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Factors Influencing Diversity of Farmers’ Varieties of Sweet Potato in Uganda: Implications for
Conservation. There is increasing concern that agricultural intensification is causing loss of crop
biodiversity due to displacement of traditional farmers’ varieties by a small number of improved
cultivars. Using ethnobotanical surveys, we assessed the implication of adoption of new sweet
potato (Ipomoea batatas) cultivars on the maintenance of farmers’ varieties in Uganda. Other
factors influencing varietal diversity were also assessed. A total of 102 farmer households
distributed in the top three sweet potato production agro-ecological zones were interviewed.
With the exception of released cultivars, very few varieties appeared inmore than one region. The
majority of the respondents indicated that they continue to plant some of the existing varieties
when they adopt new cultivars. Loss of planting materials due to drought was a major constraint
to maintaining varietal diversity for this vegetatively propagated crop. Limited land and lack of
access to best management practices were also key constraints to maintenance of farmers’
varieties. The primary criteria for adopting new cultivars were higher yield, taste, and duration
to maturity. Yield stability, tolerance to native biotic and abiotic stresses, and good taste were
important for maintenance of currently grown varieties. Overall, criteria for variety selection
varied with household characteristics including farmer age and gender, uses of the crop, micro-
climatic conditions in the farmers’ fields, and level of access to agricultural extension. The
observed heterogeneity in selection criteria, influence of social ties, and the role of environment
in varietal maintenance have important implications for establishing breeding priorities and
preservation of crop diversity.

Key Words: Crop biodiversity, cultivar adoption, farmers’ varieties, Ipomoea batatas, land
races, ethnobotany.

Introduction

High crop diversity enables agricultural systems
to maintain productivity over a wide range of envi-
ronmental conditions (Carpenter 2011; Ratnadass
et al. 2012; Thomas et al. 2011). There is increasing
concern, however, that agricultural intensification is
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causing displacement of farmers’ varieties by a few
improved cultivars, leading to loss of crop biodiver-
sity (Carpenter 2011; Pautasso et al. 2013). In this
work, we use the term “variety” to mean a product
of natural and human selection that occurs in the
farmer’s field, and the term “cultivar” to mean a
product of formal crop improvement or a farmer’s
variety released by the national variety release com-
mittee. Loss of crop diversity is a particular concern
in centers of origin and secondary centers of diver-
sity where varieties have evolved with high adapt-
ability to the local environment (Mercer and Perales
2010), as well as in developing countries where
farmers rely on crop diversity for food security
(FAO 2007). However, some evidence shows that
while varietal substitution is a common practice in
such areas, complete displacement of traditional
varieties and landraces is not likely, because farmers
tend to maintain a diverse pool of varieties in their
field even when they adopt new cultivars (Enjalbert
et al. 2011; Gepts and Papa 2003). In this study, we
assessed the effects of adoption of new sweet potato
(Ipomoea batatas [L.] Lam.) cultivars on the main-
tenance of farmers’ varieties in Uganda.
Sweet potato is the fifth most important food

crop in terms of weight harvested in eastern Africa
(FAO 2012). It was ranked among the top three
food crops in Burundi, Tanzania, and Uganda.
Uganda is among the top five global producers of
sweet potato in terms of quantities produced. Re-
duced ability to produce cassava due to a virus
epidemic, and maize due to rapid spread of the
parasitic weed Striga hermonthica (Delile) Benth.,
has further increased the importance of sweet potato
as a food security crop in Uganda (Ndolo et al.
2007). Price fluctuations for cash crops also influ-
ence sweet potato production. For example, many
farmers in Kumi district switched to sweet potato
when there was a decline in price for cotton (Abidin
et al. 2005). More recently, sweet potato has also
been promoted as a source of pro-vitamin A
(Namanda et al. 2011).
Sweet potato was introduced to East Africa from

Central or South America by Portuguese explorers
in the 16th century (Loebenstein 2009). Over time,
the region accumulated a large number of landraces
and farmers’ varieties that are adapted to the local
growing conditions and native pests and diseases;
thus, East Africa is considered a secondary center of
diversity for sweet potato (Gichuki et al. 2003;
Mwanga et al. 2001a; Yada et al. 2010). As part of
the global effort to preserve this crop diversity, in
2005 the National Sweetpotato Program at the

