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A B S T R A C T

Understanding the diversity of smallholder farms is key for the development of interventions, strategies and
policies aimed at addressing the numerous challenges these farmers face as well as for those shaping the future of
smallholder farming in Kenya, Africa and beyond. In this study, we developed a typology for smallholder farms
in Kenya using survey data from 488 farm households in Kajiado and Murang'a counties. Multivariate statistical
techniques (principal component and cluster analyses) were used to group farms into five types differentiated by
household characteristics, resource endowment, cropping practices, social networks, access to information,
dietary diversity and gender equity. Types 2, 3 and 5 were mostly market oriented, possessed high to medium
levels of wealth and had strong social networks. Types 3 and 5, however, mainly practised organic agriculture
while Type 2 farms included organic and non-organic cultivated areas. Types 1 and 4 were characterised by low
to medium levels of wealth, maintained poor social networks and had low adherence to organic agriculture
practices. Yet, while Type 4 farms mainly practised conventional market-oriented agriculture, farms of Type 1
could be defined as organic-by-default and were self-subsistent. The majority of the surveyed farms belonged to
Type 2, the wealthiest group of farmers and mostly located in Kajiado county. Murang'a county was dominated
by farms of Type 5 practising mainly certified organic agriculture. Overall, the practice of organic agriculture
was associated with higher agricultural income, legal ownership of land, older household heads, larger house-
hold sizes, stronger social networks, higher access to information, more diverse diets and higher levels of gender
equity. In contrast, poorer, younger and less well-connected farmers were less involved in organic agriculture.
The results of this study may help to increase efficiency in the implementation of pro-poor and organic agri-
cultural interventions, strategies and policies on the ground and to shape policy instruments accordingly.

1. Introduction

Smallholder farmers are the pillar of the economies of Kenya and
other sub-Saharan African (SSA) countries that are heavily reliant on
agriculture (Altieri, 2009; Davis et al., 2017; GoK, 2009; Salami et al.,
2010). In Kenya, smallholder farms with an area ranging from 0.2 to
3 ha are the source of more than 70% of the of the country's total
agricultural produce. In a country where the agricultural sector is re-
sponsible for approximately 26% of the gross domestic product (GDP),
and 18% of formal and 60% of informal employment in rural areas, the
role of smallholder farmers is vital (GoK, 2009). According to different
estimates, almost 50% of the population of Kenya lives in poverty.
Majority of the poor live in rural areas where there are high levels of
food insecurity. In addition, over 65% of the Kenyan population are
between 18 and 35 years, and make up over 50% of the unemployed in
the country majority (ILO, 2016; Krishna et al., 2004; WFP, 2016).

On the one hand, agricultural growth has been recognised for its

capacity to reduce poverty and food insecurity in SSA (Dethier and
Effenberger, 2012; Salami et al., 2010; von Braun, 2010), which is es-
sential to achieve the Sustainable Development Goals (SDGs) (UN
General Assembly, 2014). On the other hand, hundreds of millions of
smallholder farmers continue to face serious challenges such as poor
and declining soil fertility leading to large yield gaps for almost all
crops, and limited access to financial capital, markets, land, inputs,
information and technology. Pre- and post-harvest crop and animal
losses due to pests and diseases are still high (GoK, 2009; Salami et al.,
2010; Tittonell and Giller, 2013). In addition, because many African
countries rely on food imports, they are vulnerable to external influ-
ences such as price fluctuations and trade barriers (WFP, 2016). There
is a general consensus that for most of the countries in SSA, sustainable
development will largely depend on improving agricultural pro-
ductivity as well as the welfare of smallholder farmers (Dethier and
Effenberger, 2012; Salami et al., 2010).

The practice of organic agriculture (OA) is growing among
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smallholder farmers in SSA and has recently received special attention
from policy makers and development experts. It is perceived as a pro-
poor and sustainable agricultural production model and therefore
promoted as one way to deal with the persistent problems of food in-
security as well as other challenges facing smallholder agriculture in
SSA (Bett and Freyer, 2007; Niggli et al., 2016). However, smallholder
farmers differ in structural aspects such as financial resources, in-
formation access and asset availability and allocation as well as in
functional aspects such as agricultural production objectives, livelihood
strategies and their dynamics (Kuivanen et al., 2016a; Pacini et al.,
2014; Tittonell et al., 2010), diversification approaches (van de Steeg
et al., 2010) and other socio-economic aspects (Bidogeza et al., 2009).
Given the heterogeneity of smallholder farmers in SSA, any effort aimed
at addressing their challenges needs to begin with an understanding of
this complex diversity.

One way of addressing the diversity of smallholder farms is classi-
fying them based on their similarities into homogenous groups, i.e.
farm types (Kostrowicki, 1977; Kuivanen et al., 2016a). Farm typolo-
gies help to identify appropriate and type-specific innovations, to scale
them up and to investigate their outcomes (Signorelli, 2016). For in-
stance, farm types have been created for increasing the general ap-
plicability of recommendations for farm improvement (Chikowo et al.,
2014; Köbrich et al., 2003), identifying reasons for low technology
adoption (Bidogeza et al., 2009), supporting policy design, better tar-
geting of agricultural novelties and household resource allocation
(Tittonell et al., 2010), as well scaling-up of best-fit options (Alvarez
et al., 2014).

One approach for classifying smallholder farms is the consideration
of variables of the whole farming system (i.e. household, cropping and
livestock systems) as well as their relationship with the ecological,
economic and social outside contexts (Alvarez et al., 2014). Variables
that have been used in typology studies in SSA include those on
household characteristics like age, education and literacy mainly of the
household head, and the size of the smallholder household. Resource
endowments in terms of availability of land, livestock and other agri-
cultural assets, labour (non-/off-farm versus on-farm), capital (i.e. in-
come, credit access), technology and capacity to invest, are the most
common variables of categorising farms. Environmental variables used
in typologies include soil and water conservation, land use and man-
agement as well as cropping practices. Others variables such as pro-
duction orientation (i.e. market, self-subsistence), food security and
gender equity have also been used in typologies (Bidogeza et al., 2009;
Giller et al., 2011; Kuivanen et al., 2016a, 2016b; Mutoko et al., 2014;
Pacini et al., 2014; Sakané et al., 2013; Shepherd and Soule, 1998;
Signorelli, 2016; Tittonell et al., 2005a, 2005b, 2010, 2010; van de
Steeg et al., 2010).

A number of publications used different methods to categorise
smallholder farms in Kenya. Shepherd and Soule (1998), for example,
grouped farmers in Western Kenya based on their resource endowment
and constraints. Tittonell et al. (2005a, 2005b) identified farmer classes
based on resource endowment, production orientation, farming con-
straints and other socioeconomic factors. In the same region, similar
criteria of smallholder farm categorization were also used by other
researchers (Giller et al., 2011; Mutoko et al., 2014; Valbuena et al.,
2008). Household and location factors were used to categorise farmers
across various other regions in the Kenyan highlands (van de Steeg
et al., 2010) (Sakané et al., 2013). grouped smallholder farmers in
wetlands in the Mount Kenya highlands of Nyeri North and Laikipia
West based on their livelihood strategies and production orientation.

All of the typology studies mentioned here were carried out in the
humid and semi-humid highlands of Kenya with an annual rainfall from
600 to 2700mm. However, more than 80% of the land in Kenya is
classified as arid and semi-arid (ASAL) with an annual rainfall ranging
from 150 to 1100mm (GoK, 2009; Sombroek et al., 1982). To the best
authors’ knowledge however, no published study have build a typology
of smallholder farms in the ASAL regions of Kenya. To capture these

two distinct climatic categories, farms from two counties in Kenya were
selected for this study, i.e. one humid to semi-humid and one arid to
semi-arid county. These counties were also selected due to their
proximity to the capital Nairobi where the main market for agricultural
produce is located. While studies on smallholder farm typologies of the
Kenyan highlands are abundant, the contribution of this study lies in
the inclusion of smallholder farms in the ASAL region and comparing
them to those of the humid to semi-humid highlands. This study also
attempts to provide relevant knowledge on factors driving variability in
smallholder farms as well as those that set apart smallholder farms
practicing OA from the rest in order to better contextualise and support
policy discussions on OA as well as on other agriculture interventions
and development strategies in Kenya.

