
Published jy the Sustainable Agriculture Programme of the 
Into: nationalInstitute for Environment and Development 

Plants, Genes and 
People: Improving 
the Relevance of 
Plant Breeding 

Angelique Haugerud 
Michael P Collinson 

IIED 
GATEKEEPER SERIES No. 30INTERNATIONAL 

INSTITUTE FOR 
ENVIRONMENT AND 
DEVELOPMENT 



The Gatekeeper Series of the Sustainabh' Agriculture Programme is produced hv the 

International Institute for Enviroiment .opicsind Development to highlight kc l in the field 
,ofi iw.aillble agriculture. The .Series is ain:ed(it policy makery. , plamerv andrea chIers 

extenscion ivorkurs in ,'ovrnnll'lt and noll-igoverinlent orguniition.vi worldvide. tio'ch I)l/'r 
r'viclv a Se/t'td iC of clntemrlpra te kws preliniinarv c ofit il'il and dra 'nclu.siols 
r'l/'vallce to d' c oplit' lIt .:Vilit'i% Rlee'c.'' arc provided to important v turtCA and 
background material. iic Sitcdisi Inte'rnlitiial Developmtolt ..1thlloritv and the Ford 

Fo hadution Imtid the .crieo. 

1,ntelique t1:itgerud is .. isstant Pro%,,r of .linthrl)01 ,:V. alt Universiti. Box 2114 Yale 
Station. .Ve Haven, ('minct tctt t"S .­11632. I and .licha'l I)( 'ollinson is Scitr'le Adviser in 

the ('GI.IR Secretariat. /Sbl St..V IV Ii iishingtonMI)( 201433. S .-1. 

This i.an abbreviated version of aIpmer tth(' authors cnititled "l/antA. i,'e;ts and pople. 
inproving the relevance o/p/laint h,'eeding in ..1/'ica - uti'h p/',rcd Ill Eiq'rintentalAlgricul­

ture '1990). FOluine 26. pp 341-362. -xpoerimental A-griculture is published h ('ambridge 

Universit Pres.v We aregratefl.lr permlss.ion to reproduce parts o/this article. 

1991 

GATEKEEPER SERIES NO. SA30 1 

http:gratefl.lr


PLANTS, GENES AND PEOPLE:
 
IMPROVING THE RELEVANCE OF
 

PLANT BREEDING
 

Introduction 

Plant breeding dominates international agricultural research, accounting for some 50% of the 

budgets of the International Agricultural Research Centres. Recent innovations in breeding 

piogramrnes (or developing nations highlight differnce; in selection criteria between fanners 

and scientists, and among-tarlners themselves. Scientists' and tarmers' assessments of new crop 

varieies diverge, not becausC farncrs lack f'ormal scietilfic knowledge, but becaue scientists 

often fail knowledge and to accomodate their constraints. Farmers' own culti arto use farmers' 
preferenc-s ar-v according to characteristics such as tann size. family structure, gender, wealth, 

and market opportunities. 

Overlooking both types of divergence in breeding criteria carries the twin risks of releasing new 

crop varieties farmers do not adopt, and rejecting germplasm farmers find valuable. Ignoring the 

difl'Trences can also mean a breeding programme'., new cultivars reach only a narrow range of 

farmer,. Tlis paper addresses ways to reduce such risks. 

Plant Breeding and the IARCs in Africa 

International Agricultural Research Centres (IARCs) have spent more per head, 

hectare and tonne of food. with less to show (as yet) for the effort than elsev, here. Africa's position 

in the world economy, its diverse environments, ecornomics and sociopolitical systems all contrast 

sharply with the conditions or' the A ian '"ireen Revolution'. Communications, food transport 

costs, the mcans to distribute auricultural inputs on time. water availability. soils and climatic 

conditions are all less flavourable in Africa than in Asia. Foreign exchange to import chemicals 

and fertilizers is scarce, and both foreign and domestic terms of trade olten work against 

agriculture. Ai,'can 'a-mersdiversify their economic pursuits and limit their dependence on 

uncertain markets and governient services. 

In Africa, tile 

Wheat and rice, Asia's food staples, are luxuries in Africa, yet staples such as sorghum, millet, 

cassava, chickpeas and cowpeas have only recently received research attention from both national 

programmes and IARCs, as have regicos with poor sois and low and unreliable rainfall. 

Africa's national research institutions often retain the orientations of' western agricultc~al 

education (Collinson. 1988). University agricultural curricula are still centred on large fields, 

machines. straight lines and intensive management. These biases threaten the long-term 

sustainability of African agricultural systems. and limit the re!evance of national and interna­

tional research. Relevance is also jeopardised by a single-discipline fecus. narrow peer group 

evaluation, unquestioning adherence to inherited breeding strategies, and inadequate exposure of 
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plant breeders to small f.rmers' circumstances. 

Traditional western agricultural curricula, for example, discount inter-cropping, though many 
plant scientists today recognise that insufficient research has been done on possible positive 
interactions of species and cultivars planted in mixtures (Alticri, 19R5; \Willey 1979). Comple­
mentar' effects involving the uptake of soil nutrients or water, for -2xample, are poorly 
understood, as is the degree to which crop and cultivar mixtures may slo\v he spread of pathogens
and pests. Yet intercropping research in Africa isoften considered a retrograde step. 

