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Abstract: Early storage root bulking (ESRB) in cassava has increasingly become important in the national
cassava breeding programmes in Africa. To assess farmers' perceptions on ESRB in cassava and identify their
cultivar selection criteria, a study was conducted in east and central Uganda. One hundred and twenty cassava
farmers were  sampled  and  interviewed  following   structured  questionnaires,  and  their   fields  assessed.
The results show that both the ESRB and late storage root bulking (LSRB) cassava cultivars were grown by
farmers. The most ESRB cultivars grown were Taso, NASE3, NASE2, NASE4, Mercury, Mufumbacayi,
Ebwanatereka, Selefu, MH97/2961, Mwezigumu and TME14 while the most LSRB cultivars were Akena and
Ofwono. Early storage root bulking cultivars were grown to provide fast food and income while LSRB cultivars
were grown for food security. The farmers' cassava cultivar selection largely depended on high storage root
yield, ESRB, resistance to pests and diseases, and sweetness. Farmers expressed a strong need for improved
ESRB cultivars but, accentuated that they should, in the order of importance, have high dry matter content, be
sweet, high yielding, and resistant to pests and diseases. To design a successful breeding programme under
smallholder production systems, the farmers' perceptions and preferences should be understood and taken into
consideration.
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INTRODUCTION country and its production is expanding. For example in

Cassava is an important perennial storage root crop 4.9 x 10  t in 2000 [3]. This increase in cassava production
grown in most African countries. Its ability to produce a demonstrates its growing popularity amongst the farming
high amount of starch per unit area compared to other communities of Uganda. Its ability to grow and produce
starch crops [1] and its tolerance to marginal soils and reliable yields in areas where cereals and other crops do
flexibility in harvesting dates make it a popular crop not perform well has also contributed to its popularity.
amongst smallholder farmers [2]. Its production worldwide The crop is consumed in many prepared forms
has increased from 1.8 x 10  tonnes (t) in 2000 to 2.3 x10 particularly, boiled, fried, bread, snacks and porridge.8 8

t in 2010 [3] and is expected to increase further due to the Cassava is largely grown by smallholder farmers,
increasing demand for food, as well as because of its with the main production system being intercropping [5].
value as a raw material for industrial products, particularly Smallholder farmers in Uganda grow various cassava
in Africa [4]. cultivars, some of which are locally known to be ESRB.

In Uganda, cassava is considered as a household Early storage root bulking in cassava has increasingly
food and income security crop. It is grown throughout the become  more   important   in   situations   where   there  is

2010 cassava production stood at 5.3 x 10  t compared to6
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mounting pressure on land and farmers need to intensify insights and trait preferences [13]. Moreover, they often
production, as well as in semi-arid regions where ESRB work in isolation from farmers and are at times unaware of
cultivars are harvested after only one cycle of rain [6]. the importance of preferences beyond yield and
Early storage root bulking has also become important in resistance to pests and diseases. Taste, cooking qualities
the subtropics where it allows harvest after one calendar and earliness are just a few of the dozens of crop traits of
season, as opposed to the two calendar seasons typically interest to smallholder farmers. Participatory plant
practiced for cassava [7]. It is partly for these reasons that breeding (PPB) approaches such as surveys are needed
ESRB has recently become a major breeding objective in to elicit such vital information on what is needed by
the national cassava breeding programmes in Africa and farmers. In the public sector, such surveys are often
is considered a key requirement for the transition of referred to as participatory rural appraisals and are
cassava from a traditional to an industrial crop. comparable to the market research approach of the private

Farmers in Africa perceive sweet cassava cultivars to sector [16].
be ESRB and bitter cultivars as LSRB [8]. Nweke et al. [9] Therefore, for a breeding programme aimed at
revealed that LSRB is the single most important reason for developing ESRB cassava cultivars with desired storage
rejection of a cassava cultivar in most African countries. root quality traits in Uganda, it was important to orientate
Late storage root bulking cultivars occupy land for a long a research strategy that would deliver suitable cultivars
period of time and, consequently the land cannot be for a sustainable cassava production system under the
effectively utilized for the cultivation of other crops [10]. farmers’ prevailing production conditions. The objectives
Besides, Wholey and Cock [11] stressed that one way of of this study were: (1) to assess farmers’ perceptions of
improving the efficiency of cassava production in terms ESRB in cassava, (2) to identify farmers’ cassava cultivar
of storage root yield per unit time is by shortening its selection criteria and (3) to understand traits desired by
growth period through identification and selection of farmers in new ESRB cassava cultivars. 
ESRB cultivars. In breeding for ESRB, key storage root
quality traits such as high dry matter content (DMC), MATERIALS AND METHODS
cyanogenic potential and sweetness should not be
ignored. Study Area: The study was conducted in the districts of