The importance of improving productivity in agriculture and the
welfare of smallholder farmers to sustainable development in SSA is
undisputed. However, the complexity of smallholder farms poses a
threat to the effectiveness of any efforts to achieve this. Past interven-
tions by donors, government and other stakeholders have not fully
succeeded in this regard, given the persistent poor productivity and
wellbeing of smallholder farms. Typologies of these farms that take into
account their complex heterogeneity as well as heterogeneity of their
biophysical environment can be a first step to target interventions such
as the EOA initiative more effectively. This in turn can contribute to
improving their productivity, ultimately contributing to efforts seeking
to alleviate of poverty, food insecurity and unemployment particularly
in rural areas in Kenya and beyond.

Typology development should be guided by the research objectives,
questions and characteristics of the study area (Duvernoy, 2000;
Köbrich et al., 2003). This study sought to answer the following two
research questions: 1) Which types of smallholder farms can be iden-
tified, which factors drive their variability and how are they distributed
between the two case counties? 2) What are the main drivers of
variability between smallholder farms applying OA and those that do
not? To answer the research questions we applied cluster analysis (CA)
to the output of a principal component analysis (PCA), a technique
known from many other similar studies (Bidogeza et al., 2009;
Kuivanen et al., 2016a, 2016b; Mutoko et al., 2014; Sakané et al., 2013;
Tittonell et al., 2010).

1.1. Organic agriculture in Kenya

Organic agriculture started in Kenya in the early 1980's as an in-
itiative of non-governmental organisations (NGOs), commercial com-
panies as well as faith- and community-based organisations. It has been
suggested that OA is associated with many benefits such as poverty
reduction, enhanced food security and gender equity, adaptation to
climate variability, access to markets especially through export trade,
and provision of other social as well as environmental benefits (African
Union, 2011; Amudavi et al., 2014; Ayuya et al., 2015; Bett and Freyer,
2007; Chiputwa and Matin, 2016; Ndukhu et al., 2016; Niggli et al.,
2016). Like in other SSA countries, the OA sector in Kenya has devel-
oped without formal regulation.

Currently, however, the sector is under legislation through the
“Ecological Organic Agriculture” (EOA) initiative by the African Union.
This initiative seeks to mainstream OA into national agricultural pro-
duction systems in Africa by 2025 as a development pathway for the
continent to improve agricultural productivity. The definition of the
EOA is similar to that used by the IFOAM (International Federation of
Organic Agriculture Movements) to describe OA, and is also used in this
study (Niggli et al., 2016). According to the IFOAM, ‘Organic agri-
culture is a production system that sustains the health of soils, eco-
systems and people and relies on ecological processes, biodiversity and
cycles adapted to local conditions, rather than the use of inputs with
adverse effects’ (IFOAM, 2013). In this study, the terms EOA and OA are
used synonymously.

Organic and non-organic smallholder farmers in Africa represent a
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number of different groups.
Using a classification of smallholder farms in SSA by Bennett and

Franzel (2013), that was based on intensity of use of agrochemicals
versus use of soil nutrient and pest and diseases management practices,
the farmers in Kenya can be grouped into five categories. These include
the following: organic certified, organic uncertified, mixed organic-
conventional, conventional and organic-by-default farmers. On the one
hand, the certified organic farmers market products produced ac-
cording to specified and verified standards that adhere to the general
OA principles. On the other hand, the uncertified organic farmers ad-
here to many principles of OA, but are not formally certified as OA.
Badgley et al. (2007) argued that OA in SSA had been erroneously
compared to this subsistence low-input agriculture that is resource
constrained (Badgley et al., 2007). The group termed as organic-by-
default consists of a low-input low-output system characterised, lack or
limited soil conservation or pest and disease management practises. The
conventional farmers use agrochemicals and other conservation mea-
sures but in varied levels of intensities, while the mixed organic-con-
ventional have less usage of agrochemicals and higher usage of soil and
other conservation measures (Bennett and Franzel, 2013; Bolwig et al.,
2009).

There has been a rapid growth of the import of organically produced
agricultural products from developing countries to developed countries,
especially to the European Union (EU), North America and Japan (H. R.
Barrett et al., 2001b; Niggli et al., 2016). There is also a growing de-
mand for organic produce in the East African region attributed to im-
proved living standards especially in urban areas and changing food
preferences triggered by food safety, among other concerns (Ayuya
et al., 2015; Ndukhu et al., 2016). Organic certification is seen as a way
to reduce economic barriers for trading organic products by enabling
access to high priced markets that reward them for the use (or non-use)
of certain production systems and methods (Niggli et al., 2016;
Schwindenhammer, 2016).

In Kenya, organic produce destined for the export market is nor-
mally certified according to international standards of certification or-
ganisations such as Soil Association (UK), Ceres (USA), and IMO
(Germany). Local East African certification resulted from a collabora-
tive effort of IFOAM and other national organic initiatives like the
Kenya Organic Agriculture Network (KOAN) and its equivalents in
Tanzania (TOAM) and Uganda (NOGAMU), which created the East
Africa Organic Product Standard (EAOPS), a regional certification
standard for East Africa. The same initiative led to the formation of
participatory guarantee systems (PGS), which are quality assurance
systems built on social networks with emphasis on producer partici-
pation and are an alternative to third-party certification. In Kenya, PGS
are mainly organised by groups of farmers of organic products under
the guidance and support of KOAN. Farmer groups organised as PGS in
Kenya are certified by Encert, which is a third-party certification body
following EAOPS standards (Ayuya et al., 2015; Katto Andrighetto,
2013; Schwindenhammer, 2016).

2. Materials and methods

2.1. Sampling design

A multi-stage sampling procedure was applied to select counties,
sub-counties and farmers. The study was conducted at farm household
level. A sampling of farmers was done after preliminary field visits to
several counties in Kenya. Two counties, namely Kajiado and Murang'a,
were finally selected through purposive sampling based on the general
presence of certified organic farmers as well as climatic heterogeneity.
The departments of agriculture of each county provided a reliable
source to identify smallholder farmers, while contacts provided by
KOAN provided lists of certified organic smallholder farmers registered
with them.

Since the size of certified organic farmers varied across the counties

and sub-counties, and to ensure that every farmer had an equal chance
of being included in the sample, farmers were selected through the
Probability Proportional to Size (PPS) sampling method. Using this
procedure, approximately 33% of the certified organic farmers
(n= 180) and 66% of the non-certified farmers (n= 345) were ran-
domly selected.

2.2. Study area

Kajiado county belongs to the ASAL in the southwestern part of
Kenya (Fig. 1). It lies between 36° 5′ and 37° 5′ East and 1° 0′ and 3° 0’
South and covers an area of almost 22,000 km2. Altitudes range be-
tween 500m.a.s.l. at Lake Magadi and 2500m.a.s.l. in the Ngong Hills.
Annual precipitation varies with altitude and ranges from 300mm to
1250mm. The county is considered to have low agricultural potential.
The main land uses include pastoralism, wildlife conservation, rain-fed
and irrigated crop farming as well as livestock farming. Farmers there
produce predominantly food crops like potatoes, vegetables and cereals
(KCDP, 2013; Ogutu et al., 2014). The surveyed certified organic
farmers mainly belong to a PGS groups under the Ngong Organic
Farmers Association (NOFA). The NOFA uses the EAOPS as a basis,
albeit simplified to an internal standard, and hence they do not have
full compliance to the standard. They are self-regulated and monitored
with support from the KOAN and sell their produce for a premium price
at organised markets in Nairobi or at the prevailing market prices at
local markets (Katto Andrighetto, 2013).

Murang'a county is located between 0° 34′ and 1°7′ South and 36°
and 37° 27′ East with a total area of about 2500 km2 (Fig. 1). Altitudes
range between 914 and 3353m.a.s.l. with a humid to semi-humid cli-
mate. Annual rainfall is bimodal and varies between 400mm and
1600mm (MCDP, 2013). The main land use is crop farming and animal
husbandry. Smallholder farmers mainly cultivate tea, coffee, avocado,
macadamia, arrowroots, cassava, Irish and sweet potatoes, cereal crops
as well as fruits and vegetables (MCDP, 2013). The certified smallholder
organic farmers mainly cultivate avocado and macadamia but also cash
crops like tea or coffee. They are predominantly certified according to
EU standards by international certification bodies such as the Soil As-
sociation (UK), IMO (Germany) and EcoCert (France). Private compa-
nies who have contractual arrangements with farmers facilitate the
certification of farms. These companies finance the certification process
aid in the OA transformation of farms through training, labour hiring
for harvesting, and buying their products at a premium price above the
prevailing market prices.