Attempts in tooe last dccade to institutionalise processes for agricultural researchers (both national 
and international) to learn directly fromt farmers, and for farmers themselves to do more than react 
to scientists' proposals have been dominated by various types of fam.ing svsfeln s research (FSR) 
(Byerlee et al., 1982: Collinson. 1985, 1988; DeWalt. 1985, Horton, I %6: Merrill-Sands, 1986; 
flornan et al. 1982: Rhoades, 1985: Eicherand Baker, 1982: Ilildcbrard. 1981 ). Though the tcn 
FSR itsel fhas become controversial, its basic principles are of lasting importance These include: 

- the need tor close collaboration among technical scientists (both physical and biological) and 
social scientists: 

- the usefulness of milti - rather than single-commodity approaches (-since farmers themselves 
pursue multiple enterprises and evaluate technical innovations in any one crop in the context 
of the systems they operate): 

- and explicit recognition that the fanner and other agents in tl flood system are the primary 
clients of agricultural research, and that farmers' current production systems must be 
understood in order to design and assess on-farm and on-station experimental programmes 
intended to improve production. 

The less effective alterative has been for researchers to seek the optimal way to grow crops and 
to expect farmers to adjust to these r:quirements. When scientists' selections of new crop varieties 
are based solely on features of the natural environm,:nt (such as rainfall, soils and temperatures), 
farmers may reject the higi-yielding varieties scientists most admire. More than maximum vield,
 
African culti%ators 
 ,ien favour yield stability, short maturation periods, suitability for intercrop­
ping, storability and particular taste or cooking characteristics. 

How African Farmers Use Cultivar Diversity 

Breeding programmes have rarely exploited small farmers' sophisticated knowledge of differ­
ences among cultivars. and their use of these differences ih cropping strategies. Cultivators 
classify varieties, and value particular characteristics, for different purposes. They often manage 
a combination of culti\ars in the production process, and multiply or eliinina'%: varieties as they 
evaluate their performance over time (Brush e,al, 1980, Conklin, 1988). 

Farmers themselves are expert experimenters with new plant materials (Johnson, 1971, Ninez, 
1984; Rhoades. 1987; Richards, 1985). When testing promising new plant genotypes, scientists 
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can improve the relevance of their research by drawing upon Canners' own informal methods of 
experimenting with unfamiliar cultivars and practicei. Farm innovators over thousands ofyears 
have enabled the human population to double ten times since agriculture began, including eight 
doublings before industrialisation and the use of tossil fuels: 

The human population expanded as traditional agricultural societies learned to domesticate 
animals, select crop varieties. manage weeds and insects, and enhance nutrient recycling. Both 
ecosystems and social systems were modified to sustain improved agricultural technologies. 
The transformations occured through experimentation, fortuitous mistakes, and natural selec­
tion (Norgaard. 1985). 

African farmers are less likely than scientific breeders to seek a single best cultivar for any given 
crop. Instead, an accepted new cutivar usually joins other valued genotypes of'the same crop in 
a farmer's fields. Mixed stands (o'cultivars as well as species) are conentional. Plant breeders 
can ease their own task by combining groups of relatively compatible traits into different cultivars 
in the knowledge that fanners will readily manage more than one. 

Yield stability in Africa. unlike that in industrial economics, dcpcnds Ont a patchwork of many 
different varieties planted on the same fann, rather than on a continu,0Is supply ,t new Cunltivars 
(Plucknett and Smith. 1986). In the West. rapid evoltion of new races of pathogens prompts a 
frequent tumox er of cultivars of such crops as Mihcat. for %k lit'espait of a newhich the axerage 
variety in northwestern L'S is only live %ears hilucknctt and Smith, 1980). \'hczit mixures hao 
recently been rediscovered as a mcans ofnmanaging pathoigens. The biological hazards of genetic 
homogeneity in the US are demonstrated by die speecd with which Florida's citrus crop succtumbed 
to citrus canker bacterial infection in the mid- I980s. and by the devastating iolthern corn leaf 
blight in 1970. In 1983. for example. 86', of Florida's commercial orange harvest consisted of 
just three varieties, while two-thirds of its grapefruit crop %%as made tip of a single strain 
(Mn.cFadveri. 1985). 

In developing countries. cultiar specialisation may increase short-tenn profits for a tew large 
farmers, but threaten the long-term environmental and economic sustainability of production. 
The IARCs can help national programmes to reduce the likelihood of epidemics caused by 
breakdown of mnotogenic resistance in popular cultivars. 

In addition to epideniological reasons for monitoring cultivar specialisation in Africa, the local 
relevance of breeding agendas depends upon understtding fimancrs' everyday strategies of 
cultivar diversification. Some maize and potato exampl,.s illustrate this point. 

How Rwandan Farmers Use Potato Cultivar Diversity 

Farmers in Rwanda recognise several dozen different potato varieties, which they distinguish 
according to plant and tuber traits, as well as agronomic and culinary characteristics. Most grow 
three to eight different cultivars at once. They mix cultivars within fields, and use variabil, in 
traits such as the length of the growth cycle, dormancy (time elapsed between physiological 
maturity and sprouting), disease resistance (particularly late blight), tolerance of rainfall excesses 
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and deficits, and dry matter content (which affects taste and storability) to manage the vagaries 
ol' both nature and the market (Scott, 1988: Durr. 1980. Poat, 198 1). 