National Crops Resources Research Institute
(NaCRRI) collected over 1,300 accessions from
farmers’ fields (Yada et al. 2010). These accessions
were evaluated at three sites for selection of superior
varieties for use in crop improvement programs. Up
to 100 of the identified superior accessions are now
being used for population improvement, and the
rest of the germplasm is being maintained in a
screen house and field at NaCRRI. However, some
accessions have been lost. Losses experienced by ex
situ conservation, particularly for vegetatively prop-
agated crops that, unlike seed-propagated crops,
cannot be stored for long periods of time, indicate
the importance of in situ approaches to conservation
of crop diversity (Khoury et al. 2010; Rao and
Campilan 2002).
Individual farmers and farming communities

play an important role in conserving sweet potato
diversity at both the local and country level (Lebot
2010; Rao and Campilan 2002). Farmers’ decisions
regarding variety choice and crop management sys-
tems are based on goals, resources, and constraints.
Their decisions are also influenced by local knowl-
edge and/or information provided by technical in-
stitutions and extension services, as well as experi-
ences of previous generations and members of their
community or other communities. This knowledge
influences morphological characteristics considered
during variety selection, location and size of the area
allocated for cultivation, source of the planting ma-
terial, and crop management practices (Enjalbert
et al. 2011; Pautasso et al. 2013). Understanding
of farmers’ local knowledge and how it influences
decision-making is a necessary step for prioritization
of crop improvement to assure that new varieties
meet farmers’ needs and to facilitate preservation of
the landraces.
A farmer’s survey was conducted in four of

Uganda’s agro-ecological zones between 1989 and
1992 to determine the role of sweet potato in the
farming and food systems of Uganda (Bashaasha
et al. 1995). Sweet potato was found to be one of
the top three food crops in the central, eastern, and
northern regions. The average number of varieties
grown by each farmer was five. The eastern region
had the highest production per unit area. The high
average yield in this region may be attributed to
large sections of sandy loam (Uganda Government
1967), which is favorable for storage root growth
(Dantata et al. 2010).
At the time of the 1995 study, farmers depended

on traditional sweet potato varieties because they
did not have access to improved cultivars. The first

338 ECONOMIC BOTANY [VOL 68



improved cultivars were released by the National
Sweetpotato Program in 1995 (Mwanga et al.
2001b). Other studies assessed farmers’ knowledge
of the crop diversity and farming systems during the
process of germplasm collection (Abidin et al. 2005;
Yada 2009). Farmers were able to describe the key
morphological characteristics of each variety, such as
time to maturity, resistance to pests and diseases,
tolerance to drought, soil type suitability, and culi-
nary quality. However, these studies did not inves-
tigate how adoption of new varieties or cultivars
influences farmers’ decisions to maintain or discard
current varieties or cultivars.

This study assessed varietal diversity in farmers’
fields in Uganda, documented local knowledge re-
lated to this germplasm, and examined factors
influencing decisions about whether to maintain,
incorporate, or discard varieties or cultivars. We also
explored the crop management system and investi-
gated how various sociological factors, including
planting material exchange practices, source of in-
formation, land ownership and size, and market
access, affect diversity of sweet potato varieties and
cultivars grown by farmers in Uganda.

Materials and Methods

REGIONS SURVEYED

Ethnobotanical surveys were conducted in three
agro-ecological zones (AEZs) selected by area allo-
cated for sweet potato production (UBOS 2010),
and whether sweet potato was among the threemost
important food crops (Bashaasha et al. 1995; Yada
2009). The AEZs, as demarcated by the Ministry of

Agriculture, Animal Industries and Fisheries, in-
cluded the northwestern savanna grasslands (northern
region), the Kyoga plains (eastern region), and the
Lake Victoria Crescent (central region). Altitude,
weather patterns, soil type, and farming systems for
the AEZs are provided as Electronic Supplementary
Material (ESM) Table 1. Districts within each AEZ
(Table 1) were selected based on importance of
sweet potato as a staple crop (Yada 2009) and
proximity to the national research institutes.

