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a b s t r a c t

Given the challenges facing African agriculture resulting from climate-induced stresses, building resil-
ience is a priority. Seed systems are important for enhancing such resilience as seed security has direct
links to food security, and resilient livelihoods in general. Using data from a case study in West Nile
region in Uganda, we studied practices in farmer seed systems and decisions, particularly in response to
climate-induced stress. Results helped to generate recommendations for enhancing seed system resil-
ience. We used social-ecological framework and multinomial logit model to analyze seed systems and
factors influencing farmers' decisions about seed use respectively. Farmers ranked drought as the most
important climate factor affecting crop production. With over 50% of farmer seed sourced on farm, the
effect of climate factors on seed system functioning was perceived in relation to diminishing levels in
quantity and quality of yield. Decline in yield affected farmer seed saving, increased grain prices due to
high demand, affecting seed availability and affordability. The relative importance of seed sources varied
during normal and stress periods, and by crop. Farmers tended to shift from farm-saved seed to social
networks and local markets during stress periods. Local Seed Businesses emerged as an alternative
source of planting material during stress periods. Formal seed enterprises were important in delivering
improved seed, especially for maize, though their importance during stress periods diminished. Farmer
characteristics and ecological factors played a role in defining the type of seed used, though their sig-
nificance varied by crop. We recommend an approach that integrates farmer seed systems with the
formal system in general, but specifically focusing on strengthening social networks, promoting farmer
seed enterprises and crop adaptation practices at farm scale.
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Agriculture is the backbone of most African economies and
livelihood of many people. However, agriculture is often charac-
terized by high variability of production outcomes and production
risks. Unlike most other entrepreneurs, agricultural producers
cannot predict with certainty the amount of output their produc-
tion process will yield, due to external factors such as weather,
pests, and diseases (van de Steeg et al., 2009). The effects of climate
change and variability add to the challenges facing agricultural
producers in Africa in producing enough food for the growing
population. Rapid and uncertain changes in temperature and
x 633-00621, Nairobi, Kenya.
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rainfall patterns markedly affect food production, lead to food price
shocks, increase the vulnerability of smallholder farmers and
accentuate rural poverty (AGRA, 2014). Crop adaptation, including
diversifying agriculture with crops and varieties that can perform
better under various climatic stresses and substitution of plant
types, is among the most cited strategies for adapting agriculture to
climate variability and change (Cooper et al., 2008; Di Falco et al.,
2006; Kurukulasuriya and Mendelsohn, 2006; Nzuma et al.,
2010). This requires farmers to make decisions on which crops
are suited to their environments. Seed systems play a crucial role in
providing farmers with access to adaptable crops and varieties, and
the flexibility of obtaining seed when required.

A seed system is the economic and social mechanism by which
farmers' demands for seed and the various traits they provide are
met by various possible sources of supply (Lipper et al., 2010). Two
different types of seed systems (i.e. formal and informal) are widely
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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known (Almekinders and Louwaars, 1999). The formal seed system
is characterized by a clear chain of activities, usually starting with
plant breeding and promotion of materials for formal variety
release and maintenance. Regulations exist in this system to
maintain variety identity and purity as well as guarantee physical,
physiological and sanitary quality. Seed marketing takes place
through officially recognized seed outlets, and by way of national
agricultural research systems (Louwaars, 1994; Subedi et al., 2013).

The informal seed system on the other hand embraces most
other ways in which farmers access seed. The same functions of
selection, multiplication, dissemination and storage take place in
the informal system as in the formal, but they take place as integral
parts of crop production rather than as discrete activities (Sperling
et al., 2013). There is a growing recognition of a third type of seed
system, the intermediate seed system (Subedi et al., 2013). This
system is characterized by entrepreneurial farmers and farmer
groups that produce and market crops that are not covered by the
formal seed system. In Uganda these groups are called Local Seed
Businesses (LSBs) that produce Quality Declared Seed (QDS), which
is inspected by the Ministry of Agriculture, but sold within their
communities.

In this paper we use the term farmer seed system to encompass
both the informal and intermediate system, where farmers have
direct control over seed selection, production, quality and distri-
bution. We focus on farmer seed system because of its significance
in providing seed to smallholder farmers in Africa. McGuire and
Sperling (2016) estimate that farmers in Africa access 90.2% of
their seed from informal systems with 50.9% of that derived from
local markets. In Uganda, farmer seed systems provide more than
80% of seed required by farmers (Ferris and Laker-Ojok, 2006;
Gareeba-Gaso and Gisselquist, 2012; ISSD Uganda, 2014), and play a
key role in multiplying planting material for vegetatively-
propagated crops and seed of self-pollinated crops, for which it is
easy to maintain genetic purity through successive generations. In
contrast, formal enterprises are constrained by narrow crop choice
and affordability (Sperling and McGuire, 2010), and are considered
particularly weak in high stress areas (Tripp, 2001). This puts
farmer seed systems at the heart of strategies for copingwith stress.
However, being integral to farmers' crop production, farmer seed
systems are affected by the same factors as crop production. There
is therefore need to enhance resilience of farmer seed systems to
continue to provide the required seed at the right time. Resilient
seed systems have the capacity to absorb shocks, and reorganize to
maintain seed security over time (Cabell and Oelofse, 2012; Walker
et al., 2006), which has direct links to food security and resilient
livelihoods in general (McGuire and Sperling, 2011).

