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Abstract

Feed insecurity associated with prolonged and recurrent droughts remains a perennial challenge impeding livestock
production and a major source of resource-based conflicts in the drylands of many developing countries such as
Kenya. Thus, the emerging fodder markets in the drylands act as a secondary source of livestock feed to augment the
natural pastures and hence play a crucial role in meeting the year-round feed requirements of pastoralists. However,
little information exists on the factors influencing pastoralists to purchase fodder for their own livestock amid their
long-held cultural beliefs in using natural pastures for forage . Using primary household survey data from a multi-stage
sample of 201 pastoralists, this study assessed socio-economic and institutional factors that influence the pastoralists’
participation in fodder markets in Isiolo County, Kenya. Both descriptive statistics and a Heckman two-step model were
applied in data analysis. The findings showed that pastoralists’ decisions to purchase fodder are significantly influenced

by access to credit, weather and market information, land tenure system, exposure to shocks, off-farm income, age,
gender and proximity to towns. The amount of fodder purchased was significantly affected by access to weather
information, exposure to shocks and livestock holdings. These results underscore the importance of improving
pastoralists’ access to prerequisite institutional support services to enhance their access to fodder and livestock markets,
basic services and increased integration into the broader market economy.
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Introduction

Livestock production in the arid and semi-arid lands
(ASALs) of Kenya is predominately through pastoralism
which is characterized by extensive grazing systems, sea-
sonal livestock mobility and communal management of
natural resources (Republic of Kenya 2012). The natural
rangelands constitute the bulk of livestock feed resources in
the drylands and are unevenly distributed in space and
time; hence, mobility is crucial for effective and efficient
utilization of these resources (Wanyoike et al. 2018;
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Wasonga et al. 2016). However, the biomass productivity
and carrying capacity of these rangelands are threatened by
several factors, including land degradation, overgrazing due
to expanding livestock population, encroachment by inva-
sive plant species, uncontrolled land use changes and ad-
verse effects of climate change (Ayele et al. 2012; IGAD
2017). Therefore, sustainable development of the livestock
sector has been hampered by the perennial challenge of
feed deficits, which is estimated at 70% of the total annual
fodder requirements of about 5.5 billion bales (a bale is
equivalent to 20kg) (KIPPRA 2018). This has resulted in a
significant loss of livestock due to starvation during fre-
quent long dry spells (Koech et al. 2016; Mureithi 2018).
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Over time, concerted efforts and investments have been
undertaken by the pastoral communities themselves, the
Government of Kenya and development partners to promote
adaptation measures aimed at meeting the feed requirements
for Kenya'’s livestock. For instance, the Borana pastoralists in
Isiolo County have revived their traditional customary insti-
tutions, which were used to govern and define the use of nat-
ural grazing resources such as pasture and water. This
involves distinctly partitioning the grazing resources into
three units called dedha which include wet and dry season
grazing areas and drought grazing reserves. These units are
managed by the elected council of elders who are also known
as dedha. This system allows pastoralists to periodically
move livestock according to the different seasons and en-
sures that the drought reserves are not depleted and allow
the dry season grazing to rejuvenate (Republic of Kenya
2015; Cormack 2016). These traditional institutions are
noted to be crucial components of pastoralism and sustain-
able rangeland management (Wasonga et al. 2016).

Moreover, various fodder production technologies, in-
cluding range pasture establishment, natural pasture im-
provement and pasture seed production in the drylands,
have been promoted in Kenya to augment the communal
grazing resources. Consequently, pastoral communities are
gradually adopting fodder production as an alternative
source of livestock feeds (Mwaura et al. 2015; Nyangaga
et al. 2009). Enclosure systems have also been adopted for
fodder production and rehabilitation of degraded land in
some ASAL areas such as Baringo and West Pokot Coun-
ties of Kenya. These enclosures are used to preserve pasture
and hence provide strategic grazing reserves during the dry
season especially for the lactating stock, young stock or fat-
tening bulls (Nyberg et al. 2015; Wairore et al. 2015).

Specifically in Isiolo County, fodder production and
rangeland rehabilitation through pasture reseeding technol-
ogy has been strongly promoted by development partners
in collaboration with the government (Mureithi 2018).
These include the World Food Programme’s (WFP) food
for asset (FFA) creation project which began 2009 in thir-
teen dryland Counties. The project was implemented
through the National Drought Management Authority
(NDMA) with the main objective of boosting the adaptive
capacity of pastoralists to withstand shocks, become inde-
pendent of relief food and attain sustainable diversified
livelihoods (WFP 2013; 2016; Thomas et al. 2016). The pro-
ject’s concept was anchored on resilience-building through
asset creation, considered to be more cost-effective and bet-
ter in stabilizing livelihoods than humanitarian emergency
responses (AU-IBAR 2012; Pain and Levine 2012; Muricho
et al. 2019). The implementing partners included the Resili-
ence and Economic Growth in the Arid Lands-Accelerated
Growth (REGAL-AG), Action Aid Kenya (AAK), Acceler-
ated Value Chain Development-Livestock Component
(AVCD-LC), NDMA and Isiolo County government.