Since most potato varieties introduced into Rwanda before the late It17(), \%ere from1 : rek-tiv\eh 
narrow genetic base ([Eiuropean-idaped tt/cro cutlti\ar di\cri'l pro. ides lessS01a1m 1/TNM. 
protection against environn:ntal hazards than in the crop ,, AndeaL homeland. Noncthle ,s. 
Rwandan famiers do use the avai lable di ersilt to help reduce their production, consutniption and 
marketing risks., and to spre.d labour rCquirenlents and food suppies more cenlv across the 
annual cycle. ('tltivar mixtures allow the use of staetered har ests and varied growth cycles, 
which permlit farners ito excnd the period oi fresh tfood and Cashl a\ ailabilitV. 

Distinctions bet'. ecu "traditional" and 'modern ' 'arieties. al\.avs problematic. are quickly 
blurred in R\\ anda. whcre potatoes ha\ c on I been gro., n for abOut a ccntur',, and xxherc in recent 
decades doonkof lti ars ha'c been introduced, from Europe and South Amrerica in particular. 
The four most frequentlv uro.', n potato culti, ars inR.% llld'I I W\SMIo, S,.ao'0t' , (,1h4o'a. :11d 
.u/hw) ha'\c di erse origin,. .Agricultural research inlstittilors introdULCed .fo itsaima and 
Su 'll'nl into Rx' , ainda from NMcxiu in the I ,)70s.anld (i' /il'atrout -urope - number ofdecades 
aco. Farnlcrs and traders prohablx hrouuht kfuha/ura into R',nida froitt I eandi lhuiallthm. 
.fuliahu' antd .fS'wt cnlil crc multiplied alnd dit,,trbulCd b\ the Rx lailld.In nlational po(ato research 
progrannle PNAP ill helate I9',is and carl' IWs, 

Fariner,, rate thee tour popular cuLiars a,, ha' ng, .hiztictlhdil'tfrcrt maturilt and doniane, 
period,. .\aier conltcnlt, cookini timc. storabiii\, late blight resistance., markci acCptabllt.. 
response to lltoisture stre,,. and si1,tabilit' for itterrpping fllatucrud. I The auict' 
.fuhahulr. for example, though ,lkCd is apprcciaite: for ifssli for its taste and por ,lorabilit\. 

short dor iancy. Faners appreciate .an'cth for its taste, market acccplabili t,. . Ield, tUnder 
good rainfal. arid late blight resistance R1,,and:n fartuer,, equaiC good teld underxhich R\% v, iltl 

tteav\ rain), though ithe, appreciate les, its lolg dorntancv and lot, rowlh cx.c.
 

The dce'neciated cuhtIx ar (&d.cncration refers to accumulation of. irses) (thaz '; xxould ha' e 
been abandoned lott ago i di,,casc resistance and yield v.crc firiers' ,ole dccision criteria. 
Many fanners contintue to cult. ate (/oash/r, . ho\cx er. bcaus, of it, ,hort growh cycle, shorl 
cooking tite. short dorniancx. ald good taste (lo' '.ater conte'tI. [he coltilinucd pputlarityv of 
this CUtivar srggC,ts one nCglcClCd slratcox for currcnt breeditg aid gcrmplasn crecnin. We 
return later to this and other itm.plication, of the fart sir.c\ work for gernplasm screcning in 
Rwanda. 

East African Farmers' Use of Maize Cultivar Diversitv 

Farmers recon ise in maize. as in potato cult ixar,,. important diffrences iii tas, texture. 
storability. marketability, disease and pest resistance. and response to noisture stress. At least 
nine possible eod uses. ,nan' oflthen simultneouslv relc ant on a single trt. help to detennine 
the maize genotypes cast Afican farners prefer. The crop nlay for example, be consumed at 
home green or dr' brewed for beer, or sold green or dry. It additioa, the plant and griin ttav be 
used green at various stages of maturity, or dry as food for livestock. "iltivar tmixtures in miie. 
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a sexually-reproduced, allogamous species, behave differently from those in an inbred, vegeta­

tively-propagated crop such as potatoes. 'Tile 'purity' of individual cultivars planted in field 

mixtures is less in an ontbrecder such as maize, while the possibilities for farmcrs themselves to 

improve the crop through rustic onns of recurrent selection are greater. 

.A.s in the case of potatoes, many farmers plant both early and late mIaturing maize cultivars in 

order to manage seasonal food gaps, to meet varied end uses of the crop. and to manage 

environmental hazards (uncertain rainfall, diseases, pests). lailze l'aners in parts of Zambia, for 

example, plant traditional short-term caltivars (100- 120 days) early in the season to obtain food 

and becaust: they taste better as green maize than do the !ater- maturing hybrids SR52 and Z I I 

17 0 days). Ahich are produced manl' fOr sale. Zambian farmers give priority to the planting of* 

traditional ,arietics. % hich delays planting of the hybrids that require a 170-day season. 25"o of' 

the hybrid, are planted with only 125 remaining days of rain. When asked %%hetheran improved 

120.day cultiv'ar would be useful to them, %", of the farmers thought it would. and 63" 

mentioned the adkontagc of early food (('IMMY[T. 197X ). 

In ZimbabNe. farmers in Mane'vende use maize %arictics with differing time,, to maturity to 

manage the variable timing of the rain,,. .\ n ( )ctober start to the rainy season results in first 

plantings of SR 52, 3 170-day ,ariet% with higi vield potential. If farniers ha, , to replant because 

of early drought, or delay planting hecausC of late onset of the rains, they switch to shorter-cycle 

cultivars such as R201 or R200 (hoth 135-140 daiu),. Multiple plantings are common. and late 

plantings of R201 or R200 extend into January. LatL. plantings help to insure against :osses in the 

crop plantcd earlier and allow atspread of oXe n use i) er atlongr period (Shumba, 19X5). 