2.3. Data collection

Empirical data for this study was collected in 2015 through a semi-
structured questionnaire, which was pre-tested earlier. Interviews were
face to face with the heads of the farm household or, in their absence,
with the most senior member of the farm household. The questionnaire
included questions on household demographics such as age, occupa-
tion, household size, education and income, land tenure rights, live-
stock ownership, crop production practices and input use, gender
equity, dietary diversity, access to credit and information, social net-
works and asset ownership. The term social networks was used syno-
nymously with group membership representing the membership of a
farmer in a cooperative union, crop or seed producer and marketing
cooperative, farmers' association, women and youth association, re-
ligious association, savings and credit group or any other group of any
member of the household. The survey captured a total of 523 small-
holder farm households, i.e. 254 in Murang'a and 269 in Kajiado
county. The semi-structured questionnaire was administered using
Open Data Kit (ODK) (Hartung et al., 2010) installed on Android tablets
and administered by trained enumerators. The data were analysed with
STATA version 13 (StataCorp, 2015) and R version 3.3.1 (R Core Team,
2014).
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2.4. Multivariate data analysis

Prior to categorization, several variables were generated from a
consolidation of various items from the questionnaire data. Livestock
numbers (tropical livestock units, TLU) were estimated using the con-
version factors by Jahnke (1982), where one TLU represents 250 kg live
weight. Standardised indices were created for gender equity, dietary
diversity and farm productive assets using PCA. The gender equity
index was constructed from variables concerned with gender equity in
financial decision-making and control over resources as well as sharing
of household responsibilities based on 5-point scales (1= Strongly
agree to 5= Strongly disagree) and 2-point scales (1=Yes, 2=No).
The dietary diversity index was based on 30-day recalls concerned with
the frequency of intake of major food items in different categories in-
cluding cereals, tubers, vegetables, fruits, pulses, sugars, oils, meat/fish
and milk products spread over different time scales in the previous
month. A longer reference period has been argued to be better to de-
termine dietary patterns than 24-hour recalls (Ng'endo et al., 2016).
This dietary diversity index is similar to the Dietary Diversity Score
(DDS), which estimates diversity in diets and represents the number of
certain food groups consumed by an individual or a household
(Kennedy et al., 2011).

The dataset with 43 variables (Table 1) represents the output of the
farm survey designed to capture the whole farming system and its in-
teraction with the outside context. Outliers were defined based on the
threshold of 1.5 quartiles above the upper quartile or below the lower
quartile, and mostly removed from the dataset prior to further analysis
(Hair et al., 2010). However, some outliers were retained as they were
deemed sufficiently grouped together to form a farm type (Alvarez
et al., 2014). This reduced the dataset from the original 523 to 488

entries. The cluster analysis based on PCA outputs was mainly done
according to the method of Alvarez et al. (2014). A functional typology
of smallholder farms developed for categorising farms in Kenya by
Tittonell et al. (2005a, 2005b) was partly used as a conceptual basis for
categorization in this study. The typology was developed based on the
outputs of PCA and cluster analyses in R (version 3.3.1) using the ade4
package (Mangin et al., 2012).

PCA can be applied to reduce the multivariate dataset of farm
variables to non-correlated principal components (PCs). In this case,
however, we used loadings of all variables for the most important PCs
as variables for the cluster analysis. Important PCs were selected if the
cumulated percentage of explained variability accounted for 90% or
more of the total variance (Hair et al., 2010). The Kaiser criterion,
which suggests the retention of all PCs with eigenvalues greater than
unity, was first considered but given that this criterion has been argued
to be less accurate if the number of variables is greater than 30 and a
sample size smaller than 250 (Field, 2011), we decided against it. In
addition to this, correlations among the variables and the PCs were
examined (supplementary material, Table S1). In this study, only
loadings greater or equal to 0.03 were considered for interpretation
purposes given that the sample size exceeded 300 (Field, 2011; Stevens,
2002).

Hierarchical agglomerative cluster analysis according to Ward's
method was used to group the farms into homogeneous types based on
the variable loadings of the three retained PCs from the PCA (Ward,
1963). The Ward method initially treats each observation as a separate
cluster and merges the two most similar ones in a stepwise process. This
procedure continues until all the observations are merged into one
single cluster (Kuivanen et al., 2016b). The interpretation of distinct
farming types is based on the graphical results from the PCA and cluster

Fig. 1. Map of Kenya (left) showing the location of Kajiado and Murang'a counties and their respective wards (right) that constitute the study area. Data source(GADM, 2015).
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analysis and statistical calculations of the mean differences between
each cluster and the rest (Alvarez et al., 2014).

3. Results

Summary statistics for all smallholder farmers showed that, on
average, the household heads were relatively old (54 years), with fa-
mily sizes of five members and nine years of education, which re-
presents lower secondary schooling level in Kenya, and that they owned
less than one hectare of land (Table 1).

Three PCs were derived from the PCA analysis explaining 90% of
the variability in the dataset. The first PC explained the greatest var-
iance of about 82% (Table 2). Variables relating to knowledge and

Table 1
Summary statistics for variables used for categorising farm households.

Variable (n= 488) Code Unit Mean Std. Dev. Min Max

Household
Age of household head (hhh) age_hhh Years 54 15 20 94
Total household (hh) size sizehh Number 5 3 1 19
Total years of education of hhh eduyrs Years 9 4 0 19
Ability of hhh to read and write readwrite % hhs'a 0.88 0.33 0 1
Household labour
Members working fulltime on-farm FT_infm Number 1.3 0.9 0 6
Members working part time on-farm PT_infm Number 1.4 1.6 0 9
Members working fulltime off-farm FT_offfm Number 0.7 1.4 0 10
Land size and use
Land legally owned (acres) Legland hab 0.84 0.83 0.00 5.26
Land rented in (acres) Renland hab 0.07 0.17 0.00 1.01
Legally owned land cultivated (acres) Cultleg hab 0.59 0.65 0.00 4.45
Rented land cultivated (acres) Cultren hab 0.06 0.15 0.00 0.81
Cropping practices
Pure stands only purestd % hhs'a 0.15 0.36 0 1
Intercropping only intercrop % hhs'a 0.76 0.43 0 1
Both pure stands and intercrop pure_inter % hhs'a 0.09 0.29 0 1
Organic farming practices of households
Record keeping Keeprcds % hhs'a 0.29 0.46 0 1
Mulching and cover cropping mulcovercrp % hhs'a 0.58 0.49 0 1
Use of organic soil additions org_addtns % hhs'a 0.94 0.24 0 1
Lack of use of any organic soil additions non_orgaddtns % hhs'a 0.1 0.3 0 1
Use of bio-pesticides biopest_use % hhs'a 0.18 0.39 0 1
Intercropping with legumes Legintercrp % hhs'a 0.68 0.47 0 1
Crop rotation Crprotn % hhs'a 0.63 0.48 0 1
Use of synthetic pesticides synpes_use % hhs'a 0.28 0.45 0 1
Use of mineral fertilizers minfert_use % hhs'a 0.42 0.49 0 1
Access to credit and information
Accessed credit in the last season credt_lastsn % hhs'a 0.09 0.28 0 1
Accessed credit in the last 2 years credt_2yrs % hhs'a 0.1 0.3 0 1
Accessed information on crop production inf_crpprdn % hhs'a 0.5 0.5 0 1
Accessed information on input use inf_inptuse % hhs'a 0.3 0.46 0 1
Knowledge and practice of organic agriculture
Heard of organic agriculture heard_org % hhs'a 0.74 0.44 0 1
Practice of certified organic agriculture prac_corg % hhs'a 0.32 0.47 0 1
Group membership (social networks) grp_membershp % hhs'a 0.43 0.5 0 1
Income
Crop income inc_crp Av $ p.ac 208 112 0 297
Livestock income inc_lvstk Av $ p.ac 164 118 0 297
Income from other agricultural employment inc_othr_agrc_emp Av $ p.ac 27 47 0 297
Income from non-agricultural employment inc_non_agrc_emp Av $ p.ac 72 106 0 297
Business income inc_biz_inc Av $ p.ac 87 116 0 297
Remittance income inc_remit Av $ p.ac 26 61 0 297
Pension income inc_pens Av $ p.ac 32 70 0 297
Income from other sources inc_othersou Av $ p.ac 58 101 0 297
Crop gross margin Totcrpgrossmg $ p.a 298 571 −1807 3870
Ownership of productive assets (asset index) asset_index % 16.7 11.8 1.5 70.0
Dietary diversity (dietary diversity index) dtry_diver_indx % 40.4 19.2 0.5 94.5
Livestock ownership in TLUd Tlu Tlu 2.5 6.2 0 70
Gender equity (gender index) gender_index % 74.6 13.4 14.8 96.9

a Percentage share of households in a yes/no scale who answered yes.
b Conversion factor of 1 ha approximately 2.47 acres.
c Average income in the household per annum (p.a). Income variable in an 8-item and 5-item Likert scale (1 = < 25USD, 5 = > 297USD), on different sources of farm household

income, and average in each class calculated and converted at a rate of one USD for approximately 101 Kenya Shillings (KES).
d Tropical Livestock Unit (TLU): livestock conversion factors based on (Jahnke, 1982).