(2020) 10:18

Page 2 of 16

The asset creation component of the FFA project
entailed empowering pastoralists, through a group-based
approach, to adopt rainwater harvesting innovations for
producing drought-tolerant livestock feeds. Collective
action has been widely recognized as an effective means
of fostering rural development and improving risk man-
agement strategies and hence is a vital coping strategy
for building the resilience of rural communities (Cop-
pock et al. 2006; Ngigi et al. 2015). The REGAL-AG sup-
ported pastoralists to set up fodder groups and
demonstration plots which were used for technical train-
ings on land tilling, seeding, processing hay and storage.
Additionally, the REGAL-AG constructed a hay barn
storage facility and procured harvesting and baling
equipment under its business development grant com-
ponent (USAID 2015). On the other hand, the AVCD-
LC project provided fodder producer groups with range-
land grass seeds, and promoted rain-water harvesting
structures and market linkages for fodder selling (Kutu
and Wamwere-Njoroge 2017). Following these forms of
support, there are currently about 22 fodder producer
groups in Isiolo County producing and selling fodder to
their members and non-members (Mureithi 2018). The
current study focused on the pastoral households who
are members of these fodder groups in order to analyse
their decision-making behaviour in relation to buying
fodder for their own livestock.

These developments have led to the emergence of live-
stock feed markets in Kenya’s ASAL regions although
the degree of commercial orientation varies across dif-
ferent dryland Counties. In most pastoral areas like
Isiolo, there has been a common practice of “cut and
carry” where pastoralists collect from the natural pas-
tures not only for their own use but also to sell in the
market for income (Wanyoike et al. 2018). In the enclo-
sures, contractual grazing arrangements are used to sell
the standing hay at a fee for a given period of time, espe-
cially during the dry seasons; this is commonly practiced
in Baringo, West Pokot, Kajiado and Makueni Counties.
The enclosures have been cited as providing the pasto-
ralists with opportunities to generate income, through
the sale of hay, grass seeds and pasture leasing (Lugusa
2015; Mureithi et al. 2015; Wairore et al. 2015; Omollo
et al. 2018).

There is also growing demand for cultivated fodder
which is harvested, baled and sold in the open-air mar-
kets. For instance, the fodder marketing structure in
Mandera County is informal with no clear governance of
power relations and lacks a well-coordinated supply
chain system (Nyangaga et al. 2009). In Baringo County,
the grass seed market is formalized, as transactions are
based on contractual arrangements that integrate input
provision and purchase of seeds. This is due to the in-
volvement of large private sector players such as the
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Kerio Valley Development Authority (KVDA), Rehabili-
tation of Arid Environments Trust (RAE) and Kenya
Agricultural and Livestock Research Organization
(KALRO) (Lugusa et al. 2016). Omollo et al. (2017)
noted that grass seed markets in Kajiado and Makueni
Counties are still developing and informal in nature with
limited private sector participation.

In Isiolo County, most of the individual fodder producers
who cultivate grass often sell it as standing pasture for graz-
ing, mainly to livestock traders delivering livestock to Isiolo
markets. However, the fodder market in Isiolo is still at the
infancy stage and is mainly concentrated around the town
centre, due to the growing dairy cattle and goat farming
(Wanyoike et al. 2018). Besides the limited fodder produced
within the county mostly by groups and few individuals, the
Isiolo fodder market also gets fodder supplies from neigh-
bouring counties of Meru, Laikipia and Nanyuki where
grass and wheat farming is common (Republic of Kenya
2013). Despite these trends, pastoralists’ willingness to pur-
chase hay/fodder for their own livestock is still relatively
low, because of their long-held cultural beliefs in using nat-
urally occurring grass for livestock feeds (IGAD 2017). Fur-
ther, Wanyoike et al. (2018) noted that the use of
purchased feeds is low among the pastoralists in Isiolo
County as the majority still rely on communal grazing re-
sources. Therefore, it is of considerable empirical interest
to analyse the potential factors influencing pastoralists’ de-
cisions to purchase fodder for their livestock as well as chal-
lenges associated with fodder markets. This is because
access to livestock feed either through hay production or
through hay purchase has significantly contributed to the
income levels of the pastoralists and agro-pastoralists in
northern Ethiopia (Berhe et al. 2016).

Most of the previous studies have principally focused
on the fodder production dynamics in the drylands of
Kenya. For instance, Koech (2014) and Koech et al.
(2016) explored the potential biomass yield and the ef-
fect of storage duration on the quality of six common
grass species in Kenya, respectively. Omollo et al. (2018)
assessed the determinants of pastoral and agro-pastoral
households’ participation in fodder production in the
southern drylands of Kenya and found that education,
access to extension services, membership to social/devel-
opment group and gender of household head were the
key determinants. Likewise, other studies have focused
mainly on the grass seed value chain in terms of the
existing markets, diverse actors, challenges and oppor-
tunities that exist along the chain in Baringo, Kajiado
and Makueni Counties, respectively (Lugusa et al. 2016;
Omollo et al. 2017). The current study contributes to
the literature by addressing two key objectives; firstly,
assessing the effects of socio-economic and institutional
factors on pastoralists’ decisions to purchase fodder and
secondly, evaluating the determinants of the amount of
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fodder purchased. Analysis of these factors is vital for
designing carefully targeted policy interventions that are
compatible with the dynamic nature of pastoralists’ life-
styles and livelihoods. This will aid in promoting
commercially-oriented fodder production and ensuring
efficient and enhanced market access for producer
groups, thus enabling resilient livelihoods.

Study area

This study was conducted in Isiolo (Fig. 1), a typical
ASAL county in northern Kenya, purposively selected
because of the presence of emerging fodder groups’ en-
terprises supported by the FFA project. The County
covers a total land area of 25,350.6 km” with three agro-
climatic zones: the semi-arid, arid and very arid occupy-
ing the majority of the land area (KNBS 2019).

Traditionally, the county had a bimodal rainfall pattern
with short rains in October and November, while long
rains were occurring in March and May. However, this
pattern has been interrupted by climate change; hence,
rainfall is unpredictable and erratic in distribution. The
average rainfall and temperatures are 580.2 mm and
29 °C, respectively (Republic of Kenya 2013).

