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Preface
Thisthesisis presentedaspart of my masters degreein OrganicAgriculture,with a specializatiorin

Agroecologyat the WageningerUniversity,The Netherlands Thisresearchhasbeendoneunderthe
supervisionof Plant Production Systemschair group from August 2014 to February2015. This
researchwas executedin Bougouni,SouthernMali during the period between 21%* Augustand 20"
Novemberin 2014,andthe thesisreport writing took placeafterwardsin Wageningen

Thedata for the typology makingwas gatheredfrom my local supervisorthrough the International
CropsResearchnstitute for the SemiArid-Tropics(ICRISATand this data set was originated from

the surveyexecutedin the Bougouniregion by CompagnieMalienne pour le Développementdes

Textiles(CMDT)in 2013 The information and data for the cotton production and profits analyses
was mainly collected from the surveycarried out in three AfricaRISINGillages(Dieba, Flolaand

Sibirila)in the Bougouniregionin Octoberand November2014. The information and data for the

crop trials wasalsogatheredfrom my local supervisor,and the crop trials were executedfrom May

to December2014 in four AfricaRISINGillages(Dieba, Flola, Madina and Sibiriala)in the same
region.
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Abstract

In the Bougouniregionof SouthernMali, the farmingsystemis dominatedby smaltscalemixedcrop-

livestockfarmers. Agricultureremainsrainfed with a highly erratic rainfall during the rainy season.
Farmersgrow food crops such as maize, sorghumand millet combinedwith cash crops such as

cotton. Cottonplaysa keyrole in both farmer slivelihoodandthe regionaleconomy,asit sernesasa

main approach for farmers to get accessto inputs such as chemicalfertilizers Also, rice and
groundnutare grown by farmersfor the purposeof salesand householdfood consumption.

A high population growth rate of 3% combined with low crop and livestockproductivity posesa
challengefor the regionaldevelopment althoughthe fallow lands are abundantin this region In
order to addressthis challenge,agro-ecologicalintensificationis proposedas a feasibleapproach.
Different options have beentested in Mali and other similar contexts and the experimentalresults
are promisingin terms of increasingcrop productivity, while actual adoption of these practicesby
farmersis rather limited. Oneof the mainreasondor this is that experimentalresultsfail to account
for constraintsarisingat the farm or evenhigherlevels.Also,the implementationof agro-ecological
intensificationoptionsfailsto takeinto accountthe enormousdiversityin smallholderfarms.

The objective of this thesisis to derive a farm typology basedon farm structural characteristicdn
Bougouni,and to analyzethe profitability of agro-ecologicalintensificationpracticesby utilizing a
farm typology mainly focushg on cotton production. Then the effects of various intensification
optionson the grainand fodder yieldsincreasepotential tested by on-farm trials are alsoaddressed
in this study.

To do so, a farm typology was constructedbasedon the surveydata of 162 householdsin four
villagesin the Bougouniregion Fivefarm typeswere identified in this study, rangingfrom type 1
farmers with large resource endowmentsto type 5 farmers with fewer resources.A farm-type
specificgrossmarginanalysisof the cotton productionwaspresentedin this paper. Asregardsto the
net incomeof the organiccotton on a per hectarebasis farm type 5 wasableto achievemore profits
comparedto the farmersof other typeswhen proper managementwasdone, e.g., timely weeding
Forthe conventionalcotton, farm type 1 achievedthe highestnet income,while farm type 4 got the
highestnetincomeper family worker.

Participatory on-farm trials were conduced in four villagesto test a basket of agro-ecological
intensification options, including judicious application of chemicalfertilizers in combination with
compost, improved hybrid variety combinedwith bio-pesticides,seed inoculation combinedwith
compostapplication,two intercroppingarrangementscombinedwith improved hybrid variety. The
trial resultssuggesthat the applicationof chemicalffertilizerscouldsignificantlyincreasemaizegrain
yields compared to non-fertilization (P<0.05).The improved fodder variety could significantly
increasethe cowpeahaulmsyieldscomparedto the localvariety (P<0.05)Theland useadvantageof
intercroppingwith the additiveandreplacementdesignoverthe solecroppingwasevident(LER>1).

Farmtypology indeed provided a structural entry point for analyzingthe profitability of the cotton
productionin the context of SouthernMali. Conventionalcotton was more profitable than organic
cotton on a per hectare basisfor farm type 1 to 4 mainly due to the lower yields of the latter.
Intensificationoptions such as judicious chemicalfertilizer application,adoption of the improved
foddervarietyandintercroppingprovedto be applicablein the contextof SouthernMali.



WAGENINGEN [NEH

For quality of life

1. Introduction

1.1 The Contextof Mali
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Figurel. Locationof Mali by coordinatesn Africa (left) andphysicalmap of Mali (right)

source(WorldAtlas,n.d.)

Mali is a landlockedcountry located in West Africa, lying from 10°, 13°Wto 25°N 5°E(Coulibaly,
2006) Amongthe total landareaof 1,240,190km?, 7%is occupiedby arableland, and 12%by forests
(FAOSTAR014) The country hasfour major climatic zones rangingfrom the south to the north,
including Guinean Sudaese, Sahdian and Saharanzone (Coulibaly,2006). In Mali, the seasonal
weather cycleconsiss of three different periods(Lélé& Lamb,2010) Therainy seasonoccuis from
June to October.Thecold seasonis between Octoberand February followed by the extremelyhot
and dry seasonuntil June(Lélé& Lamb,2010). In addition, the climate alsodiffers greatly from the
southto the north. In the Guinea zone, the averageannualrainfal is over 1300 mm with anaverage
daytimetemperatureof 28°Cwhile the annual rainfall is lessthan 150 mm with an averagedaytime
temperatureover 35°Cin the Sahararzone(Lélé& Lamb,2010)

In 2013,the estimatedtotal population of Mali was 15,302,000, of whom 90%lived in the southern
region closeto the Nigerand Senegativers (UN, 2013) Ruralhousehold accountfor 63%of the
total populations(FAOSTAR014) Thelargestethnicgroup of Mali isthe Mande (BambaraMalinke,
Soninke)makingup 50%of the total population(UN,2013)

Theagriculture sectoris the backboneof MaliQ i@dustrywith 73%of the total labor force engagedn
agricultural activities and contributing 42% of Malian GrossDomestic Product (GDB (FAOSTAT,
2014) Smallscaletraditional farming dominatesthe agriculture sectoron 90%of total areaunder
cultivation (TAPfor Cotton, 2012) Cropsgrown for domestic consumptioncomprise maize, rice,
sorghum millet and cashcropsfor exportincludecotton, sesamegroundnut(FAOSTAR014)

Cotton, the main cashcrop, known as & ¢ K A & $aRd dthe mother of LJ2 @ S, Mla &téategic
productivesectorin Mali (Benjaminseret al.,2010) Thissectornot only providesa capitalsourcefor
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elites (politiciansand bureaucrats)but alsoa crucialincome sourcefor smallholderfarmers(Serra,
2012) Exceptfor part of the supplychainof the organiccotton, the cotton sectoris managedby a
parastatal company CompagnieMalienne pour le Développementdes Textiles (CMDT).What
distinguishescotton from other cropsis that it representsthe main sourceof livelihood for about
one quarter of the a I f pofudation and 50% of the Gross National Product (GNP)(Tappan&

McGahuey2007) Thebenefitsof cotton are noticeableand pervasive Cottonnot only servesasan

incomegeneratingenginefor the agriculturesectorsbut it alsospillsoverto other sectorsmanagd

by CMDT coveringeducation,medicalcare infrastructuredevelopmentin rural area,suchasschools
construction, ¥ I NJY I8ekiBiy@lasses health centes, wells, road maintenance(Serra,2012) As
such, over time it has built up a basisfor the farmersto get accessto fertilizers, chemicalsand

equipmentrather than just beinga relevanteconomicsector (Serra,2012) Latelyhowever, CMDT
has gradually withdrawn the support for the rural developmentlisted above while the village
cooperativesstill remainasa powerful existencegTheriault& Tschirley2014)

1.2 Problem Definition and Rationale
Africahasthe highestpopulationgrowth rate over the pastthree decadesamongall continentsand

Mali is no exceptionto this (UN,2013) In 1980, the total population of Mali was 6,735,000; thirty

yearslater, the total populationroseto 13,986,000with an annualgrowth rate of 3% (UN,2013) It is

worth noting that arableland only madeup 6% of total agriculturalland areain 1980,andincreased
to 15 %in 2010with an annualgrowth rate of 3% (FAOSTAR014) However,excludingthe areaof

temporary cropsaswell as fallow lands, the permanenty cultivated land only accountedfor 2% of

total agriculturallandin 2010, whichis still quite small(FAOSTAR014) Another strikingfact is that

the populationof Mali is unevenlydistributed with 90%of the total populationlivingin the southern
region The agriculture sectorsfollow the samepattern as the southernregionscontributed more

than 90% of the total cerealproductionin 2006 (Kumar,2013) Aspopulationwill continueto grow,

it is not difficult to discernthat both food and feed demandswill increasetremendouslyin Southern

Mali for the nearfuture (Nijenhuis,2013;PoccardChapuiset al.,2014)

Generallyspeaking,coarse grain yields are low, while cotton productivity is one of the highestin
West Africa(Abdulai& CroleRees2001) Althoughthe cotton yield had increasedfrom 225kg/hain
1961to 1200kg/hain 1990,there hasbeena declinein the cotton yield sincethen (Lariset al., 2015).
In 20062010, the cotton sector had fallen into crisis with mounting fertilizer prices, poorly
maintainedequipment, inefficient managementf the cotton company(CMDT)and farmerglack of
accessto credits (Serra,2012; TAPfor Cotton, 2012) Recently,the cotton sector is recovering
gradually(Falconnieret al., submitted) Cotton is cultivatedin rainfed conditionsin SouthernMali,
which indicatesthe yield is affected greatly by erratic rainfall (TAPfor Cotton, 2012) In addition,
cotton is susceptibleto a wide range of insects,thus pesticidesand sprayersare indispensable
investmentsfor cotton farmers(Cottonincorporated,n.d.). Asfor the farmers, whetherto engagen
the cotton sector s still a dilemma. On the one hand, cotton is a nutrient demandingcrop and is
vulnerableto insectinfestation,thusit reliesheavilyon fertilizers and pesticides Onthe other hand
cotton not only generatescashflow but alsoprovidesthe accesgo fertilizersand chemicaldor these
farmers sothat they canalsoapplyfertilizersto cerealcropssuchasmaize andto a lesserextent,
sorghumandmillet (Laris& Foltz,2014) Recently CMDTalsostarted to provide subsidizedertilizer
for maizeandrice, but the creditsfor cerealfertilizerswascalculatedbasedon the cultivatedareaof
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the cotton (Fuenteset al.,, 2011) Thus the nutrient deficiencyfor cerealcropsis still quite largein
comparisorto cashcrops(Laris& Foltz,2014 Lariset al.,2015).

