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Abstract

Climate variability and the rise in incidences of pests and diseases continue to undermine production of high value
vegetables among smallholder farmers in sub-Saharan Africa. In order to respond to these challenges, protected farm-
ing technologies (PFT) (such as greenhouses) which modify the plant environment and therefore aid in avoiding the
harmful effects of climatic factors have been promoted. Greenhouses protect the crops against high solar radiation
and heavy rainfall that have the potential of destroying vulnerable crops like tomatoes. Consequently, PFT is asso-
ciated with better yields and farm incomes. However, the adoption of PFT among smallholder farmers, not least in
Kenya is low. Drawing on the Agricultural Household Model (AHM) theoretic framework, this paper assessed the
determinants of adoption of PFT among smallholder tomato farmers in Kenya. Tomato is the second most important
horticultural vegetable crop in Kenya after potatoes in terms of production volumes and value. Data for the study
were collected from a cross sectional multistage random survey of 104 tomato farming households and analysed using
maximum likelihood probit model. The probit results revealed that the age of a farmer, educational level, household
size, total household income and access to credit positively influenced the likelihood of PFT adoption. The likelihood
of adoption was negatively related to distance to input markets and access to the county government extension ser-
vices. Overall, the results of this study suggest that an integrated promotional strategy that accounts for household
heterogeneities and focuses on institutional arrangements that support the accumulation of human and financial capital
would enhance PFT adoption.
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1 Introduction

The production of high value vegetables has potential to
improve the livelihoods of poor smallholder farmers. This
is because they are less land intensive and have higher farm-
gate values compared to cereals and other staple crops (John-
son et al., 2008; Mariyono et al., 2017). However, commer-
cial production of vegetables among smallholder farmers is
undermined by several factors including poor market access
and dependence on rainfed production systems which are
highly susceptible to extreme weather variability and pests
and diseases (Odame et al., 2009; USAID, 2012; Research
Solutions Africa, 2015). In order to mitigate against these
factors, various protected cultivation technologies have been
developed (FAO, 2013a). The technologies vary from simple
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cover shade netting, film plastics or sophisticated green-
houses and equipment (FAO, 2013a; Baliyan, 2014) which
modify the plant environment and therefore aid in avoiding
the harmful effects of climatic factors like temperature, hu-
midity and rainfall (FAO, 2013b). The level of investment in
the technology, as well as management, depends primarily
on the cost of technology, resource capacity and prevailing
ecological conditions.

Various benefits are associated with protected cultivation.
These include, their ability to achieve a better control against
aerial borne pests and diseases, and other ecological par-
ameters, therefore leading to better yields and profitability
(Muñoz et al., 2007; FAO, 2013a; Geoffrey et al., 2014;
Guodaar, 2015; Hilmi, 2016; Nordey et al., 2017). Protec-
ted farming systems can also support an all-round–the-year
production; which can enable farmers to leverage on bet-
ter prices (USAID, 2012; Panwar et al., 2014; Bseiso et al.,
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2015). In addition, protected farming is ecologically more
sustainable because of use of comparatively less synthetic
chemicals than open field production (Muñoz et al., 2007;
Geoffrey et al., 2014; Guodaar, 2015). Finally, protected
farming is associated with efficient land-use, a factor that is
gaining increased significance in many sub-Saharan Africa
(SSA) countries where land is emerging as one of the most
limiting production constraints. In light of the aforemen-
tioned benefits, protected farming technologies have rapidly
spread in Middle East, Mediterranean region and Europe
for production of melons, tomatoes, strawberries, cucumber,
green beans and other high value crops (Connell et al., 2012;
FAO, 2013a; Fernández et al., 2018). While protected culti-
vation has variety of agriculture applications, it is mainly ap-
plied in the production of horticulture crops like vegetables
and ornamental flowers (FAO, 2013a).