This paper focuses on understanding practices and decisions in
farmer seed systems, particularly in response to climate-induced
stresses. Specifically the study analyses; i) farmers' perceptions of
climate variability, and effects on crop production and seed sys-
tems; ii) the role of farmer seed systems in meeting farmers' needs
for planting materials both in normal season and during unex-
pected stress; and iii) the influence of social-ecological factors on
farmers' decisions to use specific seed types. Key result of the
analysis provide strategic inputs for recommendations for
enhancing resilience of farmer seed systems to common stress
factors faced by farmers. Given the diversity in farming systems in
Uganda, insights from Uganda are relevant to a number of Sub-
Saharan farming systems.

2. Methodology

2.1. Study area and sampling design

We used a case study research design, in order to get in-depth
insights of practices in farmer seed systems, particularly in
response to unexpected stress. The case study was conducted in
West Nile region in Uganda. Average rainfall in the region is
1259mmwith high variability, from about 800mmwithin the Lake
Albert basin to about 1500 mm over the western highlands
(Zombo), with good to moderate rated soils. Most of the agricul-
tural production occurs in a single rainy season of about 8 months,
from late March to late November with the main peak from August
to October and a secondary peak in April/May (MAAIF, 2010). Crop
farming combines both annual and perennial crops often in in-
tercrops. The main food crops are cassava, maize, beans, banana,
simsim, sorghum and rice, while major cash crops are tobacco,
coffee and cotton. The region comprises 8 districts distributed
across three livelihood zones (FEWS NET, 2010). Livelihood zones
group together people who share similar options for agricultural
production, securing cash income, accessing markets, and exposure
to production risks, which is related to geographical location.
Table 1 shows the major livelihood zones in West Nile and bio-
physical characteristics.

In order to capture diversity of farming systems in the region,
we sampled one district per livelihood zone for the study (see
Table 1). We then purposively selected one sub-county per district,
targeting areas with operational Local Seed Business (LSBs) sup-
ported by the Integrated Seed Sector Development (ISSD) Uganda
program. In each of the LSB locations, we conducted Participatory
Rural Appraisal (PRA) exercise. Four PRA tools were used - resource
mapping, time line creation, seasonal calendar and matrix ranking.
These helped to gain a deep understanding of key resources in the
community, trends and variability in climate, community percep-
tions on occurrence of shocks, adjustment in farming practices in
response to climate variability, and possible actions to respond to
production stresses. PRAs had mixed gender and age categories
which helped to understand perceptions of different social cate-
gories with regard to the research questions.

Further to PRA, we randomly sampled 90 farm households (see
Table 1) and conducted a household survey. The sampled house-
holds were not necessarily LSB members, nor those that had
participated in the PRA exercise. We used a computerized system of
data collectionwhereby enumerators directly captured information
using mobile phones during data collection. The mobile phone
application was loaded with a data entry application with in-built
range and consistency checks to ensure good quality data. The
Team Leader ran checks on data while still in the field thereafter
electronically transmitting it to the online web console at ISSD
(powered by Mobenzi Researcher). We collected information on
household characteristics, cropping activities, farmers' perceptions
of climate variability (occurrence of climate extremes, effect on
crop production and coping measures), seed system functioning
(sources of seed during normal or unexpected stress periods &
perception of reliability of seed sources) and perceptions on varietal
uniqueness. Fig. 1 shows the map of West Nile region and sample
sub counties.

2.2. Theoretical framework

Several approaches for analyzing seed systems have been
employed in research (for example, Hirpa et al., 2010; Jones, 2013;
Remington et al., 2002; Weltzien and vom Brocke, 2001). These
approaches generally suggest analyzing seed systems by focusing
on their functions - seed quality, appropriateness of variety, time-
liness of seed availability, conditions under which seed is available,
and capacity to innovate. However, farmers in many developing
countries are often unable to obtain healthy viable seed of
preferred varieties at the time and under conditions that are best
for them. McGuire (2001) describes this in terms of the health of



Table 1
Characteristics of areas selected for the study and sample size.

Livelihood zone Biophysical characteristics Sample
district (sub-
county)

Respondents

West Nile Arabica Coffee and
Banana Zone

Bimodal rains 1400e1600, clay soil with medium organic matter. Highland ranges, with
an elevation of 1478 m.a.s.l and population density of 244.9 persons per sq. km.

Zombo
(Atyak)

30 household interveiws, one
PRA (17 male and 12 female)

West Nile Tobacco, Cassava and
Sorghum Zone

Moist savannah grasslands, with bimodal rains averaging 1229 mm, soils are sandy clay
loam and clay loam with low organic matter. Elevation is 1059 m.a.s.l. with population
density of 240 persons per sq. km.

Arua (Vuura) 30 household interveiws, one
PRA (25 male and 7 female)

North Kitgum-Gulu-Amuru
Simsim, Sorghum and
Livestock Zone

Bimodal rains averaging 1259 mm, sandy clay loam and sandy loam with low organic
matter. Para-savannahs and low land areas with an elevation of 948 m.a.s.l. and
population density of 177.2 persons per sq.km.

Nebbi
(Wadelai)

30 household interveiws, one
PRA (14 male and 10 female)

Source: Adapted from FEWS NET, 2010.

Fig. 1. Map of Uganda showing West Nile region and sample sub counties.
Source: Adapted from AS4Y project and online resources.
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the seed system and whether particular systems are under stress.
This implies that seed system resilience is also determined by
socio-ecological systems.

