new technologies for managing thelr land (see also Box 2). Some technigues were
developed by innovative farmers, othars through research and some by exlension
prodrarmmes, projects and NGOs, Agendies trained farmers in new methods, whick included:
production of cempost, ensuring proper decormpesition of manure: new Torms &1 tillane,
ridging and mounding using animal traciion; installing stone lines, planting pits and "hati-
mocn’ raimnvater catchenent pits; growing sorghum and cowpea in assodiation: and planting
trees and protacting young saplings in the field,
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. Box 2 Farmers wews o wh:-,r the:-,r adept EEI'I‘.E.IH technnlugles

" One Farmer in Thicugou said: "We saw that our yields viara gnlng down. One hectare used Lo wigld

10 pags of cereal angd noue it only. produces 5,50 we had to.do something. We haven't gt encugh..
manure to fertilise all cur fields bul the extension workers have shown us olber ways of fertilising

thero. Mast farmers’use compest pits and-bunds o stop erosion, as these technolugias only reauire _
+ labour gind no cash. They ane effectivie,"and will not et Tarmers into debt. We use very little mineral |
" fertliser bacause i is Ep:pen_c,wp and has 14 be, I:u:nught on credit, 50 i yields ane fow fa:mers cannat .
sattle’their accounts™ : : S - : : - '

A secand farmer obsereed: “if the river charges e cnurse then ‘the crocodile will Bave 1o do the

“same”, meaning that wheri the environment chandgas people have to adapt accordingly, othenaise
they lose out. “At the mament the state of our soils means that we haE Loy wse ather technc:'lngles - -t
We'have 10 adopt what is proposet in order 10 surive” C -—
vy Kirsi onn fapmer cuplaingd: “Whethar or ool we Usa 2 .*.‘E!'!i'i'-'!ﬁf rncthod depends an oir means
and our knenvsdedge, We geat hielp making campost in pils and if we do it properly our yields go ug.
tAtneral fertiliser has become ton expensiva for us and # we use iLin a year wish poor rainfall the
plants will burn”.

Anether farmer addeg " Our soil fertility managemeant strategy dopends on our means and an the
addvice and help we get from dovelopment organisalions. There are many rmouths ta feed and we all
- ope by using methods 1hat suit our dreumstances. The stone and garth bunds seem to be working
and atthaugh the planting pits aee new they do work on the zipellé, People ace imprassed by these
rechnicues. Farmers who don't have sy manure have to make cornpost or buy mineral fertiliser, even
if it 15 expansive”. IR
- A tiird famner from Kiisi saic: “The extension services have a big influenge on which techniques we
use. In the past we plani_ed grasses and usad branches to prevent run-cll, but yiglds are so low and
' deqraclation so bad now that we'll try swerything. We'll have to work to rastore our sail’s ferilite
" Pecple don'l really knowr how to use mineral fertilisers properly, and we've alse noticed thal during
:-dr:,.- spells the crops burp ang the soils become drier than they do when we use organic matter”,

Soil fertility management practices
Use of organic and mineral fertilisers

In the 1960 most organic matler used on the fields came from crop residues left in the field
after harvest. After tho droughil in 1974, farmers increased the use ol dung, collected fram
pens and rainy seasen enclasures, and severak new methods of producing organic fertliser
through composting were developed. Mary farmers started composting crop residucs and
this is now the most widely adepted methad of preduging organic fertiliser, Farmers in both -
study sites, particularly in Thiougouw, also add rock phosphale to improve the guality of their
compost (spe Box 3).

The amount of mineral fertiliser applied per hootare of cultivated land is [ow in both villages
{Table 2). Mineral {erlilisers are beyond the mezns of many farmers. Farmers in Thiougeu use
rnare rineral fartilisers than their counterparts in Kied, but anly 24% oFf households uze Lhem
reqularly. Farmers in Kirsi have also started putting wrea in their planting pits since these have
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- Box 3 UEE of Iu:ni::'qll'gr prul:lu:ed rock phnsphate

f The usez ot m:’l-: !}hmphdte {Burk:na F'hnsphate o BP} Ha:. b=en re::u::-mmr_-nded oh. the basus. :::T'~
research. carnrhd ot by INEHA, weiich sheweard Pl loeal soils need a minimum.of 2510 S0kg of POha
"W inip e low levods of rJhnsPharus RF cofitains enough ph-:lsPham-: 10 rediets the balande, but' itis -
Imked with " caleiurn: in such & weay that A requires - add conditions for is lerease Addmg EP T -
, EDI'”II'DSFIHQ nrgamr.' rriatizr famhtatn’:s this. release. L,lr|I'urtunthI,-' the CUrTemt suppll:—'"; al natural '
plmﬁphale ara not sufficiert 'fnr Farmers'- feeds because the fan’:tn:ur:.r lacks" thie ne-cpssary nroduciion.
tapﬂ{_ll}' Haowever, - thr_~. shianlel L remedled i the ru:ar fuiure as lhe ncztrﬂual action plan-ﬁ::-r~
_ mteg'.rat-ﬂd 5-:||I fGI'tIIIT].I' management has rnan:lc pn:u'.rrsmn feu. INCredsing |t5 produv:nnn -::aparlr_-,r

[ . . [
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Tahle 2 Use of mineral fertilisers in Thiougou and Kirsi by the
village as a whale*

Year 1960 1570 1950 1580 BETT

Th.,  Kir Th. Kix Th,  Kir Th. Kir. Th, Kir,
Rock Phosphate | Q ] L) 100 1] 8000 2000 G000 i)
MR Ls) 0 LS00 200 aon e0o 3500 1200 700 100
Lraa g 0 150 a 150 n 1500 i 2500 100

~Al present the ares cultivated in Miougoo is around 1150 ke (300 ha heameheldsy and 2454 ba in Kieg; = HiPES: 0
14-23-14-6-1
Source: Ministere de ' Agrcultare, 1596k and awn survey.

improved soil moisture, which is 3 more efficient way of using the fertfiser and reduces the
risk of damaging the plants.

HGEH phosphate is virtually unavailable on the market and can only be accessed thraugh
devalopment programmes. Farmers in Thicugou slarled using BP in the 1220s, when it was
introduced through a composting pragramme implemented by the regional extension senvice
and continues to be cupportod by the PDEZ projecl. This explains parthy wihy farmers in
Thiougowu are st using iL. Farmers in Kirsi starsed using BP in the 19905, when the CES/AGF
programme promoted s application in areas where anli-erosion measures have beaen putin
place. Burkina phosphate is no longer subsidised and farmers now use ashes as a substitute
because thay find them equally elfective and rmuch more easily accessible {see Table 3.

