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1. Farmer varieties can make a rapid contribution to sweetpotato improvement in
Ugandaandotherregionswherehighdiversityofsweetpotato landracesexists,
(thisthesis)
2. Using national germplasm resources is much cheaper than importing them from
outside the country as long as there is sufficiently high genetic variation for
selectingthedesiredtraits.
(thisthesis)
3. Aswithmany other commodities, sweetpotato ismainly grown bywomen aslong
as it is a staple food for own consumption but men take over as soon as
sweetpotatobecomesacashcrop.
4. Itisachallengetofind waysthatboth scienceandtraditional knowledgecanwork
inacomplementary fashion towardsimprovinghumanwell-being,not inasserting
theprimacyoftherespective culturesoutofwhichtheyhave developed.
(DavidDickson, 15September2003,ScienceandDevelopmentNetwork)
5. Awareness of the value of indigenous knowledge - particularly its potential
contribution to sustainable development andpoverty alleviation - is growing at a
timewhensuchknowledge isbeingthreatened asneverbefore.
(ScienceandDevelopmentNetwork,August2002)
6. Although indigenousknowledge hasproven itsvalue inmany casesitcannot, and
shouldnot,bepromotedwithout first beingcritically assessed.
(ScienceandDevelopmentNetwork,August2002)
7. Poorpeoplecanberichinheartandknowledge.
8. There isno limit towhat aman can doorwhere he can go ifhedoesn't mindwho
getsthecredit.
(RobertW.Woodruff, Chairman andCEOofCoke, 1923-1985)

PropositionsbelongingtothePhDthesisofPutriErnawatiAbidin:
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Abstract
Abidin, P.E. 2004. Sweetpotato breeding for northeastern Uganda: Farmer varieties,
farmer-participatory selection, and stability of performance. PhD Thesis,
Wageningen University, The Netherlands, 152pp., with English, Dutch and Bahasa
Indonesia summaries.

Between 1999 and 2001, the author conducted various studies, primarily in northeastern
Uganda, aimed at rapidly assessing the potential of farmer varieties of sweetpotato(Ipomoea
batatas)fromnortheastern Uganda incontributing tothe varietal improvement programme in
Uganda. These studies included: (i) collection of germplasm (farmer varieties) and farmer
knowledge about varieties from five districts in northeastern Uganda; (ii) assessment of
morphological diversity and duplication inthe collected germplasm; (iii) farmer participatory
on-station selection of promising varieties from the collected germplasm for on-farm and
multi-locational testing; (iv) farmer-managed on-farm testing in Soroti District (northeastern
Uganda) of selected farmer varieties, cultivars from the Ugandan breeding programme and
local farmer varieties; (v) multi-locational testing and stability analysis of selected farmer
varieties and officially released cultivars from the Ugandan breeding programme in multiple
test environments (20 tests over three seasons).Additionally, the author presents resultsfrom
amulti-national, multi-locational test ofelitesweetpotato germplasm ineasternAfrica usedto
study selection efficiency.
During germplasm collections, atotal of 206 accessions were collected, alongwith farmer
knowledge about them, and of these 188 were classified as distinct accessions, exhibiting
considerable morphological variation. Many accessions were collected from remote locations
where sweetpotato is not a commercial crop, while relatively few accessions were collected
fromareaswhere thecrop isimportant commercially. During theon-station assessment ofthe
collected germplasm, 11 accessions were selected for further testing from a total of 160
accessions evaluated attwosites.Nineofthe 11accessions selected byfarmers were common
to both sites. Farmer selection criteria were verified, with a high weighting given to fresh
storage root yield, storage root number and harvest index, in addition to root dry matter
content and appearance. During on-farm trials over two years, the 11 farmer varieties were
generally preferred over localvarieties, and cultivars from the Ugandanbreedingprogramme.
During multi-locational trials, the 11 farmer varieties on average performed better with
respect tobroad adaptation, specific adaptation and yield stability, than the cultivarsfromthe
breeding programme. In addition, some of the farmer varieties showed specific adaptation to
local environments.
Resultsofthemulti-national trialwere analysed togeneraterecommendations for optimum

selection efficiency, and indicated atwo-step selection procedure with two locations and one
replication at Selection Step 1 andfivelocations andtworeplications at Selection Step2(total
testcapacity ofbetween450and950plots).
During the farmer participatory phases of this research, farmers were highly competent in
sweetpotato varietal selection and were aware of the genotype-by-environment interactions
and biodiversity. Results illustrate the potential that farmer varieties can have in the
improvement ofsweetpotato inUganda and otherregionswhere high diversity of sweetpotato
landraces exists, and allowed us to recommend an approach for the rapid and efficient
selectionof superiorgenotypes from local germplasminEast Africa.
Keywords: Agro-biodiversity, farmer varieties, indigenous knowledge, farmer-participatory
research, genetic diversity, genotype-by-environment interaction, germplasm
collection, Ipomoea batatas, specific adaptation, yield stability, sweetpotato,
variancecomponent estimates.
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wouldnothavebeenpossible withoutthesupport, encouragement andco-operationof
a great many people, both inUganda (oneofthe great sweetpotato-producing nations
oftheworld)andelsewhere.Icannotpersonallythankeachandeveryone,butIwould
like to mention many of the individuals that were so helpful to me during my
endeavors.
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Above all, I am deeply indebted to Prof. Piet Stam, who accepted my on-going
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Paul C. Struik whooffered hiswillingness to supervise meintheprocess of writing
the thesis andinthe arrangement of this thesis tobepublished. Both ofyouaremy
excellent promoters, my fathers as well as my great supervisors. Though you
supervised many students,youalways gave your time (when Iknocked atyour doors
without following therules ofmaking advanced appointments) inorder todiscussthe
resultsandproblemswhichIfaced duringwriting.Prof. Stamalwayspatiently listened
tomyexplanationswhileProf. Struikwasalwaysquicktosendhiscommentstome.I

learned andgained somuch knowledge andskills from both ofyou. I really enjoyed
mylearningprocesswhenfinalizing thethesis.Thankyouverymuch!
I will never forget Dr. Fred van Eeuwijk who supervised me in the statistical
analysesduringmylearningprocess.Iwould liketothankhimforguidingmeandfor
givingmeaquickreplywhenIneeded somehelptoanalyzethedata.
I amgrateful toMsGonvanLaar for editing thethesis, for thelayout andputting
the chapters intothesame format. Iappreciated theworks ofMs. Vivi Anggrainiand
PakSaworonrevisingthe"Ringkasan". Terimakasihbanyak,ya.
To my former supervisors of MS study Dr. M Ramanna and Dr. Bert van
Marrewijk, I would like to acknowledge your enormous inputs to assure Prof. Piet
Stam about my ability to conduct the PhD research work quite far from the
Netherlands.Thankyouverymuch.
I would like tothank Prof. Marc Janssens ofthe Bonn University, Germany,who
initially accepted metobehisstudent. Although wedidnotreach thesamepointson
the research proposal you sent me a lot of literatures concerning the GxE analyses.
Also toDr.Dapeng Zhang ofCIP, I don't forget your guidance inmaking decisions
duringthesettingupoftheGxEtrials.Ireally appreciatedyour efforts.
I would also like to give many thanks to my colleagues at Arapai Agricultural
College:Mr. AisuJonathan Oumo,Dr.OcwedaMorris,Mrs.Christine Anyait Okello,
Mr. Okiror M.M.,Mr. David Okulimo, Mr. John Ochana, Mr. Ocam Sylvister, Mr.
Aedeke, and Mr. Odiman; at SAARI Mr. Odul Charles, Mr. Ariko Paul, andMs.
Angela; atNAARI,Dr.Benson Odongo,Dr.Hakiza, andDr.Robert Mwanga; and at
Wageningen University, Marcos Malosetti. Iwasvery grateful towork together with
each ofyou. ForAisu andDavid, I really appreciated your hard work andalso your
jokeswhileworking inthehotsunofUganda. Furthermore,youwerealwaysreadyto
help mewhenever I needed youtobeinthefieldsincluding early inthemorning,in
the evening, duringthehotday,intherains,oronSaturday andSunday. Yes, Iwas a
bitofcrazytodo that.Ireallyenjoyed mytimesinthefields withyou.Thankyouvery
muchtoallofyou.
Iamvery grateful totheextension officers Mr.Anyumel Franstino (Sorotidistrict),
Mr. Odieny (Serere County, Soroti), Mr.Ejulut Cyril Joseph (Katakwi district),Ms.
Margareth (Lira district), Ms. Joyce Kweri (Pallisa district);tothedistrict agriculture
officer Mr. Aben; the Agricultural Specialist of SDDP, Dr. Mark Versteeg; the
Principal of Arapai Agricultural College, the Directors of SAARI andNAARI(Drs.
Peter Esele,Oryokot, andFina);theproject coordinator ofDFID,Dr.David Rees;the
Farm Manager of Kyera Farm in Mbarara, Mr.Patrick Wasike andhis assistantMr.
Edward Ahimbisibwe;theCoordinator forFarmers Field School inSoroti,Mr.James
Okoth, for their excellent supports of my research. To Mark and Anna Marijke, I

would liketo sendmythanksfor allowing metouseyouremail address in SorotitillI
could settle my own email account, so I could communicate with Dr. Ted Carey for
preparingmyresearchproposal.Iwillneverforget yourkindness.
Of course, I am in debt to the farmers of Abalang-Arapai, Abilaep-Serere, and
Dokolo-Gweri aswell asallthefarmers Imetduringthegermplasmcollections.Iwas
very pleased for all your supports, enjoying your African tea, some ajon, amukeke,
atapa,andfried chicken.Ihopetobewithyouagain someday.
ToMarjolein, Iamhappythatyouunderstoodyourmamawhousedtobeverybusy
withthe sweetpotato business,andIknewverywellthat Ihadlittletimeforustoplay
together. But I had the most beautiful events during my research with you: you also
joinedmetobewithfarmers andtoharvestthesweetpotatoes inMbarara,Namulonge,
Arapai and Serere.Ihopeinthisway,youmayrecognizehowbeautiful itistobewith
farmers,plants,andnature.
For Ernst, I know you have tried your level best to encourage me to do my PhD
sinceIfinished myMScin 1991.1can't tellyou,howmuchIgivemythanksfor your
efforts. We did a lot of traveling through East and Southern Africa: sleeping in
villages, bushes, near rivers, and national parks. I learned much from you to be a
"bush" lady. It is understandable that in the warm and sweet environments of Africa,
yourcharacterprovedtohavesignificant interactions.
My lovely (late) mother, who used to pray for me, continues giving her spirit of
struggle to my study. As a result, I won't feel tired to cultivate more knowledge
whenever Ihavethechance. Iwould liketohonor thisresult for my sweetmemoriam
toyou,Nang!
To all my sweet sisters and the great family in Indonesia, thanks for your
understanding that I have not visited you for such a long time. Kerinduan untuk
berkumpulbersama-sama selalumerekamdilubukhati.
Andlastbutnot least,voorPaandMaEbregt.Ofschoon ikeenallochtoonben,heb
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CHAPTER1
General introduction
The work described in this thesis was conducted in cooperation with the Ugandan
National Agricultural Research Organization (NARO), local agricultural extension
personnel,farmers, andtheInternational PotatoCenter(CIP).Itwasaimed atassisting
the Ugandan sweetpotato breeding efforts to select superior varieties for farmers in
northeastern Uganda. Specifically, I used farmer participatory methods during the
collection and selection of regional germplasm to rapidly identify promising varieties
for local farmers, and I assessed the stability of these varieties over anumber of sites
or environments in comparison with elite varieties recently released by the Ugandan
nationalbreeding programme.Thiswork isreported infive chapters ofthethesis.This
introductory chapter describes the sweetpotato, its role in traditional and commercial
agriculture, and the challenges faced by sweetpotato breeding programmes attempting
to servefarmers using low-input systems.Next,Idescribethesituationof sweetpotato
and sweetpotato improvement in Uganda, and lay out the rationale and objectives of
thisthesisresearch.
Thesweetpotatocrop
Origin, distribution, anddiversity
Sweetpotato (Ipomoea batatas(L.) Lam.) is a dicotyledonous plant which belongs to
thefamily Convolvulaceae.Amongsttheapproximately 50generaandmorethan 1000
species of this family, only /. batatas is an important food crop (Purseglove, 1991;
Woolfe, 1992).
Sweetpotato isahexaploid (2n=90)(Jones, 1964).Ithasbeen suggestedthatitwas
derived by amphidiploidy from a tetraploid (2n = 60) and a diploid (2n = 30) to
produce atriploid (2n =45), followed by subsequent doubling ofthe chromosomes to
produce the hexaploid (Purseglove, 1991). The number of wild Ipomoea species is
estimated atmorethan400,but/. batatas, a 'cultigen', isnotfound inthewild;nor,so
far, hasadirectancestorofthisspeciesbeenpositivelyidentified (Woolfe, 1992).
Sweetpotato is of American origin. Austin (1988) postulated that the centre of
origin ofI. batatas was somewhere between theYucatan Peninsula ofMexicoandthe
mouth of the Orinoco River in Venezuela. The 'cultigen' had mostly likely been
spread by local people to South America by 2500 BC. Zhang etal.(1998a) provided
strong supporting evidence that the geographical zone postulated by Austin is the
1
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primary centre of diversity. The much lower molecular diversity found in PeruEcuador suggests that this region should be considered as a secondary centre of
sweetpotato diversity.
The crop was spread widely by Portuguese explorers to Africa, India and the East
Indies in the 16th century (Yen, 1974; Huaman and Zhang, 1997). At present, the
sweetpotato is an important low-input crop in many places in Sub-Saharan Africa
(EwellandMutuura, 1994;Bashaasha etal, 1995;Kapinga etal, 1995;Tayo,2000).
Sweetpotato production throughout the region is mainly based on large numbers of
landraces (Careyetal, 1998).Onthebasisofnumbers oflandracesandtheadaptation
of the varieties to local conditions, including resistances to regionally important
diseasesandpests,easternAfrica isconsideredtobeasecondarycentreof sweetpotato
genetic diversity (IBPGR, 1981;HuamanandZhang, 1997;Mwangaetal, 2001a).
The crop is genetically unstable and has the tendency to mutate (Hernandez et al,
1964; Collins and Cannon, 1983); it also has an obligate outcrossing nature and a
capacity to flower and set seed (Miller, 1937, 1939; Hernandez and Miller, 1964;
Jones, 1965a,b).Thesenatural characteristics giveriseto largenumbers of landraces
grown by farmers under traditional agricultural systems in several areas of Asia,
Africa and Oceania (Yen, 1974; Carey, 1996; Carey et al, 1998). Woolfe (1992)
stated that there is more diversity in the sweetpotato than in, for example, cassava
(Manihotspp.), yam (Dioscoreaspp.) or cocoyam (Colocasiaspp.). Cultivars differ
from one another inthe colour of the root skin (white, cream, yellow, brown, red and
purple) orflesh (white,cream,yellow, orange orreddish-purple), inthe sizeandshape
ofthe roots and leaves, in the depth of rooting, the time to maturity, the resistance to
diseasesandinthetextureofthecookedroots.
Ecology
The crop iswidely grown intropical, sub-tropical andtemperate areasbetween 40°N
and 32° S(Purseglove, 1991;Woolfe, 1992;Ahn, 1993).Awiderangeofcultivarsare
suitable for different soilsandclimates. Sweetpotatoes aregrown onavariety ofsoils,
but well-drained light andmedium textured soils with apH range of4.5-7.0 are more
favourable for the plant (Woolfe, 1992; Ahn, 1993). It is unnecessary to apply lime
unlessthesoilhasahighaluminiumconcentration. Sweetpotatoes arevery sensitiveto
aluminium toxicity and will die about 6weeks after planting if lime is not applied at
planting inthistypeofsoil (Woolfe, 1992).Best growth isobtainedwith temperatures
above 24 °C,abundant sunshine andwarmnights.Annual rainfalls of 750- 1000mm
are considered most suitable,with aminimum of 500mm in the growing season. The
cropis sensitiveto drought atthetuber initiation stage 50- 60daysafter planting and
is not tolerant to water-logging, as it may cause tuber rots and reduce growth of
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storagerootsifaerationispoor(Ahn, 1993).
There havebeen indications that nitrogen-fixing bacteria oftheAzospirillum genus
are found in association with the roots of sweetpotato (Hill et al., 1983).Nitrogenase
activity varies among different cultivars (Woolfe, 1992).Evaluation and enhancement
ofmicrobial associationspromoting nitrogen-fixation in sweetpotato rootscouldbean
alternative totheuseof expensive chemical fertilizers for increasing plant production.
Thismight alsoprovide anexplanation for thecapacity ofthecroptoperform reliably
underconditionsoflowsoil fertility.
Uses
The edible storage roots of sweetpotato are important food for resource-poor farmers
in many countries (Woolfe, 1992; Carey, 1996; Carey et al., 1998; CIP, 1998).
Sweetpotato produces two useful food types from the same plant, namely fleshy
storage roots and green tops (vines consisting of stems and leaves). Both can be used
asanutritiousfood for humanandanimal feeding.
Apart from itsuseasastaplefood, sweetpotato isbeingmadeintoawidevarietyof
products.Among these are atropical spinach orsalad green, a sweet dessert, avariety
of convenient processed products, fast or snack foods (fries and chips), multi-purpose
flour, alcoholic or non-alcoholic drinks, starch, animal feed or a basic industrial raw
material. It has high provitamin A content which could make it a valuable tool for
combating widespread vitamin A deficiency, particularly among children in the
developing world (Woolfe, 1992;http://www.cipotato.org/VITA.htm; Hagenimana et
al., 2001). Yamakawa and Yoshimoto (2002) claim that sweetpotato can play an
important role in activating some physiological functions ofthe human body in order
to prevent serious diseases such as diabetic sickness, cancers, liver injury, blood
pressure,etc.
Constraints
Woolfe (1992) explained that the low status of the crop is due to its image as a
subsistence crop, a 'poor man's food' or something to be eaten only in times of dire
need suchasfamine orwar. So,thislow statusmayhavebeenalimitingfactor forthis
crop in its exploitation as foods of highly nutritional quality. Pre- and postharvest
losses, resulting in excessive waste, have increased prices to levels unattractive to
thosesearching for alowcostnutritious substitute formoreexpensive,butprestigious,
foods. In many areas, the lack of cultivars with characteristics catering to consumer
preferences for colour, texture, flavour and low fibre levels, combined with the
difficulties of handling and storage of a highly perishable commodity under tropical
conditions of elevated temperatures andhumidities,has frequently resulted in the sale

Chapter 1
of inferior quality sweetpotatoes. The high levels of sweetness and the strong flavour
associated with many cultivars may have reduced its popularity as a staple food, and
makeitdifficult tocombinewithother foods inavarietyofdishes. Sweetpotato leaves
and tips are often considered to be tough and too strongly flavoured in comparison
with other green leafy vegetables. These factors have helped to reduce the esteem of
the sweetpotato intheeyesoftheconsumer. Furthermore thereislittleavailable asyet
in the developing countries with respect to new, tasty, interesting and nutritious
processed forms of sweetpotato, appropriate to local dietary preferences, which would
help topromote and raise its status in the eyes ofthosewhowould benefit most from
increased intakes. The bulkiness of sweetpotatoes, their relatively low cash value per
unit of weight, and difficulties associated with their storage and transportation in
tropical conditions have resulted in a very low level of importance in international
trade;thusthebulkofthecropisstillusedorsoldfor domesticpurposes.
Researchchallenges
Inthe Far-East including China, Japan and Taiwan the sweetpotato has evolved from
being a food security crop, to being important for animal feed, starch production for
sugar syrups, alcohol and other value-added products (Woolfe, 1992;Yamakawa and
Yoshimoto, 2002). Breeding has been successful in many places (USA, Japan, China
and Peru), but has been somewhat less successful in places where sweetpotato has
retained its character of "subsistence" crop (Woofle, 1992). Often sweetpotato
breeding was neglected in the past due to the non-commercial nature of the crop.
Recentefforts, particularly inSub-SaharanAfrica havebeenpromotedby international
agricultural research centres in collaboration with national programmes. The
challenges include selecting for marginal environments, as well as ensuring adequate
attention to quality, necessary adaptations and resistances to biotic and abiotic
constraints. To be most successful, the breeding efforts need to be accompanied by
concertedefforts atseed dissemination.
Farmerparticipatory breeding
It is now over 20 years since the farming system approach was initiated in southern
Africa, and now research is primarily conducted on-farm (Snapp, 2002). Farmer
involvement inthe selection process is seen as atool for enhancing the efficiency and
effectiveness of plant breeding efforts, particularly for variable and marginal
environments where adoption of improved varieties from plant breeding programmes
has been limited (Sperling et ah, 1993). Nepalese farmers selected chilling-tolerant
rice cultivars from F5 bulk families (Sthapit et al., 1996). Mulatu and Belete (2001)
reported that participatory varietal evaluation of sorghum in Ethiopia was ameans for
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enhancingadoption andincreasinggeneticdiversity.Ceccarellietal. (2001)concluded
that it is possible to organize a plant breeding programme in which farmers become
major actorsintheselectionofnewcultivars.
Franzel and Coe (2001) classified three types of on-farm trials, depending on the
objectives of the trials, who designs it, and who manages it. Type 1 trials are
researcher-designed and -managed and their objective is to assess biophysical
responses. Type 2 trials are researcher designed and farmer managed, i.e., farmers
agree to implement a common design. They are useful to get farmer feedback on
specific prototypes or for conducting economic analyses. Type 3 trials are farmer
designed and managed where farmers can experiment on their own. The objective of
this type of trial is to assess farmer innovation and acceptability of new technology.
Witcombe et al. (1996) distinguished between participatory varietal selection and
participatory plant breeding. Inparticipatory varietal selection, farmers evaluate nearfinishedorfinishedproducts whereas participatory plant breeding is the selection by
farmers ofgenotypesfrom segregatingpopulations.
There has been limited adoption of improved seed and farming technologies by
smallholder farmers in many regions of the world. According to the participatory
research literature,oneofthemajor barriers toadoption hasbeen insufficient attention
to understanding farmer priorities and perceptions (Chambers etal., 1989;Ashby and
Sperling, 1995). Farmers' production priorities are often assumed to focus on
maximizing yields or financial returns, while in reality they may concentrate on
gaining the best return from a very small cash investment, or on maximizing food
security (Snapp, 2002). Lilja and Ashby (http://www.prgaprogram.org/participatory.htm; 2002)provided anexample offeedback and costimpacts (i.e.,project and
participants) gained from the participatory plant breeding. Feedback led to a more
effective and efficient research process, increased adoption, and improved the social,
capital, and the empowerment of farmers. The cost impacts related to the change in
costs and cost structures, and the time over which they occurred as compared to
conventional breeding. Meanwhile, the participant costs were (i) the opportunity cost
oftheirtimeand(ii)theotherresourcesusedoftheparticipants.
In Sub-Saharan Africa, there have been numerous instances of farmer participatory
research for sweetpotato variety selection (Kapinga et al, 2000; Ndolo et al.,2001;
ShameboandBelehu,2000).Thisworkhasbeenstimulated inpartbecauseofnational
variety release requirements for breeders to test varieties on-farm for consumer
acceptance before release. In most of these cases, the second type of trial design
describedbyFranzelandCoe(2001)wasused.
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Genotype-by-environment interactions andfarmer-participatory research
Participatory methods have been widely adopted by researchers working on applied
agricultural problems including crop breeding. Using any models of farmer
participation has implications for the design and analysis of methods used. Data from
on-farm trials take many forms, from crop yields measured on individual plots to the
reported consensus of participants at a group meeting. Any set of data comprising
multiple observations that are not all identical will require some sort of statistical
analysistosummarizethecommonpatterns.
Genotype-by-environment (GxE) interaction is the differential response of
genotypes (cultivars) to changing environmental conditions. Strong GxE may lead to
different rankings of cultivars in different environments. Thus, the assessment of
genotype-by-environment interaction, which tells whether a cultivar is adapted to
specific growing conditions or is broadly adapted to a wide range of environmental
conditions,isofextremeimportancetoaplantbreedingprogramme.
Methods to document the biological performance and yield potential of varieties
and technologies are widely known. For example, it is highly recommended that onfarm trials be conducted at representative, well characterized sites, so that results can
be extrapolated to recommendation domains. In some cases researchers use trial
designs on-farm similar to those conducted at research stations, with replicated plots
per treatment and a randomized complete block design. Generally farmers are treated
ina contractual manner, andthistrial design canbe aneffective means for evaluating
technology performance under edaphic conditions typical of a farming community
(Snapp,2002).
Another widely used approach is to conduct a large number of on-farm trials to
evaluate technology performance across a wide spectrum of environments (Fielding
and Riley, 1998;Mutsaers et al., 1997).This takes into account the variability of the
heterogeneous environment that characterizes many smallholder regions (Snapp,
2002). A trial design where each site acts as a replicate is one approach that allows
many environments to be sampled (Mutsaers et al., 1997). Adaptability analysis and
related statistical tools can use data from the many sites to evaluate performance
across different environments. This may make it possible to detect which varieties
perform best in a weedy environment or on acid soils, for example (Snapp, 2002).
Another recently developed tool for multi-environment trial data is the framework of
multiplicative mixed models, which can be used to model genetic variances and
covariances intermsofresponsetoenvironmental factors. Thesestatistical approaches
are illustrated by van Eeuwijk et al. (2001) for participatory breeding and variety
selection inbarley.
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Sweetpotatointheagricultural systemsinUganda
In Uganda crop cultivation and livestock husbandry are based on the peasant farmers
who ingeniously use onenatural environment for ameagre living.Thepeasant farmer
isasmall holderwithaccessonlyto limited landwhich isthemeansofhis livelihood.
Thefarmer usesmainly family labour infarm production and onlyengages inmarkets
whensurplusisrealized.
Uganda isAfrica's largestproducer ofsweetpotatowithproduction over2.5million
tonnes on 572,000 hectares (http://www.fao.org; 2002). Sweetpotato is a major costaple crop in Uganda, where per capita consumption is around 100kg per year. It is
important for food security, and increasingly, as a cash crop (Bakema et al, 1994;
Scott etal., 1999).The storage roots of the crop are widely consumed in fresh-boiled
or steamed form throughout Uganda, but the long dry season in northeastern Uganda,
and accompanying weevil (Cylasspp.) infestations, have led farmers to develop sundriedproducts, suchasamukeke (dry-sliced form) andinginyo (dry-chunk form) (CIP,
1998;OworiandHagenimana,2000).
Sweetpotato fits well in the farming and food systems of Uganda (Mwanga et ah,
2001b). Production is mainly concentrated in the densely populated, mid-altitude
regions between 1000-2000 m above sea level (Hakiza et al., 2000). The crop is
mostly grown in smallplots,<0.5 ha,by subsistence farmers (Bashaasha etal.,1995)
mostly inlowinputagricultural systems(Careyetal.,1998).
In most places the women play a major role in cultivating the sweetpotato crop
(Bashaasha et al, 1995) and they are able to distinguish the varieties (Hakiza et al,
2000).
In Uganda, sweetpotato ranks third among the starchy staple crops after cassava
(Manihot esculenta Crantz) andbanana (Musa sp.) (Mwanga etal.,2001b). However,
the crop is second after banana in western and central regions, and to finger millet
(Eleusine coracana(L.) Gaertn.) in the northern and eastern regions (Mwanga etal.,
2001b;Bashaasha etal.,1995).
InUgandamost farming systemshaveundergoneprofound changes inrecentyears.
Inparticular, in northeastern Uganda sweetpotato has become more important. In this
area the factors that have contributed to such changes are civil strife, decimation of
cassava, another important staple crop, by the African Cassava Mosaic Virus
(ACMV), cattle depopulation, decline in cotton marketing systems and population
increase. Adverse climatic variability isnowwidely perceived tobe adriving force of
changeinthefarming systems(MusiitwaandKomutunga,2001).
FarmersweetpotatovarietiesinUgandan agriculture
Inalmost everydistrictthenumberofvarietiesgrown islarge(Bashaasha etal.,1995).
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Often, a plot contains a mixture of varieties (Ewell and Mutuura, 1994), sometimes
completely intermixed, but usually each variety isplanted in a separate section ofthe
plot (Hakiza etal, 2000).Many of these varieties have been reported to be relatively
low yielding, narrowly adapted, and susceptible to diseases and pests (Bashaasha et
al, 1995).
In any one village the relative popularity of individual cultivars changes with time
(Hakiza et al, 2000). There are lists of sweetpotato varieties currently grown or
dropped by farmers in the districts of Apac, Arua, Mbale, Mpigi, Gulu, Iganga,
Kabale,Kabarole,andLuwero(Bashaasha etal.,1995).InKabaledistrict,Low(1996)
listed 46 varieties being grown by farmers while 41 had been dropped. Another
situation was noted that popular cultivars may disappear from cultivation due to so
called 'degeneration' attributedtoaprogressive increase invirusinfection (Mwangaet
al, 1991)ordepletionofsoils(Low, 1996,1997).
Regardless of the large numbers of sweetpotato landrace varieties, and their
importance for sweetpotato production in Uganda, there is little representation of
Ugandan sweetpotato germplasm in global sweetpotato genebanks (Huaman and
Zhang, 1997; Singer online database, http://www.ipgri.org). Indeed, there is little
representation of germplasm from eastern and southern Africa in germplasm
collections.
SweetpotatobreedingforUganda
In Uganda, as is the case in many developing countries, little research attention was
historically paid to sweetpotato. It was not until 1982, when collaborative work
between the Ugandan's Ministry of Agriculture and the International Institute for
Tropical Agriculture (IITA) was initiated, that sweetpotato research was begun
(Hakiza et al, 2000). Research to improve the production and productivity of
sweetpotato was started at Serere Research Station in Eastern Uganda in 1984. The
workwasmovedtoNamulongeResearch StationincentralUgandain 1986.Sincethat
timesignificant progresshasbeenmade,andbreeding efforts aresetupforthevarietal
improvement through germplasm collection, evaluation and breeding (Hakiza et al,
2000).
The main breeding activities have included evaluation and testing of local and
introduced germplasm, generation and screening of breeding populations and multilocational and on-farm testing of advanced clones and superior cultivars in different
agro-ecological zones (AEZs). The main targeted AEZs are warm, sub-humid of the
Short-grasslands agro-ecological zone, where weevils (Cylas spp.) and drought are
important; thewarm,moist oftheTall-grasslands agro-ecological zone,where viruses
are most severe; and the cool, moist southwestern highlands where Alternaria stem
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blight and low soil fertility are major constraints to production of the crop (Hakizaet
al, 2000).
Breedingpopulationshavebeengenerated from local andintroduced germplasmby
recurrent mass selection followed by sequential selection schemes (Figure 1). Large
populations are generated by polycrosses that are open-pollinated, and seed is also
generated by hand crosses of specific male and female parents with desirable traits
(Hakiza et al., 2000). The generated populations are screened and advanced through
seedling nursery, clonal evaluation, preliminary, intermediate, advanced, multilocational and on-farm trials before release. Five superior cultivars, Tanzania (TZ),
Tororo3, New Kawogo, No. 29 (Bwanjule), No. 39 (Wagabolige) and one breeding
line, No. 389a (Sowola) from the national programme were released by the Variety
Release Committee in 1995 (Mwanga et al., 1995). Another six varieties, i.e.,
NASPOT 1,NASPOT 2,NASPOT 3,NASPOT 4, NASPOT 5andNASPOT 6were
released in 1999. Outstanding characteristics of these varieties are high root yield of
morethan21tha-1,highlevel ofresistancetosweetpotato virusdisease (SPVD),high
dry matter content (above 29%), and high consumer acceptability (Mwanga et al.,

Existingvarieties,
Localandintroduced germplasm

Crossing block (polycross)

1
Seedling nursery

I
Preliminary clonal observation

I

Intermediate yieldtrial

I

Advancedyieldtrials
(multi-location,multi-year

1
On-farmtrials

Releaseofvariety

Figure 1. A routine sweetpotato breeding
workinUganda(Source:Wilsonetah, 1989).
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2003). Three ofthe varieties, Tanzania, Wagabolige and Bwanjule, are already onthe
CIP (International Potato Center)pathogen-tested list for distribution to institutions or
countries thatrequest those(Hakizaetah,2000).Although thereleased varieties have
been multiplied anddistributed to farmers in some districts,the demand for these elite
varieties istoohighfortheresearch institutestomeet.Assuchthereisneedtodevelop
a multiplication and distribution system for dissemination of new improved clones,
because the current informal farmer-based system is slow (Mwanga and Sengooba,
1996).
Importance oflocal knowledge
Inmodern agriculture,research hasbeen focused onthe localknowledge.Many social
scientists intensively studied this local knowledge. These scientists have tried to find
out if the local knowledge could play an important role in agricultural research and
developmentprogrammes.
Campilan (www.scidev.net/dossiers/indegenous_knowledge/ikpolicy_campilan.html;
2002) indicatedthat localknowledge isasourcethat develops,becomes shared, andis
usedbyaparticular social group(for exampleafarming community, socialnetworkor
ethnic group) in the pursuit of certain goals and interests. It generally emerges from
people's direct experiences as they learn - deliberately or by chance - about their
biophysical and social environments. It may also include knowledge handed down
from previous generations, shared by other communities, and acquired from external
research institutions. Thus, it forms abody ofknowledge that usually extends beyond
the indigenous, traditional and technical. Since it is shaped by particular social,
cultural,physicalandtemporalcontexts,localknowledgeisinherentlydiverse.
Local knowledge has historically served as an important resource for farming
communities inmanaging theirlivelihoods,andincontinuously adaptingtochangesin
their environment. Gaining afull understanding oftheknowledgethat exists in alocal
community istherefore anecessary first stepfor agricultural research anddevelopment
programmes.
Local knowledge about diversity of sweetpotato cultivars is important in Uganda.
Maintenance ofthisdiversity helpstoensure that specific cultivars areavailablewhen
and where farmers need them. On the other hand, knowledge of farmers is very
important for ensuring that crop breeding programmes are selecting for what farmers
need. To achieve this, local knowledge is an essential resource for identifying,
cultivating, utilizing and maintaining different cultivars for different purposes.
However, increased market orientation andnew livelihood opportunities have reduced
this diversity, mainly threatening those cultivars that have no immediate economic
value(Bashaasha etal, 1995;Low, 1996,1997).
10
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Research aimsandstructureofthethesis
The overall aim of this research project on sweetpotato germplasm in northeastern
Ugandawastoassistwiththeefforts oftheUgandan sweetpotatobreedingprogramme
through exploitation of local genetic diversity, farmer participation, understanding the
stability of bred and selected local varieties, and verification of varietal requirement
for dissemination. A series of studies was carried out in Uganda. The results of these
studies are presented in Chapters 2 through 6. Chapter 7 supplements the studies in
optimizingresourceallocationinsweetpotatobreeding forEastAfrican conditions.
The first aim was to collect sweetpotato germplasm using a participatory rural
appraisal approach. Farmers' knowledge of varieties and the sweetpotato farming
systems in northeastern Uganda were identified. This work also aimed to clarify the
level of indigenous knowledge of farmers from northeastern Uganda about their
sweetpotato landraces.Detailedanalysesofthegermplasmcollection,farming systems
andfarmers knowledgeofvarietieswillbefound inthesecondchapterofthisthesis.
The second aim was to determine the degree of morphological diversity in the
germplasm collected from northeastern Uganda. Chapter 3 provides the result of the
morphological characterization. The passport information and morphological
characterization was deposited in the database of the International Potato Center
(CIP)'s library in Lima, Peru (Abidin, 2001).Anumber of early research works were
reviewed to understand the source of diversity which could contribute to the high
variationonsweetpotato varietiesnoted innortheasternUganda.
The third aim was to compare researchers and farmers' selection criteria in a large
scaleofinitialassessment. Chapter4providesdetailedinformation onthiswork.
The fourth aim was to study the performance of the tested genotypes on-farm. A
farmer managed anddesigned trial waspractised. However, some guidance wasgiven
to farmers in order to make it easy for the researcher to collect the yield data at
harvest. Theyield datawere analysed toassessgenotype-by-environment interactions.
Thecapability offarmers inavarietal selection onfarm wasfurther studied.Theresult
ofthisworkispresented inChapter5.
The fifth aim included the following objectives (i) to analyse the stability of the
tested genotypes initially selected by farmers on station (Chapter 3) and a number of
nationallyreleasedcultivarsinmulti-locationalon-stationtrials,overthree consecutive
rain seasons; (ii) to compare the stability of yield performance among these landrace
genotypes selected by farmers in the initial selection with a number of nationally
released Ugandan cultivars; (iii) to define a specific adaptation for a number of
genotypes.Chapter6presentsresultsofthiswork.
Finally, in Chapter 8, the major findings of the studies are synthesized and their
implications for sweetpotato improvement in northeastern Uganda, for the Ugandan
11
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breeding programme, and for sweetpotato improvement elsewhere in Africa are
discussed.
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CHAPTER 2
Sweetpotato (Ipomoea batatas (L.) Lam.) germplasm from
northeastern Uganda.
I. Germplasm collection and farmers' knowledge ofvarieties1
PutriE.Abidin,PaulC.Struik,PietStam,MichaelHermannandEdwardE.Carey

Abstract
Sweetpotato germplasm and associated farmers' knowledge of sweetpotato varieties and
farming systems were collected at sites in Lira, Soroti, Katakwi, Kumi and Pallisa districts of
northeastern Uganda. Farmer participatory methods were used to collect 206 sweetpotato
accessions with 129 vernacular names. Farmers showed detailed knowledge of their varieties
and identified the following agronomic attributes as important: relative earliness or lateness of
production, resistance topests anddiseases,droughttolerance, suitability for cultivation on sand
or clay soils and keeping quality. They considered root dry matter content important for
culinary reasons. Many more accessions were collected from relatively remote rural areas than
from areas with good accessto main roads,where a few commercially important varieties were
dominant. All accessions were planted in a multiplication nursery at Arapai Agricultural
College in the Soroti District for further assessment. Indigenous knowledge about sweetpotato
varieties could assist breeders to identify promising varieties and traits for improvement by
plantbreeding programmes.
Keywords: Farmers' knowledge, germplasm collection,Ipomoeabatatas, sweetpotato.