Isiolo is among the largest livestock producing and
marketing hubs in northern Kenya, with an estimated
livestock population of 198,424 cattle, 398,903 goats,
361,836 sheep and 39,084 camels (KNBS 2009). Thus,
the livestock sector accounts for over 80% of residents’
livelihoods and 70% of the rural labour force and hence
is the mainstay of the County’s economy (Republic of
Kenya 2013; Iruata et al. 2015). The county is often
faced with severe vegetation deficit resulting from envir-
onmental degradation due to high incidences of over-
stocking, overgrazing and recurrent drought patterns
(Republic of Kenya 2013; NDMA 2018).

The vegetation condition index (VCI) is one of the in-
dicators monitored to measure the impact of drought on
vegetation, by observing changes in vegetation and com-
paring them with historical values, and can provide in-
formation on the onset, duration and severity of
drought. As shown in Fig. 2, recent reports from the Na-
tional Drought Management Authority (NDMA) showed
that Isiolo County has experienced severe vegetation def-
icits since 2009 (NDMA 2018). This was associated with
a series of major droughts experienced in Kenya in 2000,
2005/2006, 2010/2011 and 2016/2017 causing massive
livestock deaths and severe food shortages which af-
fected 3.75 million and 2.7 million people, respectively,
especially in the ASALs (KIPPRA 2018). For instance,
the 2017 dry spell resulted in deterioration of the ani-
mals’ body conditions, low birth rates and high mortality
rates of over 10% due to starvation (UN 2017).

The severe vegetation deficit is attributed to the poor
regeneration of natural vegetation following the poor
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rainfall performance over the years. Figure 3 shows the
amount of rainfall received and spatial distribution in Isiolo
County between 2016 and 2018 as compared with the
long-term average (NDMA 2018). This illustrates the sea-
sonal and inter-annual variability of rainfall as the major
factor that influences the availability and nutritional quality
of pastures, thus accelerating resource-based conflicts be-
tween the herders in Isiolo and neighbouring ASAL coun-
ties (Republic of Kenya 2015). The grazing resources are
abundant and rich in nutrients during the wet season, and
poor in nutrients in the dry season (Republic of Kenya
2015). However, the wet season grazing resources are only
accessed twice a year (Wasonga et al. 2016).

The constrained access to grazing resources and con-
sequent deterioration of livestock presents a serious
threat to livelihoods of approximately 268,002 people
(KNBS 2019), two thirds of whom are already extremely
poor as compared to the national average poverty level
of 45% (KNBS 2009).

Methods

Sampling design and data collection

A multi-stage sampling procedure comprising three stages
was used to select the respondents for this study. In the
first stage, Isiolo County was purposively selected because
of the presence of emerging fodder enterprises supported
by the WFP’s food for asset (FFA) creation project. Thus,
Isiolo County provided a suitable case to assess the emer-
gence and role of various fodder producer groups under-
taking fodder production and marketing as a result of the
WEP’s intervention. In the second stage, the three wards,
Isiolo Central, Kinna and Oldonyiro, were purposively se-
lected based on proximity to town and different livelihood
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zones. These wards present different dynamics in terms of
fodder market accessibility by pastoralist communities.
Isiolo Central is at the town centre; hence, the fodder
market is slightly active due to emerging intensive dairy
production enterprises. Kinna ward represents the agro-
pastoral livelihood zone while Oldonyiro is purely a pas-
toral zone. In the third stage, a list of all the fodder group
members was obtained from the master register of the
FFA project which is under the custody of the group
leaders. From this list, a random table was used to select a
given number of individual members from each group
proportionate to the group size, and the desired sample of
201 pastoralists was attained. The group leaders and AAK
field monitors were consulted to help mobilize the se-
lected members, who are representatives of both fodder
groups and households, to be interviewed.

A household survey was conducted and semi-structured
questionnaires administered through face-to-face inter-
views to collect information on household socio-economic
characteristics and if they accessed relevant institutional
factors over the 12 months preceding the study. Other key
stakeholders such as representatives from the county gov-
ernment, NDMA and AAK were also engaged through
key informant interviews to get more insights and broader
understanding of the fodder value chain. Survey data was
collected in June 2018, and the information on fodder pro-
duction and marketing captured was for a year prior to
the survey to cover the fodder produced in the previous
planting season of March to May 2017.

Data analysis
Generally, market participation is defined as a house-
hold’s engagement in the output and/or input market
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either as a buyer, seller of fodder or both. Fodder mar-
kets, in this case, refer to the fodder groups in Isiolo that
are engaged in the production and selling of fodder.
Therefore, it would have been ideally plausible to study
fodder market participation at the group level since pro-
duction and selling is being undertaken collectively.
However, there were only 20 fodder producer groups ac-
tively undertaking substantial commercial fodder pro-
duction in the study area, hence not a sufficient sample
size for meaningful analysis. This necessitated an ana-
lysis at the individual level by focusing on households
that are members of these fodder groups who are either
buying fodder or not from their groups. Thus, fodder
market participation in the context of this study refers
to an individual pastoralist’s decision to purchase fodder
or not, for their own livestock within 1 year prior to the
study. On the other hand, the quantity (bales) of fodder
bought from the available markets was used as a relevant
proxy for the intensity of market participation in the
same period.