Table 3 shows that mare arganic ferlilisers are used in Kirsi than in Thiougou, raversing the
pattern of mineral fertiliser use. Farmers in this village use all types of organic materials and
over the last 10 years they have used increasing amaunts of manure and cormpost. Almost
S50% of houzeholds compost manure and each one proeduces an estimated 6.7 tons of
crganic ferlliser por yaar, Farmers put compoest in their planting pits and on some fields, and
s use a signilicant amount of tampouré, which they have been using h::r leznger than any
ather organic maierial.
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Table 2 Producticn and use of various types of organic fertiliser in Thiougou
and Kitsi {in numbker of cartloads used by each village x 100*)

Year i9ED 15710 1980 1290 1993~
Types Th.  Kir Th.  Kir, Th. Kir Th. Kir. Th. kir.
Sishies a0 a o ] a o o (] .02 g
Tarnpouré®* 10 3 12 | i3 a0 16 150 4 220
Manure
frarm peon ne o 5 10 15 15 17 175 20 30

! hanura
lvarn svabla 1.2 n- 1.7 o 1.5 15 Z 2 3 c00
Comypost 0 0 (0 o 0 1] 4% 1400 22 3150

®at presenl the aica <oitivatad in Thiousou is arcand 1,150 ka3 (300 ka hornefields) and in Ensi 2,455 ha, 17 1964,
Kirsi cultivated 53702 and, in 1982, 1.4038904, ¥ *Tampoarg is a et of howsehald waste 2nd sanin.
Source: Rinisline de ['Agicukora (1596500 ard tan suray,

The possession of lvestock i< a decisive Tactor in soil fertilily management strategies. Dung 15
usually collected when the herd is kept in an enclosure, or deposited on fields swhen the
animals graze there in Lhe dry season, It is used an maize and sorghum crops in the
household fields and in planting pits on the zipekd. Seme farmers sell manure to others,

The devaleation in 1994 did not nodiceably affect Lhe amount of organic ferfiliser produced
by farmers in Kirsi. As they had never used ruch mineral fertiiser ampway, they produced
raughly the same amount of organic fertiliser after devaluation as they had dane before.
However, farmers o Thicugau had previously been more teliant on mincral fertilisers than
their countemparts in Kirsi, and they started producing rmore crganic fertiliser after 1994 when
the price of mineral inputs doubled and they could no longer afford them. Whereas in 15930
cnly a fewe farmers in Thiougow made compest, almost all of them produce il now. This is
afso a rosult of extension projedis tn the area. AL least 909% oi the smallholdings in Thiougouw
nowe have a compast site and are able ta produce gaod compest, although they cannat apply
ii in large quantities because they lack Lhe Lransport, water and digging equipment o carry
it 1o their lelds.

Lack of lransport is @ main constrainl on greater levels of production and use of organic
fertilisers. There are 232 households in Thicugau buet only 55 carts in the whaole village, and
this ineans that most of farmors there do not cwn a cart, Carts purchase is generally financed
by relatives living in the lory Coast. The situation is cwen worse in Kirsi, where 450
hawseholds own a total of only 48 carts between them.

& development projeck warking in Kirsi set up a credit syslem so that farmers withoul
collateral could obtain agricallural equiprment. The system operated on the basis ot joint
liakility or group solidarity, but Lhe lending organisations slapped the scherme when they had
trouble recovering the money fant. Farmaers wars alsa put ol by the way in which repaymenls
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were sometimes enfarced: they are now reluctznt ta endor inte those types of crodit
agreements as they cannot e sure of Lhe ouloorme.

Planting pits or zais

Planting pits are a wraditicnal method of regenerating cncrusted and denuded soils, They are
prapared in the dry season, and consisl of hales 15 to 20cm wide and 10 to 15cm decp.
some af the earih from the hole is mixed wilh a handful of grganic matter and put back into
the pit to act as & seed bed, while the rest iz pul in a pile downhill frem the pit. Farmers may
dlso add mineral fertiliser or rely an the wind to blow erganic material into the pit. Cver the
years, local farmers’ organisations have carried cut a lol ol exlension werk in coflaboration
wilh NGOs advecating the use of planting pits throughoul the Morlky of the counley. One ol
Lheir rmost effective promaotional methods has keen to organize exchange visils belween
villages. Agricultural researchers have been warking on improving planting pits since Lhe late
153205, laying them gut in differant patterns and testing the effects of adding mulch and
marnure.

These pits were firsl used in the Kirsi zone in 1988, but anly really took off in 1992 when
they were widely promated by the CES/AGF Project (INERA, 1992) In 1998, 27% of all
households were using planling pits, mainly on impaverished sails that could e braught into
cultivation in this way. The pils have increased soil fertility and crop vields, The lack of access
ta cultivable land has forced some [armers 1o take up planting pits so that they can stan
growTng Crops o the zipald and 739 ha has now been rehabilitated ine this way in Kirsi
([IMERA, 1398,

S5ione lines

Alkhough the land is relatively MNal, bolkh village sites are subject 1o serious water and wind
crosion, which cause considerable soit degradation and loss of nuirients, Craps also suffer
trony water stress,particularly at the slarl of Lhe growing season. Farmors wha participatod
in the supvey said that in the past dense vegetalion helped to slow down run-off and reduce
damage 1o topscil coused by tarential rain, but thiz surtace wvegetation has badly
deteriprated over the last few decades due 1o inlensive land use and adverse clirmatic
conditions.

in the 1%70s, rescarch organisations developed tillage technigues aimed at reducing runalf.
They included early tillags, ridging. maunding, using animal traction and sperial equipment.
These lechnigques were promated by extension agencies but were not widely adopterd
kecause of large lahour requirements or the need far axen, even though the farmers wha did
try them aul had betfer crop yields inoyears wizh a poor rainfall (Rodriguez 1387 in Bationo
et al, 1998).

In the 1980s, a few profects tried roducing water erasian with phiysical structures such as

earth bunds, but they were not particularly successful as local people had usually not heen
invelved in planning, conslrucling or maintaining them, The next technique promated maindy
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by MGOS weas stone lines, which shove dowen runoff, reduce soil erosion and allow the earth
Lo absorb more water, Fanmers are now advised to plant a band of vegetation uphill from
Lheir fields to consalidate the effects of the stone [nes.

Whather or not some of ihese technologies, particularly stone lines, are adopted may
uttirnately depend an land tenure, As a general rule making a significant investment in a field
ar tdeveloping a new area implies that the user cansiders him or herself 1o have secure rights
aver that land. i the land is on loan and the borrower improves it with stone lines or tree
planting, their action could be seen as an attermpt 10 appropriate the land, which may then
be reclaimed by s owner,

Sustainability of farming systems

Nulrient oudgets acoording o type and igcation of field

Most farmers have access to different type of fields which vary in soil fertility status and
distance from the homestead, such a3 hauzehald, village and bush fislds, Farmers tend to use
most manure and houschold waste an Lhe fields nearest to the homestead, while the rcre
distant bush fields rocoive fewer applications of any kind. Table 4 presents the rosults of a
study of partial nutrieni balances lor different kind of fields in Thiougeu, [’ shows that
household fizlds should be able to sustain production, but that the soil inwillage and bosh
fields is becoming exhausied and requires remedial action.

Table 4 Partial nutrient balances for different crops and fields in Thiougou

Household Tiels Willage fields Bush lialds
Zrops i F K M F K M P k.
Maiz= +105 +1.8  -3E7F
Sorghurn +21 -1.6 -33.h 5.7 1.7 -ZAa 68 -2% 0 24T
Millet 131 45 .30.4 240 57 -37.4
Cowpea -4349 -45 74
Groundnuts =217 25 S5 -3BE -24 0 -3£0

Source: Kiera, 1290,

Househeld fields seerm to enjoy the most sustainable sol lerlilily management with positive
balances for M and P However, they are deficient in K, wiich may be due 1o the removal of
crop residues. The other types of fields, which cover the largest praportion of the cultivated
area, all show negative nutrient balances because they are cultivated without the benefit of
eiter arganic or mineral fertiliser, Al ficlds have a negative K balance. To sustain agncultural
producticn, these fields need application of organic ar mineral fertiliser and rock phosphate
or to be left fallow, which is still pessible i Thiougol.

Tn Kirsi, farmers are trving to rehabiktate degraded areas and imprave the fertility lovels of
exhaustad fields so that they can sustain agricultural production, The mest sustainable areas
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are thase where farmers have implemented anti-erosian measzures and use planting pits with
added arganic matter, such as manure and compost.