Theexpansionof the livestocksectoralsoposesa challengeto farmers mainy dueto the reduction
of rangelandsaswell asthe shortageof palatableforagespeciesoverthe dry seasonBaet al., 2011;
Turner et al., 2014) Apart from the declinng pasture and vegedation density, the prevalenceof
livestock diseass and absenceof veterinary care are hitting farmers hard, as livestock are
indispensablefor T | NJY I&aé\io@ (Ayantundeet al., 2014) The rising numbersof livestockin
SouthernMali might alsogiverise to more conflictsbetweenfarmersand herders,asthey haveto
competefor limited resources suchaswater duringthe dry seasonBenjaminseret al., 2010; Turner
et al, 2011, Lambinet al., 2014). More than 56% of pastoralistsclaimedthat they had conflictswith
localfarmers at certainencampmentguring the rainy seasonn SouthernMali becauseof livestock
inducedcropdamage(Turneret al.,2014)

Agro-ecological intensification is proposed as a solution when addresing the challengeslike
increasingly high input coss, high food and feed demands, low crop produdivity, ¥ I N S N& Q
vulnerability to institutional configuration (Erenstein,2006; Pretty et al.,, 2011, Tittonell & Giller,

2013) Agroecologicalintensificationprovidesan applicableentry point to designa type of farming
systemthat dependslesson nonrecyclableexternalinputs and relies more on the functionality of

the ecosystenserviceqErenstein2006; Tittonell & Giller,2013) For SouthernMali, agra-ecological
intensificationis more suitablethan capitatbasedintensificationdue to severalfacts confronted by

those smallholderfarmers low soil fertility with poor responseto the input of chemicalfertilizers
destructiveshifting cultivations that resultsin unresponsivesoils; lackof accesgo externalinputs (de

Ridderet al.,2004)

a ! Idd@ogicalintensificationis a practical, knowledgebasedapproachwith potential to
respondboth to the needsof smallholderfarmers for increasedproductionthrough more
efficientuseof localresourcesandto the demandsplacedon the hightinput exportsectorfor
more environmentakustainability Thisapproachdoesnot excludethe useof externalinputs,
but focuseson biologicalmechanismgo suppresgestsand diseasesstrategiesto increa®
yieldand managementf soil nutrient cyclesfor a healthierand more productive crope (Céte
etal.,2010)

Organic cotton may provide an alternative pathway for smallholder farmers in the context of
SouthernMali. It might be able to minimizethe adverseimpactsof the institutional monopolyand
increasinglyhigh costof inputs while still maintainingthe cotton & S O (egtéwdand input supply
servicein rural areas Sinceorganic cotton production mostly relies on natural capital such as
compost, input costs canbe reducedand farmersbecomepartly independentfrom CMDT(Kloos&
Renaud2014) Moreover,the sellingprice for the organiccotton is higherthan for the corventional
cotton sothat lower organiccotton yieldscanbe compensatedo someextent (Leighton& Sacande,
2011) In addition, the organiccotton canbe intercroppedwith vegetabledike okra, offeringfarmers
the chanceto acquirediversifiedearning from one pieceof land (FAIRTRADEQ10) Bassett(2010)
referred to severalpositive effects for farmersin SouthernMali from introducing organic cotton,

! In this papercompostrepresentsompostedouseholdvastesgarbageandcropresides.
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includingmore womS y @adticipationand improvedsoil fertility. Asa result of the disseminationof
organic cotton practices,even the farmers who did not grow organic cotton beganto use bio-
pesticidesand to try integrated pest management.Lakhalet al. (2008 stated that a shift from
conventonal cotton to organiccotton brings about job opportunitiesfor the regionaldevelopment
andhealthbenefits for the farmersin Mali.

Improvedcerealcrop varietiescanoffer smallholderfarmersa costeffective option to overcomethe
disadvantage®f local varietieslike low yields and susceptibilityto droughts and diseass (ICRISAT,
n.d.). However increasingerealyield cannotbe achievedsolelyby usingimprovedvarieties Foltzet
al. (2012) found that both the adoption of new varieties and the incremental use of chemical
fertilizers play a crucialrole in increasingmaizeyields in Southern Mali. Kouyaté& Diallo (2012)
showedthat legumesorghumrotation associatedvith applicationof green manure and Tilemsirock
phosphateincreasedsorghumyields and ameliorated the soil fertility with increasedsoil organic
carbon phosphorusand calcium content. Agronomic practices that combine phosphorusbased
fertilizersand seedinoculationshowthe potential to increasesoybeangrainyieldsfor low resource
endowedfarmers (Frankeet al., 2014) In addition, soybeanresidueshad a positive effed on the
yields of maizegrainin the subsequentyear (Frankeet al., 2014) Bationoet al. (2012) reviewed
severalstudiesof legumecereal intercroppingsystemfrom SudaneseSahelianzone of West Africa
and pointed out that this systemenhanceshe longterm yield stahlity of both cropscomparedto
mono-croppingsystem.

Although these agronomic practices show the potential to improve F | NJY E/&lifoa and to
enhancecrop productivity, ¥ | NJY &thdhaoption of these practicesis often limited (Vlek, 1990
Frankeet al., 2014). Onereasonfor this is that technologiesor practicesare tested at field or plot
level by meansof experimentation,whereasthe constraintssuch as labor, equipment and policy
arise at the farm or higher levelswhen farmersmanageto replicate these agronomicpracticesby
themselvegqGilleret al.,2011)

Analyzingthe farming systens within which the rural poor live and work can provide deepinsights
into strategicpriorities for improvingthe livelihoodsof smallholderfarmers(Dixonet al., 2001) The
main cropping systemin SouthernMali is a rotation of cotton-maizesorghumwith most of the

purchasedinputs applied to the cotton and maize while sorghum benefits from the residual
caryover effect from the fertilization (Coulibalyet al., 2014) However,one also hasto recognize
that there is a wide rangeof heterogeneitiesamongthose farmerswithin the samefarming system
(Gilleret al.,2011)

Sonow a & (i 2i8rfeédedto sliceand dice eachfarming systeminto & LJA Svihiestdl offering a
structured framework to identify promisinginterventions for farmers who share similar resource
endowmentsand are confronted with similar challengesand opportunities. Farmtypology is often

usedasa handytool for suchpurposes ( Lardais,1998; Tavernier& Tolomeo,2004 Chkowo et al.,

2014)

a !type is an abstractgenericmodelwhich definesthe characteristicfeaturesof a seriesof
objects.Theterm W {i & LJRés@rmt@gopth (1) the scienceof type elaboration,designedo

help analyzea complexreality and order objectswhich, although different, are of one kind

9
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(farms for instance)and (2) the systemof types resulting from this procedure(the farm
typologyof a givenregi2 y ((Léridais1998)

Thereis a number of studiesexploiting farm typologyto analyzesmallholderfarmersin the context
of Africa, yet most of them focusedon analyzingthe bio-physicalaspectsof different farm types
(Kevane 1996;Tittonell et al., 2005a;Tittonell et al., 2005b; Tittonell et al., 2010 Dosseet al., 2011;
Gilleret al., 2011; Sakanéet al., 2012. Few studiescan be found on analyzingthe profitability of

smallholderfarms by using farm typology (Molua, 2010) A number of studieshave been donein

developingcountriessuchas India, KyrgyzstanBenin,etc. to showthe resultsof profits comparison
betweenorganicand conventionalcotton (Lakhalet al., 2008; Panneerselvanet al., 2010; Rieple&

Singh,2010 Traore& Bickersteth,2011, Bachmann2012Kloos& Renaud2014). Yet,thesestudies
barely took into accountthe heterogeneityof farmers when analysingthe cotton profits at the

regionalor countrylevel

Brocket al. (2002) found that any agro-ecologicalintensification policy ought to be set in a real

livelihoodcontext,to recognizethat householdswith different resourcegland,laborandequipment)
copewith different constraintsand risks.In Southern Mali, four different farm typeswere classified
by CMDTthrough assessindgnouseholdequipmentownershiplike number of weedingtools, plough

and oxen (Brocket al., 2002) The aim of this farm typology is to provide an easyto-implement
approachfor other agriculturerelated institutions to apply suitable technologiesand trainings for

localfarmers (Brocket al., 2002) But the problem s that the CMDTclassificationschemeis rather

limited. Householdsare classifiedon the basis of the ownership and mastery of ox-ploughing
technology Eg.if the householdshavetwo pairsof oxenanda full set of ploughandweedingtools,

then they are classifiedas & T d3fljfd2A L#uiS fppe A; If the householdshave either an ox or a

plough, they are classifiedas & K I Rilto usetools but not enoughfor cotton cultivatioré farm

type C(Brocket al., 2002) Besidesijt wasintroducedfor yearsand now somefarmersevenpossess
their own tractors (Duguéaet al., 2008) Thus,it is necessarnto provide an updatedfarm typology
that reflectsthe current ¥ | NJyr8shiEc&@endowmentsin SouthernMali asa tool to facilitate the

extensionagentsand other farmingrelated rural institutions to offer technical support for local

farmers

Zorom et al. (2013)made a farm typology basedon a surveyof 105 householdsconductedin the

communityof Tougouin northern BurkinaFaso Fourgroupsof farmerswere determinedby means
of clusteranalysisbasedon householdsize,ageof the householdchief, labor availability number of

livestock,number of tools, income sourceand drought adaptation strategies The purpose of the

typology was to evaluate farmerQ &ulnerability to droughts and food insecuriy as well as their

perceptiors of policyincentives(Zoromet al., 2013) Thisstudy pointed out that different groupirgs
of farmers havedifferent needsand priorities; therefore, policy interventionsshouldnot be a fixed

packageof solutionsbut a palette of optionsthat rural farmerscould accesgo dependingon their

own priorities (Zoromet al.,2013)

10
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1.3 Objectivesand researchquestions
The overall goal is to explore crop intensification options for farmers with different resource

endowments.Tothis end, the following specificobjectiveswere formulated:
0 Toderive a farm typology basedon farm structural characteristicsin Bougouni,Southern
Mali
o Totest the profitability of agro-ecologicalintensificationoptions for different farm types
mainlyfocusingon organiccotton production
0 To test the grain and fodder yield increasepotential of different intensification options
includingimproved dualpurposevarieties;judiciousapplicationof compostin combination
with chemicalfertilizers;cered-legumeintercropping;seedinoculation
Theresearchquestionsassociatedvith theseobjectivesare asfollows:
1 Howdoesthe profitability of organiccotton productionin the contextof SouthernMali differ
betweenfarm types?
1 Canfarm typology be usedasan entry point for tailoringthe agro-ecologicalintensification
optionstestedin participatoryon-farm experiments?
1 How do variousintensificationoptions affect the grain and fodder yields compaed to the
T I NIviGditibr@l practices?
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2. Materials and methods

2.1 Description of the study site
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Figure2. Map of studysitesin Bougouni,SoutherrMali.
Source:(Timleretal., 2014)

