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Abstract

Smallholder farmers are excluded from efficient and effective participation in high-value
agro-food market chains due to major competitiveness constraints and several market
failures along these chains. The purpose of this study is to contribute to the
competitiveness of smallholder farmers in a more coordinated and sustainable way that
promote their effective and efficient participation in high-value agro-food market chains.
In particular, the study aims at determining the main role of households’ capitals,
institutional, and access-related factors in conditioning the decision of smallholder
farmers of African indigenous vegetables (AIVs) to access pillars of competitiveness in
high-value market chains (HVMCs). For this purpose, a unique household-level data from
a total of 1232 rural and peri-urban AIV-producing households were surveyed, and the
data obtained were analysed by using a multivariate probit model.
The results suggest that about two thirds of smallholder AIV farmers had access to at least
one pillar of competitiveness in HVMCs. The model results show the presence of inter-
dependency of household level decisions to access multiple pillars of competitiveness in
HVMCs. Furthermore, the results also reveal that coping with shocks, coupled with access
to information on market prices and warnings of unexpected events, contract farming,
certification and modern irrigation technologies are the main conditioning factors to the
access of the pillars of competitiveness by smallholder farmers.
The promotion and implementation of a well-founded mobile phone-based information
access platforms, as well as effective and efficient livelihood strategies that support
smallholder farmers to access pillars of competitiveness, is of critical importance towards
overcoming the major competitiveness constraints along high-value agro-food chains.

Introduction
The agriculture sector is vital to the economy of many developing countries because it

provides raw materials, food and employment to the rising and urbanising population,

thus improving the welfare of producers who are poor smallholder farmers (Rios et al.

2008; Zuwarimwe and Mbaai 2015; von Grebmer et al. 2016). Furthermore, its role in

improving the livelihoods of smallholder farmers has remained the major strategy

towards sustainable rural development through effective and efficient forward and
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backward linkages (Olwande et al. 2015). Currently, most developing countries are

struggling to secure an adequate and nutritious food supply to match rising demand

through various strategies of increasing agricultural production capacity and enhancing

the commercialisation of farm produce (Muhanji et al. 2011; FAO 2014; Zuwarimwe

and Mbaai 2015). This is due to the strong link between the strategic direction taken

by smallholder farmers when organising their scarce resources and the market condi-

tions for the produce, along with other investments and innovations.

Market-oriented production in Sub-Saharan Africa (SSA) can play a significant role

in the households of smallholder farmers if sustainable market integration is embraced

(Xinshen et al. 2007). Many African countries have therefore introduced policies and

programmes to support the integration of smallholder farmers in input and output

markets through agricultural intensification and commercialisation (Barrett 2008) since

the competitiveness1 of smallholder farmers in most markets in SSA is still low, despite

agriculture’s significant contribution to household food security and poverty alleviation

(Barrett 2008; Omiti et al. 2009; Olwande et al. 2015). Furthermore, linking smallholder

farmers to markets reduces the cost of agricultural products and strengthens the eco-

nomic linkages between farm and non-farm production systems (Fischer and Qaim

2012; Rao et al. 2012).

As a developing country, Kenya is currently facing both social and environmental

challenges, with the main problem being poverty (FAO 2014). This has led to the coun-

try suffering from transitory and chronic food insecurity, which has been associated

with a numbers of factors such as agricultural production and marketing shocks (PMS),

a growing population, low market-oriented production, poor institutional and infra-

structural development, and a heavy reliance on rain-fed agriculture (Ngugi et al. 2007;

Omiti 2012). Recently, the emergence of high-value market chains2 (HVMCs) has trig-

gered the commercialisation of African indigenous vegetables (AIVs) and other farm

products (Reardon et al. 2009; Chelang’a et al. 2013). This has made policymakers

aware of the importance of AIVs in terms of their role in improving the food situation,

nutritional status, income and health of rural and urban households alike in Kenya

(Ngugi et al. 2007). The enactment of the Kenyan food security and nutrition policy in

the development blue print entitled Vision 2030 was solely informed by these develop-

ments, with the main aim of ensuring food and nutritional security in all parts of the

country at all times (Omiti 2012; Ngenoh et al. 2016). This is due to the fact that these

vegetables have medicinal properties (Kimiywe et al. 2007; Chege et al. 2014), are highly

nutritious (Mampholo et al. 2016) and have great potential to attract a premium of up

to 79% in urban retail outlets in Kenya under the conditions of consistent supply and

packaging (Muhanji et al. 2011; Chelang’a et al. 2013). Furthermore, the majority of

rural and urban households rely on these vegetables to fulfil their daily food and nutri-

tional requirements for micronutrients, particularly vitamin A and iron (Chadha, 2006).

The production, handling and marketing of AIVs are mostly performed by small-

holder farmers in Kenya (Ngugi et al. 2007; Omiti 2012; Ngenoh et al. 2016), and this

puts AIVs in a central position as a catalyst for rural development. Consequently, AIV

production provides an economic pillar for the livelihood of rural smallholder farmers

and therefore represents a livelihood strategy whose implementation should continu-

ously be targeted through sustainable means. According to Schippers (2000), AIVs play

a crucial role in income generation and subsistence for the very poorest and thus help
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them earn a living as producers and traders without substantial capital investment be-

ing required. Additionally, the area under AIV cultivation in Kenya increased from

27,102 ha in 2009 to 35,503 ha in 2014, while their yields and value rose by 6% and 10%

respectively between 2012 and 2014 (HCDA 2014). Currently, the demand for AIVs has

been increasing in major marketing outlets (formal and informal markets) in urban

centres in Kenya (Ngugi et al. 2007; Fischer and Qaim 2012; Chelang’a et al. 2013;

Ngenoh et al. 2016). Despite this great potential, there is inconsistency in the supply of

these vegetables to the majority of HVMCs across urban areas of the country (Ngugi et

al. 2007; Chelang’a et al. 2013). Therefore, for smallholder AIV farmers to meet and

benefit from this rising demand, they should be integrated into HVMCs so as to sus-

tainably produce and supply vegetables all year round (Ngugi et al. 2007). However, re-

cent studies have indicated that the majority of smallholder farmers are being excluded

from the significant growth opportunities offered by HVMCs (Fernandez-Stark et al.