In Kenya the utilisation of greenhouses, (the leading pro-
tected vegetable farming technology in the country) has been
widely promoted as part of efforts to support a growing vege-
table subsector (Geoffrey et al., 2014; Omoro et al., 2015).
The sector makes an important contribution as a key source
of household income and livelihood (Mithöfer et al., 2008).
In Kenya, greenhouses have been used commercially to pro-
duce cut-flowers for export since late 1990s. The scenario
has however slowly changed overtime with small scale farm-
ers adopting it to grow high value food crops such as toma-
toes, strawberries and melons among other crops (Sanzua et
al., 2018). There are three greenhouse technology designs;
low, medium and high-level technology. The low-level tech-
nology greenhouses consist of a fixed metal or wooden struc-
ture with a fixed polythene cover. Because these often lack
any kind of ventilation, such greenhouses are not suitable
for hot areas. The medium technology level refers to green-
houses that come with options which allow ventilation open-
ings and cultivation under hot climatic conditions. High-
tech greenhouses come with automated systems to monitor
and control crop growing environment. However due to
high investment costs, high-tech greenhouses are not used
by Kenyan small and medium-scale farmers (Van der Spijk,
2018). In the country, greenhouses are largely concentrated
in the central, Rift Valley and western highlands but are
slowly spreading into the humid areas of Kenya including
eastern and coastal areas (Justus & Yu, 2014; Sanzua et al.,
2018).

However, despite some promotional efforts by govern-
ment agencies, NGOs and private companies1, utilisation of

1Protected farming is being promoted as part of Kenya’s National Agri-
culture and Livestock Extension Programme NALEP (NALEP, 2011) and
Kenya’s Agricultural Sector Development Strategy. In addition, greenhouse
farming among smallholder farmers has been supported by agencies such

greenhouse farming among smallholder farmers in Kenya (as
well as many SSA countries) is low – estimated to an average
of 5% (Geoffrey et al., 2014; Van der Spijk, 2018; Karuku et
al., 2016; Bseiso et al., 2015; Nordey et al., 2017). There are
however no official figures on greenhouse use in Kenya (van
der Spijk, 2018). There are also reports that some farmers
in the country have even abandoned greenhouses after the
first crop cycle, in spite of initial investment costs (Omoro
et al., 2015; Van der Spijk, 2018; Agriculture and Food Au-
thority (AFA), 2018). It is therefore important to assess the
determinants of adoption of protected technologies such as
greenhouses to inform wider understanding.

This paper assesses the determinants of adoption of green-
house technology which is one of the leading protected farm-
ing technologies in the production of tomatoes in Kenya. We
focus on tomato which ranks second in importance among
the produced vegetables (after potatoes) in terms of produc-
tion volume and value; putting Kenya among the top African
producers (Ochilo et al., 2019). The crop comprises 6.7%
and 14% of the total production for horticulture and vege-
tables respectively (Geoffrey et al., 2014). While literature
on technology adoption is extensive (see for example Feder
et al., 1985; Chirwa, 2005; Rahman, 2008; Sitomwe et al.,
2016) research on adoption of protected farming technol-
ogies is limited. These include studies on trends in adop-
tion of greenhouse technology and its utilisation (García-
Martínez et al., 2010; Geoffrey et al., 2014), effects of green-
house adoption on productivity and profitability (Muñoz et
al., 2007), and effect of greenhouse technology in managing
climate variability risks (Muñoz et al., 2007; FAO, 2013b;
Guodaar, 2015). While these studies have begun to shed
light on uptake of protected farming, a number of these are
largely descriptive and the theoretical motivations that un-
derlie adoption have largely been ignored. This paper draws
on the agricultural household utility model to assess the de-
cision of households to adopt or not to adopt greenhouse
technology.

2 Materials and methods

2.1 Study area

The study was conducted in Kiambu County2, one of the
leading tomatoes producing counties in Kenya (AFA, 2018).
The county is found in Central Kenya, a region known to

as the Horticultural Crops Development Authority (now the Horticultural
Crops Directorate), the Smallholder Horticultural Marketing Programme
(SHoMaP) – a partnership between the Ministry of Agriculture and the
International Fund for Agricultural Development and companies such as
Amiran and Syngenta (Omoro et al., 2015).