This study therefore employed a framework that combines both
social and ecological approaches to analyze seed systems resilience
(McGuire and Sperling, 2013). Socio-ecological approaches focus on
understanding the dynamic interrelations among various personal
and environmental factors, paying attention to the social, institu-
tional, and cultural contexts of people-environment relations.
Resilience refers to the amount of disturbance a system can with-
hold before shifting to a different regime (Walker et al., 2006). Two
aspects are integral to seed system resilience; adaptability of the
seed system (i.e. how actors in the system manage resilience), and
transformability (i.e. ability to create a complete new system if the
old one is unattainable). We tested the hypothesis that farmers'
social-ecological characteristics influence their decisions about the
type of seed and exchange mechanisms they use.
2.3. Analytical methods

Seed system analysis involved assessment of seed access,
availability and utilization. First, we classified different seed
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sources used by farmers as either formal or informal (Sperling,
2008). We assessed seed sources both in normal and stress pe-
riods, and farmers' reasons for using different sources. Then, we
assessed how farmers acquired seed for various crops and varieties
(whether purchased, exchanged or obtained for free). Lastly, we
classified different crop varieties used by farmers as either local,
improved or farmer-recycled (Westengen and Brysting, 2014),
based on information provided by households. This helped to un-
derstand the traits farmers look for and how these relate to seed
sources and climate perceptions. Improved seed/varieties were
defined as something new, brought from outside. If farmers like the
variety, they will recycle it and continue to use it. It becomes part of
the community genetic resources and is described alongside local
varieties. Most times, these recycled improved varieties receive
local names, describing their main traits. Thus recycled varieties
were defined as improved varieties re-used on farm for two or
more seasons. Local varieties on the other hand, were classified as
farmer varieties that have been around for a long time and have
well defined characteristics. They included landraces and creolized
improved varieties.

Using multinomial logit model, we analyzed factors influencing
farmers' decisions about seed type to use. The dependent variable
(seed/variety type) was defined as farmer utilization of each group
of varieties - local, improved or farmer-recycled. This was coded as
binary variable where presence of variety type was coded as one,
and zero, otherwise. Given that the dependent variable has more
than two alternatives among which the decision maker has to
choose, the appropriate econometric model would either be
multinomial logit or multinomial probit regression model. This
study employed the multinomial logit model because of its docu-
mented superiority and ease of computation (Greene, 2003). The
independent variables included; individual characteristics (sex,
age, education and farming experience of the household head, farm
size), institutional support services (extension, credit and market
information), farmers' perception of variety characteristics
(marketability, yield potential, climate adaptability), ecological
factors (farmers' perceptions of climate factors), and the seed sys-
tem where the particular variety was accessed (farmer or formal).

Probability of a farmer i's choice of variety type j, was estimated
using multinomial logit model as in equation (1) (Greene, 2003).

Pij ¼
eXibjPj
j¼1e

Xibj

; for j ¼ 1…3 (1)

Where Pij is the probability representing the ith farmer's chance
of using seed type j, Xi represents a set of explanatory variables, e is
the natural base of logarithms, and bj are parameters to be esti-
mated by maximum likelihood estimator (MLE). The estimated
equations provide a set of probabilities for the j þ 1 choice for a
decision maker with Xi characteristics. For identification of the
model, there is need to normalize by assuming b0 ¼ 0. Thus the
probabilities are given by equations (2) and (3):

Prob:
�
Yi ¼ j=Xi

�
¼ Pij ¼

eXibjPj
j¼2e

Xibj
; for j >1 (2)

Prob:
�
Yi ¼ 1

=Xi

�
¼ P1j ¼

1

1þPj
j¼2e

Xibj
; for j >1 (3)

The marginal effects of explanatory variables on probabilities
are specified as:
Dij ¼ dPij
Xi

¼ Pij

2
4bj �Xj

j¼0

Pijbj

3
5 ¼ Pij

h
bj � b�

i
(4)

In these models the log odds type of variety used were modeled
as a linear combination of the explanatory variables. Our analysis
was structured along three key crops e cassava, maize and beans.
These were identified during the study as the most commonly
grown crops in the region, also with national/regional relevance.
Focus on different crops helped unleash seed system issues that
may pertain to a particular crop/variety. Our analysis largely used
farmers' perspectives for identification of specific seed systems
strengths and weaknesses.
3. Results

3.1. Farmer perceptions of climate variability and effects of crop
production and seed systems

All the respondents (100%) from the household survey indicated
that they had observed climate variability. The most commonly
mentioned climate factors by farmers were; prolonged droughts,
pests and diseases and too much/too little rainfall (Table 2).
Drought, and pests and diseases were particularly more common in
Arua, compared to the other study locations, while too much
rainfall (heavy and erratic) wasmostly reported by farmers in Nebbi
and Zombo. The heavy and erratic rainfall also led to flash floods,
particularly in Nebbi because it's low lying. Farmers reported
experiencing prolonged droughts, which reduced the length of
growing seasons, particularly the first seasonwhich had reduced to
just two months e April and May. Moreover, rainfall in these
months was perceived to have reduced compared to 15 or so years
ago. Across sample districts, significant (p < 0.1) differences were
observed in farmers' perceptions of occurrences of droughts, floods
and delays in rainfall. The difference in farmer perceptions could be
due to differences in cropping patterns and livelihood strategies in
the respective locations.

We further established the importance of the various climate
factors, according to farmers' perspectives. Survey respondents
ranked the perceived climate factors based on frequency of occur-
rence and level of impact on crop production. Drought, too much
rain and delayed rain were ranked as the most important climate
factors (Fig. 2). Subjective ranking by PRA participants indicated
similar results, where farmers ranked drought as the most impor-
tant climate factor affecting their farming operations.

Farmers perceived the impact of climate variability on crop
production and seed systems in relation to failed or successful crop
yields. Changes in climatic conditions influenced the cropping cycle
e field preparation, planting and field management practices, and
subsequently the expected yield. Low or poor yields affected the
amount and quality of seed farmers saved for subsequent planting
seasons. Grain shortages also led to increased demand for food, as
such grain prices tended to increase particularly at planting time.
This affected farmers' access to seed from market sources.