2012; Omiti 2012; Chelang’a et al. 2013) since they face numerous competitiveness bot-

tlenecks (Fig. 1) and market failures along these chains such as low productivity, poor

product quality, lack of standards compliance, high transaction costs and a lack of net-

works among others (Narrod et al. 2009; Rao et al. 2012; Boström et al. 2015). These

challenges have further reduced their sustainable entry into HVMCs, and hence, there

is a need for a holistic approach to address these constraints in a more coordinated and

sustainable way that promotes their effective participation in such lucrative high-value

agro-food market chains (Fernandez-Stark et al. 2012). This has been aggravated by

stringent regulations in terms of consumer demands from HVMCs, coupled with their

sophistication and consolidation, which have made it more difficult for smallholder

farmers to participate in these chains (Fernandez-Stark et al. 2012; Rao et al. 2012).

To overcome these challenges, Fernandez-Stark et al. (2012) have proposed a

four-pillar3 model for holistically enhancing the competitiveness of smallholder farmers

in HVMCs. The inclusion of smallholder farmers in HVMCs involves significant

changes that require them to holistically overcome the major competitiveness con-

straints and numerous market failures that limit their competitiveness and thus their

sustainable entry into these chains. The authors argue that access to these four pillars

Fig. 1 Competitiveness bottlenecks and pillars for sustainable inclusion. Source: authors compilation
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by smallholder farmers will lead to several complementary and integrated investments

that will ultimately translate competitiveness constraints into income opportunities and

serve as a means of reducing poverty. Against this backdrop, this study sought to con-

tribute to the understanding of how smallholder AIV farmers can be supported effect-

ively and efficiently to ensure that they are included in HVMCs in a sustainable way.

This will only be possible if they receive assistance with overcoming the significant

competitiveness challenges and bottlenecks that prevent them from accessing HVMCs.

Therefore, identifying the drivers and incentives for accessing high-value markets,

training/extension, finance/credit and farmers’ groups may improve smallholder AIV

farmers’ chances of competing successfully and sustainably in HVMCs. Finally, it will

also provide a clear framework that could be used by policymakers when making deci-

sions about how to support this vulnerable group of farmers so that vibrant agro-food

HVMCs can be developed which, in turn, will improve rural household food security

and reduce poverty.

The reviews conducted for this paper show that previous studies (Markelova et al.

2009; Narrod et al. 2009; Gruère et al. 2009; Fischer and Qaim 2012; Trebbin 2014; Ma

and Abdulai 2016) have only used collective action/farmers’ groups to link farmers to

the markets on the assumption that these are the best model for farmers to access

other pre-conditioning factors, without considering the heterogeneity of smallholder

farmers in terms of their household characteristics and resources. Additionally, Ferris

et al. (2014) used the involvement of extension services and advisory services in linking

smallholder farmers with niche markets. Therefore, this paper’s contribution is twofold.

First, using a “holistic” model with four key pillars or intervention instruments (access

to HVMCs, credit services, extension services and farmers’ groups), it was possible to

identify the main drivers and incentives for overcoming the major constraints limiting

the competitiveness of smallholder AIV farmers in HVMCs. Second, using a multivari-

ate probit model, it was possible to estimate the influence of exogenous factors on sim-

ultaneous decisions about accessing the four key pillars of competitiveness, while

allowing for the error terms of each of these pillars to be freely correlated. Further-

more, the model allowed the complementarities and substitutabilities of these pillars of

competitiveness to be captured and hence their promotion to be facilitated in order to

achieve the maximum welfare benefit for smallholder AIV farmers.

Data and descriptive statistics
The comprehensive cross-sectional data used in this analysis were derived from the

Horticultural Innovation and Learning for Improved Nutrition and Livelihood in East

Africa (HORTINLEA) project survey conducted in 2014. The project focused on five

types of AIVs: African nightshade (Solanum scabrum), spider plant (Cleome gynandra),

amaranth (Amaranthus spp), cowpea (Vigna unguiculata) and Ethiopian kale (Brassica

carinata). The survey used a multistage sampling technique to collect data from a total

sample of 1232 AIV-producing households, comprising 806 from rural counties and

426 from peri-urban counties. Smallholder farmers from Kisii and Kakamega counties

represented rural areas, while those from Nakuru, Kiambu and Kajiado counties repre-

sented peri-urban areas. These counties were selected based on statistics from the Min-

istry of Agriculture on the relevance and intensity of the production and marketing of

AIVs (Government of Kenya (GoK) 2012). At village level, smallholder AIV farming
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households were randomly selected, including those that had accessed HVMC pillars4

of competitiveness and those that had not. The information on household and

farm-level characteristics, production and marketing activities, and institutional and

access-related variables were collected from respondents using a structured and

pre-tested questionnaire. The independent variables included in the estimation were

chosen based on a review of previous studies (Man et al. 2002; Ajitabh and Momaya

2004; Markelova et al. 2009; Narrod et al. 2009; Gruère et al. 2009; Fernandez-Stark et

al. 2012; Fischer and Qaim 2012; Trebbin 2014; Ma and Abdulai 2016).