The relatix e economic value of laize sto. cr and grain also affects fanners' choice of cultix ar. In 

Somalia. there is a market fbr maize stalks that have been cut and dried. In land-scarce central 

Kenya. some farners prefer to plant a proportion of their land to the 600-scries maize hybrids, 

rather than the 500-series recommended for the zone, because its larger plant structure pro\ ides 

more bi'.mass for stall t'cedinit of dairy cattle, a major source of cash for many households. 

Fanners in th,: densely-settled parts of western Kenya show the saie interest in naize stover. 

Both green plant material and dry maize stover are important sources o cattle feed. and proposals 

for two adaptive experimental programmes have been identified (Wangia. 1980. ()',c was to 

examine the increase in maize plant density needed to increase fodder production without 

sacrificing grain yields in both the long and short rains. The second was to examine the effects 

on grain and fodder yields ofalteinative times of picking the leaves and tops of maize when green. 

Breeding Implications of Farmers' Cultivar Diversification 

In industrialised economies. fieli mechanisation and consumer ni.-kcts favour genotypic and 

phenotypic uniformity. Standardised plants and products are less relevant to Africa's resource­

poor farmers. Crop breeding in Africa can benefit fi'om the comparati e advantage of tme skilled 

labour of small farmers in handling ctltivar diversity, and in giving detailed attention to 

individual plant types. Understanding decisions about the adoption of new cultivars requires 

knowledge of farmers' present diversification strategies. This is not to suggest that scientists 
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cannot stimulate changes in existing cropping patterns or husbandry practice,, or that fiariers will 
adopt only those new cultivars tha: are highcr-yielding replicates of'currently popular %arieties. 
Rather, researchers Must consider carefully the costs and risks Larmers face, hetre incstng title 
and nonc in deeloping particular types of 'new.cultm\ars 

Balancing Yield and Maturitv Period as Selection Criteria 

Conentional varietal sclkction hased on ,icd fa ours later-maturing culti ar,, given the 
correlation of yicld and period lphotosynthet i intake. I'armers. however. may adopt shoter­
temi varieties in awroclimatic /oncs .hcre l:one-duration cultivars offer higher biomiass and 
,,ields The rationale tor such a choice becomes apparent once the scientist's anal\tical 
framevoork shifts from the indi. dual cultl. ar to a multi-crop and Multiple seasol per'spectl. c. 
Rather than a&,ssume rtarnor,%kill accomnodac an, naturitv period in a ]igh-.,eldig cultaar. 
breeders 1must first as,ess local constraints on mutrlt%periods and then select for lgh yields 
within locall,\ appropriatc inaturit'%classes. 

Although farmers are skilled at managing culhiar di' crsity. iicluding multiple maturity periods. 
evell minor dcpaitures from current tpc,, call ha\oe .'.Idc ramilicatiolls for cah tl. and fIod 
seCLurit',. It land isscarce. for c\ample. 'idoption of a longer-iaturing cultlai Inay mneai an 
unaffhrdable dla, in the planting ofanother esential hI'od staple on tile,ameplot A n'c'. %aril. 
may r-equirc earlier plaIng1IIl or har% Of a season', crop oil the ,ame ind It niiae ,l:,l! pre%iOU. 
compete for scarce labo.utLr at critical point,, in tie production c. 'les of other crops. A ilCi­
maturing culti. ar na, inltrducc a csl,,traint iii tie lanii\%consLptin1 calendar it it.,loInger 
period in ihe field coincides .kith .1period henl foOd -uhtltltes arc tna. ailahle It ma', introduce 
a famnily cash constraint If delayed har.e,t prolong-, a period of cash .,hortage In shon. ,ingle­
crop or CO1llnlodit\ research prtograimmies cannot ignore other crops and etecrpri-css that collpete 
tfr farniers* land. labour at,d ca,,h resource,,, and that help farmers mect thei r lood and cash need,,. 

Urnder condition, of himuodal raintall and land scarcity. single scason yields ia.he less I;,,oraant
 
to small farmers than aninual pr(dlcti , mit.. 
Il this SltLatioll farers ma choose to plantl the
 
conIhiriatio of' culti ar,, that !i%,es dilebest \ icids in t',
o gro., ing sasons,. ralher than a single
 
cultivar that gives tih best ,,id 
 inmou : cason hut precludcs a scond crop the same '.car and
 
therefore forces the f.arner tth
purchase Iiod on an e\pesii cpre-har, est larket. Some eaIllples
 
from areas whcre land is scarce and ratmu fall bitiidal illustrate these points.
 

Maize Maturity Classes in Western Kenya 

Fanning systems research ha, hlgh;ighted the disad%antage of the highest-yielding hybrids in 
western Kcnya's densely settled. high rainfall .,one. The long Maturation period of the high­
yielding 6 00-series Kitale hybrids makes itdifficult to plant a second mai/c crop. The hybrids 
are pianted in March and not harvested until mid-September. Because rainifll isunreliable from 
December to Fcbruar. the late-standing 600-series crop lea. cs only 1(6)da s fr replanting with 
a second raiz crop in the last months of the year, The sCcond Inlaize crop is essential to poorer
families who have little land because maize prices in July and August, before the new long rains 
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ha-,vest, often reach three or fbur times the post-harvest prices. Unless they plant a second crop, 
small farmers are forced te buy maize for foad at high prices and then, for lack at cash, or because 
they have mortgaged the crop to buy tood earlier, they are farced to sell their crop at low post. 
harvest prices. Such fbod purchases take precedence over input purchascs 1 iam their linited cash 
resources. 