' Someinformationofthischapterwaspresentedinthe98thInternationalConferenceoftheAmericanSociety
forHorticultural Science(ASHS), 2001.Aslightlymodified abstractcouldbereadin:Abidin,P.E.andE.E.
Carey2001.SweetpotatogeneticdiversityinNorth-easternUganda:Germplasmcollection,farmerknowledge,
andmorphologicalcharacterization.HortScience36(3): 487.
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INTRODUCTION
Sweetpotato (Ipomoea batatas(L.) Lam.) is ofAmerican origin. The crop was spread
widelybyPortuguese explorerstoAfrica, India andtheEast Indiesinthe 16th century
(Yen, 1974; Huaman and Zhang, 1997). At present, the sweetpotato is an important
low-input crop in many places in Sub-Saharan Africa (Ewell and Mutuura, 1994;
Bashaasha et ah, 1995; Kapinga et al., 1995; Tayo, 2000). Sweetpotato production
throughout theregion ismainlybased onlargenumbers oflandracevarieties (Careyet
al, 1998).Onthe basis ofnumbers of landraces and the adaptation ofthe varieties to
local conditions, including resistances to regionally important diseases and pests,
Eastern Africa is considered to be a secondary centre of sweetpotato genetic diversity
(IBPGR, 1981;Huaman andZhang, 1997;Mwangaetal, 2001).
With aproduction over2.5 million tonnes on 572,000hectares,Uganda is Africa's
largest producer of sweetpotato (http://www.fao.org). Information about sweetpotato,
andsweetpotato varieties,inthefarming systemsofsouthwestern, southeastern,northeastern andcentral Ugandahasbeendocumented (Bashaasha etal.,1995;Low, 1997),
but there islimited literature describing the farming systems and sweetpotato varieties
ofnortheastern Uganda, andthechanging roleof sweetpotato inthem. Innortheastern
Uganda, farmers used to depend on cattle and cotton. However, the civil war during
the 1980sresulted incropdestruction andcattlerustling decimatedherds. Shortly after
the war, avirulent mosaic virus devastated the cassava crop.Theparasitic witchweed
(Striga spp.) attacked the sorghum and maize crops. Hence, the sweetpotato was a
fallback crop that helped many people to survive, and has now become a very
important crop (Bakema et al, 1994). In 1992, when the civil war ended, the area
cropped to sweetpotato in the districts of Pallisa, Kumi, Soroti and Katakwi was
reported to be 48,000 ha. Subsequently, the area cropped to sweetpotato increased
tremendously with an average annual increase from 1992 to 1997 of 52,000 ha
(MAAIF, 1998). Scott et al. (1999) reported that the crop was important for food
security,andincreasingly, asacashcrop.
Bakema et al. (1994) described the rainfall pattern of northeastern Uganda as bimodal,with alongrainy season from MarchtoJune andashorter, lessreliable season
from August toNovember. Annual rainfall decreases going from south-west tonortheast. The long rainy season supports the growing of all major crops. Crop failures
during the short rains are quite common. Smit (1997) found some constraints in this
climatetosweetpotato cropping,particularlyweevils(Cylas spp).
Sweetpotato iswidely consumed infresh-boiled orsteamedform inUganda,butthe
long dry season in northeastern Uganda and accompanying increases in weevil
infestations, have led to the development of traditional sun-drying and processing
techniques.Amukeke consists ofdried sliceswhile inginyo ismadeby drying crushed
14
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sweetpotato pieces. Waragi is a gin distilled from dried sweetpotatoes. Inginyo is
usually milled intoflour for making othertypesoffood, e.g., localbread (atapa) (CIP,
1998; Owori and Hagenimana, 2000). The use of sweetpotato flour as a wheat flour
substitute inrecipes(tomakechapatti (pancake),mandazi(doughnut),bunsandcakes)
hasrecently been investigated (Hagenimana andOwori, 1997;Owori etal.,1997)and
promoted innortheasternUganda(OworiandHagenimana,2000).
Regardless ofthe large numbers of sweetpotato landraces, andtheir importance for
sweetpotato production in Uganda, there is little representation of Ugandan
sweetpotato germplasm in global sweetpotato genebanks (Huaman and Zhang, 1997;
Singer database online, http://www.ipgri.org). In the 1980s, the Ugandan national
programme had a collection of 450 accessions maintained at the Serere Research
Institute in the Soroti District of northeastern Uganda which was duplicated at the
Namulonge Research Institute in Mpigi District of Central Uganda (Hakiza et al.,
2000; Mwanga et al., 1991, 2001). However, many of them were lost due to viral
incidence at Namulonge (Hakiza et al, 2000; Mwanga et al., 1991) and due to civil
war at Serere (Peter Esele, personal communication). In the 1990s, a study on
sweetpotato farming systems in some regions of Uganda resulted in a list of 183
vernacularnamesofgenotypesgrownbyfarmers (Bashaasha etal.,1995).
The Ugandan national sweetpotato breeding programme develops improved
cultivars, and has released selected farmer varieties and bred cultivars, following a
programmeofmulti-locationalandon-farm testing(Mwangaetal.,1995,2001,2003).
Yet, this effort has not been enough to satisfy the needs of farmers for superior
varieties withbroad adaptation toUgandan conditions or specific adaptation tocertain
productionregions.Atleast innortheasternUganda,itappearsthatfarmers stilllargely
rely on local varieties. Furthermore, for much of Sub-Saharan Africa, successful
variety selection efforts have relied on the selection of elite varieties from existing
farmer sweetpotato varieties. Examples include the varieties Mugande in Rwanda,
SPN/O in Tanzania, Kenya and Uganda, and New Kawogo in Uganda (Ndamage et
al, 1992;Mwangaetal, 2001).
Brown et al. (1995) have developed a basic sampling strategy for collecting plant
germplasm, setting guidelines for number and location of sampling sites, individual
plants sampled at a site, choice of individual, and number and type ofpropagules per
plant. Huaman et al. (1995) laid out a specific strategy for collecting vegetatively
propagated crops, especially roots and tubers. They recommended that local
knowledge is useful for guiding collectors and having some ideas about numbers of
distinct cultivars available in a given area, their names, appearance and properties.
According to Nabasa et al. (1995) andNRI (1996), the knowledge of farmers canbe
best elicited through informal discussions,using "participatory rural appraisal" (PRA)
15
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techniques. In addition, Huaman et al. (1995) suggested to make use of markets as
important sources of information on the varieties grown in the area, though not all
varietiesgrownwouldbefound onmarketstalls.
Despite the presence of many sweetpotato accessions in global germplasm
collections, little information was obtained from farmers at the time of germplasm
collection. For instance, many sweetpotatoes were listed that are grown by farmers in
Kenya (Abubaker, 1992),inRwanda (Ndamage etal, 1992),inUganda (Bashaashaet
al., 1995),and in Tanzania (Kapinga etal., 1995),but little information was acquired
from the farmers' indigenous knowledge of varieties. Thus, little information from
farmers is available for most accessions in ex situ collections including national
collections andthoseoftheInternational PotatoCenter (CIP),andoftheUnited States
Department ofAgriculture (USDA).However, afew authorshavedescribed collecting
the indigenous knowledge while collecting sweetpotato germplasm. For example,
Prain et al. (1995) collected the germplasm in Irian Jaya together with indigenous
knowledge and Yen (1974) studied the sweetpotato in the Oceania and collected
information onfarmers' knowledge ofvarietiesashecollectedthem.
Thepresent work was conducted in 1999,when wemade aneffort to collect andto
evaluate sweetpotato germplasm from Lira, Soroti,Katakwi,KumiandPallisa districts
of northeastern Uganda. The districts mentioned above had not been surveyed during
thefieldwork ofBashaashaetal.(1995)duetothecivilwaratthattime.Theresultsof
collecting sweetpotato germplasm and associated indigenous knowledge of varieties
and farming systems, andthe initial characterization ofthe germplasm are reported in
two chapters of the thesis. In this chapter, the process of germplasm collection, the
farmers' knowledge of the varieties and the farming system are described. The third
chapter ofthisthesis describes the morphological characterization and diversity ofthe
sweetpotato germplasm collection.
MATERIALSANDMETHODS
Sweetpotato farmer varieties from theLira, Soroti,Katakwi,Kumi andPallisa districts
of northeastern Uganda were collected and the farmers' knowledge of varieties was
recorded through group discussions using a participatory rural appraisal (PRA)
approach.
Description ofcollectionsites
Germplasm was collected between 3rdFebruary and 8th June 1999. Figure 1 shows
collection sites and the agro-ecological zones (AEZs) of Wortmann and Eledu (1999)
at those sites. For Kumi and Pallisa, the areas were situated in the same AEZ. The
areas of collection of germplasm in Lira, Soroti and Katakwi differed in agro16
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Figure 1. Locations in northeastern Uganda where sweetpotato germplasmwas
collected (C. Bussink and H. Juarez, Geographical Information Systems and Natural
Resources Management, International Potato Center (CIP), Lima, Peru). Theagroecological zonesareindicatedinTable 1.

ecological conditions. However, based ontheUganda Working Group 9A, Agricultural Policy Committee (1991), theareas ofgermplasm collection arecommonly
situatedinthe ShortGrasslandAEZ.
Sweetpotato germplasm was collected atsites in26 villages in18sub-countiesof
10 counties inthe five districts. Table 1 provides the detailed information on the
locations ofsites,number offarmers participating,numberofaccessions collected,the
AEZs atthose sites, and relative importance ofsweetpotato inthe farming systemat
eachsite.
According toRabwoogo (1997), the maximum airtemperatures forallareasof
collectionwererelatively similar(above 30°C)buttheraindistributionpatternsvaried
moderately. The annual rainfall inthe districts ofLira and Soroti, Katakwi, Kumiand
Pallisa was 1000-1500 mm,850-1500 mm,andover 1500mm,respectively. The
altitudeofthesiteswasbetween 900to 1200mabovesealevel.
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Table 1. Names and locations of sweetpotato germplasm collection sites in 5 districts
of northeastern Uganda. Numbers of accessions collected and numbers of farmers
participating in group interviews, agro-ecological zones (AEZs) and ranking of
sweetpotato inthe farming system at each site are also presented.
District

County

Location
No. Name

Lira

Erute

1

Lira
Lira
Lira

Erute
Erute
Dokolo

2
3
4

Lira
Soroti
Soroti
Soroti
Soroti
Soroti
Soroti
Soroti
Katakwi
Katakwi
Katakwi
Katakwi
Katakwi
Kumi
Kumi
Kumi
Kumi
Kumi
Kumi
Pallisa
Pallisa
Pallisa

Dokolo
Soroti
Soroti
Soroti
Soroti
Soroti
Serere
Serere
Usuk
Usuk
Amuria
Amuria
Amuria
Kumi
Ngora
Kumi
Kumi
Kumi
Kumi
Budaka
Pallisa
Pallisa

5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

AcanPeWinyo
Abwete
Ayago
Owiti
Rego-Rego
Akolodong
Araki
Amoru Agwete
Mugana
Abalang
AloetCentral
Aukot
Abilaep
Okulonyo
Aparisia
Aloogok
Aterai
Olianai
Opolin
Atiar
Mukura
Kabata
Osiada
Kapokena
Atutur
Kamongkoli
Boliso Central
PallisaTownCouncil
Eastward

A FarE mers2
Z1
(#)
1
6

Latitude
(N)
2°26'

Longitude

2°15'
2°17'
1°57'

32°55'
32°49'
33°06'

1
1
1

1°56'
1°49'
1°46'
1°49'
1°47'
1°37'
1°31'
P34'
1°58'
1°57'
1°53'
1°53
1°60'
1°29'
1°33'
1°31'
1°29'
1°22'
1°25'
1°04'
1°09'
1°10'

33°08'
33°35'
33°37'
33°40'
33°39'
33°40'
33°27'
33°27'
34°00'
33°57'
33°45'
33044.
33°37'
33°53'
33°51'
33°55'
33°57'
34°01'
34°00'
34°05'
33°46'
33°44'

1
2
2
2
2
3
1
1
2
2
2
2
2
3
3
3
3
3
3
3
3
3

(E)
32°55*

Accessions4
Rank
3

2

(#)
5

5
8
40

2
1
3

7
14
11

35
6
10
21
16
10
14
30
16
16
25
37
40
15
25
6
20
14
15
30
20
8

3
1
1
1
1
. 2
1
1
1
1
1
1
2
1
1
2
2
3
1
2
2
1

6
10
4
5
7
8
12
15
8
6
14
8
10
1
8
1
4
5
7
11
8
11

Total:5
26
206
10
488
Agro-ecological zones (AEZs) at the sites as follows: 1. The Northern Moist Farmlands
AEZ; 2. The Northcentral Farmbush Land with Sandy soils AEZ; 3. The Southern and
EasternLakeKyogabasinAEZ(WortmannandEledu, 1999).
2
Number of farmer participants in the group interview; the extension officer and member of
PADECwerenotcountedunlesstheywerefarmers from thatarea.
3
Rankofsweetpotato inthe food system.
Numberofaccessions collected.
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Methodology ofcollecting farmers' knowledge andgermplasm
Site identificationandinterviews withfarmers
In each district, collection sites were identified, and collection activities were conducted in close consultation with the District Agricultural Offices and extension
workers of the Ugandan Ministry of Agriculture, Forestry and Fisheries. Important
sweetpotato production areas were targeted for collection. Then, meetings with farmers at collection sites were scheduled. District extension officers in consultation with
local farmer representatives (Parish Development Councils or PADECs) requested
farmers in the target village and surrounding areas to bring cuttings of all of their
sweetpotato cultivars to a central location, in order to discuss them and contribute to
the germplasm collection. Onthe day ofgermplasm collection, farmers (from 5to40)
assembled at the designated collection site, along with the senior author, an assistant
(general agriculture specialist), extension officers, members of parish development
councils, local elders and Local Council members (local government). Discussions
wereheldwiththeassistance ofaninterpreter ateachlocation,toensurethatdetailsof
farmers' descriptions of sweetpotato cultivars and farming systems were captured
accurately.
During group discussions,a standard checklist oftopicswasused to ensure thatthe
following topics were covered at each location: the sweetpotato farming system, pest
and disease incidence, market situation, and information on each variety including its
history, agronomic characteristics, and postharvest attributes including suitability for
different forms ofutilization. Farmers were encouraged to contribute freely tothediscussion in order to try to capture the full range of farmers' opinions and information
aboutsweetpotato varieties andfarming systemsateachlocation. Openquestionswere
usedto coverthe items onthechecklists. The discussion and germplasm collection at
eachlocationtookabout3hours.
Sweetpotatogermplasm collection
Farmers came withbundles often cuttings ofeach oftheirvarieties tothe central collection points. As the collection was conducted during the dry season, the source of
cuttings was from nurseries maintained in farmyards or swamps and not directly from
production fields. Accessions with the same name and appearance (both at particular
sites and across sites) were not collected multiple times but were noted. Accessions
about which group discussions did not yield consensus on names and varietal characteristics were also not collected. Cultivars developed by the Ugandan national
sweetpotato breeding programme were encountered at three sites but were not
collected. Since the germplasm collection was essentially a community affair, the
19

Chapter2
namesofindividual farmers donatingvarieties ateach sitewerenotnoted. Instead, the
nameofthegroupleaderateachlocationwasrecorded forpassport documentation.
As accessions were collected, they were assigned collection numbers, and standard
passport information was recorded. The following key morphological characteristics
were noted to assist with identification: leaf shape, leaf colour, pubescence, petiole
colour, vine pigmentation, skin and storage root flesh colour (reported by farmers)
(CIP,AVRDC,IBPGR,1991).
RESULTSANDDISCUSSION
Numberofaccessionscollectedandtheirmaintenance
A total of 206 accessions were collected from the Lira, Soroti, Katakwi, Kumi and
Pallisa districts innortheastern Uganda (Table 1).Because collecting was done during
the dry season, planting material was not available for a number of varieties reported
by farmers during group discussions at some locations, and so these were not
collected. In 67 cases, accessions reported by farmers during discussions were not
collected, either due to lack ofplanting material, orbecause farmers failed to reach a
consensus during their discussions of these varieties. Conclusion about the true numbers of varieties collected must await confirmation of identity through determination
ofmorphological characteristics,andarereported inthethirdchapterofthisthesis.
Passport information and other details of the collection were given to sweetpotato
researchers at the Namulonge Agricultural and Animal Research Institute (NAARI)
under the National Agriculture Research Organization (NARO) for registration of the
germplasm in the Ugandan national genebank. Passport information and morphologicaldescriptorsofgermplasmcollected werealsodeposited atthelibraryoftheCIP
in Lima, Peru, where they are available on file (Abidin, 2001). Accessions collected
were planted for maintenance and multiplication at the Arapai Agricultural College,
near Soroti and at a backup site in a farmer's field in Kidetok, Serere County, Soroti
District.
Sweetpotatofarming systeminnortheasternUganda
The group interview process provided an ideal opportunity not only to collect farmer
sweetpotato varieties and information about them,but also to obtain general informationabouttheroleofsweetpotato inthefarming systemsofnortheastern Uganda.That
information ispresentedhere.
Rankinginthefoodsystem
Farmersreportedthat sweetpotato wasanimportant cropinthefarming systemateach
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site surveyed (Table 1). In Soroti and Katakwi, farmers ranked sweetpotato as their
primary food crop, with the exception of Aukot and Opolin where sweetpotato was
ranked second after cassava. In Kumi, farmers ranked the crop either first or second
place, except at Kapokena. In Lira, farmers ranked the crop from second to third,
except at Owiti. In Pallisa, they ranked the sweetpotato as the second crop after
cassava or millet, except at Pallisa Town-Council Eastward. Millet and/or cassava
were ranked as the primary food crops by the majority of farmers in Pallisa, Lira, and
parts of Kumi and Soroti. Smit et al. (1996) previously reported that in Soroti District
sweetpotato was ranked first as a food crop and third as a cash crop. Also, Mudiope et
al. (2000) reported that sweetpotato was a major crop in the farming system of Kumi
District.
Cultural practices
Farmers throughout the region grew sweetpotatoes on mounds, conical heaps of soil of
variable size spaced roughly 60 to 100 cm apart. Mostly, farmers planted two cuttings
per mound. Monoculture was predominant in the five districts of Lira, Soroti, Katakwi,
Kumi and Pallisa (488 respondents). However, a few farmers particularly those living
in towns or trading centres, reported intercropping sweetpotato with cereals or beans.
At only two sites, Aukot (Soroti District) and Kamongkoli (Pallisa District), farmers
reported applying pesticides or inorganic/organic fertilizers to the sweetpotato crop.
Pesticides and inorganic fertilizers were rarely available in the markets of the trading
centres, and if available, the price was often too high for farmers to afford them. Most
cattle disappeared from the areas during the civil war, so farmers could not make use
of cow dung as manure to increase the fertility of the soils.
Cultural practices like weeding and hilling up of the soils were done only once
during the growing season. Farmers gave the following reasons for not weeding twice:
(i) the sweetpotato foliage already covered the soil ground so weed growth was
controlled, (ii) farmers did not want to disturb the early initiation of storage roots by
the time a second weeding was needed (352 respondents for reasons 1and 2), and (iii)
lack of manpower (80 respondents).
Commercial versus subsistence farmers
Farmers reported on the commercial importance of sweetpotato in their districts (Table
2). Kumi District is one of the more important commercial production areas of
sweetpotato in Uganda. During the peak season, much of the sweetpotato available in
the markets of Kampala comes from Kumi. In contrast, Pallisa District although
situated along the road between Kampala and Kumi, isprimarily an area of subsistence
production. All respondents from Pallisa explained that there was no market for selling
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Table2.Somedetailsofsweetpotato cultivation innortheasternUgandabydistrict.
District
Genderof
Typeof
Cropping
Originofplanting
farming
season
sweetpotato
material
farmers
Lira
Commercial & May-October
Menand
Swampyareas,
Subsistence
Women
homesteadnurseries,
volunteersfrom
previousgardens
Soroti
Commercial & April-October
Menand
Mostlyvolunteers from
Subsistence
Women
previousgardens
Katakwi Subsistence
May-October
Menand
Mostlyvolunteers from
women
previousgardens
February/March Menand
Kumi
Commercial
Mostlyhomestead
women
-October
nurseriesand
volunteers from
previousgardens
Pallisa
Women
Mostly swampyareas
Subsistence
April-August
andhomestead
nurseries

their sweetpotato becausetheir areaswere nottargetedbythe sweetpotato buyerswho
went directly from Kampala to Kumi District. Since a commercial variety, Tanzania,
wasgrown inPallisa, thisdistrict mayhavethepotential tobecome acommercial area
since anew main roadfromKampala to Kumi was recently built through the district.
In some parts of Soroti and Lira, farmers planted sweetpotato for home consumption
and/orlocalmarketsales.
Inrelatively remote areas,farmers utilizedthe crop only for homeconsumption due
tolackoftransportationtotaketheirproducetothetradingcentres.Inmanycasesthey
reported losing much of the crop due to rots following a major harvest. Katakwi
District located in a relatively remote area ofUganda mainly had subsistence farmers
whoonlyusedthesweetpotatotofeed their families.
Genderofsweetpotatofarmers
In someparts ofUganda, sweetpotato production ismainly doneby women (Mutuura
etal, 1992;Bashaasha etal., 1995).Wefound this only tobe true for Pallisa. In four
districts of northeastern Uganda both men and women were involved in sweetpotato
production (Table2).Menmainly prepared the fields but men andwomen planted the
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sweetpotato vine cuttings, and women weeded and hilled up thefields.Both reported
participating inharvestandpostharvest activities (e.g.,makingamukekeandinginyo).
In the commercial areas, oxen were used to open the land and then both sexes
prepared the mounds. In Kapokena (Kumi District), only men uprooted the storage
rootsatharvest,perhaps indicating ashift towardmalepredominance asthecropgains
commercial importance.
Sourceofplantingmaterial
In the tropics, sweetpotato is propagated from vine cuttings, which farmers mostly
obtain from their own or neighbours' fields (Gibbon and Pain, 1985; Ewell and
Mutuura, 1994).Plantingmaterial in Soroti andKatakwiwas collected from volunteer
plants in thefieldsoftheprevious season. InKumi, besides volunteer plants, farmers
also obtained material from nurseries maintained near their homesteads. In Lira,
farmers obtained vines from homestead nurseries, swampy areas andvolunteer plants.
InPallisa,farmers obtainedplantingmaterialfrom thenurseriesmaintained inswampy
areasoratthehomesteads (Table2).
When the region is affected by a long dry spell, farmers may buy the planting
material from the market. However, this is rare, and mainly reported by farmers who
liveintradingcentres.Not allvarieties growninthevillages wouldbeavailable inthe
markets. Some common varieties such as Osukut, Ateseke, Osapat, Araka Red and
Araka White(Teso),andTedoOlooKeren,Lira-Lira andTanzania (Lira)maybesold
duringtheplanting season.
Plantingseason
Thefirstrainy seasonusually startsinMarchandthesecondoneinAugust.Ingeneral,
the sweetpotato crop was planted from February to October. Planting time depended
on the rain distribution of the sites (Table 2). Nevertheless, in some sites, such as
Owiti, Aloet Center, Serere Abilaep, Okulonyo, Aparisia, Aterai, Olianai, Boliso
Central, Kapokena, Boliso Central and Kamongkoli, farmers preferred to plant the
crop only during thefirstrainy season astherainfalls inthe second season areerratic.
Mostfarmers inKumiDistrictpreferred toplantearly (February/March).
At many other locations, however, farmers did not plant sweetpotato at the
beginning of the rainy season. Reasons for later planting, indicated during the
interviews, were ranked and summarized in Table 3.The most important reason was
that farmers wanted to plant their main rainfed-crops in time. The second reason was
the lackofavailability ofsweetpotato planting material atthe start oftherainy season.
Thethirdreason wasthat farmers wantedtobe surethat soilmoisture was adequateto
prepare mounds.Also,lack of labour in the beginning ofthe rainy season and attacks
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Table 3. Reasons given by farmers to delay planting of sweetpotato in northeastern
Uganda (totalnumberofinterviewed farmers:488).
Reasons
#Respondents
Prioritygiventothemainrainfed crops:
296
millet,groundnut andsorghum
Plantingmaterialnotready
128
Needtoknowwhetherrainfall isenough
73
Lackoflabour
35
Soilpestattack(e.g.,millipedes)
14

bysoilpests,particularlymillipedes,werementioned asreasons forplantinglate.
Utilization
Generally, farmers in all districts (488 respondents) preferred fresh consumption of
sweetpotato as opposed to processed sweetpotato. In Katakwi and Kumi, all varieties
werealsogrowntoproduce amukekeandinginyo,eventhough inKumithey sellmost
for fresh consumption inKampala. Amukeke and inginyo are thetypical foods for the
dry season inLira, Soroti, Katakwi and Kumi districts. In contrast, in Pallisa, farmers
traditionally eat fresh, steamed banana, so they preferred to consume fresh, steamed
sweetpotato aswell.Dried sweetpotatoes werenotimportant inthisarea.
Twotypesofalcoholic drinks,localbeer and distilledpotent gin,were traditionally
produced from millet and cassava in northeastern Uganda. When the cassava mosaic
virusdiseaseoccurred, sweetpotato wasusedtoproducealcoholic drinksinstead.Most
Iteso farmers (from Soroti, Katakwi and Kumi districts) prepared a potent gin from
sweetpotato,butthiswasnotreported inLiraandPallisa.
Apart from the utilization of the storage roots, at some locations in Teso (Amoru
Agwete, Abalang, and Aparisia) farmers reported eating the fresh young leaves of
somevarietiesasfresh vegetable.
Someconstraintstothesweetpotato production
The interviews yielded some information on abiotic, biotic and economic constraints
to the sweetpotato farming system (Table 4). Abiotic constraints were related to
climate and weather; biotic constraints included pest damage; economic constraints
included lack of capital, the market situation and availability of planting material.
Farmersrankedtheseproblems.
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Abiotic constraints
The main abiotic constraint was drought, although in Aparisia (Katakwi) also
waterlogging was reported. Abiotic constraints were reported to be important by 153
out of488 respondents.
Biotic constraints
In general, farmers mentioned three major pests which created problems in
sweetpotatoes: weevils (Cylas spp.) (267 out of 488 respondents), rats (240 out of 488
respondents), and millipedes (order Diplopoda) (192 out of 488 respondents). Grazing
domestic animals (cows, goats and pigs) as well as termites and monkeys also were
said to be causing damage. Particularly in Acan Pe Winyo Abwote, Araki, Aterai,
Atiar, and Pallisa Town-Council Eastward, grazing animals were amajor problem.
Economic constraints
The most important economic constraints were lack of capital, the unfavourable
market situation and the lack ofplanting materials (Table 4).
The civil war resulted in severe poverty for farmers in the districts surveyed (SDDP,
1994)while Uganda is already noted as one of the world's poorest and least developed
countries (World Bank, 1998/99). Therefore, lack of capital is commonly experienced
in the region. Typically, farmers could only afford to have a hand hoe for cultivating
their crops. Consequently, they could not prepare a large area for cropping the
sweetpotato; 488 respondents reported to prepare only between 2000 and 4000 square
metres per household.
Since every household grew sweetpotato, storage roots were abundantly available in
the region by the time of the main harvest (in July/August or December/January). As a
result, there was no market available for selling sweetpotato in the village. In trading

Table 4. Economic constraints of sweetpotato cultivation innortheastern Uganda.
Items

# Respondents (n = 488)

Lack of capital1
347
2
Market situation
243
3
Planting materials
198
Others4
83
Foragricultural inputs suchasoxen,tools,labour, etc.
2
Included lowprices,lackoftransportation, nobuyers.
3
Including adequate quantitiesofpreferred varieties.
4
Limited land, lowfertility, postharvest pest,lackofknowledge ofutilization.
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centres the price is very low. In the relatively remote areas, farmers had problems
takingtheirproduce tothemarket because oflack oftransport orbadroadsduring the
rainyseason.
In Kumi, traders who came to the villages offered the sweetpotato against a very
low price. Hence, the lack of a profitable market can be a major bottleneck for
sweetpotato growers in the region. The sweetpotato market problem has been
describedpreviouslybyLow(1997)andBashaasha(2000).
Germplasm collection approach
Roughly 78 hours of interviews allowed us to contact more than 488 farmers at 26
sites, representing a large number of farms surrounding each of those sites (Table 2).
Inaddition,itwasworthwhile thattheseniorauthorwasaresidentoftheregionsoshe
was able to take time to make the logistical arrangements for the collection visits and
hadthetrustandcooperation ofthelocalfarmers andauthorities.
The methodology used in our collection of sweetpotato germplasm from northeastern Uganda differed from standard procedures, in which germplasm is collected
directly from the fields of individual farmers. In general, collecting sweetpotato
germplasm is therefore very expensive work and time-consuming. However, in our
case, the accessions and information were collected at central sites allowing the participation ofmanyindividual farmers from surrounding areas,andeliminatingtheneed
forvisitstoindividual farms.
Theareasofcollectionwere selected onthebasisofadvanced information from the
district administration. The district authorities were also knowledgeable about this
important crop. Largely, the approach was effective especially in terms of time and
budget spent. Above all, farmers appreciated our visits and the fact that the approach
acknowledged their knowledge on sweetpotato varieties. Prain (1993) reported some
constraints in using rapid rural appraisal to collect germplasm in western Java, Indonesia particularly because of increased costs, and ongoing genetic erosion associated
with cultural erosion.Nevertheless, Prain (1993) felt that theextra costswerejustified
by the increased potential value to crop improvement programmes of germplasm
collectedalongwithindigenousknowledge.
In Uganda, the value of collecting indigenous knowledge appears to be very high,
as the crop is very important. Farmers showed detailed knowledge of varietal
characteristics and were willing to talk about them during the interviews. Varieties
whichwere clearly recognized by farmers during the group discussions were included
inthe collection.
Collecting the farmer varieties along with knowledge about them was based on
group discussions. Thus, if farmers were really familiar with the accessions collected
26

Germplasmcollectionandfarmers'knowledgeofvarieties
the information about the varieties could be quite accurate. However, there are some
aspects of the information that will require some time to be confirmed - such as
information aboutadaptationtocertain conditions.Forexample,thevarietyIcokOpito
BalaMogo(inAyago,Lira),whichfarmers onlyrecentlybeganplanting,wasbelieved
tohave been brought from the Democratic Republic of Congo. Farmers were actually
not very sure about its local adaptability but expected it to yield well. Furthermore, in
the cases where there was disagreement among farmers about the characteristics of
particular varieties,these were not collected,perhaps resulting in inadequate sampling
of germplasm, but also reducing requirements for germplasm maintenance and
assessment following collection.
Aconcern withgroupdiscussions isthat dominant individuals maybias discussion,
leading to skewed results.Nevertheless, farmers demonstrated an in-depth knowledge
oftheir sweetpotato varieties duringthe interviews, and generallyproduced consistent
information. In the few cases where there was a lack of consensus among farmers
about particular varieties, these varieties were not collected. The presence of the
PADECs as moderators of the group discussions may also have tended to facilitate
consensus, though it is possible that a dominant PADEC might have biased discussionsinsomewaysbutthislastcasedidnotcomeupduringourgermplasm collection.
Table 1shows that at Atiar and Kabata (Kumi District) the number of farmers was
higher than the number of accessions collected. In fact, at these sites farmers only
grewonevariety Osukut, soweonlycollected oneaccessionfrom there.Incontrast,at
the sites Owiti (Lira) and Amoru Agwete (Soroti) every farmer at least brought one
accession. The value of the obtained farmers' knowledge may have depended on the
numbers offarmers (5-40)participating inthediscussion: five farmers maybetoo few
but40farmers maybetoomanyforanidealgroupdiscussion.
The accessions, which were collected, were not registered from individual farmers
but wereregistered onbehalf ofthe farmers' leader ateach location site.Thus precise
passport data describing farm location werenottaken for each accession, andvarieties
mightbe difficult to trace ifrequired inthe future. This may be adisadvantage ofthis
collectingmethod.
The areas of collection were targeted and this may give imprecise information on
the distribution of sweetpotato germplasm in the region. However, the knowledge of
many farmers was collected together with their varieties sowe feel confident that our
methods provided a rapid and effective means of collecting sweetpotato germplasm
andinformation about itforthefive districts surveyed innortheastern Uganda.
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Farmers'sweetpotatovarietiesinnortheastern Uganda
Availabilityofvarietiesandmarketorientation
Farmers commonly reported planting a number of different varieties in the same plot
but each variety was grown separately in each mound. Both availability of planting
material and market demand appeared to have an effect on the number of cultivars
grown by farmers in an area (Table 5).In northern Katakwi where long dry spells are
frequent, farmers hadonly asmall numberofvarieties (e.g.,2)perhousehold whilein
Okulonyo and Aukot surrounded bythe swamp areas ofLakeKyoga in Soroti district
every household might have eight varieties. In areas along the main road to Kampala
(the capital city of Uganda) in Kumi District, farmers planted only one commercial
variety, the regionally important Osukut, also known as Tanzania. The Kampala
market required them to grow a certain type of variety with white skin, yellow flesh
and a sweet taste. Local markets, such as those in Amoru Agwete and Rego-Rego
Akolodong, were not so demanding with respect to skin and flesh colour, but did
demandsweetness.
From the present study, two distinct types of areas with commercial orientation
emerge. Good roads and distance to Kampala may influence the possibility of selling
sweetpotato totheKampala traders(i.e.,Pallisa,Kumi, SorotiandKatakwi).Fromour
experience in Kumi District, at the sites along the Kampala road (i.e., Atiar and
Kabata) farmers only grewonecommercial variety, Osukut, whileatthe sites far from
the main road to Kampala (i.e., Osiada, Kapokena and Atutur) grew many varieties
(Table 5). In addition, farmers living in Katakwi, parts of Soroti and even in Pallisa
districts,onlygrewsweetpotato forhomeconsumption. Thereasonwasthattheirareas
were remote and difficult to reach by the Kampala traders, except for a few subcounties of Pallisa. Consequently, inthese remote areas and/or in subsistence areas,a
relativelyhighdiversityofsweetpotato germplasmwasobserved.
Accordingtoliterature,farmers alsoplantedmanyvarieties intheirgardensbecause
they were short of their favourite planting material (Ewell and Mutuura, 1994; Smit,
1997).Duringourgroupdiscussionsatmostcollecting sites,farmers gaveanumberof
reasons for growing different varieties, including food security, lack of planting
material of preferred varieties, culinary attributes (e.g., fresh-steamed storage roots,
amukeke, and inginyo) and trying outnew varieties recently obtained from elsewhere.
Inmany cases,bothearly andlatematuring varieties wereplanted inthe sameplotsin
order to provide a continuous food supply for the household over an extended
production season.
In this study, the highest ranking was given to reasons associated with continuous
food supply and trying out new varieties (146 respondents). This is indicative of the
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Table 5. Numbers of varieties of sweetpotato
subsistence sites and commercial sites.