3.2. Coping mechanisms

Farmers practiced a wide range of coping activities. Majority of
the farmers mentioned early land preparation and planting,
changing sowing dates, introducing drought resistant crop vari-
eties, growing crops in swamps or near river banks, and growing
early maturing crops/varieties (Table 3). Coping mechanisms
differed slightly by study location, attributed to different farmer
perceptions on climate variability and importance of climate



Table 2
Farmer perception of climate variability.

Climate factors % of respondents reporting climate factor Pearson c2 (2) P value

Arua (n ¼ 30) Nebbi (n ¼ 30) Zombo (n ¼ 30)

Too much rainfall 38 50 48 1.085 0.581
Little rainfall 34 43 33 0.725 0.696
Delayed rainfall 9 17 29 3.333 0.089
New pests and diseases 59 50 43 1.447 0.485
Flash floods 9 43 0 18.188 0.000
Drought 91 60 62 8.763 0.013
Shorter season 38 43 24 2.082 0.353
Longer season 13 20 14 0.700 0.705
Others 9 17 29 3.333 0.189

Fig. 2. Box plot with mean (middle line), quartiles (boxes) and variability outside the
upper and lower quartiles (whiskers). Climate factors ranked from 7 (worst) to 1 by
households in West Nile region (n ¼ 90).
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factors. In Arua, majority of farmers mentioned changing sowing
dates, early planting and drought tolerant crops as the key coping
measures, in response to prolonged droughts and increased pest
incidences. Growing crops in swamps and along river banks was
more common in Zombo, mainly in response to prolonged
droughts, but also because Zombo is characterized by large swamps
andwater streams that farmers easily capitalized on to access water
for production. We also noted a number of farmers, (over 30%) who
indicated that they did not do anything to cope with climate vari-
ability. These farmers indicated that in cases of extreme weather
events, they would not plant anything but rather wait for the
following season.
Table 3
Coping mechanisms employed by farmers in the study areas.

Coping mechanisms % of farmers m

Arua (n ¼ 30)

Grow drought tolerant crops (e.g. cassava, millet, sorghum) 34
Grow crops in swamps and along river banks 19
Grow water tolerant crops (e.g. rice, bananas, yams) 3
Early land preparation and planting 44
Grow pest resistant crop varieties 6
Introducing other crop varieties 3
Use of water ways to divert excess water 6
Grow crops in upland areas in case of flash floods e

Grow early maturing crops (e.g. vegetables) 22
Changing sowing dates 41

a Multiple responses possible.
Responses from PRA participants indicated similar coping
measures. Farmers gave examples of crops with known tolerance to
droughts such as sorghum, millet, cassava (particularly NASE 14
and TME 14), sweet potatoes and bananas. They also included early
maturing crops like cowpeas (Boo) and jute mallow (Otigo). Use of
improved varieties of seed and tubers was supported in many cases
by the government in collaboration with other agencies (AGRA and
DANIDA were mentioned by farmers). Seed related strategies
employed by farmers (only mentioned by PRA participants)
included, increasing seed density (seed rate), changing crop vari-
eties and changing crop association (crop mix in an intercrop).
Increasing crop density was linked to continuous planting, mixed
cropping and re-planting practices which were common, aimed at
increasing chances of getting harvest even under climatic stresses.
Farmers also deliberately sowed more seed per area with hope that
at least some seed would germinate even if the onset of rains was
not timely.
3.3. Seed system performance

3.3.1. Seed access
We asked farmers their most common sources of seed for cas-

sava, maize and beans, and proportion of seed they obtained from
each source. While farmers obtained seed from multiple sources,
farm saved seed dominated, providing between 49% and 69% of
farmers' seed (Table 4). Local market played a key role in providing
seed for beans and maize, supplying on average 43% and 20%
respectively. Local markets sell grain that farmers plant as seed.
Though it was noted from PRA exercise that at planting time, local
markets tend to distinguish grain suitable for planting from that for
consumption, and usually the price will differ with the former
priced higher. Asking seed from neighbors as gifts, was a fairly
important channel for cassava besides farm-saved, while agro-
dealers played a fair role as source of maize seed. Other seed
entioning coping mechanisma

Nebbi (n ¼ 30) Zombo (n ¼ 30) Overall sample

30 10 27
17 43 24
23 5 11
30 19 33
3 5 5
10 e 5
13 e 7
7 e 2
3 10 12
27 29 33



Table 4
Farmers' source of seed during normal season and periods of stress (n ¼ 90).

Farmers source of seeda During normal season
(%)

During stress or
unexpected shock (%)

Cassava Maize Beans Cassava Maize Beans

Farm saved 69 55 49 10 19 3
Local market 8 20 43 22 41 69
Neighbors as gifts 14 6 2 51 24 18
Agro-dealer 0 14 3 0 8 5
Local Seed Business (LSB) 3 0 1 7 0 2
Government/research 6 4 1 8 6 3
NGO project 0 1 0 2 2 0
Barter/exchange 0 0 0 2 2 3

% formal 6 18 5 8 14 8
% informal 93 82 95 92 86 92

a Seed source is given as percentage of total seeds reported for the crop. Seeds
from agro-dealer and government provision were classified as formal channels, and
the rest as informal.
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sources included Non-Governmental Organisation (NGO) project,
government, local seed businesses and barter with neighbors.
Taken together, informal system suppliedmore than 80% of seed for
cassava, maize and beans.