The description and summary statistics of the variables used in this study are pre-

sented in Table 1. Respondents were asked whether they had access to any of the four

key pillars of competitiveness in HVMC during the 2013/2014 production and market-

ing season. Since different modes of access to market channels, chains or outlets were

observed, a differentiation was made between conventional (normal) market channels

and HVMCs. It was specifically noted that 72.1% of farmers were selling their vegeta-

bles to different channels. Furthermore, 51.7% and 20.4% of these farmers sold their

vegetables to conventional market chains and HVMCs respectively. Therefore, a com-

parison was made between farmers who had access to HVMCs and those who did not

(those who sold to conventional channels and those who did not sell at all).

Furthermore, with regards to other competitiveness pillars, 36.8% of smallholder AIV

farmers were found to have access to farmers’ groups, 37.1% had access to extension

services, while 19.3% accessed credit services (Table 1). Moreover, the findings indi-

cated that the majority (65%) of AIV farmers were from rural areas and were predom-

inantly (81%) headed by males with an average age of 49.8 years and an education level

of 9.4 years. The average household size was between five and six members, with the

majority of their household heads (80%) being married. The average land size was 0.92

acres, with 89% of households owning their parcels of land. About 16% of AIV house-

holds used modern irrigation systems, indicating a low level of production technology.

Theoretical framework
This study was based on a theoretical framework (a four-pillar or holistic model) for

the inclusion of smallholder farmers in high-value agro-food chains, which was pro-

posed by Fernandez-Stark et al. (2012). It draws on the concept of competitiveness at

farm level. They argue that smallholder farmers should become competitive in order to

participate in HVMCs. However, the potential involvement of smallholder farmers in

HVMCs presents a challenge because they usually face competitiveness bottlenecks

such as low productivity, poor product quality, lack of compliance with standards, high

transaction costs and a lack of networks. These competitiveness bottlenecks are diffi-

cult for smallholders to overcome because they face numerous constraints. These con-

straints include a lack of access to markets, training (technical, interpersonal and

entrepreneurial skills), collaborative networks (among small producers and with chain

stakeholders) and finance. Consequently, the authors of this model highlight that if

smallholders’ farmers were relieved of these constraints, they would have the opportun-

ity to become competitive and effectively participate in HVMCs in a sustainable man-

ner. In particular, the holistic model considers four key “pillars”—access to markets,

access to training, collaboration and cooperation building, and access to finance—as

intervention instruments for overcoming competitiveness constraints and thus
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improving smallholder farmers’ competitiveness and sustaining their inclusion in HVMCs.

For instance, access to these intervention instruments by smallholder farmers can enable

them to overcome productivity-related challenges such as a lack of exposure to buyers

(HVMCs) and their requirements, a lack of technical and entrepreneurial skills, a lack of

information flow with other producers and also other actors in the chain, and a lack of ac-

cess to finance to buy equipment, infrastructure or necessary inputs.5

There are many theoretical frameworks for competitiveness at farm level that in-

cludes, for instance, those developed by Buckley et al. (1992), Man et al. (2002) and

Table 1 Description and summary statistics of selected variables

Variables Description Mean Std.
Dev.

Dependent variables

Access to high-value
markets

1 if household has access to high-value AIV markets, 0
otherwise

0.20 0.403

Membership to farmers’
groups

1 if household head/spouse are members of a farmers’ group,
0 otherwise

0.37 0.482

Access to credit services 1 if household has access to credit services, 0 otherwise 0.19 0.395

Access to extension
services

1 if household has access to extension/training services,
0 otherwise

0.37 0.483

Independent variables

Household size Total number of household/family members 5.62 2.283

Gender 1 if gender of household head is male, 0 otherwise 0.81 0.396

Age Age of household head in years 49.76 12.632

Marital status 1 if household head is married, 0 otherwise 0.80 0.399

Education Years of education of the household head 9.44 4.605

Land tenure 1 if farm is owned, 0 otherwise 0.89 0.315

Coping with PMS 1 if household copes with production and marketing shocks, 0
otherwise

0.79 0.422

Farm location 1 if farm is in rural area, 0 otherwise 0.65 0.476

Land size Total size of land owned by the household in acres 0.92 2.044

AIV intensification Proportion of AIV land area to total household land size fully
owned

0.35 0.256

Fertile soil 1 if farm is very fertile, 0 otherwise 0.55 0.498

Distance to watering point Total distance to the nearest main water source in kilometres 0.35 2.127

Distance to market Total distance to the nearest markets in kilometres 2.38 2.517

Distance to agro-vet Total distance to the nearest agro-vet in kilometres 2.17 3.572

Type of irrigation system 1 if household uses modern irrigation system, 0 otherwise 0.16 0.367

TLU* Total household livestock units 0.76 0.574

Number of farm
enterprises

Total number of farm enterprises in a household 5.57 2.276

Grading of AIV 1 if household grades AIVs before selling, 0 otherwise 0.37 0.482

Off-farm income 1 if household has access to off-farm income, 0 otherwise 0.29 0.454

Access to information 1 if household has access to AIV market information, 0
otherwise

0.37 0.484

Access to warning on
shocks

1 if household has access to warnings about shocks, 0
otherwise

0.16 0.367

Contract farming 1 if household has access to contract farming, 0 otherwise 0.08 0.268