District
Remotesite
Katakwi

Site

Aparisia
Aloogok
Aterai
Olianai
Opolin
Subsistancesite
Lira
AcanPeWinyo
Abwote
Soroti
SerereAbilaep
Okulonyo
Pallisa
BolisoCentral
PallisaTownCouncil Eastward
Kamongkoli
Commercialsite
Lira
Owiti
Ayago
Rego-Rego
Akolodong
Araki
Soroti
AmoruAgwete
Aukot
Abalang
Mugana
AloetCentral
Kumi
Mukura
Atiar
Kabata
Osiada
Atutur
Kapokena

Varieties
collected(#)

found at selected remote and/or

Commercial
varieties(#)

Wheretosell

8
6
14
8
10

Nil
Nil
Nil
Nil
Nil

Nowhere
Nowhere
Nowhere
Nowhere
Nowhere

5

Nil

Nowhere

12
15
8
11

Nil
Nil
Nil
Nil

Nowhere
Nowhere
Nowhere
Nowhere

11

Nil

Nowhere

14
7
11

8
5
11

Localmarket
Localmarket
Localmarket

6
10
8
5
4
7
8
1
1
4
7
5

3
10
1
5
4
7
1
1
1
1
1
1

Localmarket
Localmarket
Kampalamarket
Localmarket
Localmarket
Localmarket
Kampalamarket
Kampalamarket
Kampalamarket
Kampalamarket
Kampalamarket
Kampalamarket

Localmarket:tradingcentresandboardingschools.
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farmers' interest and willingness to experiment with the introduced varieties. A
shortage of planting material ranked second (114 respondents). The seven locations
(not shown) where this reason was mentioned, were not located near swamps, and
someofthemalsoreportedproblemswithroaminganimals.
Theimportanceofvernacularnamesbyfarmers
InUganda, itwas likely that avernacular namewas important to sweetpotato growers
because the name influenced the demands of a cultivar in the Kampala markets (i.e.,
Osukut type). In northeastern Uganda, names of sweetpotato varieties could reflect
manymorphological variations ofthe sweetpotato. Sometimes,thename characterized
the culturalmethod to grow the cultivar orthemethod toutilize the storage roots.For
instance,thenameofthevarietyIcokOpitoBalaMogomeansyoumustplantthevine
cuttings completely under the soils,andTedo OlooKerenmeansevenKeren doesnot
knowhowtocookthe storage rootsinaproperway(thestoragerootsarehard).Table
6 illustrates thenaming ofsweetpotato varieties innortheastern Ugandaby classifying
namesbasedonthetranslation ofsomevernacularnamesintoEnglish.
Out of 206 accessions, however, only 129unique names were recorded. The same
namewasused onanumber ofoccasions for morphologically distinct accessions. For
example Tanzania, Osukut, Araka and Ateseke appeared several times in the
collection, but inspection revealed that they represented accessions, which differed in
appearance(cf. Chapter3andAbidin,2001).
Varieties with names of people or clans or places were the most common. Next
camenamesreflecting specific agronomic ormorphological characteristics. Especially
early maturity, yield performance and other yield-related information were frequently
reflected inthenames(Table6).
Farmers'perceptionofvarietalorigin
Farmers classified a number of varieties into original, old, new, and introduced
varieties.Oldand originalvarieties were grown sincethetime oftheir grandparents in
the early 1950s. An old variety may not necessarily be an original variety from the
area and may have been introduced 40 to 50 years ago. Anam-Oyito collected from
AyagoinLirawasreportedtohavebeenintroduced byaBritish scientist 50yearsago.
The name of the variety also reflected to somebody from far away. Table 7 provides
thereportedhistoryofselectedvarieties,whichoccurintheregion.
Farmers had some experiences with new varieties, which had appeared spontaneouslyintheirgardens.Thesenewvarietieswere(1)Mary/Imery,(2)Osukut-b,bothin
SerereAbilaep, (3)Araka 3inAtutur, (4)Kamongkoli 'unknown' inKamongkoli, (5)
Ateseke-b in Aloet Center, and (6) Odupa-b in Aterai. Farmers believed that the new
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Table 6.Vernacular names of some sweetpotato varieties innortheastern UgandaEnglish translation
After aperson oraclan

Thenameofaplace

Early maturity

Hairy
Brittleandwith soft vines
Colourofthefoliage or
storageroots
Theback ofanoldwoman
(means:rough skinof
storageroots)
Itmakesthegranary full
(means:high yielding)
Easilygrowing vinesandit
canfight againstweevils
Sweettaste
EvenKeren can't cookthe
storagerootseasily
Apoormanishard
working(means:
drought tolerance)
Storageroot arrangement
andshape
Youplantthecuttings
underthesoil
Miscellaneous

Vernacular name
Mary,Imery,Ibety,Nora,Onait,Emadirait, Kilara,Ros,Wilson
Odyek, Opiowor,EkolaCharles,Atwau,Odupa,Orode,Ikala,
Malisa,Ajeso,Anam-Oyito,Anamoyitu, Oleke, Okelaaji.
BaleAcol(from MbaleDistrict),Lira-Lira (from LiraDistrict),
Ekampala andKampala (from Kampala),Kenya (from
Kenya),Ekido(camefrom anisland inLakeKyoga)and
Mukura (aplace inKumiDistrict),Tanzania (from Tanzania),
Oyirodege (itwasbroughtbyaeroplane),andBomboIcok,
Emuganai,Namuganda (from Buganda).
InTesoarea:Odiopelap,Araka,IgangAmalayanandIwela;in
Lira:Dwe'achel andPamdero;inPallisa:Mwezigumu and
Mpaenfumbiro.
Ayer
Ateseke
Purple,Muyambi white,Ejumula,Arakawhite,Arakared,
ArakaNakwangan
EpuraAmojong, EpuraImat,EpuraKemat

OpongBur,Pamdero (Lira),Owayunai,Dowery(Teso),
Paluku, Bunduguza, Muyambi,Laka (Pallisa)
Intalo
Owiny,Emeketa,Etamu
TedoOlooKeren
AcanKomeTek

Akungurodere,Akerekokolak, Ocakamani, Elanikokolak,
Ookot,Inego
Icok OpitoBalaMogo
Osapat, Etelepat (itmeansyoungman),Latest,NewAraka(latest
varieties),Mbio-Mbio (meansrunning,thevarietyfound during
the insurgency ofrunningaway from thevillage),Doweryand
IgangAmalayan (occasion for thebrides).

plants distinctly differed in their performance of the foliage and storage roots
compared to the existing varieties in their fields. However, farmers did not propose an
explanation asto the source ofthese varieties.
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Table7.Thehistory oforiginalplaces ofsomesweetpotato germplasm innortheastern
Ugandaasreportedby farmers.
Vernacularname
Grownin
Came from
Ajeso
Anyara
Araka3
Asira
Asira
Atwau
BaleAcol
BomboIcok
Bugwere
Daga-Daga
Ecola Charles
Ekano,Elobat
Ekido,Iwela,Ecici and Kaiga
Emadirait
Emuganai
Esamiat
Epura Amojong
IcokOpitoBala Mogo
Ikala
Itemokedula
Kampala
Kawogo
Kawogo
Kibandula/Kyabandula
Kilara
Kenya
Malisa
Mbio-Mbio
Mukurah
Namuganda
Nora
Nora
Nora
Nora
Naidoko
Ocakamani
Odeochani
Odiopelap
Odiopelap
Odukuldere
Odupa
Omakira
Omoding
Onait
Opejo
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Amuria,Katakwi
Serere, Soroti
Atutur,Kumi
Usuk, Katakwi
Ngora, Kumi
Wera, Katakwi
Erute,Lira
Erute,Lira
Pallisatown, Pallisa
Pallisa
Dokolo,Lira
Usuk, Katakwi
Amuria, Katakwi
Serere, Soroti
Serere, Soroti
Soroti and Katakwi
Serere,Soroti
Erute,Lira
Kumi,inKumi
Atutur, Kumi
Pallisa
Puti-Puti, Pallisa
Budaka, Pallisa
Liraand Pallisa
Erute,Lira
Pallisa
Ngora, Kumi
Atutur, Kumi
Kumi,inKumi
Puti-Puti,Pallisa
Dokolo,Lira
Wera, Katakwi
Dokolo,Lira
Amuria, Katakwi
Budaka, Pallisa
Serere, Soroti
Erute,Lira
Gweri, Soroti
Serere, Soroti
Amuria, Katakwi
Amuria, Katakwi
Serere, Soroti
Ngora, Kumi
Serere, Soroti
Wera, Katakwi

Pallisa
Otuboi, Lira
Mbale
Usuk, Katakwi
Kaberemoido, Soroti
Serere, Soroti
Mbale
Buganda
Buganda
Busoga"
Moroto
Usuk, Katakwi
Lake Kyoga
Arapai, Soroti
Buganda
Tororo
Serere,Soroti
D.R. Congo
Kumi, Kumi
Atutur, Kumi
Busoga
Buganda
Mugwere,Pallisa
Buganda
Jinja
Kenya
Kaberemoido, Soroti
Serere, Soroti
Ngora, Kumi
Buganda
Buganda
Ngora, Kumi
Buganda
Amuria, Katakwi
RiverinPallisa
Serere, Soroti
Apac
Tanzania (1967)
Serere, Soroti
Amuria, Katakwi
Serere,Soroti
Serere Soroti
Kaberemoido, Soroti
Kyere, Soroti
Kumi
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Table7.Continued.
Vernacularname
Orode
Orode
Osapat
Osukut
Osukut
Osukut
Owiny
Tanzania/Osukut
Tanzania
Wunduguza

Grownin

Came from

Aterai, Katakwi
Olianai,Katakwi
Arapai, Soroti
Serere, Soroti
Aukot, Soroti
Usuk, Katakwi
Ngora,Kumi
Lira, Soroti, Katakwi, Kumi, and
Pallisa
Amuria, Katakwi
Pallisa town andBudaka, Pallisa

Serere,Soroti
Kapellebyong, Katakwi
Arapai, Soroti
Serere,Soroti
Tanzania
Usuk, Katakwi
Ngora, Kumi
Uganda->Tanzania-^Uganda
Tanzania
Busoga

Bugandaarea:Mukono,Kampala,Mpigi,Masaka,Mubende,Rakai,Luweero,Kalangala,
Kiboga,Mityana,andNakasongola
Busogaarea: Inganga,Jinja,KamuliandBugiri

Knowledgeofvarieties
Importantcriteriaforpreferenceandpreferredvarieties
Criteria used by farmers to select preferred varieties were recorded and ranked. In
group discussions, thefirstranking was highyielding, early maturing and sweet taste
(488 respondents), followed by culinary attributes and market demand (341
respondents). In addition, varieties which do not rot easily were among the preferred
varieties(241respondents).
Osukut wasawidely grownvariety anditwaspreferred bymost farmers inthefive
districts (451 respondents). Asira was the best variety in Katakwi district (109
respondents out of 134). The taste of this variety was sweet and similar to banana.
Tedo Oloo Keren was the favourite variety in Lira (88 respondents out of 94),
followed byLira-Lira (theremainding 6respondents).Thepromotion ofnewforms of
utilization in Lira was finding acceptance with farmers. These two varieties (Tedo
Oloo Keren and Lira-Lira) were also selected for making cakes,mandazi and chapati.
Most farmers in Soroti preferred Osapat (72 respondents out of 107) followed by
Araka Red (25respondents out of 107).Osapat and Araka Red were considered tobe
thehighestyieldingvarietiesinthedistrict. Osapathadasweettastesimilarto Osukut.
TheremainingrespondentsinSorotidistrictpreferred Osukut,NewArakaorAteseke.
Kyebandula waschosenbyfarmers inPallisa (50respondents outof 58).Interestingly,
this oldvariety hasbeen abandoned by farmers inLuwero,Mpigi andIganga districts
further south (Bashaasha et al., 1995). Farmers in Kumi planted only one variety
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Osukutbut accordingto somefarmers, itwas likelythat Osapatwouldbeadopted asa
secondvarietywithcommercially desirableattributes.
Characteristicsrelatedtoutilization
The storage roots of at least 95%of the varieties collected in the five districts were
consumed as fresh-steamed product. Some varieties like Elanikokolak (ERA071),
Temtedule (ERA099), Tanzania (ERA161), and Ateseke (particularly in Soroti and
Katakwi) were preferably eaten fresh-steamed by farmers. More than 80% of the
varieties collected inLira and Soroticould alsobeused for food inadried form. Most
of the varieties were specially selected for this utilization especially in the Teso area
(336 respondents). Thus, most available varieties had high dry matter content. The
farmers judged this trait by their experiences in processing or cooking the storage
roots. Specifically, varieties considered to have superior processing quality, such as
TedoOlooKeren(ERA096) andLira-Lira(ERA102),werehardinpeelingoftheskin,
werefloury andrequiredmuchwaterforboiling/steaming.
Farmers reported that some varieties had a high dry matter content: from (i) Lira
TedoOlooKeren(ERA076,096),IcokOpitoBalaMogo(ERA078),Purple(ERA083),
Wilson Odyek (ERA085), Twonggweno (ERA098,109), Temtedule (ERA099),
Tanzania (ERA107, 112), Bale Acol (ERA080), Kisumu (not in the collection) and
Lira-Lira (ERA102, 110); (ii) Soroti: Emadirait (ERA047), Araka Red (ERA059),
Latest (ERA060), Daweri/Anyara (ERA061), and Abokoro (ERA005); (iii) Katakwi:
Osukut (ERA075) and Nora (ERA101); (iv) Kumi: Ekampala (ERA196) and
Itemokedula (not in the collection); and (v) Pallisa: Muwogo (not in the collection),
Laka (ERA171) and Kawogo Mugwere (ERA146). Some farmers in Kumi indicated
that Osukut was not suitable for slicing and drying. In addition, some varieties with
low dry matter content were noted: Ros (ERA086), Dwe'achel (ERA100, 113),
Pamdero(ERA104) (from Lira),Mwezigumu (ERA175), Intalo (ERA165),andImery
(ERA159) (from Pallisa). The advantages of low dry matter content were not
discussed in detail by farmers but they mentioned that these required less water and
firewood for cooking.
In Soroti, 62%of the varieties collected were reported to be suitable for making a
traditional potent gin. Emeketa (ERA004) was believed to produce a good quality
distilledgin(respondents fromAukot).
Osukut, Osapat, Latest and Ateseke could be eaten as leafy vegetable (respondents
from AmoruAgwete,Abalang,AloetCentral,SerereAbilaepandOkulonyo).
Diseaseandpest incidence, droughttoleranceandperishability
No serious sweetpotato diseases were recognized by farmers in the five districts of
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northeastern Uganda. This information was confirmed by the observations later in
1999,i.e.,duringthemorphological assessment of206germplasm accessions (Chapter
3), during the initial assessment (Abidin et ah, 2002). Yet, stem blight {Alternaria
spp.) incidentally attacked afew accessions ofAteseke atthenursery ofArapai inthe
long dry-season of 2000, suggesting that the lack of serious diseases was more
associated with a lack of conditions that favour development of diseases rather than
withhighlevelsofresistanceinthegermplasmofnortheasternUganda.
From experience, weevil infestation was a serious problem in the region, so the
interviews emphasized the farmers' knowledge onthispest.Theresultspresented here
were based on the daily experiences of farmers in their fields. From the information
givenbyTalekar(1987)resistancetoweevilsisnotpresentinsweetpotato germplasm.
However, datafrom Collinsetal.(1999)indicatethattheresistance levelsarelowand
sweetpotato reactions areinconsistent andunstableacrossenvironments.Farmers from
the districts of Lira, Kumi and Katakwi reported a moderate to low percentage of
varieties which were resistant to weevils (56%, 46% and 39% respectively). Pallisa
was noted to have the highest percentage (93%). Intalo (ERA165) (respondents at
Boliso central, Pallisa) was identified as resistant against weevils. The weevil
incidence is possibly determined by the rainfall distribution pattern (Smit, 1997). In
Pallisa, weevils were less ofaproblem,perhaps dueto higher rainfalls. Soroti hadthe
lowest one (15%): this information from farmers in Soroti stated with the lowest
perceived levelofresistancemayneedtobe confirmed.
The main characteristic of drought tolerance noted during group discussions was
that the crop could grow vigorously throughout a dry spell and could produce storage
rootsunder drought. All varieties inPallisa werebelieved tobe drought tolerant; only
around 50% of varieties were reported to be drought tolerant in Lira and Kumi, and
85% ofvarieties in Soroti and Katakwi. For Pallisa it waspossible that there wasnot
enough drought stress to enable growers to identify this characteristic. In contrast, a
variety not tolerant to drought was Ayer (ERA106) (respondents at Rego-Rego
Akolodong,Lira).
Rots were discussed with respect to in-ground and post-harvest observations.
Rotting may result from sun-burn and secondary infections after storage roots are
damaged. Damage maybe caused byweevil infestation orby careless work atharvest
or at weedings (Onwueme, 1978).However, most farmers did not recognize rot asan
important diseasebut rather indicated that rotwas causedby sun-burn. Somevarieties
which did not rot easily were recorded in the five districts. Soroti had the highest
percentage (79%) followed by Katakwi (70%), Lira (63%), Pallisa (53%) and Kumi
(42%). Varieties which rotted fast were Kenya (ERA154) and Kampala (ERA160)
(respondents from Kamongkoli and Boliso Central and Pallisa Town-Council
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EastwardinPallisa)andEmekenyit (ERA054)(respondents atOkulonyo,Soroti).
Four varieties, Anam-Oyito (ERA082) and Icok Opito Bala Mogo (ERA078)
(respondents atAyago,Lira),Aleso(ERA063) (respondents atAparisia,Katakwi) and
Bulemwezi (ERA138) (respondents at Owiti, Lira), were identified by farmers to be
resistant to both weevils and drought. On the contrary, varieties which were not
resistantto eitherweevils ordroughtwereLira-Lira (ERA102, 110)(respondentsfrom
Rego-Rego Akolodong and Araki in Lira) and Emeketa (ERA004) (respondents at
Aukot, Soroti). Osukut (all respondents in five districts) and Bale Acol (ERA080)
(respondentsatAyago)werenotresistanttoanyofthethreeconstraints.
Maturityofvarieties
Early maturing varieties are important for farmers in northeastern Uganda since most
of the areas in this region had some experiences with a short period of rainfall. The
varieties:AcanKomeTek(ERA077),Ayer (ERA106),BaleAcol(ERA080),Ejumula
(ERA123),EkolaCharles (ERA108),Elobat (ERA069),Emeketa (ERA004),Kampala
(ERA160, 176), Ekampala (ERA194, 196), Old Kawogo (not collected), Kenya
(ERA154), Lira-Lira (ERA102, 110), Odeocani (ERA136), Osapat (all accessions),
Osukut (all accessions), Temtedule (ERA099) and Twonggweno (ERA098, 109)were
reported by farmers to maturewithin 3to4months after planting. Onthe other hand,
late maturing varieties were grown in certain areas of Lira, Soroti, Katakwi and
Pallisa, including Oleke (ERA084, 103, 111, 137),Tedo Oloo Keren (ERA076,087),
Anyara (ERA043), Elanikokolak (ERA071), Nora (ERA101, 134) Ocakamani
(ERA058,207),and Samagali(ERA169).
Most farmers of the five districts practised piece-meal harvesting, the successive
harvesting of large storage roots from individual mounds over an extended harvest
period. Inmost cases,the sweetpotatoes wereready for initialharvesting three months
after planting. However, piece-meal harvesting was not recommended for Bale Acol
(ERA080) (Ayago, Lira District) till its storage roots reach maturity to avoid having
fewer storage roots. On the contrary, the storage roots of Twenggweno (ERA098)
(Rego-Rego Akolodong, Lira)mightbebiggerif farmers practised thismethod. These
characteristics appear tobe rare inthe sweetpotato germplasm;breeders may consider
themfor further testing.
Specificadaptationswith respecttosuitabilityfor soiltypeandplantingseason
Twelve varieties reported by farmers could be grown in the dry period (showing
drought tolerance). Two varieties reportedly could only be planted in the first rainy
season. Six varieties apparently needed to be grown in specific soil types: Emekenyit
andNylon/Silikpreferred sandy-loam whereasAleso,Dowery,OokotandOpejo grew
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Table 8. Varieties reported by farmers in northeastern Uganda to have specific
adaptationtosoilandseasonalconditions.
Canbegrownin
Dry
First
Sandy
Clay
Farmers' varietyandtheDistrict
period
loam
loam
season
only
only
only
X
AcanKomeTek(ERA077)(Lira)
X
Anam-Oyito (ERA082)(Lira)
Muyambi(ERA167)(Pallisa)
X
X
Twonggweno(ERA098, 109)(Lira)
X
Temtedule(ERA099)(Lira)
X
TedoOlooKeren(ERA076,096)(Lira)
Odukuldere (ERA020,051)(Soroti)
X
X
Odeocani(ERA136)(Lira)
Elobat (ERA069) (Katakwi)
X
X
EkolaCharles(ERA108)(Lira)
Anyara (ERA043)(Soroti)
X
X
Aleso(ERA063) (Katakwi)
Anam-Oyito (ERA082)(Lira)
X
Emekenyit(ERA054)(Soroti)
X
Nylon/Silik(ERA155)(Pallisa)
X
X
Dowery (ERA022) (Soroti)
Ookot(ERA068) (Katakwi)
X
X
Opejo (notcollected) (Katakwi)
X
Abokoro (ERA005,205)
(SorotiandKatakwi)
Odupa(ERA132,212)
X
(SorotiandKatakwi)
12
2
Total
2
4

well in clay-loam soil. Abokoro and Odupa were known by farmers to be planted
merely inthefirst rainy season(Table8).
CONCLUSION
The farmer participatory rural appraisal approach used during our germplasm
collection activities in northeastern Uganda was successful with respect to allowing
the relatively rapid collection of a large selection of farmer varieties from this region
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alongwith farmers' knowledge about thevarieties and farming systems.Twohundred
six sweetpotato accessions with 129 vernacular names were collected from northeastern Uganda. Detailed farmers' indigenous knowledge was recorded on various
agronomic and culinary attributes of the varieties. This information will have to be
confirmed through further study.
Subsistence farmers and those who lived in the relatively remote areas maintained
more sweetpotato varieties than farmers who lived in the commercial areas. So,high
diversity of sweetpotato could be found in these areas. This information may be
helpful to breeders in searching diversity of sweetpotato germplasmthat is potentially
useful forcultivar improvement.
The knowledge of farmers may help breeders in their preliminary selection of
sweetpotato germplasmtobeused asbreeding materials.Furthermore, the implication
ofthefindings mayalsobeuseful for sweetpotato germplasm conservation.
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CHAPTER 3
Sweetpotato (Ipomoea batatas (L.)Lam.) germplasm from
northeastern Uganda.
II. Morphological assessment of duplication and diversity1
PutriE.Abidin,PaulC. Struik,FredA.vanEeuwijk, Piet Stam,Michael Hermann,
andEdwardE.Carey

Abstract
Farmers in Uganda grow many sweetpotato landraces. Two hundred six accessions were
collected at sites intheLira, Soroti,Katakwi,Kumi andPallisa districts ofnortheastern Uganda.
The accessions were grown for evaluation at the Arapai Agricultural College in Soroti District,
Uganda,withinitial grouping based on similarity ofmorphological descriptors infarmers' fields
and vernacular names. Observations of morphological descriptors of above-ground plant parts
and storage roots were taken at 90 days after planting. Similarity of accessions was assessed
using multivariate analysis to generate a dendrogram. Of the 206 accessions assessed 18 were
classified as identical or nearly identical, while the remaining 188 were classified as distinct
accessions, exhibiting considerable morphological variation. The large number of sweetpotato
varieties present in northeastern Uganda is assumed to have arisen in the absence of serious
disease pressure from a combination of varietal introductions from outside of the region, the
selection of volunteer seedlings in farmers' fields, and spontaneous somatic mutations in
existing varieties.
Keywords: Duplicate identification, genetic diversity, hybridization, Ipomoea batatas,
sweetpotato, spontaneous somatic mutation.

' Someinformation ofthischapterwaspresentedinthe98thInternationalConference oftheAmericanSociety
forHorticultural Science(ASHS), 2001.Aslightlymodified abstractcouldbereadin:Abidin,P.E.andE.E.
Carey2001.SweetpotatogeneticdiversityinNorth-easternUganda:Germplasmcollection,farmerknowledge,
andmorphological characterization.HortScience36(3): 487.
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INTRODUCTION
Farmers inEasternAfrica growmanysweetpotato varieties(EwellandMutuura, 1994;
Bashaasha et al., 1995; Kapinga et al., 1995; Carey, 1996). The varieties are often
well-adapted to local conditions, having attributes that farmers desire (Abidin et al.,
2002). However, when commercial opportunities increase (and when breeding
programmes are successful) farmers can quickly adopt a single variety over a large
area, leading to abandonment of many of the old cultivars (Low, 1997;Bashaasha et
al., 1995;Zhang etal, 1998) and thepotential for genetic erosion. It is important not
to significantly lose genetic diversity since it is important for breeding progress, and
someoftheabandoned cultivarsmayalsobeuseful tofarmers inthe future.
Adequate collection, characterization, conservation and utilization of germplasm
present achallenge for sweetpotato breeding programmes, sinceresources are limited,
and because the vegetative nature of the crop makes conservation of genotypes
expensive, requiring invitro conservation and protection against infection by viruses
in field genebanks (Carey, 1996). The crop is a poor farmers' crop in countries with
very limited resources to dedicate to improvement (Carey, 1996; Carey et al., 1998;
CIP, 1998). Sweetpotato is genetically instable and has the tendency to mutate
(Hernandez etal.,1964;CollinsandCannon, 1983).Thisresultsinnewgenotypes,but
alsopresentsachallenge forthemaintenance ofgenetic identityingermplasmbanks.
Conservation of crop genetic resources requires an understanding of the genetic
variationpresent inthegenepool,andadequate samplingtoensurethatdiversity isnot
lost (Carey, 1996). Sweetpotato originated in Central to South America (Yen, 1974;
Huaman and Zhang, 1997;Zhang et al., 1998),but has become an important crop in
many places around the world. Its tendency to mutate readily, as well as its obligate
outcrossing nature and its capacity to flower and set seed (Miller, 1937, 1939;
Hernandez and Miller, 1964; Jones, 1965 a, b) have given rise to large numbers of
landraces grown by farmers in several areas of Asia, Africa and Oceania (Yen, 1974;
Carey, 1996; Carey et ah, 1998;Abidin and Carey, 2001).In these secondary centres
of genetic diversity (IBPGR, 1981;Huaman and Zhang, 1997;Mwanga et al., 2001)
the crop is exposed to selection pressures (diseases, pest, climatic conditions and
market forces) thatmaynotexist inthecentre oforigin,andlocally adapted genotypes
andpopulationsmayemerge.
There iscurrently littlerepresentation of sweetpotato germplasm from Sub-Saharan
Africa inglobal sweetpotato germplasm collections (Huaman andZhang, 1997).Inthe
past, sweetpotato germplasm collection was arather indiscriminate process, involving
comprehensive collection of cultivars over large areas and incorporation of these into
genebanks withlittle attention giventolevelsofduplication present during collections
(Carey, 1996). As a result, sweetpotato genebanks have become congested, and
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cumbersome to manage effectively (Carey, 1996). Addition of new germplasm to
genebanks, such as that from Sub-Saharan Africa, which is currently underrepresented, will require careful selection of genotypes for conservation, and an
understanding ofthegeneticdiversitybeingconserved (Carey, 1996).
Some farmers in Uganda (Bashaasha et al., 1995; Smit, 1997) and those from
northeastern Uganda (cf. Chapter 2) use volunteer plants from previous fields astheir
planting material, whereas other farmers prepare nurseries in swamp areas or in
homesteads or under trees. Volunteer plants originate from botanical seed and may
contributetothegeneticvariation assweetpotato isoutcrossingand self-incompatible.
The work described here was a follow-up to a farmer-participatory sweetpotato
germplasm collection effort conducted in five districts of northeastern Uganda where
sweetpotato is an important crop (Chapter 2). During the collection effort, 206
accessions were collected. At the time of collection, we could not confirm that
varieties collected were in fact distinct accessions, and indeed, we expected tofinda
relatively high number of duplication across collection sites. We characterized the
germplasm in order to assess levels of duplication and to determine the range of
morphological variation present in the germplasm grown by farmers in northeastern
Ugandaandcollected in 1999.
MATERIALSANDMETHODS
Collection sites and methodology of the sweetpotato germplasm collection were
described inChapter2ofthisthesis.
Morphological characterization
Two hundred six sweetpotato accessions collected from northeastern Uganda were
planted at the Arapai Agricultural College in Soroti District on 3rd July 1999 to
identify duplicates. Five cuttings of each accession wereplanted. The genotypes with
the same names and those with similar foliage (i.e., leaf shape, size and colour) were
planted side by side. Ninety days after planting the morphological characteristics of
foliage and storage roots were assessed according to sweetpotato descriptors of CIP,
AVRDC, IBPGR (1991). Traits recorded were twining, plant type, the length and
diameter of vine internodes, primary and secondary vine pigmentation, pubescence,
mature leaf shape, vein colour and size, mature and immature leaf colour, length and
pigmentation of petioles; shape and defects of storage roots, storage root formation,
and skin and flesh colour of storage roots. Passport information and morphological
descriptors ofthe206accessions from northeastern Uganda areonfile atthelibraryof
the International Potato Centre (Abidin, 2001). All accessions were healthy at
planting;diseaseandpestincidencewerenotfound duringthe assessment.
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Dataprocessing
Similarities were calculated among accessions as follows. For nominal traits Jaccard
similarities were calculated (joint absence of a character state will not contribute to
similarity), for ordinal traits rank distances were linearly translated into similarities
(Gordon, 1980).An average similarity over alltraits wasthen calculated. Calculations
were donein Genstat (Genstat 5committee, 1993).Cluster analysiswasperformed by
MEGAversion2.1(Kumaretal, 2001).
First, a tree was generated by the unweighted pair-group method using arithmetic
averages (UPGMA). Clusters resulting from this dendrogram were compared for
morphological trait values. For ordinal data, medians were calculated, while for
nominal data the most frequent values (modes) were determined. Medians were
calculated for plant type (erect, semi-compact, spreading and extremely spreading),
steminternodelength anddiameter,petiole length,typeofleaflobes,numberoflobes,
leaf size, and root skin intensity. Modes were assessed for vine tip pubescence, stem
pigmentation such as predominant and secondary colour, petiole pigmentation, leaf
general outline, shape of central lobes, abaxial leaf vein pigmentation, mature and
immature leaf colour, root shape, root shape arrangement, storage root skin
predominant and secondary colour, storage root flesh predominant, secondary and
distribution colour.
RESULTSANDDISCUSSION
Morphological diversity of some sweetpotato farmer varieties collected from
northeastern Uganda
Figure 1 presents the dendrogram generated by the MEGA analysis of the
morphological descriptors.
Identicaland/ornearlyidenticalvarieties
Eighteen accessions were assessed as identical and/or nearly identical genotypes
(Table 1),andtheremainderoftheaccessionsweredistinct.TwoaccessionsofCluster
3 (Figure 1): ERA112 (Tanzania) and ERA130 (Osukut)) had exactly the same
morphological descriptors (see Abidin, 2001). This suggests that these two accessions
were identical. The other pairs ofthe 16genotypes were classified asnearly identical,
as some differences occurred. For example, in Cluster 1the two genotypes ERA033
(Esamiat) and ERA072 (Esamiat) differed in vine tip pubescence and petiole
pigmentation. Moreover, in Cluster 3 ERA062 (Osukut) and ERA055 (Osukut big
leaf) differed in vine pubescence and shape of central lobe of their leaves. Table 1
providesdetailedinformation onthedegreeofsimilarityoftheseaccessions.
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Figure 1. Dendrogram of the 206 sweetpotato accessions from northeastern Uganda.
Thenamesandshortdescriptionsoftheaccessionscanbefound inAbidin (2001).The
threeletters"ERA"shouldbeadded inthefront ofeachcodenumberofaccessions.

Clusteranalysis
Seven clusters were obtained from the dendrogram which were taken from the 206
sweetpotatogermplasmscollected.Eachclusterhadseveral sub-clusters.Cluster 1 (s=
0.8605) had 96 accessions starting from accession No. 185 (original code ERA185=
Osukut) and ending at accession 204 (ERA204 =Ateseke). Cluster 2(s=0.8651)had
6 accessions, startingfromERA067 (Asira) and ending at ERA127 (Asira). Cluster3
(s = 0.8455) had 38 accessions, starting from ERA152 (Daga-Daga Kikondo) and
endingatERA125(Osukut).Cluster4(s=0.8586) had 14accessions,startingfrom
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Table 1. The degree of similarity of some farmer sweetpotato varieties from
northeastern Ugandabasedonthedendrogram.
Cluster Accessions
Collected from
Degreeof
Differed in
similarity
Nearly
Vinetippubescence
1
ERA076(TedoOlooKeren)
Ayago,Lira
and
identical
Opolin, Katakwi
ERA209(Alweo)
Nearly
Vinetippubescence
ERA033 (Esamiat)
Abalang, Soroti
identical andpetiole
and
pigmentation
ERA072 (Esamiat)
Aloogok, Katakwi
Nearly
Planttype andvine
ERA185(Osukut)
Atiar,Kumi
identical pubescence
and
ERA024 (Latest)
AmoruAgwete,
Soroti
Planttype andstem
ERA135 (Ateseke)
Olianai,Katakwi Nearly
identical internode diameter
and
ERA183(Ateseke)
Mukura, Kumi
Identical
None
3
ERA112 (Tanzania)
Araki,Lira
and
ERA130(Osukut)
Olianai,Katakwi
Vinetippubescence
ERA062 (Osukut)
Aparisia, Katakwi Nearly
identical and shapeofcentral
and
ERA055(Osukut big leaf)
Okulonyo, Soroti
lobeoftheleaf
ERA075 (Osukut)
Aloogok, Katakwi Nearly
Vinetippubescence
identical and shapeofcentral
and
ERA044(Osukut big leaf)
lobeoftheleaf
Abilaep, Soroti
ERA186(Osukut)
Nearly
Petiolelength,vine
Kabata,Kumi
and
identical tippubescence and
leafgeneral shape
ERA125 (Osukut)
Aterai,Katakwi
PallisaTownNearly
Steminternode
5
ERA173(Bunduguza)
identical diameter
Council
Eastward, Pallisa
and
ERA149(Muyambiwhite)
Kamongkoli,
Pallisa

ERA014 (Mary/Imery) and ending at ERA011 (Inego). Cluster 5(s= 0.8408) had 42
accessions, starting from ERA091 (Abejatar) and ending at ERA118 (Odupa 2 big
leaf). Cluster 6(s= 0.8072) had only one accession, ERA046 (Purple). Cluster 7(s=
0.8431) had 9 accessions, starting from ERA080 (Bale Acol) and ending at ERA102
(Lira-Lira).
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Table 2 provides information on the variation within each cluster based on the
medians and most frequent values (modes) of the 24 variables mentioned in the
sweetpotato descriptors (CIP,AVRDC,IBPGR,1991).
Phenotypic variation among clusters was large,especially with regard to plant type
(VI), type of leaf lobes (V4), number of leaf lobes (V5), and petiole length (VI).
Moderate variation was observed in the stem internode diameter (V3) andthe storage
root skin intensity colour (V8).For the stem internode length (V2),the variation was
not sohigh and only six cases were found, which differed from the medians (data not
shown but referred to in Abidin, 2001). In the trait mature leaf size (V6), Cluster 3
typically differed from theotherclusters(Table2).
For the most frequent values in Table 2 a high variation was displayed especially
for some traits like shape of central lobe of the leaf (VI3), abaxial leaf vein
pigmentation (VI4), andpetiole pigmentation (VI7). Moderate variation was found in
stem pigmentation predominant colour (V9), vine tip pubescence (VI1), general
outline of the leaf (VI2), immature leaf colour (VI6), storage root skin predominant
colour (V20), and storage root flesh predominant colour (V22). Little or no variation
wasfound for traitslike stempigmentation secondary colour(V10),mature leafcolour
(VI5), storage root shape (VI8), storage root arrangement (VI9) and storage root skin
secondary colour (V21), storage root flesh secondary colour (V23) and storage root
distribution colour(V24).
The most frequent values for predominant colour of the stem pigmentation were
green (scored 1) with the exception of the Clusters 6 and 7. Only one accession of
Cluster 6had green vinepigmentation withmanypurple spots (scored 4) while in the
accessions of Cluster 7, the most frequent values for vine pigmentation was totally
dark purple (scored 9). The secondary colour of stem pigmentation in almost all
clusters was absent (scored 0) except in Cluster 7. For more detailed information see
Table2.
An adequate assessment of diversity in East Africa germplasm will require
comparison with other global sweetpotato populations. However, there is considerable
morphological diversity observed in accessions from northeastern Uganda, and
certainly anumberofgenotypes andgenes (seed)warrant conservation inregionaland
globalgenebanks.
Theimplication ofthe findings
From the dendrogram it can be concluded that the morphological variation ofthe 206
sweetpotato germplasms collected from northeastern Uganda, was relatively high,
although all accessions were related to each other to some extent (Figure 1).Breeders
can try to select some elite varieties from this region. Many of these varieties had a
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Table 2.Median andmost frequent values (modes) scores ofthe 24variables based
onthe7clusters(CI).
CI.