Pastoralists’ fodder market participation behaviour was
analysed as a two-step decision-making process. Most
empirical studies that analysed households’ market par-
ticipation decisions as a two-step process applied Heck-
man’s (1979) sample selection model (Vance and
Buchheim 2005; Kabeto 2014). This is because the Heck-
man two-step model allows for different mechanisms to
explain the participation decision and level of participa-
tion. The choice of this model is informed by its ability
to relax Tobit’s restrictive assumption that the zero
values traded are because of a household’s rational
choice, even though prohibitive market barriers may be
the factor restricting market participation (Heckman
1979; Komarek 2010). Moreover, a case of sample selec-
tion bias exists since the study focused on fodder group
members in Isiolo County. The Heckman two-step
model deals with a sample selection bias by computing
the selection term, lambda (1), from the participation
equation and including it as an explanatory variable in
the second-stage regression to correct for self-selection.
This is because the selection bias is regarded as an omit-
ted variable and hence is corrected by this procedure
(Wooldridge 2002).

Model estimation

The estimation of this model involves two stages as ap-
plied in an empirical study by Vance and Buchheim
(2005). The first stage is referred to as the selection
equation, which defines a binary choice indicating where
the household falls (decision to buy fodder or not). It is
estimated using a probit regression model to determine
the likelihood that a household participated in the fod-
der markets. Let B;qder = 1 represents a household that
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bought fodder whereas Bjgpqger =0 is otherwise (non-
buyer). Therefore, the first step is specified as follows:

odder = BX; + Ui (1)
Bifodder =1if B?fodder > 0and Bifodder
=0if B?fodder <0 (2)

where B 4., is a latent variable showing household
satisfaction from purchasing fodder, Btqqer is an indica-
tor of market participation which takes the value of 1 for
a household that buys fodder from the available market
sources and O for those who do not buy, X; defines the
characteristics of the household, S is the vector of par-
ameter coefficients to be estimated and U, is the error
term with normal distribution.

The second stage involves estimating an ordinary least
square (OLS) regression of the quantity (bales) of fodder
bought conditional on market participation, Bjfodder = 1
against the explanatory variables as shown below:

Yi:Xiﬁ+8i (3)

where Y; is the quantity of fodder bought measured in
the number of bales, X; is a vector of independent vari-
ables that determine the intensity of participation, f is a
vector of coefficients and ¢; is the error term. As a result
of the correlation of the error terms between probit and
OLS regression, biased estimates are generated during
estimation in the second stage with corr (i, €). There-
fore, an inverse Mills ratio (IMR) was computed from
the first stage of the probit regression and subsequently
introduced in the OLS regression model with all other
explanatory variables so as to correct for this bias
(Komarek 2010), and the regression model extends to
the following formulation:

E (y;/Bifodder = 1, % = ﬁ’xi + poh; (4)

where x; shows a vector of independent variables used
to calculate the level of market participation after bias
correction, 8 is a vector of parameter coefficients to be
estimated and o, and o, represent random error terms
of the outcome and selection equations, respectively.
The A, shows the IMR. Descriptive statistical analyses in-
cluding means, standard deviations and cross-
tabulations, as well as an econometric model, were done
using STATA software version 14.0.

According to literature, households’ market participation
decision is affected by numerous factors, including socio-
economic and institutional variables. Socio-economic fac-
tors are those individual attributes that explain why house-
holds behave differently (Jalang’'o et al. 2018), and they
include age, household size and gender for this study. The
age of the household head/respondent has been used as a
proxy for experience in most empirical studies and has
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been reported to have positive effects in some cases. Older
farmers are said to have more experience and extensive so-
cial capital which probably reduces their marketing costs
(Randela et al. 2008). Thus, age was hypothesized to have a
positive influence on fodder market participation in this
study. The age variable was measured as number of years
and analysed as a continuous variable. Literature shows
household size to be directly related to the household’s de-
mand for food and income to cater for other necessities
(Elhadi et al. 2012; Gebremedhin et al. 2015). Similar stud-
ies noted that household size increases domestic consump-
tion requirements and may render households more risk-
averse, hence negatively influencing market participation
(Randela et al. 2008; Muricho et al. 2015; Gebremedhin and
Jaleta 2012). Hence, it was important to assess its influence
on pastoralists’ decision to purchase fodder. Gender deter-
mines access to, utilization and control over productive re-
sources, particularly in the rural African context. This
situation favours the male; hence, women-headed house-
holds are constrained by poor or no access to productive
assets (Wasonga 2009). The study hypothesized the gender
of the household head to have a negative influence on mar-
ket participation, and it was captured as a dummy variable
where a value of 1 was assigned to female-headed house-
holds and 0 to male-headed households. Studies have
shown that individuals with more years of formal education
are more likely to accept new ideas and innovations and
hence are more likely to participate in commodity markets
(Jalang'o et al. 2018). However, the level of education was
excluded from the model in this study because of the lack
of variation between the market participants and non-
participants since most of them had no formal education.
Household asset holdings have also been recognized as
key determinants of market participation in many em-
pirical studies and include land size, livestock holding
and off-farm income for this study. Land size depicts the
household’s productive asset ownership; therefore,
households with larger parcels of land are more likely to
allocate some portions for their own fodder production
(Lugusa 2015). Studies have also shown that land can be
used as collateral to access credit for investment in pro-
duction and market participation (Randela et al. 2008;
Komarek 2010). Thus, the influence of land size owned
on market participation is expected to be positive dir-
ectly or indirectly. The size of land owned was captured
in hectares as a continuous variable, and the exact values
as given by the respondent were used in the analysis.
Herd size reflects the wealth status of the household in
pastoral communities (Barrett et al. 2004), and is directly
proportional to the demand for feed. Thus, herd size
was expected to positively influence fodder market par-
ticipation. This variable was measured in terms of the
total number of livestock owned by a household con-
verted into tropical livestock units (TLUs). The TLUs
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were computed as cattle =1, camels =1, donkeys=10.8,
goats and sheep =0.2 and poultry = 0.04 (WISP 2010).
Livelihood diversification has been promoted in pastoral
areas to augment subsistence from livestock that is vul-
nerable to high risks and uncertainty associated with
climate-induced shocks (Elhadi et al. 2012). This variable
was measured in terms of the proportion of off-farm in-
come in the total household income. As noted by Muri-
cho et al. (2015), off-farm activities provide households
with extra income to participate in the market as buyers.
Thus, a household with a higher proportion of off-farm
income is hypothesized to participate in the fodder mar-
ket as a risk mitigation strategy.