During stress periods, the informal seed system still supplied
most of the seed used by farmers. However, quantities obtained
from farmer-saved seed reduced substantially, increasing the role
of local market and gift seed fromneighbors. At least 10% and 19% of
seed for cassava andmaize respectivelywas still obtained from own
sources, even during stress periods further confirming the impor-
tance of farm-saved seed. Government played an increasing role in
supplying seed/planting material for all crops, though proportions
still remained less than 10% of farmers' seed requirement. Local
seed businesses also played an increasing role in supplying cassava
planting materials.
3.3.2. Seed availability
Farmers were asked if they had access to sufficient quantities of

planting material, obtainable within reasonable proximity and in
time for critical sowing periods. At least 39% of farmers indicated
that seed was easily available and enough, while 47% indicated that
seed was moderately available and just sufficient (Fig. 3). A small
proportion (14%) indicated that seed was less available and not
enough. Seed availability also varied by crop with much more less
availability for maize compared to for example cassava and beans.
The commonly cited reasons for lack of seed were; droughts, lack of
money, and pests and diseases (Fig. 4). Drought affected crop
growth and subsequently the quantity and quality of grain and seed
Fig. 3. Farmers' perception of seed availability for cassava, beans, and maize (n ¼ 90).
available. Lack of money or disposable income hindered access to
seed especially for crops where market sources played a role in
providing seed e.g. maize and beans. High demand for food was
also mentioned by farmers as an important factor affecting seed
availability, as food takes precedence over seed saving. Farmers
indicated that produce was normally sold away immediately after
harvest due to high demand for food and need for immediate cash
to cater for other household needs. A small proportion of farmers
indicated that maize seed was not available because of agro-dealers
being located far away, yet improved (hybrid) maize varieties could
not easily be recycled.

3.3.3. Seed utilization
We assessed the type of seed used by farmers for cassava, maize

and beans. Use of local varieties dominated for cassava (49%) and
beans (52%), while for maize use of recycled varieties (43%) domi-
nated (Fig. 5). Interestingly, use of improved seed was higher for
beans (24%) compared to either maize or cassava (21% and 13%
respectively), despite the fact that farmers sourced most of their
bean seed from local market. Farmers indicated that some of the
improved bean seed varieties were initially distributed by gov-
ernment programs (especially the National Agricultural Advisory
Services e NAADS). Much as farmers have recycled these varieties
over time, they are distinctly different in size, color and shape and
have desired attributes that make them more preferred than local
varieties. Farmers therefore reported use of improved bean vari-
eties in relation to their local varieties/landraces, but are technically
farmer recycled varieties.

Farmers' reasons for cultivating different genetic resources and
their perceptions of variety attributes showed that most commonly
grown crop varieties combined attributes of high marketability,
climate adaptability and better yield (see Fig. 5). Farmers perceived
local cassava varieties to be highly marketable, while improved and
recycled varieties presented better attributes with regard to yield
and adaptability to climate related stresses. For maize, improved
varieties were considered to be higher yielding andmore adaptable
than the other seed types, though farmers ranked then slightly
lower in terms of marketability. While majority of bean growers
used local varieties, they rated them low in terms of the studied
varietal attributes, compared to improved or recycled varieties.
Recycled bean varieties on the other hand, were rated as more
yielding, adaptable and marketable compared to local varieties.

3.4. Social and ecological factors affecting farmer's choice of type of
seed

Multinomial regression of reported variables by farmers showed
that individual, institutional and ecological factors to a great extent
Fig. 4. Farmers' reasons for low seed availability (n ¼ 90).



Fig. 5. Variety uniqueness by type of seed (as a proportion of farmers using a particular seed type) (n ¼ 90).
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explain the type of cassava, maize and bean varieties used by
farmers (Table 5). Individual characteristics e education and age of
household head were associated with increase in the relative odds
of using improved and recycled cassava varieties compared to local
varieties. This implies that increase in education and age would be
associated with higher probability of a farmer using either
improved or recycled varieties of cassava. Farming experience was
more likely to increase the probability of using improved or recy-
cled bean varieties compared to local varieties.

Farmers' access to different sources of seed played an important
role in the type of variety they used. Use of farmer-saved seed was
negatively related to farmers' use of improved varieties of cassava,
beans and maize, compared to local varieties. This is rather obvious
since farmer-based systems generally supplied local varieties or
improved recycled varieties. This then means that if farmers were
able to access other seed sources, they would likely use improved
varieties. Access to extension services andmarket informationwere
more likely to result in positive impact on use of improved cassava
varieties, but less likely to influence utilization of improved maize
or beans varieties in comparison to local varieties.
Perception of cassava marketability reduced chances that

farmers would use recycled varieties and showed negative but not
significant effect on use of improved varieties compared to local
varieties. This implies that farmers' perception of cassava market-
ability was associated with local varieties. Local varieties were also
assumed to have better taste than improved varieties, though they
were considered highly susceptible to pests and diseases. For
maize, on the other hand, farmers' perception of marketability,
yield and adaptability increased the chance of using recycled va-
rieties compared to local varieties. Variety characteristics had no
significant influence on the probability of farmers using any type of
variety for beans.

Farmers' perception of more drought incidences reduced the
chance of growing improved or recycled cassava varieties
compared to local varieties, while perception of higher incidence of
crop pests and diseases significantly reduced the chance of using
improved or recycled bean varieties compared to local varieties.
Under drought conditions, farmers were more likely to use local



Table 5
Factors affecting farmers' choice of seed type, reported by households in West Nile (N ¼ 90).