SURVEY METHODOLOGY

A survey using structured questionnaires was
conducted to assess varietal diversity in farmers’
fields and to determine how farmers make decisions
about maintaining, incorporating, or discarding va-
rieties. The survey methods were approved by the
Institutional Review Board of Michigan State Uni-
versity, and the questionnaire was pretested with 20
respondents from Mukono and Luwero districts.
Based on feedback from the pretest, the final ques-
tionnaire was prepared. Data were collected on: age
and gender of the respondent; size and ownership of
land cultivated with sweet potato; characteristics of
varieties currently grown; varieties dropped and
reasons for dropping; criteria for adopting new va-
rieties; proportion of land allocated to new versus
old varieties; criteria for maintaining old varieties;
challenges with adopting/maintaining varieties;
farmers’ variety exchange practices; common crop
management practices and challenges associated
with crop management; and the role of extension
service in variety selection. All questions were open-
ended. Household was taken as the sampling unit
for the study.

Table 1. NUMBER OF RESPONDENTS AND PERCENTAGE OF RESPONDENTS BASED ON GENDER AND MEMBERSHIP IN

FARMERS’ GROUPS, IN EACH DISTRICT IN UGANDA.

Region District
Proximity to research

institute
No. of farmers
interviewed Women (%) Members of farmers’ groups (%)

Central Luwero Close 15 87 26.7
Mukono Close 10 80 0.0
Rakai Distant 15 71 33.3

Eastern Bukedea Distant 15 33 60.0
Kumi Distant 10 60 0.0
Soroti Close 15 74 13.3

Northern Apac Distant 10 50 0.0
Lira Close 12 75 0.0

Total 102 67 20
Mean 13 66.3 19.6
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Face-to-face interviews were conducted in seven
districts between January and June 2012, and in
Bukedea in December 2012. The survey was done in
collaboration with the National Sweetpotato Program.
A minimum of ten households were sampled per
district (Table 1) and two to three sub-counties were
randomly selected from each district. In each sub-
county, interviews were performed at two to five
households that were located at least five km from
each other. To allow for evaluation of key morpho-
logical traits onsite, only households that were grow-
ing sweet potato at the time of the interview were
selected. Farmers were queried systematically using
key crop descriptors. These data were used to iden-
tify names that referred to varieties not grown at the
time of the interview and to verify variety identity. A
sweet potato specialist from the National Program
and an extension worker participated to ensure that
farmers’ descriptions were captured accurately and
to act as interpreters when necessary. In a few cases
where morphological indicators were similar, genet-
ic fingerprinting was performed to determine
whether the same variety had different names in
different regions (Zawedde 2013).
Data were analyzed using the Statistical Package for

Social Sciences (SPSS). One-way analysis of variance
(ANOVA) was performed for continuous variables.
Chi-squared analysis was performed for categorical
variables, and eta-squared test was used to test relation-
ships between nominal or ordinal variable and categor-
ical variables. Definitions and rating scheme for factors
influencing adoption of new varieties/maintenance
of current varieties are provided in ESM Table 2.

Results and Discussion

This study investigated factors influencing Ugan-
dan farmers’ decisions to adopt new varieties of
sweet potato or retain current varieties. A total of
102 respondents participated in the study (Table 1).
A higher percentage of sweet potato farmers in most
districts, except Bukedea, were women. This is con-
sistent with prior reports indicating that sweet potato
cultivation in Uganda was mainly done by women
(Bashaasha et al. 1995; Namanda et al. 2011).

REASONS FOR SWEET POTATO PRODUCTION

AND LAND ALLOTTED TO SWEET POTATO

PRODUCTION

The main reasons given for sweet potato produc-
tion were food security or home consumption

(Fig. 1). While only approximately 20% of the
farmers produced sweet potato specifically for mar-
ket, 56% of the respondents indicated that they sold
sweet potatoes if there was surplus, thus it was also a
source of income. In all regions, sweet potato was
consumed fresh. Farmers used a piecemeal harvest-
ing method (i.e., only roots for immediate con-
sumption are harvested and the rest are “stored”
in-ground). In eastern and northern Uganda, the
roots were processed into dried chips or meal to
lengthen the storability and reduce post-harvest
losses. In northern and some parts of eastern
Uganda, young leaves are consumed as leafy
vegetables. In all regions, leaves and damaged
roots are used as animal feed. Similar observa-
tions were reported by the National Agricultural
Census (UBOS 2010).
The land used for sweet potato production in a

given farm ranged from 0.1 to 5.0 hectares (ha).
The average area allocated to sweet potato production
in the study area (0.43 ha) was higher than the na-
tional average of 0.20 ha (UBOS 2010). The average
land size reported to be allocated to sweet potato
production in Apac, Lira, and Luwero districts is
similar to that stated by Bashaasha et al. (1995).