In recognition of larmers" need to secure .Isecond crop. new on-tann experimental research began 
to reconsider cultivar recommendations. Trials x,ere designed to compare the pertOn-nance of 
maize varieties in the 130-to I8-day range in tile long (March to August) and short (August to 
December) raintall periods and to identify the ' aietal combination that gives the best production 
over the two seasons (Collinson. 1985). 

Potato Maturity Classes in Rwanda 

Farmers in Burundi rejected anex, late-maturing t229-day). high-yielding maize variety although 
it %ielded 20 to 40", more than cuLtix ar, rcleased prev iously iZeigler. It) because they had to 
wait si\ weeks longer to harvest it.so that the new variet, did rit permit a good second pea crop. 
Field tr!al:. based on ta, mcrs" traditio'nal practices shoxk ed that the hivher ielIs Of the late­
maturing naize culti%ar occured at the expense of f.inil\ food sectrit, and nutritional balance. 
since it did not lit into the conifle\ local s sten t' inteteroppig maize ai;d ,ati , and relay 
cropping maize with peas,. lie late maize also had less stable y ields. 

In such a situation. selecting a ncv culti. ar oln the basis ofsingle crop yield trials (rather than the 
mixed cropping and relay cropping actually practised b local farmers) meay result in the release 
ofa cultivar that is incompatible with faltuers" needs and limitations, and that actually decreases 
their nutritional and economic well-being. 

Maize Maturity Clsses in Burundi 

In Rwanda - the most densely popIlated country in sub-Saharan Africa - extreme land scarcity, 
bimodl, rainfall. and late all affect farmers,' potato maturity class pre.'rences. Rainfalla'iioht 

distribution permits double, and Il some zones mulltiplC, cropping of potatoes. Late blight 
increases wkith the spread of lrun gal spores iin heaN ratin. and tarmers . traditional means ofcoping 
with the disease is to plant late in the rainy season. Athough higher-.ielding. later-maturing 
(120- das) potato cultix ars resistant to late blighi became locally available in the late 1970s. by 
,he mid-I 980s e %farmers chose to rel on them. Slhort-durationo cuhix ars allowed them greater 
flexibility in inanaging ver, scarce land resources. Indealilne Nith uncertain rainf'all distribution, 
and in manacin! food and cash needs. 

Foi example, some famiers in the northern volcanic soils zone intercrop potatoes (planted ii 
April.May and harvested in August' September) with maize (planted in May and harvested in 
January). Mfter the potato harvest, they plant beans in the same maize field in September and 
harvest them in December and January. The longer the cycle of the potato crop, the more ditficult 
it becomes to get the bean relay crop planted in time to catch the short rains. 
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Most thnners pretler either short-duration cultiv aw alone 70-90 days), or a mixture of early, 
medium and late cultiars (flaui-erud. IX98). One rationale I'ir the mixed strategy is that short­
cycle cultivars, by filling fo.od and cash eaps. enable so me tlanlcrs to u'rm !o[]-cycle varieties 
as well. Wealthier larnicrs %% holdugs can dc ote more lald to late cnltl\ars.ith large L.lld ( iMen
 
the ne.rlv utl\ ersal demand for soie carlv culti\ ar-. the RWandan grt-iplasi scecenilg ,inld
seed 
production programme, .%hich had pre\ us., eIuphadsisCd late ctI t,.ars, inccasCd tilereceitl\ 

entphas:., on shor(-dura Iwt cuhIt\ ars. I)rt:, I0USl. the programimne had taken in,,UtHfIcient actitit
 
o1'the multi-crop and muhiple-seasin tra ne\t, ork in \ Inch Canners decide x,hat cnltivars to adopt.
 

Defining Appropriate lK'perinental Conditions 

FITrts to match the conditions of recsource-poor Itrtoers In expllriC t-ll ields are contrto, ersial.l 

ShoUld a1ttal ',election On the rc,c;arch station he conducted Under htli,.idr.llconditions he\hotd
 
the reach of mos.,t Afican flirincrs'. Idenittfication ofsupcrmtr genot,,pC iS more dtflctllt wiJldCr
 
Io%% int conditons. \lhere heter,,en.it, makes it dl flictlt ito appl' cqual selection pressure t )% er 
ati1entire plant population. More c,rituental replications trc reCtiried. sitle diltCrenlCCs in 
producti, it. ia, hc stmall atnd "latistiCAl larve \diUNUtie ,i-latittll icearch to, tiruiers',:rr,,r .­

practices and priort.cs cait ctllplitcaic c"p,.rlicniti l dcign iiid fil sls. ( lassIL e\pCrIltCnlI
 
nllthodolht. hortcoiiitgs. Conls-ti h\
hu\er has its tt.ii t,thl a11id decIsions htICottsCIoius 
crop scietntists pro uce more Li,oirabI cIop ti,irnlicius nrseIi:Ch stations hail Ill1AnInCrs 
fields. and Iead brccdc, it,select t p * that1 rCpond ,C.ellto f'. ouuraIle cik' iontmten
 

lautr,.a ci alI. Ilt)Sx. i tti,,nds., lt\4
 

(.)tie problc:m is to ident:t', the cha es ito Fiticrs' pract.,.s-,.11d tis\' Ihich It Is reatriable 

to expect thel it) Addi.l lhe ,icld i,in part due it) circunttitances be',,otld farers' control teg.
 