Variety typea Cassava Beans Maize

Improved Recycled Improved Recycled Improved Recycled

Individual characteristics
Gender (Male ¼ 1, Female ¼ 0) �0.853 �1.941** �1.206 �1.573 �44.232 �11.897
Farming experience (Number of years) �1.123 �0.451 2.879** 1.648* 13.958 4.989
Education (Categorical)b 1.118* 0.805* 0.211 1.733* 37.670 5.471
Age (Chronological age) 1.391* 1.155* �2.552** 0.123 �33.880 �7.093
Farm size (Acres) �0.072* �0.032 0.238 0.035 2.003 0.381

Institutional factors
Credit (Yes ¼ 1, No ¼ 0) 1.181 0.132 0.075 �0.189 �37.912 �3.115**
Extension (Yes ¼ 1, No ¼ 0) 17.152 1.873** �0.240 2.286 �4.766 2.723**
Market information (Yes ¼ 1, No ¼ 0) 16.567 0.359 �0.339 �2.003 7.353 0.042
Seed system (Farmer-saved ¼ 1, other ¼ 0) �1.121* 0.836* �2.930* 1.577 �74.535 �4.268*

Variety characteristics
Marketability (High ¼ 1, Otherwise ¼ 0) �2.669 �2.203* 22.365 0.834 �36.617 2.925*
Yield (High ¼ 1, Otherwise ¼ 0) 16.803 3.522** 19.373 �0.023 95.732 2.820**
Adaptability (High ¼ 1, Otherwise ¼ 0) 1.182 �0.866 �0.599 0.764 12.043 7.607*

Ecological factors (farmers' perceptions of)
Prolonged droughts (Yes ¼ 1, No ¼ 0) �3.215** �2.008** �0.261 �1.109 �45.644 3.065
Too much rainfall (Yes ¼ 1, No ¼ 0) �2.639 0.223 �0.900 �1.485* 7.771 �0.517
Increased pests and diseases (Yes ¼ 1, No ¼ 0) �1.370 �1.033 �1.727** �1.662** 16.913 �2.522
More frequent floods (Yes ¼ 1, No ¼ 0) �17.466 1.841* �14.117 �13.941 33.209 �19.117
Shorter seasons (Yes ¼ 1, No ¼ 0) �2.927 �0.884 �0.566 �1.207 �3.755 �11.974
Constant �62.326 �3.391* �44.154 �11.594** �45.786 �4.648

Observations 90 90 90
LR Chi2 78.21 158.59 215.60
Prob > Chi2 0.000 0.000 0.000
Log likelihood �44.635 �28.417 �6.402
Pseudo R2 0.467 0.736 0.944

Reported figures are coefficients from the MNL model.
Significance: ***<0.001, **p < 0.05, *p < 0.1.

a Varieties were categories into Local ¼ 1, Improved ¼ 2 and Recycled ¼ 3. The multinomial logistic regression set the base outcome as Local varieties.
b None ¼ 1, Primary ¼ 2, Secondary ¼ 3, Tertiary ¼ 4, Adult learning ¼ 5.
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varieties for beans and cassava, compared to improved varieties. A
possible explanation would be that farmers considered their local
cassava and bean varieties to be more adaptable to drought and
pests respectively, based on their experience with these varieties
and the confidence they have gained over time using them. Simi-
larly, farmers were able to retain and recycle improved varieties
that showed preferred characteristics, particularly tolerance to both
biotic and abiotic stresses. On the other hand, perception of climate
factors showed no significant influence on the type of maize variety
farmers used.

4. Discussion

4.1. Climate variability and seed systems perspective

Farmers in West Nile region indicated that local climate had
altered, with drought, too much and delayed rainfall ranked the
most important climate factors affecting crop production and seed
systems. Problems of availability and access towater for production
and seasonal variability were considered worse than biotic stresses
caused by crop pests and diseases. Moisture availability affects crop
growth cycle, crop yield and quality. Halweil (2005) also reports
that old patterns of rainfall and temperature are shifting, due to
more erratic weather and shifts in the length of the growing season.
Several studies in Africa have reported the direct effect of changes
in precipitation and temperatures on food production, where yield
decreases of up to 50% have been predicted (for example Agrawala
et al., 2003; Brown and Crawford, 2007). Ferris (1999) reports a
15e35% global yield variation in wheat, oilseeds, and coarse grains,
as a result of El Nino's Southern Oscillation phenomenon, with its
associated cycles of droughts and flooding events. Similarly, studies
conducted in Uganda indicate that increasingly unpredictable
weather has led to poor yields and food insecurity, leading to
poverty (Osbahr et al., 2011; Oxfam, 2008).

Variability in climate factors directly affects seed quality and
availability. For example, heat stress increases the percentage of
shriveled seed and decreases seed size (Prasad et al., 2003).
Increased levels of pests and diseases, intense and frequent rains,
and changing seasons compromise the level of viability of seed and
crop performance, all leading to poor yields. This affects seed saving
or seed gifting since farmers may not have adequate grain to satisfy
their immediate consumption requirements. Low crop production
also affects grain prices, making farmers' seed access from local
markets unaffordable at the time of planting due to high demand.
As such, households may lack sufficient seed to (re)sow, may only
have poorly-adapted or unhealthy seed, or need to sacrifice other
productive assets to obtain off-farm seed (McGuire, 2007).

Farmers employed several coping measures aimed at enhancing
their crop production. Early land preparation and planting and
changed sowing dates were the most commonly mentioned coping
measures. These measures ensure more effective use of precipita-
tion available during the season such that yields are optimised.
Changing the timing of farm operations has potential to maximise
farm productivity during the growing season and avoid heat stress
during times of increased climate perturbations (Smit and Skinner,
2002). Kansiime et al. (2014) also report that changing sowing
dates reduces risk of crop production, though does not necessarily
affect mean crop yield.