VARIETAL DIVERSITY ON FARM AND AT REGIONAL

LEVEL

Varieties or cultivars grown were introduced
through farmer-to-farmer exchange, selected from
chance seedlings, or released by the national pro-
gram (complete list is provided in ESM Table 3).
Some cultivars were scientifically evaluated and re-
leased by the National Program as advanced
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Fig. 1. Use of sweetpotato storage roots in the study
areas of Uganda. Some respondents used the sweetpotato
storage roots in more than one way. Total number of
respondents was 102.
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cultivars for country-wide cultivation based on
criteria of consumer acceptance, consistently high
yields, and disease resistance across a wide variety of
agro-ecological zones in Uganda (Mwanga et al.
2011).

The number of varieties and cultivars per house-
hold ranged from 1 to 12 (Table 2) with an average
of 6 per household. The majority (74%) of the
respondents planted traditional farmers’ varieties
with or without released cultivars. Overall 78% of
the diversity found in farmers’ fields consisted of
farmers’ varieties. Respondents in Apac reported no
newly-bred cultivars, while the majority of the
farmers (87%) interviewed in Bukedea were grow-
ing predominantly orange-fleshed cultivars
(NASPOT 9 and 10, Kakamega and Ejumula).
Farmers in Luwero, Mukono, Soroti, and Lira dis-
tricts, who are close to the research institutes,
tended to grow more released cultivars than respon-
dents in distant districts, indicating uneven distri-
bution of released cultivars across the various
districts.

Seventy-six unique varieties or cultivars were re-
corded: 68 farmers’ varieties and 12 released culti-
vars (Table 2; ESM Table 3). With the exception of
released cultivars, very few appeared in more than
one region. In a few cases where morphological
indicators were similar, genetic fingerprinting indi-
cated that the same variety had different names in
different regions (Zawedde 2013). The central re-
gion did not have any farmers’ varieties in common

with northern or eastern Uganda; four were in
common between the eastern and northern regions.
Minimal overlap among regions could be a result of
variation in climate and soil types (ESM Table 1),
lack of exchange among the regions, or sample size
used in the study.

Overall, 82% of the varieties recorded in this
study also were reported in the same region by Yada
in 2005 (Yada 2009). However, 18 varieties were
no longer grown by any of the respondents. Exten-
sion workers and farmers’ leaders suggested that
some of these varieties were most likely lost from
the region. Some varieties were lost due to
prolonged droughts resulting in loss of the planting
materials. Other varieties were lost or dropped due
to susceptibility to insects or viral infection, or
proven superiority of a new variety. Some farmers’
varieties were displaced by cultivars demanded by
the markets; for example, increased cultivation of
the orange-fleshed cultivars contributed to displace-
ment of certain varieties in the eastern region. Some
varieties dropped in certain regions were introduced
into other regions, possibly due to differences in
production constraints as observed by Veasey et al.
(2008).

IMPACT OF VARIETY EXCHANGE

Exchange of planting materials is a known source
of diversification on farms at the household level
(Pautasso et al. 2013; Veasey et al. 2008). Of the

Table 2. LEVEL OF SWEET POTATO DIVERSITY AT DISTRICT LEVEL: NUMBER OF FARMERS’ VARIETIES AND RELEASED

CULTIVARS AT DISTRICT LEVEL, TOTAL NUMBER OF VARIETIES AND CULTIVARS, AND THE AVERAGE NUMBER AND
RANGE OF VARIETIES GROWN PER HOUSEHOLD IN EACH DISTRICT.

Region District
No. of

farmers’ surveyed
Farmers’
varieties

Released
cultivars1

Total varieties/
cultivars

Average no. of
varieties per HH2

Range of
varieties/ HH

Central Luwero 15 13 7 20 5 1–8
Mukono 10 8 7 15 3 1–6
Rakai 15 15 1 16 6 2–8

Total unique varieties 25 10 35
Eastern Bukedea 15 6 4 10 4 2–6

Kumi 10 14 2 16 6 3–8
Soroti 15 23 5 28 7 1–12

Total unique varieties 27 9 36
Northern Apac 10 15 0 15 7 5–8

Lira 12 10 3 13 5 2–8
Total unique varieties 16 6 23
Overall total unique 64 12 76

1Released cultivars include newly bred cultivars and farmers’ varieties with superior desirable traits promoted by the national
program.