A considerable number of plant breeding Jinja, Busia and Mukono in east and central regions of
programmes in developing countries have failed due to Uganda, respectively. These districts are located in the
lack of involvement of farmers, leading to low adoption Lake Victoria Basin (LVB). The LVB is drained by streams
rates of released varieties [12,13]. Duguma et al. [14] and rivers into the Lake Victoria and is one of the most
stressed that in a breeding programme, the target productive and fertile areas in Uganda [17]. It lies at an
production system has to be well understood and altitude of between 1158 - 1550 m above sea level with
characterized in the context of farming and/or non-farm temperatures above 21°C. The area has a bimodal rainfall
activities. The authors further stressed that the pattern of about 1250-2200 mm annually, with two distinct
description of the production environment should be rainy seasons and two dry periods of near similar length.
detailed and clear decisions made for the target groups Cassava production in this area is largely concentrated
within the area which the breeding programme is to serve. amongst smallholder farmers whose farming conditions
Farmers usually have indigenous knowledge of their are diverse. The farmers are resource-poor and encounter
respective local environments; moreover they are also several production constraints, such as lack of access to
aware of the key agronomic traits appropriate for their improved crop varieties and agricultural inputs and they
localities and taste. Hence, it is imperative that breeding experience shortage of land for crop production. 
programmes provide forums for input from the farmers. 

Approaches that involve the active participation of Sampling and Data Collection: Information on farmers’
target clientele in breeding can quickly identify key traits perceptions of cassava ESRB and selection criteria was
needed in parental genotypes [15]. Unfortunately, this is collected from smallholder cassava farmers using
an aspect that is largely ignored, a phenomenon which in structured questionnaires and conducting field
part explains why many farmers at times continue to grow observations. A district was used as the basis for
landraces which have farmer-preferred attributes as sampling and from each district, 40 smallholder cassava
opposed to the new officially released varieties [13]. farmers were sampled. A multistage sampling method was
Breeders tend to focus on high crop yields and resistance used  in  selecting  farmers to participate in interviews.
to pests and diseases without considering farmers’ The first stage involved purposive selection of three
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districts based on their location in different regions of for high storage root yield, ESRB and tolerance to pests
Uganda and relative importance in cassava production. and diseases. Although NASE4, Mufumbacayi and
The   second   stage   involved   random   sampling of Ebwanatereka were appreciated for their ESRB, they were
four  sub-counties  per  district,  giving  a  total  of 12 unpopular amongst Jinja and Mukono farmers due to their
sub-counties. The last stage involved random sampling of susceptibility to diseases, particularly CBSD. 
10 cassava growing households per sub-county, making Both the ESRB and LSRB cassava cultivars were
a total of 120 household respondents. Identification of grown in the same fields and/or separately and harvesting
respondents’ households was facilitated by the Ministry was reportedly started with ESRB cultivars and ended
of Agriculture, Animal Industry and Fisheries agricultural with LSRB cultivars. This practice was perceived to avoid
extension workers based at the sub-county headquarters the risk of crop failure, as well as to ensure continuous
and local council officials. Focus group discussions with availability of food to the farmers and their dependents.
four agricultural extension workers and six local council Besides, farmers revealed that ESRB cultivars were grown
officials per district were held in order to obtain a general for provision of fast food and income while LSRB
overview of the local farming systems. Subsequently, a cultivars were primarily grown for food security since their
team of researchers comprised of four agricultural storage roots can store underground for a long time
extension workers and a breeder administered interviews without rotting.
to farmers. Each research team member interviewed one
individual farmer at a time and also made field inspections Cassava Cultivar Selection Criteria by  Farmers:
to identify cassava cultivars grown. Cassava farmers selected cassava cultivars for cultivation

Data Analysis: The data collected were coded, entered Jinja and Mukono (Table 2), implying that a similar
and analysed using Statistical Package for Social selection criterion can be employed across these districts.
Scientists (SPSS), 16  version [18]. A combination of On average across these districts, cultivar selection byth

analyses; descriptive statistics, cross tabulations and the farmers largely depended on high storage root yield
percentages were undertaken. (80.0%), ESRB (71.6%), resistance to pests and diseases