The four study villagesare locatedin the Bougouniregion of SouthernMali, which belongsto the
Sudanesésuineanzonewith an annualrainfall of 1200mm, a growingperiod of 5-6 monthsstarting
from Juneand an annualaveragetemperatureof 27°C(Coulibaly 2006) Thesoils are predominanty
sandyloam with a high gravelcontent (Timleret al., 2014) Most soilsin this regionhavean organic
carbon content of 0.2-1.2% Olsen P of 3-7 mg/kg and soil pH of 4.56 (Timler et al., 2014)
Agricultue remainsrainfed with highly erratic rainfall during the rainy season(Abdulai& CroleRees,
2001) Themain cropsare cashcrops like cotton, aswell as cerealcrops(maize,sorghun). Peanut
and rice can both be consideredas cashand food crops in Bougouni(Timleret al., 2014) Farmers
keep cattle and donkeysmainly for draft power and the function of insurance somefarmersalso
rear smallruminantsfor saleduring festivaloccasiong Brocket al., 2002 Benjaminseret al., 2010).
Bougouniis one of the typical cotton zonesin SouthernMali (Benjaminsen,2001) Mouvement
BiologiqueMalien (MoBiom),an organiccotton cooperativelocatedin Bougouni,is in chargeof the
organiccotton inputs disseminationand technicalservicesin the villages.In 2010, there were 73
organicfarmer cooperativeswith 6,547 certified organiccotton farmers, of whom 30%are women
(Nelson& Smith,2011). Moreover, by usingthe fair trade premiumsfrom the cotton sales MoBiom
alsocarriedout a numberof projectsin the localvillages Many of those had alreadybeenachieved
before 2010, includingthe constructionof 17 storehouses3 large water wells, a literacy center, 2
cerealbanks,purchaseor repair of the primary schooldesksand bencheqNelson& Smith,2011)

12
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2.2 Methodology

2.2.1 Farmtypology
Thetypologywas derivedfrom householddata acquiredfrom CMDTagentin Bougouniand staff of

AfricRISINGproject. The CMDTdata consistedof resource endowmentsvariablesregarding 204
householdsof four AfricaRISINGrillagesfrom Bougouniin 2013. The four villageswere Dieba,
Mading Flolaand Sibirila The varialdes for eachhouseholdcompriseal family characteristic§male
and female family member, total family Worker§); livestock(number of cattle, oxen, donkey,ram
and goatstogethern); equipment(number of cart, tractor, mill, plough, hoe, weeder, ridger, seeder
multi-cultivator) and land area(the surfacearea(ha)of cotton, maize,sorghum,millet, rice, cowpea,
fonio, peanut,fallow landg. The AfricaRISIN@ata consistedof demographicvariablesregardingl91
householdf the samefour villagesin Bougouni Thevariablescomprisal the nameand agesof the
householdheadand hismembesrs, etc.

2.2.2 Surveyimplementation
The samefour villageswere chosento conductthe surveyfor testing the profitability of organic

cotton for smallholderfarmers in Bougouni However, there were no organic cotton producers
registeredby MoBiomin Madinain 2013,thus only three villageswere left for the survey In orderto
compare the profitability of the organic and conventional cotton, the information for the
conventionalcotton wascollectedfrom eachorganiccotton producer.

Firstly,the list of certified organiccotton producersfrom the Bougouniregionin 2013wascollected
from MoBiom.Thedatafile contaired registation number, produce® name,village CPCB organic
cotton area and cultivation history. Fromthis list, a total of 14 organiccotton farmers from three
villagesparticipatedin the survey Severainformal sem-structuredinterviewswere held with these
farmersin Octoberand November2014 After the interview, the information of 20092013 organic
cotton production of 89 producersin each village was also collected from three organic cotton
cooperatives(CPCB)The questionnairepaid prime attention to collectingquantitive data for the
cotton production of the year 2013 while severalqualitative questionswere includedaswell. The
data obtained from the surveyconsised of cotton land cultivation history for the last three years
(20112013) householdresourceendowments(numberof workers,croplandarea livestocknumber,
tools number), labor calendars,inputs (seed, organic and chemicalfertilizers bio- and chemical
pesticides herbicide$ and output (seed cotton, cereal crops, peanul. Besidesthere were formal
meetingsheld with MoBiom staff to graspa generaloverview on severaleconomicand practical
indicators(organiccotton programoperation,input costs, sellingprices, etc.). At last, the preliminary
surveyresults were presented to MoBiom staff and further implicationsand policy interventions
were discussedegardingthe four villages

2 Family workersrepresenthe maleandfemaleof eachhouseholdvho workedon thefarm.
3 cPCBknownas CoopérativeslesProducteursle CotonBiologique, thelocal organiccottoncooperativefor eachvillage.
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2.2.3 Croptrials
A participatoryapproachwas utilized to test variouscrop intensificationoptions with on-farm trials

in four AfricaRISINGiIllagesin Bougouni(Figure2). Thetested agronomicpackagesvere discussed
with farmersin planningmeetingsin April and May as well aswith MoBiom staff prior to the trials
implementation Farmerscould choose different crop trials accordingto their own preferences
Then,all croptrials were installedon ¥ I NJyfigltskvith the supervisiorof two techniciansFarmers
were managingthe trials on a regular basis which includedweeding.In eachvillage,there was a
contactpersonwho couldfacilitate and monitor the I NJYfi@ltNEo£R, thus the key activitiescould
be organizedand updatedstepby step. Techniciangndresearches visited the four villagesregularly
especiallyduring the key crop growth period. After each visit, techniciansgave a notice to the
farmerswho R A Rryfa@die the trials timely or properly, e.g. late weeding. The technicianswere
accompaniedy the contactpersors who were in chargeof seedand other materialsdissemination
as well as fertilizers applicationin four villages.Once farmers decidedto harvestthe trials, they
would give a callto the techniciangto let them know the harvestprocess After harvest,there were
severalreview sessionsamong researcherstechnicans, contact personsand trial participants,in
orderto getafinal feedbackirom eachother andincorporatethe keymessageto the plan for the
trials next year. Throughthis interactive and connected researchectechniciargcontact persory
farmer network, the whole processcould be monitored. Fourtypes of crop trials were installedin
four villages,ncludingmaizetrials, cowpeatrials, soybeantrials and sorghumcowpeaintercropping
trials. Tablel providesthe details of materialsused in eachof the croptrial treatments

2.2.3.1Soilsampling
Before crop trials demarcation,soil samplingwas conductedto assesghe soil fertility statusof the

fields. Thesoil subsamplesvere takenat a depth of 0-20 cm usingauger.Eachsoil samplecomposite
was made up of 10 subsamplegollowing W-shapedsamplingpattern from eachcrop i NAglot. Q &
Thesel0 soil subsamplesvere thoroughly mixed before making each samplecomposite.Between
500gto 1 kgwasput into a samplebagand then labeledcarefullywith the nameof village,farmer

and soil test name. All of the soil sampleswere sentto the laboratory SadoréNigerfor analysisThe
soiltestsincluded: pH (soilto water ratio of 1:2.5),% C (Walkleyblack),total N (Kjeldahldigestion),
available P (Olsen),exchangeablecations K (flame photometry), cation exchangecapacity (CEC)
(extractionwith ammoniumacetate),Caand Mg (atomicabsorptionspectrgphotometry) andtexture
(Bouyoucoshydrometer). Theresultsof soil analysiswere not obtainedin time for inclusionin this
thesis.

14



WAGENINGEN [NEH

For quality of life

Tablel. Materialsused in thefour croptrials. The compositionof ureaandNPK cerealcomplexis 46N-OP-OK and15N-
15P-15K respectivelyCowpeavarietyfi D u n a nyfeldsmagtainbuthigherfodder,while cowpeavarietyfi Wu |l i bal i 0
yieldshighergrain butlower foddercomparingto thefi L o cvarietgfarmersnormallygrow.

Crop Treat Design Variety Seed Neem Seed Compost  Urea NPK
trials ment pattern (kg/ha)  frequen inoculant (kg/ha) (kg/ ha) complex
cy (kg/ha)
T1 Sole Sotubaka 25 n.a’ n.a. 0 0 0
T2 Sole Sotubaka 25 n.a. n.a. 0 75 50
Maize T3 Sole Sotubaka 25 n.a. n.a. 0 150 100
T4 Sole Sotubaka 25 n.a. n.a. 6000 0 0
T5 Sole Sotubaka 25 n.a. n.a. 6000 75 50
T6 Sole Sotubaka 25 n.a. n.a. 6000 150 100
T1 Sole Local 20 No n.a. n.a. n.a. n.a.
T2 Sole Dunanfana 20 No n.a. n.a. n.a. n.a.
Cowpea T3 Sole Wulibali 20 No n.a. n.a. n.a. n.a.
T4 Sole Local 20 7° days n.a. n.a. n.a. n.a.
T5 Sole Dunanfana 20 7 days n.a. n.a. n.a. n.a.
T6 Sole Woulibali 20 7 days n.a. n.a. n.a. n.a.
T1 Sole Houla 75 n.a. Without 0 n.a. n.a.
T2 Sole Houla 75 n.a. Without 4000 n.a. n.a.
Soybean T3 Sole Houla 75 n.a. with® 0 n.a. n.a.
T4 Sole Houla 75 n.a. With 4000 n.a. n.a.
Ta Sorghum sole Local 6 n.a. n.a. n.a. n.a. n.a.
Tb Sorghum sole Soumalemba 6 n.a. n.a. n.a. n.a. n.a.
Tc Cowpea sole Local 20 n.a. n.a. n.a. n.a. n.a.
Td Cowpeasole Dunanfana 20 n.a. n.a. n.a. n.a. n.a.
Sorghum
-cowpea T1 Additive Soumalemba 6+ n.a. n.a. n.a. n.a. n.a.
intercrop +Local € 20
T2 Replacement Soumalemba 6+ n.a. n.a. n.a. n.a. n.a.
intercrop +Local C 20
T3 Additive Soumalemba 6+ n.a. n.a. n.a. n.a. n.a.
intercrop + Dunafana 20
T4 Replacement Soumalemba 6+ n.a. n.a. n.a. n.a. n.a.
intercrop + Dunafana 20

Note:? Compostrepresentshe compostedouseholdvaste cropresidueandgarbage® n.a.indicatesnot applicable Neem
wassprayedrom floral initiation to pod maturityfor the cowpeaT4, T5 and 6.9 Soybearseedwasinoculatedwith rhizobia

for the soybearT3 andT4. © Local C indicatedocal cowpeavariety.