Institutional support services are considered requisites
for households’ market access and participation
(Oluoch-Kosura 2010); they include access to extension
services, market information, weather information,
credit, and land tenure systems for this study. Extension
services provide platforms for training and disseminating
information on new technology or practices on fodder
agronomy, harvesting and processing. Access to extension
services is therefore expected to play a crucial role in in-
fluencing individual decisions regarding production, sale,
income generation activities and eventually livelihood se-
curity (Elhadi et al. 2012; Gebremedhin et al. 2015). Ac-
cess to market information is expected to significantly
reduce transaction costs arising from information search
and screening and thus encourage market participation
(Alene et al. 2008; Randela et al. 2008). Pastoralists with
access to weather information on early warning signs are
expected to purchase fodder as a drought preparedness
strategy. These variables were captured as dummies and
assessed based on if a household had access to them, from
various sources available, in the last year prior to the sur-
vey. Empirical studies have noted access to credit as an
enabler of farmer’s participation in agricultural commod-
ity markets (Alene et al. 2008; Martey et al. 2012). This
variable was coded as a dummy taking a value of 1 if the
household had access to any form of credit services in the
last 1 year prior to the survey and 0O otherwise. Credit ac-
cess was anticipated to positively influence household par-
ticipation in fodder markets.

The insecurity of land tenure, both in terms of prop-
erty ownership and resource access, has been acknowl-
edged as one of the key constraints to the adoption of
innovative and sustainable land management practices
such as the use of enclosures and fodder growing in dry-
lands (AU-IBAR 2012; Muricho et al. 2017). This vari-
able was assessed based on if the household had a title
deed to land occupied and was anticipated to have a
positive influence on market participation. The study
area (Isiolo) is prone to climate-induced shocks such as
droughts, floods, diseases and conflicts over natural re-
sources. These shocks are experienced by all households
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at the same time but at varying degrees; hence, this fac-
tor was assessed in terms of the number of shocks a
household was exposed to over the last 10 years. The
number of shocks experienced by households is ex-
pected to positively influence participation in fodder
markets (Lugusa 2015). The dummy variable for the
ward (location) was also included in the analysis to as-
sess its influence on household decision to purchase fod-
der, so as to capture the potential effect of differential
infrastructure levels across localities and relative geo-
graphic isolation from the markets.

The study hypothesized that institutional factors such
as access to extension, market information, weather in-
formation, credit services and tenure system do not
affect pastoralists’ decisions to buy fodder. Household
characteristics, such as age, gender and household size,
and asset variables like land size, herd size and off-farm
income, were also hypothesized not to influence pasto-
ralists’ decision to purchase fodder.

Results and discussions

Socio-demographic characteristics of the sampled
respondents

Some of the key characteristics of the pastoralists inter-
viewed are summarized in Tables 1 and 2.

Results showed that the average age of the respondents
in the sample was 38 years, with no significant age differ-
ence between the fodder buyers and non-buyers. This
implies that fodder group members are mainly middle-
aged pastoralists, and this age is considered a productive
stage of life. This concurs with the Isiolo County inte-
grated development plan (CIDP), which stated that the
county’s economically active labour force falls in the age
bracket of 15 to 64 years (Republic of Kenya 2013). The
mean household size for the entire sample was about 7
persons, which is slightly higher than the Isiolo’s and
Kenya’s national mean of 5 and 4 persons per household,

Table 1 Respondents’ socio-economic characteristics
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respectively (KNBS 2019). This might be associated with
the polygamous culture that is commonly practiced
among the pastoralists. The average number of years of
formal education was 2 years, indicating a high illiteracy
level among the pastoralists in Isiolo County. The mean
household size and years of formal education of fodder
buyers and non-buyers were not significantly different.

The average land size holding was approximately 3.3
ha for the sample. However, households that were not
participating in fodder markets had slightly larger aver-
age land sizes compared to their counterparts though
the variations are not statistically significant. This could
mean that households with larger land sizes can grow
their own sufficient fodder and hence may not need to
purchase fodder from the market. The average TLU was
11.32, showing the significance of holding a relatively
large herd to pastoralists as they are a store of wealth
and social status in the society (Barrett et al. 2004; WISP
2010). Pastoralists with large herd size are expected to
source for alternative feeds through buying fodder in
order to complement natural grazing resources. Also,
livestock sales provide pastoralists with the liquidity ne-
cessary to purchase inputs such as fodder and veterinary
services.