whcther fcrtiliscr tr irrlaiih'n %'atcr I ttic),as %ellit to tarmlitig practices that iake
airris as 

g)od hnlthtgi1a. nitital Iall farers m11: e It I Inputs fir a number of reasots: the
'sei 1 
ti ,,otprtiducti Iti. cttistillpt I 'n. Atid m trkeiin i-rittriti s t ithin the lfarmin g ,',,ten:Iunited c ,ash 
rest)urces itildCqUate pCrs nal I iithIetie t tlati inplts, aid 1liItd cpiCit t ,risk high IIt(se.s. 

Smalcll cl t )rs, ,ipcraelltipleI t: encrpri-cs as ati IIIt eritleaCd s'. stInII. \%.ltch Icqtlires coimpro­
IiI-,eIn Iatllacllent. atid thcrcloie pridUtiCt1 it'.. tft 11\elitect 'sttuetit enterprise. Ir:tduttotal 
m11ixed crttppilt l Isa uirtherl ctiensioti tit lhis s'.,- ti,ctllic\t hIl it oWil torkt,i itlhcalitins 

gernplasin sclctttn. 

Antother %%'a> .itt % Ich ,,rmplam strcening can take :treater account o" the di'. crsitv ol actual 
farm ct It', screotnitg b'. the earlier release of promisittg material to farmersiditit its Is. dcenltra1 ie 

for te.ttng iln on-farni trials. as Illa ,tLccCssful railtl'd rice breeding programme in India IMaura 
etIal. 198 ,. 

When scicmthi detime treatment atnd nitn-cxpert-ental \ariablcs fr culti'ar Selection, tihey 
manipukte management pracices such as tine of plantingv. soul ferility, water a'.,ilahilit,. 
chemical protection against diseases and pests. mntercropping, relay croppitg. cultivar tixtures. 
crop rotation and plant spacing. The more explicitly thcv take stch decisions front a knowledge 
of famiers' practices, and the less tied they are to traditional textbook expcrilental design. the 
more usel'ul research results e likely to be. Some illustrations follow. 
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Time of Planting and Maize Performance 

Maize yietlds are substantially reduced each day that planting is delayed after the onset of rains 
Acland (1971) reported reductions: of 55- 110 kg ha-I for each day planting was delayed in 

Ken,a's Rift Valley Province, and as much as 170 kg ha -I d-I in the Eastern and Central 

Provinces, where the season is shorter. Labour and draught power constraints, however, lead 

many srnall tarners to contiiiue to plant maize for two or even three nonths after the start of the 

rains. Contrary to conventional wisdom that late planting demonstrates small fanners' irration­

ality, scientists now recognise that labour and power constraints limit fanners' ability to plant at 
the 'optimal time. Indeed. th': appropriate %ariety for small farmers %%ill often be 20-30 days 
quicker maturing than the breeders' preferred full-,eason cultivar. In addition, some cultivars 

intentionally, avoid planting early in order to reduce tile risks from hazards such as uncertain 

rainfall or disea:,es and pests associated with rainfall. Interest has therefore grown in tile effects 

of' late planting on varietal choice, and in the selection of culivars adapted to small frners" 
power constraints. 

Fertilisers and Maize 

Agronomic reconmendations aimed solely at yield maximisation underestimate tile importance 
of yield stability and hazard management to resource-poor fmarmners. Improved maize cultivars 

tested without l'rtili/ers in on-farn trials in Malawi. for example. .ere more than twice as 
unstable as local maize. With fertilizer, yield stabilitv inproved for both local and improved 

maize, though the latter remained sgnilicantly less stable than tile local nalie (lildebrand and 
Poe, 1985, Firniers also limit their Use of purchased input, such as ftrtilisers when they fear 

damaging losses 1"omi environmental ha/aid,. Producers in southern Zimbabwe, for example, 
apply a basal dressing of compound fertiliser after rather than before the maize crop emerges, in 

order to reduce their losses from poor germination (Shunba, 1985). 

Experimental Conditions and Potato Varietal Selection in Rwanda 

One potato research programme in Rwanda owes its success in part to the screening ofgermplasm 

without ferilisers or fingicides. The programme recognised early that most flrmuers' only 

commercial inputs would be occasional seed purchases; since degencration rates (accunulation 
of'viruses) are low in the highlands. firmners can multiply their own seed for five to ten years. In 

order to benefit the minority of finners " ho can afford other inputs. scientists in the Rwanda 

programme also carry out separate fungicide trials and train extension oflicers in their use. 