2.2.3.2Experiment design
All the trials were laid out in a two-factor experimentl design.With respectto the maizetrials, the

two factors were the applicationsof compost and chemicalfertilizers (urea and NPK complex)
respectively(Annex7). The applicationrate for the compostincluded two levels (0; 6000 kg/ha),
while the applicationrate for chemicalfertilizersincludedthree levels(0; half recommendeddose’;
full recommendeddose).Theplant spacingor eachtreatment was40 cmintra-row and 75 cminter-

4 CMDT recommende@ bagsof NPK complexand3 bagsof urea.Farmersnormallyapply 1 bagof urea(50kg)and1 bag

of NPK Complex(50kg)to maizeandapplylittle or nofertilizersto rice, sorghumandmillet.
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row. Thetwo factorsfor the cowpeatrials were composed of variety (Local;Wulibali; Dunanfana)
and neembasedbio-pesticidesapplication(without neem;with neem)(Annex8). The plant spacing
for eachtreatment wasthe sameasfor the maizetrials with 40 by 75cm. In terms of the soybean
trials, the two factorswere seedinoculation(inoculated not inoculated and compostapplication(0;
4000 kg/ha) (Annex9), and the plant spacingfor eachtreatment was 10 cm intra-row and 75 cm
inter-row. Forthe sorghumcowpeaintercroppingtrials, the two factorswere cowpeavariety (Local;
Dunanfana)and cropping pattern (sole cropping additiveintercropping replacementintercropping
(Annex10). Theplant spacingfor the solecropping plots (Ta Th, Tc, Td) was50 cmintra-row and 75
cminter-row. Forthe additive intercroppingplots (T1, T3), the plantingdensityfor sorghumwasthe
sameas Ta, while cowpeadensitywas half of Tc Forthe replacementintercroppingplots (T2,T4),
the sorghumplanting densitywastwo thirds of Ta,while the cowpeaplanting densitywasone third
of Tc.

All croptrials were installedon F | NJYfi@l8kEN6e surfaceareaof eachtreatment plot was54 m? (8
m long and 6.75m wide). Exceptfor the cowpeatrials, all the treatment plots were separatedfrom
eachother with a strip of 0.75m width. With regardto the cowpeatrials, in order to avoidthe pest
transfer,the distancebetweenneemtreated and non-neemtreated plots was20 m, while plots with
the sameneemtreatment were separatedoy 0.75m .

2.2.3.3Crop managementand harvesttechnique
With regardto maizetrials, plowing was combinedwith seedsowingbetween mid-Juneand mid-

July dependingon the onset of the rains and farmer@ availability. The compost was applied to
treatment plots T4, T5and T6 before plowing. Duringthe first two weeks,NPKcompkxwasapplied
in combinationwith first time weeding and replanting 30 days later, the secondmechanicalor
manualweedingwas implemented.Ridgingand urea applicationwere implementedafter 45 days.
Maizewasharvestedin Octoberby meansof excludingmarginrows of 1 m width at eachsideof the
plot; the total fresh maizestalksand huskedmaizecobs were weighedseparatelywith an electroric
& Y S hayidbalance Besidesthe total numberof maizestalkswascountedone by one.

The sowing dates for the cowpeatrials were between mid-June and mid-July The calendarfor
replanting, weedingandridgingof cowpeawas the sameasthe maizetrials (15 days,30 daysand 45
daysafter sowing. Cowpe was harvestedfrom the end of Septemberto the beginningof October
by meansof excludingmarginrows of 1 m width at eachsideof plot. Freshcowpeahaulmswere cut
and weighed separatelyfrom the cowpeapods directly after harvest and the number of cowpea
haulmswascountedone by one from eachtreatment plot.

Soybeanwvas sown around mid-Juy. The compostwas appliedto the soybeantreatment T2and T4
before sowing. The calendarfor replanting, weedingof soybeanwere the sameasthe maizetrials
(15 days later, 30 days later). Soybeanwas harvestedfrom Octoberto Novemberby excluding
marginrows of 1 m width at eachsideof plot; freshsoybeanhaulmswere cut and weighedtogether
with soybeanpodsdirectly after harvest. The number of soybeanplants from eachtreatment was
countedwhen harvesting.

For the sorghumcowpea intercropping trials with replacementintercropping pattern (T2, T4)
cowpea and sorghum were sowed at the same day around mid-July. In terms of the additive
intercropping pattern (T1, T3) the sowingdate for the sorghumwas around mid-duly, while the
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cowpeawassown 15 dayslater. Thesowingdate for the sole sorghumand sole cowpeawasaround
mid-June Weedingand replantingwere implemented for the intercroppingand sole croppingplots
15 daysafter sowing 45 dayslater, mechanicakidgingwasimplementedfor all the treatments The
sorghumand cowpeasole plots were harvestedfrom Octoberto Novemberby excludirg margin
rows of 1 m width at each side of the plot. The replacementintercropping plots (T2, T4) were
harvestedin October,while the additive intercroppingplots (T1, T3)were harvestedin November.
The total fresh sorghumpaniclesand stalksas well as cowpeahaulmsfrom eachtreatment were
weighedseparately Thetotal numberof sorghumand cowpeaplantswasalsocounted.

For all the crop trials, a small portion of samplesfrom eachtreatment plot were put into sample

bags,weighedand labeledseparately.Thelabeledsamples were ovendried at 80 °Cfor 48 hoursto
determinethe moisturecontentandthe restof harvestswere left for the farmers.

17



WAGENINGEN [NEH

3 ) P
For qualty of life

2.3 Datahandling and analyses

2.3.1 Farmtypology
The variablesthat were chosenfor making a farm typology comprisedeight resourcevariables,

including number of workers, total land (ha), cotton land (ha), herd size (TLU), number of oxen,
donkey total equipmentand carts. Thesevariableswere closelyrelatedto ¥ | NJYkeyhi#adicesand
activities.Beforerunningthe analysis,the datawaspre-examired by matchirg the householdsurvey
data from AfricaRISINGroject to the household survey data from CMDT.If the name of the
householdhead in the CMDTdata file R A Rafgéron the list of AfricaRISIN@ata file, then the
untraceablenameswere eliminatedfrom the CMDTdatabase.Assuch,40 householdswere left out,
and 164 householdsvere retained

Two potential outliers with herd sizebiggerthan 70 TLUwere excludedafter examiningthe boxplot
of eachvariablewith R (R Core Team, 2014) Pearsof &orrelation among these variableswere
examinedwith a LJs (k€ iNdction, andif two variableseither havecorrelationsmore than 90%or less
than 50%,they were removed.Thus,one variable(donkey)wasremoved,and a final dataset of 162
householdsand seven resource variableswas obtained The seven variableswere: Number of
workers,total land (ha),cotton land (ha),herd size(TLU) humberof oxen,total equipment and carts.
A principal component analysis(PCA)was first run with R (Dray & Dufour, 2007) followed by a
hierarchicalcluster analysis(HCA)n R (RCoreTeam,2014) The & 2 I NJR@yBmerationy S i K2 R ¢
wasusedto clusterthe obtained principalcomponents Theclusteis were investigatedoy meansof a
histogramand dendrogrambefore breakinginto different groups and the appropriate number of
groupswasdeterminedby examiningthe verticaldistance(alsocalledd 2 dzyvbed&eenthe clusters
branches (Kabacoff2014) Foreachfarm type, extra variableswere also calculatedto describethe
farm type characteristics.Theseincluded worker/land ratio, TLU/landratio, oxen/land ratio and
tools/landratio.

5 TLU meansTropical LivestockUnits, 1 TLU = 250kg of live weightof ruminants Male draft oxen=1TLU, maleand
femalecattle(bovine)=0.7 TLU, donkey=0.5TLU, ram/goat=0.2ZTLU (R. Wilson, 1986)
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2.3.2 Cottonproduction
In Diebaand Sibirila,the data of organiccotton productionincludedinformation on both output (kg)

andlandarea(ha).However no dataon land areawasavailablefor Flolg thusthe five yearsaverage
yield (20092013 for Flolaonly containedinformation from four respondenswho participatedin the
interview, sincethe information on cotton land areaand output could be recorded Apart from the
14 organiccotton producerswho took part in the interview, there were another 12 organiccotton
producers whose production wasrecordedby the organiccotton cooperatives and could be traced
backto the CMDTdataset, allowing classificationin one of the farm types In total, there were 26
organiccotton producess who both had yield datain 20092013 and coud be classifiedinto one of
the farm types. Descriptivestatisticswere performedfor analyzinghe dataof the cotton production.

Most organic cotton respondentsreported that they applied compost, while two respondents
mentioned that they corralledcattle in the organiccotton fields. Sincethe local cart has a standard
size,both MoBiom staff and farmers normally usecartioad asa basicunit for the amountof applied
compost One cart was estimated to contain 100 kg of compost (M. Ollenburger personal
communication, October, 2014). In case of the corralled cattle, it was assuned that one TLU
produced about 1600 kg fresh manure per year with a dry matter content of 60% (Defoeret al.,
2000)

2.3.3 Cottongrossmargin analysis
The profitability comparisonbetween the organic and conventionalcotton was basedon a gross

marginanalysis Grossmargin analysiscould give a usefulindication of the economicefficiencyof a
farm (Firth,2002) Aggregatedtotton inputs, outputs and profits for eachfarm type wascalculated

Grossmargin (GM)was computedasthe revenue(Re)minusthe total variablecosts(TV(. Revenue
was calculatedas cotton yields multiplied by the seedcotton price. Total variablecostsincludethe
costof inputs (Ci)(seeds, fertilizers pesticidesherbicides)the costs of hired labor (Ch) andthe cost
of annualmaintenance (Cam) Thecostof annualmaintenance wascalculatedasthe yearlycostof
medicineshots(Cm)for the oxenand donkeyplusthe yearlycostof equipmentrepair (Gar), divided
by total crop areas (T@), and then multiplied by the areaof a specificcrop (Ag). Farmersnormally
feedthe cropresiduesto the animals,sothat the costof feedwasassumedo be zero.Exceptfor the
sprayer,the productiontools and draft animalsthat were usedfor the organiccotton were the same
asfor the conventionalcotton. Therefore the annualmaintenancescostwassimilarfor the organic
and conventionalcotton on a per-hectarebasis No costof annualmaintenancewasassignedo the
sprayerbecausgarmersR A Rrgp@itit. Forthe organiccotton, the costof compostwasassumed to
be zero, becausefarmersneither purchasenor sell compost.However,the cost of hired and family
labor for applyingcompostwas recorded, and the cost of applyingcompostby family labor was
reflectedon the net incomeper family worker.
00 YQ "YwO
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The net income (NI) was calculatedas gross margin (GM) minus the cost of amortization (CA.
Amortization cost was calculated by using the straight line depreciation method (Davey,1979)
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Amortizationcostwas calculatedastotal fixed costs(Tfc) minusthe salvagevalue (Sv, dividedby life
expectancy(Le andtotal crop areas, and then multiplied by the areaof a specificcrop. Total fixed
costs were the cost of draft animals(dorkey, oxen), and equipment (cart, weeder, ridger, multi-
cultivator, plough and sprayej. Organic cotton had higher equipment amortization costs than
conventionalcotton sincethe samesprayerwasusedfor both conventionalcotton and maize while
a separatesprayerwasrequiredfor growingorganiccotton. Thesalvagevaluefor both draft animals
and equipmentwas assumedto be zero when calculatingthe amortization costs. Indeed farmers
exploited the donkeyand oxenuntil they were too old or too sickto work. If the animalsdied, they
were disposedof. Apart from the sprayers other tools could be used for a long time as long as
farmers kept replacingthe broken parts. Sprayerwas used until it R A Rwofkiand then being
disposedof. Table2 providesan averagefixed costsfor the equipmentandanimals.