Certification 1 if household is a certified AIV producer, 0 otherwise 0.28 0.452

*Total livestock units as defined in Jahnke (1982)
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Ajitabh and Momaya (2004) among others. Buckley et al. (1992) conceptualised a

model for a farm’s competitiveness that contains three interrelated dimensions

(performance, potential and process). Ajitabh and Momaya (2004) meanwhile focused

on the main competitiveness sources at a company level using an asset-processes-

performance (APP) framework. Man et al. (2002) developed a theoretical framework

for the competitiveness of small and medium-sized enterprises (SME) by drawing on

the concept of competitiveness at farm level. However, they focused mainly on the key

determinants of competitiveness and considered the dimensions (assets, potential,

process, performance) of a farm’s competitiveness alongside four attributes (long-term

orientation, controllability, relativity and dynamism). However, the holistic model is su-

perior when compared to other competitiveness models because it focuses specifically

on potential pathways for the inclusion of smallholder farmers in HVMCs. They

suggest that in order for smallholder farmers to achieve long-term competitiveness,

there is a need to effectively exploit the available opportunities for improving

competitiveness-enhancing factors, such as building up their household capitals/assets

and resources, as well as efficient and effective utilisation of their institutional connec-

tions. Therefore, the holistic model of Fernandez-Stark et al. (2012) was used in this

study to assess the determinants of competitiveness of smallholder African indigenous

vegetable farmers in high-value agro-food chains in Kenya. The reason for this is that

access to markets and critical services such as training and finance, as well as strong

and effective collaboration and cooperation, will provide opportunities for smallholder

AIV farmers to become competitive on a lasting basis.

Empirical specifications
Conceptual framework

The conceptual framework employed in this study was based on the assumption that

AIV farmers choose to access pillars of competitiveness or not because they are as-

sumed to be risk neutral. Furthermore, smallholder AIV farmers take into account the

expected net returns (P�
NRA ) derived from AIV production by accessing pillars of com-

petitiveness and the expected net returns (P�
NR ) derived by not accessing these pillars.

Smallholder AIV farming households will decide to access to pillars of competitiveness

if the perceived utility or net returns from access (P�
NRA ) is significantly greater than is

the case without it (P�
NR). Although utility is not directly observed, the actions of small-

holder AIV farmers are observed through the choices they make, for instance, they

would choose to access pillars of competitiveness if P�
i > 0 . Therefore, P�

i can be

expressed as a function of observable elements in the following latent variable model:

P�
i ¼ βXi þ μi; Pi ¼ 1 if P�

i > 0 ð1Þ

where Pi is a binary indicator variable that equals 1 for household i that has accessed

pillars of competitiveness, and 0 otherwise; Xi is a set of explanatory variables; β repre-

sents the parameters to be estimated; and μi is an error term assumed to be normally

distributed with zero mean. The probability of smallholder AIV farmers adopting SIPs

can be expressed as:

Pr Pi ¼ 1ð Þ ¼ Pr P�
i > 0

� � ¼ Pr μi > −βXið Þ ¼ 1−F −βXið Þ ð2Þ

where F is the cumulative distribution function for μi.
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Multivariate probit model

In this study, smallholder AIV farmers’ decisions to select pillars of competitiveness in-

volved multiple choices and they would therefore be expected to choose a combination

of pillars rather than just selecting one. It was therefore necessary to use a model that

estimates the influence of exogenous variables on simultaneous decisions of accessing

various pillars of competitiveness, while allowing for the error terms of each of these

pillars to be freely correlated. Therefore, in this study, a multivariate probit (MVP)

model was used, which is appropriate for estimating the influence of exogenous factors

on smallholder AIV farmers’ decisions to access pillars of competitiveness in HVMCs,

while allowing the correlation of error terms of different decisions equations (Maddala

1986; Wooldridge 2010). Furthermore, the model enables the complementarities and

substitutabilities of these pillars of competitiveness to be captured and hence enhances

the strategies used in the promotion of their access among smallholder farmers for

maximum welfare benefit. Therefore, following the recommendation of Maddala (1986)

and Wooldridge (2010), a typical empirical specification for the MVP model is charac-

terised by a set of binary dependent variables (Pin) such that:

P�
in ¼ β0nXi þ uin; n ¼ 1;…::; 4 ð3Þ

and

Pin ¼ 1 if P�
in > 0

0 otherwise

�
ð4Þ

where β0n is the corresponding vector of parameters to be estimated and P�
in is the latent

variable. Each of the equations was considered using the same set of independent vari-

ables (Xipn) described in Table 1.

Results and discussion
Pairwise correlations

The multivariate probit regression model was estimated at household level. The results

from the pairwise correlation are presented in Table 2.

These results show a likelihood ratio test of χ2 (6) = 13.416 (p < 0.013), which suggests

the presence of interdependence between multiple pillars of competitiveness in HVMC.

These results supported the use of the multivariate probit model to analyse the deter-

minants of access to pillars of competitiveness in HVMC among smallholder AIV

farmers. Furthermore, the findings suggested that some of the pillars of competitiveness

in HVMC were complements, with four out of six correlation coefficients being

Table 2 Correlation coefficients of pillars of competitiveness in HVMC from MVP estimation

HVMC competitiveness pillars Correlation coefficient Standard error

High-value market and membership of farmers’ group − 0.0232 0.0548

Credit services and high-value market 0.1092** 0.0579

Extension services and high-value market − 0.0612 0.0525

Credit services and membership of a farmers’ group 0.0901** 0.0530

Extension services and membership of farmers’ group 0.0927** 0.0467

Extension services and credit services 0.1062** 0.0499

Likelihood ratio test of rho21 = rho31 = rho41 = rho32 = rho42 = rho43 = 0; χ2 (6) = 13.416 Prob>χ2 = 0.013
**p < 0.05
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statistically significant, indicating that access to the pillars of competitiveness in HVMC

among smallholder AIV farmers was not mutually independent.