2HH – Household
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respondents in this study, 92% engaged in this
practice. The flow of materials between farmers
occurred as gifts or barter exchange, or by purchase.
About 36% of the farmers used both channels to
access planting materials. Challenges identified by
farmers engaged in material exchange were trans-
mission of pests and diseases, lack of accurate infor-
mation about the variety, financial constraints, lack
of cooperation among farmers, and access to

planting materials to ensure timely planting
(Fig. 2A). Farmers indicated that, in many cases,
buying material can provide access to the desired
variety, but it requires purchasing power. Lack of
accurate information about the variety is also a
critical challenge, especially if the farmer purchased
the planting material and it performed poorly in the
local environment. Farmers who did not engage in
material exchange indicated that they avoided this

soil type

limited
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market

limited interaction

frequent interaction

pests and diseases

lack of variety information

financial constraint

farmer cooperation

timely access

limited options
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purchase
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Fig. 2. Key challenges faced by farmers during sweet potato plant material exchange (A); adoption of new varieties/
cultivars (B); and retention of current varieties when adopting new varieties/cultivars (C). (A) Material exchange.
Farmers were asked to provide up to three key challenges and indicate whether they engaged free or barter exchange or
purchase. Six farmers carrying out the exchange practice indicated that they had no challenges. (B) Adoption of new
varieties/cultivars. Respondents were asked to identify two key challenges and to indicate whether they had limited or
frequent interaction with extension service. Total number of respondents was 102. (C) Maintaining current varieties.
Respondents were asked to identify two key challenges. Total number of respondents was 96. Radar axis shows the
percentage of farmers who selected the variable as a key challenge. * denotes significance by Chi square analysis at 5%.
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practice because they think it promotes spread of
plant pests and diseases. Instead, they access mate-
rial from the national research institutes.

Plant material exchange is usually most challeng-
ing following a long dry spell. Only farmers who own
or can rent portions of the wetland to preserve their
future planting materials or can afford irrigation have
ready access to planting material in the next season.
Inmany cases, this meant that better-off farmers were
the suppliers of the planting material, as has been
reported by Cromwell (1996) and McGuire (2008).
However, more affluent farmers indicated that they
conserve planting material for their own use in the
next season and have little or nothing to share. This
may be the reason why other farmers indicated lack
of cooperation by fellow farmers as a key constraint
for material exchange. Gaining access to seed or
planting materials has also been identified as a major
challenge in other crops (Sperling et al. 2008).

FACTORS INFLUENCING ADOPTION OF NEW

VARIETIES OR IMPROVED CULTIVARS

The three criteria leadingmost respondents to adopt
new varieties or cultivars were yield followed by taste
and duration to maturity (Fig. 3A). Market demand
and tolerance to biotic and abiotic stresses were also
important. Abidin et al. (2005) and Gibson et al.
(2008) similarly observed yield, taste, maturity
time, resistance to pests and diseases, and ability to
store roots in-ground for piecemeal harvesting as
key factors. In some cases, however, selection was
driven by accessibility to disease-free planting mate-
rials at the time of planting, rather than varietal
preference or suitability to the environment.

Consideration of market demand, which is most
relevant for farmers with access tomarkets and those
expecting to sell a significant portion of their crop,
was important to a lower number of respondents.
There was a significant difference (P < 0.05) in
consideration of market demand between male
and female farmers. Of the male respondents, who
typically produce sweet potato for commercial
production, close to 70% ranked market de-
mand as a key consideration for adopting new
varieties or cultivars. In contrast, only 22% of
the female farmers, who primarily grow sweet
potato for home consumption and food secu-
rity, considered market demands as a key fac-
tor. Subsistence-oriented farmers tend to focus
on consumption attributes such as good taste,
high dry matter or beta-carotene content, and piece-
meal harvesting ability.