The household mean annual total income was about
KES 16,512 (USD 157.26) which translates to KES
46 (USD 0.44) per day, implying that most sampled
households live below the minimum poverty threshold
of USD 1.9 per day as defined by the World Bank
in 2015 (Jolliffe and Prydz 2016). This is because the
FFA project targeted the very vulnerable people who
predominately depended on food aid. In addition, the
average off-farm income was KES 6111 (USD 58.2) and
mainly sourced from retail businesses and casual jobs.
Results show a significant difference in herd size, total
income and off-farm between the two groups. The
households with more livestock are noted to have low

Variable Mean

Pooled Market participants Non-participants ~ p value for the test of statistical differences

(n=116) (n =85)

Age of respondents (years) 3833 (11.52) 3947 36.78 0.101
Household size (numbers) 642 (2.67) 6.59 6.18 0.287
Years of formal schooling 2.00 3.61) 2.08 1.89 0.723
Land size owned (ha) 328 (4.94) 2.84 387 0.145
Annual household income (KES)* 16,512.00 (31,496.00) 13,067.52 2121171 0.070*
Tropical livestock units (TLUs) 11.32 (13.25) 13.60 82 0.004%**
Annual off-farm income (KES)" 6110.96 (29,807.89) 2670.00 10,807 0.056*
Number of shocks experienced 2.58 (1.49) 3.25 1.67 0.000%**

Standard deviations are in parentheses. Source: survey data (2018)
"1 USD was equivalent to KES 105 at the time of the survey
Statistical significance levels: ***p <0.01 and *p < 0.1
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Table 2 Institutional factors
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Variable Frequency (%)
Pooled Market participants Non-participants p value for the test
(n=116) (n =85) of statistical differences
Gender of respondents (1 =male, 0 =female) 91.04 5792 5556 0.846
Access to extension services (1 =yes, 0=no) 3284 8333 16.67 0.000%**
Access to weather information (1 =yes, 0=no) 5473 76.36 23.64 0.000%**
Access to market information (1 =yes, 0 =no) 2836 94.74 5.26 0.000%**
Access to credit services (1 =yes, 0=no) 4328 71.26 2874 0.007%**
Membership to development groups (1 =yes, 0=no) 393 74.68 2532 0.000%**
Land tenure systems
Private with title deed 597 9167 833 0.000%**
Private with allotment letters 846 17.65 8235 0.000***
Communal 85.57 593 40.7 0.000%**

Source: survey data (2018)
Statistical significance levels: ***p < 0.01

off-farm and total income and are fodder buyers. This
could be because livestock keeping is labour-intensive
and time-consuming and thus limits the household’s en-
gagement in off-farm activities. On the other hand, those
with less livestock have sufficient time to invest in off-
farm enterprises and hence have more off-farm income.
Pastoralists with large herds are expected to buy fodder
to sustain their livestock during dry spells. Pastoralists’
production and livelihood systems are prone to climate-
induced shocks, which occur simultaneously, hence
making them more vulnerable. This is evidenced by the
finding that respondents are exposed to at least 3 differ-
ent shocks on average over the last 10 years. The major
shocks noted were droughts, livestock diseases and con-
flicts. These shocks force pastoralists to adapt through
fodder purchases; hence there are significant variations
in the number of shocks experienced between the
households who buy fodder as compared to their
counterparts.

The results in Table 2 also indicate that fodder producer
groups were dominated by women, with over 90% of re-
spondents being female. Pastoral women play a significant
role in livestock management as they are often tasked with
the responsibility of going up hills and mountains to col-
lect pasture for the home-stay lactating livestock. This
burden increases during the dry seasons and becomes
strenuous, demanding more time and labour (Kaufmann
et al. 2012). Therefore, the higher proportion of women
engaging in fodder producer groups could be attributed to
the proximity of the group farms to their homesteads and
their availability to undertake group farm activities.

This corroborates the findings of Peishi (2018), which
showed that women’s engagement in FFA projects is mo-
tivated by the proximity of FFA activities to their home,
the need to improve their livelihoods and benefits associ-
ated with the assets created. This is contrary to pastoral

men who are widely known for their high preference to
engage in large-scale commercial livestock-based activities
(Place and Kariuki 2005). Thus, pastoral men have less
interest in fodder production, which is still small-scale
with limited commercialization. Furthermore, participa-
tion in FFA programmes is reported to support women’s
empowerment through: women playing key leadership
roles in the groups’ committees; expanding their social
networks; providing opportunities for income generation;
and improved technical skills and confidence (Peishi
2018). Likewise, strong womens participation in
community-based rangeland rehabilitation is considered
instrumental in building the resilience of dryland commu-
nities and the sustainability of the interventions (AU-IBAR
2012).

Generally, the households that participate in fodder
markets had significantly more access to institutional
support services such as credit facilities, extension, mar-
ket information and weather information compared to
non-participants. This is plausible because these factors
are widely cited in the literature as positive determinants
of the market participation behaviour of households. Ac-
cess to extension services was however low with only a
third of the respondents having access, mainly from vari-
ous individual non-governmental organizations (NGOs)
and the County government. Extension services enable
members to realize the benefits of having a constant
supply of fodder through group training and thus mem-
bers more likely to buy fodder in preparation for dry
seasons. This underscores the importance of extension
services to the pastoralists’ communities.

More than half of the respondents had access to early
warning information regarding changes in weather con-
ditions, mainly from the traditional elders who dissemi-
nated through home visits and in local meetings
(barazas). Pastoralists rely heavily on various traditional
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weather forecast mechanisms to predict possible climate
outlook in the near future (Barrett et al. 2004). Access to
weather information enables pastoralists to plan ahead
in order to mitigate livestock deaths due to drought pe-
riods. The results further indicate that at least a third of
the respondents also belonged to other developmental
groups such as women and youth groups, besides fodder
groups. Households’ access to credit was about 43% but
solely from women groups as opposed to formal finan-
cial institutions. Social groups play a critical role among
pastoralists as they facilitate access to funds and loan
services through merry-go-rounds and table-banking ini-
tiatives, respectively. It also enhances access to markets,
trainings and business skills (Place and Kariuki 2005).
Over 80% of the respondents held communal tenure
over the land occupied with only 6% and 8% claiming
private ownership with formal title deeds and temporary
allotment letters, respectively. This concurs with the as-
sertion in Isiolo CIDP that over 80% of the land in Isiolo
is communally owned but held under the trusteeship of
the county government. A large share of the land in
Isiolo is being utilized by pastoralists for grazing while
the remaining parts are used by agro-pastoralists for
crop farming (Republic of Kenya 2013).