Determinants of the choice of pillars of competitiveness in HVMCs

The results of the parameter estimates from the multivariate probit model suggest that

capital endowments and entitlements, institutions and access-related variables at house-

hold level were significant in informing decisions to access pillars of competitiveness in

HVMCs (Table 3). Social capital variables were the main determinants of smallholder

farmers’ access to pillars of competitiveness in HVMCs. Coping with PMS was used as a

dummy variable representing households that responded to productions shocks (drought,

floods, pest and diseases, crop failure, among other production-related shocks) and those

that responded to marketing shocks (food, input and output prices). The results of this

study were consistent with other studies (Frankenberger et al. 2013; Franken et al. 2014)

in that smallholder AIV farmers who managed to respond to PMS were found to be more

likely to access the EXT and CRD competitiveness pillars. Depending on the type of shock

and the household’s ability/capacity, as well as the opportunity cost, to not respond to

shocks, smallholder AIV farmers who are risk-averse were more likely to avoid spot mar-

kets and engage in forward contracts due to their ability to enhance the transformative

capacity of reducing market transaction costs. This is only possible if smallholder farmers

have access to relevant and appropriate information, as well as the necessary resources

that can enhance their adaptive capacity.

Access to HVMC for risk reduction through market-oriented production is a power-

ful risk mitigation strategy that can enable smallholder farmers to diversify away from

spot markets with high price volatilities (Barrett 2008; Torero 2011). Therefore, for

smallholder farmers to participate in HVMC effectively and efficiently, there is a need

for them to explore appropriate opportunities for enhancing their asset base and over-

coming market constraints and poverty. In general, HVMC activities demand greater

assets, liquidity and credit from smallholder farmers and require greater risk mitigation,

all of which requires them to access pillars of competitiveness in HVMCs in order to

bear the effects of production and marketing shocks and alleviate transaction costs. In

line with Barrett et al. (2001), smallholder households who own their land were also

found to have a negative relationship with access to the CRD competitiveness pillar.

This implies that smallholder AIV farmers who fully own their farmland are less likely

to access credit services, which is largely attributed to the fact that most of them, espe-

cially in rural areas, have limited access to formal credit providers who can help them

gain access to unexploitative credit, despite them having the necessary collateral to ac-

cess formal credit services. This is due to there being a limited number or even total

absence of formal credit providers in most rural areas in Kenya (Kiplimo et al. 2015).

With regard to institutional and access-related factors, access to market information

(prices) was found to have positive effects on the EXT and CRD competitiveness pillars.

This implies that smallholder AIV farmers who have access to relevant and appropriate

price information, especially for inputs and outputs, are more likely to access extension

and credit services. In addition, smallholder farmers who have access to information

about the price of agricultural products that are harvested from their farms are more

likely to seek extension services, especially with regard to how to preserve/store their

Ngenoh et al. Agricultural and Food Economics             (2019) 7:2 Page 9 of 17



products, and only sell these products at the right time without loss of quality. Further-

more, this group of farmers would also seek credit financial services in order to acquire

the necessary equipment and/or technologies, such as irrigation systems for high-quality

Table 3 Parameter estimates from multivariate probit and individual probit models for estimating
determinants of pillars of competitiveness in HVMC

Variable Multivariate probit estimates Individual probit estimates

HVM GRP CRD EXT HVM GRP CRD EXT

Household
size

0.0130
(0.0213)

− 0.0083
(0.0189)

0.0348*
(0.0207)

0.0243
(0.0186)

0.0008
(0.0052)

− 0.0030
(0.0061)

0.0088*
(0.0054)

0.0079
(0.0064)

Gender − 0.1936
(0.1597)

0.1548
(0.1488)

− 0.0653
(0.1636)

− 0.0069
(0.1414)

− 0.0425
(0.0400)

0.0424
(0.0463)

− 0.0219
(0.0409)

− 0.0056
(0.0485)

Age 0.0006
(0.0036)

0.0007
(0.0033)

0.0004
(0.0037)

− 0.0001
(0.0033)

0.0001
(0.0009)

0.0001
(0.0010)

0.0004
(0.0009)

− 0.0001
(0.0011)

Marital status 0.2254
(0.1611)

0.0686
(0.1476)

0.0324
(0.1635)

− 0.0021
(0.1407)

0.0483
(0.0396)

0.0275
(0.0459)

0.0054
(0.0405)

− 0.0010
(0.0481)

Education − 0.0066
(0.0103)

0.0003
(0.0096)

0.0421***
(0.0104)

0.0229**
(0.0092)

− 0.0018
(0.0026)

0.0008
(0.0030)

0.0106***
(0.0027)

0.0077**
(0.0032)

Land tenure 0.1614
(0.1490)

0.1001
(0.1269)

− 0.2925**
(0.1298)

0.0365
(0.1221)

0.0346
(0.0347)

0.0306
(0.0401)

− 0.0847**
(0.0355)

0.0115
(0.0420)

Coping with
PMS

0.0023
(0.0940)

0.0424
(0.0846)

0.2747***
(0.0924)

0.1446*
(0.0818)

0.0064
(0.0233)

0.0129
(0.0269)

0.0748***
(0.0238)

0.0486*
(0.0282)

Farm location − 1.0216***
(0.1204)

1.3580***
(0.1262)

− 0.3731***
(0.1191)

0.3816***
(0.1125)

− 0.2779***
(0.0307)

0.4045***
(0.0356)

− 0.1011***
(0.0314)

0.1202***
(0.0372)

Land size − 0.0029
(0.0222)

0.0224
(0.0246)

0.0052
(0.0184)

0.0246
(0.0194)

− 0.0008
(0.0053)

− 0.0052
(0.0062)

0.0018
(0.0055)

0.0079
(0.0065)

AIV
intensification

0.0117
(0.1720)

− 0.1581
(0.1633)

− 0.0608
(0.1724)

0.1468
(0.1538)

0.0055
(0.0434)

− 0.0562
(0.0502)

− 0.0121
(0.0444)

0.0506
(0.0526)

Fertile soil 0.2603***
(0.0926)