The respondents ranged from farmers growing
sweet potato for the first time, to farmers who have
not adopted new varieties or cultivars in more than
five years and sometimes even more than ten years.
More than half of the respondents cultivated the
same varieties for over three years before adopting
new varieties or cultivars. A substantial number of
respondents (22%) adopted new varieties or culti-
vars whenever they identified one that performed
better than their current varieties. Gender did not
influence frequency of adoption of new varieties or
cultivars, while farmer age was significant (Table 3).
A majority of the farmers above the age of 50 had
reduced frequency of adoption. Farmers that were
members of farmers’ groups or interacted more
frequently with an extension service (at least once
a year) tended to change their varieties and cultivars
more frequently. Asrat et al. (2010) also observed
that in Ethiopia, teff and sorghum farmers with
frequent interaction with extension services adopt
new varieties more frequently.

Land area allocated to sweet potato did not sig-
nificantly influence frequency of adoption of new
varieties and cultivars. The low measure of associa-
tion (Eta = 0.155) is largely attributed to Bukedea
districts, where the majority of respondents have
cultivated the same orange-flesh sweet potato varie-
ties for at least five years, regardless of the land size.
If the Bukedea district was excluded from the anal-
ysis, there was an increased association (Eta = 0.473;
P < 0.01) between the size of land and frequency of
adoption of new varieties or cultivars. This is prob-
ably because the larger farms are more market-
oriented and tend to interact more frequently with
extension service than subsistence farms.

CHALLENGES TO ADOPTION OF NEW VARIETIES

OR CULTIVARS

Inadequate information was indicated as the
main challenge to adoption of new varieties or
cultivars, followed by access to planting materials
(65% of the respondents) (Fig. 2B). However, the
proportion of respondents who considered limited
information and lack of access as key constraints was
significantly less (P < 0.05) for farmers that fre-
quently interacted with extension services. Farmers
that rarely met with extension services relied on
information provided by the source of planting
material, usually a fellow farmer or merchant. How-
ever in some cases such information is biased to
performance in one or a few location(s) or season(s)
(McGuire 2008) and may result in unreliable
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information about the variety. There was a strong
association between membership in farmers’ groups
and frequency of interactions with extension pro-
viders (Table 3). This may explain why respondents
in farmers’ groups did not consider limited infor-
mation and access to better varieties as the major
challenges. These findings support the hypothesis
that weakening social ties among farmers cause
farmers to miss opportunities to obtain information
about better or new diversity, and to access this
diversity (Bellon 2001; Winters et al. 2006).

Market issues such as access to market outlets and
price fluctuations were also key challenges for 46%
of the respondents, regardless of the frequency of
interaction with extension providers. In many cases
farmers are not provided with sufficient information
regarding the supply, demand, and price of a prod-
uct (Moulin et al. 2012; Van Dusen and Taylor
2005). Because sweet potato production is largely
dependent on rainy seasons, if many farmers grow
the same varieties, there is a glut at harvest time,
leading to low prices or inability to sell produce.

87%
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29%
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Taste Duration
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Fig. 3. Criteria for selection of A) new varieties/cultivars, and B) maintenance of current varieties. Numbers above
the peaks indicate percentage of the total number of respondents (102) that selected the variable as a key factor in their
decision-making.
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This challenge is worst for farmers where distances
between production areas and main markets are
greatest. Production of sweet potato by many
households in the same community makes market-
ing to the surrounding communities a big challenge;
thus farmers have to rely on distant traders (Abidin
2004). These observations suggest that crop diver-
sity maintenance may be enhanced by providing
farmers with solutions to the market issues, includ-
ing innovations that facilitate non-rain-fed produc-
tion, and increased ability to store long-term, as well
as develop new sweet potato products and processed
forms.

The majority of the respondents (73%) indicated
that they first evaluate performance of new varieties
by planting a few mounds. Some farmers (28%)
further test the varieties in multiple locations in

their field based on slope, soil structure, or amount
of organic matter. On-farm evaluation of variety
performance by individual farmers is a common
practice that has been reported in other crops (e.g.,
Mikkelsen and Langohr 2004; Smale et al. 2001).