The migration of young people fram Kirsi 1o large urban centres {particularly ine the lvory
Coast) has significantly reduced the amount of available labour in the village, as half of the
active warkforce is absent from most smallholdings all year round. This was particularly
marked aficr 1988, when Kirsi became a gold-mining site using simple surface excavation
methods. The gold was exhaustad by 1930, but people had become used to earning cash
and rmany young men migrated subseguently in search of employient, Digging composs pits
and collecting and transponing organic fortiliser is hard work for the children, wormen and
clder pecple who dre lett behind in the willage. However, in our gpinion, agriculture can
sustain livelihoods il enaugh labour 35 invested inosoil fortility management and people
organise themsealves o inslall soil erosion control meassares. This is anly possible if the
community is able to keep their young male waorklorce in the village.

Conclusions

Farmers in bolh communities invost a considerable amaount of effart in improving the quality
of their saifs. hMore and more are using soil and water conservation and agro-farestry
technigues, and are slarling Lo regenerate degraded land. They use their knowledge to adopt
and adapt technigues, combining the wse of planting pits with stone lines and the production
of compeast suppfemented by Burkina Phosphale. At present, both wilages benetis from the
presence of external projects that provide advice and malerials.

Farm production systems in Thiougou are currently more suslainable than those in Kirsi. They
benefit irom mare favourable agre-ecological conditicns and lower aopalation densily. Al
present, M and P balances for hame fields are in equilbrium, but those for sther tupes of lield
are in defict, Better management of =cil fertility in the village and bush fields will become
increasingly critical as farmers in Thiougou prabably continue 1o expand thedr fields, thereby
reducing the amount of land under fallow and forest. Farmers will need to apply more
erganic And mineral fortilisers.

In the pasl, farmers wsed impoerted mineral ferilisers to imprave soil fertifity but, following
devaluation in 1994 and slructural adjustrnent policies, prices have risen so much that they
are increasingly beyond he means of most farmers, who now use 3 varety of organic
fertilisers to improve productivily. However, the number of livestock kept = low for most
hauseholds, though better management may increase the levels of manure prodoction. The
application of mineral fertifiser depends on its cosl-benelil ralio and on Tarmers’ ability Lo
reduce the risk of “burning” crops. The uwse of waler-'harvesiing” lechnigues is berelone
cqually impartant,

Mast of the farms in Kirsi have very low levels of soil fertility and deqraded soils thal could

be improved by anti-erosion measures combined with larger quantities of crganic fertilizers
applied in a more efficient way, Farmers should also concentrate an using planting pits, as
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they seem to be the best way to rehabilitate degraded soils and to continue cultivation on
exhausted soils. However, although these techniques will improve food security, they are
unlikely to ensure that agricultura will provide [og everyone’s need and villagers will continue
1o look autside the agricultural sector ta gain supplementary incomes to improve their overall
conditions.

Research institutes have generated a number of technigues to improve agricuktural
production capacity, but they have often cnly been taleen up by a limited number of farmers.
Future research neaeds ta ask why farmers adept seme technigues and leave othor apparently
equally wiahle meathads on anc side, and # shoubd use a more particpatory approach to
generating and validating technologies which take account of farmers’ knowledge and
opinicns aboui reducing scil degradalion and raising yields. However, it is net enough simply
to develop improved technolagees. Us also impoitant to create a marg favourable conlexl
far agricuiture #ni @ good markel o agaicoiivred poducis, s al Tames wil haee a
positive incentive to inlensily farm production and invest in their soils.
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Introduction’

Agriculiure plays a major role in the Kenyan egonamy, ensuring that the country Is sci-
sufficient in food, generating income, earning fereign cxchange and providing raw matedials
far the industrial sectar. However, soil fertility iz declining across the country, alfecling roary
regions with varying kiaphysical and agronomic charactoristics. This chapter decoribes the
developments in sail Tertility management in three regicns of medivm and high agricullural
petential, Its focus is on the adoption of new soil ferility management techniques, in
partecular the use of compost and double dug beds, and their contribution to sustainable
farming.

The study sites

This chapter is based on the results generaled by various research projects an sofl fertility
rmanagemeant, such as the LEMNUTS project (Jager <t al., 1398a; lager el al., 1999) and
research on the use of compast and double dug beds {(Kariuki et al., 1994; Diop el al., 1997,
Hamilton, 1997). The study sites are focated in Machakas, Embu and Myeri [see dap). The
lowlands of Machakos are classified as Medium Patential Areas (MPA). Embu and Myert fall
mto the caiegory of High Potential Areas (HPAR.

1 e weld like ta thank J.G N, Riutharmia, 5. Makoha and ©9, Eiourja lrorm KR for all their cantszgticns,

? Acvarding te FAO (1978), 11PA and MPA are those aress with a arovdng penad of 150 - 270 days and 20 - 150 days
resnectiveh
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bdachakos District covers more than 600,000 hectares of the Eastern Provinee of Kenya and
has a population of aver 1 millien. In the centre of the district, hills of up to 2100 m rise
abowe the surrounding plaleau which slopes fram 1,700 m above sea lovel in the west down
ter 700 m above sea level in the south-sast. Rainfall is bimedal, with an annual average oi
between 500-1,500 mm depending on tocation and altituda, and about B5% of the region
is classified as semi-arid Lo arid. There are twa growing seasans that each last from 90-11%
days (Kassam et, al., 1991).

Sails in the lowlands of bachakos range fram shallow to very deep and arewell drained, with
topsoils of loamy sand to sandy loam i many places (Acrisols, Luvisols and Ferralscls, see
Table 1), Most sails are low in nitragen, phosphorus and arganic maiter Uaetzold and
schmidt, 1983, The regicn has a population density of aver 100 people per kré, Farming is
mainly subsistence-ariented cultivation of creps such as maize, beans, pigean peas, sorghuim
and fruit trees. iViost farmers aisn keep focal breeds of caiile, goais and poitny. The catile
are ysually corralied overnight, which enables farmers to collect farmiyard or boms manure.
The average farming housshold in the lowlands of Machakos has a freehold smallholding of
abcut 2.5 ha, and earns roughly 22% of its total income from agricultural aclivities. The
remaining money is earned from offdarm activities such as trading, empleyment in urban
centres and casual labour on olher fatms (Cnduru et al, 1998; Jager et al., 1999

Emnbu district is also situated in the Easern province of Kenwa (see Map). The altitude of this
district ramges from 830 Lo 2,070 m above sea level. Raindall is bimodal, with an annual
averade of 700-2,000 mm, and the predominant soils are Andosels and Carnbisols. Andosols
are deep reddish-brown Triable days, acidic and suffer from low nutrient avaiability, especially
P as well as Al and Mn toxicities {Jaetzald and Sciwnidt, 1983). Population density in Embu
is high, averaging aver 132 people per km2, which has resulted in land fragmentaticn and
an average farm size of 2.3 ha (CBS, 1998; Gek/UMICER 1990,

Table 1 Characteristics of the study areas

rachakos-lowlands  Ernbu Myr|

ean annual rainfall SO0-H00 FO0-2000 1200-2000

Altituca freasll) 24a0-1714 BI0-20010 T100-2 400

hdain soils Arrisels, Linvisols, Andesnls, Cambisols, Andeosols, Mitisols
Ferralsols Forralsols Acriszls

Population densily 100 132 253

pet kr’

awerage land size (ha) 25 23 .49

BN Crops growm haize, pigeon ped, hdaize, coffon, tea, Taa, coffoc, maize,
sorghum, beans beans and vegotables venetablas