0.0132
(0.0821)

− 0.0484
(0.0885)

− 0.1006
(0.0791)

0.0608***
(0.0225)

0.0020
(0.0261)

− 0.0141
(0.0230)

− 0.0341
(0.0273)

Distance to
watering point

− 0.0126
(0.0346)

− 0.0069
(0.0174)

− 0.0041
(0.0206)

− 0.0612
(0.0543)

− 0.0017
(0.0051)

− 0.0026
(0.0059)

− 0.0014
(0.0052)

− 0.0103*
(0.0062)

Distance to
market

− 0.0083
(0.0177)

0.0289*
(0.0164)

0.0039
(0.0177)

0.0107
(0.0159)

− 0.0023
(0.0044)

0.0088*
(0.0051)

0.0013
(0.0045)

0.0035
(0.0054)

Type of
irrigation
system

0.4205***
(0.1211)

0.2688**
(0.1317)

− 0.0732
(0.1274)

0.4670***
(0.1160)

0.1327***
(0.0333)

0.0625
(0.0385)

− 0.0171
(0.0340)

0.1634***
(0.0403)

TLU 0.1167
(0.0769)

0.1216*
(0.0719)

0.1883**
(0.0768)

0.0720
(0.0690)

0.0271
(0.0194)

0.0352
(0.0224)

0.0474**
(0.0200)

0.0250
(0.0235)

Number of
farm
enterprises

0.0811***
(0.0208)

0.0075
(0.0195)

0.0120
(0.0210)

0.0393**
(0.0189)

0.0803***
(0.0211)

0.0024
(0.0061)

0.0021
(0.0054)

0.0135**
(0.0064)

Off-farm
income

− 0.1186
(0.1029)

− 0.1224
(0.0981)

0.1453
(0.0981)

0.1036
(0.0913)

− 0.0312
(0.0259)

− 0.0345
(0.0300)

0.0407
(0.0265)

0.0324
(0.0314)

Access to
information

− 0.2531**
(0.0999)

0.0913
(0.0901)

0.1394*
(0.0942)

0.3440***
(0.0843)

− 0.0610***
(0.0243)

0.0312
(0.0281)

0.0387
(0.0248)

0.1173***
(0.0295)

Access to
warning on
shocks

− 0.0503
(0.1233)

0.0606
(0.1069)

0.0482
(0.1165)

0.3039***
(0.1028)

− 0.0067
(0.0298)

0.0194
(0.0223)

0.0168
(0.0304)

0.1072***
(0.0361)

Contract
farming

0.0932
(0.1629)

0.0558
(0.1496)

0.2045
(0.1527)

0.3189**
(0.1417)

0.0237
(0.0411)

0.0406
(0.0476)

0.0584
(0.0421)

0.1117***
(0.0499)

Certification 0.0578
(0.0997)

0.3972***
(0.0877)

0.1591*
(0.0944)

0.4392***
(0.0844)

0.0157
(0.0247)

0.1338***
(0.0286)

0.0449*
(0.0253)

0.1601***
(0.0299)

Constant − 1.0986***
(0.3317)

− 1.9073***
(0.3157)

− 1.4601***
(0.3232)

− 1.7972***
(0.2995)

− 0.1911**
(0.0817)

− 0.0530***
(0.0946)

− 0.0625
(0.0836)

− 0.1145
(0.0991)

Likelihood ratio test of: rho21 = rho31 = rho41 = rho32 = rho42 = rho43 = 0; χ2 (6) = 14.931 Prob>χ2 = 0.020
Figures in parentheses are robust standard errors
*p < 0.1; **p < 0.05; ***p < 0.01
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and sustainable production, and hence, it offers an integral solution for overcoming the

main constraints faced when accessing HVMCs. In contrast, access to market information

(prices) was found to have negative effects on access to HVM competitiveness pillars. This

is surprising and is largely attributed to the price of required standards, equipment, trans-

portation facilities and other requirements from HVMCs which could carry a high initial

cost that the majority of poor smallholder farmers are unable to pay before supplying the

HVMCs. Moreover, this could also be attributed to the source of such information, which

is consistent with the findings of Ouma et al. (2010) who point out that market price in-

formation acquired through neighbours reduces the probability of market participation

among smallholder banana farmers in Central Africa.

Furthermore, Bellemare (2012) indicated that households who have access to market

price information may end up creating strong linkages with buyers along agricultural

commodity chains through contract farming and thus improve their access to HVMCs. In

this regard, access to contract farming was also found to be an important determinant in

accessing the EXT competitiveness pillar. This implies that smallholder AIV farmers who

are contracted by suppliers are more likely to have access to the EXT competitiveness pil-

lar. Depending on the contractual arrangements and the type of market that the produce

is supplied to, as well as the nature of the products, smallholder AIV farmers who are in

any form of contract farming have better pricing terms with good quality products that

can be accepted in HVMCs. HVMCs require formal contracts and are predominantly

found in accessible areas, resulting in higher welfare gains for smallholder farmers under

contract (Barrett et al. 2012; Ma and Abdulai 2016).

Access to information related to warnings of future unexpected events/shocks is posi-

tively related to access to the EXT competitiveness pillar. This implies that smallholder

farmers who receive warnings are more likely to access the EXT competitiveness pillar.