60 0b 660
5670 “Y'Qw'YVD 5
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Table2. Fixed costs salvagevalue,life expectancyandthe costof annualmaintenancefor the draft animalsandequipment

Multi-
Donkey  Oxen Cart Ridger Weeder cultivator Plough Sprayer

Fixedcost (Fcf§ 50000 180000 150000 30000 25000 35000 25000 12500
Salvagevalue

(Fcfa) 0 0 0 0 0 0 0 0
Life expectancy

(year) 4 8 20 30 30 30 30 2
Annual

maintenance

costs(Fcfa) 5000 5000 7500 600 600 600 600 0

2.3.4Profits analysesat the householdevel
The respondens did not only grow cotton, but also maize,rice, sorghum,millet and peanut The

sellingpricefor the cropswasbasedon the averageprice of the year2013in Bougouni(Timleret al.,
2014) Thecostsof artificial fertilizers and chemicalsfor the cereal cropswere estimatedbasedon
the recommendedapplicationrates by CMDT. Table3 providesthe costof materiak for different
crops. The cost of fertilizers was attributed to maizeonly, and for the farmerswho yielded above
2000kg/ha, we assumedthat the full doseof recommendedfertilizerswas applied. Forthose with
maizeyieldsbelow 2000kg/ha, it wasassumedhat only half the recommendeddosewasapplied.A
break point of 2000 kg/ha was determinedbasedon the averagemaizeyields in Bougouni(Laris&
Foltz,2014) Basedon faNJ' S daEnfonfertilizer applicationrates, it was assumedhat food crops
other than maizedid not receiveany fertilizer (M. Ollenburger,personalcommunication,October,
2014).1t wasrather commonamong the farmersto usethe seedsavedfrom previousyear for the
cropsother than cotton, thus no cost for seedwasincluded Besidesno costfor hiring labor was
included becauseit was assumedthat family workers did the majority of field works for the food

8 Fcfa(CFA franc), is the currencyusedin eightWestAfrica countries1 Euro= 655.957Fcfa.
" Theofficials providesubsidizectottonNPK complexandcerealNPK complex,andthe price of thetwo wassimilar.
CottonNPK complex(14N-22P-12K-7S-1B) andcerealNPK complex(15N-15P-15K). Source:(Fuentesetal., 2011)
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crops.In order to calculatethe householdnet incomeconsistentlyacrossall crops the costsof hired
laborfor both organicand conventionalcotton were excludedaswell.

Scenaridl:
It was assumedthat 100%o0f the crop production was sold on the market directly. The household
profits were calculaed as crop production (Cp) multiplied by selling price (Sp) subtracted by the
variablecosts(VQ (costof chemicalsfertilizers)and amortizationcosts(CA)

01 £ 'Qanri YR w6 606
Scenarid:
It wasassumedhat the food cropswere first usedto meet the food requirementsof the household
and the crop surplus was sold on the market The consumptionratio of the food crops was
determinedbasedon the indicators(1) householdenergy requirements;(2) crop consumptionand
salepatternin the Bougouniregion

(1) The household daily energy requirement was calculated as the number of adult male
equivalent§ multiplied by the daily energyrequirementfor an adult male at the ageof 30-60
of 2900 kcal (Smith & Subandoro,2007). Sincefarmers consumedmeat or dairy products
only on festival occasionsjt was assumedthat the food crops servedas a prime energy
source.Theenergycontent of maize rice, millet, sorghumand peanutwas 3650,3600,3780,
3390,5670kcal/kgrespectively(Han& Foltz,2013;Masterset al., 2013)

(2) Timler et al. (2014) reported that the sales of cereal crops averaged 1520% of the
productionwhile the salesof peanutand rice wasabout 50%o0f the productionin Bougouni.
Basedon this information, indicative proportions for the consumptionof maize,sorghum,
millet, peanut and rice were assumedat 90%, 90%, 70%, 50% and 50% of the total
productionrespectively. Theconsumptionratio of the cerealsand peanutwere assumedo
be lower than the indicativeproportionswhena K 2 dza S refgyReQuirementswere far
lower than the total food energysupply.

A householdwasconsideredasfood energydeficientwhenits food energyrequirementswent above
the food energysupplyat the indicative proportions. It was asaimed that this householdwould fill
the calorie gap by purchasingmaizegrain on the market becauseof its availabilitythroughout the
seasorandits relativelylow price (Diallo,2011;Timleret al.,2014) Besides15%storageloseswere
takeninto accountfor the calculation(Sundberg1988)

Thus, the household profits were calculated as crop production (Cp) subtracted by household
consumption (Hc) and storage loss (S), and multiplied by selling price (Sp) then subtracted by
variablecosts(VC)and amortizationcosts(CA).In caseof food energy deficient, the purchasecost
wasalsoincludedby usingthe householdenergydeficiencyvalue(Hed)dividedby energycontent of
maize,andthen multiplied by the marketprice of maize(Pm)
01 € 'QQ6f 0w "Ya YR w6 60
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8 Adult maleequivalentss numberof householdnembersx0.79 0.0038§ thenumberof householdnembersndicatesthe
numberof femaleandmalein thehouseholgderivedfrom M. Ollenburgetbasedon (Smith& Subandoro2007) Theadult
maleequivalentsvasonly usedfor calculatinghouseholdood consumptiorin this pape.
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Table3. Materialcoss at therecommendedhputratefor differentcrops(actual applicationratesarelower). Org_cotton
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indicatesorganiccotton,andCon_cottonindicatesconventionatotton.

Org_cotton  Con_cotton Maize Peanut Rice  Sorghum  Millet
Seed
(Fcfa/ha) 1075 1500 8000 19500 12000 2400 1600
Fertilizer
(Fcfa/ha)
Urea n.a. 15000 15000 0 45000 15000 15000
NPKComplex n.a. 45000 15000 0 30000 30000 30000
Compost 0 0 0 0 0 0 0
Pesticides
(Fcfa/ha)

Nomax 150 S( n.a. 4500 0 0 0 0 0
Tenor 500 6 n.a. 4585 0 4585 0 0 0
Fanga 500 E! n.a. 4535 0 4535 0 0 0

Neem seeds 600 0 0 0 0 0 0
Koby oil 300 0 0 0 0 0 0
Herbicides
(Fcfa/ha)
Glycel 41% S n.a. 3500 3500 0 0 0 0
SuperGlue n.a. 4000 0 0 0 0 0
Kalach 120 S n.a. 0 4000 0 0 0 0
Total (Fcfa/ha) 1975 82620 90500 28620 87000 47400 46600

Source:( Gueguen2010;Beamaretal., 2013; Coulibalyetal., 2014; Timler etal., 2014)

2.3.4 Croptrials analyses
Thestatisticaltestson the dry matter yieldswere conductedin R(RCoreTeam,2014) Thenormality

and homogeneityof variancewas examinedby ShapireWilk test and[ S @ S s$ r@spectively A
KruskalWallisone-way analysisof variancewastested before conductingthe multiple comparisois
within the groups Forsorghum-cowpeatrials, intercrop productivitywasanalyzedbasedon the land
equivalentratio (LERYRao& Willey, 1980) A LERvalue greaterthan 1 indicates that intercropping
has a land use advantageover sole cropping and vice versa (Willey, 1979) The partial land
equivalentratio of sorghum(pLERs)vascalculatedasthe intercrop sorghumgran yield (;, 9 divided
by sole sorghum grain yield (Ysoed. The partial land equivalent ratio of cowpea (pLERc)was
calculatedas intercrop cowpeahaulm yield (Y,.) divided by sole cowpeahaulm yield (Ysoe d. The
total land equivalentratio of both crops(TotalLERwascomputed asthe sumof the two partial LER

"Y€ OUO@Y N 0 OYR O OYea

HOH 0 & Qo

Qi éha i ¢ha Q

Descriptivestatisticswere usedfor analyzingthe profitability of eachtreatment for the crop trials.
Theair-dried harvestswere usedfor calculatinghe soldamounts amongall the croptrials.
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3. Results

3.1 Farmtypology
In the processof PCAfwo principalcomponentswere obtainedto explainthe largestvariance(83%)

with the first principal componentexplaining71% of the total varianceand the secondprincipal
component explaining 12% of the total variance (Figure 3). Two groups of variables could be
identified, including the first group of assetsrelated variables(tlu, cart, oxen, equip) and second
group of resourcesrelated variables(cotton, totland, worker). The majority of householdswere
densely encircled around the cross of the two principal components accompaniedwith few
householddispersedat the further left sideof the first principalcomponent(PC1).

Fve clusterswere determined basedon these two principal components(Annex3), thus the total
162 householdswere classifiedinto five different farm types. Thefive clusterswere plotted by two
main principalcomponentsas shownin Figured4. It wasworth noting that farm type 1, 3 and 5 had
higher valuesregardingresourcesrelated variableswhile farm type 2 and 4 had higher valuesin
termsof the assetgelatedvariables.

@ Eigenvalues

cart .
oxen .
. Cr—e—e—
equip »
. ° « 2 § "'.l. o
- o *.o.- . .
PC1 . . SN et
- 5 - - -t_ " [ ] % -

totland
worker PC2

Figure 3. A scatterdiagram of variablesand households(black dots) in the two-dimensionalspaceof two principal
componentsThetwo black barsat the top right cornerof thefigure indicatethe eigenvalue®f two principal componentdy
4.97and0.84respectively
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PC1

PC2

Figure4. A scatterdiagramof five groupsby two principalcomponents

The farm type classificationtree was created based on the typology results dataset (Figure 5).
Resourcewariablesincluded number of workers, total land area, cotton area, herd size(TLU)and
numberof cartswere harnessedallowinghouseholdseingclassifiednto one of the farm types.

Amongthe total 162 households$%,13%,23%,25%and 34%were classifiedasfarmtypel, 2, 3, 4
and 5 respectively.In Diebaand Sibirila,farm type 5 made up the biggestproportion of the total
householdswith 38%and 33%respectively.The majority of the total householdsin Flolafalls into
farm type 3 by 32%whereasin the village of Madina, farm type 4 and 5 contributed nearly equal
proportionsof 36%and 34%respectively.

Table4 providesa detailed characterizatiorfor five farm types. Farmtype 1 had three times more
family workersthan farm type 2 and 3 and five times more family workersthan farm type 4 and 5.
Regardinghe total land size farm type 1 wastwice asbig asfarm type 2 and 3 and four times asbig
asfarmtype 4 and5. Excepffor type 5 farmers farmersof all the farm types distributed about 1/3 of
the total land areato growingcotton. Theherd sizeof farm type 1 wassixtimes largerthan that of
farm type 3 and 4 and twenty-two times largerthan that of farm type 5. Farmtype 1 owned more
tools than other farm types, by contrast, farm type 5 only possessedne tool. With regardto the
ratio variables farm type 1, 3 and 4 had a higherworker/land ratio, while farm type 2 and 4 had a
higheroxen/landandtools/landratio.
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Total_land>15 ha,TLU>15, Worker>12

No l Yes

Y

Total_land>6.5 ha, TLU>13 @
No ! Yes

‘ |

Total_land>6.5 ha, TLU>0

worker>5, cotton>1

No Yes

v

v

Cart>0 Tvpe 3

No Yes

Y

Type 5

Figure5. Farmtype classificationtreefor four villagesin Bougouri.