CaltlyHH 4 2 2

Contribulicn of agriculture 22% 324 I

to total howsehald income

Soutces: CRS, 1929, CBS, 1925; §UGF 198%; GokAMICEF, 13540,
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Myeri district is situated in Lhe Central Provinee and lies between 1,100 and 2,400 m above
sea bevel. Rainfall here is also bimadal, and the mean annual rainfall <anges hetween 1,20¢
and 2,000 mm. The mcst impartant scils are Andosals and Nitisols, which are well drained
and deep, containing clay with an acid, humic topsail. Their feriliny status is inharaatly fair to
good, but intensive cultivation has mined them of their nutrients, Sails with a high acidity anz
marked by a low nutrient availability, P-fixation and hMn and Al toxicities, The populatian
density in the districi is much higher than in the ather two study sites and is estimated at over
250 people per kn1'. Average farm size is 0.9 ha. Agricultural activities provide only 36% af
total househald ncome, while the rest is generated by off-farm agivitics, romittances from
rigrant family members and pensians {Gem, 1992; Jagar et al., 1959

The dominant elernonts of farming systems o Myen and Ernbu Districls are colles, lea and
dainy production. The staple crops 4re rmaize and beans, bue farmers also cultivate Irish
potaloes and 3 wide range of vegetables, spices, [ruil and flowers. Wilhin a typical farm,
B0% of Lhe land is used lor growing collee or lea, 15% Ior polatces, 10% for pasture and
napier grass and 10% lor horlicullural crops. Cnly 5% of the land is used for praducing
maize and beans for househeld consumption {Kilambya et al, 1998

Livestock holdings mainly consist of dairy cows (cross breeds), sheep and poultny and ans
usad as a source of income, protein and manure. Most of the manure is used on high value
crops such as coffee and herticultural crops. Most smallhalders startes keeping dainy cows in
zarg-grazing units when the amaount of land available for cultivation and grazing decreased,
which forced them to look for alternative methads of Ivestack hasbandry, Dairy farming
startad in the 19505 and was supported by extension services, Milk prices were high then and
the area is close to some big towns., Frices declined owver the 1580s but have been pur:kmg up
again fallowing the liberatisation of the market for milk products.

Influence of policy change on soil fertility management

When Kenya was colonised by the British at the end of the 12th century many Europeans
came and tcok up farming. Adrican farmers practised shifting cultivation on o large scale. and
iranshumance was widely followed. The colonial governments land use policy resulted in the
resettlement of [arge numbers of African farmers and pastoralists, assigning them- to
restricted zones, or Mative Resenves, of limited agricultural potential. Tiffen o al. (1994) noled
that in the early 1930s a dual econamy was established in Kenya, in which strict ierrilorial
dernarcation gave Eurcpean sattlers and African smallholders vnequal access to land and
rarkats.

Colomal administrators justified government control aver African lands by pointing 1o the
land degradation which weas beeoming increasingly apparent ac buman and livestock
populalions grewe in the nalive recerve areas. European Seiflers also used the consendation
argumenl Lo promote expansion of Eurcpean landholdings. Thers were some areas marked
by deforestalion, soil ercsion and siltation, where the colorial government imposed
requlations. Farmers were nol allowed to plough steep land, cultivate along stream channels

Kenya @



ar clear forasts, Other policies encouraged cortour farming, tree planting on hillsides, terrace
strip cropping and destocking of herds in certain areas. Compubscry communal wierk was
organised for tervacing and grass planting, and large areas were closed off to prevent grazing
(Tiffen et al.,, 1994), Local chiefs, headrmen and technical assistants were employed to ensure
that these policies were followed by the rural population (Thomas et al,, 1997},

The Swynneron plan of 1354 encouraged the consolidation of scattered plots and
indivicdually registered titles. This Plan also initiated a switch of government resources to
higherpatential ameas in Kenya, European famers secured most government attention in the
torm of credit facilities, marketing services, agricultural research direcied o toa and caffog,
and froc vetennary spreices,

After a Dlepdy struggle in the 19505, Kenya became independent in 1963 and this resulted
in the exodus of many Egropeans. in the high potentisl arezs, the se-caicd ‘wiiiion Acres
Schermne” was launched ta provide for arderly division of the large Burcpean-ield mized
larms inlo emalholdings. bMany people also sellled illegally in lormer erown lznds wilhout
support from government agencies. Callle ranches dominaled lower palential areas but
these were not included in the Scheme. With the drought of the mid-70s, however, lower-
potenlial areas were recodnised as needing (urther attention and warious doner agencies
have haen supporting integrated rural development programmes in semi-arid districts {Tiffen
et al., 1994).

In 1970, President Kenyatta calied for the creation of a land use commission to address the
increasing deqradation of natural rescurces. But the commission, only established in 1576,
made slow progress znd this triggered the drafting of a paper by various directors of
government departments for the United Mations Conference on Desertitication held in 1977
in Mairobi. They cutlined guidelines to provide for more effective land use, including issues of
50 and water consenation, destacking of large herds, and the protection of forests and
wiatersieds. This initiative resulted in the creation of a presidential commission an sail and
water conservation and afforestation, which still exists. This commission oversees
government activities in these arsas and fosters cocrdination bebwesn ministries.

Aftar independence, ¥enya's econcmic growth was initially impressive but was not sustained,
The dechne in economic growth in the mid-1970; was triggemed by a combination of the
mternational ol price crisis and serigus structural constraints within the economy and publiz
servicns. As the suppoartive palicies that had boostod productivity during the 196405 (st ther
impetus, agriculural growdh slowed dowen. The second international oil grisis and the
collapse of the East Afrcan Cammunity in 1977, which eliminated traditional market autlets
far Kenyas industry, exacerhated this. & severs drogght in 1984 further ungdermmined. the
ecanomy, slowing growth and causing high inflation and a detericration of the balance of
payments {Gak, 1997} The government had 1o undertake a senes of structural adjustrment
programmes in the agriculoeal, industry, trade and linancial sectors in the 19902 1o
reslruclure the economy. Finandial supporl lor agricullural extension has been decreasing
[allcwing LBwe phaszing oul al a World Bank supporl prograsnme in the late 19903, although
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it sepmns that at district lewvel the level of the gualifications held by exlension wrerkers is
mprowing since they now consist of graduates nstead ot peopls wilh an agricultural
diploma. '

Farming systems in Nyeri and Embu

In the past, most of the land in Myerd and Embu was used to cultivate staple crops such as
potatoes, cassava and pulses, while the lower lyving areas were grazed by lvestock and
wildlife. In the colonial era, white settlers had started growing coffes and tea as cash crops
on [and which was taken ovar by Atncon smallholders Her Independence. s the area under
tea and coffee has increased hetwean 1960 and 1980, the land availabls for slaple crops has
faller and put feed seourity at risk, espocially whon revenues frizm cash crops delerinraled in
the late 19805, Farmers often had to walt for several months belare being paid by the co-
operativie societies. Boteeen the 19305 and 1990s, yields of unfertilised maize felb by over
BO% in Ermbu and kyeri to around 1,000 kgtha. There has also been a 20-404% decline in
coffee yields since the 19605, reflecling il declining pralitability. Coffee yields in Embu and
Myeri were on average 1,300-1,500 kgfha in Lhe 1960s but had dropped to aroundd 900
kavha in the 19505 {Departrment of Agriculture, 1930 and 1562; FURF 1989; FURER 1294),

Most farmers In Myeri and Embu have seen their incomes drop and their livelihcods
deteriorate owver the 15%0:. Conseguently, as legally orohibited from actually remaving any
bushes, they reduced input use and management in their tea and coffes plots. More recontly,
ted prices have picked wp again and farmers are re-applyving mineral fertilisers,” availablc on
credit, Coffee prices hawe not improved and farmers now intercrop cotfoe wath staples such
as beans, maize, bananas and frait frees, Although they continue to hanest coffer some do
not invest in maintenance of the bushes.