Median scores for

to V24)

Most frequent values (modes) forvariables(V9

variables (VI to V8)
VI V2 V3V4V5 V6 V7V8 V9 V10VI1V12V13V14V15V16V17V18V19V20V21V22V23V24
1 7 5

4 7 6 5 4 3

1 0

3

6

6

8

2

3

4

8

3

2

0

1

0 0

2 6 5

5 4 4 5

8 1

1 0

3

6

4

8

2

3

5

8

5

8

3

4

0 0

3 3 5

3 6 7 7

6 2

1 0

0

6

6

2

2

3

1

8

3

2

0

4

0 0

4 6 3

5 9 5 5 4 3

1 0

3

7

5

8

2

3

4

8

3

2

0

1

0 0

5 7 3

4 1 6 5

6 3

1 0

3

4

2

8

2

2

5

8

3

2

0

1

0 0

6 5 3

5 5 5 5

3 3

4 0

3

6

4

3

2

7

4

8

5

7

0

2

5 3

7 7 3 3 5 5 5 5 1 9 2 5 6 4 7 2 3 9 8 5 8 0 4 0 0
VI: plant type: 3 = erect, 5 = semi-compact, 6 = between semi-compact and spreading types,
7=spreading type
V2: stem internode length: 3=short,5=intermediate
V3: stem internode diameter: 3=thin,4=between thin andintermediate,5=intermediate
V4: type of leaf lobes: 1= very slight (teeth), 4 = between slight andmoderate, 5= moderate, 6=
between moderateanddeep,7=deep,9=very deep
V5: number ofleaflobesvariedfrom4to7
V6: mature leafsize:5=medium,7=large
V7: petiole length: 3 = short, 4 = between short and intermediate, 5 = intermediate, 6 = between
intermediate andlong,8=between longandvery long
V8: storageroot skinintensity colour: 1 =pale,2=intermediate,3=dark
V9: stempigmentation predominant colour: 1 =green,4=green with many purple spots,9=totally
dark purple
V10: stempigmentation secondary colour:0=absent,2=greentip
VI1: vinetippubescence:0=none,3=sparse, 5=moderate
VI2: general shapeoftheleaf:4=triangular, 6=lobed,7=almost divided
V13: shapeofcentral lobeoftheleaf:2=triangular,4=semi-elliptic, 5=elliptic,6=lanceolate
VI4: abaxial leaf vein pigmentation: 2 = green, 3 = purple spot at base of main rib, 7 = all veins
partiallypurple, 8=allveinmostly ortotally purple
VI5: mature leafcolour:2=green
V16: immature leafcolour:2=green, 3=greenwithpurple,7=mostly purple
V17: petiole pigmentation: 1=green,4=green withpurple onboth ends, 5=green with purple spots
throughout petiole,9=totally ormostly purple
VI8: storageroot shape: 8=long elliptic
V19: storage rootarrangement: 3=opencluster, 5=disperse
V20: storage rootskinpredominant colour:2=cream,7=red,8=purplered
V21: storageroot skin secondary colour:0=absent, 3=yellow
V22: storage rootfleshpredominant colour: 1 =white,2=cream,4=paleyellow
V23: storage rootfleshsecondary colour:0=absent, 5=pink
V24: storagerootdistribution colour:0=absent, 3=scattered spots.
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potential to be high yielding in a low input agricultural system (Abidin et al., 2002).
Along with a good knowledge of farmers in that region (Abidin and Carey, 2001;
Chapter 2), some varieties may readily serve breeders to develop some superior
varieties for Uganda and elsewhere.
In Eastern and Southern Africa, sweetpotato is an important crop, and large
numbers of landraces have developed over the years, possessing resistances,
adaptation and quality attributes required in by this region's farmers (Carey et al.,
1998). Furthermore, some genotypes from northeastern Uganda could be useful for the
regional (i.e., ex situ and in situ conservations) and global conservations (e.g.
genebanks). Nevertheless, it may require careful selection of genotypes to avoid
duplications in the genebanks.
Sources of variation of sweetpotato germplasm in northeastern Uganda
Farmers observed that "new" varieties suddenly appeared in their gardens but they did
not discuss the source of those new varieties (Chapter 2). Some morphological
variations of sweetpotato from northeastern Uganda may be caused by somatic
mutations or hybridizations resulting in polymorphisms. These matters will be
discussed below.
Somatic mutation
Sweetpotato varieties were found to have a fairly high frequency of mutations in the
skin and flesh colour of the roots (Hernandez et al., 1964). The spontaneous somatic
mutation was apparently also noted in a few accessions of the sweetpotato germplasm
collected from northeastern Uganda. This mutation was observed during the
maintenance of the germplasm in the nurseries of Arapai and Serere, in the Soroti
district.
Two varieties were recorded to obtain mutations, i.e., Ejumula (ERA123) and
Muyambi (ERA167). These two genotypes produced two more different genotypes in
our collection in the Soroti district. A mutant from Ejumula (ERA123) had a bright
orange-flesh with brownish-orange skin colour while the original one according to
farmers from Katakwi had a pale yellow storage root flesh colour with white skin
(Abidin, 2001). In contrast, Collins and Cannon (1983) described the mutation which
occurred in the cultivar Jewel in North Carolina, USA to have some changes in the
storage root flesh colour from orange to white and/or light orange. With regard to
Muyambi, its mutant was different in the skin colour but not in the flesh colour. The
skin colour of its mutant was white, whereas, the skin colour of the original one was
dark red. Rosa (1926) found a similar mutant in the Red Bermuda variety grown in
Virginia and Missouri, USA.
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Normally, the sweetpotato mutants found by Rosa (1926) in California, USA and
Yen (1963) inNew Zealand had a smaller number of edible roots produced and they
were somewhat reduced in root size. This characteristic was also recognized in the
mutant derived from Muyambi but not in the mutant from Ejumula. On the contrary,
theperformance ofthe storage roots ofthemutant from Ejumula was quitepromising,
andthere were no changes inyielding ability compared tothe original one, consistent
withtheobservationsbyHernandez etal.(1964)inthecultivarUnit IPortoRico from
Louisiana,USA.
Hybridization
Farmerstendtogrowmanyvarietiesintheirfields (EwellandMuutura. 1994;Chapter
2)andtakevolunteer plants from theprevious fields as source ofplanting material for
the next season (Carey, 1996; Smit 1997;Chapter 2). This situation could give some
chances of outcrossing among the compatible varieties in the farmers' fields and may
result innew genetic variation (Hernandez and Miller, 1964;Jones, 1965 a, b).Itwas
recorded that more than 55%of sweetpotato accessions grown at the Arapai nursery
produced flowers andbotanical seeds(detailed information notshown).
Theclusteranalysis showedthattherearesomevarietieswhichhavethesamename
but are slightly different in their morphological characteristics, for example: Osukut
(ERA185)ofCluster 1 andOsukut (ERA034)ofCluster3orotherOsukuttypes found
in the Clusters 4 and 5 (data not shown but see Abidin, 2001). Another case was the
following twovarieties collected from the same location site ofOwiti inLira District:
Opong Bur A (ERA092) and Opong Bur B (ERA139). They slightly differed in their
morphological characteristics particularly in the foliage performance (Cluster 1)
although farmers stillkeptthesamenameforthetwogenotypes.
Morphological variationsofthe206sweetpotato accessionswererelativelyhighbut
they ended up inone common root ofthedendrogram (s=0.7933) (Figure 1)because
of only a slight difference in their performance. This slight difference may be due to
mutations or hybridizations resulting in polymorphisms. Nevertheless, the process of
having a high genetic variation might continue in the region as long as there are no
seriousthreatscausedbypestanddiseasepressure.
CONCLUSION
At least 18 sweetpotato accessions were found to be identical or nearly identical
among each other and the remaining 188 accessions collected from northeastern
Ugandacouldbedistinctgenotypes.
Somatic mutations or hybridizations might have influenced the degree of
morphological variationintheregion.
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Farmers played a role in the development of the sweetpotato diversity of the
germplasm from northeastern Uganda. The sweetpotato morphological diversity was
found toberelatively high inthisregion. The largenumbers ofthese distinct varieties
could present some challenges for efficient utilizations and conservations in regional
and global genebanks. Furthermore, a network of in situ conservation may be
considered to take place in the region which can be supported by knowledgeable
farmers onthevarieties.
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CHAPTER 4
On-station initial evaluation of sweetpotato (Ipomoea batatas (L.)
Lam.) germplasm from northeastern Uganda through a farmerparticipatory approach 1
PutriE.Abidin,FredA.vanEeuwijk, Piet Stam,PaulC.Struik,MichaelHermannand
EdwardE.Carey

Abstract
In Uganda, fanners grow many sweetpotato landraces, but many of these are relatively low
yielding, ornarrowly adapted and susceptible topests.The objective ofthepresent research was
to involve farmers in a large-scale assessment of Ugandan landraces in order to rapidly identify
accessions with superior yield performance and consumer acceptance. One hundred and sixty
distinct accessions collected from the Lira, Soroti, Katakwi, Kumi and Pallisa districts of
northeastern Uganda were evaluated in on-station trials. Trials were conducted at two sites
(Serere Agricultural and Animal Research Institute and Arapai Agricultural College) in Soroti
District in the second rainy season of 1999. Twenty-five farmers from surrounding areas
voluntarily participated inthe selection at each site.At harvest, fresh storage root yield, number
of storage roots, foliage yield, harvest index, and root dry matter content were determined by
researchers. Farmers observed a number of characteristics and rated each entry with respect to
the following variables: general impression, storage root dry matter content, pests, and defects.
A strong positive correlation was observed between farmers' general impression and yield,
number of storage roots per variety and harvest index. Farmers selected 10 superior varieties
from each trial for further multi-environment, on-station and on-farm trials.Nine of the selected
varieties were common toboth sites.Farmers' selection criteria are discussed.
Keywords: Farmer participatory variety selection, farmers' perception, farmer varieties,
sweetpotato.

AcompactversionofthischapterwaspublishedinT.Ames(ed.). Proceedings Is'InternationalSymposiumon
Sweetpotato,theInternational SocietyforHorticultural Science(ISHS)inLima,Peru:26thtill29thNovember
2001.ActaHorticulturae 583: 61-68.
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INTRODUCTION
Sweetpotato (Ipomoea batatas(L).Lam.) isamajor crop inUganda, whereper capita
consumption is around 100kg per year (http://www.fao.org). It is important for food
security, and increasingly, as a cash crop (Scott et al., 1999). Sweetpotato is widely
consumed infresh-boiled orsteamed form throughout Uganda,butthelongdry season
in northeastern Uganda, and accompanying increases in weevil (Cylas spp.)
infestations, have led farmers to develop sun-dried products, such as amukeke (dryslicedform) andinginyo (dry-chunk form) (CIP, 1998;OworiandHagenimana,2000).
InUganda, asinother locations ineastern and southern Africa, farmers growmany
different local varieties, mostly in low input agricultural systems (Carey etal, 1998).
Sweetpotato crop has a tendency to mutate readily, as well as having an obligate
outcrossing nature and a capacity to flower and set seed (Miller, 1937, 1939;
Hernandez andMiller, 1964;Jones, 1965a,b).Thesecharacteristics havegivenriseto
largenumbers oflandrace varieties in several areas ofAsia,Africa andOceania (Yen,
1974;Carey, 1996;Carey etal, 1998).Many ofthese varieties havebeen reported to
be relatively low yielding, narrowly adapted, and susceptible to diseases and pests
(Bashaasha et al, 1995). However, the expression of these negative characteristics
may depend on the agro-climatic conditions where the crop is grown. For example,
viral incidence, which is serious in someparts ofUganda, isnot a serious problem in
northeastern Uganda(Gibsonetal.,1997;Arituaetal.,1998).
The Ugandan national sweetpotato breeding programme, based in Namulonge in
Mpigi District in the Lake Victoria Crescent agro-ecological zone (AEZ) (Wortmann
and Eledu, 1999),isdeveloping improved cultivars. Theprogramme released selected
farmer varieties andbred cultivars following amulti-year programme of selection and
multi-location testing (Mwanga et al., 1995, 2001,2003). Selection criteria are well
established andincludevirusresistance,storagerootyield,andhighdrymattercontent
whichisstronglyrelatedtoeatingquality.Asmulti-location testingisexpensive,itisa
challenge for thenational programme to effectively select superior cultivars for allthe
major environments where sweetpotato is important. Performance of the newly
released cultivars has not proven to be consistently superior at sites in northeastern
Uganda (farmer leader of Abilaep, Soroti District; personal communication) where
farmers continue to rely on landraces and to express interest in obtaining new and
superiorcultivars.
Farmer participation in plant breeding has proven effective in a number of crops
and environments (Sperling et al., 1993; Sthapit et al, 1996; Weltzien et al, 1998;
Joshi andWitcombe, 1998;MularuandBelete,2001; Ceccarelli etal, 2001;Courtois
et al, 2001). Farmer involvement in the selection process is seen as a tool for
enhancing the efficiency and effectiveness of plant breeding efforts, particularly for
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variable and marginal environments where adoption of improved varieties from plant
breeding programmes has been limited (Sperling et al., 1993). Sperling et al. listed
several advantages that can be gained from involvement of farmers in the selection
process. First a greater number of promising varieties are selected. Better adapted
varieties are thus identified which give higher yields on-farm. Secondly, promising
varieties can be identified early, saving several seasons of on-station testing plus
research expenses. In Rwanda, farmers selected a number of bean cultivars from a
widerange ofcultivars from on-station trials,and grewthem intheir fields for further
on-farm trials (Sperling et al., 1993). Sperling and Berkowitz (1994) indicate that
farmers can evaluate germplasm meaningfully when hundreds of cultivars are
involved. Nepalese farmers selected chilling-tolerant rice cultivars from F5 bulk
families (Sthapit et al., 1996). In India, fanner participatory research was used to
identify pearl millet cultivars suitable for Rajasthan (Weltzien et al., 1998), and to
identify rice, cowpea and maize cultivars for Gujarat (Joshi and Witcombe, 1998).
Mulatu andBelete (2001)reported thatparticipatory varietal evaluation of sorghumin
Ethiopia was a means for enhancing adoption and increasing genetic diversity.
Ceccarelli et al. (2001) concluded that it is possible to organize a plant breeding
programme in which farmers become major actors in the selection of new cultivars.
Courtois etal.(2001) compared rankings madebybreeders on-station andby farmers
on-farm in order to evaluate rainfed rice cultivars suitable for low-input environments
ineasternIndia.Agoodagreementbetween farmers' andbreeders' meanrankingswas
found inabouttwo-thirds ofthetrials.
Insweetpotatobreeding efforts elsewhereineasternAfrica, farmer participationhas
led to quick selection and dissemination of new varieties, many of them superior
selections from regional germplasm (Anshebo et al., 2000; Shamebo and Belehu,
2000; Munga et al, 2000; Chirimi et al, 2000; Kapinga et al., 2000; Ndolo et al,
2001).
Thework described here was conducted aspart of aneffort by the senior author to
use farmer-participatory methodsto collect, evaluate andselect superior varieties from
regional sweetpotato germplasm in northeastern Uganda. During germplasm
collection, farmers demonstrated detailed knowledge of the characteristics of their
varieties (Abidin and Carey, 2001). This region was found to have a large number of
farmer varieties: of 206 sweetpotato accessions collected, 188 were identified as
distinct genotypes (Abidin and Carey, 2001).During thework described here, farmers
participated in initial on-station trials of 160 sweetpotato accessions to evaluate and
select a few varieties for further testing. In this study farmer selection criteria were
evaluated and were compared with reported selection criteria which are usually
applied in the Ugandan breeding programme. Performance of a number of accessions
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in these trials was compared with information reported by farmers at the time of
germplasm collection. The selected genotypes from these trials were subsequently
evaluated in a series of on-farm and on-station trials (Chapters 5 and 6) aimed at
determining their varietal potential and yield stability in comparison with varieties
releasedbytheUgandanbreedingprogramme.
MATERIALSANDMETHODS
Site characteristics
One hundred and sixty morphologically distinct Ugandan farmer varieties were
planted at SerereAgricultural andAnimalResearch Institute (SAARI)andArapaiAgricultural College (AAC) on 11th and 14thOctober 1999,respectively. Both sites arein
Soroti District and both have sandy loam soils. The sites' agro-ecological conditions
are,however, somewhatdifferent. AccordingtotheUgandaWorkingGroup9A,Agricultural Policy Committee (1991) both sites are in the Short Grassland AEZ, while
Wortmann andEledu (1999) classify Arapai asNorthern-Central Farm-Bushlandsand
SerereasNorthernMoistFarmlands.Bothsiteshavepoorsoilfertility although Serere
soil condition was better than Arapai. At Arapai, the land was intensively used for
growing food crops, with cassava grown immediately prior to the trials there. At
Serere,theexperimental field wasfallow for 5to6yearspriortothetrial.Thelowsoil
fertility conditionofthetrials,includingthecropping systemsandthefallow practices,
weregenerally similartowhatfarmers experience intheirown fields.
Cropcultivation
Ten cuttings of each variety were planted in single-row plots with a between-row
distanceof 100cmandawithin-row spacingof30cm.Thisspacingiscommonlyused
byfarmers intheregion.Arandomized completeblock(RCB)designwith3replicates
was used. No fertilizers or pesticides were applied. Harvest was done 4 months after
planting (mid-February 2000)duringthedryseason.
Measurements byresearchers
Data on disease incidence (e.g., viruses andAlternariaspp.),fresh storage root yield,
fresh foliage weight,numberofplantsharvested, numberofstoragerootsperplot(i.e.,
10 plants per plot), and dry matter content of storage roots, were collected by
researchers atharvest.Thesetsofdatacollected werebased ontheroutinework ofthe
sweetpotato breeding programmes in Uganda. For dry matter determination, medial
sections ofroots from eachplot were chopped and asample ofabout 200 gwas ovendriedat60°Cfor 72horuntilconstantweight.
54

On-stationsweetpotatolandracesevaluatedbyfarmers
Farmer evaluation
At each site a different group of volunteer farmers from nearby communities was
invited to participate and evaluate the trials at harvest. Names of varieties were not
giventofarmers soastoavoidbiasbasedonnamerecognition.
A checklist was designed to give farmers free rein in evaluating the general
performance ofeachvariety according totheir owncriteria andto allowresearchers to
gatherprecise information.
Evaluation was done at each ofboth sites intwo cycles (initial andfinalselection).
Fromthegroupofapproximately25farmers agroupleaderwasappointed.
After plants of each plot had been uprooted, farmers went along the 160plotswith
two replicates, and a common group opinion on each variety was formulated, while
researchers, who did not interfere in this discussion, recorded the criteria by which
farmers judged the varieties. The farmers group also rated 'general impression', dry
matter content, pest (weevil) damage and defects on a 5-point rating scale. These
rating scales were adopted from the regular measurements in the sweetpotato variety
trials. For each variety they also indicated whether or not they would select it for
growing in their own fields. In this initial selection farmers were not given an
indication ofthe number ofvarieties that were tobe selected, sothat theywould have
completely free rein in their evaluations. This initial selection resulted in 43 and 45
selectedvarieties atSerereandArapai,respectively.
Since for the future multi-location testing we had to reduce the number of selected
varieties to ten, a second cycle of farmers' selection was done. To this end the plots
from which the initially selected varieties had been acquired were marked with apeg
and farmers were asked to select from these the ten varieties they preferred most. By
going along the marked plots and examining the items once morethetop ten varieties
were identified. If some disagreement occurred the group leader interfered and
instructed farmers to carefully look at the disputed item again sothat the group could
reachacommonopinion.
For general impression and dry matter content/eating quality, 1represented very
poor general impression or very low dry matter content, 2 poor or low, 3 fair or
medium, 4 good or high and 5 excellent general evaluation or very high dry matter
content. Forpests,and defects, 1 represented for morethan 75%ofnumber of storage
roots damaged, 2between 51-75% damaged, 326-50%,4 1-25%,and 50%damaged
orwith defects.
Farmers assessed root dry matter content/eating quality by hefting a storage root,
scratching the skin, biting the root and tasting theflesh,andby observing the amount
oflatexproduced after slicingthestoragerootswithaknife.
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Dataprocessing
Data collected by researchers and ratings done by farmers were analysed statistically
with a focus onthe variables yield, number of storage roots per plot, average storage
root weight, harvest index (HI), drymatter content (DM),pest infestation, occurrence
ofdefects, and general impression. Harvest indexwas calculated by dividing the fresh
storage root weight by fresh foliar weight plusfreshstorage root weight. The analysis
ofvariance ofthesevariables andthepreparation ofthegraphics fortheboxplotswere
done using Genstat (Genstat 5 Committee, 1997). For each trial, averages were
calculated over replicates for yield, number of storage roots per plot, average storage
root weight, HI, DM, while medians were calculated over replicates for the farmers'
assessments. T-tests were performed to test the mean difference between selected
varieties andnon-selected ones for researcher-collected variables and to test the mean
yieldperformance atthe SerereandArapaitrials.Forthefarmers' general impression,
dry matter content, pest and defects, the Mann-Whitney test was used. Correlations
between ratings done by farmers and data taken by researchers were determined by
Spearman rank correlations. Biplots (Gabriel, 1971) and scatterplots were used to
visualizecorrelationsamongsomeofthevariablesmentionedabove.
RESULTSANDDISCUSSION
Trialperformance andclimatic conditions
Sweetpotato is particularly sensitive to drought at the storage root initiation stage,
which occurs50-60daysafter planting.Asuitable annualrainfall for sweetpotato crop
is between 750-1000 mm with a minimum of 500 mm in the growing season (Ahn,
1993).
Establishment and growth of plants were good at both sites. No gap-filling was
required. At Serere, rainfall wasjust enough to support the initial development of the
crop. During the first two weeks of October in Arapai, the rainfall was adequate but
not at the time ofplanting. Consequently, some irrigation had to be done during crop
establishment: in November, December and January (Table 1).The amount of water
was probably not enough to prevent drought stress during growth. The effect of
irrigation didnot affect the quality ofdatacollected atharvest. Thiswas inferred from
the average of fresh storage root yield of Arapai which was still significantly lower
thanthatofSereretrial(Table2).
The monthly average of maximum and minimum air temperatures was relatively
high: 31.3 °C and 18.4 °C, respectively. With inadequate rainfall at the time of the
trials(Table 1)moststoragerootsdidnotdeveloptotheirfullpotential.
AtArapaithecropsuffered morefrompoor soilconditions thanat Serere(Table2).
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Table 1.Rainfall andairtemperatures during trials atSerere andArapai,inUganda.
Site/Meteorological Data
Serere
Max.Temperature (°C)
Min.Temperature(°C)
Rainfall (mm)
Arapai
Max.Temperature (°C)
Min.Temperature(°C)
Rainfall (mm)

Average
Oct. Nov. Dec.
Jan. Feb. over 8years
1999 1999 1999 2000 2000 (1992-1999)
29.2
18.0
155.3

31.1
18.0
118.0

30.1
18.4
79.0

33.1
18.2
1.2

32.2
18.2
7.7

30.7
17.9
1515

30.1
16.2
194.5

28.8
15.8
16.3

31.4
15.6
64.8

33.1
16.0
3.9

33.8
16.1
14.7

30.6
17.6
1377

Sources: Meteorological Department of Serere Agricultural and Animal Research Institute
(SAARI) andofArapai Agricultural College (AAC) inSoroti District, Uganda. Before1992
theagro-meteorological datawerenotavailable dueto insurgency.

Table 2.Trial mean yields andfrequency distribution ofmean fresh storage root yields
of sweetpotato genotypes evaluated in trials at Serere and Arapai, Uganda.
Frequencies are presented by yield class for the overall trial, and initial and final
selections by farmers.
Fresh storage
#varieties
Average storage
rootyield
rootyield
Final
Overalltrial
Initial
-1
ranges(tha )
(tha"1)
selections
selections
Serere
<6.9
6.9-10.5
10.6-12.7
12.8-20.1
Total
Arapai
<1.6
1.6-3.0
3.1-4.1
4.1-8.9
Total
SerereminusArapai

35
37
29
59
160

1
4
10
28
43

0
0
1
10
11

10.0

23
54
31
52
160

0
8
13
24
45

0
3
2
6
11

3.1

6.9"

Highly significant. Thecomparison forfresh storagerootyield(tha )basedonMest.
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Table 2 shows that the average yield of storage roots at Arapai was only 3t ha-1 but
muchhigher atSerere.Morethan 50%ofthevarietiesyieldedbelow4tha-1 atArapai
whileonly22%yieldedbelow61ha-1 atSerere.
Farmerparticipationinthevarietal evaluation
A group of 25 farmers came voluntarily to each station. The proportion of male
farmers was higher at Arapai than at Serere. The findings of Bashaasha et al. (1995)
indicatethatwomenplayamajor roleincultivating thecrop.Inthedistricts wherethe
germplasm varieties were collected, male and female farmers actively grow
sweetpotato, except inthePallisaDistrictwhere female farmers aredominant, andina
few sub-counties ofKumi District where sweetpotato isbecoming acommercial crop,
male farmers predominantly work at harvest. Dissimilar gender issues during varietal
evaluation did not bias the results because both genders used the same criteria for
selectingthebestvarieties.
A group discussion in a varietal selection by farmers is not frequently practised
(Sperling, 1993;Kitch, 1998;Solerietal, 2000)butwefound ittobeeffective. Thiele
etal.(1997)explainedtheweaknessofgroupevaluations.Iffarmers hadnotbeenwell
managed they might have been susceptible to the leader's effect. The experience of
Thiele etal.was not met in our case.Each observation was discussed by all farmers.
Farmers who did not say much during the evaluation would learn from their expert
colleagues and then expressed their agreement at the end of the group discussion. In
addition,theresearchers learnedmuchaboutthefarmers' opinions onthevarieties.
It should be noted that only a limited number of parameters can be used for a
varietalevaluation asdescribed above (cf. Sperlingetal.,1993).Inourexperience,the
general impression already covered a combined assessment of a number of attributes
mentioned inthechecklist.
Selectioncriteria
Farmers used several criteria, which we classified into three categories. The first
category included numbers and size of the storage roots,taste, numbers of secondary
stems, and shape ofleaves.The secondwas skin and flesh colour and thethird weevil
damageand defects.
Farmers preferred varieties with many medium sized roots, which tend to yield
well.Besides,asthemedium sizedrootsareeasilypacked,thistraitalsocontributesto
the revenues when intended for sales. While collecting the sweetpotato germplasms
farmers often expressed that they consider the number of medium-sized roots as an
indicationofavariety'syieldpotential.
In farmers' view, having few secondary stems meant that a variety potentially
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produced many roots. So this trait could be indicative for a variety's harvest index.
Farmers didnot likevarieties with small leaves ordeeply-lobed leaves,indicating that
farmers preferred varietieswithahighphotosyntheticpotential.
Apart from yield and/or yield potential the market situation demanding white skin
and yellow flesh of storage roots also influenced the choice of farmers. Varieties
identified byfarmers tohavegoodculinary qualitywerefound tohavehighdrymatter
content. Farmers considered the following characteristics to be indicative of high dry
matter content: 1)the storage root should be heavy; 2) the storage root is hard when
bitten; 3)the skin ishard whenpeeled or scratched; 4) arelatively sweet taste; and 5)
littlelatexproduced inthe flesh.
A number of selection criteria used by farmers like sweet taste, medium size of
storage roots, few secondary stems, and the shape of leaves were noticed not to be
generally alike to the formal breeders' selection criteria. Sweet taste is a common
criterion for selecting sweetpotato by farmers in eastern and southern Africa. To
favour a certain shape of leaves is not uncommon for Iteso farmers (Soroti, Katakwi
and Kumi) and also for farmers in the West Nile region of Uganda (Ocweda Morris,
personal communication). These additional farmers' criteria deserve attention from
breeders soastounderstand consumeracceptance.
Selectedvarieties
Table 2provides information on the ranges of fresh storage root yield (t ha-1) related
tothefarmers' selectedvarietiesat SerereandArapai,SorotiDistrict,Uganda.
Surprisingly, in the two sets of ten independently selected varieties nine were
common to both trial sites (see Figure 1).Despite the striking differences in growing
conditions between the two sites, as reflected by the large average yield difference
between sites, farmers apparently were able to evaluate the varieties with fairly high
precision,bothinfavourable andlessfavourable environments.
Incontrast to Serere,farmers atArapai had adifficult timeto evaluate the varieties
because of the harsh growing conditions. The storage root size was relatively small
and the roots were poor, resulting in a low yielding performance. However, farmers
observed that a number of varieties had a largepotential number of roots. They made
use of this trait to evaluate the varieties. Farmers expected the selected varieties to
have a good yield if the soil moisture would be adequate. This demonstrates that
farmers have a well-developed sense of a variety's yielding capacity, even when
growingconditionsarefar from optimal.
Comparison betweenselectedandnon-selected varieties
Comparisons of mean yields, average weight of each storage root, number of storage
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Serere
Assessed: 160varieties

Arapai
Assessed: 160varieties

Initialselection:
43 varieties

Initialselection:
45 varieties

Finalselection:
10varieties

1+ \

Finalselection:
10varieties

9

/

+1

11varietiesforfurther study

Figure 1.Independent selection of sweetpotato varieties by farmers at two trial sites in
northeastern Uganda.

Table 3. Comparison of the means in yield (t ha -1 ), weight of individual storage roots
(Wt.st.rt in gram), number of roots per plots (# its), harvest indices (HI in %),and dry
matter content (DM in %) between non-selected varieties and 11 selected ones based
on assessments by researchers in sweetpotato trials at Serere and Arapai, Uganda. Pvalues according to /-tests.
Serere site
Arapai site
Variety
Yield Wt. #rts
HI
DM Yield Wt. #rts
HI
DM
st.rt
st.rt
Non
9.7
132 23.4
51
37.7 3.0
66 13.9
40
37.9
Selected
(n= 149)
Selected
14.1
148 29.9
65
37.8 4.3
69 19.6
57
39.5
(n=H)
P-value
60

<0.001 0.085 0.014 O.001 0.467 0.004 0.335 0.002 O.001 <0.01

On-stationsweetpotatolandracesevaluatedbyfarmers
roots per plot, harvest index and dry matter content of selected and non-selected
varieties at SerereandArapai areshowninTable3.Themeanperformance ofselected
varieties was significantly different from the non-selected ones with respect to yield
and yield-related traits at both sites with the exception of mean storage root weight.
Dry matter content of selected varieties was significantly higher at Arapai, but not at
Serere.
Median values for variables rated by farmers in the trials at Serere and Arapai are
presented in Table 4. There were highly significant differences between selected and
non-selected varieties for general impression, while there were significant differences
for drymatter assessment atbothsites.Nodifferences weredetected for evaluationsof
pest damage and defects. The latter two traits were consistently found in both trials.
Therefore, farmers could not assessthese traits precisely. Inthe case ofweevil(Cylas
spp), little variability exists among sweetpotato germplasm for resistance to this pest.
However, the majority of other studies show that resistance levels are low and
sweetpotato reactions areinconsistent andunstableacrossenvironments (Collinsetah,
1999).
Comparison betweenresearchers'andfarmers' assessment
There was a high correlation between the general impression as observed by farmers
and the yield as determined by researchers at both Serere and Arapai trials (r = 0.83
and r = 0.75 respectively; n = 160). Yield was one of the most important variables
considered by farmers in the process of evaluation and selection. These high
correlations indicate that farmers were capable of estimating yield differences. Figure
2 shows boxplots of farmers' general impression of varieties at Serere versus yield.

Table 4. Median scores of farmers' assessments of varieties in trials at Serere and
Arapai, Uganda (scores: 1-5). Farmers (at each site, n = 25) rated varieties for the
following variables:General impression (Genlmp),drymattercontent(DM),pestsand
defects.P-valuesaccordingtoMann-Whitneytest.
Serere
Arapai
Variety
Genlmp DM Pests Defects Genlmp DM Pests Defects
Non3.0
3.0
3.5
4.0
2.5
3.0
4.0
4.0
Selected
(n=149)
Selected
4.5
4.0
3.5
3.5
4.5
4.0
4.0
4.0
(n=H)
P-value
O.OOl 0.011 ns
ns
<0.001 0.059 ns
ns
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Yield against farmers impression

1.000

2.000

3.000

4.000

5.000

General Impression

Figure 2. Boxplots of farmers' general impression versus yields for sweetpotato
farmers' varieties assessed at Serere,Uganda. Acentral box spansthe quartiles;aline
in the box marks the median; and lines extend from the box out to the smallest and
largestobservationsthatarenotsuspectedoutliers.

Except for the lowest level of general impression, the spread of yield is similar anda
clearlinearrelationexistsbetweengeneralimpression andobservedyield.Theplot for
Arapai (notshown)gavesimilarresults.
A high correlation was also found between the general impression of the farmers
and the harvest index determined by researchers, both at Serere (r = 0.64) and Arapai
(r=0.74).Farmers preferred varieties having less foliage weight tothe favour ofhigh
yield. A high correlation also occurred between general impression and number of
roots per plot at Serere (r = 0.66) but not at Arapai (r = 0.42). Figures 3a and 3b
present biplots from Serere and Arapai of correlations among the ranked variables
yield, HI, DM, pest infestation, and occurrence of defects based on the farmers'
general impression. Rotwasnot shown inFigure 3abut shown inthe centre ofFigure
3b. There was only a weak correlation between the dry matter content determined by
researchers (not shown) and the rating of dry matter content done by farmers (r =
0.21). However, dry matter content was among the important factors for farmers and
the breeding programme in Uganda. The varieties tested mostly had high dry matter
content, and there was relatively low variation for this variable among the varieties
62

On-stationsweetpotatolandracesevaluatedbyfanners

Explained variance67%

Figure 3a. Biplots of selected and non-selected varieties and the correlations among
the variables yield, HI, DM, pest infestation and occurrence of defects based on the
farmers' general impression at Serere, in Uganda. Size of symbols for varieties
(circles) are proportional to yield. Open circles are non-selected varieties, grey filled
circles areinitially selectedvarieties andblack circlesare selectedvarietiesfor further
in-depth study. Squares are the symbols for variables: Pestr = pest rated by farmers;
Defr =defects rated by farmers; DMr =root dry matter rated by farmers; Gen Imp=
general impression of farmers; rYld = yield ranked; rHI = harvest index ranked. The
lasttwovariablesmeasuredbyresearchers.

evaluated. In northeastern Uganda, there is a strong selection for high dry matter by
farmers due to their traditional way of utilizing the sweetpotato for amukeke and
inginyo. Table 5 provides correlations among variables either rated by farmers or
measured by researchers. Not all variables rated by farmers were significantly
correlated to the variables measured by researchers. Such different opinions are quite
normally obtained in a farmer participatory approach (Solori etah, 2000; Courtoiset
al., 2001).
Ascatter-plot ofthe Sereretrial (Figure 4)showsthecorrelation between weight of
storage roots and number of roots per plot. A negative correlation was found (r =
-0.96; n=160).Essentially,nocorrelationwasfound betweenthesevariables atArapai
(r=-0.03; notshown).Conversely, arelatively highpositivecorrelationwasobserved
between number ofroots andyield at Serere(r=0.79) butnot atArapai (r=0.47;not
shown).
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Explained variance=75%

Figure 3b.Biplots ofselected (blackcircles)andnon-selected varieties and correlation
amongthevariablesyield,DM,HI,pest infestation andoccurrenceofdefects basedon
the farmers' general impression atArapai, inUganda. The explanation ofthe symbols
isprovided inFigure 3a.Rotr=rotsratedby farmers.