Table 2
Selected principal components with their respective eigenvalues and percentage variance
explained using PCA.

Principal
component

Eigenvalue Variance explained
(%)

Cumulative Variance
%

1 4.11 82.1 82.1
2 3.14 4.6 86.7
3 2.62 3.7 90.4
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practice of organic farming, group membership, information access,
crop and livestock income, asset ownership, ownership and cultivation
of legally owned land, agricultural employment and pension income
were closely related to PC1. Therefore, PC1 appeared to explain agri-
cultural wealth and OA (Fig. 2A and C, supplementary material, Table
S1). PC2 was associated mainly with variables of rented land and its
cultivation, age, education and literacy levels of the household head,
use of synthetic pesticides, access to credit, and non-agricultural in-
come. PC2 appeared to explain non-agricultural wealth and conven-
tional farming (Fig. 2A, supplementary material, Table S1). PC3 cor-
related with variables related to cropping systems (mainly
intercropping) and record keeping (Fig. C, Supplementary Material,
Table S1). Variables like TLU, part-time on-farm labour, use of mineral
fertiliser and other income sources seemed not to provide much addi-
tional information for the PCA but were retained to fulfil the criteria to
explain 90% of the variability of the farms (Fig. 2A and C).

The results from the hierarchical clustering procedure suggested a
five-cluster cut-off point shown in the clustering dendrogram, and a bar
plot showing maximum dissimilarity among clusters with increasing
grouping of observations (Fig. 3). This led us to grouping the farm
households into five broad farm types (Fig. 2B and D), which will be
described according to their characteristics in the following sections.
However, variables of part-time on-farm labour and use of mineral

fertiliser were excluded from defining the farm types as there were no
significant differences (p < 0.05) among the five types of farms
(Table 3).

3.1. Farm types

The following sub-sections (i.e. 3.1.1–3.1.5) describe the char-
acteristics five farm types in detail while Table 5 gives a summary of the
same.

3.1.1. Type 1
Low resource endowment, mainly ‘organic by default’ and self-

subsistence oriented, small households, middle-aged less educated
heads, least diverse diets and most inequitable (13% of the assessed
farms).

This cluster comprised rather small farms with the lowest agri-
cultural and non-agricultural incomes levels, the lowest levels of own-
ership of productive assets and livestock, and a high dependency on
family labour (members worked off-farm the least). The cluster of Type
1 farms was also characterised by rather low adherence to many or-
ganic principles with the lowest levels of record keeping, mulching and
cover cropping, use of biopesticides and crop rotation. However, they
mainly used organic soil additions like manure, compost and recycled

Fig. 2. Output of PCA and cluster analysis: correlation circles (A and C) and farm types 1–5 (B and D) in the planes PC1-PC2, PC1-PC3. The colour of the variable names darkens with
increase in the contribution of the variable to the PCs.
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plant residue with most households adding some form of soil organic
amendment while their use of synthetic pesticides was insignificant.
These households had the lowest number of members compared to the
other clusters, and middle-aged heads with the fewest years of educa-
tion. They had not accessed credit in the previous season or the pre-
vious two years, and had the least access to information on crop pro-
duction and inputs. In addition, they had the least knowledge of organic
farming with a limited practice of certified organic farming, and the
poorest social networks with the lowest levels of group membership.
Finally, they had the lowest levels of dietary diversity and gender
equity (Tables 3 and 5).

3.1.2. Type 2
High resource endowment, mixed conventional and organic market

oriented, most educated and literate heads, most diverse diets, equi-
table and ample off-farm activities (31% of the assessed farms).

The farm households of Type 2 were characterised by highest off-
farm income levels from non-agricultural employment, business and
pension, as well as the highest livestock and relatively high crop in-
come. In addition to owning large pieces of land, they rented large
shares of land and owned the most productive assets. Furthermore,
these households adhered to many organic principles with the highest
levels of practises such as mulching, cover cropping, use of biopesti-
cides, crop rotation, intercropping, especially with legumes, and high
use of organic soil additions with most household adding some form of
soil amendment. However, they also had a high usage of synthetic
pesticides. This implied that the cluster included a mixture of farms,
some practising OA and the rest practising conventional agriculture.
The cluster was also characterised by farm households with family
members working mainly off-farm (least full-time work on-farm), and
by the most educated and literate household heads. They also had the
highest level of access to credit in the previous season and previous two
years, and a high level of access to information on crop production and
input use. They were strongly involved in social networks with the
highest membership level in various groups, e.g. farmer cooperatives,

church groups, and women and youth groups. Finally, these households
had the highest levels of dietary diversity and gender equity (Tables 3
and 5).

3.1.3. Type 3
Medium resource endowment, mainly organic and market oriented

households, literate heads, planting mainly pure stands (22% of the
assessed farms).

The cluster of Type 3 represented farm households that owned,
rented and cultivated relatively small farms and, although not sig-
nificant, the levels of both agricultural and non-agricultural income,
gross crop margins and livestock ownership for these households were
moderate. The household heads were highly literate. They adhered to
many organic principles with the highest levels of record keeping, as
well as high levels of mulching, cover cropping, and use of organic soil
additions with most household adding some form of soil amendment.
However, they mainly planted their crops in pure stands, and inter-
cropped to a lesser extent with legumes. When intercropping, they did
so in different parts of the farm. These households had the highest ac-
cess to information on crop production and a high knowledge and
practice of OA. Finally, although not significantly different from the
other farm types, their dietary diversity and gender equity levels tended
to be rather moderate (Tables 3 and 5).

3.1.4. Type 4
Predominantly low to medium resource endowment, conventional

and market oriented, youngest heads, crop based, reliance on rented
land (9% of the assessed farms).

The cluster of Type 4 comprised farms that relied mainly on rented
land, most of which was cultivated. They had the lowest levels of in-
come from remittances and pensions. This type also possessed moderate
amounts of productive assets and, although not significantly different
from other types, had high gross crop margins. These households
showed the least adherence to organic principles with low levels of
biopesticide usage, mulching, cover cropping and organic soil additions

Fig. 3. Dendrogram (left) and associated bar plot (right) illustrating range of cluster solutions resulting from Ward's method of cluster analysis. Dotted line shows selected cut-off points
which gave a 5-cluster solution (Types 1–5). Vertical axis represents distance or ‘height’ between the clusters at each stage.
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with many households not adding anything to soils at all. Although not
significantly different from the other farming types, they had a rela-
tively high usage of synthetic pesticides. In addition, the households
had a low level of access to information on crop production and input
use, maintained poor social networks with low group membership le-
vels, and their dietary diversity level was moderate (Tables 3 and 5).

3.1.5. Type 5
Predominantly high to medium resource endowment, mainly or-

ganic and market oriented, oldest and least literate heads, largest fa-
milies, highly equitable and limited off-farm activities (25% of the as-
sessed farms).

The farm households in the cluster of Type 5 owned and cultivated
the largest farms and relied the least on rented land. They had the
highest crop income but the lowest income from non-agricultural em-
ployment and business, and although not significantly different from
the other types, their crop gross margins were the highest. However,
their ownership of productive assets and livestock was low. These
households adhered to many organic principles with high levels of re-
cord keeping, mulching and cover cropping, crop rotation, intercrop-
ping, especially with legumes, and high usage of organic soil additions
with most household adding some form of soil amendment. They had
the lowest levels of synthetic pesticide usage. In addition, the house-
holds were the largest with the oldest and least literate household
heads. These farms strongly depended on family labour, and they had
not accessed any credit during the previous season or the previous two
years. However, they had the highest level of practice of OA and a high
knowledge of it. Finally, this type had the highest level of gender equity
and a moderate dietary diversity (Tables 3 and 5).

Table 3
Distribution of characteristics by farm type.