Farmers hava different sail fertility managoment systoms for their cash and [ood eraps. They
tend to use most of their inputs 1o fertilise cash crops, whibe the lelds where oo Crops sirch
as mzize and beans amm grown receive alinest ne nutrient inpuls. The credit and input suppby
syslemns? have made mineral fertilizers more easily accessible Lo many farmers in the Embu
and Myeri districts and all tarmees use them lor lea. Even when supplies of manure and
composl are plentilul Tarmers Ll prefer 1O use organic inputs on the napier grass they grow
ta feed their dairy cows, an impaortant source of income. However, the pralonged and heawy
use of sulphur-based mineral fertilisers, particularly whare tea has been growing, has made
the soil more acid, & problem which is aggravatad in areas that receive anly limited
applications of organic matter.

Several comimunity-based arganisations and NGOs started programmes i tho 1980,
particularly in Myerf, to promote vegetable production and better land heasbandoy. Farmers ane
iniensifying production by means such as replacing bush heans by cdimbing boans {see Box
11 and by diversifying inte horticulture, They afso began rehakilitating degraded soils and are
now increasingly using organic inputs ta supplement mineral fertiliszrs and impraove arganic

3 Tea znd cattze stz marketed thraugh caoperativa societies that alse supply minaral fertiliszrs and pesleide o <redit,
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ratter comient of their sails, Some fanmers buy manure from pastoralists outside the aren
while others make use of manure produced in zero-grazing units, They have also taken up
planting legqurmes and multipurpose trees along field boundaries and in home gardens for
fedder, firewood and kiomass for green manuring.

. Box 1 Climbing beans in Embu district

" Bush beans (Wigra dnguicalata are 4 dgnificant souice of food Yor many pecple in the central and
easlern bighlands of Kenwa and are Lheeelore an imporlant skaple oiop,. Howeéear, Bush bean

* production has feclined over the |ast lwenty vears, srohably becauss intensified land, wse has resulted
in loway ol fertility and an increasing presence of 3 number of soil h-::lrne dizeases that causc rc:rnt rot
arid bean stem maggat.

Seviral researcn prcjecls ave uwesllgalﬂd Lhe CAlIEEE for thiz declineg o bean yviglds and |denllf' g
possibie soiutions to tha probiem. Une proposat is to ntroduce cimiing beans FISseciuT wWilgens),
which make better use of limited space but require some kind of support. Climbing beans were first
imtroduced to Western Kenya in 1986, whens they produced impressive yields in biatnass and groins
iELr'ha mmpared o less than 10MAa ablained Trom bush bearusj On-farmn researgh in Embu Dising]
_-Hamred that they produced better yields and ecanamic resulls than bwesh beans, Farmers and
rosearchers also thought that they wore more tolerant 1o insecs, birds and diseases, cooked more
. guickhy and tastad bettar than bush beans. The use of cimbing beans is news. spreading in the araa.

Farming systems in Machakos

Colonial land use policy Torced people to migrate srem high potential areas such as Myer and
Embu {o less well-endowed regions like the lowlands of Machakaos, where difiicult conditions
and low wyields reduced many farmers to poverty and dependence on famine relief
programmes, Over the last sixty vears, the most significant change in this area has been the
shift frorm the extensive livestock-oriented systerns of the 19205 to more intensive crop
procuction today, While cropping systems used to e based on sorghum and rmillet they are
now dorminated by maize and pulses, in the 19205, sorghum and millet ocoupied 30% of
total culiivated area and maize only 16%. This pattern was reversed in the 19505 with maire
taking up 40% of the land under crops. By the 1380k, maize and pulses accounted for ower
Ao of land under crops (Gom, 1998)

Farmers have invested mn extensive soil and water conservation (SWE) measures ang water
harvesting techningues to conserve fragile sails and increase crop produclion. Accarding to
Tilfen el al (1984) there is & long-term commitment to sail and waler cansenvation in this
districl. Irmvestrment in bench terrdees starled in Lhe nalive reserves of colomal times, where
land lenure was perceived as more ecure. |1 was lacilitaled by its profitability for high-value
crops and the demonsiraled increase in maize yvields under dry conditions. Terraces have been
constructed by qroups of larmers with help of “lood-fo-work™ and ' Llools-lar-work™
schemes. Some [armers also bired labour, occasionally financed with revenues from ofl-farm
employment. Although mineral lertilisers have been introduced and actively promated in
hachakes from the 19605 cnwards, hardly any farmers use them for food crops, applying
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farmyard manure instead (Tiffen ot al., 19949, Maize yields in Machakes have increased from

200-500 karha in the 19805 to around 700kgfha in the 1990 (Departrnent of Agriculture,
1962; FURE 19849; FLURR 1994),

Trends in soil quality

Farmers in Lhe sludy siles regard Lthe increase in sail erosion and the decline in sail fertilite a=
the main constrainls Lo crdp produclion. Farmers in Machakos cited shallow scils and poor
water retenticn as additional problems, while their counterparts in Embu and Myeri also have
1o contend with soil borne pasts (Onduru et al., 15958).

Table 2 Fertility changes in unfertilised, continuously cropped Kenyan sails

Temn poral vanation of soil properties (0-20 Crh layicr)
aita Quiganic C P-hdefdich Exch. K pH-H
g ko ke mg kgt o] koo

=1 =2 I1=1 1=4 [=1 1=2 1=1 =2
Alfusol clayey) 37 PR 25,8 x5 Tz g1 = 4.8
Adlsel {sandy) &4 4.8 30,6 a7 Fir ik 70 B.%
Cheisiaf 2005 2001 12 124 2.0 LY 5.1 4.7
Fsarnrmenl 7R 6.7 27.0 25.1 4.9 2.9 B 2.0
Ul {elayey] £5.2 24.0 287 24.5% 187 13.00 .l fa,
Liltisnl {clayey) 15.7 15.8 14.58 13.2 4.6 4.0 S 5.3
Ultisol {loarmy) 13.0 12.1 2.9 14.7 £.5 5.1 S 5.3
Ultisol 4.5 in 5.8 ) 1.6 1.4 B3 3.8

=T 1987 qr 1988 1=2: 1930, 1991 ar 1992
source; afer Smaling ard Braun, 19956,

The decline in sail quality is present in all three regicns, but most dramatic in the Machakos
district, where nutrient stocks in particular hawve sunk to very low levsls since the 1970s. K
and pH lewels fell in Nyeri, prebably because of the use of sulphur-based fertilisers in tea
figlds. The reasans for this depletion are as many and varied as ihe sites and vields where it
has oocurred. Rates alse vary according to soil properties, with the sandicr scils of Machakos
sustaining higher losses than the predominantly clayey soils of Myer and Embu {Sanches el
al., 1997 There is evidence that the main causes of nutrient deploticn are the removal of
crop residuss, leaching and soil ergsion combined with low inputs of organic and mineral
lertilisers [Jager et al., 19%5).
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Promotion of soil fertility management technologies
Farmyard manure and compost

When African farmers were resettled in the 19305, they could no longer practice shifting
cultivation and had to find new ways of replenishing depleted coil. The calonial government
therefore premoted the production and use of boma tarmyand) manure in Machakos and a
so-called “chiefs act’, a type of bylaw, was introduced ta promote ils use. Since colonial
times, the use of manure has steadily increased bl widespread adoption anly took off in the
19805 {Tiffen et al,, 1394).