In its first five years Rwanda's low-input creening programme introduced six improved cultivars 
whose yields without chemical inputs were two to five times the previous national average 

(PNAP. 1984. 1985). (iermpla.,im sources for the improved cultivars included South America. 
Mexico and Europe. Two previously introduced cultivars which the programme re-released in 

1980 were found in all the country's major potato producing regions in 1985. In nearly two-thirds 
of 360 potato fields observed in 1985. either Montsama or Sangema occupied the largest area 

(Haugerud, 1988). As about hal fof all potato fields are intercropped with maize, beans, sorghum, 

colocasia and sweet potatoes. 
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On-station trials bc-gan to consider the comparative per'ormance of the improved cultivars in 
these various crop associations. Trials of potatoes intercroppcd with lai/e n I9X7 Nliowci that 
land equivalent ratios increased ,. ith increasing plant densities, xeen Mhen plant densities of 
associated crops wcre thosc norwallk used in pure siands (7.2 potato plants and 8.011il/C plant,, 
per square, metre; preliminarv results are reported by JCroCn KloON n the ItX7 ('IP rcgioil 
progre ;, ports). Trials to test the perfornance o1" field mitureN of itnnprocd potato Cultivars 
,Aere also recomnended, ad.ier farm surv, sho\ed that most farners guro three to five d. fkrent 
potato Cultiars at once. most of their field, being planted xxith cultix ar nustiares. 

Participatory Breeding Research 

It is cas\ to assert tat dceliniti appropritc x.aricraI scree llu priorilties ald cxperiniental 
collditions require fretluCit alld direct comunI cation hoth hetecu. flrmers and rescarchcr,, a d 
between researcher,, ot'dilr trent iis conisits, anthropologists. hreeders. aronouiists,ursk 
phvtopdtholociPt,. Soil specialists). [cxx%hitlouical scientists, hokcx c. are trained in techniqLUes 
to elicit and to appl% know1% from Ri-'hards. I9)S5. lirokensha ci il. I 9St)!.ledue lairiers 

Althougtih it sounds stralhtlfir ard i)r scicitists io Ilarn fro tarers,. alld to ctil cne L'trolp,, 
or panels or int\ itior workshops. how%to do this i,, rarckl part oif scientists, taii111v1. andLgooilid 
methods arc it%%a .ixxa%nt well kiox ii., Nor has d I sI101 il flch ItClhods penIC.IetrtedI.I IC harditer 

prolcssional literature r( nhaibers and JiLin,, 19,I 

After a decade of rhetoric ioul cedhack tf faricis' pihliis to c\tenllsIonl xorkers and 
scientists. i large gap remains hetx ci the ideal and the realitx, lnox ations iii both training and 
methods are required to hridgec thiis 2ap. TO t usual i-statnio and on-lr trials, and fiormal 
and inflrnial ,trx c.,smust he added less failiar approaches stuch a,, panels of faricrs MxIto 
reiiilarlv mcel xxilh andlIadCtie scinits, One-shot grolp inlt-t-CA s, tilettartl lgo1f cielltists n 
role rex crsal, wrkshops xxith ino tixe 'armiers, and illa, ctiw slil,ill Muhich fairiers decide 
oin tIte desin oti-far-n trial, larters Included it Ilte diesii of on-tam trials cart cotirhute 
to dcefitiii c\ aluation criteria. before researchers, hIaxcl screencd t iIost If the lptiuris by 
fixing the t.\peritiicital deci'" shx I ,. \,hten selling up )n-arii xaricl trials. sc:llieisIs 
can hein h\ askiitg farmers how%%thCe, (tlmtinse s tiulllCsit mc ctiltiar ti theirliix it land 
1liggs, ,198X In addition, researchers cai track fart-iers' o ,it iltittoatots. x icth take Ilcin 
hewond the lititationst onrofredctrllnist methods ofon-station Trials, as thte adapt new, Cltiars it 
contple\ irttcrcropping, rotation and avroforestr practice,. artd a, they Cxploit dix ersc ticroern­
x,ir)nments W((hanhbrs and Ji ins. I X. .larce-scah. forna. ,cs. ,itih their \xelI-knowon 
prohlem s (i data rel ahiIiv. santipling biases, logistical costliness, and lertlh processtig 
requireilents . are also increasrncl\ replaced h% less fortnial and tilore inn a c tixtechiics. In 
such attempts,. reawi %irk, rather than 1ic rangicr' rescarch (Roherl Rhoades' teril) increas the 
credibility of resultl. 

Farmer Participation in On-Station Germplasm Screening 

Normally when on-station germnplasm plots were harnested in Rwanda's national potato research 
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programme, the entire research team (breeder. agronomist, pathologist, anthropologistl were 

-,IlVL'present to select b% consensus gcenotyps to keep I'to fher stages 'And inultiplicatioit. 
In a lnOV iniliatie. lariers were itn ite to imaketheir owmn selctions from the slation fields. and 
to explain their reasoning to scientis. Re scarchers 1ound that they had prc itou.lv, assumed too 
narrow a range of' local aceptabilit, in traits such as tibter colour, si/c, shapc and tnilIrmlity. 
\Whereas somic researchers. for exainple. had for ,cars laoured red-skinned chotiesareilrs 
l'ound red. white and prLuplC skitts all io be acceptablc. The onl skin tpcs Lfirniers strongly 

reiected x\crc russets. hlch the\ belic cd it) be diseased. 