Variable Type 1 Type 2 Type 3 Type 4 Type 5

n=65 n=150 n=106 n=46 n=121

Age of household head (hhh) 50** 53 55 43** 61**
Total household (hh) size 4** 5 5 5 6*
Total years of education of hhh 8.1** 11.6** 10 8.7 7.2**
Share of hhhs that can read and write 0.16 0.19** 0.18** 0.16 0.13**
Number of hh members working fulltime on-farm 1.5 1.0** 1.3 1.5 1.5**
Number of hh members working part time on-farm 1.2 1.3 1.6 1.7 1.4
Number of hh members working fulltime off-farm 0.4** 1.0** 0.6 0.5 0.7
Size of land legally owned (ha) 0.33** 0.96 0.64** 0.79 1.17**
Size of land rented in (ha) 0.06 0.12** 0.04** 0.13* 0.01**
Size of legally owned land cultivated (ha) 0.23** 0.66 0.43** 0.65 0.81**
Size of rented land cultivated (ha) 0.05 0.10** 0.03** 0.13** 0.01**
Share of households (hhs) keeping records 0.01** 0.05 0.08** 0.03** 0.07*
Share of hhs planting pure stands only 0.00** 0.00** 0.11** 0.03 0.00**
Share of hhs intercropping only 0.19** 0.18** 0.01** 0.14 0.19**
Share of hhs planting both pure stands and intercropping 0.00** 0.01** 0.07** 0.02 0.00**
Share of hhs practicing mulching and cover cropping 0.04** 0.14** 0.12** 0.07** 0.11
Share of hhs using organic soil additions 0.19** 0.19** 0.19** 0.06** 0.19**
Share of hhs not using ANY organic soil additions 0.00** 0.00** 0.01** 0.16** 0.00**
Share of hhs using bio-pesticides 0.01** 0.05** 0.04 0.01** 0.03
Share of hhs intercropping with legumes 0.13 0.18** 0.03** 0.13 0.16**
Share of hhs practicing crop rotation 0.08** 0.14** 0.13 0.12 0.10*
Share of hhs using synthetic pesticides 0.06 0.08** 0.06 0.07 0.01**
Share of hhs using mineral fertilizers 0.01 0.07 0.07 0.1 0.08
Share of hhs that accessed credit in the last season 0.00** 0.03** 0.02 0.02 0.00**
Share of hhs that accessed credit in the last 2 years 0.00** 0.04** 0.02 0.02 0.00**
Share of hhs with accessed information on crop production 0.04** 0.11** 0.12* 0.05** 0.1
Share of hhs with accessed information on input use 0.01** 0.09** 0.06 0.01** 0.06
Share of hhs that have heard of organic agriculture 0.07** 0.16** 0.16* 0.10** 0.16
Share of hhs practicing certified organic agriculture 0.02** 0.04** 0.07 0.00** 0.12**
Share of hhs belonging to a social network (group, association) 0.02** 0.11** 0.1 0.05* 0.08
Average hh crop income per annum (p.a) in USD 99** 223* 222 186 244**
Average hh livestock income p.a 82** 207** 157 147 168
Average hh income from other agricultural employment p.a 18** 28 31 20 29
Average hh income from non-agricultural employment p.a 47** 117** 65 83 32**
Average hh business income p.a 37** 155** 85 90 30**
Average hh remittance income p.a 19 28 29 11** 29
Average hh pension income p.a 7** 55** 31 11** 24
Average hh income from other sources 15** 67 60 79 60
Crop gross margin 55** 310 321 349 374
Asset index 10.8** 23.9* 16.4 13.5* 12.5**
Dietary diversity index 31.7** 48.5** 42.8 33.5* 35.3**
Tropical livestock unit (TLU) 1.1** 2.1 3.4 5.8 1.7**
Gender index 71.0* 76.0* 73.4 71.2 77.1**

Note: *represent significant levels of mean differences between the type under consideration and the other four types combined, significant at 5% (*p < 0.05) and 1% (**p < 0.01).

Table 4
Sample by farm type and county.

Overall sample (n= 488) Murang'a (n= 246) Kajiado (n= 242)

Type Proportion
in survey

Number
in type

Proportion
in Murang'a

Number
in type

Proportion
in Kajiado

1 (n= 65) 13% 33 13% 32 13%
2 (n= 150) 31% 50 20% 100 41%
3 (n= 106) 22% 58 24% 48 20%
4 (n= 46) 9% 9 4% 37 15%
5 (n= 121) 25% 96 39% 25 10%
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3.2. Distribution of farm types in Kajiado and Murang'a counties

Approximately one third (31%) of all smallholder farms that were
analysed belonged to Type 2, which was the wealthiest group. The same
proportion of farms belonging to Type 1, which were the poorest farm
households, was found in both counties and almost the same proportion
of Type 3 farms was also found in both counties. The mainly conven-
tional farm households of Type 4 were a minority, making up only 9%
of the total number of households assessed, and were mainly found in
Kajiado (15%) rather than in Muranga (4%). Kajiado county was
dominated by the wealthier farmers of Type 2 (41%), that were either
practising conventional or organic farming. In contrast, Murang'a
county was dominated by high to medium resource-endowed house-
holds that were mainly organic (Type 5) making up 39% of the farms of
this type in the county (Table 4).

3.3. Drivers of variability among farm types and association among
variables in relation to organic agriculture

3.3.1. Household-related variables
Farming types differed significantly (p < 0.05) in terms of the age

of the household heads, their education and literacy levels as well as the
farm household size (Table 3). The findings reveal a negative correla-
tion between age and education level of the household heads as well as
their ability to read and write (Fig. 2A). In particular, the heads of Type
5 households were the oldest and had the lowest education and literacy
levels. Farmers of Type 4, on the other hand, were the youngest, and
although not significant, their education and literacy levels were rela-
tively higher than for the other types (Table 3). Nevertheless, the age of
the household head was positively correlated to the practice of certified
OA as well as ownership and use of legally owned land (Fig. 2A). This

indicates that the practice of certified OA was not dependent on the
level of formal education but rather on the age and experience of the
household head.

In addition, a positive correlation was found between agricultural
income from crops, livestock, agricultural employment as well as pen-
sion, and the use of land owned legally with the practice of certified OA.
At the same time, a positive correlation existed between variables re-
lated to non-agricultural income such as that from business and non-
agricultural employment with the use of rental land (Fig. 2A and C).
Farms practicing certified OA under a certification scheme therefore
seem to have higher incomes from these activities and have access to
their own land while farmers not practicing OA or at least not under
some certification scheme have to rent land and complement income
from agriculture with a higher level of non-agricultural employment.

3.3.2. Resource endowment in relation to cropping practices and orientation
The size, ownership and cultivation of land, ownership of produc-

tive assets and livestock, as well as agricultural and non-agricultural
income, labour and access to credit, were all discriminating factors for
the different farm types (Table 3). Variables of agricultural income and
legal land ownership and use were correlated with each other. The size
and use of rented land and non-agricultural employment income were
also correlated with each other. In addition, the practice of OA was
positively correlated with size and use of legally owned land as well as
age of the household head, while it was negatively correlated with the
use of rented land and non-agricultural employment income (Fig. 2A
and C). Type 2 and 5 farms, which consisted of certified organic farmers
owned larger farm areas. Type 1 farms, which can be classified as or-
ganic-by-default, had the least access to legal or rented land, while the
mainly conventional Type 4 also owned much smaller farms and relied
more on rented land.

Table 5
Summary of main significant (p < 0.05) characteristics of the different farm types.

Farm type Name of farm type Share Household related Resource endowment Cropping practice Social networks and
information

Development outcome
variables

1 Poorest, organic-by-default
self-subsistence oriented

13% -small
-middle-aged heads
-less educated heads

low
-least land, assets and
livestock owned
-no credit access
-lowest income
-based on family
labour

mainly ‘organic by
default’

-weakest social
networks
-least access to
information

-poorest diets
-most inequitable

2 Wealthiest, mixed and
market oriented

31% -most educated and
literate heads

high
-based on hired labour
-ample off-farm
activities
-large size of rented
land
- highest credit access
-highest income

mixed (both organic and
conventional)

-strongest social
networks
-high access to
information

-richest diets
-equitable households

3 Moderately wealthy, organic
and market oriented

22% -highly literate heads medium
-smaller land sizes
owned and rented

mainly organic
-planting mainly pure
stands

-strong social
networks
-highest access to
information

4 Poor, conventional and
market oriented

9% -youngest heads low to medium
-rely on rental land
-moderate asset
ownership
-low remittance and
pension income

conventional -weakest social
networks
-poor access to
information

-less diverse diets

5 Wealthy, organic certified
and market oriented

25% -oldest heads
- least educated and
literate heads
-largest families

high to medium
-largest farm sizes
owned
-no credit access
-few assets and
livestock owned
-high farm income
-limited off-farm
activities

mostly organic certified -moderately diverse
diets
-highly equitable
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Access to credit was strongly correlated to income from business
and other sources. Ownership of productive assets correlated to income,
both agricultural and non-agricultural (Fig. 2A and C). Farm house-
holds that possessed high-income levels from diverse sources, e.g. Type
2, appeared to have a higher level of asset ownership than their
counterparts in Type 1 (Table 3).