Fodder production and marketing in Isiolo County
As shown in Table 3, the groups each produced an aver-
age of 57 bales of fodder and 35 kg of grass seeds in the
last planting season. The groups noted that 2017 was
marred with a long dry spell; hence, low production was
realized. Out of which, an average of 44 bales of fodder
and 6kg of seeds were sold. The groups use wooden
boxes and manually compress the dried hay to make a
bale which is equivalent to 20 kg.

The common grass species planted were African fox-
tail (Cenchrus ciliaris), Maasai love grass (Eragrotis
superba) and African horsetail (Chloris roxburghiana)

Table 3 Fodder production and sale by producer groups
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introduced by the University of Nairobi’s African Dry-
lands Institute for Sustainability. Approximately 58% of
the sampled households have bought fodder from vari-
ous market sources, and the average volume bought by a
household was 10 bales in the last year. Results also
showed that over 80% of the buyers sourced from their
own fodder groups. This implies that the group mem-
bers acted as the primary marketing channel for the fod-
der produced by their groups. Conversely, 10% bought
from the traders in the market and the rest from other
fodder groups in the area as a secondary market. The
traders in the livestock markets sourced hay from within
and outside the county, especially hay made from wheat
stalk residues from Nanyuki and Laikipia areas, and sold
to livestock keepers during market days.

The fodder purchasing prices varied across the differ-
ent market outlets though not statistically significant
(Table 3). However, it was noted that the fodder markets
in the surveyed areas are niche and vibrant in the dry
season. Also, this only represents the prices in the sur-
veyed localities which are relatively isolated and distant
from Isiolo town, hence having relatively lower prices.
The fodder groups sold to their members at a relatively
lower price of about KES 280 (USD 2.67) compared to
other consumers. The low fodder price was one of the
benefits enjoyed by group members, and it acted as an
incentive for their commitment to the groups. Fodder
from own groups was also preferred because of the
group farm’s close proximity to members’ homesteads.
This implies minimum transportation costs incurred as
buyers carried fodder on their shoulders/back.

In terms of payment method, nearly 70% of the partic-
ipants paid cash on the spot, 24% paid later while the
rest purchased fodder on a credit basis. This flexibility in
payment was also an additional benefit enjoyed by mem-
bers who bought fodder from their own groups. For the
secondary markets, all buyers paid cash upon receipt of

Variables

Statistic (n = 20)

Average quantity of fodder produced (bales*)
Quantity of fodder sold (bales)
Average quantity of fodder bought by households (bales)
Average selling price for hay" (KES)
Group members
Neighbours
Traders
Average quantity of grass seed produced (kg)
Average quantity of grass seed sold (kg)

Average selling price for grass seeds” (KES)

57 (90)
44 (90)
10 (33)

283 (44)
317 (113)
367 (116)
35(119)
6 (16)
700 (141)

Standard deviations in parentheses; n number of producer groups surveyed; "1 USD = KES 105. Source: survey data (2018)

*A bale is equivalent to 20 kg
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the fodder. Over 70% of the traded fodder was processed
in the form of baled hay, while the rest was in the form
of freshly cut green pastures and standing pastures on
the farm. At the time of the survey, the groups had sev-
eral bags of seeds and baled hay in the store and were
planning to sell them. They also had mature standing
pasture in the group farms ready for harvest before the
onset of the rainy season in August.

Factors influencing pastoralists’ participation and
intensity of participation in fodder markets

The parameter estimates for the two-step Heckman
model are presented in Table 4.

The continuous variables were transformed into loga-
rithm form to reduce outliers (Wooldridge 2002). Results
show that the rho, which measures the correlation between
the errors in the selection and outcome equations, is posi-
tive and the Wald chi-square is highly significant at 1%.
This implies a strong correlation between the decision to
buy fodder and the quantity of fodder bought. The inverse
Mills ratio (IML/lambda) term was positive and significant
at 10% suggesting that the error terms in the selection and
outcome equations are positively correlated. These results
confirm that the decision to participate in markets and the
intensity of market participation are interrelated and mod-
elling them as separate processes would yield misleading re-
sults. The marginal effects for the selection equation were
computed for ease of interpretation.

Pastoralists’ access to market information was positive
and significantly associated with household participation
in the fodder market. Having access to market
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information increases the probability of respondents pur-
chasing fodder by 47%. This is because these households
received information related to prevailing fodder prices,
demand, supply and alternative market outlets majorly
from their fodder groups. Therefore, they incurred lower
transaction costs associated with information searching
and transportation cost since most group farms are close
to their homesteads. This concurs with Otieno (2011)
who noted that prior market information is critical be-
cause it could inform respondents’ decisions to buy fod-
der, choice of market outlets and when to buy fodder for
storage.

Access to weather information (early warning signs)
positively influenced pastoralists’ participation in fodder
markets at 5% level of significance. The marginal effect
indicates that a shift from lacking access to weather in-
formation to having access increases the likelihood of a
pastoralist buying fodder by 19%. This is plausible be-
cause pastoralists’ access to reliable early warning sys-
tems enhances their early preparedness and adoption of
drought-mitigation strategies such as prior purchase and
storage of livestock feeds. This result concurs with Bar-
rett et al. (2004), who noted that access to accurate and
timely climate forecasts regarding the start date for the
rainy season, the volume of rainfall expected and the
end date has a potential influence on pastoralists’ mobil-
ity patterns and marketing strategies. On the other hand,
access to weather information had no significant influ-
ence on the quantity of fodder bought.