Table 5. Non-significant correlations between traits rated by farmers and by
researchers.
Correlation(r)
No. Relationship explanation ofvariables
Serere
Arapai
1
Betweendrymattercontentandgeneral impression
ratedbyfarmers
0.14
0.44
2
Betweendrymattercontentratedbyfarmers andyield
determinedbyresearchers
0.06
0.35
3
Betweendrymattercontentratedbyfarmers and
harvest indexdeterminedbyresearchers
0.02
0.33
4
Betweenpestsanddefects ratedby farmers
0.30
0.45
0.11
-0.04
5
Betweenpestsanddrymattercontentratedby farmers
0.11
6
Betweenpestsandrotsratedbyfarmers
0.11
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Meanweightstorageroots(kg)
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#rootsper10plants
Figure 4. Scatterplot at Serere trial site showing the correlation between mean weight
of storage roots (y-axis) and number of roots per 10 plants (x-axis). Circle = not
selected; grey square = initially selected by farmers; black diamond = finally selected
varieties. Size of symbol proportional to yield. Spearman rank correlation = -0.957.

In Figure 4, most of the 11 selected varieties are located in the area where their
numbers of storage roots are greater than average, but their mean weights are below
average. During the selection the farmers apparently gave more importance to the
numbers of roots per plot than to the weight of each root. Moreover (see also Table 2),
the significant difference between selected and non-selected varieties was in the
number of storage roots per variety but not inthe weight of storage roots.
From the comparison of the means and the observations on the correlations, it can
be concluded that farmers are able to evaluate and to select the best varieties for both
farmers' and researchers' preference. Farmers' rating of general impression of the
varieties, in particular, was significantly and highly correlated with the yield, number
of roots per variety, and harvest index assessed by researchers. In India, Courtois et al.
(2001) also found a good agreement between farmers' and breeders' mean rankings, in
about two-thirds ofthe trials.
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On-stationsweetpotato landracesevaluatedbyfarmers
Performance of the selected varieties alongside their verification from farmers
duringcollectingthesweetpotato germplasms
Table6andFigures3aand3bgiveinformation ontheeleven selectedvarieties.
As can be seen from Figures 3a and 3b the finally selected varieties scored above
average with respect to 'general impression' (assessed by farmers) and ranked yield
(assessed by researchers), both at Serere and Arapai. It can also be seen that the
highest yielding ones were not always selected. This results from (a) an imperfect
correlation between measured yield and yield potential estimated by farmers, and (b)
the fact that fanners also used selection criteria other than yield. The latter is clear
from specific examples.VarietiesERA139andERA196wereselectedbecauseoftheir
sweet taste, despite their poor rating on pest infestation and/or general impression.
Similarly,ERA123wasselectedbecauseofitsorange flesh colourandsweettaste.
While collecting the germplasm, local farmers at the collection sites over northern
Ugandahadprovided information andtheir specific opinions onthevarieties grownin
theirvillages.Wehavenoticed anumber ofsimilarities aswell asdifferences between
these opinions andthe farmers' appreciations collected inthepresent study (seeTable
6). For example, farmers' ratings of the number of storage roots per plot were not
completely similar during germplasm collection and the on-station assessment.
Althoughthesedifferences shouldbetakenwithcaution,becausetheyapplytoratings
rather than exact figures, it indicates that farmers' judgement of performance may
dependonthelocalgrowingconditions.
Thus,thegenotype-by-environment interaction factor mayplay aroleand itshould
be considered when we make use of a farmer-participatory approach to find superior
varieties for marginal environments (Courtois et al., 2001). This consideration is
important because sweetpotato is known to be sensitive to environmental variation
(ManriqueandHermann,2002).
Implications forsweetpotato breeding
Formalbreeding programmes inwhichmulti-environment testing isapplied havebeen
successful mainly in developing cultivars for high-input agricultural systems. They
have been less successful in producing cultivars that are superior to indigenous
landraces inmarginalenvironments (e.g.,Atlinetal., 2001).
The farmer participatory approach inwhich the needs andpreferences ofresourcepoor farmers arerecognized can substantially contribute tobreedingprogrammes with
these target environments. The present study demonstrates that farmer participation
may provide additional selection criteria which have been neglected by institutional
breeding programmes. In addition, the approach we have taken by collecting local
germplasm from alargeareaofsweetpotato cultivation hasprovided avaluable source
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ofgeneticvariationthatispotentiallyuseful fortheaforementioned breedingpurposes.
Theresults ofthefarmers' selection described herearepreliminary inthesensethat
multi-season, multi-location trials have to be carried out to assess the yield stability,
broadness of adaptation or specific adaptation of the selected varieties. Nevertheless,
the results obtained so far hold promise for future efficient identification of
sweetpotato varieties that meet the needs of resource-poor farmers in marginal
environments,whichcanbereadily adoptedbyformal breedingprogrammes.
Adaptation maybe influenced by viral disease incidence inthetarget areas,andthe
reaction of varieties from northeastern Uganda to sweetpotato virus disease (SPVD).
So far, persistent viral disease problems have not been reported in northeastern
Uganda(Smit, 1997;Arituaetah, 1998),anditisprobably safeto saythat mostofthe
varieties arising innortheastern Uganda arenot particularly resistant to SPVD.SPVD
pressure ishigh inthehigherrainfall Tall Grassland AEZ areasofLakeVictoriaZone
ofUganda. However,thereareAEZs similartonortheastern Uganda, such astheLake
Victoria Zone of Tanzania, where selected varieties from northeastern Uganda can
haveachanceofperforming well.
CONCLUSION
The on-station farmer evaluation of local sweetpotato germplasm from northern
Uganda has demonstrated that potentially useful genotypes are readily identified in
this way. A high correlation was found between many characteristics judged by
farmers andtraitsmeasuredbyresearchers.
Anumber offarmers' selection criteria, suchas sweettaste,medium sizeofstorage
roots, few secondary stems and size and shape of leaves, which arenot considered by
the Ugandan sweetpotato breeding programme should be given attention if the
breedingprogrammeaimsatcultivarsfor low-input agriculture.
Farmerparticipation may contribute to efficiency improvement ofvarietal selection
ofsweetpotato inUganda andelsewhere.Thecombined farmers' andbreeders' efforts
mayleadtocultivarsthatwouldultimatelybenefit farmers.
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CHAPTER5
Farmer-participatory selection ofsweetpotato varietiesin
northeastern Uganda usinganon-farm trial approach
PutriE.Abidin,PaulC.Struik,FredA.vanEeuwijk, PietStam,MichaelHermannand
EdwardE.Carey

Abstract
On-farm trials were carried out, and managed by farmers, to assess acceptability and yield
performance of sweetpotato cultivars at three locations innortheastern Uganda. Inthe first year,
144farmers compared 11farmer varieties selectedby farmers inan on-station evaluation from a
large regional germplasm collection, and 5 breeders' cultivars from the Ugandan national
institution, with farmers' own varieties ("introductory trial"). In the second year, 45 farmers
compared the 5 farmer varieties selected with the 3 breeders' cultivars preferred ("adaptive
trial"). Group discussion and individual interviews played a role in evaluating the tested
genotypes. Farmers selected five farmer varieties whichwere common inthe three sub-counties
but their ranking was different. In most cases, the 11farmer varieties were preferred over local
varieties, whereas local varieties were usually preferred over the breeders' cultivars. Farmers
demonstrated very capable involvement in the varietal selection and had significant awareness
onthegenotype-by-environment interactionsandbiodiversity.
Keywords: Agro-biodiversity, farmer-participatory research, farmer sweetpotato varieties,
genotype-by-environment interactions, on-farm trial, sweetpotato variety
selection.
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INTRODUCTION
Sweetpotato is an important co-staple crop in Uganda where it serves both for food
security and, increasingly, as a cash crop for many resource-poor farmers throughout
the country (Bashaasha et al, 1995; Smit, 1997; Scott et al, 1999).As elsewhere in
eastern Africa, most sweetpotato varieties in Uganda are landraces which have been
selectedby farmers either from 'sports' ofexisting localvarieties,volunteer seedlings,
or from exotic introductions (Bashaasha et al, 1995; Carey et al, 1998). Recent
germplasm collection and duplicate identification efforts in five districts of
northeastern Uganda identified 188 distinct genotypes (out of 206 accessions
collected) being grown by farmers there (Abidin and Carey, 2001). Distribution of
diversity was not uniform across locations. Farmers at some commercially-oriented
locations grew onlyone cultivar, while farmers atmoreremote locations grew upto8
varieties (Abidin andCarey,2001).Therelative importanceofsweetpotato varietiesat
a location tends to change with time, as farmers select better performing varieties or
use less desired ones due to constraints on planting material availability (Ewell and
Mutuura, 1994;Smit, 1997).
As is the case in many developing countries, formal sweetpotato breeding efforts
were not established in Uganda until fairly recently (1982) (Hakiza et al, 2000),and
have functioned only sporadically since. Starting with local or introduced germplasm,
or seed generated in crossing blocks, the Ugandan breeding programme, based at
Namulonge,nearKampala, follows amulti-year selectionprogramme involvingmultilocation andon-farm testingatthelaststagespriortoofficial varietalrelease (Mwanga
etal.,1995,2001).Since 1995, 11cultivarshavebeenreleased inUganda (Mwangaet
al, 2001;Mwangaetal, 2003).
Modern plant breeding programmes for many crops have well-defined selection
criteria and target environments for improved varieties that they release. These
breeding approaches havebeen very successful, particularly for important commercial
crops grown under 'high input' conditions, but often had less success in developing
superior varieties for 'low input' conditions (Ceccarelli, 1996).Reasonspostulated for
lower successrates (Biggs andFarrington, 1991;Hardon anddeBoef, 1993;Banziger
and Cooper, 2001) include (i) inadequate definition of selection criteria by breeders,
who may not always be familiar with the requirements of resource-poor farmers, and
(ii) the difficulty of developing superior, broadly adapted cultivars for diverse lowinput production environments. Farmer participation at early stages of selection
programmes isauseful tooltoassistwiththeproblemoffitting cropstoamultitudeof
target environments and users' preferences (Sperling et al, 1993; Kornegay et al,
1996;Sthapitetal, 1996;Weltzienetal, 1998;JoshiandWitcombe,1998).
Farmer participation in the advanced stages of sweetpotato variety selection has
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beenreported tobesuccessful inEthiopia (Shamebo andBelehu,2000),Kenya(Ndolo
etah, 2001) and inTanzania (Chirimi etah, 2000).In explaining sweetpotato variety
performance under diverse growing conditions in farmers' fields in Tanzania, De
Steenhuijsen Pitersetah(1996)reported thattheseperformances arelargely governed
by genotype-by-environment interaction. In Ethiopia, the participation of farmers in
theresearch process facilitates feedback for research and extension,pavestheway for
the consecutive dissemination and adoption oftechnologies andbuilds the confidence
of farmers in research and in their innovation (Shamebo and Belehu, 2000). In
Western Kenya, farmer participation succeeded to select a number of sweetpotato
landraces in on-farm trials (Ndolo et ah, 2001), and in Tanzania, eight varieties were
released officially after being accepted by farmers inthe on-farm tests (Chirimi et ah,
2000).
The objective of this work was to assess acceptability and yield performance of
sweetpotato varieties initially selectedby farmers; trialswerecarried outon-farm over
two years in three sub-counties in Soroti District in northeastern Uganda. An
introductory trialwasdoneinthefirst year.Thistrialattempted tointroduceto farmers
anumberof 'new' genotypes andfarmers wereaskedtocomparethesenew genotypes
withtheir own local varieties asthey would usually dowhen trying newvarieties.All
the necessary agronomic observations including postharvest tests and taste tests were
done.Inthe secondyear, anadaptivetrialwasconducted tocomparetheacceptednew
genotypes,now familiar tothe farmers, among each other andwith standards from the
newly released varieties. This on-farm trial was set up based on farmer-designed and
-managedresearch(cf. Witcombeetah, 1998;FrazelandCoe,2002).
MATERIALSANDMETHODS
Inthe first year, 144farmers compared 11farmer varieties (selected by farmers in an
on-stationevaluation (Abidin etah, 2002)from alargeregional germplasm collection)
and five breeders' cultivars from the Ugandan national institution, with farmers' own
varieties ('introductory trial'). In the second year, farmers compared the five farmer
varieties selectedwiththethreebreeder cultivarspreferred ('adaptive trial').
Triallocations
Fanner groups were chosen to conduct on-farm trials inthe following sub-counties of
the Soroti District: Abalang-Arapai, Abilaep-Serere and Dokolo-Gweri. The members
of these groups (both male and female) were innovative farmers, many of whom had
been involved in sweetpotato variety trials before. The trial sites were situated intwo
different agro-ecological zones (AEZs):Abalang-Arapai andDokolo-Gweri are inthe
North-central Farmbush Landwith sandy soilswhileAbilaep-Serere isintheNorthern
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Moist Farmlands (Wortmann and Eledu, 1999). The Abilaep-Serere site has more
rainfall thantheAbalang-Arapai and Dokolo-Gweri sites (Bakemaetah, 1994)where
longdryspellsfrequentlyoccur.
Plantingandharvestdates
The introductory on-farm trial was carried out in the second rainy season of the year
2000/2001. The crops wereplanted on 11th (Dokolo-Gweri), 18*(Abilaep-Serere), or
24th (Abalang-Arapai) September 2000.Harvest was done 5months after planting, on
11th (Dokolo-Gweri), 18th(Abilaep-Serere) or24th(Abalang-Arapai) February 2001.
Theadaptive on-farm trialwascarriedoutinthefirstrainy season oftheyear2001.
The crops were planted on 24th (Abalang-Arapai), 25th (Dokolo-Gweri), or 27th
(Abilaep-Serere) March 2001. Harvest was conducted 5months after planting, on 15th
(Dokolo-Gweri), 16th(Abalang-Arapai),or 17th(Abilaep-Serere) August2001.
Genotypesincludedinthe experiments
In the introductory trial, farmer varieties were Araka red (ERA129), Bale Acol
(ERA080), Ekampala (ERA196), Ejumula (ERA123), Etelepat (ERA066), Muyambi
(ERA167), Opong Bur B (ERA139), Osapat (ERA016), Osapat (ERA041), Osukut
(ERA185), and Purple (ERA083). The breeder cultivars were the newly released
Ugandan cultivars: NASPOT 1 (No. 52), NASPOT 2 (No. 178), NASPOT 5 (No.
316),NASPOT 6(No.324)(Mwangaetah,2003),andNo.93/29(apromisingclone).
Some fanners in Abilaep-Serere and Dokolo-Gweri were already familiar with the
nationally released cultivars, and selected those considered to be most promising at
their locations.For farmers inAbalang-Arapai theUgandan cultivars were completely
new sotheuse ofthe Ugandan cultivars intheir trials wasbased ontheknowledge of
farmers at the other two sites. In the adaptive trial, the farmer-selected varieties were
Ejumula (ERA123), Ekampala (ERA196), Etelepat (ERA066), Opong Bur B
(ERA139) and Osapat (ERA016). The breeder cultivars were NASPOT 1(No. 52),
NASPOT 5(No.316)andNASPOT6(No.324).
Replication and randomization
In the introductory trial, each participating farmer was randomly assigned a single
genotype,withthree farmers evaluating eachgenotype.Ineach sub-county 48 farmers
were involved intheassessment (144 farmers intotal).Cuttings ofonegenotype were
supplied to each farmer and farmers compared the genotype with a specific local
variety.Thetwoentrieswereplantedatthesametimeandgrown inadjacentplots.
In the adaptive trial, each participating farmer was randomly allocated a single
genotypeplus onenationallyreleased cultivar.Localvarietieswerenotincluded inthe
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adaptive trial. In every location, each farmer variety was allocated to three farmers
whereas a particular breeder cultivar was allocated to all participating farmers. The
cultivarNASPOT 1 was selectedby farmers atAbilaep-Serere,NASPOT 5atDokoloGweri and NASPOT 6 at Abalang-Arapai. In every sub-county, 15 farmers were
involved (45farmers intotal).
Datawereanalysed according toarandomizedcompleteblock design. Sub-counties
were considered as replicates within the overall assessment; within these replicates
genotypes investigatedwerereplicatedthrice.
Trial management
Prior to planting, farmer group leaders and some individual farms in each sub-county
were visited by the researcher, to agree on trial sites,the layout of the plots, and the
breedercultivarstobeincludedintheassessment.Farmerswereaskedtoplanttrialsin
their normal sweetpotato production fields and to use regular cultural practices,
includingnofertilizers orpesticides.
Planting materials for the introductory trial were from nurseries at the Arapai
Agricultural College (AAC) or the Serere Agricultural and Animal Production
ResearchInstitute(SAARI)inSorotiDistrict.Plantingmaterialsoffarmer varieties for
thistrial came from farmers' ownfields.Planting materials for the adaptive trial were
from nurseries at the AAC (in Soroti District) or the Namulonge Agricultural and
Animal Production Research Institute (NAARI) in Mpigi District. Clean planting
materials (free of pest damage and symptoms of diseases) were selected from the
nurseries.
Farmersplantedthreeapicalvinecuttingspermound.Mound spacingwasrecorded
at time of harvest. The diameter of each mound was about 30-60 cm andthe distance
betweenmounds alsodiffered per farmer resulting inplant arrangements ofcirca 60x
60cmto 80 x80cm.Eachplotconsistedof20mounds(60cuttings).
During the introductory trial, at Abalang-Arapai and Dokolo-Gweri, drought atthe
time of planting led to some failure of establishment. Gaps were promptly filled to
ensure a uniform stand. Gap-filling was not necessary at Abilaep-Serere. In the
adaptive trial, some gap-filling was needed in all sub-counties due to incidence of
sweetpotato virus diseases and drought (Abilaep-Serere) and millipedes (order:
Diplopoda)(Abalang-Arapai andDokolo-Gweri).
Evaluations by researchers and farmers were done (i) 2 weeks after planting for
gap-fillings, (ii) 6weeks after planting, and (iii) at harvest. In addition to the varietal
evaluation, individual interviews and group discussions were conducted in each subcountyforbothsetsofon-farm trials.
During farm walks, farmers visited each other's plots, either accompanied by the
73

Chapter5

researchers,orontheirown.Intheintroductory trial,sixweeksafter planting,visitsto
some farmers' fields at each site were organized by the senior author. Sixteen farmers
in each sub-county visited neighbours' farms to observe the performance of the
varieties.Formal farm walkswerenotorganized intheadaptivetrial,butfarmers were
requested tovisittheirneighbourstoassessvarietal performance.
Datacollection
Onthe agreed date,farmers harvested their cropandbroughttheproduce toameeting
area ateachlocation.Fortheintroductory trial,evaluationstooktwoworking daysbut
evaluation inthe adaptive trial could be finished in one day. Forthe introductory trial
yields of fresh storage roots, total number of roots, number of marketable roots, and
occurrence ofdiseases andpestswere assessed byresearchers and farmers. Yield data
were collected only for the experimental genotypes, not for the local check cultivars,
whichwereusedby farmers for theirown on-farm comparisons.Individual interviews
based on a standard checklist, andpeeling and slicing tests of storage roots were also
conducted. Farmers testedthetaste,andagroupdiscussion wasdoneto select thebest
testedvarieties.
For the adaptive trial, weight of fresh storage roots, total number of roots, and
number of marketable roots were determined by researchers and farmers for each
farm, and individual interviews and group discussions based on a standard checklist
were accomplished.
During the individual interviews, for both introductory and adaptive trials, each
farmer was questioned on agronomic details and market orientation. In the
introductory trial, the questions were specifically related to (i) comparison of the
performance of tested genotypes and local varieties during crop growth, (ii) his/her
opinion on yield performance of the tested genotype, (iii) plans to multiply the tested
genotype and future use. For the adaptive trial, farmers were questioned about (i)
familiarity with the Ugandan bred cultivars, and (ii) differences between farmer
variety and Ugandan cultivar, i.e., crop growth and performance of root yield, total
numbersofrootsandnumbersofmarketableroots.
In group discussions, at each location, 15 to 16 farmers representing each tested
genotype in the introductory trials (16 tested genotypes in total) and all replicates of
tested genotypes in the adaptive trial, enlightened their observations on the
performance oftheirvariety from planting till harvesting. Other farmers listenedtothe
discussion (introductory trial), contributing if they felt inclined to. The results from
groupdiscussionwerealtogetherrecordedbyresearchers.
Ease of peeling and slicing was evaluated using a 5-point ordinal scale 1= very
hard, 2=hard, 3= fair, 4 =easy, 5=very easy. Male and female farmers peeled and
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slicedafew storagerootsofeachtestedvariety selected.
Forthetastetests,afew female farmers ateachlocation steamed somestorageroots
of eachvariety. The names ofvarieties were not revealed to farmers in order to avoid
bias.Thesteamed storagerootswerecutintosmallpieces.Waterwasprovidedtoeach
participanttorinsethemouthbetweentastingvarieties.Maleandfemale adult farmers
as well as children participated in taste tests of the experimental varieties. Adult
participants scored the storage roots for sweetness, blandness, water content after
boiling (high or low),fibrousness(had fibres or no fibres), smell (good or bad), and
general remarks for the taste (good, fair, bad). Children only assessed a good or bad
taste of storageroots.Thechildren's evaluationswere conducted separately from, and
after the adults' assessment. Thirty children and 56 adults participated in the taste
assessment.
Predominant flesh and skin colour of fresh storage roots were rated using
sweetpotato descriptors (CIP, AVRDC,IBPGR, 1991),and steamed flesh colour was
ratedusingthescaleforrawflesh colour.
Dataprocessing
For the introductory trial, the genotype-by-environment interaction analysis was done
by ANOVA for fresh storage root yield (t ha-1), total number of storage roots per
farmer's plot, andnumber ofmarketable rootsper farmer's plot. Subsequently, af-test
was done to compare the means of the variables fresh storage root yield, number of
marketable and total number of storage roots for the selected and non-selected
varieties across and within the trial sites. A Chi-square test of the Friedman nonparametric ANOVA was done for variables generated from the post harvest activities
(ease of peeling and slicing; scoring the skin and flesh colour of storage roots, and
flesh colourafter steaming) andforthetaste assessment.
For the adaptive trial, firstly, the mean values for fresh storage roots,total number
ofrootsandnumber ofmarketable rootsfor each selectedvariety andreleased cultivar
were calculated. Secondly, significance of the mean deviation within and across
locationswastested.Allstatistical analysesmentioned aboveweredoneusing Genstat
(Genstat 5Committee, 1997).
The information from individual interviews including numbers of farmers giving
their perceptions (worse, same, or better) on the genotypes investigated during the
introductory andadaptivetrialswerecompiledacrosslocations.
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RESULTSANDDISCUSSION
Groupdiscussion
In the introductory trial, 108 farmers showed up at the harvest and discussed the
general performance of the 16 genotypes derived from the field observations,
postharvest assessment, and taste tests. The same five farmer varieties Ejumula
(ERA123), Ekampala (ERA196), Etelepat (ERA066), Opong Bur B (ERA167), and
Osapat (ERA016) were selected by farmers at each site but the ranking was different
(Table 1).
Farmers ineverylocation selectedonepreference breeder cultivarwhichresultedin
different cultivars in the three locations. Two out of three selected cultivars were
rankedamongthetop5attwosites(Table 1).
Theselectionbyfarmers ofthefivefarmer varietiesandthreenationalcultivarswas
based on the general observation of growth vigour, yielding capacity on the basis of
numbers of storage roots, number of marketable roots, susceptibility to pests,
perishability, tasteassessment,possibility for makingamukeke (dried, slicedproduct),
androotcharacteristicspreferred bymarkets.
In the adaptive trial, farmers in each sub-county also ranked varieties differently
(Table 2) and their ranking of the same variety had markedly changed over years
(Tables 1 and2).Inthisassessment, thepreference offarmers wasclearly revealed. In

Table 1.Five farmer varieties andthree Ugandan cultivars selected by farmers during
the introductory trial for further on-farm investigation and their ranking at AbalangArapai,Abilaep-Serere andDokolo-Gweri,SorotiDistrict,Uganda.
Abalang-Arapai Abilaep-Serere Dokolo-Gweri
Genotypes for further
investigation onfarm
(n=33)
(n=32)
(n=43)
Ranking
Ranking
Ranking
Farmervarieties
1
Osapat(ERAO16)
1
3
OpongBurB(ERA139)
2
2
4
3
5
Ekampala(ERA196)
5
4
Etelepat (ERA066)
6
6
4
Ejumula (ERA123)
5
1
Ugandan breedercultivars
NASPOT 1 (No.52)
3
NASPOT5(No.316)
2
NASPOT6(No.324)
6
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Table 2. Five farmer varieties and three Ugandan cultivars ranked by farmers during
the adaptive trial at Abalang-Arapai, Abilaep-Serere and Dokolo-Gweri, Soroti
District, Uganda (Number of farmers at each group discussion in each sub-county =
15;total=45).
Genotypesfor further
Abalang-Arapai Abilaep-Serere Dokolo-Gweri
investigation onfarm
Ranking
Ranking
Ranking
Farmervarieties
2
Osapat(ERA016)
2
5
1
2
3
OpongBurB(ERA139)
Ekampala(ERA196)
4
1
5
Etelepat (ERA066)
4
5
6
1
Ejumula (ERA123)
3
3
Ugandan breedercultivars
NASPOT 1 (No.52)
4
NASPOT5(No. 316)
6
NASPOT6(No.324)
6

Abalang-Arapai farmers werefamiliar withthemarginally growingconditions, sothey
selected the best variety suitable for poor soils and less damaged by soil pests. In
Abilaep-Serere, where subsistence farmers were living, the best variety was the one
with a high yield and a sweet taste, whereas in Dokolo-Gweri, farmers were strongly
oriented tothemarket sotheirpreference wasmuch affected bytheup-to-date market
force.
During the group discussions, farmers stated that they would not discard any
varieties eitherfrom thetwosetsoftrialsorfrom theirownlocalvarieties eventhough
someofthemdidnotperform wellduringtheassessments.
Individual interviews
Summarized results from the individual interviews comparing the 11farmer varieties,
5 breeder cultivars and the local varieties (introductory trial) or comparing the five
farmer varieties and breeder cultivars (adaptive trial) are presented in Tables 3and4.
In some cases, some local varieties had the same name as a few tested genotypes,but
farmers wereabletoconsistently discriminatethem.
During the introductory trial, farmers indicated that the farmer varieties showed an
above-ground growthpattern similartothe localvarieties.Themajority perceivedthat
theyieldperformance ofthe 11selected varieties wasbetterthanthat ofthelocal ones
but the yield of the breeder cultivars was rather poor compared to local varieties. In
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most cases, the 11 farmer varieties were preferred over local varieties, but local
varietieswereusuallypreferred overthebreedercultivars(Table3).
Inthe adaptive trial, farmersjudged that theyield performance of selected varieties
was higher than the breeder cultivars. This was not associated with differences in
damage by pests or diseases (Table 4). For pest incidence, farmers found in general
thatthe selectedvarieties andthebreeder cultivars suffered equally from pests.As for
diseases, three out of five selected varieties, had, according to farmers, less disease
incidence than the breeder cultivars; and the other two scored similar to the breeder
cultivars.

Table 3.Farmers' perceptions ofthe 16experimental varieties versus the local farmer
varieties.Information was recorded from the individual interviews ofthe introductory
trialcarried outinAbalang-Arapai,Abilaep-Serere, andDokolo-Gwerisub-countiesin
Soroti District, Uganda (number of farmers interviewed = 108;number offarmers per
genotype:betweenbracketsfollowing eachgenotype).
Genotype

Experimental varieties versus local farmer
varieties
Growth performance
Yield performance
Worse Same Better Worse Same Better

Farmervarieties
ArakaRed(ERA129)(9)
BaleAcol (ERA080)(9)
Ejumula (ERA123)(5)
Ekampala(ERA196)(9)
Etelepat (ERA066)(4)
Muyambi(ERA167)(4)
OpongBurB(ERA139)(9)
Osapat(ERA016)(6)
Osapat(ERA041)(7)
Osukut(ERA185)(8)
Purple (ERA083)(6)
Ugandan breedercultivars
No. 93/29(7)
NASPOT 1 (No.52)(7)
NASPOT2(No. 178)(7)
NASPOT 5(No.316)(4)
NASPOT 6(No.324)(7)
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Preferred
genertype
Local Tested

0
0
1
0
0
1
3
0
2
6
0

9
9
3
6
2
1
5
3
3
2
4

0
0
1
3
2
2
1
3
2
0
2

3
3
1
0
0
1
3
2
2
5
1

0
0
1
0
0
2
1
0
0
0
3

6
6
3
9
4
1
5
4
5
3
2

3
3
2
0
0
2
3
2
2
5
2

6
6
3
9
4
2
6
4
5
3
4

5
2
2
1
2

2
5
5
1
5

0
0
0
2
0

2
4
5
3
4

0
1
0
0
0

5
2
2
1
3

3
4
4
3
4

4
3
3
1
3
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Table 4. Individual perception onthe differences between the five selected genotypes
and three Ugandan cultivars as recorded for the adaptive trial. The information was
summarized from the three sub-counties of Abalang-Arapai, Abilaep-Serere and
Dokolo-Gweri in Soroti District, Uganda (number of farmers interviewed = 45;
numberoffarmerspergenotype,n=9).
Selected genotype versus> breeder cultivars
Selected
genotype

Ejumula
(ERA123)
Ekampala
(ERA196)
Etelepat
(ERA066)
OpongBurB
(ERA139)
Osapat
(ERA016)

Yield performance
Pestdamage
(including yieldrelatedtraits)
Worse Same Better Worse Same Less

Disease incidence
No Worse Same Less No
damage
disease
5
2
0
5
2

0

3

6

1

3

0

0

0

9

0

3

0

6

0

0

3

6

3

1

5

2

2

1

4

0

0

3

6

2

2

5

1

4

1

3

0

0

3

6

0

3

6

0

6

0

3

1

3

0

5

Postharvest assessment
No significant differences were recorded for ease of peeling and slicing, taste, water
content (wet textured) and fibres in the flesh of storage roots. However, the overall
scores of good taste and aroma showed significant differences among varieties,
primarily due to the presence of orange-coloured varieties (data not shown). The
orange (beta-carotene content) flesh colour of Ejumula (ERA123) (score = 8; CIP,
AVRDC, IBPGR, 1991) was quite stable across the sites and was still present after
cooking.
Children first ate all sweetpotato with bright orange-flesh colour such as Ejumula
(ERA123) and NASPOT 5, then they turned to the yellow and finally to the whitefleshed varieties. This could be an indication that most children were attracted by the
bright colour of storage root flesh. Adults rated the orange-flesh varieties differently
from thechildren.Forexample,only64%offarmers saidthatEjumula (ERA123)had
agoodsmellandonly 51% scoredthisvarietytohavegoodoveralltaste.
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Comparisons of selected versus non-selected experimental genotypes based on
freshyieldsandrootnumbers:resultsofintroductory trial
Table 5 presents mean fresh storage root yields, and storage root numbers, across
locations, for each cultivar in the introductory trials. A highly significant difference
between selected and non-selected genotypes was found for number of marketable
roots but not for fresh storage root yield and total number of storage roots. The
difference between the two groups was strongly influenced by the inclusion of the
poorlyperforming NASPOT5.
Table 6 presents detailed results of genotype performance within locations. In the
Abalang-Arapai sub-county, no significant differences were observed between
selectedandnon-selected genotypes for fresh storagerootyield,number ofmarketable
roots, or total number of storage roots. In the Abilaep-Serere sub-county, there were
significant differences between selected and non-selected genotypes in number of
marketable roots and total number of roots but not in fresh storage root yield. In the
Dokolo-Gweri sub-county, the number of marketable roots differed significantly but
theothertwotraitsdidnot.
Rootyieldsoffarmervarietiesandbreedercultivarsinadaptivetrial
Figure 1provides information on the fresh storage root yield (t ha-1) in each subcounty,Abalang-Arapai,Abilaep-Serere andDokolo-Gweri.
InAbalang-Arapai sub-county,themeanofrootyieldswasrelativehigh(10tha-1).
This yielding situation may have been supported by the optimum growing conditions
with adequate rainfall (155 mm per month) during the trial. In Abilaep-Serere subcounty,thetrialhadmanyfailed plotsduetodrought anddiseases(mainly sweetpotato
virus disease andAlternariastemblight)reportedby farmers. Themean ofroot yields
was 4 t ha-1 or below. In Dokolo-Gweri sub-county, the performance of individual
genotypes inthe farmers' plots was inconsistent. Dokolo-Gweri received rainfalls but
it was less than for Abalang-Arapai. Based on the observations across locations, the
average fresh storage root yields of the five selected farmer varieties were lower than
thoserecorded inthepreviousrainseason(introductorytrial).
From the investigation of the genotype-by-environment interactions, in the across
location analysis, the mean deviation of selected farmer varieties and Ugandan
cultivars showed that differences among the selected varieties werenot significant for
fresh storage root yields and total number of storage roots. Significant differences
were observed for the number of marketable storage roots. In the within-location
analysis, this mean deviation for fresh storage root yields and total number of storage
rootswas alsonot significantly different, but for numberofmarketable storage rootsit
was.
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Table 5. Across location comparisons of selected versus non-selected genotypes
(Abalang-Arapai, Abilaep-Serere and Dokolo-Gweri sub-counties in Soroti District,
Uganda).Datawerecollected from 108farms.
Genotype

Freshstorageroot
yield
(tha"1)

Numberof
marketable storage
roots

Totalnumberof
storageroots

Selectedgenotypes
Ejumula(ERA123)
Ekampala (ERA196)
Etelepat (ERA066)
OpongBurB(ERA139)
Osapat (ERA016)

15.3
17.8
18.8
19.7
12.7

49
33
47
56
36

115
117
112
102
81

NASPOT 1 (No.52)
NASPOT5(No. 316)
NASPOT 6(No.324)

9.4
1.1
13.5

45
6
44

Meanof selected
Non-selectedgenotypes
ArakaRed (ERA129)
BaleAcol (ERA080)
Muyambi(ERA167)
Osapat(ERA041)
Osukut(ERA185)
Purple (ERA083)

13.5

40

110
22
95
94

11.9
19.9
15.4
21.7
10.5
19.9

23
41
41
38
31
30

100
115
157
88
81
78

NASPOT 2(No. 178)
No.93/29

11.9
5.0

117
88

Meanof non-selected
Meanofselectedminus
non-selected genotypes

14.5

20
20
31

-1.0 ns

9.0*

-9.0 ns

103

T-test: P<0.05;nsnon significant.

Participatory trial methodology
The one farmer-one variety method developed by Witcombe et al. (1998) was
demonstrated tobeuseful for our set of on-farm trials.Each farmer intensely assessed
eachexperimentalgenotypeandharvestedthecropwithnotrouble.
A large number of farmers involved in our 'introductory' on-farm trials (n = 144)
could also correspond to a large plot size aswell asrecommended by Mutsaers etal.
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Table 6. Within location comparisons of selected versus non-selected genotypes
(Abalang-Arapai, Abilaep-Serere and Dokolo-Gweri sub-counties in Soroti District,
Uganda).
Abalang-Arapai
Dokolo-Gweri
Abilaep-Serere
sub-county
sub-county
sub-county
(#farms =32)
(#farms =43)
(#farms =33)
Freshstoragerootyield (tha~)
Meanselected
10.0
13.4
24.4
genotypes
Meannon-selected
8.6
10.1
20.0
genotypes
Meanofselected
minusnon-selected
1.4ns
4.4ns
3.3ns
genotypes
Numberofmarketableroots
Selectedgenotypes
23.0
51.0
63.0
Non-selected
14.0
41.0
30.0
genotypes
Meanofselected
minusnon-selected
9.0ns
22.0"
21.0"
genotypes
Totalnumberofroots
Selectedgenotypes
76.0
98.0
131.0
Non-selected
78.0
100.0
112.0
genotypes
Meanofselected
-14 ns
minusnon-selected
-2.0 ns
31.0*
genotypes
T-test: P<0.05; P<0.01;ns non significant.