Seed related strategies most commonly used by farmers were,
increasing seed density/seed rate, changing crop varieties and
changing crop association. Increasing seed density has implications
on the quantities of seed used by farmers, as this tends to increase
farmers' seed requirements. This also implies that seed should not
only be available at planting time, but even during the growing
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season because farmers may need to re-sow if their seed failed to
germinate. Much as farmers mentioned changing crop varieties,
therewas no deliberate introduction of new crops and varieties, but
rather farmers exploited crops with known tolerance to droughts
e.g. cassava, millet, sorghum and bananas. Cassava is a major food
and cash crop in West Nile and substantial research has been done
to develop varieties that are suited to the climate conditions and
also tolerant to pests and diseases. Notable is the work of the Na-
tional Agricultural Research Organisation (NARO) and the East Af-
rica Agricultural Productivity Programme (EAAPP) to develop a
center of excellence for cassava in Uganda targeting mainly West
Nile and Northern agro-ecologies. Sorghum andmillets are drought
tolerant and have proved to be important crops especially in the
semi-arid areas of Africa (Wambugu and Mburu, 2014). Similarly,
bananas have ability to withstand dry spells. According to Jassogne
et al. (2013) the permanent canopy, root systems, and mulch from
the banana plants prevent soil erosion and degradation, thus
making the crop more adaptable to climate variations.

4.2. Social-ecological factors and seed systems performance

Farmers obtained seed from multiple sources, often dominated
by farm-saved seed. Multiple sources provide options which allow
farmers to shift crop or variety portfolios in response to changing
conditions (McGuire and Sperling, 2013). The relative importance
of seed sources varied markedly during normal and stress periods,
and by crop. This can be explained by social-ecological factors,
which show how multiple levels of influence condition farmers'
behaviors and decisions about seed types to use, and thus the
functioning of the entire seed system. The levels of influence
include intra- and interpersonal, varietal, institutional, and envi-
ronmental, which directly affect seed availability, access and utili-
zation, and farmers' decisions on seed type to use.

For example, for cassava, farmers' own stock and social net-
works dominated as sources of plantingmaterials. This is partly due
to social beliefs that planting material for vegetatively-propagated
crops (VPCs) should be shared freely, but also due to limitedmarket
options for planting materials for VPCs (McGuire and Sperling,
2016). Farmers' perception that local cassava varieties has more
desirable attributes in terms of yield, market and adaptation to
climate factors could also explain their reliance on local seed net-
works for cassava planting materials. On the other hand, the formal
seed system for cassava in Uganda is entirely public. National
Research Systems have invested heavily in breeding varieties that
are drought and disease resistant (in particular brown streak and
mosaic virus), which are disseminated through government and
NGO distribution programmes. If these varieties are appreciated,
they are maintained by farming communities or taken up by local
seed businesses for further multiplication. This justifies the
increasing role of local seed businesses and farmers' use of recycled
and improved cassava varieties.

For beans on the other hand, farmers mainly relied on farm
saved and local markets, though the latter was more pronounced
during stress periods. Bean seed from home-saved seed dropped to
less than 5% during stress periods, and the gap filled by local
markets. Given the fact that beans are important food in the region,
sharing beans for purposes of planting gradually reduces during
stress periods in preference for food. Seed exchange and gift-giving
among farmers has also been noted to decline, as commercial
transactions rise in importance (Rubyogo et al., 2010). In such sit-
uations, farmers may opt to use market sources to fill an immediate
gap in seed supply (McGuire, 2007). The bean seed gap seems not
yet filled by intermediate and formal seed systems. The formal
system has not found bean seed to be lucrative because of its low
multiplication rate. Also the low rate of bean out-crossing
(generally <5%) means that farmers are able to recycle bean seed
over time without losing varietal quality (Rubyogo et al., 2010).

Lastly, for maize seed, the formal system provided at least 20% of
the seed; 14% through the private sector and 6% through public
sector. Seed access from formal sources was higher for maize
compared to other crops. This is related to the difficulty of main-
taining genetic vigor for maize on farm, especially when farmers
grow hybrid varieties. In stressed seasons, seed access from private
sector reduced almost by half to 8%, and the gap filled by local
markets and free handouts. Farmers' perception that improved
varieties (provided by the formal sector) are higher yielding and
more adaptable to climate variability, implies that formal seed
enterprises could play a larger role in meeting farmers' maize seed
requirement.

During stress periods, farmers tended to shift from farm-saved
seed to using social networks (gifts from neighbors) and local
markets. This justifies the importance of farmer seed networks in
ensuring access to seed for seasonal planting, even during stress
periods. However, the functioning of farmer seed networks may be
weakened because everyone has seed shortfalls particularly after
droughts (McGuire, 2007) or due to increasing commercialization,
labour migration and livelihood diversification (Bellon, 2004), all of
which might affect seed access from networks. This study also re-
veals that farmers' lack of access to seed was largely attributed to
low incomes. The low purchasing power may affect affordability of
seed, particularly certified seed from market sources, a situation
that may be worsened during stress periods due to reduced
household incomes/assets to finance seed purchases. As such, ef-
forts to build resilience of farmer seed systems need to integrate
approaches that can address the fragility of farmer seed networks
during stress periods, while addressing seed affordability.