RESULTS AND DISCUSSION reflected the degree of importance attached to different

Cassava Cultivars Grown by Farmers: A wide range of priorities in the context of production environments and
cassava cultivars was grown by the farmers and in each local farming systems. 
of the  sampled  districts  more  than  10  cassava Early storage root bulking was selected for because
cultivars were identified (Table 1). In Busia district, farmers asserted that ESRB cultivars escape late season
Magana was the most commonly grown cultivar, grown pests, diseases and droughts, allow for sequential
by 92.5% of the farmers and the least common were multiple cropping within one cassava cropping season,
Namikono and MM96/4271, each grown by 5.0% of the are sweet and above all, provide quick food and income.
farmers. Magana was most common amongst Busia Although ESRB was considered the second most
farmers because they preferred it for its high storage root important (71.6%) attribute after high storage root yield
yield, medium bulking nature, tolerance to the prevalent (80.0%) in selecting cassava cultivars for cultivation,
pests and diseases, especially cassava mosaic disease 11.7% of the farmers regarded it as a basis for rejection of
(CMD) and cassava brown streak disease (CBSD) and for cultivars, especially those that bulk early and rot early.
its sweetness. Namikono and MM96/4271 on the other Essentially, farmers combine a series of desired traits to
hand were least common amongst these farmers because constitute their selection index. 
they were known to be LSRB and low yielding. 

In Jinja district, NASE3 was the most commonly Indicative Signs of Early Storage Root Bulking Cassava
(42.5%) grown cultivar while the least were Ofwono and Cultivars: Although in formal cassava breeding it has
NASE4, each grown by 2.5% of the farmers. In Mukono, been difficult to identify the aboveground morphological
TME14 was the most commonly (82.5%) grown cultivar traits associated with ESRB cultivars [6], farmers in this
whereas NASE3, Mufumbacayi and Ebwanatereka were study were found with indigenous knowledge of
the least common, each grown by 2.5% of the farmers. identifying ESRB cultivars (Table 3). A majority (47.5%) of
Cultivars; NASE3 and TME14 were most common in Jinja them stressed that ESRB cultivars are associate with
and Mukono districts, respectively due to their preference cracking of soil when the crop is young (3 - 4 months after

by certain known criteria that were common across Busia,

(63.3%) and sweetness (50.8%). These selection criteria

cultivars associated to farmers’ multiple needs and
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Table 1: Percentage of farmers in Busia, Jinja and Mukono districts of Uganda that grow common cassava cultivars 
Sampled districts
------------------------------------------------------------------- Farmers’ observations on

Cassava cultivars grown* Busia (%) Jinja (%) Mukono (%) Harvest time (Mo) earliness of the cultivars
Magana 92.5 10.0 0.0 14 Medium bulking 
Taso 32.5 0.0 0.0 12 Early bulking
NASE3 77.5 42.5 2.5 12 Early bulking
Akena 7.5 20.0 35.0 =16 Late bulking
NASE2 12.5 0.0 10.0 12 Early bulking
NASE4 32.5 2.5 5.0 12 Early bulking
Mercury 55.0 0.0 0.0 12 Early bulking
Namikono 5.0 0.0 0.0 16 Late bulking
Mufumbacayi 5.0 27.5 2.5 12 Early bulking
Luderudu 7.5 0.0 5.0 15 Late bulking
Ebwanatereka 0.0 20.0 2.5 12 Early bulking
Bufulubi 0.0 37.5 0.0 12 Early bulking
Selefu 0.0 37.5 0.0 12 Early bulking
Njule 0.0 7.5 7.5 14 Medium bulking
Bunduguza 0.0 12.5 0.0 16 Late bulking
MH97/2961 0.0 5.0 27.5 12 Early bulking
Mwezigumu 0.0 5.0 0.0 12 Early bulking
TME204 0.0 0.0 10.0 14 Late bulking
TME14 22.5 17.5 82.5 12 Early bulking
Bwanjule 0.0 0.0 22.5 14 Medium bulking
TME3 0.0 0.0 22.5 15 Late bulking
Ofwono 0.0 2.5 12.5 =16 Late bulking
MM96/4271 5.0 5.0 15.0 15 Late bulking
* Multiple responses; Mo = months 

Table 2: Percentage of farmers that use cassava cultivar selection criteria in three sampled districts of Uganda
Sampled districts
----------------------------------------------------------------------------------------------------------------------

Cassava cultivar selection criteria* Busia (%) Jinja (%) Mukono (%) Mean
High storage root yield 85.0 77.5 77.5 80.0
Early storage root bulking 77.5 65.0 72.5 71.6
Resistance to pests and diseases 75.0 55.0 60.0 63.3
Sweetness of storage roots 45.0 57.5 50.0 50.8
High storage root dry matter content 25.0 30.0 25.0 26.7
Medium branching height 20.0 30.0 15.0 21.7
Easy cooking ability of storage roots 20.0 25.0 17.5 20.8
Long storability of storage roots in soil 17.5 10.0 15.0 14.2
Availability of planting material 12.5 15.0 12.5 13.3
Late storage root bulking 15.0 10.0 10.0 11.7
None fibrous storage roots 15.0 10.0 17.5 14.2
Bigger storage roots 12.5 7.5 20.0 13.3
Drought tolerance 0.0 0.0 2.5 0.8
* Multiple responses