CRITERIA FOR MAINTAINING A VARIETY

IN THE FARMERS’ FIELDS

The criteria used for maintaining older varieties
when adopting new varieties or cultivars (Fig. 3B)
were different from considerations for adopting new
varieties (Fig. 3A). The largest number of respon-
dents considered yield stability, including tolerance
to native biotic and abiotic stresses (e.g., disease,
drought, poor soils, weedy fields), as critical, but this
had to be supplemented by good taste. Farmers
indicated that in most cases the new varieties or
cultivars are not adapted to the local environment;
thus their higher performance tends to diminish
over time. Asrat et al. (2010) observed that the
majority of the teff and sorghum farmers considered
environmental adaptability to extreme conditions
more critical than routinely high yield. Increased
desire for environmental adaptability was attributed
to the increasing frequency of environmental stress-
es such as prolonged drought events, soil degrada-
tion, and lack of resources and technologies to help
farmers overcome these stresses.

Piecemeal harvesting capability was also consid-
ered a key factor by a substantial number of the
respondents (32%). Most of the new varieties were
not considered to have good piecemeal harvesting
characteristics. Other factors considered when
selecting varieties to conserve included early matu-
rity, market demand, and availability of planting
materials. These findings indicate important con-
siderations, both for conservation of genetic diver-
sity and establishment of breeding priorities for
varietal development.

IMPACT OF ADOPTION OF NEW CULTIVARS

OR VARIETIES ON MAINTENANCE OF EXISTING

VARIETIES IN THE FARMER’S FIELD

The majority of the respondents (73%) kept
some of the existing varieties in their field
when adopting new varieties or cultivars:
14% allocated > 0.5 ha; 33% 0.25–0.5 ha;
and 27% allocated less than 0.25 ha. Other
respondents (27%) completely replaced their cur-
rent varieties because of limited land resources and/
or poor performance of the current varieties. Poor

Table 3. MEASURE OF ASSOCIATION BETWEEN DIFFER-
ENT VARIABLES THAT INFLUENCE CROP DIVERSITY.

Variable 11 Variable 2
Measure of
association2

Membership in
farmer’ groups

Interaction with
extension service

0.703***

Frequency of
adoption of
new varieties

Age of farmer 0.580***
Gender of farmer 0.285
Land ownership 0.420*
Land size 0.155
Land size (without
Bukedea district)

0.473**

Membership in
farmers’ groups

0.488***

Interaction with
extension service

0.419**

Market access 0.425*
Weather conditions 0.504*

Maintenance
of current
varieties when
adopting new
variety

Age of farmer 0.615***
Gender of farmer 0.304*
Land ownership 0.370*
Land size 0.247
Membership in
farmers’ groups

0.229

Interaction with
extension service

0.248

Market access 0.400*

***, ** and * denote significance at 0.1%, 1% and 5%,
respectively.
1Variable definitions and scoring system are provided in
ESM Table 2.

2 Phi was used as the symmetric measure of association, based
on chi-square, between nominal variables. Eta was used as
the measure of association between one nominal and one
interval variables.
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performance most frequently resulted from reduced
tolerance to local stresses, especially pests and
diseases.
The challenges identified as key for maintaining

varietal diversity were different from those indicated
for adopting new diversity. The major challenges for
maintaining varieties were: land limitation (identi-
fied by 70% of the respondents); loss of planting
material due to prolonged drought events (63%);
lack of training in better conservation techniques
(47%); and loss of planting materials due to animals
and pests (19%) (Fig. 2C). Respondents who rented
land and female farmers whose husbands allocate
land use indicated land limitation as a key con-
straint. The male owner tended to have different
priorities for land use compared to the woman
farmers, influencing the size of land allocated for
sweet potato production, and potential for diversity
preservation on-farm. This may explain the signifi-
cant association between land ownership and main-
tenance of varieties (Table 3).
Prolonged drought events have resulted in loss of

planting material in farmers’ fields. To cope with
this constraint, respondents use various strategies,
including planting the vines near wetlands, on riv-
erbanks, or within banana plantations. However,
very few of the respondents had access to wetlands
or had resources for irrigation. Lack of information
about conservation methods, which was cited by
nearly 50% of the farmers, indicates that there is
need to incorporate training on conservation of
planting material as part of any new sweet potato
variety release package. Inadequate training of
farmers in conservation practices has also been
identified as a key constraint to in situ conser-
vation of other crops such as coffee in El Salvador
(Méndez 2008), potato in the Andes (De Haan
2009), and teff and sorghum in Ethiopia (Asrat
et al. 2010).