The variables full-time on-farm and off-farm labour differed sig-
nificantly among the farm types. While Type 2 farms were mainly based
on full-time off-farm family labour, implying a reliance on hired labour,
Type 1 and 5 farms relied on full-time on-farm family labour (Table 3).
As noted earlier, ownership of livestock was a weak discriminating
factor between the farm types (Fig. 2A and C). Nonetheless, it differ-
entiated farm household Types 1 (1.1 TLU) and 5 (1.7 TLU), who
owned a relatively smaller number of livestock than the other farm
types. In addition, Type 5 farms were larger than Type 1 farms, who
relied mainly on rented land (Table 3). Access to credit was positively
correlated to the education level and literacy of the household head
(Fig. 2A). Farm households Types 1 and 5 characterised by low levels of
education and literacy had not accessed any credit in the previous
season or even in the previous two years. In contrast, Type 2 households
had the highest literacy levels and the highest level of access to credit.
Access to credit was, however, not strongly linked to the practice of
certified OA (Fig. 2A and Table 3).

3.3.3. Cropping practices
The way in which farm households managed their farms differed

significantly between farm types and their levels of resource endow-
ment (Table 3). There was a positive correlation between adherence to
OA and management practices like record keeping and the use of or-
ganic soil additions according to the practice of certified OA. Farms of
Type 3 had similar characteristics but differed from Types 2 and 5 first
in their choice to either plant pure stands or both pure and intercropped
stands but in separate parts of the farm, and second in their smaller
farms sizes. However, farms of Type 2 had a significantly higher usage
of synthetic pesticides compared to Type 5 where there was almost no
usage of these at all. Both Types 1 and 4 showed a low adherence to OA
principles (Table 3), which could be explained by their low levels of
wealth.

The practice of certified OA was also strongly and positively cor-
related with income from agricultural sources especially from the sale
of crop harvest indicating market orientation, but also non-agricultural
income like pension as well as access to information and group mem-
bership (Fig. 2A and C). The association between the practice of certi-
fied OA and access to credit was relatively weaker (Fig. C). The cor-
relation tables do not show a marked association between dietary
diversity and gender equity for farm Types 1 and 4, which did not
practice certified OA and had less diverse diets compared to the other
farm types (Table 3).

3.3.4. Social networks and access to information in relation to organic
agriculture

There was a strong positive correlation between group membership
and access to information on crop production and input use. For in-
stance, participation of farm households Type 1 and 4 in groups and
their level of access to information on crop production and input use
were low. In contrast, the opposite was true for households Type 2 and
3. Group membership was also positively correlated with agricultural
income, knowledge and practice of OA and, to some extent, credit ac-
cess. Interestingly, it appears that farm types with moderate to high
levels of practice of OA had a high level of participation in groups,
agricultural income and access to information compared to non-organic
farming households (Fig. 2A and C and Table 3). These results indicate
the importance of access to information for the dissemination of organic
farming practices.

The knowledge and practice of OA was highest in Type 5 and lowest
in Type 1. Results indicate that Type 4 farmers had the least knowledge

of OA and did not practice it at all. Overall, results largely indicate a
connection between the level of resource endowment of a farm
household and the knowledge and practice of OA. The farm households
that were highly to moderately resource endowed showed high ad-
herence to many OA practices and had more knowledge and experience
in practising it. This was in contrast to medium to low resource-en-
dowed households (Table 3).

3.3.5. Dietary diversity and gender equity
Overall, the average score for gender equity in financial decision-

making and control over resources as well as for sharing of household
responsibilities was high in both counties (> 70%). However, dietary
diversity was rather low with an average score of 40% (Table 1). Di-
versity in diets and gender equity in farm households were correlated
with each other as well as variables of high resource endowment.
Dietary diversity was strongly correlated to education level and literacy
of the household (Fig. 2A and C). These variables did not have a strong
association to the practice of certified OA, but they significantly
(p < 0.05) distinguished farm households (Table 3). Farm households
with the lowest levels of resource endowment (Type 1) had the lowest
levels of dietary diversity and were the least equitable in terms of
gender. Those with medium to high levels of resource endowment
(Type 2 and 5) had equally high levels of dietary diversity and gender
equity. Dietary diversity differentiated all types from each other apart
from Type 3, while gender equity differentiated Type 1, 2 and 5
(Table 3).

4. Discussion

The results of this study show key differences across the five iden-
tified farm types. The distribution of the types in terms of the share of
each type also varied between the two counties. In the following sec-
tions, the factors influencing diversity in smallholder farms and their
implications are discussed in relation to the categories of variables that
defined the typology, how they relate to each other and to the identified
farm types. In addition, we link these categories to the study area and to
the practice of OA.

4.1. Household characteristics

The farm household typology reveals the importance of the age,
education and literacy level of the household head as well as the size of
the household in explaining diversity in smallholder farms in the two
case counties. Other studies reported similar findings albeit with var-
iations. For instance, van de Steeg et al. (2010) found that family size
and years of education explained heterogeneity in the five farm types
they found in the Kenyan highlands. Sakané et al. (2013) observed that
household size was a significant discriminant of farm types in Kenya
and Tanzania, but that age of the household head was not. In Rwanda,
the significant household discriminants were family size, age as well as
education and the literacy level of the household head (Bidogeza et al.,
2009). The inverse link between age and education as well as literacy
level of the household head was also reported by Bidogeza et al. (2009)
in Rwanda, where young household heads were more educated. The
education level of the household head has been argued to be important
for household welfare. Marenya and Barrett (2007) suggested that it
was a key determinant of the overall household well-being and pro-
ductivity. The results of this study show this is true for farm Type 1 and
2, but not for Type 5. Similar findings were reported in Ethiopia where
certified smallholder farms were headed by relatively older household
heads with a mean age of 48 years who had a low level of education
(Jena et al., 2012).

The relationship between resource endowment and the above
household variables varied in different studies in SSA. For instance,
farm types with a high level of resource endowment were linked to
older household heads (Tittonell et al., 2010; van de Steeg et al., 2010)
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and large household sizes (Kuivanen et al., 2016a; Sakané et al., 2013;
van de Steeg et al., 2010). In accordance with this, this study reveals
that Type 5 farm households with the oldest household heads were the
largest, while Type 1 farms that had middle-aged heads had the smal-
lest household size. However, Signorelli (2016) found that wealthier
households headed more by young households with high levels of
education.

Generally, however, the results of this study suggest that farming in
the sampled households is mainly practised by the older generation.
This finding is similar to that of Mutoko et al. (2014) in western Kenya.
Majority of the youth lack formal education beyond high school and
have no vocational training or professional skills. Due to minimal em-
ployment opportunities in the rural areas, they tend to migrate to urban
areas where they mainly provide informal labour (ILO, 2016; Njenga
et al., 2011).

The low level of youth involvement in agriculture in Kenya has been
attributed to the poor transitional pathway from education in agri-
culture to work in the same, the youth access to land, and a negative
perception of farming among the youth, who associate it with long
working hours and limited returns. Radwan (1995) argued that em-
ployment-intensive growth is a vital strategy for poverty reduction. For
agricultural growth aimed at reducing poverty, it is therefore necessary
to distinguish the important role of household factors. First, support for
youth education beyond high school, and greater emphasis on voca-
tional training can provide these young people with the tools to engage
competitively in the formal sector. Investing in human capital through
education and training has been argued to help increase productivity
and earnings of the poor, as farmers can absorb new ideas and in-
novations with much more ease and can respond to market opportu-
nities, among other benefits (Radwan, 1995).