Table4. Characterizationef averagevariablevalueby farmtypein Bougouni N=9, 21, 37,40, 56 household$or eachfarm
typerespectivelySD indicatesstandardieviation.

Farm type

1 2 3 4 5

Worker 22 7 9 4 4
SD 7.34 3.68 4,52 1.95 1.68
Total Landha) 24.3 10.8 11.8 5.4 4.1
SD 7.12 3.84 4.19 1.25 2.89
Cotton land (ha) 7.3 3.2 3.3 15 0.7
SD 3.14 1.26 1.16 0.68 0.73
Herd Size (TLU) 32.8 26.7 55 5.4 1.5
SD 10.73 12.64 3.04 3.37 2.11

Oxen fead 6 4 2 2 1
SD 1.32 1.32 0.85 0.55 0.83

Tool(set) 8 5 3 3 1
SD 2.11 1.39 1.29 0.85 0.85

Cart(set) 2 1 1 1 0
SD 0.87 0.30 0.35 0.27 0.19
Worker/land ratio 0.9 0.7 0.9 0.7 1.1
SD 0.33 0.34 0.56 0.38 1.16

TLU/land ratio 14 3.2 0.5 1.0 04
SD 0.43 3.36 0.37 0.65 0.52
Oxen/land ratio 0.3 0.4 0.2 0.4 0.2
SD 0.09 0.12 0.13 0.14 0.26
Tools/land ratio 0.3 0.5 0.3 06 0.2
SD 0.07 0.29 0.14 0.18 0.26
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3.2 Cotton production and profits analyses

3.2.1 Cottonsupplychainand externalities
CMDTholdsan exclusivecontrol over the entire conventionalcotton supplychain (input supplyand

salesof cotton lint) and a partial control over the organiccotton supplychain(salesof cotton lint)
(Nelson& Smith, 2011) There were cotton farmer organizationsin each village known as CPC
(Coopérativesde Producteursde Coton) organizedby CMDTto manageinput supply and cotton
harvest(Nelson& Smith,2011) Gotton seed chemicalfertilizers(ureaand NPKcomplex) herbicides,
pesticides sprayersand other equipmentcould be orderedin advancethrough the CPCaccordingto
the cotton land size In addition, MoBiom also facilitated the establishmentof local village
cooperatives,known as CPCB(M. Ollenburger, personal communication, October, 2014) CPCB
provided bio-pesticides sprayersand other materialsfor organiccotton farmers.After harvest,both
conventionaland organicseedcotton were collectedby CMDTand then transported to the nearest
ginner plants (Lakhalet al., 2008) After ginning,the conventionalcotton wasbaledand soldon the
international markets(Lakhalet al., 2008) The organiccotton baleswere labeledas organicbefore
being sentto Indiato be manufacured (Lakhalet al., 2008) After that, the organiccotton garments
were soldon the Europearmarkets(Lakhalkt al., 2008) OnceCMDTgot paymens from the buyers,
the total salesof conventionalcotton were paid backto the farmers after deductingthe cost of
ordered productsfrom eachfarmer (MoBiom, formal meeting, August20, 2014) The conventional
seedcotton price paidto farmersin 2013was 250 Fcfdkg. With respectto organiccotton, the cash
flow was more complicated.At first, CMDTdeduckd the cost from the organiccotton producers
who ordered materialsor equipmentfrom CMDT and then the total salesof organiccotton went to
MoBiom. SecondlyMoBiom deduckd the costfrom the producerswho ordered materialsor other
equipment Besides,a 10 Fcfa/kgtax extractedfrom the fairtrade premium (34 Fcfakg) and a cotton
salestax (28 Fcfa/kg)were kept with MoBiomas operation costsand investmentfundsfor the rural
development.Thirdly, the remainingfaitrade premiumsof 24 Fcfakg were paid to local CPCBor
administrativecosts.Lastly,300 Fcfakg waspaidto the organiccotton farmersby CPCB

HelvetasMali founded MoBiomin 2002 (Nelson& Smith,2011) In the past, MoBiom and Helvetas
Mali jointly paidthe costof organiccertification (MoBiom,formal meeting,August20, 2014) At the

moment, the entire organiccertification costis paid by HelvetasMali due to internal problemsof

MoBiom (MoBiom, formal meeting, August20, 2014) MoBiom also offers training sessons for the

organiccotton farmersabout topicsrelated to the reasonabledosageof bio-pesticidesand organic
fertilizers how to better harvestand store cotton, and how to complywith the organicstandards
(MoBiom, formal meeting, August 20, 2014) Besides there are some incentivesfor the organic
cotton farmers provided by MoBiom. One exampleis the & K kpiic&O | N&. Samaké farmer
interview, November4, 2014) Basically,if one organic cotton farmer gets high yields in three
consecutiveyear,then he canpurchasethe cart from the market or MoBiomfor half the price with

the other half beingpaid by MoBiom.
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3.2.2 Organiccotton production in Bougouni
In 2013,there were a total of 81 organiccotton producersfrom 7 villagecooperative§CPCBn the

Bougouniregionregisteredby MoBiom, and the surfaceareaper farm for the organiccotton varied
from 0.25hato 1 ha.

The number of organiccotton farmersin three villagesin 20092013 was shown in Figure 6. In
Sibirila,the number of organiccotton participantsdeclinedsharplyfrom 38 in 2009to 5 in 2013.In
Dieba,the number of participantsfluctuated until 2011 before droppingabruptly to 5 in 2013.1In
Flola,the numberof participantsdroppedfrom 15in 2011to 4 in 2012andthen leveledoff in 2013.

Accordingo NB a LJ2 ycBniplaititsd@ingthe interview as well asthe derivedinformation for the
organic cotton yields for the last five years, severalreasors for the high dropout rates were
summarizedasfollows:
1 Latepayment
Whereasthe organiccotton was harvestedbetween Octoberand November,the payment
would normallyarriveat CRCBwhennexta S | &4 copsfiail beenplanted (July)
1 Highlabordemand
Therewas a high labor demand for the organic cotton becausesynthetic chemicalsand
fertilizers were not allowedto be used E.g.,one personcould apply chemicalfertilizersin
lessthan aday,while the applicationof 40-60 cartsof compostcouldlastfor severalweeks.
9 Breachof promiseby MoBiom
In Flola,the farmersreported that MoBiompromisedthe farmersto purchasethe cotton at a
price of 300 Fcfa/kg,but eventuallythe farmerswere paid only 250 Fcfa/kg,which was the
sameprice asthe conventionalcotton.
9 Lackof joint participants
In Flola,one respondentmentionedthat he wasthe only one who grew organiccotton in the
village before 2011, and he had to join another village cooperativethat was a bit far from
Flolafor ordering materialslike neemor transportingthe harvestedseedcotton.
1 Lowyield
Organiccotton yield declined year by year in Dieba and Flola, while the yield in Sibirila
remainedlow for the lastfour years(Table5), whichcouldbe anotherreasonfor sucha high
dropout of organiccotton farmers.

Theaverageyieldsof farm type 4 wasrelativelyhigherthan that of farm type 1, 2, 3 and5 (Figure 7).
For farm type 1, the yieldsrangedfrom 196 to 806 kg/ha with an averageyield of 442 kg/ha. The
yieldsof farm type 2 rangedfrom 213to 522 kg/hawith an averageyield of 384 kg/ha. Theyields of
farm type 3 varied from 12 to 684 kg/ha with an averageyield of 352 kg/ha. For farm type 4, the
yieldsrangedfrom 97 to 943 kg/ha with an averageyield of 472 kg/ha. Forfarm type 5, the yields
varied from 82to 540kg/hawith an averageyield of 240kg/ha.
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Figure6. Numberof organiccottonproducer in threevillagesfrom 2009to 2013

Table5. Averageorganiccottonyield (noritalic value)andstandardieviation(italic value in threevillagesfrom 2009to
2013 N=36,4, 48 household$rom Dieba,Flola andSibirila respectively.

Yield (kg/ha)

2009 2010 2011 2012 2013
) 563 484 445 172 215
Dieba
475.3 250.1 324.9 173.6 176.0
Flola n.a. n.a. 517 552 459
n.a. n.a. 3100 n.a. 2790
. 367 346 319 378 626
Sibirila
314.4 301.6 327.9 352.8 267.4
750
©
-
kS)
LV -
*_; 500 .
@ 442 - 472
> 384 -
352
250 ‘ .
240
[
0
1 2 3 4 5

Farm types

Figure7. Fivey e aargariccottonyield (kg/ha)for five farmtypes(20092013) red dot with valueindicates averageyield,
andmiddleline indicates medianyield. N= 3, 3, 8, 8, 4 farmess for eachfarmtyperespectively.

28



WAGENINGEN [NEH

3 ) P
For qualty of life

3.2.3 (otton inputs comparisonand profits analyses
Thefertilizer applicationrate for the conventionalcotton was similar amongfive farm types while
the fertilizers input for the organiccotton wasrather low for farm type 2 and 5. No big difference
was observedon the neem use among the five farm types, while the pesticidesdose for the
conventionalcotton varied widelywithin andbetweenthe five farm types(Table6).

Amongthe fourteen farmerswho participatedin the survey,elevenfarmersgrew both organicand
conventionalcotton, three farmersonly grew organiccotton in 2013 Forfarm type 3, in particular,
four farmersgrew both organicand conventionalcotton but two farmersonly grew organiccotton.
In order to aggregatinglata for eachfarm type in a consistentway, thesetwo farmerswere left out
in the cotton profits analygs and householdprofits analy®s.

The land size of conventionalcotton was at least three times bigger than that of organiccotton
among all farm types. For farm type 3, the land size of organic cotton was nearly twelve times
smallerthan that of conventionalone. Moreover, the yield of conventionalcotton was two times
higherthan that of organiccotton, and especiallyfor farm type 3, the yield of conventionalcotton
wasnearlyfour times higherthan that of organiccotton. However the sellingprice for organicseed
cotton was 50 Fcfa/kghigher than that of conventionalseed cotton in 2013. The revenue of the
organiccotton wasnearlytwo timeslower than that of the conventionalcotton for eachfarm type.

Thevariablecostsof the organiccotton were four times lessthan that of the conventionalcotton
amongall farm types. Farmtype 3 in particular, the variablecostsof the organiccotton was nearly
twenty times lessthan that of the conventionalcotton. In contrast, the amortization cost of the
organiccotton wastwo times higherthan that of conventionalcotton for farm type 1, 2 and 3. It was
worth noting that farm type 4 had the highesthired labor costsregardingorganiccotton whereas
there was no hired labor costsfor farm type 3 and 5. Overall,the total costsof the conventional
cotton were two timeshigherthan that of the organiccotton amongthe five farm types.

Conventionatotton wasmore economicallyiablethan the organic cotton with highergrossmargin
and net incomefor farm types 1 to 4 with farm type 1 achievedthe highestnet income and farm
type 4 got the highestnet income per family worker. Farm type 4 and 5 were capableof reaping
highernet incomefor the organic cotton per family worker per hectarethan the other farm types.