Therefore, access to a considerable amount of information on future events enables

smallholder farmers to effectively learn about the use of ex ante coping strategies on

their farmland, while maintaining food safety standards, and build up their household

assets for future consumption as well as supply HVMCs during adverse periods/occur-

rence of shocks (Narrod et al. 2009; Tran 2015). The reason is that when households

are aware of incipient unfavourable events, they tend to take necessary mitigation mea-

sures, for instance building up household assets (as an ex-ante coping strategy), which

will lessen the impacts of such events. These results also suggest that certification is an

important factor in informing the decision taken by smallholder AIV farmers to access

three pillars of competitiveness in HVMCs. Households who have access and are certi-

fied farmers are more likely to gain access to the GRP, CRD and EXT competitiveness

pillars. This is largely attributed to the fact that certification comes at a cost of around

30% of a Kenyan smallholder’s annual vegetable income (Asfaw et al. 2010). Providers

also always prefer to work with farmers who are in groups because of ease in

terms of the required quantities levels, efficiency and effectiveness in the manage-

ment of the operation, as well as access to other relevant services such as credit

(Chiputwa et al. 2015).

In general, smallholder farmers who are certified had greater access to the pillars of

competitiveness in HVMCs because of greater productivity, standards and bargaining

power, which can give them access to secure/direct and strong linkages with buyers

and hence boost household income. Financial capital variables were also important in
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determining their decision to seek access to pillars of competitiveness in HVMCs. With

regard to total livestock units (TLU), smallholder AIV farmers with a higher TLU were

found to be more likely to seek the GRP and CRD competitiveness pillars. This implies

that the higher the TLU, the greater the probability of a smallholder AIV farmer be-

coming a member of a farmers’ group as well as accessing credit services. Furthermore,

smallholder AIV farmers may be borrowing from informal sources (farmers’ groups)

against the assets (livestock) they own or sometimes against future expected incomes,

using livestock assets as collateral, especially when options are limited. These findings

are consistent with those of Bahta and Malope (2014), who argue that smallholder

households with higher TLU have higher gross margins and are competitive in HVMCs

because they are more likely to use secured loans and divestment strategies. The num-

ber of farm enterprises that households operate is an important factor in informing the

decision to access the HVM and EXT competitiveness pillars. Consistent with McCord

et al. (2015), smallholder AIV farmers who have a greater number of farm enterprises

were found to be more likely to access extension services. Having more farm enter-

prises requires technical knowledge of farming techniques in terms of assets and re-

source allocations, cultural practices, management and response to shocks such as

pests and diseases, as well as entrepreneurial skills, all of which are acquired from ex-

tension agents, especially when supplying HVMCs.

Physical capital variables are important factors influencing access to pillars of com-

petitiveness in HVMCs. The results indicated that the type of irrigation system used by

smallholder AIV farmers was an important determinant of the choice of pillars of com-

petitiveness in HVMC such as EXT, GRP and HVM. This suggests that farmers who

use modern irrigation systems are more likely to have access to EXT, GRP and HVM.

These results are consistent with the findings of Burney and Naylor (2012), who con-

cluded that modern irrigation systems are capital-intensive infrastructures that are im-

portant in determining smallholders’ decisions to switch to high-value crops and hence

access HVMs. In addition, the positive relationship between the use of modern irriga-

tion systems and HVM access is consistent with the findings of Ngenoh et al. (2015),

who found that the use of modern production systems are expected to increase the

yields of most irrigated products. Use of modern irrigation systems enables smallholder

farmers to become competitive in rapidly changing environments and hence require ef-

ficient information flows. This is only possible if smallholder farmers use social net-

works through their membership of farmers’ groups and have access to extension

services in order to understand the technical and entrepreneurial skills required.

Distance to the nearest market was found to be positively related to access to the

GRP competitiveness pillar. These results are consistent with those of Narrod et al.

(2009) and Trebbin (2014), who noted that smallholder farmers who are located at a

great distance from input and output markets are more likely to have access to farmers’

groups in order to benefit from economies of scale, especially when procuring inputs

and supplying farm products to HVMCs. In addition, access to HVMCs requires small-

holder farmers to meet certain quantity and quality standards in terms of demand and

consumer preferences, such as different quantities for different products. These pro-

cesses are closely monitored, and for smallholder farmers to participate in these

value-adding processes (grading, processing and packing standards) and possibly in-

crease their bargaining power, they have to work in groups, which also reduces the cost
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of accessing HVMCs. This is because the distance either to input or output markets

plays a vital role in determining the farmers’ decision-making process in various ways.

Moreover, Wollni and Zeller (2007) noted that smallholder farmers with better access

to farmer groups, coupled with the availability of information and support services as

well as the opportunity costs of labour, stand a better chance of minimising high input

price volatilities by procuring inputs in bulk.

Natural capitals are important factors that influence the decision to access pillars of

competitiveness in HVMCs. The location of smallholder farms is a major determinant

in accessing HVMC pillars of competitiveness. Smallholder farmers from rural areas

are more likely to access GRP and EXT, while their counterparts in peri-urban areas

are more likely to access HVM and CRD. This implies that rural farmers are faced with

credit and high-value market access constraints because they lack the necessary institu-

tions and infrastructure more than their peri-urban counterparts do. This result is con-

sistent with the findings of Markelova and Mwangi (2010) and Fischer and Qaim

(2012), who noted that poor infrastructure, a lack of supporting institutions, high trans-

action costs and limited market opportunities in rural and remote areas lead to highly

inefficient and long supply chains that are dominated by non-value-adding intermediar-

ies. In addition, farmers who collectively market their farm products are more likely to

benefit from high-value supply chains than from local markets. Furthermore, the results

indicated that peri-urban farmers are disadvantaged in terms of accessing EXT and

GRP because there is a wide variation in what they are doing on their farms, and hence,

they find it difficult to come together in groups. In turn, this also makes it difficult for

the extension agents to arrange dissemination strategies such as field days, field demon-

strations and workshops.

Access to agricultural land with fertile soil6 is an important factor when smallholder

farmers are accessing the HVM competitiveness pillar. Consistent with Ferris et al.