Secondly, the older generation that is engaged in farming cannot be
ignored. The results of this study indicate that the level of wealth of the
oldest, least educated and least literate group with the highest level of
practice of certified OA (Type 5) could have been higher had they been
able to access credit, which in addition to the reasons given above for
low credit access, was also influenced by their education and literacy
levels. Basic training, for example in book keeping, financial adminis-
tration, marketing as well as in technical skills, could benefit them.
Moreover, they also seemed to have large families, and other family
members, especially the young and their farm workers who are mostly
young too, could benefit from formal trainings to support/replace the
old household heads. For farm household heads of Type 1, who were
relatively younger and literate but with lower education levels, edu-
cation aimed at enhancing their technical skills would enable them to
adopt new technologies.

4.2. Resource endowment and farming practices in relation to organic
agriculture

A third of the farms sampled belonged to Type 2 and were well
endowed. These farms had diversified livelihood strategies with abun-
dant off/non-farm activities and income, relied on hired labour, had
high access to external financial capital and rented land to supplement
their own. In contrast, resource-constrained farms belonging to Type 1
who depended on on-farm labour or off-farm employment as casual
labourers had self-subsistence orientation. These two types correspond
to other typologies for smallholder farmers in Kenya (Mutoko et al.,
2014; Shepherd and Soule, 1998; Tittonell et al., 2005a), Uganda
(Tittonell et al., 2010), and West Africa (Kuivanen et al., 2016a;
Signorelli, 2016). Type 5 farms differed from the other types, as their
strategy did not include diversification. Despite being relatively well
endowed, they were heavily reliant on farm income mainly from crops
and had no access to external financing, which could explain their
limited ownership of productive assets as well as livestock. This farm
type was similar to a type found in Ghana by Kuivanen et al. (2016a).

In a comparison of several other studies in SSA, a positive

association was reported between income diversification and wealth (C.
B. Barrett et al., 2001a). Although dependence on on-farm activities is
still common in rural Africa, Davis et al. (2017) found that a greater
reliance on non-farm sources of income was linked to households being
richer in six SSA countries. However, C. B. Barrett et al. (2001a) ac-
knowledged the vicious cycle between the unequal distribution of land
and non-farm income, where limited agricultural assets and income
hinder investment in non-farm activities. For instance, low credit access
has been reported among smallholder farmers in Kenya due to high
capital requirements for loan collateral, as lenders try to cushion
against non-repayment or delay in loan repayment, poor information
access on credit providers, and lack of interest payments (Ayuya et al.,
2015; Mutoko et al., 2014).

Land entitlement deeds can be used as loan collateral (Place, 2009).
For the farms of Type 1, resource constraint may explain the lack of
credit access. Nonetheless, farmers may still not access formal credit
even if they have title deeds as evidenced by Type 5 farms, most of
which are located in Murang'a, where a general reluctance to obtain
formal credit has been reported (MCDP, 2013). This has been attributed
to perceived unfavourable terms such as high interest rates, disposses-
sion of land (normally due to failure to pay back loans), and land
fragmentation (Ekbom et al., 2001). Despite Kenya's relatively well-
developed banking sector, agribusiness is viewed by banks as highly
risky, and complex tenure systems and land laws have been argued to
accentuate the problem for smallholder farmers (Njenga et al., 2011).

For the poorest farms (Type 1) who are most vulnerable to risks,
interventions could first focus on alleviating poverty and food in-
security. Literature suggests that this can be done through measures
aimed at increasing their productivity, which depends on many factors
such as farm size and access to land as well as on new technologies and
their adoption (Dethier and Effenberger, 2012; Kuivanen et al., 2016a;
Radwan, 1995). Since these farmers already own or have access to
small farms, other measures like promotion of high yielding crop
varieties, reduction of post-harvest losses by improving storage facil-
ities, and assistance in access to inputs could address the immediate
need of poverty and food insecurity (Kuivanen et al., 2016a). For Type
5 farms, diversification in off/non-farm activities would also generate
income (C. B. Barrett et al., 2001a; Kuivanen et al., 2016a), which could
be invested in the purchase of more productive assets. In addition,
given the large size of farm households in Type 5, technologies that
require relatively more labour but are at the same time efficient
(Kuivanen et al., 2016a) could be promoted. Development interventions
could support the younger farmers in Type 4 in accessing productive
assets including land and capital to boost productivity (Radwan, 1995).

4.3. Social networks and access to credit and information

This study reveals a strong positive link between variables of access
to information and group membership as well as their association with
wealth. Other studies in Kenya and Uganda showed that strong social
networks positively influenced information acquisition (Thuo et al.,
2014), and also income diversification in India (Davis et al., 2017).
High resource endowment was linked with a greater likelihood of group
membership for smallholder banana farmers in Kenya (Fischer and
Qaim, 2012). The authors also found that these banana farmer groups
were avenues of information exchange, and wealthier farmers could
overcome some constraints like membership fees.

In addition, information acquisition and utilisation are influenced
by literacy, affordability, linkages with external support to farmers (e.g.
from extension officers) as well geographical location (Maumbe, 2010;
Thuo et al., 2014). Technical information, e.g. on input use, pest and
disease management and sources of various inputs, is a major in-
formation gap among farmers in Kenya. Poor extension services, long
distances to agricultural service providers, especially in the ASAL re-
gions, and weak institutional linkages have been argued to be major
impediments to information access among these farmers (Omondi et al.,
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2014; Rees et al., 2000). Despite these challenges, the information and
communications technology sector is well developed in Kenya. For in-
stance, the mobile telephone technology is widely used by farmers not
only for communication purposes but also for services like mobile
banking. This is an opportunity to provide information to farmers, and
could also enable transfer of social grants to poor farmers (Maumbe,
2010).

4.4. Dietary diversity and gender equity

The results of this study also show a positive link between dietary
diversity (i.e. proxy food security), gender equity and levels of resource
endowment as well education and literacy levels of household heads,
and their relevance in distinguishing farm types. These findings are
comparable to those in other studies. In western Kenya, wealthier
households with better educated women were found to have higher
dietary diversity (Ng'endo et al., 2016). In the same region, Tittonell
et al. (2010) found a link between food sufficiency, a proxy for food
security, and the land:labour ratio (LLR), an indicator of wealth as well
as market orientation. The authors found that all households that were
food insecure had a lower LLR in contrast to those identified as food
secure. In Uganda, high income was associated with improved gender
equity as well as improved diets (Chiputwa and Matin, 2016). In Ghana,
Signorelli (2016) found that low-endowed households, which were
mainly female-headed, had high rates of food insecurity and low lit-
eracy rates, while the opposite was true for the wealthy farm house-
holds.

The diversity of diets has been argued to be an important indicator
of micronutrient adequacy, which is associated with food and nutrition
security (Alvarez et al., 2014). Given these linkages, addressing chal-
lenges of food insecurity and inequality found for farm Type 1 and 4
could start with improving education levels of women and wealth as
well as its distribution. For instance, the measures mentioned above
aimed at reducing pre- and post-harvest losses as well as improving
education especially of women who prepare the food, would help to
increase dietary diversity as well as gender equity. Social protection for
the poorest and most food-insecure groups through targeted cash or
input transfers can address the problems only in the short term. In the
long run, value-chain issues like improved market linkages and access
to resources, especially land and capital, could be addressed.

4.5. Organic agriculture in relation to farm types

The adherence to practices associated with OA was high among
older and wealthier farm households, but not necessarily the more
educated farm household heads. Jena et al. (2012) had a similar
finding, which they attributed to the ability of older farmers to earn
more because they were more knowledgeable and established than
younger farmers. With regard to cropping practices, Type 3 farms
planting mainly pure stands could be encouraged to introduce inter-
cropping especially with legumes given the multiple benefits associated
with the practice (Mucheru-Muna et al., 2010). The mixed farms in
Type 2 farms that are already quite productive and economically well-
endowed, as well as Type 4 farms, may need support to manage their
soil due to their high usage of agrochemicals (Kuivanen et al., 2016a).
Land-tenure security, which represents rights to hold, use and transact
land (Adams, 2001), was of particular importance for the practice of
certified OA in this study. Organic agriculture is associated with long-
term investment in soil conservation measures, which is strongly linked
to secure land tenure (Gebremedhin and Scott, 2003). The negative
effects of insecure land tenure on soil conservation investments is
widely known from the literature (Fraser, 2004; Place, 2009; Shepherd
and Soule, 1998).