Fromotion of compost production also slarted in the 19303, bat farmers stopped in the
13405 brcause producing borma manure, which included the incorporation of crep residues
and bedding, was an easier allernalive. In the 19605, several NGDs reintroduced compasting
a4 way of increasing e we s agdnic inpuis and jedudng ife adverse efieds ol
inzuficienlly decomposed borma manure and crop residues, which could *burn” crops and
cauze problems with pests and diseases. Compaosting was also taught in schoals as part of
rural science and in the 1980s it received a new impetus due to NGCs working on the
disseminalion of Lewe External Input and Sustainable Agriculture (LEISA) practices [see Bax 2},
The Kenya Institute of Organic Farming (KIOF) is ane of a group of MGCs that since the late
12805 have been prometing LEISA in Kenya. This is defined as managing the currently
available agricultural rescurces in 3 way that satisfies changing human needs while
maintatning the quality of the envirenment and conserving natural rescurces. Those NGOs
see composting and double-dug beds as key elements in the fight agairst declining soil
fertiliny and for developing sustainable farming systerns.

The premotion of compast and farmyard manure in Myeri and Ernbue atsp dates back to the
19305 and he adopticn pattern is similar to that in Machakos, Mineral and organic fertilisers
have been used extensively in Myeri and Crabu guer the last thirty years, particularly on cash
crops. & recent sumvey indicates ihat 724% of farmers apply a combination of organic and
incrganic inpuis, while the rest use either ong or the ather. Compost was produced by 32%
of the farmers interviewed (Woamor ot al., 1998).

: Box 2 Cumpnstlng

| A::::q:-rd:ng 10 eﬂensn:musﬁ mmpas‘mg is d:me IJ«_,.' ﬂrst dlgglng a |':|It 1, 3 :-: 2, 4 M WIdE anl:l o 3m dEEp,
' and filling it with |-:I'_'."f:‘r5 of. urgdmL iTlaleﬂaI wh|d1 are Iefl r-::- decompase. The r‘naterlals arg watered
" regular]y and. turned twice during, the dECDmpDSItIUH pr-:x.ezr_« o, plt 1h|3 ssize can produas ong: t-:;:nlge
' af- arganic 'fEI"tI|ISE-F:.Dr corpost. ' The rmocmmendations of extensu:ln wnrkers are geared tuward&. an
wn-prwemenl .:j[ lhe prc;:-dur;t qualﬂy and a r.h{:-ltpnmg nf T|‘.|E- nme nepded for decnmp-nslunn v

Extens:un prﬂgrﬂrnrnes . have Jorused Hn cumpc-shng i p1t5 ré:ﬂhe:’ T.han i hE’Ips Farmpr*s ham} tended
o adap‘t this 'tcr:hrjlque and d!g Shallcmr plts Th-E:.' lJEr“ addrtwe&. SuLh as wood ash, {rrnurld upr

pggs.hellq and warious sources of biomass o improve thn: qu,allr_-,-' 1:|f n:u:umpc:-st and spEEd up the rate of .
dp{nmp@mu}n 'Iheg,f alio cover the. heap with. dr‘g,.' gms.s arid,tﬂpsclll o reduce gasoous- bn5=n:-s Thn:-'
. comipost is thenr |n::-:}1pcuated lntﬂ the sl -ﬂt pldnt:nr_.q lll'ﬂd, |r15lE-.ad ol a;h:-lg,-'m:_]' i ara}uhd tl:'lP hﬂse Df '
ﬂ'le piant as prc:-nmted I:}',.rextenﬂmnlsts TN T T T s e T i
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In 1296 a nation-wide sumvey was carried out to ses what farmers thought akbout compoesting
and olher LEISA tochnologies (Hamilton, 199¥0, A total of 629 of the farmers intervizwed
were posilive about pit composting, while 3295 wenz gen erally negative abg ut it, saving that
digging lhe pils, colfecting plant matenals and thon watering them made it too labour
inlensive [or mary individuals and that it was anly practicable as a communal wonjure. The
other canstrainls mentiorned were 1he shortage of arganic materials, insufficicnt cattle, lack
of transporl, iniled waler supplies (particularly in Machakos) and lack of information an heaw
1o produce large amounls of good gualily composL:

Farmers who were more positive stressed the benelicial eller s af composd an soils and yields.
They noted that it impraved soif characteristics such as waler-halding rapacily, slruciure and
wenility, and buffered sinking pH levels. They concluded that in comparisan with mineral
weniilisers compost produces higher yields, beiter tasting vegetahles and Yonger lasting affects
on the sail, while containing na harmiul chemical substances. As well as being cheaper than
mincral fertilisers, they also observed that composted manure is better suited to dryland
tarming than poarly decomposed boma manure, as it carres less visk of “burning’ cops ancl
fewoer infostations of pasts and diseases (Hamilton, 1997; Qndume et al., 1998

Doulzle dug beds

The idea hehind double dug beds {DDBS is to prepare the soil for cultivation, by breaking
dowen the hard pan® and creating a deep layer of loose, fertile scil. This aerates the soil,
improsens water abscrption and retention, allows plants i0 use available nutrients more
elliciently and increases reoting depth, These heds can be ysed for iniensive cultivation and
will produce higher yields than shallow fillage. Extensicnists recommend that a double dug
bed he abhaul 1.5 x ?m wide and 60 ¢m docp. The bod should bo filled with about &
wheelbarrows of compost and can be used for four conscoutive cropping seasons bofore it
has 1o be redug. Farmers have adapted this method in varions ways, digging loss deeplhy
wihen the soil is rocky or when labour is scarce, changing the length of the beds, and adding
a variety of arganic malertafs. S

Double dug beds have been premoted by MGOs since the lale 1980s in alF Uree study sites,
where they are mainly used for cultivating high value cash crops such as veretables. Their
adoption and subsequent adaptation are closely linked 1 increased prodiection of compost,
which should be added when the double-dug beds are prepared. One survey found that 22%
oi farmers who had been trained in LEISA farming technologies, use double dug beds
(Hamilton, 1997). Another survey on the adoption of LEISA pracrices found much higher
adnption rates and reparied that respectively 77% of participating faimers in HPAs and 56%
in MPAs used double dug beds | Kariuki 2t al., 1994}

Harnilten {1997 faund that 75% of the farmers interviewad were positive about double dug
beds. They reported that breaking up the hard pan and loosening compacted soils improves

4 Tha S e Qroye Iatepdires and Seeme QUesHonndires. The samgde st i loiled aoo dovs ool geannl slalistica)
arlysis. The entry point weere BG05 &nd ong esiablishad farmers' groops working with LFISA tedhnologies.

E Hitrdpans ire Machakos can resutt from ploughing or are an inherert featiere ot t= sail, for sxample in Lisdsols.
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drainage and capacity 1o retain water, and that the shape of the beds makes them easy to
water and harvost. They also said thal they had fewer problems with waeds, higher yiglds
and betier gquality produce {Harnillon, 1997; Onduru et al., 15938). Gther farmears {25 %) were
maore negative about doubte dug beds because they are labowr intensive and requirg fairly
large amounts of compost. Maize IJodging is often a preblem in the first season of DDBs due
10 the Ipose soil, but Lhe beds are in fact mostly used for growing wegetables, Some farmers
said that in the dry season lhey preferred sunken beds rather than raised as thoy retained
MmoTe TSt re.