Conclusions

Several studies have characterized sweet potato
diversity in regions of Central and South America,
Africa, and Asia, and have emphasized the impor-
tant role that farmers play in maintaining diversity
(e.g., Camargo et al. 2013; Elameen et al. 2011;
Moulin et al. 2012; Roullier et al. 2013). An earlier
study interviewing 33 households in Brazil found
that overall diversity of crops and varieties cultivat-
ed, including sweet potato, was declining as a result
of limited land, changing economic conditions, and

legal constraints (Peroni and Hanazaki 2002). For
those families, exchange with neighbors or relatives
was the primary source of new varieties or replace-
ment of losses. In this study we investigated the
factors that influence farmers’ ability to access and
utilize new sweet potato varieties along with those
that drive choice of the specific varieties to be intro-
duced, discarded, or maintained.
In most districts surveyed, farmers were currently

growing a combination of farmers’ varieties and
released cultivars. However, it should be noted that
the ecological and socioeconomic conditions favor-
ing cultivation of farmers’ varieties and landraces are
not fixed (Enjalbert et al. 2011; Thomas et al.
2011). Rapid population growth, land use intensi-
fication, market driven changes, and climate change
will all necessitate increasing agricultural productiv-
ity per unit area, thus encouraging adoption of
modern agricultural technologies and practices
(Pautasso et al. 2013). Such interventions could
have great impact on traditional varietal diversity.
Key criteria for variety selection varied based on

household characteristics, available land, intended
uses of sweet potato, micro-climatic conditions, and
level of access to agricultural extension. Preference
for sweet potato varieties with high environmental
adaptability and yield stability may explain why
there has been a low adoption rate or abandonment
of the high-yielding modern cultivars released in
Uganda over the past two decades. This points to
the need for breeding programs to prioritize traits
that will enhance adaptability to common stresses of
the receiving environment under minimal input
conditions. Economic conditions, such as financial
constraints to adopt modern farming technologies
or inputs, also favor cultivation of traditional varie-
ties. Farmers will only adopt technologies if they are
convinced that the benefits outweigh the costs
(Pannell et al. 2006). Therefore, a key responsibility
of the extension service should be to ascertain
whether new technologies have net benefits to the
farmers under their jurisdiction before they embark
on education and promotional activities.
Prior studies have indicated a positive relation-

ship between genetic diversity and strong social ties
(Pautasso et al. 2013). This was also observed for
the Ugandan sweet potato farmers in this study.
Networking among farmers enabled sharing of ex-
periences and information about available diversity
and its management, strengthened plantingmaterial
exchange, and facilitated collective action to access
superior varieties andmarkets beyond the surround-
ing community.
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Maintenance of farmers’ sweet potato varieties was
influenced by a combination of ecological con-
ditions, socioeconomic factors, and crop man-
agement practices. Drought was the major fac-
tor attributed to complete loss of certain vari-
eties in these regions and thus environmental
conditions may play a significant role in ability
to maintain diversity in situ. Lack of access to
information about conservation practices was also a
key constraint to maintenance of farmers’ varieties.
Ultimately, farmers will only maintain varieties that
meet their needs because it is not the farmers’
responsibility to maintain diversity (Asrat et al.
2010; Roullier et al. 2013). Thus some varieties will
be lost due to poor performance under local condi-
tions, while others will be dropped based on human
preferences. In the absence of appropriate incentive
mechanisms to encourage farmers to implement in
situ conservation strategies, crop diversity will be
dependent on farmers’ choices. Geographical distri-
bution of allelic diversity and decentralization of ex
situ conservation (by the assemblage and evaluation
of available varieties and cultivars in nearby research
stations) can be possible alternatives to facilitate
preservation of useful diversity in the local environ-
ments (Roullier et al. 2013).

In conclusion, these results suggest that as the
country’s agriculture develops to meet the chal-
lenges of a growing population and changing
environment, there will be need for a national
policy to ensure effective conservation of varieties
that possess unique desirable traits. Conservation
policies must consider strategies that will facili-
tate preservation in the face of environmental
and agronomic constraints such as limited land,
losses to diseases, unreliable weather, and
prolonged drought events, as well as financial
constraints such as market access and price
fluctuation.
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