(1997). This largenumber might have induced a large farm variation. Not all farmers
turned up at the end ofthe introductory trial (only 108farmers participated instead of
144)but 'no show' did not happen in the adaptive trial. This enthusiasm declined due
to having some inconvenient experiences with the previous on-farm research. Sthapit
etal.(1996)described the same decline in enthusiasm of farmers early inthe on-farm
research programme, but this reluctance declined as the farmers gained some benefits
from theprogramme. Intheadaptivetrial,farmers acknowledged somereimbursement
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Figure 1. Bar-graphs of fresh storage root yields (t ha"1) from the adaptive trial
conducted in Abalang-Arapai, Abilaep-Serere, and Dokolo-Gweri sub-counties in
Soroti District, northeastern Uganda. Each bar indicates the range between the
maximum and minimum values for root yields of each genotype. The dot found in
eachbar givesthe mean root yield of each genotype (n-farmer varietyper sub-county
=3;n-Ugandan cultivarper sub-county= 15).
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for their labourcostsasthishadallowedthemtoincreaseplantingmaterialsofdesired
varieties. This opportunity in obtaining the planting materials through the trial
programme might have solved their serious problem on the availability of planting
materialsatthebeginningofplantingseason(EwellandMutuura, 1994;Smit1997).
Inthe introductory trial, farmers found it difficult to select thebest farmer varieties
because they performed so similarly over the area, despite differences in soils. In
hindsight, this isreflected bytheminor differences between selected and non-selected
genotypes except for number of marketable roots (Table 5). Nevertheless, group
discussion decided to select five farmer varieties and oneUgandan cultivar for further
evaluation intheconsecutive on-farm adaptivetrial.According to farmers, five farmer
varieties were a number that made trials manageable and fitted to the real number of
members in every group of farmers in each location (average between 10 and 15
farmers).
In the introductory trial, both across and within locations, the precision of farmers
in evaluating the genotypes for the traits fresh storage root yield and total number of
roots was low but not so for the number of marketable roots (Tables 5 and 6). The
inaccurate selection by farmers may have been due to (i) the inclusion of the national
Ugandan cultivars among the selected genotypes; (ii) the eleven selected varieties by
farmers in the initial on-station trials (Abidin et ah, 2002) continued to show their
superior performance inon-farm trials;(iii)the agro-ecological range ofthethree sites
was relatively narrow (fitting to the description made by the Uganda Working Group
9A,Agricultural Policy Committee 1991) sothe genotype-by-environment interaction
for fresh storagerootyield didnotoccur(Table5).
Yield and quality were important criteria for farmers (Abidin et ah, 2002).
However, thepredominance ofmarket forces (Osukut type) was really crucial, aswas
a growing awareness by farmers ofpotential nutritional advantages of orange-fleshed
types (i.e., NASPOT 5 and Ejumula (ERA123)). There is a considerable current
interest inusing orange-fleshed sweetpotato varieties asameansofcombating vitamin
A deficiency (http://www.cipotato.org/VITA.htm; Hagenimana et al., 2001).
Furthermore, at the time ofthese trials, farmers were excited by reported high market
demand in Kenya for amukeke prepared from orange-flesh sweetpotato by local
newspapers and radio programmes. So, farmers were eager to have the two orangefleshed cultivarsintheircollection.
CONCLUDING REMARKS
During the farmer participatory research trials farmers demonstrated very capable
involvement in the work of varietal selection. This type of on-farm trials, combined
with an attitude towards learning and understanding from farmers and researchers
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provided new information for assessing the overall usefulness of new genotypes. It
could be worthwhile to identify locally well-adapted varieties from the often wide
range of already released varieties or from breeders' initial varietal trials. Such
participatory evaluation and selection of existing or released varieties has great
potential for identifying locally acceptable varieties quickly. This maybe useful atan
early stageinthevariety dissemination processormaycontributevaluable information
duringthevarietyreleaseprocess.
Theimplications ofouron-farm trials forthestructuring ofatestingprogramme are
probably worth noting. Weprobably over-did the on-farm testing component, andwe
could havejust done preliminary selection, with farmer participation on station, after
which a multiplication effort (by NGOs or the District Agricultural Offices) could
havedistributedplantingmaterialsto farmers.
Our work also provides a low-cost model for speeding up the rate of identification
anddistribution ofnewvarieties,whether landraces,ornewly-bred varieties.Thismay
give somevaluable contribution tothelocalNGOs,farmer associations,farmers' field
school (FFS), and seed multiplication agencies in order to develop their programmes
especially when the farmers are highly knowledgeable, willing to do some research
andhavingcapability inthevariety selection intheregion.
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CHAPTER 6
Adaptation and stability analysis of sweetpotato varieties for low
input systems in Uganda
PutriE.Abidin,FredA.vanEeuwijk, Piet Stam,PaulC.Struik,MarcosMalosetti,
RobertO.M.Mwanga,BensonOdongo,MichaelHermannandEdwardE.Carey

Abstract
Sixteen sweetpotato varieties were evaluated for fresh storage root yield in 20 trials during
2000-2001 for three seasons in four locations in Uganda. Of the sixteen varieties, 11 were
developedby farmers and five by acentralbreeding programme. The behaviour ofthe varieties
was quantified in terms of wide adaptation (genotypic mean across trials), specific adaptation
(genotypic predictions for specific locations) and stability (Shukla stability variance). With
respect to allthree aspects ofyield behaviour, farmer varieties performed on averagebetter than
the official varieties. Our results illustrate the potential that farmer varieties can have in the
improvement of sweetpotato in Uganda and other regions where high diversity of sweetpotato
landraces exists.
Key words: Farmer varieties, genotype-by-environment interaction,Ipomoea batatas, specific
adaptation, stability, sweetpotato,wide adaptation.
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INTRODUCTION
Sweetpotato is an important low-input crop for many places in Sub-Saharan Africa
(Ewelland Mutuura, 1994;Bashaasha etal, 1995;Kapinga etal, 1995;Tayo,2000).
Throughout the region, production of this crop is mainly based on large numbers of
landraces (Carey et al, 1998). Many of these varieties have been reported to be
relatively low yielding, narrowly adapted, and susceptible to diseases and pests
(Bashaasha etal, 1995).FormuchofSub-Saharan Africa, successful variety selection
efforts havereliedontheselection ofelitevarieties from existing farmers' sweetpotato
varieties. Examples include the varieties Mugande in Rwanda, SPN/O in Tanzania,
Kenya and Uganda, andNew Kawogo in Uganda (Ndamage et al., 1992; Mwanga et
al, 2001a).
The Ugandan national sweetpotato breeding programme develops improved
cultivars, and has released selected farmer varieties and bred cultivars following a
programme ofmulti-locationalandon-farm testing (Mwangaetal., 2001a;Mwangaet
al.,2003). Eleven cultivars have been released by the Ugandan National Agricultural
Research Organization to date (Mwanga et al., 2001a, 2003). However, there is
continued demand for new varieties to satisfy the needs of farmers for superior
varieties with wide adaptation to Ugandan conditions or specific adaptation to certain
productionregions.
Assessment ofwideandspecific adaptation andstabilityplayacentralrole inmany
breeding programmes. Also for sweetpotato these concepts seem essential for
describing theperformance of varieties across environments, as sweetpotato has been
shown to be very sensitive to environmental changes (Bacusmo et al., 1988;Carpena
etal.,1982;Janssens, 1984).Wideadaptation isgenerally ascribedtovarieties thatdo
wellover largeareas.Widely adaptedvarietieshaveahighmeanacrossenvironments.
A variety is said to have specific adaptation if it ranks among the highest yielders at
some locations,but not atothers.Inthedefinition of Shukla (1972), a stablevariety is
avariety ofwhichyieldvariesrelatively littlearoundtheaverageyieldfor thatvariety,
after correction for the average differences that will always exist between
environments. Bacusmo et al. (1988) and Manrique and Hermann (2002) employed
stability measures in the selection of superior sweetpotato varieties for traits like root
yield, total number of roots, beta-carotene content, and root dry and fresh matter.
Manrique and Hermann (2002) reported that none oftheir high-yielding cultivars had
satisfactory stability for total root yield and suggested the need for further study to
elucidate the nature of sweetpotato root-yield performance in response to varying
agro-ecological conditions.
Recent germplasm collection in five districts ofnortheastern Uganda identified 188
distinct genotypes (out of 206 accessions collected) that were grown by farmers
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(Abidin and Carey, 2001). Out of 160morphologically distinct genotypes which were
investigated ininitial on-station trialsin 1999/2000, 84genotypes yielded atleast 10.6
t ha-1 (Abidin etal, 2002).Eleven farmer-preferred varieties, outof the 84 genotypes
with superioryields,wereused for further on-farm andmulti-location on-stationtrials.
This study was conducted to identify superior cultivars as possible candidates for
release and/or parents for hybridization, one of the main sweetpotato breeding
activitiesinUganda(Hakizaetal., 2000;Mwangaetal., 2001b).
The main objective of the present research was to identify the genotypes, which
could have wide or specific adaptations in low-input agricultural systems in Uganda.
In addition, yield stability was investigated. Sinceyield isthe most important traitwe
confined ouranalysestofresh storagerootyieldofthegenotypes inthestudy.
MATERIALSANDMETHODS
Genotypesusedinthestudy
Eleven varieties selected by farmers from the germplasm landraces in northeastern
Uganda in 2000 (Abidin et al., 2002) plus four established Ugandan cultivars
(Mwanga etal., 2003) andonepromising clonewereinvestigated at four stationswith
atotal of20environments. Table 1liststhe genotypes used inthis study.All released
cultivars (NASPOT series) were selected from bulked seed generated from an openpollinated polycross nursery of24parents planted in 1991atNamulonge Agricultural
andAnimalProductionResearchInstitute(NAARI),Uganda (Mwangaetal., 2003).
Description oftrialsites
Trials were conducted at the Arapai Agricultural College (Arapai), at the Serere
Agricultural and Animal Production Research Institute (Serere) in Soroti District of
northeasternUganda,atNAARI(Namulonge) inMpigiDistrict ofcentralUganda,and
at the Kyera Farm Institute (upland) and a nearby farmer field (swamp), which was
under the management of the Kyera Farm Institute (Mbarara) in the Mbarara District
of southwestern Uganda. Trials were conducted on both upland and swampy soils at
each station. A soil-map of each research station was used to distinguish between
upland andswamp.
Thefour locations experience abimodalrainfall pattern (Musiitwa andKomutunga,
2001). Mbarara District has an average annual rainfall of 1200 mm, Mpigi District
1500mm, Soroti District between 1000to 1500 mm (Rwabwoogo, 1997).Within the
district of Soroti, based on the rain distribution pattern described by Bakema et al.
(1994), Serere has more rainfall than Arapai. In Arapai, long dry spells frequently
occur. The daily air temperatures at the trial locations varied from 25 to 30 °C
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Table 1. Sweetpotato genotypes evaluated in 20 environments at four locations and
threeseasonsinUganda in2000and2001.
Nameofcultivar
Code
Typeofgenotype
Arakared
ERA129
Farmervariety
BaleAcol
ERA080
Farmervariety
Ekampala
ERA196
Farmervariety
Ejumula
ERA123
Farmervariety
Etelepat
ERA066
Farmervariety
Muyambi
ERA167
Farmervariety
OpongBurB
ERA139
Farmervariety
Osapat
ERA016
Farmervariety
Osapat
ERA066
Farmervariety
ERA185
Osukut
Farmervariety
ERA083
Purple
Farmervariety
No.52
NASPOT1
Releasedvariety
NASPOT2
No. 178
Released variety
No.316
NASPOT5
Released variety
NASPOT6
No.324
Releasedvariety
No.93/29
Promisingclone

(Rwabwoogo, 1997).Meteorological datawere also collected from each location. The
dataonrainfall, maximum and minimum air temperatures wererecorded daily ateach
trial location in every planting season (Table 2). Soils were analysed, and latitude,
longitudeandaltitudewerealsodetermined.
Environmental setup
A total of 20 environmental conditions were used. These test environments were
derived from (i) 4 locations, (ii) two types of soil reclamation (i.e., swamp and
upland), and (iii) different planting seasons in the two or three consecutive rain
seasonsinyears2000and2001.
Tables 2and 3provide detailed information on the meteorological conditions, crop
rotationpractices,soiltextures andfertility ofeachtrial location.
Cropcultivation
InArapai and Serere,trials were repeated inthree consecutive rainy seasons: first and
second rain seasonsof2000andfirstrain season of2001. InNamulonge andMbarara,
trials wererepeated intwo consecutive rainy seasons: second rain season of2000and
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Table 2. Meteorological data across locations and planting seasons (rainfall, and
average maximum and minimum air temperatures recorded from trial locations Arapai
Agricultural College, Serere Research Institute, Namulonge Research Institute and
Kyera Farm Institute, Mbarara, Uganda).
Location
Firstrain season
Secondrain season
First rain season
2000
2000
2001
Max. Rain- Min. Max. Rain- Min. Max.
RainMin.
temp.
temp.
fall
fall
temp. temp.
fall
temp. temp.
(mm)
(mm)
(°C)
(°C)
(°C)
(°C)
(°C)
(°C) (mm)
30.5
16.4
Arapai
131.7
16.1
105.7
19.0 28.1
196.9
29.8
18.3
29.9
Serere
143.9
119.2
18.2 30.7
152.9
18.1
29.1
Namulonge
27.5
76.5
15.8 27.9
113.9
15.8
25.2
29.2
Mbarara
299.8
24.0 26.8
54.8

first rain season of 2001. Detailed information on the planting and harvesting dates is
given in Table 4.
No fertilizers, pesticides or irrigations were applied. Cropping rotations and fallows
prior to the trials were recorded atthe four locations (Table 3).
Sixty cuttings of each variety were planted on 20 mounds arranged in two-row
plots. Each mound had three vine cuttings. Each plot was made by marking an area of
8.4 m x 1.2 m, and two rows of 10 mounds were heaped within the plot using a hoe
according to the traditional farmers' practice in northeastern Uganda. Mounds were
roughly 30 cm high and 30 cm in diameter. All outside rows of the experimental plots
had boarder plants. A randomized complete block design with three replicates was
used. Gaps were promptly filled to ensure a uniform stand in each trial. Harvest was
done 4 months after planting.
Data collecting
At harvest, data on fresh storage root yield, the incidence of diseases (sweetpotato
virus disease and Alternaria stem blight) and pests, i.e., sweetpotato weevils (Cylas
spp.) and millipedes (order Diplopoda) were collected at each trial in every season.
The number of diseased plants per plot was counted. The results from both diseases
and pests were not statistically analysed because their variations were too low across
the test environments.
Statistical analyses
To comply with the assumption underlying analysis of variance, the square root of root
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Adaptation and stability analysis of sweetpotato varieties

Table 4: Planting and harvesting dates of each environment including its latitude,
longitude, altitude and abbreviation of multi-environmental trials done in Uganda in
the three consecutive rain seasons of years 2000 and 2001 (total number of
environments =20).
Firstrain season2000 Secondrainseason2000 Firstrainseason2001
Northeastern Uganda- Arapai
1°48'N;33°38'E; 1093m
1°47'N;33°38'E; 1093m
Swamp 1°47'N; 33°38'E;1093 m

Upland

planted on27May '00
harvested on27 Sept. '00
1°48'N; 33°38'E; 1134m
planted on 19May '00
harvested on 19Sept. '00

planted on 19Sept. '00
harvested on20Jan. '01
1°47'N;33°37'E; 1134m
planted on 19Sept. '00
harvested on20Jan. '01

planted on 3April '01
harvested on27July '01
1°47'N;33°37'E; 1134m
planted on25March '01
harvested on28July '01

NortheasternUganda- Serere
Swamp

Upland

1°32'N; 33°27'E; 1100m
planted on25May '00
harvested on25 Sept. '00
1°32'N; 33°27'E; 1100m
planted on26May '00
harvested on26 Sept. '00

1°32'N;33°27'E; 1100m
planted on25 Sept. '00
harvested on26thJan. '01
1°32'N;33°27'E; 1100m
planted on26Sept. '00
harvested on27Jan. '01

1°32'N; 33°27'E; 1100m
planted on24April '01
harvested on 14Aug. '01
1°32'N;33°27'E; 1100m
planted on2April '01
harvested on30July '01

CentralandsouthernUganda- Namulonge
Swamp

Nil

Upland

Nil

0°31'N;32°7'E; 1120m
planted on 8Dec. '00
harvested on 7April '01
0°30'N;32°39'E; 1125m
planted on 8Dec. '00
harvested on6April '01

0 o 31'N;32°37'E; 1120m
planted on7April '01
harvested on3August '01
0 o 31'N;32°37'E; 1120m
planted on7April '01
harvested on4August '01

Central andsouthernUganda- Mbarara
Swamp

Nil

Upland

Nil

0°39'S; 30°36'E; 1379m
planted on30 Sept. '00
harvested on4Feb. '01
0°39'S; 30°40'E; 1459m
plantedon30Sept. '00
harvested on 3Feb. '01

0°39'S; 30°36'E; 1379m
planted on30March '01
harvested on9August '01
0°39' S;30°40'E; 1459m
plantedon30March '01
harvested on8August '01

yield was analysed instead of root yield itself. Phenotypic variation was partitioned
into components due to genetic, environmental, and genotype-by-environment
interaction variation. Thevariance componentswere estimated byrestricted maximum
likelihood (REML)using Genstat (2002).Sincetherelativemagnitude ofthevariance
components was important, variance components were not back-transformed. To
investigate wide and specific adaptation, genotypic means across locations were
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calculated. Means were calculated on the square root scale,using models for which all
terms were random. For ease of interpretation, the genotypic means were backtransformed.
To help in the assessment of wide and specific adaptations, a multivariate scatter
plot, or biplot, of the genotype-by-location means was used. Such plots allow the
simultaneous display of genotypic responses for a number of environments. Similar to
a bivariate scatter plot, genotypic yields in specific environments can be obtained by
projecting genotypic points on environmental axes. The difference between bivariate
scatter plots and biplots, is mainly that the environmental axes in a biplot do not
necessarily intersect each other at a right angle, but more likely at an acute angle when
the correlation between the environments is positive and at an obtuse angle when the
correlation is negative. Detailed description of biplots for plant breeding data can be
found in Yan and Kang (2003).
Finally, for stability assessments, we followed Shukla (1972), giving each genotype
its own genotype-by-environment interaction variance. We estimated the Shukla
stability variances by REML from a mixed model with genotypes and environments
random, and interaction variance depending on genotype. The stability variances were
back-transformed for ease of interpretation.
RESULTS AND DISCUSSION
Optimal versus worst conditions from the target population of environments
Three types of target environments were defined, consistent with the Ugandan
sweetpotato breeding strategy described by Hakiza et al. (2000). Our target population
of environments was
. Warm and sub-humid where weevils (Cylas spp.) and drought are important.
Arapai and Serere locations represented this type of environments,
Warm and moist where viruses are most severe. This environment was represented
by Namulonge location; and
• Cool and moist southwestern highlands where Alternaria stem blight and low soil
fertility are major constraints. Mbarara location was selected for this type of
environment.
.

While conducting the trials, we observed that our experimental environments deviated
from the expected behaviour of our defined target environments in some respects.
First, the Serere and Arapai trials had sufficient rainfall without the usual dry period
whereas the Mbarara and Namulonge trials experienced drought. Second, problems
with weevils in Serere and Arapai, andAlternaria stem blight in Mbarara did not occur
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Table 5. Mean of fresh storage root yields (t ha -1 ) of the sweetpotato genotypes at four
locations (Arapai, Mbarara, Namulonge and Serere) in Uganda, averaged over two soil
types (swampy and upland) and two or three rain seasons inyears 2000 and 2001.
Arapai
Mbarara
Namulonge
Serere
Genotype
Farmer varieties
ERA016 (Osapat)
ERA041 (Osapat)
ERA066 (Etelepat)
ERA080 (Bale Acol)
ERA083 (Purple)
ERA123 (Ejumula)
ERA129 (Araka Red)
ERA139(OpongBurB)
ERA167 (Muyambi)
ERA185 (Osukut)*
ERA196 (Ekampala)
Ugandan cultivars
No. 178(NASPOT2)
No. 316(NASPOT5)
No. 324 (NASPOT 6)
No. 52 (NASPOT 1)
No. 93/29

7.4
6.5
7.8
7.3
8.3
6.7
7.7
7.7
9.0
6.3
7.7

10.6
9.2
9.1
10.1
7.9
8.7
9.7
9.6
10.2
7.8
8.6

12.9
13.3
11.6
12.9
13.0
11.0
11.9
8.8
11.1
10.8
9.6

18.7
18.2
21.7
20.6
20.3
15.5
22.6
14.2
16.3
18.7
19.7

6.3
1.4
5.1
4.2
4.1

8.2
3.8
9.0
10.9
8.3

8.3
4.0
11.9
11.3
9.2

16.7
2.3
15.3
14.2
12.1

The morphological characteristics ofthis genotype are distinctfromthe commercial Osukut
(Abidin,2001).

but were recorded in Namulonge. Third, soil fertility in Mbarara was not poor
compared to Arapai. Fourth, we could only reach the altitude of 1500 m above sea
level (asl), i.e., Mbarara location. This altitude was not typical of the highland
environment of Uganda (2000 m asl).
Tables 2 and 3 summarize the trial conditions. Soil analysis showed that
Namulonge and Serere had higher organic matter and nitrogen than Mbarara and
Arapai. The trials in Arapai could be indicated to have the poorest soil conditions.
Three out of four trials of Namulonge had some incidence of the sweetpotato virus
disease (SPVD) and occurred in one trial at Mbarara. Serere probably had the most
favourable conditions for growing sweetpotatoes. As seen in Table 5, the highest
average root yield was found here (16.7 t ha"1). In contrast, the lowest mean yields
occurred in Arapai (6.5 t ha~'). Apparently, severe stress occurred atthis location.
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Estimated variance components and genotype-by-environment (GxE) interaction
investigation
Table 6 provides information on the estimated variance components. The genotypic
main effect was important and was larger than the interaction terms containing the
genotypes (all kinds of GxE). This means that the GxE was relatively unimportant.
However, it should be noted that the sum of the GxE components is equal to the G
component, soGdoesnotclearlydominate.Thus,thereseemstoberoomfor breeding
for wideadaptation,whichmaybegoodnewsfor sweetpotatobreeders inUganda.To
understand the relative importance of wide adaptation in comparison to specific
adaptation, we also inspected the size of the genotype-by-location (GxL) interaction
variance.TheGxLvariancewasabout athird oftheGcomponent, solocal adaptation
seems to be relatively unimportant. The magnitude of the GxL term was about the
sameasthat ofthethree-way interaction genotype-by-location-by-season andthe fourway interaction genotype-by-location-by-season-by-soil. However, these last two
interactions are not very manipulable from a breeder's point of view, whereas GxL
interactions may be exploited by choosing those varieties that do best at a particular
location.
Soil analysis showed that the soil properties of swamp versus upland in our trials
were not consistent (Table 3).Variance components including soilwere small, except
for the four-way interaction genotype-by-location-by-season-by-soil component. The
latter may well represent trial error rather than variation directly related to soil type.
Therefore, we did not account for the swamp versus upland contrast in our GxE
analysis.

Table 6. Estimated variance components for the full random models (genotypes,
locations, soil types,and seasons) of fresh storage root yields from multi-environment
trials conducted in Uganda during in two or three consecutive rain seasons in years
2000and2001.
Randomterm
Component
Standarderror
0.0769
Genotype
0.1784
0.0273
Genotype *location
0.0662
0.0216
Genotype *season xlocation
0.0502
Genotype xseason xsoil
0.0111
0.0087
Genotype xlocation xsoil
0.0147
0.0065
Genotype xseason xlocation xsoil
0.0238
0.0733
0.0118
Error
0.2043
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The estimated error variance component was quite large, a not uncommon
observation for low-input systems.Possible reasons include irregular rainfall, drought,
poor soil conditions, pests and disease incidences, i.e., Alternaria stem blight,
sweetpotato virusdiseases(SPVD),sweetpotato weevils andmillipedes. Precautionary
measures were taken such as adjusting planting dates, gap-filling (once), and
weeding/field sanitation (twice).However, toreduce error variance,moretrials would
berequired.
Adaptability andstability ofexperimental genotypes
In order to identify stability and wide versus narrow adaptation of the experimental
genotypeswejointlyinspectTable5andFigures 1 and2.
First of allwe observe from Table 5that almost all genotypes increased their yield
under better environmental conditions. Remarkably, the farmer varieties as a group
outyielded the group of national varieties (NASPOTs) at all locations. At the poorest
of locations, Arapai, all farmer varieties are above,while allNASPOTs arebelow the
averageofthat location.Fortheotherlocationsthisrankingislessoutspoken,buthere
alsothemajority ofvarietieswithaboveaverage(local)yieldwerefarmervarieties.
Figure 1 showsascatterplotofstability,measuredbythe Shukla stability variance,
versusaveragefresh storagerootyields.Thescatterplotisdivided intofour quadrants
(I-IV) by the lines of average stability and yield. The centre of quadrant I represents
genotypes of high yield and low stability. Similarly, the quadrants II, III and IV
represent genotypes of low yield and low stability, low yield and high stability, and
high yield and high stability, respectively. NASPOTs are in quadrant II, indicating
both a lower than average stability and lower than average yield. Two of them are
either extremely low in yield (No. 316) or in stability (No. 52). The poor stability of
No. 52 is due to its very low yield at Arapai (Table 5). The remainder of the
NASPOTs arelocatedtowards thecentre ofthe scatterplot,but allthree ofthemyield
lessthanoratmostequaltothefarmer varieties.
Figure 1also shows that among the farmer varieties we find the highest yielding
andmoststablevarieties(locatedinquadrantIV).Forexample,ERA016andERA080
have the highest average yield and are very stable at the same time. These varieties
perform better than average at each individual location and canbe regarded aswidely
adapted.Thisisalsoconfirmed bythebiplotofFigure2(seebelow).
Next we ask ourselves to what extent we find specific adaptation among the tested
genotypes. To this end we inspect Figure 2, showing a genotype-by-location biplot of
fresh storage root yield. Inthisbiplot the (approximate) yield of aparticular genotype
inagiven location canbefound byperpendicularly projecting thegenotype's pointon
theline(arrow)ofthatlocation(theenvironmental axis).
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Figure 1.Scatter-plotofShuklastabilityvariance(y-axis)versusgenotypicmain effect
(x-axis;root yields (tha-1)). Filled circles arethe farmer varieties and open circles are
thebreeder cultivars.Thefour quadrants (I-IV)were separated bythe lines of average
stability andyield.
(13.93%)

Figure 2. Biplot of genotype by location means for fresh storage root yield. Squares
are the four trial locations (Arapai, Serere, Namulonge (abbreviated as Longe) and
Mbarara (abbreviated as Mbara)). Filled circles are the farmer varieties and open
circlesarethebreedercultivars.
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From Figure 2 we see that farmer varieties ERA080 and ERA016, which we
identified ashighyielding andstable,haveindeed aboveaverageyield atalllocations.
Examples of specific adaptation are farmer varieties ERA066 and ERA129 which
perform well at Serere and Arapai, but poor at Mbarara. Similarly, farmer variety
ERA041 and national cultivar No. 52 yielded relatively well at Mbarara (a poor
environment- cf.Aniku,2001),butnot soattheotherlocations.
Our analysis has revealed substantial differences among the genotypes investigated
withrespect to yield stability andwideversus specific adaptation. Wehave identified
at least two farmer varieties (ERA080 and ERA016) that are both stable and high
yielding. At least two farmer varieties (ERA066 and ERA129) were identified to be
specifically adapted to two environmental conditions. Remarkably, these growing
conditions represent thepoorest (Arapai) and the richest (Serere) of conditions in our
trials.
Anotherremarkableobservation isthatnoneofthevarietiesreleasedbythenational
Ugandanbreedingprogrammematchesthemostpromising farmer varieties eitherwith
respecttoyield stabilityorwithrespecttoyieldaveragedoverthetestenvironments.
In our trials we made observations on the incidence of sweetpotato virus disease
(SPVD), but this provided no clear indication that disease incidence affected yield
seriously. However, it is known that SPVD causes severe yield reduction in
susceptible cultivars (Harm, 1979;Gibson etal.,1998).When targeting areas wherea
high disease pressure is likely to be met, breeders should continue paying attention to
screen germplasm andpotential new cultivars under this condition. It should be noted
that the farmer varieties tested in our study had been selected from areas of low
disease pressure. Therefore, their level of SPVD resistance may be limited, and,
despite the findings inourtrials,theirperformance inhigh disease pressure areasmay
eventuallybedisappointing.
Implication offindings for sweetpotato breeding
The farmer varieties that we evaluated in this study had been selected from a large
germplasm collection by means of farmer participation in the initial evaluation of the
germplasm at Serere andArapai (Abidin etal.,2002).Our results indicate that inthis
way potentially useful cultivars may rapidly be identified: several of the farmer
varieties showed good average yield and stability, while others displayed specific
adaptation.Thewideadaptationwefound mayspecify thatfarmer varieties originating
from northern Uganda could also perform well in southern Uganda. As long as
potentially new cultivars have a required level of resistance to sweetpotato virus
disease andmeetthequality demands, itmaybepossible toselect forwide adaptation,
targetingnorthernandsouthernUgandaatthesametime.
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Aremarkable degree of coincidence between the farmers' selections at Arapai and
Serere(Abidin etal.,2002) couldbe anadditional indicator ofthe stability of selected
varieties.Thisresultisverygoodnewsforpredictingthefuture successof sweetpotato
breeding efforts both inthenearterm and long term in Sub-Saharan Africa. Therehas
beensomeconcernthatG><E interactionsmightmakesweetpotato improvement overly
difficult. However, our results reveal that it is possible to identify superior broadly
adapted genotypes capable of performing well over broad areas. Hence, the Ugandan
breeding programme, and partners throughout the region, if they correctly target
selection sites, should be able to efficiently breed for large areas of Sub-Saharan
Africa. This hypothesis needs to be further tested by international multi-locational
testing ofthe selected superior varieties from thiswork. Thework conducted here did
not cover the highland environment, and there may be other important environments
that would be distinct from the environments used here. However, previous
sweetpotato breeding work elsewhere, such as in China shows that single broadly
adapted cultivars can give rise to prominence over large geographic areas (Ma etal.,
1998). The current broad importance of cultivar 'Tanzania' (known as 'Osukut' in
northeastern Uganda) through much of Sub-Saharan Africa also bodes well for the
selection of broadly adapted sweetpotato cultivars by the Ugandan sweetpotato
breeding programme. The precise role of farmers in this process requires further
consideration, asdotheprospects for continued selection ofsuperiorvarieties from the
localgermplasm.
Apart from fresh storage root yield, other traits are to be considered when
nominating a farmer variety as potentially useful. For example, orange-fleshed
varieties are considered to be important in children's diets because oftheir high betacarotene content. For that reason the orange-fleshed variety ERA123 could be
considered asuseful despite its slightlybelow averageyield,which iscompensated for
byitsfairly goodstability(seeFigure 1).
Another example isthe farmer variety ERA139whichhadbelow average yieldand
around average stability (Figure 1). In on-farm evaluation farmers in Abalang subcounty (Soroti District) ranked itfirstbecause this variety grew well inpoor soilsand
was not much affected by sweetpotato weevils and millipedes. In addition to this
farmers' observation, wenoted that ERA139wasnot destroyed by aheavy hail storm
that occurred atthe Serere nursery inApril 2000,while the other 15genotypes inthe
study were severely damaged. So,these additional observations could be a reason to
retainERA139inafurther evaluationprogramme.
CONCLUSION
Among the eleven farmer varieties that had been selected with a farmer-participatory
100

Adaptation andstabilityanalysisofsweetpotatovarieties
approach we identified two varieties with broad adaptation to various agro-ecological
zones of northern and southern Uganda, whereas two others showed specific
adaptation to some of the growing conditions of our evaluation trials. This
demonstrates thattakingadvantage offarmers' knowledge andexperiencebymeansof
theparticipatory approach in apreliminary on-farm and on-station evaluation enables
a quick identification of promising genotypes in a germplasm collection, thus
contributingtoanimprovement ofsweetpotatobreeding inUganda.
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CHAPTER 7
Variance component estimates and allocation of resources for
breeding sweetpotato {Ipomoea batatas (L.)Lam.) under east
African conditions
Wolfgang J.Gruneberg,PutriE.Abidin,PhilipNdolo,CarlosA.Pereiraand
Michael Hermann

Abstract
In Africa average sweetpotato storage root yields are low and breeding is considered to be an
important factor in increasing production. The objectives of this study were to obtain further
variance component estimates for sweetpotato in this region of the world and then use these to
determine the efficiency of variety trials and breeding systems. From an incomplete series of
variety trials in Kenya and Uganda (comprising 15 genotypes, 5 locations and 3 seasons),
variance components were estimated - using the REML method - for the following traits:
storage root yield, biomass production, harvest index, storage root dry matter as well as the
Elston index (which was used to aggregate all previous four traits). The variance components
were significant for all traits, except the genotype x season interactions for storage root dry
matter. The efficiency of selection systems was determined for total test capacities of 450 and
900 plots, selection of 5genotypes and using not more than 5 locations. Two-stage selection is
15% to 80% more efficient than one-stage selection after two seasons of testing. Two-stage
selection was optimized under the restriction of using at least two locations at Step 1. For
storage root yield, the optimum was associated withtwo locations and one replication at Step 1
andfivelocations and onereplication at Step2. For index selection the optimum was associated
with two locations and one replication at Step 1and five locations and two replications at Step
2. In the case of storage root yield, two replications at Step 2 resulted in a decline in the
response to selection of only0.8%to3.2%.Inconclusion, for atest capacity of450to 900plots,
trials with two locations and one replication at Step 1and five locations and two replications at
Step 2 may be an appropriate system both for selecting for storage root yield and for
simultaneously selecting for storage root yield, biomass production, harvest index and storage
root dry matter content by using the Elston index. There are indications that such an allocation
of resources for breeding sweetpotato is also appropriate for other regions in Sub-Saharan
Africa.
Keywords: Sweetpotato (Ipomoeabatatas), variance component estimates, East Africa, GxE
interactions, index selection, allocation oftest capacity.
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INTRODUCTION
Sweetpotato is the second most important African root crop after cassava, and is
grown on approximately 0.5 x 106ha inEast Africa. However, the storage root yields
of sweetpotato in this area are (with an average of about 5.6 t ha~')the lowest of any
region of the world. The identification and development of new varieties are
considered to be an important way of increasing sweetpotato production and food
supply in East Africa, because farmers there have very limited opportunities with
regardtotheuseofagro-chemicals.
To improve the efficiency of variety testing and breeding systems, estimates of
variance components are required. Focus is usually placed upon yield, but estimates
concerning nutritional characteristics are informative, while those made for indices in
which several traits are combined, allow us to optimize variety testing and breeding
systemsforthemost importanttraits simultaneously. Therearefew reports ofvariance
component estimates being made for sweetpotato cultivation in Africa. Furthermore,
estimatesareoften basedondatafor asingleyearorgrowingseason.
One exception isthe study made byNgeve (1993), who reported the mean squares
due to genotypes (MSG), genotype x location interactions (MSGxL), genotype x year
interactions (MS GX Y) and genotype x location x year interactions (MSGXLXY) for two
series of sweetpotato trials in Cameroon (Central Africa). The corresponding ratios of
variance components calculated from theseMSvaluesfor aG :aGxL :aGxY :crGxLxY '•
o\ were 1:0.32 :0.06 :0.50 :1.33 inthefirstseriesoftrialsand 1:0 :0 :1.97 :3.34
in the second series of trials. The component oGxY was not significant in the first
series oftrialswhile aGxL and aGxY werenot significant inthe second series oftrials.
However, allremaining variance component estimates were significant. This indicates
that spatial variation can substitute for temporal variation in series ofvariety trials for
sweetpotato inthisregion oftheworld. However, in other crops andregions the aGxY
component isoften found tobesignificant acrossseveral seriesofvarietytrials (Hillet
al., 1998). The variance component aGxY is a critical term, because the effect this
component has on test efficiency can only be changed if tests are conducted across
years (Talbot, 1997). A large aGxY may require two years of testing to obtain both
sufficient test precision and response to selection. Nevertheless, negative as well as
non-significant variance components of aGxY must be expected in single-series of
varietytrials,duetothelargererrorassociatedwithvariancecomponentestimates.
Here we report variance component estimates from an international sweetpotato
trial in Sub-Saharan Africa. Data were restricted to only those locations which were
used across seasons (Kenya and Uganda in East Africa). No variance component
estimates had previously been reported for sweetpotato in East Africa. The variance
component estimates and corresponding lower bound confidence limits were used to
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determine the efficiency of sweetpotato trials when the breeder is aiming to improve
the trait storagerootyield or thetraits storage root yield, biomass production, harvest
index and storage root dry matter content simultaneously using the Elston index
(Elston, 1963).
MATERIALSANDMETHODS
An international sweetpotato trial wasconducted from 1999-2001in several countries
of Sub-Saharan Africa. However, only the trials in Kenya and Uganda could be used
for this study, as trials in all other locations were conducted over only one growing
season. It should be noted that sweetpotato (like many other crops grown in the
tropics) isoften growntwice within a 12-monthperiod andthatthebeginning andend
of a growing season can be in different years. Therefore, wepropose to use the term
season (S) instead of the term year when considering sweetpotato variety trials.
Moreover, sweetpotato growth isindeterminate and crop duration within a season can
varydepending onthefarmer's needsandpreferences.
Intotal 15genotypesweregrownat3locations:(1)Kabete(Kenya,01°15'S,36°15
E, 1820 m a.s.l., 2 growing seasons: December 1999 - June 2000 and April 1999 November 2000),(2)Kakamega(Kenya, 00°16'N, 34°45'E, 1585ma.s.l, 3growing
seasons: December 1999 - June 2000, May 2000 - November 2000 and November
2000 - May 2001) and (3) Serere (Uganda, 01°32' N, 33°27' E, 1100 m a.s.l, 2
growing seasons: August 2000 - January 2001 and April 2001 - August 2001). At
Kabete and Kakamega both a short-duration crop (harvested 4 months after planting)
and a long-duration crop (harvested 6 months after planting) were planted. The
treatments (short-duration and long-duration crop) were applied to spatially separate
experiments and therefore considered as different environments. At Serere, harvests
were conducted 147days after planting inthe first season and 115days after planting
inthesecond season.
A randomized block design, comprising three replications, was used at each
experiment. Plot sizewas 14.4m2atKabete and 18m2atKakamega and Serere.Total
storage root yield (TYLD),total storage root dry matter yield (TDYLD) and biomass
production (BIOM)wererecorded intha-1,whileharvest index(HI=TYLD/BIOM)
and storage root dry matter content (DM = TDYLD / TYLD) were recorded as
percentages. For four traits, namely TYLD, BIOM, HI and DM, the observed values
Xj(j =1,...,4)werestandardizedusing
. _ Xj - Xj