Table 3: Percentage of farmers that identified putative indicators of early storage root bulking cassava cultivars in three sampled districts of Uganda
Sampled districts 

Indicators of early storage root ------------------------------------------------------------------------------------------------------------------------
bulking cassava cultivars* Busia (%) Jinja (%) Mukono (%) Mean
Cracking of soil at 3-4 MAP 40.0 52.5 50.0 47.5
Early plant flowering 30.0 42.5 40.0 37.5
Early plant canopy development 37.5 17.5 10.0 21.7
Early plant branching 17.5 32.5 12.5 20.8
Short thick light brown stems 5.0 10.0 37.5 17.5
Leaf browning and dropping at 3-4 MAP 12.5 7.5 0.0 6.7
* Multiple responses
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Table 4: Percentage of farmers in three sampled districts who suggested traits that should be incorporated into new early storage root bulking cassava cultivars
Sampled districts 

Traits desired in early storage root -------------------------------------------------------------------------------------------------------------------------------
bulking cassava cultivars * Busia (%) Jinja (%) Mukono (%) Mean
High storage root dry matter content 67.5 55.0 52.5 58.3
Sweetness of storage roots 62.5 47.5 50.0 53.3
High storage root yield 55.0 45.0 25.0 41.7
Resistance to pests and diseases 22.5 30.0 32.5 28.3
Drought tolerance 5.0 12.5 0.0 5.0
Easy cooking ability of storage roots 22.5 30.0 37.5 30.0
Long underground storage root storability 27.5 25.0 32.5 28.3
Medium branching height 0.0 2.5 17.5 6.7
Large storage roots 17.5 12.5 0.0 10.0
Non-fibrous storage roots 10.0 15.0 30.0 18.3
Firm storage roots after cooking 10.0 17.5 27.5 18.3
Non-woody storage roots 2.5 7.5 7.5 5.8
* Multiple responses

planting,  MAP).  A  few  (6.7%)  of  them stressed that High storage root DMC was prioritized by 67.0, 55.0
the leaves of ESRB cultivars turn brown  and  begin to and 52.5%, cassava sweetness by 62.5%, 47.5% and
fall off at an early stage of plant growth (3-4 MAP). It was 50.0%, high storage root yield by 55.0, 45.0 and 25.0% of
also revealed that ESRB cultivars are characterized by the farmers in Busia, Jinja and Mukono districts,
early flowering (37.5%), early canopy development respectively. According to the results, the new ESRB
(21.7%), early branching (20.8%) and short thick light- cultivars in order of importance, should have high DMC,
brown stems (17.5%). Contrary to this, Wholey and Cock be sweet, high yielding and resistant to pests and
[11] indicated that there are no clear aboveground diseases.
morphological traits that indicate when cassava storage High yield of cassava storage roots and resistance to
roots have matured, necessitating the uprooting of pests and diseases in relation to the desired ESRB
plants. Similarly, Kawano [19] pointed out that the lack of cassava cultivars were not the most important traits for
associated aboveground morphological traits requires farmers. This confirmed the earlier findings of Ceccarelli
uprooting cassava plants in order to identify and select nd Grando [12] and Efisue et al. [13] who revealed that
for ESRB genotypes. although breeders think that farmers are more interested

In the absence of clear aboveground morphological in high yields and pest and disease resistant cultivars,
traits to enable direct selection for ESRB cultivars, there are more important attributes valued by farmers. It is
Kawano [19] recommended the use of fresh storage root important to note that the need for involvement of farmers
yield. Harvest index was also recommended as a method in breeding processes through PPB is an imperative [12].
for assessing ESRB in cassava [20]. Suffice to note that The effective application of PPB approaches can result in
most of the descriptions of ESRB by farmers are not development of varieties that are adapted to the local
quantified and selection needs to be complemented by agro-climatic conditions, efficient in the use of the
formal breeding methods. available water and nutrient resources and amenable to

Attributes Desired by Farmers in New Early Storage thus, be easily adopted by farmers within their local
Root Bulking Cassava Cultivars: A wide range of desired farming systems [13]. It is worth noting that to design a
attributes in new ESRB cassava cultivars were suggested successful breeding programme under smallholder
by the farmers (Table 4). On average across the sampled production systems, the farmers’ perceptions and trait
districts, a majority (58.3%) of farmers suggested high preferences should be clearly understood and taken into
storage root DMC as the most important trait to be consideration.
incorporated in new ESRB cultivars. Tolerance to drought
was considered the least important (5%). The second ACKNOWLEDGEMENT
most important (53.3%) farmer desired attribute was
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