As expected, access to credit was statistically signifi-
cant at 1% level and positively associated with

Table 4 Two-step Heckman model results for fodder market participation

Variable Decision to buy fodder equation Quantity of fodder bought equation
Coef. dy/dx Coef. Std. error
Access to market information (1 =yes; 0 =no) 1.329%** 0474 - -
Access to weather information (1 =yes; 0 =no) 0.526** 0.188 —-9927 7412
Access to extension services (1 =yes; 0=no) 0212 0.076 3442 5.991
Access to credit (1 =yes; 0=no) 0.732%** 0.261 - -
Land tenure (1 = private; 0 =communal) — 1.190%** —0425 —2043%* 9.543
Number of shocks experienced (in the last 10 years) 0.470%** 0.168 5.801%* 2423
Log age of respondent (years) 0.834* 0.298 13512 9.838
Sex of household head (1 =female; 0 = otherwise) —0.454* -0.162 5233 5779
Log household size (numbers) 0.125 0.044 — 8345 6.222
Log land size owned (ha) 0.154 0.055 —1.301 3611
Tropical livestock units (TLUs) 0.0042 0.001 1.506%** 0.181
Proportion of off-farm income —0914** -0326 3326 11.002
Ward (town as base category) 0.520** 0.185 7.709 5448
Constant —6.312%* - —86.39** 42.054

Sample (n) =201 (censored observations = 85, uncensored observations = 116). Rho = 0.618, sigma = 26.626, lambda = 16.451%, Wald chi-square (11) =91.930,

prob > chi-square = 0.000. Source: survey data (2018)

***Significance levels at 1%; **significance levels at 5%; *significance levels at 10%
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pastoralists’ participation in the fodder market. House-
hold’s access to credit increases the probability of buying
fodder by 26%. This is because credit access enhances
the purchasing power of the pastoral households to buy
inputs such as feeds, veterinary medicines and minerals
for livestock production. This concurs with the findings
of previous studies that found that credit access reduces
transaction costs in both input and output markets and
enables farmers to purchase inputs such as land, seeds
and fertilizer to expand production and subsequently
market participation (Randela et al. 2008; Jalang’o et al.
2018). Similarly, Shibia (2018) noted that the use of fi-
nancial instruments including credit, savings and insur-
ance provides market-based coping mechanisms to
cushion households from external shocks, and they tend
to be more effective compared to informal coping
mechanisms.

The land tenure security had a negative and significant
influence on both the decision and intensity of market
participation at 1% and 5%, respectively. This implies
that a shift from communal to private land ownership
reduces the likelihood of the household buying fodder
by 42%. This is reasonable because secure land tenure
enables households to enjoy exclusive rights to access,
use, manage and derive benefits from their land, and
thus, they can produce adequate fodder for their live-
stock. On the other hand, communal land ownership
discourages individual pastoralists to produce own fod-
der, thus forcing them to buy from the available market
outlets. This is expected since Isiolo County is predom-
inantly composed of communal lands. This finding is
similar to observations in previous studies, which ac-
knowledged insecurity of land tenure as a key deterrent
to the adoption of sustainable land management prac-
tices in drylands (AU-IBAR 2012; Muricho et al. 2017).

As anticipated, the number of shocks experienced sig-
nificantly and positively influenced household participa-
tion in fodder markets and the quantity of fodder bought.
The marginal effect estimate indicated that a unit increase
in the number of shocks experienced increased the likeli-
hood of buying fodder by 17% and the quantity of fodder
bought by 6%. This was expected because most of the re-
spondents were affected by several shocks occurring con-
currently; hence, they had suffered massive losses of
livestock and livelihood assets. Pastoralist communities
often tend to keep large herds of livestock as a means of
asset accumulation to safeguard against future shocks.
However, pastoral production systems are highly suscep-
tible to low and variable rainfall, diseases and resource-
based conflicts (Barrett et al. 2004). Therefore, it is only
rational for the pastoralists to learn from these experi-
ences, buy and store fodder in preparedness for drought
seasons to mitigate losses. These finding corroborates
Lugusa et al. (2016) who observed that pastoral
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households who had experience with droughts were more
likely to join fodder groups to easily access livestock feeds.

As hypothesized, the age of the respondent positively
and significantly influenced the probability of market
participation but insignificantly affected the quantity of
fodder bought. The marginal effects showed that older
pastoralists had a higher probability of buying fodder for
their livestock by 30%. A plausible explanation could be
that older households have accumulated vast experience
in livestock production and management over the years.
Therefore, they tend to be more cautious and willing to
purchase fodder and store in preparedness for long dry
spells. This result corroborates that of Muricho et al
(2017) who observed that older household heads were
more resilient to climate-induced shocks because of ex-
perience accrued over the years. Also, age influences
household’s access to and utilization of productive re-
sources, which facilitates the accumulation of wealth in
form of livestock over the years and thus has more de-
mand for fodder (Lugusa 2015; Ochago et al. 2017).

On the other hand, the gender of the household head
had a negative and significant effect on the households’
fodder market participation decisions, however insignifi-
cant in the intensity of participation. This implies that be-
ing female and household head significantly reduced the
likelihood of buying fodder by 16%. This is because key as-
sets and resources such as land, livestock, water and cash
in the pastoral communities are generally controlled by
men (Republic of Kenya 2015). Thus, most crucial house-
hold decisions concerning production and marketing are
made by men as well (Muricho et al. 2017). Additionally,