Table6. A comparisorof cottoninputs andyieldsin 2013for all cottonfarmersinterviewed(N=14).

Farm Organic (kg/ha) S . Q)_nydentiogal(unit/ha)NPK —
erbicide esticide rea e
types Manure Compost Neem Yield L L (ka) Complex(kg) (kg)
1 0 2000 4 174 2 1.2 50 150 1250
1 400 1600 4 756 2 0.4 50 150 2382
2 480 0 4 92 1 1.2 50 150 800
2 0 0 5 492 1 5 50 150 667
3 4200 0 3 476 2.3 2.4 50 150 1011
3 0 0 6 430 1 1 50 150 1326
3 0 4000 4 796 1 4 50 150 867
3 0 2000 4 116 1 5 50 150 1115
3 0 4000 10 556 n.a. n.a. n.a. n.a. n.a.
4 0 2000 1 282 n.a. n.a. n.a. n.a. n.a.
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4 4000 8000 4 298 2 2.4 50 150 1000
4 0 0 4 36 4 2.4 50 150 1300
4 0 4000 5 998 1 0.2 50 150 1200
5 0 0 4 540 n.a. n.a. n.a. n.a. n.a.
Table7. Averagegrossmarginof organicandconventionakottonfor five farmtypesin Bougouniin 2013 N=2,2,4, 3,1
respondentgor eachfarmtyperespectivelyForfarmtype5, therespondend i dgmnofv tonventionakotton.
Organic Gonventional
Farm Type 1 2 3 4 5 1 2 3 4
Area(ha) 0.38 0.38 0.31 0.58 0.25 1.25 3.0 3.6 1.8
SD (0.18) (0.18) (0.13) (0.38) (n.a.) (1.06) 0) (0.95) (0.76)
Yield (kg/ha) 465 292 455 444 540 1816 733 1080 1000
SD (411.5) (282.8) (278.3) (193.4) (n.a.) (800.4) (94.3) (193.4) (435.9)
PricgFcfa/kg) 300 300 300 300 300 250 250 250 250
(RFeC‘;;”h‘;e) 13%600 87600 136350 133200 162000 454000 183333 269968 250000
Variable cost
(Fcfa/ha)
Sed 1075 1075 1075 1075 1075 1500 1646 1180 1600
Hired labor 8000 9000 0 17333 0 2500 3500 9939 17333
Fertilizer 0 0 0 0 0 75000 37500 60000 48000
Chemicals 3550 1900 1938 2133 3300 16278 20205 21230 21315
Maintenance 774 2386 1801 3395 1111 774 2386 1801 3395
Total 13399 14361 4813 23937 5486 96051 65237 94150 91643
Amortization
(Fcfa/ha)
Draft animal 3608 4956 3698 10094 0 3608 4956 3698 10094
Equipment 19965 15994 12783 9105 0 5121 3286 2647 8184
Total 23573 20951 16480 19199 0 8730 8242 6345 18278
Totalcost 36975 35312 21294 43136 5486 104781 73479 100495 109921
(Fcfa/ha)
Eiﬁ}i,shr;‘)"’“g'” 126101 73239 131537 109263 156514 357949 118097 175818 158357
('\'Fitfg/‘ﬁ‘;;"e 102528 52288 115056 90064 156514 349219 109854 169473 140079
Farm worker
(Fcfg
Per worker 6835 5229 12839 43580 78257 23281 10985 19424 61521
Per day 582 1868 2081 1578 2302 5044 2877 9059 3345
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3.2.4 Thesalesof cropsat the householdevel
All the respondentggrew maizeand peanut, thirteen respondentggrewrice, eight respondentsgrew

sorghumand two respondentsgrew millet in 2013. The householdprofits for all the cropswas
calculatedbasedon two scenariosi.e., scenariol : all of the crop productiors were sold on the
market; scenario2 : crop salesexcludingthe amountof householdconsumption.n scenario2, three
householdsgproducedfewer caloriesthan they acquired,includingone householdsor farm type 2 (-
2,907,39%cal)andtwo householdgor farm type 3 (-2,520,812kcal, -2,867,077kcal) (Table8). Farm
type 1 had the highest sold amounts of cropsin scenariol and 2 while farm type 5 sold the least
amountof cropson the marketin both scenaris (Table9).

Table8. householdood energyneedgkcal), cropsenergysupply(kcal) andtheamouwnt of energysurplus/deficitkcal) at
thehouseholdevelin scenarial (Scel) andscenarid (Sce2) in 2013.N=2,2,4,3,1 respondentfr eachfarmtype
respectively

Farm Household Crop supply Energy surplus/deficit

type needs Sce 1 Sce 2 Sce 1 Sce 2
1 42232880 75751000 42417720 33518120 184840
2 13801570 29889375 12350787 16087805 -1450783
3 17146430 26670350 15821051 9523920  -1325379
4 5300051 23992800 5385879 18692749 85828
5 3348882 5833500 3349323 2484618 441

Table9. Averagesold amountsof five crops (kg) by five farmtypesin scenarial(Scel) andscenarid? (Sce2) in 2013
N=2,2,4, 3, 1 respondentfor eachfarmtyperespectively.

Farm Maize Peanut Rice Sorghum Millet
type Scel Sce2 Scel Sce2 Scel Sce2 Scel Sce2 Scel Sce?2
1 12500 1700 3300 2168 1125 886 1000 85 3000 255
4800 904 1200 765 1440 771 225 0 n.a. n.a.
3775 106 1193 393 1175 627 450 28 800 0
2800 975 1890 1417 833 708 50 4 n.a. n.a.
900 0 300 0 250 0 na. n.a. n.a. n.a.

a b wN

Dueto the highcostof fertilizersand chemicalssomefarmersreapeddeficit net incomein scenario
2. Thedeficit net incomewas shownin the householdprofits (Figure8). Farmtype 1 got the highest
net incomeby 3,196,840 Fcfain scenariol and1,225000 Fcfain scenario2, followed by farm type 3,
4 and 2. By contrast,farm type 5 earnedthe lowest net incomewith 186,00 Fcfain scenariol and
with 59,000Fcfain scenario2. In scenariol, cerealcropswere the mainnet incomesourcefor farm
type 1 to 5 with a contribution of 70% 69%,46%, 36%,43%to the net income respectively.In
particular, maize (34%)and rice (36%)made up the biggestproportions of the net incomefor the
farm type 1 and 2 respectively Conventionakotton contributed 38%o0f the net incomefor the farm
type 3. Peanutwasthe mainnet incomesourcefor the farm type 4 and 5 with a contribution of 27%
and 36%to the net incomerespectivelyIn scenario2, cotton contributed 2%, 45%, 72%,47%and
44 %of the net incomefor the farm type 1 to 5 respectively Peanutwasthe secondmostimportant
crop for generatingincomefor the farmers,followed by rice. In both scenariosthe contribution of
the organiccotton to the farm net incomewas biggerfor the farm type 5 than for the other farm

types.
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Figure 8. Averagehouseholdprofits by five farm typesin scenariol (left) and scenario2 (right) in 2013 N=2, 2,4, 3,1
respondentfor eachfarm type respectively The negativebarindicates the deficit netincomefor the crop (dueto the costof
chemicalfertilizersandchemicals)andthe costsassociateavith the purchasef maizeon the market.
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Figure9. Averagehouseholdprofits compositionratio for five farm typesin scenarial (left) andscenari (right) in 2013
N=2, 2,4, 3,1 respondentfor eachfarmtyperespectively.
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3.3 Croptrials

3.3.1 Maizetrials
Theaveragegrainyieldswere 1676,1302and 881 kg/hafor applyingchemicalfertilizersat full , half

and zero of the recommendeddoseaccompaniedvith compostapplicationrespectively and 1284,
1105and 674 kg/hawithout compostapplicationrespectively(Figurel0). Theaveragestoveryields
were 2391, 2205 and 1716 kg/ha for applyng chemicalfertilizers at full, half and zero of the
recommendeddose accompaniedvith compostapplicationrespectively and 2146 2024 and 1710
kg/hawithout compostapplicationrespectivelyFigurell).

Themaizegrain yieldswere significantlyhigherfor the fertilizer treatment at the full-recommended
fertilizer dosesthan for the treatment without mineralfertilizers application(P<0.05) No significant
differencewas found for the stoveryieldsat the three chemicalfertilizer doses(P>0.05) Applying
compost(6000kg/ha) had no significanteffect on the grainand stoveryields(P>0.05).
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Figure10. Maizegrainyield (kg /ha)in four villagesin 2014.Error barsaremeanst standarderror.N = 17 trials.
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Figure1ll Maizestoveryield (kg/ha)in four villagesin 2014.Error barsaremeanst standarderror.N = 17 trials.
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3.3.2 Cowpearials

The averagegrain yieldswere 147, 65 and 0 kg/ha with the wulibali, local and dunanfanavariety
respectivelyaccompaniedwith neem treatment, and 85, 40 and O kg/ha without neem treatment
respectively (Figure 12). The average haulm yields were 4663 2651 and 1118 kg/ha with the
dunanfana local and wulibali variety respectivelyaccompaniedwith neem treatment, and 4222

2621and 1405kg/hawithout neemtreatmentrespectivelyFigurel3).

Thecowpeagrainyieldswith the wulibali variety were not significantlydifferent from with the local
variety (P>0.05) but were significantly higher than the dunanfanavariety (P<0.05) The cowpea
haulm yieldswith the dunanfanavariety were significantlyhigher than with the local and wulibali
variety (P<0.05)Sprayingheemat every 7 daysfrom the floral initiation to the pod maturity had no
significanteffect on both cowpeagrainand haulmyields(P>0.05) However,neeminsecticidesnay

increasethe grainyieldswith the wulibalivarietyto alargeextent.
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Figure12. Cowpeagrainyield (kg/ha)in four villagesin 2014.Error barsaremeanst standarcerror.N = 19trials.
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Figure13. Cowpeahaulmyield (kg/ha)in four villagesin 2014.Error barsaremeanst standarcerror.N = 19 trials.

Grain yield (kg/ha)

[4)]
o
1

yield cgkglh

Haulm
[y ]
(=]
(=]
o

34



WAGENINGEN
For quality of life

3.3.3 Soybeartrials
Theaveragegrainyieldswere 362 and 320 kg/ha for applyingcompostat a rate of 4000kg/ha and

no compostapplicationaccompaniedwith seed inoculation respectively and 364 and 285 kg/ha
without seedinoculationrespectively(Figurel4). Theaveragehaulmyieldswere 438 and 271 kg/ha
for applyingcompostat a rate of 4000 kg/ha and no compostapplicationaccompaniedwith seed
inoculationrespectivelyand477 and 362 kg/hawithout seedinoculationrespectivelyFigurelb).