In Kenya, land tenure can be communal based on traditional own-
ership with rights to use but not to sell, private with title deeds under
freehold, leasehold or government trust land (GoK, 2009). Land rights

are overall quite secure in Murang'a, being based on a system of in-
heritance whereby parents subdivide their land between their children
with allocation of title deeds (Ekbom et al., 2001; Mackenzie, 1989).
Kajiado county has been evolving from a communal system of owner-
ship to freehold (Campbell et al., 2000; Ogutu et al., 2014). Privatisa-
tion of land rights is linked to increased tenure security, which in turn
provides collateral for formal credit and increases the incentive to in-
vest in more land or inputs, which ultimately may increase productivity
(Place, 2009). However, challenges to land tenure such as uncertainties
regarding land rights, unequal distribution of land, and poor mechan-
isms for the transfer of land rights contribute to poverty and food in-
security (Radwan, 1995; Salami et al., 2010). Radwan (1995) argued
that access to land and physical assets can contribute to poverty re-
duction in SSA. Therefore, the land reform that is already ongoing in
Kenya needs to facilitate the access to land as well as tenure security to
farmers, the youth and other vulnerable groups (WFP, 2016) especially
in the ASAL regions of the country.

The practice of certified OA was also associated with greater access
to information, strong social networks, equitable family structures and
more diverse diets as well as older household heads. However, this
study did not determine causal relationships between the practice of
certified OA and these variables. Nonetheless, Chiputwa and Matin
(2016) found that organic certification of smallholder organic coffee
farmers in Uganda led to improved diets in terms of calorie intake and
dietary diversity, mostly due to higher incomes and improved gender
equity. They found that organic certification enhanced women em-
powerment through special training, awareness creation and gender
mainstreaming activities encompassed in the process. Since the organic
farmers in our study belonged to farm households with medium to high
resource endowment, similar reasons of higher economic access en-
hancing dietary diversity and gender equity could apply.

Organic certification is also associated with several benefits such as
access to high-value markets, increased access to credit, increased so-
cial capital through extensive training, and increased profitability and it
has been reported to reduce poverty (Ayuya et al., 2015; H. R. Barrett
et al., 2001b; Bolwig et al., 2009; Jena et al., 2012; Ndungu et al.,
2013). However, given the high cost of certification, Barret et al.
(2001a,b) argued that smallholder farmers forming groups, obtaining
external funding, participating in contract schemes and in some cases
seeking national rather than international certification, could help
overcome this challenge. For policy makers, direct subsidies on organic
inputs similar to those given for mineral fertiliser in Kenya could en-
courage especially poor farmers to practice OA. In Finland for instance,
it was reported that converting to OA was triggered by subsidies
especially for farms that had large land areas and low yields (Pietola
and Lansink, 2001). Given the importance of social networks for farmer
information access, smallholder farmers and the youth, even if these are
not involved in farming, could benefit from becoming involved in ex-
isting groups or from forming new ones.

This study also reveals differences between the two counties in
terms of how the five farm types were distributed. Kajiado was domi-
nated by mixed conventional and organic high-resource endowed farms
with quite diversified livelihood strategies (Type 2), while Murang'a
was mainly dominated by certified organic farms whose livelihoods
seemed to be reliant on agriculture (Type 5). Farms of Type 1 and Type
3 were equally abundant in both counties, while farms with the
youngest household heads (Type 4) were mainly located in Kajiado. It
was beyond the scope of this study to prove if this varying distribution
of farm types is because of climatic heterogeneity. However, from the
findings it is reasonable to assume that the overall greater reliance on
agricultural activities and income in Murang'a is due to its higher bio-
physical agricultural potential. Kajiado on the other hand, being an
ASAL region, is prone to erratic weather conditions including recurrent
drought and floods (Campbell, 1984), and with a need for irrigation to
supplement rainfall for crop cultivation. Hence, diversified livelihoods
would cushion farmers against these environmental shocks.
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4.6. Limitations of the study

Because of time and financial resource constraints, this study was
subject to a number of limitations. A participatory approach, as re-
commended by Kuivanen et al. (2016b), was thus not possible. How-
ever, various informal meetings with farmers and other local stake-
holders were conducted in both counties and in Nairobi. The sample
size of the study also had to be limited to approximately 500 farms. In
addition, the study did not capture the spatial distribution of biophy-
sical factors, which could have helped to explain the distribution of the
farm types as well as the adoption of organic farming practices based on
geographical and environmental conditions. However, we decided to
classify farms mainly from a socio-economic point of view and tried to
include a diversity of environmental conditions through the selection of
two biophysically different counties. Although typologies are useful to
understand the diversity of smallholder farm households, they are
limited in their ability to accurately capture every aspect of dissim-
ilarity. In addition, this categorization is based on a one-time mea-
surement giving a snapshot of the situation on the farms at the time the
study was conducted. However, smallholder farms are dynamic and
production systems can rapidly change, hence farm typologies need to
be constantly updated (Alvarez et al., 2014). Nevertheless, this study
endorses findings by previous farm typology studies carried out in
Kenya, as well as in other countries in SSA, where similar patterns were
observed. This was a cross-sectional study and its results should be
interpreted with caution as it did not determine causal relationships
between the variables. Finally, despite its attempts to capture climate
heterogeneity, this study falls short in representing the whole diversity
of Kenya's biophysical conditions.

5. Conclusions

In this study, smallholder farms in Kajiado and Murang'a counties in
Kenya were characterised and classified into five distinct types. The
characteristics of the farms were analysed with a focus on aspects in-
fluencing the transformation of farms to OA in the country. With re-
gards to the first research question, a typology was found with sig-
nificant differences among five farm types. The distinguishing
characteristics were based on resource endowment, household-related
factors, cropping practices, production orientation, social networks,
information access, dietary diversity and gender equity. Wealthier
smallholder farms practising both organic and non-organic (conven-
tional or organic-by-default) agriculture dominated Kajiado while
Murang'a was dominated by farms practising OA with medium to high
wealth levels. Concerning the second question, farmers practising cer-
tified OA were wealthier but not necessarily better educated than those
who did not, which was attributed to higher experience and greater
access to productive resources unlike their younger counterparts. The
practice of OA (certified and uncertified) was more likely to be found in
smallholder farms that had legal land tenure rights, moderate to high
income levels, especially from agricultural sources, with older house-
hold heads that were well informed with strong social networks, a large
number of household members, and equitable family structures and
highly diverse diets. However, this study did not determine causal re-
lationships between these factors and the practice of OA.

The characteristics of typical farm households found in an area and
identified through typology construction can form a basis for under-
standing current practices as well as for targeting future interventions.
Programs aiming to address agricultural growth in Kajiado and
Murang'a as well as in similar regions in Kenya need to take into con-
sideration the challenges and opportunities associated with the farm
types identified in this study, which are similar in many aspects to
others identified by farm typology studies in the region. The significant
role of resource endowment in reinforcing the cycle of imbalance
through a system that benefits wealthier over poorer, older over
younger or men over women farmers, suggests the need to address this

inequality in order to reduce their vulnerability to different shocks and
aid in wealth accumulation, which will enhance their spending power.
Empowering women has been shown to translate to better diets for the
household and increase their control of resources and decision-making
capacity.

Based on this typology, effective pro-poor development strategies
seeking to improve productivity and welfare of smallholder farms and
farmers respectively should be systematically targeted. For instance,
resource constrained farms in Type 1 and 4 could benefit from inter-
ventions that target access to capital particularly land, low-input
technologies, high yielding and biofortified crop varieties. They could
benefit from participation social networks in their communities, espe-
cially where no barriers of entry like membership fees exist, as these
networks have been shown to be ideal places for information sharing.
Type 5 farms could benefit from efforts towards income diversification
into non- and off-farm activities, increased credit access as well as
improving their literacy levels. The wealthier conventional farms in
Type 2 could be encouraged to use more improved technologies, inputs
and farming practices that are environmentally friendly including cer-
tified OA, and since both Type 2 and 3 are highly literate, they could
benefit from more knowledge intensive technologies. Finally, Type 3
farms could be encouraged to adopt more intercropping, and assisted to
gain greater access to productive resources.

Given the growing local and international markets of organic pro-
duce and the benefits associated with OA, as well as policy interest in
these sector, efforts aiming promote certified OA in the study area and
other parts of Kenya should also seek targeted and problem oriented
strategies. For certifiers, purchasers and traders of certified products
and development stakeholders, this may include local or other cost-
effective certification strategy such as group certification in contract
schemes or PGS systems to overcome barriers of entry to the organic
market, particularly for farmers already practicing uncertified OA like
some in Type 2 and 3. Increase in knowledge about OA and its benefits
could also encourage farmers to adopt this practice. However, further
research, particularly in studies with larger samples; including spatial
distribution factors, in-depth participatory techniques and qualitative
methods is needed.
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