Compesling and DDB seem more widaly usad in higher than in medium potential ansas. This
may be because water is more easily available in FRAs and manure can he readily oblained
from rero-grazing units. Tests, however, show that DDB and compesting produce higher
yielcs of maize, and better gross margins and returns to labour, in a mediom polential area
sUCi &5 viachakos when compared io bign poiontial Myori. This is probabiy Decduse Dad
pans are more frequent in Machakos (see Box 4 Markel oullets [or wegetables are
comparable in both sites,

Farmers of different economic status adopt these practices [or a variety of reasons. Richer
farmers are better able to use them bocause they have easy access to labour and manure,
althcugh they may decide not to since they can allord to buy mineral fertilisers nstead.
Poorer farmers practise these techniques because they cannot afford to buy mineral
fertiisers, although some can not wse therm because Lhey face tight labour constraints and
need to concentrate on finding their next meal {(Harnilton, 1957).

- .
il

. an 3 [:Inuhle dug beds cﬂmpared tucunventlunai 'tlllage i S ':' .

. On-lairn trials in Machakos and N{..'Eﬂ compared the effect of -:I-::'uhle dug by withy Lhe -:_c}nuenuonal.
practice of shallow Gllage. In Machakes, the tosubla dug beds preduced greater maize yields and net .
* cash benefits than land that had -heen conventionslly tilled, Maiza ields after conventional tillage |
" wware 2018 kgha, compared 1o 3,745 kgsha from the double dug beds, Howeuer, in Myer maize
yields and nel returns wiara hetter with canwantional tillage. Maize yields here were 2,321 kgha alter

corventionak tillage and &, 707 kg'ha in the DDB. T : . K

" The positive resulis in Mackakos seem to be mainly I:!UE.- m the |‘an pan being broken up, allswing |
" weaer to penetrate the soil and plants tn:u take up dvailable notrienls. Drganic matedials acldad tn thase |
: bels alsar improue the soil's capadity to retain '.-.'ater Although the double dug beds are more Jabiour |
. intenshe than 5hdlluw tillage, ll]ey 5L||| gave farmer-; a hetter :retu rn an TJ"IEII' Ial:u:uur i hachakos [Dl{:p '
cetal, 19971 e e e -
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Effects of composting and double dug beds

To evaluate farming methads, farmers use various crileria, such as oop yield, labour and
input requirements, colaur and wigowr of crops, incidence ot infestation by pest and disease,
the affact on scil characteristics and cash savings made an inputs. Researchers” parameters
include the effects on yield, income, [abour requirements, and the efficient use of nutrents
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{Ondury et al, 1999). The most straightfanvard benefit of compesting and double diggmg
15 Lhatl they Facilitate a mors efficient use of nutrients and produce higber yields than
convenlional melhicds with a similar input of nutrients. Camposting and double dug beds
searm Lo be mosl saccessiul in areas where many nulrients are losl Lthrough leaching and
grosion. A sludy on maize, comparing Lhe impacl ol composl wilh a combination of boma
manure and Di-Ammonium Phosphale (DA, showed a yield increasze of ebout 20% in MPAs
when using caomposL. In HRA, however, the Lreatmenl wilh compost yielded 40% jess {Diop
et al., 1997 see also Bax 4h

e = T — —_ - _- = = = rooa T

'Box & Cuinparmg cnmpust with'a {!{}mhlﬂﬂtlﬂn of manure and DAP -

Thu‘r_j,r-slx fanmers |n Mac’hﬂkne and Ng,.lpn mnr]u-:'rpfl a-trial 1o’ rompare hnw faize res.pnndnd tn:r_=
_.apphc amns. i c'::-mp-::-gl and a L‘@mbma[mn 1-::[ .E:»-:':ma manure-+nm-* H-r:.l_h Lrealmans were Appligd at.
the rates r|-::~rr11i.-1|FI5.r used in LEISA farming, systems. They compared the e -:lf 16, 21 per ha LurnprJEL--'
j".-.'lth 17t per ha .I':Inma r|'|,:r1ur|:~+5]r kq pEr ha DAE:. Th|:~ sn-::ﬂnu:l c-::-ml:unatmn CDI'ItEIlF‘IS rmore N, Fand K.

I:n tdachakos the mmpns.'r. perfurmad much bE‘[r.EF than thp En::nmhl.n.ltmn of .bama manun:+D-f-'-.P
" givig 2 b rrive yield, Jreater nel cash Tenedits. *m{! @ bellpr net retuiht on_tabolr. The ‘maiza -
_-ylelded 2, L'I1 B kg.-"nd wth the c-::nml:unatu:un Uf bn:rni-d rrar ere+Dﬂ.F“ and 2 449 k_;.-'hd xr'.hr-:n lrEdlud wilh
egmpost. - Hu:lww-::r “the. nosults” in Myeri showed the "converse with I.hE cnmblnatlun D‘f bo.".rrd-'
. o ureCuap pn:r'Fc:-rmmq bettaT. than- tormpost. The maize here metded’ EEIEH F:q-ha wnh b-‘:'."l’fa

-

.:manurr,-:~+DAP ’mr;] I E}.H gf:.-'ha wuh (_-;::mpnal {D:-r:-p el; al., lEHf-}.-'} - C '. SR

" These resulls could bE dLIE‘ to -:ilfferen-:wes i seil and t_Fermll-r_ I:.I:JIIt.{Il.I':JrIb irn 1he lwn .:-:re-ﬂ;-, ‘:t::ulls in _-
: Man:hakn:ls haxre & poor 5tn:.|r.:tun: and a han:l pan, aru:l ra1nfalf is more I|m'rtE|:| than A Ny.rerl It szems.
. that compos: is better Suited th thesa advarse conditions that the oom I:unam:un Df' bn::ma rmanunc- |-D-'-‘-.F .
' nnd thﬂt it may hrwp enal}lra{f planls 0 sa ALlrients” m:::rcﬂ Prflruent'r_-,' and rédured [nsses caused I:n,r-:
' Ermlur: dnd lﬂ.;u_hmg AS thes 5ur| and chrndtlc Lundllmn*_. dIE rmiore [d'ml.:rdble_- i N}rrhn ::r-::||:_'|:- CAIT L5
the higher nutrens cuntent ar th.n: beoma ‘manurcs-LAR misure more, Ef‘l‘“:l:lnzrltlz.I than in Machakos.

In a suhsrzqunnt stud[,.' in f':-"l.:l-.'j‘lakﬂi Iu:|1.|1d manum“ was tosted-as an- input fnr malze It weas triet in .
, tombinatianwith oo mp:;us[ el cormaparetd vt hesingle and dipelle doses ot compost oneits own . 1‘r"n:l-:ls. :
cantl’ ﬂel catal) beriefits were hlghm_-.t for Lhe :_UrnI:Jrrhdllt.:-u ol LUTTIp-:.IlSl wnh [iigonied rvarire, althuugh hE -
I return T.CI- Iatl::lur f-::vr this methad WS the Ic:-west aof thE thIEE trestments, tested I:Dn-:lu:u et al, 125EL
T|‘.|I5 study showed that the combindticn of compost with a readily avaitable source cuf ritragen mlght'
' hp :Jff:b-'tw ily ||'|-:fmalng agmnnmlr arel annmli: pwfnrmanfe . )
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Nutrient balances for different crops and farms

Jne year measurements in hdachakos and Embu reveal that full nutrient balances at farm
level are negative for nitragen (respectiveby -53 and -55 kg Mhader} and 10 3 lesser extant for
potassium {respeciively -10 and -15 kg Khas). The phosphorus balance seems 1o be neutrat
ic positive (Bosch et al., 1998; lager et al., 1998h; Jager &i al., 1993).