Applyingcompostat a rate of 4000kg/ha and adoptingseedinoculationhad no significanteffect on
the soybeangrainand haulmyields(P>0.05).
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Figurel4. Soybeargrainyield (kg/ha)in four villagesin 2014 Error barsaremeanst standarderror.N = 8 trials.
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Figure15. Soybearhaulmyield (kg/ha)in four villagesin 2014.Error barsaremeanst standarderror.N = 8 trials.
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3.3.4 Sorghumand cowpeaintercropping trials
In both cropping arrangementsthe land use advantageof intercropping over sole cropping was

evidentfor both the localand dunanfanavariety treatments (total LER>1). Thesorghumgrainyields
were 20-30%higher for the additive intercroppingcomparedto the sole croppingfor both cowpea
varieties treatments In addition, for the replacement intercropping the total LERwith the
dunanfanavariety was higher than with the local variety, and the pLERsand pLERcwith the
dunanfanavariety was higher than with the local variety. The pLERavas nearly 50% lower for the
additiveintercroppingpattern than for the replacementintercropping(Tablel0).

Table10. Sorghumandcowpeayield (kg/ha)andland equivalentratio (LER) underdifferentcropping systemsandcowpea
varietiesin 2014 N = 5 trials. pLERsindicatespartial land equivalentratio of sorghumandpLERCcindicatespartialland
equivalentratio of cowpeahaulm

Treatment Yield (k¢ha) LER
Cropping Covypea Sorghum grain  Cowpea haulm bLERs pLERC Total
system variety mean SD mean SD LER

Sole local 187 153 2629 1710 n.a. n.a. n.a.
cropping  dunanfana 187 153 6441 4614 n.a. na. na
Additive local 252 195 708 750 14 0.2 1.6

intercropping  dunanfana 221 146 3283 4081 13 04 1.7
Replacement local 140 151 1441 1820 0.7 0.5 1.2
intercropping  dunanfana 151 80 4589 3377 1.0 0.7 1.7
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3.3.5 Profitsanalyses of the crop trials
Tablell providesa detailed profits analysedor different crop trials. Applyingchemicalfertilizers at

half the recommendeddoseto the maizecouldgenerateat least10,000 Fcfamore comparedto not
applyingchemicalfertilizers and by applyingcompostat a rate of 6,000 kg/ha, an increaseof gross
marginby at least20,000 Fcfacould be achievedcomparedto not applyingcompost Assumedthat
all of the cowpeafodder couldbe sold on the market, farmer<earningscould be increasedoy more
than 100,000 Fcfaby usingthe dunanfanavariety as comparedto the local variety, and an extra
neemtreatmentscouldevenincreasethe profits by about 15,000 Fcfa Applyingcompostat a rate of
4,000 kg/ha to the soybeancould increasethe profits by at least 10,000 Fcfacompaed to the
treatments without compost For the intercropping trials, the profitability of both intercropping
patternscouldbe increasedoy more than 150,000 Fcfaby usingthe dunanfanavariety comparedto

the localvariety.

Tablell Averagecropyields, variablecosts revenuesandgrossmargin N= 17,19, 8, 5 trials for maize,cowpeasoybean
andsorghumcowpeaintercroppingrespectivelyCostrefersto the costof the materialsfor eachcroptrial. Revenuevas
calculatecbasedn theassumptiorthatall the harvestsveresold on themarket.

Grain Fodder Cost Revenue Gross margin

crop Treatment kg/ha) (kg/ha) (Fcfa)  (Fcfa) (Fcfa)
compost fertilizer
0 0 717 n.a. 15000 76710 61710
0 half 1176 n.a. 52500 125804 73304
maize 0 full 1366 n.a. 90000 146134 56134
6000 0 938 n.a. 15000 100313 85313
6000 half 1386 n.a. 52500 148258 95758
6000 full 1784 n.a. 90000 190838 100838
variety neem
local no 42 2738 15000 215770 200770
dunanfana no 0 4435 15000 332605 317605
cowpea wulibali no 88 1451 15000 139617 124617
local yes 68 2770 35000 224836 189836
dunanfana yes 0 4898 35000 367382 332382
wulibali yes 152 1155 35000 139910 104910
compost inoculant
0 no 294 n.a. 56250 69105 12855
soybean 4000 no 375 n.a. 56250 88191 31941
0 yes 330 n.a. 56250 77601 21351
4000 yes 373 n.a. 56250 87714 31464
cropping cowpea
system variety
sole sorghum n.a. 193 n.a. 1500 18528 17028
| local n.a. 2739 15000 205425 190425
Sgggvg‘g SO COWPER ™ yunanfana  n.a. 6780 15000 508500 493500
additive local 260 738 9500 80296 70796
intercrop dunanfana 228 3456 21500 281112 259612
replacement local 144 1502 9500 126446 116946
intercrop dunanfana 156 4830 21350 377236 355886
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4. Discussion

4.1 Farmtypology
Alvarez et al. (2014)proposeda sixstep frameworkto constructa farm typology,includingobjective

statement, hypothesisformulation, data collection, key variablesselections,multivariate statistics
analysis hypothesisverification In this study, the main stepstaken for typology makingfollow the
similar pattern describedby Alvarezet al. (2014) It was worth noting that several key resources
variables(resourceand assetrelated variables)were determinedto give a reasonableindicationon
the crop managementA typology basedon farmerxesaurcesor asses was alsofavored by other
reserachergKoébrichet al., 2003 Zingoreet al., 2007, Sanogcet al., 2010;Gilleret al., 2011 Righiet
al.,2011;Vanlauweet al.,2014). Asshown in Figure3 and Figure4, a two-step multivariate statistics
analysiswas conducted,including principal componentanalysisand cluster analysis.This two-step
approachwasalsofound in other typology studiesin the context of SouthernMali ( Sanogceet al.,
2010;Dosseet al.,2011;Timleret al.,2014)

In this paper, farm type 1 had the largestnumber of workers, land and livestock,suggestinghey
were more likely to achivea higher crop production comparedto other farmer types. Farmtype 2
and 4 had more equipmentper hectare of land comparedto the householdsof other farm types
indicating these farmers were more likely to prepare the land and managethe crop in a timely
manneron a consistentbasis.Farmtype 3 and 5 had fewer animalsper hectare therefore they had
to either find a partnerto pool the equipmentor to borrow a whole set of cultivation or draft tools
from other farmers. It was nearly impossibleto borrow these tools at the peak periods of the
growing season hence these farmers were more likely to miss the timeliness for the land
preparation and crop management.Farm type 5 had more family workers per hectare of land
comparedto the other farm types suggestinghey were either subsistenceriented crop farmersor
hired laborersof the other farmswho had fewer family workers

In the processof typologymaking,one challengeoccurredasto determiningthe suitablecriteriaand

thresholdsthat could constitute a decisiontree for householdclassificationin one of the types.In

this study, farm types 1 to 3 were classifiedby the criteria of total land size herd size and the

number of workers and only farm types4 and 5 were classifiedby the criteria associatedwith the

equipmentg the number of carts(Figure 5). Eventhough MoBiom staff pointed out that it would be

more functional and applicableif the equipment criteria were defined for all the farm types, we

decidedto usethe numberof cartsonly for classifyingarm types4 and5. Thiswasmainlydueto the

difficultiesin determiningthe clearbreak points amongthe five farm types by equipmentvariables
becauseof the largevarianceof the data.

Afterwards, a farm-type specificcotton profitability analysiswas presened (Table 7). The results
suggestd that a farm typology indeed addedinsightsto the analysisof profitability of the cotton
production especiallyin the contextof SouthernMali, where enormousvariabilityoccursamongthe
farmers However,basedon the organiccotton yieldsin 2013 (Table7), farm type 2 and 4 who had
more oxen and tools per hectare of land reapedlower yields comparedto farm type 1, 3 and 5.
AggregatingfarmersQyields from five years with more observationsallowed us to minimize the
variability of farmera @anagement among different years and to provide more convincig
indications The reduction of the organic cotton yields resulting from erratic rainfall could be
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consideredas an externalfactor. However,asthe data for the farmerswas derivedfrom the same
region, the yield variation betweendifferent farmerswas not so muchdue to differencesin rainfall

but rather causedby differencesin management Thus, it was more likely to believethat the yield

variationamongthe different farmerswasmainly causedoy managementAsshownin Figure 7, the

five@ S | melighyieldsfor farm type 2 and 4 were higherthan for farm type 1, 3 and5, providinga

better indication that farm typology was predictive in a multiple-year basisas more resources
indicatehigheroddsof timely management

In this case,it was difficult to revealeither ¥ | NJY @efeedcesor crop productivity for the crop
trials from a perspectiveof farm typology. The implicationsof ¥ | NJYr&shlizasfor the crop yields
were limited; sincethe materialsfor the croptrials suchasfertilizerswere providedto the farmersby
the project. Besidesthe smallplot sizewasincapableto fully explainthe constraintsconfronted by
the farmerssuchaslabor shortage.

4.2 Cotton production and profits analyses
Theaverageland sizeof the organiccotton waslessthan 0.6 ha (Table7), suggestinghat farmers

consideredorganiccotton as an alternative crop option rather than a prime choice.Organic cotton
wasmore acceptableby the farmersbefore 2011;afterwards there was a cleardecliningtrend with
high dropouts of farmersin three villages(Figure 6). Thelow yieldsof the organiccotton were likely
causedby insufficientinputs of compostor manure (Table6). Thetwo main reasonsthat farmers
applied few or no organic fertilizers to the organic cotton were lack of equipment and labor
constraints

Therewas a central pit in eachvillagefor depositinghouseholdwaste, crop residuesand garbage,
which was the main sourc of organicfertilizer for the organiccotton. Somefarmersalsohad their
own compostpiles closeto their houses.Onerespondenteven mentionedthat he madea compost
pile near the organiccotton field. It was worth mentioning that farmers barely manageto apply
manureto the organiccotton fields, thus the implicationsof the K 2 dza S Kivg<toRk@winership
(Table4d) were limited. Eventually ¥ | NJydediskbr€on the applicationof the organicfertilizer were
determinedby the availabilityof the draft tools andlaborers.

Type5 farmer R A Rgfo@ donventionalcotton (Table7). Type5 farmershad fewer resourceswhile
conventional cotton certainly demanded high amounts of fertilizers and chemicalsin order to
achievereasonableyields. Table3 showedthat the total costs of fertilizersand chemicalger hectare
for the conventionalcotton was nearly 40 times higher than for the organic cotton. As cotton

productionisa riskybusinessbecauseof erratic rainfall and pestdamage the fact that fewer inputs

were required for the organiccotton also reducesthe risk of indebtednessas cotton inputs were
typicallyacquiredon a credit basis

There was no hired labor costfor farm type 3 and 5 (Table 7), which might be explainedby their
availabilityof more family workersper hectareof land comparedto other farm types (Table4). By
contrast farm type 4 spentmore cashon the hired labor possilly dueto the labor shortage Organic
cotton bearsat leastfour times higher equipmentamortization coststhan conventionalcotton for
farm type 1, 2 and 3, mainlydue to the costof sprayers It wasnot allowedto usethe samesprayer
with chemicalghat wasusedfor conventionalcotton, thus an additionalsprayerwasrequired.Farm
type 1, 2 and 3 tend to purchasea new sprayerjust for the organiccotton while farm type 4 stated
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