(where x} is the mean and Sj the standard deviation across genotypes for each
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experimental block) in order to calculate the Elston index (Elston, 1963). The index
was calculated using the formula

'=ri(*;-*,)
(where kf isthe lowest observed value in eachblock for trait j ). The data from each
location (L)wereclassified intothreegrowing seasons(S):Kabete 1 andKabete 2(SI
and S2), Kakamega 1and Kakamega 2 (SI, S2 and S3) and Serere (S2 and S3).The
analysis of variance was carried out using SAS6.12 (SAS Institute Inc., 1988, SAS
Institute Inc., 1997),more specifically usingtheprocedure PROCMIXED,theREML
method(Patterson, 1997)andtheModelstatement
X=BL(L,S)+G+L+S+L x S +G x L +G x S + G x L x S .
Theestimated variance components andatotal test capacity of450and900plotswere
used to determine and improve allocation ofresources onthebasis ofthe formula for
theresponsetoselection for clonesandhomozygous lines(WrickeandWeber, 1986).
Thebasicequationfor theexpected selectionresponseisthewellknownequation
R=h2S,
where, R is the expected response, h2 is the heritability of the trait, and S is the
selection differential.
Fortheexperimental setupusedinourtrialstheheritabilityreads
2

hz =
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inwhichs,Iandrarethenumberofseasons,locations andreplicates,respectively.
The selection differential, S, can be expressed in the proportion of the population
that is selected and can be obtained from the Gaussian probability density function
(see, e.g., Wricke and Weber, 1986). We expressed R in units genotypic standard
deviation(<r0).
Thus, for a given total test capacity of / x s x r plots, a given allocation (actual
values of /, s and r), and a given selection intensity, the expected selection response
wascalculated usingtheestimatesofthedifferent variancecomponents.
In two-stage selection a certain proportion of the population is selected after the
first evaluation (season), which then istested in a second season, after which again a
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certain proportion is selected. Calculation of the total expected response after two
stages runs along the same lines as for one-stage selection, now using the appropriate
variance components for the two successive seasons. For calculation of the optimal
scenario (with or without restrictions on the number of locations or replicates) in the
two-stageselectionweusedaself-written computerprogramme.
Wecalculated expected responses for the selection ofthetopfivegenotypes, either
inoneortwosteps,from aninitialpopulationofvariablesize.
The following restrictions were applied to all resource allocation scenarios: a
maximum offivelocations,amaximum ofthreereplications perlocation, andtheuse
of common locations at Step 1 and 2 in the two-stage selection system. Using the
variance component estimatesmadefor storagerootyield,aswellastheElstonindex,
the efficiency of one-stage selection after two seasons of testing was compared with
that of an optimized two-stage selection. Emphasis was placed upon the use of an
optimized two-stage selection system involving at least two locations at the first
selection Step, because we strongly oppose trials which are conducted at only one
location. Moreover, the efficiency of practical interesting alternatives to the obtained
optimal allocation was considered, in order to allow practical recommendations to be
made.
RESULTSANDDISCUSSION
The estimated variance components were found to be significant for all traits, except
for the component a2GxS for storage root dry matter content (Table 1). The lower
bound confidence limit was usually considerably greater than zero. Owing to the
magnitude of aG animprovement canbemadeinall sweetpotato traitsconsidered.Of
thevariancecomponents a\ ismostoften thelargestone;however,asindicatedabove
in the equation for heritability, with regard to test precision this term is reduced by a
factor obtained by multiplying the number of locations, test seasons and replications
(Talbot, 1997).
Withregard to storage root yield, biomass production andthe indexthegenotypex
environment interactions (aGxL + a2GxS+ oGxLxS) were considerably larger than aG,
whereas for harvest index and storage root dry matter content the genotype x
environment interactions were considerably smallerthan aG. For alltraits <?GxLxS was
the largest component of genotype x environment interactions. This observation is
consistent with the variance component estimates reported for many other crops and
regions(Hillefa/., 1998).
In the case of storage root yield, storage root dry matter and the index, <r^swas
smallerthan aGxL sothat, for thesetraits,spatial variation oftest environments canbe
substituted for temporal variation of test environments. Only for biomass production
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Table 1. Variance component estimates for sweetpotato, for storage root yield,
biomass, harvest index, storage root dry matter and the Elston index (aggregating all
previousfour traits)from trialsconducted inKenya andUganda (1999to2001);Rel.=
relative magnitudes (in brackets); CLib = lower bound 95% confidence limits of
variancecomponents.
Trait
Storageroot Estimate
yield
Rel.
2
(t'ha- )
CLib
Rel. CL,b
Estimate
Biomass
production Rel.
(t2ha"2)
CLib
Rel. CLib
Harvest
Estimate
index
Rel.
(%2)
Rootdry
matter
(%2)
Elston
index

CLib
Rel. CLib
Estimate
Rel.
CLib
Rel.CLib
Estimate
Rel.
CLib
Rel. CLib

*2a
13.19*
(1)
4.61
(1)
82.88*
(1)
35.92

0)
113.84*
(1)
58.35
(1)
9.34*
(1)
4.90
(1)
30.46*
(1)
13.42
(1)

_2
C,xL

a

19.24*
(1.46)
10.33
(2.24)
11.01*
(0.13)
2.05
(0.06)
6.14*
(0.05)
1.49
(0.03)
0.39*
(0.04)
0.10
(0.02)
11.37*
(0.37)
3.17
(0.24)

_2
&GXS

12.63*
(0.96)
5.86
(1.27)
60.40*
(0.73)
30.25
(0.84)
10.31*
(0.09)
3.68
(0.06)
0.00
(0.00)
0.00
(0.00)
2.86*
(0.09)
0.34
(0.03)

2
GxLxS

°\

24.16*
(1.83)
15.54
(3.37)
82.84*
(0.99)
51.87
(1.44)
24.34*
(0.21)
13.03
(0.22)
1.39*
(0.15)
0.75
(0.16)
42.53*
(1.40)
23.65
(1.76)

34.57*
(2.62)
29.87
(6.48)
131.56*
(1.59)
113.67
(3.17)
86.82*
(0.76)
74.99
(1.29)
5.92*
(0.63)
5.12
(1.04)
117.47*
(3.87)
100.56
(7.49)

a

Significant at5%level.

was aGxS clearly larger than crGxL,though the genotype x environment interactions
+
°Gxix.s w e r e s t u l larger than crGxS.Nevertheless, owing to the magnitude of
'GxL
.2
aG and aGxS, the heritability for biomass in one season of testing cannot be much
greater than 0.5, even when the experiment is very large. However, the ratios of
variance components obtained here indicate that a two-stage selection system should
besuperiortoone-stageselectionafter twoseasonsoftesting.
Modelcalculationsmadeusingtheratioofvariancecomponentestimates(Table 1),
aswell astheratioofthe lowerbound confidence limits ofthese estimates (resultsnot
presented), show that a two-stage selection system is between 15% and 80% more
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efficient than a one-stage selection system after two seasons of testing (Table 2).
Furthermore,itwasobservedtobetrue forthestoragerootyieldtraitandfortheindex
(aggregating storage root yield, biomass, harvest index and storage root dry matter
content), for a test capacity of both 450 and 900 plots, as well as if the variance
component ratios (oG : aG^L : aGxS : <JGXL><S : <J2E) of 1 : 1.46 : 0.96 : 1.83 : 2.62
(category 'A' (storagerootyield)inTable2), 1:0.37 :0.09 :1.40 :3.87(category 'B'
(Elston index) in Table 2) or if the corresponding ratios of lower bound confidence
limits (results not presented) were used. Hence, a two-stage selection system may be
generally moreefficient than aone-stage selection system after two seasonsoftesting
insweetpotatotrials.
The highest response inthetwo-stage selection system without using two locations
at Step 1("No" in Table 2) - theoretically the optimal test capacity allocation -was
always associated with one location and onereplication at selection Step 1.However,
the value of conducting tests at one location without replication may be disputable thoughwedonot disputethevalue ofunreplicated field trials,sinceefficient methods
forcontrolling soilvariationinunreplicatedtrialsareavailable(KemptonandGleeson,
1997). We feel that recommending the use of one location is not acceptable from a
practical perspective because of the risk that theplant material at one location is lost
(e.g., due to bad weather conditions). For this reason, optimization was conducted
undertherestrictionthat aminimum oftwolocationswereusedateachselection stage
("Loc = 2" in Table 2). Under this restriction the highest response to selection and
optimal allocation was associated with two locations and one replication for storage
root yield and index selection at selection Step 1 and with five locations and one
replication for yield at selection Step 2. By contrast, the optimal allocation for index
selection was associated with five locations and two replications at selection Step 2.
This optimum should be considered tobe anoperational optimum as (in contrast with
the theoretical optimum which is associated with one location at selection Step 1) it
avoidstheneedtoconductriskyfieldexperiments.
Atthe operational optimumthedifferences between thenumberoftested genotypes
at each selection step with regard to yield and index selection are smaller than the
differences between the number oftested genotypes at each selection step obtained at
the theoretical optimum, However, these differences were still considerable. It is not
possible to conduct optimized field trials for different traits within the same
experiment and breeders need guidelines how they should allocate resources. For this
reason (aswell asto avoid thepsychological barrier which discourages breeders from
conductingunreplicated trials)itwasdecidedtotestthesmallersubsetofgenotypesat
selection Step 2 in two replications, which is the operational optimum for selection
based onthe index. Thisresulted inadecline inthe expected response to selection for
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Table 2. Response to selection for storage root yield in sweetpotato, and response to
selection based on the Elston index (which aggregates storage root yield, biomass
production, harvest index and root dry matter content); TCAP = total test capacity in
plots; V. Ratio = Variance component ratios of aa : a2GxL : a,
1 : 1.46 :0.96 : 1.83 :2.62 for yield and B) 1 :0.37 :0.09 : 1.40 :3.87 for the Elston
index, TGJ: number of genotypes tested in season i; LOQ: number of locations in
season /; REP; :number of replications in season i; R: response to selection; Standard:
one stage selection after two seasons of testing; No: no restriction on number of
replicates in two-stage selection; Loc = 2: two locations at first step in two-stage
selection; Suggested: suggested allocation with two locations at first step in two-stage

A)

selection.
Trait TCAP V. Ratio Restriction
TGi TG 2
Yield 450
A
Standard 1
15
Standard 2
22
Standard 3
45
No
290
Loc = 2
170
Suggested
150
15
Index
B
Standard 1
Standard2*
22
Standard 3
45
No
270
Loc = 2
140
Suggested
150
Yield 900
Standard 1
30
Standard 2
45
Standard 3
90
No
610
Loc = 2
370
Suggested
320
Index
Standard 1
30
B
Standard 2
45
90
Standard 3
No
470
Loc = 2
300
Suggested
320
Totaltestcapacity440plots.
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LOC, LOC 2 REP t
15 5
5
22 5
5
45 5
5
32
1
5
22 2
5
5
15 2
15 5
5
22 5
5
45 5
5
36 1
5
17 2
5
15 2
5
30 5
5
45 5
5
90 5
5
58 1
5
32 2
5
26 2
5
30 5
5
45 5
5
90 5
5
43
1
5
30 2
5
26 2
5

REP 2
3
2
1
1
1
1
3
2
1
1
1
1
3
2
1
1
1
1
3
2
1
1
1
1

R
3
2
1
1
1
2
3
2
1
1
2
2
3
2
1
1
1
2
3
2
1
2
2
2

0.763
0.919
1.145
1.381
1.354
1.322
0.926
1.101
1.329
1.588
1.563
1.558
1.049
1.180
1.356
1.553
1.534
1.526
1.272
1.414
1.573
1.819
1.812
1.810
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storage root yield of 3.3% and 0.8% at a test capacity of 450 and 900 plots,
respectively. This decline in the response to selection is small, and under the
restriction that the trial should be conducted with two replications at selection Step2,
thedifferences inthenumberoftested genotypes between storage rootyield and index
selection are negligible at each selection step (Suggested in Table 2).The same result
wasobservedusingfor a\ :a2GxL : (T2GXS : <7GxLxS : a\ theratios 1 :2.24 :127:3.37:
6.48 for storage root yield and 1:0.24 :0.03 : 1.76: 7.49 for index selection (results
not presented). These ratios correspond to the ratios of the lower bound confidence
limits of estimated variance components (Table 1). These results reinforce our
conclusionthatwithin atest capacity of450to900plotsandusingamaximumof five
locations, an appropriate allocation for sweetpotato testing isthe use oftwo locations
and one replication at selection Step 1 and five locations and two replications at
selection Step 2. Such an allocation allows efficient single-trait improvement of
storage root yield aswell asefficient simultaneous improvement of storage root yield,
biomass, harvest index and storage root dry matter using the Elston index. This
recommended allocation is associated with the use of about 1/3 of the total test
capacity for the number of genotypes at selection Step 1andtesting about 10%ofthe
total number of genotypes at selection Step 2. It should be noted that the variance
component ratio of 1 : 0.37 : 0.09 : 1.40 : 3.87 (for category 'B' (Elston index) in
Table 2) is not considerably different (except for the error term) from the ratio
1 : 0.32 :0.06 : 0.50 : 1.33 obtained by Ngeve (1993) in this author's first series of
trials. Hence, the allocation recommended here for sweetpotato trials in East Africa
maybealsoappropriate for sweetpotato trialsinCentral Africa.
We want to emphasize that index selection is considered to be the more efficient,
when compared with the selection of single traits at different selection steps (Baker,
1986), although this has not been shown after several generations of selection. The
practical advantage of the index used here is that the Elston index requires no
estimates ofthegenetic variances andco-variancesfor thetraits considered. Therefore
this index might enable breeders to increase multi-trait selection efficiency without
information of the genetic co-variances in the breeding material, which are often not
availableinpractice.
A major limitation of this study is that only a single series of variety trials were
used. Variance component estimates not only have large errors associated with them,
they also depend on the genotypes and environments used. However, very different
ratios of variance components were used in this study. Moreover, the differences
between our results and those obtained byNgeve (1993) are not too large. Hence,we
expect that moreprecise estimates ofvariance componentswillnotbeout oftherange
considered in this study. It is expected that the following two conclusions will be
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consistent over time: (i) in sweetpotato a two-stage selection system is superior to a
one-stage selection system after two seasonsoftesting (ii) anappropriate allocationof
resources insweetpotato testing entailstheuseoftwolocations with onereplication at
selection Step 1 and five locations with two replications at selection Step 2.
Nevertheless, if the total number of plots is considerably smaller than 450 or
considerably greater than 900, and especially if the maximum number of locations is
increased, the allocation recommended here might not be appropriate. For example, it
has to be expected that with a larger maximum number of locations and without an
increase in the total test capacity, the optimum will clearly change (becoming one
replication at selection Step 2). At the same time, if two replications are used at
selection Step 2, it is clear that there will be a larger decline in the response to
selectionbasedonstoragerootyield.
In conclusion, a significant genotype x season interactions has to be expected in
sweetpotato trials in Sub-Saharan Africa. These interactions are not large enough so
that two-stage selection trials are recommended instead of one-stage selection trials
after two seasons of testing. If the total test capacity is neither considerably smaller
than 450 plots nor considerable larger than 950plots, an appropriate allocation is the
use oftwo locations and onereplication at selection Step 1 and five locations andtwo
replications at selection Step 2. This is true both for selection based on storage root
yield andfor asimultaneous selectionbased onstoragerootyield,biomass production,
harvestindexandstoragerootdrymatterusingtheElstonindex.
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General discussion

Summaryofresults
Thisthesis describes some observations that arehighly relevant tothe development of
farmer-participatory sweetpotato breeding for northeastern Uganda. These highlights
are
• Farmershavedemonstratedvaluableknowledgeontheirvarieties.
• Farmer varieties grown in northeastern Uganda represent a highly diverse
germplasm.
• Farmers are able to select superior varieties for cultivation under their local
conditions, i.e., a low input agricultural system with erratic seasonal variation in
growingconditions.
• Farmers are,inaqualitative sense,awareofgenotype-by-environment interaction.
• The majority of the tested varieties, selected by farmers from a germplasm
collection, showed stable performance and yielded well, averaged over locations,
soiltypesandseasons.
Theapproachthatwastakeninthisresearchincludedthefollowing steps:
• Collectionofgermplasm.
• Assessment ofmorphological variationinthegermplasmcollection(landraces).
• Drawing up an inventory of farmers' knowledge on the varieties they grow (both
landraces andcultivarsreleasedbytheUgandan sweetpotatobreedingprogramme).
• Preliminary selection by farmers of superior varieties from a large collection of
landraces.
. Evaluation ofthe farmer-selected varieties in multi-location on-farm and on-station
trialsinseveralseasons.
• In addition, variance components in variety trials were quantified based on a
separatedataset.
In the initial on-station and on-farm assessment a number of agronomic traits,
including tuber yield, were recorded by researchers, so that we were able to compare
yield capacity of landraces with the farmers' ranking based on their criteria and
preferences.
Byfollowing this approach we aimed at answering the question to what extent and
in which way farmers' knowledge could become a valuable ingredient to sweetpotato
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improvement innortheastern Uganda.
Methodological issues
While carrying out the research a number of potential weaknesses concerning the
methodology were faced. These have been underlined and discussed in the previous
chaptersundertherelevant research activity. Sincetheyareofageneralnature andas
such apply to farmer-participatory plant breeding in a broad sense, we briefly
summarizethem.
Germplasm collection
Germplasm can be collected in several ways. Brown et al.(1995), Pain et al. (1995)
and Huaman et al. (1995) used a collection strategy based on a single visit to every
farmer's field in the target area. We have used an alternative method of communally
collecting germplasm by means of participatory rural appraisal (PRA, Chapter 2).
Withthismethod thecollection activities areconcentrated in several central collection
points. Comparing the single-visit strategy with PRA it istobe expected that the first
will result in abetter coverage of the available gene pool. The necessity of gene pool
coverage, however, depends on the objectives of the collection. If the goal is to
establish a collection for conservation of genetic resources to be used for future
breedingbycrossing,agoodcoverageofthetotalgeneticdiversityispreferred. Sucha
collectionmaycontaingenotypesthat areoflittleinteresttothemajority offarmers. In
ourcase,however,thegoalwastoobtainacollection tobeused inafarmers' selection
programme.Forthatpurpose aPRA-based collection ispreferable since itmakes little
sense to include genotypes that are not recognized by most farmers as being
potentially useful.
Farmers'knowledgeandfarmerparticipation
In northeastern Uganda, sweetpotato is an important staple crop and is gaining
importance as a cash crop (Bakema et al, 1994; SDPP, 1994; Scott et al., 1999). In
view of the status of the crop it is in the farmers' interest to gain and maintain
knowledge on all aspects of cultivating and selecting newly introduced varieties,
paying attention to their preferences and local conditions (Chapter 2). Thus, over the
course oftime, farmers have extensively examined their varieties.Thistradition could
obviously strengthen the knowledge of farmers about their sweetpotato varieties.
Therefore, in this region, the level of farmers' knowledge is such that farmer
participation can easily be applied in collecting landraces, in preliminary variety
selection and in carrying out on-farm trials. A high level of farmers' knowledge is a
prerequisite for successful farmer participation. If this condition is not met, farmer
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participation should be applied with extreme caution. This isthe case in southwestern
Uganda, as well as a number of districts in central and northwestern Uganda, where
farmers havelost interestin sweetpotatobecause othercropshavebecomepreferred in
recentyears(Low, 1997;Bashaasha etal, 1995).Farmers' knowledge aboutcropsand
their cultivars varies with the intensity of cultivation, which should be recognized
whenplanningfarmer participatorybreedingand/or selection.
Assessmentofgeneticdiversity
We have used morphological descriptors to assess diversity in our germplasm
collection of sweetpotato. The morphology-derived measure of similarity revealed a
highdegreeofdiversity inthegermplasmfrom northeastern Uganda.Inorderto verify
whether the diversity measured by morphology reflects the total genetic diversity in
the collection, a technique such as DNA fingerprinting should be used. In cultivated
crop species morphology-based similarities are not always fully confirmed by
similarities based on DNA markers, but on the other hand clusters of genotypes that
represent different morphological groups are usually well separated on the basis of
DNA similarity. Thus, although DNA fingerprinting would have resulted in a more
complete picture, the morphological variation alone in our collection indicates ahigh
genetic diversity.
Selection ofvarietiesforfurthertesting
The aim of selection of varieties from a large collection of landraces, described in
Chapter 4, was to arrive at a manageable number of varieties for their evaluation in
multi-location trials.This selection ofpotentially superior varietieswas donebasedon
datacollected onlyinoneyearandtwolocations.Thismayhavebeen atoolimitedset
up since seasonal variation in growing conditions may alter the rank order of
genotypes (genotype-by-environment interaction). However (results from Chapter 7),
using estimated variance components to optimize resource allocation in sweetpotato
breeding indicated that observations in a single season at two locations would be
sufficient for East African conditions. Thus, the size of our initial assessment trials
complieswiththis recommendation.
In this selection farmers participated by means of group discussions to arrive at a
final decision. For the purpose of this study the limited number of finally selected
varieties (11)turned outtobe satisfactory. However, for thepurpose of a sweetpotato
breeding programme we recommend that more varieties be included in the initially
selected set,thusavoidingatoo stringent selection intheearlyphase ofthemulti-year,
multi-location testingandselectioncycles.

115

Chapter8
Group discussion andindividualopinions
In our research a group discussion was often used to make a decision. We have
observedthat,based ontheir experience, farmers areableto identify superior varieties
and that individual opinions did not widely vary. Consequently, an 'average' opinion
of individual farmers will not be at variance with the outcome of a consensus group
discussion. Yet, the common opinion obtained in a group discussion might be more
valuable than an average of individual opinions, because a group discussion, whether
ornot observed by the researcher, is likely tobe dominated by those farmers who are
most experienced in cultivating the crop and are most familiar with its varietal
differences.
On-farm trialsafterpreliminaryselection
As stated in the concluding remarks of Chapter 5, we probably over-did the on-farm
testing component, and we could have just done preliminary selection with farmer
participation on-station, after which a multiplication effort (by NGOs or the district
agricultural offices) could havegenerated planting material for future testing inmultilocation, multi-season trials. Onthe other hand, an advantage of on-farm trials in this
phase is that it enables a focus on farmer acceptance of varieties, alongside with
multiplication efforts.
Multi-location trials
This set of trials revealed the performance of farmers' selected varieties and thus the
farmers' ability to recognize superior varieties during the initial assessment. Stability
ofvarieties wasmeasured aswell astheir yield, averaged over the four locations with
two soil types and two or three rain seasons. Since the highland agro-ecological zone
wasnot included inthesetrials,theydidnotcoverthewholetargetenvironment ofthe
national Ugandan sweetpotato breeding programme. So the best performing varieties
identified inourresearch would require additional testing inthehighland zone,ifthey
aretobeadoptedbythenationalbreedingprogramme.
PerformanceofnewlyreleasedUgandan cultivarsandfarmervarieties
Four recently released Ugandan cultivars (theNASPOTs) were used for standardizing
the varietal performance in on-farm and on-station trials. Incontrast to Mwanga etal.
(2003), who reported high yield and excellent yield stability ofthese NASPOTs,they
performed poorly in our trials (Chapter 6). Whatever the reason of this discrepancy
may be, our observation indicates that including landraces from northeastern Uganda
inthenationalbreedingprogrammemaywellcontributetoitssuccess.
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Specificversus wideadaptation ofnewcultivarsandreleasestrategy
In our analysis of genotype-by-environment interactions we found clear indications
that some ofthetested varieties showed specific adaptation, whereas others displayed
abroader adaptation. Forexample,theNASPOT varietiesturnedouttobe specifically
well performing under Namulonge and Mbarara conditions. In order to avoid future
disappointments, the release of these varieties should be restricted to areas of similar
growing conditions. An example of wide adaptation is the farmer variety ERA139,
showing stable, though less than average, performance over locations and seasons.
Thus,depending onthetarget areaofcultivation,therelease anddissemination ofnew
cultivars canbetuned accordingtotheresultsobtained inmulti-location, multi-season
trials.
Awarenessoffarmers ongenotype-by-environmentinteraction andon biodiversity
A notable observation during the initial assessment (Chapter 4) was that the sets of
varieties selectedby farmers from twodistricts largely overlapped, although the actual
ranking by farmers was slightly different in every location. Most likely this reflects a
wideadaptation ofthefarmer-selected varieties.
During the group discussion on the adaptive on-farm trials farmers stated that they
would not discard any of the preliminarily selected varieties, although some of them
did not perform well in their fields. Farmers were willing to retain these and observe
their performance in the future. This clearly indicates consciousness of farmers about
genotype-by-environment interaction, i.e., the perception, based on previous
experience, that two seasons may be too short a time to definitely judge the long-run
performance ofvarieties.Itmayalsoreflect theawarenessoffarmers that,inrelatively
risky rain fed conditions, potential advantages are to be gained from maintaining a
diversity of landraces and bred cultivars, as a risk spreading strategy. This practice
could also imply that farmers continuously preserve specifically adapted varieties.
Thus, in this farmers' tradition a network could be set up for insitu conservation of
locally adaptedgermplasm.
Challengesandopportunities forsweetpotatobreedinginEastAfrica
Intheroutine Ugandan sweetpotato breedingprogramme,briefly described in Chapter
1, the development of a new variety takes between 8 and 16 years (Mwanga, pers.
comm.). Next to such a steady breeding programme there is another opportunity for
crop improvement, i.e., by quickly and efficiently selecting superior landraces. Based
onthe results presented inthis thesis wepropose amodel for athree-year programme
to identify a number of superior farmers' varieties for low-input agriculture and
suitable for resource-poor farmers. The proposed procedure may enhance the
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efficiency of sweetpotato breeding in Uganda as well as in other regions of east SubSaharan Africa, where farming systems and growing conditions are similar to those
encounteredinnortheasternUganda.
Inadditiontoidentifying promising landraces that maypromptly servetheneedsof
farmers, such landraces can be used as progenitors (crossing parents) in the steady
institutional breeding programme. Although the description below specifically refers
to northeastern Ugandan conditions, the general principle may be applicable to east
Sub-Saharan Africa.
Amodelprocedure forfarmerparticipatoryvariety selection
Yearl
• The sources of the material are the sweetpotato landraces grown in northeastern
Uganda. Using a participatory rural appraisal, a number of potentially superior
landracesarequickly identified and selected.
• The first cycle of selection is achieved using on-station trials in one season at two
locations. Competent farmers should select varieties according to their preference.
It is advised to choose the two locations in the region where the landraces were
collected, thus avoiding problems with transporting the bulky vine cuttings. Since
Ugandahas abimodal rainfall distribution, thesetwo selection activities (collecting
germplasmbyPRAandthefirst selection cycle)canbecarriedoutinoneyear.
Year2
• The second year comprises two-seasonal on-farm trials with the main purpose to
confirm consumer acceptance and to set up an early multiplication programme.
Unlike intheon-farm trialsdescribed inChapter5,farmers shouldnot selectamong
genotypes, unless it was because of an exceptional discovery of a desired trait.
Farmers are requested to observe the experimental genotypes in detail and to rank
them according to performance and farmers' preference. In the second season a
large number of farmers' fields are prepared for multiplication of the material for
testinginthethirdyear.
Year3
• In the third year the second (and final) cycle of selection is done, based on the
evaluation in multi-location on-station trials in two seasons. Five locations with a
test capacity of 500-900plots of 15m2 should be sufficient for this final evaluation
(Chapter7).
Duringthe setupofaprogramme asdescribed above,nurserymanagement requires
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ample attention, as the programme's success critically depends on the availability of
adequate planting material. A rapid multiplication technique must be applied
immediately after the first selection cycle in year 1, to fill the needs of the on-farm
trials. The nursery activities should continue in order to adequately supply the multilocationtrialsofthethirdyearwithplantingmaterial.
Concerning the size of the proposed programme in successive cycles of selection
we envisage that from approximately 200 initial genotypes 40to 50be selected inthe
first cycle, which are then reduced to 5 to 10 in the second cycle, i.e., after year 3.
Theoretical considerations on the efficiency of multicyclic clonal selection indicate
that the total area to be allocated to testing should be approximately equal in each
cycle (Finney, 1958).In other words: few genotypes tobe selected from require more
reliableinformation pergenotypethanmanygenotypesfrom whichaselection istobe
made.Anexact optimization ofresource allocation inmulticyclic selection demandsa
priori knowledge of the variance components due to environmental and genotypic
differences, aswell as their interaction. Thus, although the test capacity in successive
cycles shouldbe inbalance withthenumber ofgenotypestobe selected,the selection
intensitiesproposed mustbeconsidered asroughguidelines.
Summarizing conclusions
The research activities presented in this thesis have led to two recommendations for
improving sweetpotato breeding, serving the needs of resource-poor farmers in lowinputagricultural systemsofeast Sub-Saharan Africa:
. Settingupatargetedreleaseandmaintenance strategyfor newcultivars,accounting
foreitherspecific orwideadaptation ofthesecultivars,and
• Application ofaquickprocedure for farmer participatory variety selection.
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Summary
Sweetpotato is a staple food in Uganda as well as in other parts of East and SubSaharan Africa. At present farmers are largely dependent on local landraces since
superior bred cultivars for low input agricultural systems arehardly available.Mostof
thelandracesarelowyielding,narrowly adaptedandsusceptibletopestsanddiseases.
This thesis describes an attempt to invoke a farmer participatory approach towards
sweetpotato breeding inUgandaby exploiting the genetic diversity that isavailable in
local landraces. In this approach, farmers' knowledge about the local germplasm and
theirneedsandpreferences aretakenintoaccount.
The general idea of this research was to quickly identify, from a large germplasm
collection, a number of local varieties that would meet farmers' needs and
requirements. Such varieties could, after proper evaluation, either be used for direct
dissemination in the target area or could enter an institutional sweetpotato breeding
programmeasprogenitorsoffuture bredcultivars.
In our research we have included farmer participatory germplasm collection, onfarm and on-station evaluation by farmers aswell as multi-environment evaluation of
farmer-selected varieties. This approach enabled a comparison of farmers' selection
criteria with agronomic criteria used by institutional breeders. In addition, the multiseason, multi-location trials contribute to understanding yield stability and specific
adaptation of the varieties and, above all, these trials allowed a verification of the
effectiveness of selection based on a quick farmers' evaluation. A separate study
estimated variance components from multi-locational trials and calculated optimized
resource allocation insweetpotatobreeding for EastAfrican conditions.Ourcombined
results allowed us to recommend an approach for the rapid and efficient selection of
superior genotypesfromlocalgermplasmEast Africa.
Germplasm collection
We collected 206 sweetpotato accessions from five districts (Lira, Soroti, Katakwi,
Kumi and Pallisa) in northeastern Uganda. We used a participatory rural appraisal
(PRA) and group discussions as evaluation and collection method; sothe information
on the collected accessions reflects a farmers 'group opinion at the collection site
ratherthanindividualfarmers' opinions.
After morphological characterization, 188genotypes were identified to be distinct.
This large number of dissimilar genotypes is indicative for the high level of genetic
diversity intheregion.Wespeculatethatthelowpressure ofsweetpotato virusdisease
as well as the spontaneous outcrossing in farmers' fields, producing botanical seeds,
133