4.3. Building resilient farmer seed systems e recommendations

This study has shown that the informal seed system generally
provides sufficient planting materials both during normal season
and unexpected stress. The shift between good and bad seasons
shows longer term resilience of informal seed systems and how
farmers shift between multiple seed sources within the informal
system. In the short term, the system absorbs shocks by drawing on
social stocks, or resorting to market sources. Even for crops where
farmers preferred improved varieties, normally supplied by the
formal system, there was a strong tendency of shifting to informal
seed sources during stress periods. The system renews itself peri-
odically by recycling improved varieties that are perceived to have
resilient characteristics. Further enhancing farmer seed systems
will ensure that farmers have access to desired varieties at all times.
We identified 4 key areas for action to make farmer seed systems
more resilient:

Securing access to diverse seed at farm level: In this study, we
observe an increasing role of local seed businesses in producing and
supplying plantingmaterials especially of cassava at local level. This
provides an opportunity to strengthen the intermediate system
(farmer seed entrepreneurship) as an alternative source of afford-
able quality seed of desired varieties by farmers, which could also
potentially reduce stress on the neighbors as source of seed during
stress periods. Farmer seed enterprises being commercially ori-
ented appear to be sustainable (Anderson and Singh, 1990; David,
2004). Seed entrepreneurship achieves dual objectives; establish-
ment of a regular source of clean seed of both local or modern
varieties, and sustainable distribution and promotion of improved
crop varieties (David, 2004). Some experiences have been docu-
mented in Ethiopia, Ghana, Tanzania and Uganda on farmer seed
entrepreneurship with promising results in terms of quantities and
quality of seed produced and supplied to farmers (Subedi et al.,
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2013). Secondly, the Quality Declared Seed (QDS) system could also
be allowed for open pollinated maize varieties as the formal seed
system is unable to reach the farmers with affordable varieties.

Building stronger social networks: Seed exchange between
households depends on the social ties between them, which in
some cases may be compromised due to a number of factors. It is
therefore important to strengthen leadership and social networks
to strengthen adaptability. At the same time, these networks are
under pressure when a covenant shock hits the entire community.
A communal seed bank where key genetic material is stored in
sufficient quantities is one way to strengthen the responsiveness of
the system. Another aspect of social capital is trust. To capture new
opportunities for intermediate seed systems, social certification
could also be allowed in the QDS. Rather than engaging with the
formal certification system and all monetary costs associated with
it, socially certified seed producers can invest time and resources in
their seed production and sell or exchange the seed at a premium
with farmers who trust their reputation and shared history as
assurance of quality of seed (Sperling and McGuire, 2010).

Enhance formal sector support to provide affordable seed: Farmers'
reliance on multiple sources of seed highlights the need for exis-
tence of multiple channels from which farmers can make choices
based on their preferences. There was evidence of feedback loops
where recycling of improved varieties in farmer seed systems was
common. The formal seed system (government and private sector)
was important in providing the elite materials to farmers and
supporting seed replacement on farm. Linking formal and informal
seed systems is therefore suggested, presumed to give a degree of
stability along with production gains. Louwaars and de Boef (2012),
McGuire and Sperling (2013) and Sperling et al. (2013) detail the
architecture of how this integration of multiple channels can be
achieved in practice. Proposed actions that are relevant to this
study include; expanding distribution outlets to more vulnerable
locations, changing package size to suit small-scale farmers, and
provision of information regarding new and improved varieties.
While formal distribution channels are limited by high distribution
costs, experience has shown that outlets can be scaled up by
building on existing non-seed networks and locations where
farmers have access to products, services and information. For
example, in Malawi (Sperling et al., 2013) and Kenya (pers. obser-
vation), seed sale routinely takes place in supermarkets.

Promotion of drought resistant crop varieties: As with many rec-
ommendations on climate change adaptation, crop adaptation is
suggested by this study. Researchers need to identify germplasm
suited for different climate zones, or different possible conditions
that might occur, which can be promoted among farmers. Partici-
patory variety selection with farmers and availing appropriate in-
formation about alternative crop varieties will facilitate promotion
of such crops amongst farmers. Significant agro-ecological and
social variations work against a single crop and variety, requiring
building up of physical stocks of seed as away of building resilience.
The selected germplasm must have the necessary traits to make it
competitive for specific uses in various environments, such as
consumption preferences and suitability for niche markets for
landraces that are important to farmers' livelihood security (Bellon
et al., 2011; Sperling et al., 2001). Such crops can be incorporated in
local seed production processes, or with formal enterprises. In
addition, packaging and promotion of improved production prac-
tices and technologies, in particular in response to droughts is
recommended. Such practices may include; crop diversification in
order tomaintain a broad crop genetic base, use of drought tolerant
cultivars or varieties, shift in sowing/planting dates (informed by
appropriate climate information and advisories), soil and water
conservation, and integrated soil fertility management. It should be
noted that some of these are already being implemented at farm
level either as routine farming practices or coping measures by
farmers. There is need to climate-proof these practices at local level
and deliberately include them in extension messages.

5. Conclusion

This study has documented farmers' perceptions of climate
change and how their awareness conditions functioning of their
seed systems. Drought was considered the most important climate
factor affecting crop production and seed availability. Effect of
drought on seed system was perceived in terms of failed or suc-
cessful crop yields. While seed systems in the study area consist of
both formal and informal elements, the informal elements were the
most important supply channels for farmers' seed. In stress situa-
tions, farmers tended to shift between seed sources, with social
networks and local markets playing significant roles in providing
seed. However, during stress periods, access to farmer seed may be
deteriorated by farmer's weakened functioning of social networks
as everyone has seed shortfalls. Similarly, market sources may be
weakened by farmers' low purchasing power. The emergence of
LSBs seemed to play a key role in availing planting materials
especially for cassava and beans, while the formal system played a
role in delivering mainly improved and hybrid seed, especially for
maize. This study therefore suggests an approach that integrates
the existing seed systems in general, but more specifically focus on
strengthening social networks and promotion of farmer seed
entrepreneurship. Promotion of crop varieties suited for various
climates/environments, along with climate-smart technological
packages is recommended. This will promote increased produc-
tivity and seed saving.
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