There are significant wvariations in nutrient balances between crops and individual farms. A
study in Embu found that considerable amounts of mineraf nutrients are applied to high

5 Liguid marnire is prepared Dy mixing fresh animal dsopaings with wzter It has a high N-content, =nd is applied ta scil
nezr the plant roots whan the crop is knse hign.
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earning cash crops, such as tea and coffee, as these crops give the best economic return far
maney spent on fertilisers (Jager et al., 1338k, and as a result tatrient balances are neutral
to positive (Table 2). very few inputs are apphed to figlds of staples, such as rmaize and beans,
where the negative nutrient balance results in declining sail fertility and scrious mfestation by
pests and diseases. Contributing factors indude the removal of afl crop residues from the
fields for safe by 14% of farmers, limited access to markets and inputs (B4%} and shortage
of labour [y 98% (Jager ot al,, 1998k},

Farmers in Myeri and Embu consider napicr grass to be a high value crop as Lhey use il as
foddar for milk production. Thoy apply fairly large quantitios of manure 1o land under napier
grass bt it still has a significant neygative balance because so many nulrients are lost when
bigrnass is removed from the tield, while the manure produced with Lhe lodder is applied to
gther areas of land. The most seriously depleted nulrient in alk fields is nitroger, which is lost
in large guantities thracgh leaching, volatiksalion znd erosion (Bosch el ai, 1998).

A owwealth ranking exercice was carried out by farmers in Embu, basing their judgerments on
the amount of land held by each farmer, the number of teascoffee bushes cultivated, the
system for rearing livestock, diet, level of food securitg, quality of housing, size of family and
potential to educate their chitdren (see Defoer et al., 1998 for mare details on the mathod
usad) Farm lewel nutrient balances were calculated for individuzl farmers in Embu and
comparisons were then made between farmers of different ecanomic status.

Table 3 Mutrient balances and economic results for various crops (M = 15)

Ernbu District Machakos
lowdands

Tea Crftag rapier hdaize Maize
s
fdirieral Terlilisars BAE (Keaptha) 200 L0 } 145 E
R anure (tha) G 5 2 On 4
Cufacris
Yield (kgha) 3.208 2,867 J5.020 1,808 312
Mutrfant balance
N (Kg/ha) -14 -1 171 44 -34
P {Kaha) 330 +20 0 18 -2
K. {Kadha) 31z +50 -124 =15 -13
Ecchomic rasiats
artalle cosls (Kshvha) 15,35 16,528 14,388 3,586 6,450
Belurny (Kshita) 34,00 fa4.587 A548E5 13,014 26,000 -
Gross manging JKshbz 25,536 81,28 23,5946 G428 19,600

Source: lagar =t al., 1539,
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Tahle 4 Mutrient halance for tea/coffee/dairy landuse system in Embu {M= 15)

EJT.r]E nt Economic status
(Kophad Battar-otf Avorapo Poar
Hilrogen -1& =40 -53
Phicrsphicirus 44 25 18
Polagsiurm B 5 4

Source: Jager et al.. 19980,

The nitrogen balance at farm level was caonsistently negative, and worscned with increasing
levelz of farmers' poverty (Tabfe 4. Phospharus balances were pasitive for alf bul again
declined with a decrease in farmers’ economic status. Thoro did not seerm Lo be any such
difference in potassium levels between classes, probably bocause the mosl commonly used
ferilisar {di-amronium phosphate} hardly contains any potassium. Wealthier farmers have
better access to extermal inputs and use more mineral lertiliset than their poorer
counterparts, who cannct afford thom. Poorer farmers lend 1o uie organic fertilisers instead,
althaugh many of these have a low nutrienl conlenl.

Farmers manage their cattle according Lo their means. Peorer farmers fet their animals graze
or cornmunal lands and afeng the roadside, and some nutrients may return to the farm
allthaopgh much al 1he dung will remain on communal lands. Richer farmers stallfeed their
callle in zero-grazing unils, which facilitates the collection and storage of .manune and
ensures that the manure femains on the farm. Stall feeding alsa enables farmers to supply
the animals with better quality material =a that their manure contains mora nutrients.

Conclusions

This chaptor focussed on compasting and dooble dog beds as ‘[EChnﬂIﬂgi-;—:-s that could
improve sal tertility management and the sustainability of Tarming systerms. Thair impact is
site-specific. Double dug beds and compsting both seem to be more effective in MPAs than
irt HRAz, MG0s and farmers should lake note of this and constder carefully where the two
lechnologies may be mosl affectively implementad.

Whether or not farmers produce cotmpasi depends 1o a large extent on their resources. “hese
not only include fabour, capital and transpart, but also the availability of good gualily
materials for composting, and enough water to stimulate decompeosition. This is obviausly an
impartant factor in arid and semi-arid areas,

Mare research needs to be dane inta the quality of the compost and ather urganic fertitisers
produced by farmers and ta establish the nutrient fertiliser cquivalent of arganic inputs (Palm
at al,, 19971 This will help understand how best to cambing different iypes of organic and
inorganic fertilisers, NGOs assurmed, for example, that compost conlained more nutients
than Harma manure but this was not always the case {Onduru et al, 1999
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Cur research showed that compasting and DOBs can improve grain and venetable yields and
therehy coniribuie 1o improving food secunty. Farmers can also carn exdra income from
selling wegetables, although a continuous increase in preduction cauld Hloed the market and
cause prices to drop. The continued wse of these technolegies will partly depend oo the
stability of markets and prices, so work could usefully be done on diversification into a
broader range of crops developing agro-processing technelogies, adding value through direct
marketing tor consumers and organising marketing cooperatives.

Composling and DOB have the potential to contribute to more sustainable farming systems
by {acilitaling more elfic ent use of nulrients and reducing oulriend losses. Howewer, they will
not be sufficient Lo stop nulrient mining complelely, since most larmers do not have enough
camposl or alher arganic inpuels to ferlilize all Lheir lields. These bwa lechnoloagies mainly
redistribute nutrienls, concenlraling then in some areas at the expense of athers. As so
many nutrnients are 1ost through the szle ol crop and livestock producls Lhe only way to
achieve a zers balance is to apply external inputs such as mineral ferlilisers ar to grow
nitragen-fixing creps. Efforts are needed, not anly 1o make the most efficient use ol existing
resources, but also o find ways of making external nutrient inputs svailable, particularly for
pocrer farmers,

Sorne MGOs have focussed on one or two technolegies without considering the possibility of
cormbining thern with others. However, experiments have shown that a combination of
compast and a tap dressing of liquid manure can increasa crop yields and net cash income.
MEGs should therafore Taster a participatory approach that stimulates joint efforts 1o make
batter use of existing resaurces and skills. Wark has been done in Machakes and Ryeri to
build partnerships betwean government, MGOs, the private sectar and community groups,
who are now Collabarating on the davelopment of technologies and monitoring soil fertility
manzgement {Onduru et al, 1998; Jager et al,, 1999, It s also nportant that fanmers
recarse continued support in implementing technologies promoted by the extension services
and pther organisations, and that these should be considered in relation to other cornmunity
reeds such as the prowvision of water,

The witle variatians in nutrient balances and ecanomic returns abserved between farms and
craps dermonstrate how soil ferility rmanagement is affected by socig-economic fackors. This
should be taken inte zcopunt when developing strategios 1o promcie technologies for
sustaining or improving sail fertility. The “bhest’ solution far any farmer will depend an his or
her sitealion and availab'e resources, so any new strategies for soil fertiity manage ment must
not be only technically teasible but alsa have the flexibility to fit in with farmers’
Lircurniskan ces,
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