In other \ ords, the scicltists \ c.rc morc con,,er\ atil c thain the fariers. and their lisconiceptions 

led ito unnecessary e !,os I use'lil [oralreleklittn ome cntlall. potato gcrinpla,,tn. arni surveys 

of existniu \areticte and preferences coifirmed tlec bIndines Incorporatilni Iariers ilhi on­
station Lcrtlplaii screetliuLl infirnlloll at little Lost.•2l caii produce useful 

Parttcipator% rescarch, then, can bccomc a i\Mo-%athi)\ , that both takes scieintist, to laritcrs' 
tields And brinu, tirmers Ito the scienisit flcid, ClA I 'ean researc'h prorauiic in 16%anda 
,ubhscLlueiI adopte'd tihl, apploac [eCItiale bean Need e\perts ltom participat in on-tatioti beani 

%arietala&cssetlent ( Sj'rlitt. 1I' ) \.teti tarnicrs sicc tl\ rathemr hialti cii ten d tile crop) 

tt illtn-tatioln scrrlplasni trials dt I\k o or ilirce critical polttt II bcan ro,, ilh I it Ilow\ cring and 

tortttatton 1fpods. 1t latUrattot. and a1t ar\ et.,t ). \lso \ aluablc ito both tile ".Clelilli and \iitin 

armcrs are tle o,,cr atisnI, olsiation ficld labiourers ( thctlcI%C iiuaI\ s'tiall filrlICirs Ii. ,CC 

Ihe cienltis l rials Ihiiuh the entire ci p c\ lc. In the l.kandan polato rcsearch piograime, 

local ,.zciltists kiics thatl ic tallll labourcrs ,-.crc both %cr keen obsc-crs (i cfxperimental 
geriplamit. and expercinitter, ilh pri sit platnt matcrial ol their o it lFi,,, Ihee labourer­
tarmters %kere anions those Ito assessed potato verplait, ili the e\crcisc incitioined. This 

technique is, u-ltill Coilpiemetit to tarnile-ilaria cd trl,, Il Fariuers' lields. 

Recommendations 

Pla t breeders cannot respond , c\ cry qul rk ot' etl circutIstanrceI . Ilicir tiak bccoiesnIore 
comtiplicated, cost, ilcrcasc, aid progre,,N &sthe nuibe of selectih crlcria ilcreasCes. 

hirceders require general guidulinC based otll acncuratlc prior identific:ition atid ranking ofcultivar 
tral! that particular ca gorics of prodiiwcrs and icrs find iilporiatit, discarding le,,, relevant 
scrcetlnt criteria, and asesilr tarmrs' capacities to ch:ingi: e\ngill practiCes. (rop breeding 

is a lon-Icrm ill c.tnint: dccisions taken it tile otllet ha,1c implications for ma.\ \car to come. 

If iarmcrs in .\frica. Asia andlatinA\ticri-a are to influence aricultural research imore hirectly, 
resiirclicer, and ex1eilslirnlt, riccd bCter illc lC',i and itpro% d abiliv to addrcss Farmllers' 

nccds. Skills it) ride the, social dislance bCt'cc1 aulthori'arian .cciitisits and *dfcrential' 

farmers are escntlial. o thit "hen larmers expeiricit %kil lo. fertI llscr applications to ind out 
what works and pa best for their conditions., researchers will ,cc tliemi as experlle'ters rather 
than as "de'. lant, . Io do not adopt recommended practices" ( hatibers and Jigis, 195; Ashhy, 
1986). 

Social science skills are often underutili;ed in the design and analysis ofoni-station and on-farm 
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experiments. In on-farn trials, for example, anthropologists' field skills and knowledge of rural 
social organisation are helpful in selecting collaborators, judging their representativeness, 
monitoring experiments and farmers' opinions of diem, exploring tlie inplications of innovations 
in particular crops, and reformulating hypotheses Cor farther testing ('ripp, 19.85). Although 
increasing the pa:iicipation of both fanners and social scicntist.s in agricultural research has been 
one aim of farmine systems research, progress has been) slokk. Fundamental changes in the 
organisation of agricultural research, and in the attitudes of agricultural scientists, remain 
necessary.
 

The gap betwecn what is technically or biologically possible, and what is practicable for small 
farmers sometimes translates into c nflict betwcen excessively optimistic biological scientists 
and excessive!y pessimistic social scientists. In deLining relevant breeding priorities, however. 
tile essential starting point is flr anthropologists, economists and breeders alike to gi e close 
attention to fiarmers' own detailed knowlede oi existing crop varieties and to ho%% they ,elect, 
manage and use them. ()n-station trials to test improved cultivars should take farniers" cropping 
systems and hutsbandry practices explicitlV into account (las ir the Burundi maize and Rw\anda 
potato programmes). (0r-farm trial., should incorporate farmers' own m,:thods of infbrinal 
experimentation, their standards of j,idgvnment, and their suggst ions concerning experimental 
design. As scientists adjust their research priorities and experimCntal techniques to 5,) e clients' 
problems. they will require the courage to depart t'romn the textbook cxperimental design and 
disciplinary paradigms. 

Finally, researchrs should keep il inind that farmers' powers of obscration and ski!ls iii 
innovation contributed to eight doubligs of the human population before industrialisation and 
the discovery of fossil fuels iNorgaard. I985 ). Sus.,tainable agriculture in all nations will require 
greater scientific respect for. and more effcCti e collaboration with, those who possess the 
wisdom of generations of "rionscientific' farming. 

Notes 

I.The authors grateftilly acknowledge helpful comments on an earlier draft of this paper from 
many colleagues. A. II. thanks the Rocketeller Foundation. the Rvandan Institute of'Agronomic 
Sciences (ISAR ). the Burundi Institute of" Agronomic ScierIces (ISABU). and the International 
Potato Centre (IP) for generous support of post-doctoral research in Rwanda. Burundi and 
Kenya between 1984 and I9S6. The vicws expressed in this paper are those of the authors alone 
and do not necessarily rflect the official positions of the institutions with which the, have been 
affiliated. 
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