(2014) and Schindler et al. (2016), smallholder AIV farmers who have land with fertile

soil were found to be more likely to have access to HVM because they use fewer

production inputs to produce significant quantities of high-quality products that

are accepted in HVMCs. In addition, these farmers may utilise the resources that

would have been used to purchase fertility-enhancing inputs such as fertilisers to

meet other relevant requirements, which specifically improve their access to the

HVM competitiveness pillar.

Human capital variables play a key role in accessing pillars of competitiveness in

HVMC. For instance, the education level of the household head among smallholder

AIV farmers was shown to be significant, with a positive relationship with access to the

CRD and EXT competitiveness pillars at household level. In line with Rao et al. (2012),

better-educated farmers are more likely to be willing to seek extension services because

they are able to process the often abstract extension packages and convert such infor-

mation into practice, making them more likely to participate in HVMCs. In addition,

HVMCs require specific standards to be met, and educated farmers are better able to

synthesise such information and easily adjust to new or modern production techniques

and market requirements. These modern production techniques and other demands

made by HVMCs require higher capital investments, which ultimately calls for access

to credit services by smallholder farmers. According to Kiplimo et al. (2015), access to

credit services is also easier for smallholder farmers with a higher level of education
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since they participate in better off-farm activities that can be used as collateral while

accessing these services. With regard to household size, and in agreement with Jaimo-

vich (2015), smallholder households with more members were found to be more likely

to access the CRD competitiveness pillar. This suggests that the larger the household,

the greater the demand for food and other resources, and hence, the greater the need

for external links to several networks that can provide the necessary services, such as

credit. The reason for this is that such households are endowed with labour and only

constrained by the resources needed to utilise the available family labour.

Conclusions
This paper determined the main factors influencing the decisions of smallholder AIV

farmers to access pillars of competitiveness in HVMCs in Kenya. The pillars of com-

petitiveness (HVM, CRD, GRP and EXT) are the necessary pre-conditioning factors

that enable smallholder AIV farmers to overcome the major constraints limiting their

competitiveness in HVMCs. Using a detailed household-level data and a multivariate

probit model, more than two thirds of the interviewed farmers were found to have ac-

cess to at least one pillar of competitiveness in HVMCs. Furthermore, the majority of

these farmers were from rural areas and had access to EXT and GRP, while their

peri-urban counterparts had mainly accessed the CRD and HVM pillars of competitive-

ness. This implies that smallholder AIV farmers face numerous constraints in accessing

competitiveness pillars, and therefore, efforts need to be made to improve their level of

access to these pillars of competitiveness so that they can participate effectively and ef-

ficiently in HVMCs. The results of the model estimations identified that smallholders’

decisions to cope with both production and marketing shocks (PMS) were a major fac-

tor informing their decision to access the CRD and EXT competitiveness pillars. Coping

with PMS enables farmers to access HVMCs and thus build on their assets and invest

in capital-intensive production and marketing technologies, which also help them de-

velop their ability to withstand shocks and stresses. Furthermore, this study identified

that access to information on market prices and warnings and to critical services such

as contract farming, certification, grading and irrigation technologies was the most im-

portant factor in smallholder AIV farmers’ decisions to access HVMC competitiveness

pillars. Future studies should evaluate whether smallholder farmers’ access to quality in-

formation, as well as its source, plays a critical role in conditioning access to pillars of

competiveness.

These results have significant policy implications. It is important to design policies

that are well-founded, providing the necessary information on the best possible ways of

overcoming the constraints faced by smallholder farmers when attempting to access

pillars of competitiveness in HVMCs. There is also a need to establish and promote

mobile phone-based platforms to enable smallholder farmers to easily access real-time

information and banking services, especially in remote rural areas where formal finan-

cial services are limited. These specific policies will go a long way towards improving

smallholder AIV farmers’ access to pillars of competitiveness by enabling them to over-

come information and resource constraints. Furthermore, access to the price informa-

tion, institutions and relevant resources would lead to an increase in the number of

smallholder farmers accessing pillars of competitiveness. This will ultimately lead to

better access to production technologies, which will further result in increased
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production of high-quality products, and thus enable smallholder farmers to supply

HVMCs successfully and consistently. Finally, the importance of accessing contract

farming and certification in smallholder farmers’ decisions to access pillars of competi-

tiveness suggests that there is a need for policies that support farmers securing direct

supply contracts from HVMCs. This will allow them to directly shift to a

market-oriented type of production and furthermore encourage them to diversify into

farm enterprises offering high returns that will enable them to reduce the opportunity

costs of on-farm labour and resource allocation, and thus reduce production costs in

the long run.

Endnotes
1Competitiveness refers to the ability of smallholder farmers to sell products that

meet market requirements in terms of price, quality and quantity while ensuring profit-

ability over time, which enables them to prosper (Latruffe 2010).
2The term “high-value market chains” is used in this paper and in the literature to

refer to non-traditional agricultural markets such as supermarkets, hospitals, schools,

large hotels and restaurants that have higher product prices because of their particular

requirements, including high quality standards, handling, packaging and other regula-

tions (Fernandez-Stark et al. 2012).
3The four pillars are access to HVMCs, training/extension, finance/credit and

farmers’ groups/horizontal and vertical coordination and collaboration.
4These pillars are access to high-value markets (HVM), farmers’ groups (GRP), credit

services (CRD) and extension services (EXT).
5For more information on the “four key pillars” of the holistic model, see

Fernandez-Stark et al. (2012).
6Soil fertility was measured using farmers’ perception of their soil fertility of their

land parcels on which AIVs have been grown in the past 12 months, with the options

of unfertile, somewhat fertile, moderately fertile and very fertile. In this study, unfertile

and somewhat fertile were used to represent unfertile lands, while moderately fertile

and very fertile represent fertile land.
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