Summary

may have contributed to the enrichment of sweetpotato genetic diversity in
northeasternUganda.
On-station selectionbyfarmers
Inalarge-scaleevaluation,carriedoutattworesearch stations (Arapaiand Serere)ina
single season (1999), farmers selected a limited number of genotypes from a total of
160 accessions (landraces). Farmers at each of the two sites chose eleven varieties,
usingtheir own selection criteria. Selectionwas doneatharvest andgroup discussions
were organized toreach acommon opinion onthe varieties. Selection criteria used by
farmers were recorded and the farmers' evaluation was compared with the
agronomical data, collected on the same varieties by researchers. The 'general
impressionindex' assignedbyfarmers correlatedwellwithfresh storagerootyieldand
number of roots, which were reflected by a significant yield difference between
selected and non-selected varieties. These preliminary results indicate that a farmers'
assessment at two locations in a single season can efficiently be applied as the first
cycleinamulti-cyclic clonal selectionprocess.
On-farm evaluation
The eleven farmer-selected varieties and five national Ugandan bred cultivars were
evaluated for their performance and were compared in-depth to local farmer varieties
in a series of on-farm trials. The individual knowledge of farmers about sweetpotato
varieties andthe capability of farmers ofconducting the research were also examined.
Group discussions and individual interviews were applied to assess the farmers'
competence and to identify farmers' varietal preferences. The eleven farmer-selected
varieties continued to perform well and proved to be superior under the farmer's
conditions. This could be indicative of a fairly high precision with which farmers
selected varieties in the preliminary on-station evaluation. In every sub-county,
farmers ranked varieties in a different way, which was a reflection of the degree of
their market orientation. Farmers in Dokolo-Gweri and Abalang-Arapai emphasized
theimportance ofmarket forces,whereas inAbilaep-Serere theemphasis wasmoreon
criteria related to home-consumption. During the germplasm collection the AbalangArapai and Abilaep-Serere sub-counties were recognized to have different types of
farmers,thecommercial andthesubsistencefarmers,respectively. Farmersatthethree
research locations were aware of genotype-by-environment interaction and of the
relatively risky rainfed conditions when growing the crop under their marginal
conditions. Thus, farmers said they would not discard any of the experimental
varieties, although some of them did not do well during the evaluation. They were
willing to maintain these and observe their performance in the future. This clearly
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indicates a potential advantage to be gained by maintaining a diversity of landraces
and bred cultivars, as a risk avoidance strategy. Consequently, a network could be
established for in situ conservation of locally adapted germplasm based on this
farmers' tradition.
Multi-environment trials
On-station,multi-environment trialswere setuptoevaluatetheeleven farmer varieties
and five Ugandan bred cultivars, four of which were released in 1999. In this
assessment we were able to verify that the farmers' involvement in the initial varietal
selection had been successful. We used an analysis of genotype-by-environment
interaction to assess yield stability as well as wide and specific adaptation of the
experimental genotypes.
Taken as a group, the farmer-selected varieties outperformed the national bred
cultivars with respect toboth average yield andyield stability. This observation alone
indicates the ability of farmers to reliably identify superior genotypes. Individual
farmer-selected varieties scored variably with respect to average yield (averaged over
environments) and yield stability. We identified two farmer varieties ashigh yielding
and stable at the same time, indicating their wide adaptation. At least two farmer
varieties appeared to be specifically adapted to environmental conditions, i.e., high
yieldingataspecific locationbutnotattheothers.
From these observations we conclude that the initial farmers' selection was quite
successful, revealing the farmers' ability to identify genotypes that are highly
promising for cultivation under their marginal and resource-poor conditions.
Furthermore, the fact that we observed specific adaptation of some of the varieties
indicatesthat astrategy ofcultivarreleasethat isadjusted toawell-defined target area
mayberewarding.
Estimation ofvariance components
Variance component estimates were obtained from an international sweetpotato yield
trial conducted between 1999and 2001 in several East African countries.No variance
component estimates had previously been described for sweetpotato in East Africa.
The variance component estimates were used to determine the efficiency of yield
trials. The goal isto arrive at an optimal allocation of a given total test capacity over
testlocations andreplicatesperlocation.Wealsoinvestigatedwhether clonal selection
should be done in a single step,after two seasons oftesting of all clones,or in atwostep procedure. In a two-step procedure a first selection is made after one season of
testing;theselectedclonesarethenre-tested onalargerscaleinasecondseason.
The analysis was done for storage root yield and the Elston index, which
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accommodates storage root yield, biomass production, harvest index and root dry
mattercontent.
It turned out that, given the estimates of variance components we obtained, atwostepselectionprocedureismoreefficient thanasingle-stepprocedure.
For a total test capacity of between 450 and 950 plots of 15 m2, an appropriate
allocation is the use of two locations and one replication at selection step 1and five
locations and two replications at selection step 2. This could be applied both for
selection onstoragerootyieldandfortheElstonindex.
RelevanceforsweetpotatobreedinginEastandSubSaharan Africa
From the results presented in this thesis we propose a model for a three-year
programme to identify anumber of superior farmer varieties for low-input agriculture
and suitable for resource-poor farmers. Theproposed procedure may be applicable to
sweetpotato varietal selection in Uganda as well as in other regions of East and SubSaharan Africa, where farming systems and growing conditions are similar to those
encountered innortheastern Uganda. Werecognize that local circumstances, including
previous breeding efforts, abundance of sweetpotato landraces and other germplasm
sources,andfarmer knowledgeofsweetpotato,willneedtobetakenintoconsideration
when applying our methods elsewhere in Sub-Saharan Africa. Nevertheless, it isclear
from our experiences that increased farmer participation in sweetpotato breeding
efforts can contribute significantly to increasing the efficiency of selecting superior
genotypes for target environments. In the proposed procedure there will be two
activities in the first year i.e. (i) collecting of sweetpotato germplasm using the PRA
approach, and (ii) the first cycle of selection using on-station trials in one season at
twolocations.Competent farmers should selectvarieties according totheir preference.
In the second year the activity comprises two-seasonal on-farm trials with the main
purpose to confirm consumer acceptance and to set up an early multiplication
programme.Inthethirdyearthesecond(andfinal)cycleofselection isdone,basedon
the evaluation in multi-location on-station trials in two seasons. Five locations with a
test capacity of500-900plotsoverthetwoselection cyclesshouldbesufficient forthis
final evaluation. Nursery management requires full attention, as the programme's
successcriticallydependsontheavailability ofadequateplantingmaterial.
In addition to identifying promising landraces that may rapidly serve the needs of
farmers, such landraces can be used as progenitors (crossing parents) in the steady
institutionalbreedingprogramme.
Theresearch activitiespresented inthisthesishaveledtotworecommendations for
improving sweetpotato breeding aimed at the needs of resource-poor farmers in lowinput agricultural systems of East and Sub-Saharan Africa. Firstly, we recommend
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settingupatargetedreleaseandmaintenance strategy for newcultivars,accounting for
eitherspecific orwideadaptation ofthesecultivars,andsecondly,wepropose toapply
a quick procedure for farmer participatory variety selection. These measures may
prevent seriousdisappointments ofnewlyreleasedvarietiesinregionswheretheyhave
not been tested properly or, despite a good yield potential, they fail to be adopted
becauseofspecific preferences oflocal farmers.
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De zoete aardappel of bataat (Ipomoeabatatas(L.) Lam.) is een belangrijk voedselgewas in Oeganda en andere delen van oostelijk Afrika ten zuiden van de Sahara.
Heden ten dage zijn boeren in deze gebieden voornamelijk afhankelijk van lokale
landrassen, aangezien gekweekte rassen die geschikt zijn voor de lage-input landbouwsystemenaldaar,nauwelijksbeschikbaar zijn.Hetmerendeelvandezelandrassen
geeft een lage opbrengst, is niet geschikt voor teelt onder uiteenlopende, wisselende
omstandighedenenisvatbaarvoorziektenenplagen.
Dit proefschrift beschrijft hoe de veredeling van zoete aardappel een impuls kan
krijgen door,metbehulp vanboerenparticipatie, degenetische diversiteit die aanwezig
is in lokale landrassen, te benutten. Bij boerenparticipatie wordt niet alleen gebruik
gemaakt van de kennis die boeren hebben over het lokaal beschikbare genetische
materiaal,maarwordtookrekening gehoudenmethun specifieke eisenenvoorkeuren
aangaandederassendiezijwensenteverbouwen.
Hetonderzoekhadtotdoelominkortetijduiteengroteverzameling genotypeneen
aantal ervanteselecteren dievoldoen aandeeisendieboeren aanrassen stellen.Zulke
rassen zijn in principe geschikt voor directe uitgifte in het teeltgebied of kunnen
worden gebruiktalsgeniteur ineenveredelingsprogramma.
In het onderzoek waren allereerst boeren betrokken bij het verzamelen van
landrassen. Daarnaast gavenboeren eenbeoordeling van delandrassen inproeven uitgevoerd opproefstations en opboerenbedrijven. Tenslotte werden de door boeren als
goed beoordeelde landrassen in rassenproeven op meerdere locaties en in meerdere
seizoenen onderzocht. Door deze benadering was het mogelijk om de selectiecriteria
die boeren hanteren te vergelijken met de criteria die professionele veredelaars
gebruiken in hun veredelingsprogramma's. De uitkomsten van de meerjarige rassenproeven op meerder lokaties verschaften niet alleen inzicht in de opbrengststabiliteit
en specifieke adaptatie van de door boeren geselecteerde rassen, maar, als allerbelangrijkste, lieten dezeproeven bovendien zien inhoeverre de snelleprocedure van
boerenselectie geslaagdwas.
Verzamelenvanlandrassen
In vijf districten (Lira, Soroti, Katakwi, Kuma en Palllisa) in noordoost Oeganda
werden in totaal 206 zoete aardappel accessies verzameld bij lokale boeren. Hierbij
gebruikten we een zogenaamde 'participatieve plattelandswaardering' (participatory
rural appraisal (PRA)) en groepsdiscussies. Dit betekent dat de informatie over de
verzamelde accessies de neerslag is van de opinie van de gezamenlijke plaatselijke
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boerenennietdemeningvanindividueleboeren weergeeft.
Uit een morfologische karakterisering van de 206 accessies bleek dat 188 hiervan
onderscheidbaar waren. Dit grote aantal morfologisch onderscheidbare genotypen
duidt op een grote genetische diversiteit in de regio. Een mogelijke verklaring voor
deze grote genetische diversiteit in noordoost Oeganda isenerzijds de lage ziektedruk
van het zoete aardappel virus in het gebied en anderzijds de spontane kruisbestuiving
dieleidttotgenetischheterogeenzaaddatopdeakkers achterblijft.
Selectiedoorboeren opproefstations
Op tweeproefstations (Arapai en Serere) selecteerden boeren, in een groeiseizoen, uit
een totaal van 160 landrassen (accessies) een beperkt aantal (11) genotypen. Deze
selectie, op het moment van oogst, vond in twee stappen plaats, waarbij boeren hun
eigen beoordelingscriteria konden hanteren. In groepsdiscussies kwamen de deelnemende boeren over elk van de landrassen tot een gemeenschappelijk oordeel. De
beoordelingscriteria vandeboerenwerden genoteerd envergeleken metdelandbouwkundige gegevens die door de proefstationmedewerkers waren verzameld over
dezelfde landrassen. De beoordeling door boeren werd samengevat in een index, de
'algemene indruk'; deze vertoonde een goede correlatie met de versopbrengst van
wortelknollen enhet aantal knollenperplant. Deze correlatie kwamgoed tot uiting in
het verschil in opbrengst tussen de geselecteerde en niet-geselecteerde rassen. Deze
voorlopige resultaten wijzen er op dat een beoordeling door boeren, verricht op twee
locaties, in een groeiseizoen als eerste doeltreffende selectieronde kan fungeren bij
klonale selectieovermeerderecycli.
Evaluatie op boerenbedrijven
Tesamen met vijf gekweekte nationale Oegandese rassen zijn de elf door boeren
uitgekozen landrassen beoordeeld en vergeleken met lokale landrassen in een reeks
vergelijkende proeven, uitgevoerd op boerenbedrijven. Hierbij werden zowel de
kermis die individuele boeren hebben over de geteelde rassen als hun vermogen om
deze vergelijkingsproeven adequaat uit te voeren, beoordeeld. Op grond van
groepsdiscussies en uit individuele interviews werd een indruk verkregen over de
competentievandedeelnemendeboerenenhunrassenvoorkeur.
De elf eerder door boeren geselecteerde landrassen presteerden goed in deze
proeven en bleken over het algemeen superieur te zijn onder deze teeltomstandigheden. Dit is een aanwijzing dat de eerdere selectie van landrassen op proefstations
tamelijk nauwkeurig isgeweest.
Derangorde die boeren toekenden aan de op hun bedrijf geteelde rassen, varieerde
tussen de diverse sub-districten, hetgeen samenhing met de mate waarin het gewas
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geteeld werd voor de markt dan wel voor de eigen voedselvoorziening. De boeren in
Dokolo-Gweri en Abalang-Arapai, bijvoorbeeld, benadrukten het belang van de
marktwaarde van de oogst, terwijl voor de boeren in Abilap-Serere de waarde voor
eigen consumptie van groter belang was. Reeds tijdens het verzamelen van de landrassen was duidelijk geworden dat in de sub-districten Abalang-Arapai en AbilapSerere de teelt van zoete aardappel voor twee doeleinden plaats vindt, namelijk voor
eigenconsumptieenvoorverhandeling opdemarkt.
Deboeren waren zich bewust van genotype-milieu interactie en van het risico van
misoogsten in hun niet-gei'rrigeerde gebied. Dit bleek uit het feit dat zij geen van de
experimentele rassen, die ze zonder naamsaanduiding op het veld hadden, wilden
afdanken, ookwanneer deopbrengst ervantewensen over liet.Zij wilden deze,voor
hen onbekende, rassen aanhouden en hun prestatie in volgende seizoenen opnieuw
beoordelen. Deze strategic van risicospreiding die boeren hiermee aan de dag leggen
pleit er voor om een zekere diversiteit aan landrassen en gekweekte rassen te
handhaven.Dezelfde boerentraditiezoudebasiskunnenvormenvaneennetwerkvoor
insituconserveringvanlokaalaangepast genetischmateriaal.
Beproevingen inmeerdere milieus
Ten einde de elf door boeren geselecteerde landrassen tesamen met vijf gekweekte
Oegandese cultivars op grotere schaal te beproeven werden deze op drie proefstations
in noordoost Oeganda in meerdere groeiseizoenen in rassenproeven gelegd. Zowel de
opbrengststabiliteit als de mate van brede dan wel specifieke aanpassing van de
beproefde rassen werden bepaald. Bij deze evaluatie kon worden vastgesteld dat de
boerenparticipatie bij deeerste selectie succesheeft gehad.
Als groep presteerden de door boeren geselecteerde landrassen beter dan de
gekweekte cultivars, zowel wat betreft gemiddelde opbrengst als opbrengststabiliteit.
Dit feit is op zichzelf een duidelijke aanwijzing dat boeren heel wel in staat zijn om
methuneenvoudigebeoordelingscriteria goederassenteherkennen.
Uiteraard scoordennietalleboeren-selecties evenhoog tenaanzien van gemiddelde
opbrengst en opbrengststabiliteit. Twee van de landrassen sprongen er uit vanwege
hunhogegemiddeldeopbrengst enhungroteopbrengststabiliteit, hetgeenwijst ophun
breed aanpassingsvermogen. Tenminste twee landrassen vertoonden duidelijk
specifieke adaptatie,d.w.z. datzij eenhogeopbrengst gaven opeenproeflocatie, maar
niet op deandere lokaties. Hieruit kunnen we concluderen dat de selectie door boeren
succes heeft gehad en dat boeren in staat zijn rassen te kiezen die veelbelovend zijn
voor de teelt op marginale gronden met een bedrijfsvoering die zich kenmerkt door
een minimaal gebruik van hulpbronnen (kunstmest en gewasbeschermingsmiddelen).
Het feit dat enkele rassen specifieke adaptatie te zien gaven, pleit voor een
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uitgiftebeleid van rassen dat rekening houdt met de in de beproevingen gebleken
geschiktheidvoorspecifiekemilieusenteeltomstandigheden.
Schattingvan variantiecomponenten
Ineen serie internationaalopgezette rassenproeven, uitgevoerd tussen 1999en2001in
OostAfrika werdenvariantiecomponenten m.b.t.diverseeigenschappen geschat.Ditis
het eerste onderzoek inzijn soort voor zoete aardappel inOost Afrika. De schattingen
van de variantiecomponenten werden gebruikt om de efficientie van vergelijkende
opbrengstproeven met (potentiele) rassen vast te stellen. Hierbij gaat het erombij een
gegeventotale testcapaciteit dezeoptimaalteverdelen overtestlocaties enherhalingen
perlocatie.Tevenswerdonderzocht ofselectievanklonenhetbestkanwordengedaan
op grond van een beoordeling van alle klonen in twee opeenvolgende seizoenen dan
welin eentwee-traps procedure waarbij inhet eerste seizoen eeneerste selectie wordt
gemaakt die in een volgend seizoen op grotere schaal wordt beproefd, gevolgd door
eentweedeselectiestap.
De analyse werd uitgevoerd voor de eigenschap wortelknolopbrengst en voor de
zogeheten Elston index waarin de eigenschappen knolopbrengst, biomassaproductie,
oogstindex endrogestofgehalte vanwortelknollen zijn vervat.
De analyse leerde dat bij de gevonden onderlinge verhouding van variantiecomponenten een twee-traps procedure efficienter is dan selectie in een stap,ook alis
delaatstegebaseerdopwaarnemingenintweeseizoenen.
Bij eentotaletestcapaciteit van450a900veldjes van 15m2ishetgebruik vantwee
locaties met slechts een herhaling in de eerste selectieronde en vijf locaties met twee
herhalingen voor de tweede selectieronde optimaal. Deze optimale allocatie van middelengeldtzowelvoorselectieopwortelknolopbrengst alsselectieopdeElstonindex.
Belangvoordeveredelingvanzoeteaardappelinoostelijksub-Sahara Afrika
Gebaseerd op de resultaten beschreven in dit proefschrift stel ik voor een drie jaar
durende werkwijze in tevoeren voor de selectie van landrassen die geschikt zijn voor
arme boeren op marginale gronden. Deze werkwijze kan de doeltreffendheid van
rassenselectie vergroten, niet alleen in Oeganda, maar ook in andere delen van
oostelijk Afrika ten zuiden van de Sahara, waar bedrijfsvoering en teeltomstandigheden vergelijkbaar zijn met die in noordoost Oeganda. Als de hier voorgestelde
werkwijze wordt toegepast in de genoemde gebieden buiten Oeganda dient men wel
rekening te houden met eventuele andere lokale omstandigheden. Deze omstandigheden kunnen betrekking hebben op de beschikbaarheid van uit eerdere kweekarbeid
verkregen cultivars, de beschikbare rijkdom aan genetische variatie in landrassen of
andere genetische bronnen en het niveau van kennis dat deelnemende boeren hebben
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over zoete aardappel. Hoe deze specifieke lokale omstandigheden ookmogenzijn, uit
onze ervaring blijkt dat een grotere boerenparticipatie bij de veredeling van zoete
aardappel kan leiden tot een meer doeltreffende selectie van genotypen die geschikt
zijnvoorteeltingespecificeerde doelmilieus.
Bij devoorgestelde werkwijze vinden erinheteerstejaartweeactiviteitenplaats,te
weten: (1) het verzamelen van genetisch materiaal met gebruikmaking van de eerder
genoemde 'participatieve plattelandswaardering' methode en (2) de eerste selectieronde op basis van een beproeving op proefstations gedurende een groeiseizoen, op
twee locaties. Vakkundige boeren voeren deze selectie uit op basis van hun eigen
criteriaenvoorkeuren.
Het tweede jaar wordt gebruikt voor beproeving van de eerste selecties op
boerenbedrijven, gedurende twee groeiseizoenen, met als hoofddoel de consumentenacceptatie van de selecties te verifieren en een eerste vermeerderingscyclus te
realiseren.
In het derde jaar vindt de tweede en laatste selectieronde plaats op basis van
rassenproeven, uitgevoerd op proefstations op meerdere locaties en in twee groeiseizoenen. Vijf locaties met een testcapaciteit van 500 a 900 veldjes zijn voldoende
voordezeuiteindelijke evaluatie.
Voor het welslagen van dit programma, dat afhankelijk is van de beschikbaarheid
van voldoende plantmateriaal, is een optimaal beheer van de vermeerderingspercelen
essentieel.
Behalve dat de op boven beschreven wijze verkregen veelbelovende landrassen
geschikt zijn voor uitgifte onder boeren, kunnen zij tevens dienen als geniteur in een
lopendinstitutioneel veredelingsprogramma.
Aanbevelingen
Het in dit proefschrift beschreven onderzoek heeft geleid tot een tweetal aanbevelingen ter verbetering van de zoete aardappelveredeling die gericht is op de
behoefte van arme,kleine boeren inoostelijk sub-Sahara Afrika die overweinig hulpmiddelen beschikken. De eerste aanbeveling is het uitzetten van een doelgericht
uitgifte- en vermeerderingsbeleid voor nieuwe rassen. Dit beleid dient rekening te
houden met de brede dan wel specifieke geschiktheid van deze rassen. Ten tweede
stellen wij voor boeren actief te betrekken bij het selecteren van rassen en/of kweekmateriaal.
Deze maatregelen kunnen voorkomen dat nieuw uitgegeven rassen ernstig
teleurstellen in regio's waarin zij onvoldoende zijn beproefd of, vanwege specifieke
voorkeuren van deplaatselijke bevolking, ondanks een goed opbrengstpotentieel, niet
ingebruikwordengenomen.
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Ubi jalar merupakan komoditi tanaman pokok di Uganda dan bagi sebagian besar
negara-negara di Afrika Timur dan Sub-Sahara Afrika. Pada saat ini para petani di
Uganda sangatbergantungpadaplasmanuftah local,dikarenakan varitasungguluntuk
daerah dengan pengelolaan sumber daya yang minimum, ketersediaannya dapat
dikatakan hampir tidak ada. Sebagian besar dari plasma nuftah tersebut berproduksi
rendah, kurang beradaptasi luas dengan lingkungan, dan tidak mempunyai daya tahan
terhadap seranganhamadanpenyakittanaman.
Disertasi ini menggambarkan suatu pendekatan yang menggunakan partisipasi
petani dalam pemuliaan ubijalar di Uganda dengan mengeksplotasi keanekaragaman
sumber dayaubijalar yang tersedia sebagaiplasma nuftah lokal.Didalam pendekatan
ini, pengetahuan petani terhadap varitas lokal serta keburuhan berikut pilihan mereka
terhadapvaritas-varitasyangdiinginidiletakkan sebagaiprioritasutama.
Secara umum, penelitian ini bertujuan untuk menyeleksi secara cepat sejumlah
varitasdari suatukoleksiplasmanuftah yangcukupbesaruntukmemenuhi keburuhan
petani secara tepat. Idealnya, setelah beberapa varitas dipilih dengan seksama kiranya
dapat langsung disebarluaskan pada petani dengan daerah yang sudah ditentukan, di
samping itu juga akan dapat dipergunakan sebagai tetua oleh balai penelitian dalam
pemuliaanubijalardimasamendatang.
Garis besar dari penelitian ini meliputi partisipasi petani selama pengoleksian
plasma nuftah, evaluasi varitas-varitas oleh petani di kebun percobaan milik balai
penelitian (evaluasi awal) maupun milik petani sendiri (evaluasi lanjutan), dan
evaluasi varitas yang sudah dipilih oleh petani pada multi-lingkungan percobaan.
Pendekatan ini menghasilkan perbandingan yang cukup tinggi antara kriteria
penyeleksian yang digunakan oleh petani dan kriteria agronomi yang biasanya
digunakan oleh pemulia di balai penelitian. Ternyata hasil dari percobaan di multilingkungan menyumbang suatu pengertian yang mendalam akan stabilitas produksi
dan daya adaptasivaritas-varitas daripetanitersebutterhadap lingkungan tertentu,dan
terutama sekali adalah bahwa percobaan di multi-lingkungan ini memberikan suatu
bukti yang cukupjelas tentang keefektifan penyeleksian berdasarkan evaluasi petani.
Suatu penelitian tambahan yang dilakukan terpisah bertujuan untuk mengetahui
perbedaan komponen (variance components) dari multi-lokasi percobaan serta
memperhitungkan alokasi sumber yang terbaik pada pemuliaan ubijalar yang sesuai
dengan kondisi Afrika Timur. Dari hasil kombinasi penelitian ini kami menganjurkan
suatu pendekatan penyeleksian beberapa genotipe superior dari plasma nuftah lokal
yangterdapat diAfrika Timursecaratepatguna.
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Pengoleksian plasma nuftah
Sebanyak206tanamansampel{accession) dariubijalardikoleksi darilimakabupaten
(Lira, Soroti, Katakwi, Kumi dan Pallisa) yang berada di Timur-Laut Uganda. Kami
menggunakan partisipasi rakyat pedesaan (participatory rural appraisal) dan
kelompok diskusi sebagai metoda pengoleksian, karena itu informasi tanaman sampel
adalah merupakan suatu refleksi dari rata-rata opini yang didapat dari kelompok
diskusi yang berlangsung dipusat-pusat pengoleksian (collection sites),jadi bukanlah
merupakan hasil dari opini yang diperoleh melalui tanyajawab yang dilakukan pada
setiap individu petani. Setelah dilakukan karakterisasi secara morfologi terhadap
tanaman-tanaman sampel, sebanyak 188 genotipe dapat diidentifikasi yang masingmasingnya mempunyai perbedaan yang nyata. Besarnya perbedaan ini menunjukkan
bahwa variasi yang tercatat pada sumber daya alami tanaman ubi jalar di daerah
tersebut cukup tinggi. Kami berpraduga bahwa hal ini dapat terjadi karena rendahnya
serangan virus tanaman ubi jalar (SPVD) di daerah-daerah itu, di samping
kemungkinan adanya proses persilangan alami di kebun-kebun petani sehingga dapat
menghasilkan suatu benih 'benar' (botanical seed). Proses ini memberikan suatu
kontribusi yang dapat memperkaya rekayasa alami bagi tanaman ubijalar di TimurLautUganda.
Penyeleksian olehpetanidikebunpercobaanbalaipenelitian
Penelitianberskalabesaryangdilakukan diduakebunpercobaanmilikbalaipenelitian
(Arapai dan Serere)pada satumusimtanam(1999),melibatkan sejumlah petaniuntuk
menyeleksi genotipe-genotipe yang jumlahnya dibatasi, dari 160 tanaman sampel
keseluruhan. Para petani di kedua lokasi tersebut memilih sebelas varitas dengan
menggunakan kriteria penyeleksian menurut kebiasaan yang mereka lakukan seharihari. Penyeleksian dilaksanakan pada waktu panen dan kelompok diskusi diadakan
untuk mencari kesepakatan umum terhadap varitas-varitas yang akan dipilih. Kriteria
penyeleksian yangdigunakan olehparapetaniitudicatat,danhasilevaluasi daripetani
dibandingkan dengan data agronomi dari varitas yang sama yang dikumpulkan oleh
kelompok peneliti. Indeks dari kesan umum yang dikemukakan oleh para petani
berkorelasi cukupbaikdenganproduksiumbisegardanjumlahumbi(datayangdiolah
oleh peneliti), hal ini terlihat pada kesignifikanan perbedaan produksi antara varitas
yang diseleksi dan yang tidak diseleksi. Hasil penelitian ini menunjukkan bahwa
keterlibatan petani di dalam penelitian yang dilakukan pada dua lokasi dalam satu
musim tanam dapat diterapkan secara efisien sebagai sirkulasi awal dari rangkaian
multisirkulasipada suatuprosespenyeleksianklon.
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Evaluasi dikebunpercobaanpetani
Sebelas varitas hasil seleksi para petani dan lima varitas dari hasil persilangan yang
dilakukan oleh balai penelitian nasional ubijalar Uganda dievaluasi penampilannya,
dan dibandingkan secara seksama dengan varitas lokalmilikpetani setempat didalam
suatu rangkaian penelitian di kebun-kebun petani. Tingkat pengetahuan perorangan
petani mengenai varitas ubi jalar, dan kemampuan mereka di dalam mengelola
penelitian juga dipelajari. Diskusi kelompok dan tanya jawab pada petani secara
perorangan juga dilakukan yang bertujuan untuk mengetahui tingkat kemampuan
mereka di samping untuk mengidentifikasi varitas yang paling disenangi. Kesebelas
varitas lokal tersebut selanjutnya menunjukkan keunggulan pada kondisi petani. Hal
inimenjadi suatuindikasibahwaketelitianpetanididalammenyeleksivaritasubijalar
yangjuga telah dilakukan sebelumnya pada kebun percobaan balai penelitian cukup
tinggi.
Di setiapkecamatan,petani menggolongkan varitas-varitas tersebut secara berbedabeda, yang tercermin dari tingkat kecenderungan mereka akan pasar. Petani DokoloGweri dan Abalang-Arapai lebih mementingkan permintaan pasar, sementara itu
petani di Abilaep-Serere lebih mengutamakan kebutuhan rumah tangga. Sewaktu
pengumpulan sampel di Abalang-Arapai dan Abilaep-Serere, ternyata mereka
mempunyai kelompok tani yang berbeda yaitu petani komersial terdapat di AbalangArapai dan petani subsisten di Abilaep-Serere. Petani di ketiga kecamatan tersebut
sangat sadar akan adanya interaksi antara genotipe dengan lingkungannya (GxE),dan
juga resiko akibat ketergantungan mereka kepada musim penghujan bila
pembudidayaan tanaman dilakukanpada kondisitanahmereka yangmarginal.Karena
itu para petani bertekat bahwa mereka tidak akan membuang semua genotipe yang
tengah diteliti meskipun beberapa genotipe tidak tumbuh dengan baik. Mereka
bersedia memelihara dan meneliti penampilannya kembali dikemudian hari. Inijelas
menunjukkan suatu potensi yang dapat dimanfaatkan untuk mempertahankan tingkat
keragaman plasma nuftah dan tanaman hasil pemuliaan, sebagai suatu strategi
penghindaran resiko. Sebagai tindak lanjutnya, suatu rangkaian kerja (network)
sehubungan dengan upaya konservasi in situ bagi plasma nuftah yang beradaptasi
secaralokalinidapatdiupayakanberdasarkanpadakebiasaanpetani.
Percobaandimulti-lingkungan
Percobaan multi-lingkungan di kebun balai penelitian dibuat untuk mengevaluasi
kesebelas varitas dari petani dan lima kultivar hasil pemuliaan di Uganda, di mana
empat kultivar telah dilepas pada tahun 1999. Pada percobaan ini kami dapat
membuktikan bahwa keterlibatan petani pada seleksi awal beberapa varitas ubi jalar
tersebut cukup berhasil. Kami menganalisis suatu interaksi antara genotipe dari setiap
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varitas yang diteliti dengan lingkungannya untuk mengukur stabilitas produksi umbi
danjuga dayaadaptasinya secaraluasdan spesifik.
Dilihat secara kelompok, varitas yang diseleksi oleh petani berpenampilan lebih
unggul dibandingkan dengan kultivar nasional baik dari segi rata-rata produksi
maupun kestabilannya. Pengamatan ini sendiri menunjukkan tingginya kemampuan
petani di dalam mengidentifikasi varitas unggul. Setiap varitas yang diseleksi petani
mempunyai perbedaan rata-rata produksi (rata-rata atas seluruh lingkungan) dan
kestabilanproduksi.Kamimengidentifikasi duavaritaspetaniyangberproduksi tinggi
dan juga bersifat stabil, sementara itu juga disimpulkan keduanya beradaptasi luas.
Jadi sekurang-kurangnya ada dua varitas petani beradaptasi pada lingkungan tertentu,
yaitu berproduksi tinggi pada suatu lokasi tertentu namun potensi ini tidak terlihat
padatempatlainnya.
Dari beberapa pengamatan ini kami menyimpulkan bahwa seleksi awal oleh petani
cukup berhasil, mengungkap kemampuan petani dalam mengidentifikasi beberapa
genotipe yang mempunyai harapan tinggi untuk dapat ditanam di daerah-daerah
marginal dengan sumber daya yang rendah. Lebih lanjut ditemui kenyataan mengenai
adaptasi spesifik bagi beberapa varitas, yang menunjukkan bahwa suatu strategi dapat
diterapkan dalam melepas kultivar yang hendaknya disesuaikan dengan keadaan
daerahyangdituju.
Estimasiperbedaanbeberapakomponen
Estimasi perbedaan komponen diperoleh dari suatu penganalisaan produksi ubijalar
yang penelitiannya dilakukan di beberapa negara Afrika Timur pada tahun 1999
sampai 2001. Belum pernah tercatat adanya penulisan ilimiah mengenai estimasi
perbedaan komponen pada tanaman ubijalar untuk kawasan Afrika Timur. Estimasi
perbedaan komponen inidapat digunakanuntukmenetapkan efisiensi penelitian dalam
memproduksitanamanperkapita.
Tujuan analisis ini adalah untuk mendapatkan suatu gambaran yangjelas mengenai
pengoptimalan alokasi daritotalkapasitas uji yangdirencanakan yangmeliputijumlah
lokasiuji danulanganperlokasi.Kamijugamenyelidiki apakahpenyeleksian klonini
sebaiknya dilakukan hanya satu tahap dengan dua musim tanam untuk seluruh klon
yang diteliti, atau melalui prosedur yang menggunakan dua tahap penyeleksian. Pada
proseduryangmenggunakan duatahappenyeleksian, seleksipertamadilakukan dalam
satu musim tanam, kemudian klon yang sudah terseleksi tersebut diuji coba lagi
denganskalayanglebihbesarpadamusimtanamberikutnya.
Analisis dilakukan untuk produksi umbi dan Elston indeks, yang mana memuat
mengenai produksi umbi, biomassa, indeks panen dan umbi kering. Dari gambaran
analisis yang diperoleh terlihat bahwa estimasi perbedaan komponen menggunakan
148

Ringkasan
dua tahap prosedur penyeleksian, lebih efisien dibandingkan dengan prosedur yang
hanya menggunakan satu tahap penyeleksian. Untuk total kapasitas uji antara 450
sampai 950 plot yang berukuran 15m2, alokasi yang cocok adalah menggunakan dua
lokasi dan satuulangan pada tahap pertama penyeleksian, dan lima lokasi dengan dua
ulangan pada tahap kedua. Ini dapat diaplikasikan baik pada penyeleksian produksi
umbimaupunpadaElstonindeks.
Hubungan perlunya pemuliaan tanaman ubi jalar di Afrika Timur dan SubSahara Afrika
Daribeberapahasilyang disajikan padadisertasi ini,kamimengusulkan sebuahmodel
berdasarkan program tiga tahunan untuk mengidentifikasi sejumlah varitas dari petani
yangungguluntuksumberdayapertanianyangrendahdanjuga sesuaidengantingkat
kemampuan petani miskin. Prosedur yang disarankan ini mungkin dapat diterapkan
pada penyeleksian varitas ubijalar di Uganda dan diharapkan pula dapat diterapkan
pada daerah lainnya di Afrika Timur dan Sub-Sahara Afrika, dimana sistem pertanian
{farming system) dan kondisi bercocoktanamnya hampir sama dengan keadaan yang
tercatat pada daerah di Timur-Laut Uganda. Kami mengetahui bahwa keadaan lokal
yang meliputi upaya-upaya pemuliaan sebelumnya, keberlimpahan plasma nuftah ubi
jalar dan sumberdayaplasmanuftah lainnya,danpengetahuan petani tentangubijalar
perlu diperhitungkan bila mengaplikasikan metoda ini pada daerah lainnya di SubSahara Afrika. Setidaknya sangatlah jelas dari beberapa pengalaman kami bahwa
dengan meningkatnya partisipasi petani di dalam upaya pemuliaan ubi jalar dapat
menyumbang suatu yang berarti untuk meningkatkan efisiensi dalam menyeleksi
genotipe-genotipe unggul pada lingkungan yang ditargetkan. Di dalamprosedur yang
diusulkan ada dua aktivitas yang dapat dilakukan pada tahun pertama yaitu (i)
pengoleksian plasma nuftah ubijalar melalui pendekatan partisipasi rakyat pedesaan
{Participatory Rural Appraisal), dan (ii) sirkulasi pertama penyeleksian yang
dilakukan di kebun percobaan milik balai penelitian pada satu musim di dua lokasi
berbeda. Petani yang kompeten sebaiknya dibebaskan menyeleksi varitas-varitas
berdasarkan pilihan mereka. Pada tahun kedua aktivitas ini terdiri atas dua musim
tanam percobaan yang dilakukan di ladang petani (on-farm)dengan tujuan utamanya
menentukan selera konsumen dan mempersiapkan perbanyakan bahan tanaman sedini
mungkin. Pada tahun ketiga tahap kedua (dan terakhir) dari sirkulasi penyeleksian
dilaksanakan berdasarkan evaluasi di multi-lokasi yang dilakukan di kebun-kebun
percobaan milik balai penelitian selama dua musim tanam. Lima lokasi dengan
kapasitas uji antara 500 - 900plot untuk kedua sirkulasi penyeleksian ternyata cukup
layak digunakan pada tahap akhir evaluasi ini. Manajemen pembibitan tanaman
membutuhkan perhatian penuh, karena keberhasilan pelaksanaan program ini sangat
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tergantungakanketersediaanbahantanamanyangcukup.
Dapat pula ditambahkan bahwa penyelidikan plasma nutfah yang diharapkan
mungkin dapatmempercepatpemenuhan kebutuhanpetani,danplasmanutfah tersebut
kiranyajuga dapat dipergunakan sebagai tetua (tetuauntukpersilangan)bagiprogram
penelitianyang sudah berjalan.
Dari beberapa aktivitas penelitian yang dikemukakan pada disertasi ini,
menghasilkan duarekomendasi yang berkenaan dengan upaya peningkatan pemuliaan
ubi jalar untuk pemenuhan kebutuhan petani-petani miskin yang bersumber daya
rendah di Afrika Timur and Sub-Sahara Afrika. Pertama, kami merekomendasikan
penyusunan suatu target pendistribusian dan strategi pemeliharaan bagi varitas-varitas
yang baru saja dihasilkan, yang meliputi perhitungan akan tingkat adaptasinya luas
atau spesifik, dan yang kedua, kami mengusulkan untuk menerapkan suatu "prosedur
cepat" bagi partisipasi petani di dalam penyeleksian varitas. Parameter-parameter ini
mungkin dapatmenghindari kekecewaan yangcukup seriusterhadapvaritasyangbaru
saja dilepas di suatu daerah, di mana varitas tersebut kurang mendapatkan pengujian
yang tepat, atau meskipun berpontensi produksi yang tinggi varitas-varitas tersebut
ditolakolehpetanikarenatidak sesuaidenganpilihanmereka.
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