2Kiambu county is one of the 47 devolved governance units in Kenya
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contribute 80 % of the total tomato production together
with the Rift valley area and Nyanza counties (Odame et
al., 2009). Kiambu County covers an area of 2,543.5 km2

and lies between Latitudes 0°45’58.05” and 0°16’13.26”
South of the equator and Longitude 36°30’23.91” and
37°21’37.60” East. The county consists of 12 sub-counties3

and experiences a bi-modal type of rainfall with the long
rains falling between mid-March to May followed by a cold
season (usually accompanied with drizzles and frost) during
June to August and the short rains between mid-October to
November (County Government of Kiambu, 2018). Annual
rainfall varies between 600 mm to about 2,000 mm while
temperatures range from 7 °C to 34 °C in the Upper High-
lands to the Lower Midlands.

Agriculture is the dominant economic activity in the
county and contributes 17.4 % of the county’s income. It
is the leading sector in terms of employment, food secur-
ity, income earnings and overall contribution to the socio-
economic well-being of the people (Republic of Kenya,
2014). Majority of the people in the county depend on
agriculture for their livelihood, with 304,449 persons be-
ing directly or indirectly employed in the sector. Coffee,
tea and pineapples are the main cash crops while maize,
beans, potato and tomato are some of the main food crops
in the county (County Government of Kiambu, 2018). The
county is divided into four topographical zones, namely, Up-
per Highland (UH), Lower Highland (LH), Upper Midland
(UM) and Lower Midland zones (LM).

2.2 Data

The data used in this study were obtained through a
cross-sectional survey of tomato producing households. A
multistage random sampling procedure was followed to se-
lect tomato producing households in consultation with sub-
county agricultural officers. The first stage of sampling was
a purposive selection of five sub-counties in Kiambu County,
namely Thika, Juja, Ruiru, Gatundu South and Gatundu
North from the 12 sub-counties. These sub-counties were
purposively selected because they are the main tomato pro-
ducing areas within the county. At the second stage, a list of
tomato farming households in the selected sub-counties was
generated with the help of the ward agricultural officers and
village elders. The list generated a total of 104 tomato farm-
ing households who were interviewed. Majority of the re-
spondents (70.2 %) were utilising the open field system with
only 29.8 % using protected farming technologies (PFT).
Data were collected between January and April 2016.

3Gatundu South, Gatundu North, Juja, Thika, Ruiru, Githunguri, Ki-
ambu, Kiambaa , Limuru, Kikuyu, Kabete, Lari.

The questionnaire applied to collect data contained ques-
tions on the key economic activities of households includ-
ing information on land use, input use, various household
characteristics, indicators for input and market access, insti-
tutional arrangements and technology adoption. Data were
entered into SPSS version 20, cross checked and cleaned be-
fore being transferred to STATA version 13 for statistical an-
alysis.

2.3 Analytical framework and variables

This study builds on the theory of agricultural/farm house-
hold utility model (De Janvry et al., 1991) and the random
utility framework (McFadden, 2000) to develop a framework
for assessing household decisions on use of vegetable pro-
duction technology. The study considers a dichotomous set-
ting where a vegetable producing farm household can either
use the conventional open field production system (OFS) or
utilise the protected farming technology (PFT). Following
previous studies (Chuma et al., 2020; Kimaru-Muchai et al.,
2020), the household’s decision to choose OFS or PFT is as-
sumed to depend on the differences in the expectations of the
household about the net returns associated with the two tech-
nology regimes based on their respective costs and benefits
(McFadden, 2000). Consequently, the farm household will
choose PFT if the expected net returns associated with tech-
nology is at least greater than the expected net return from
the alternative technology, OFS as shown in:

(T BPFT − TCPFT ) ≥ (T BOFS − TCOFS ) (1)

Where (T BPFT and ICPFT ) and (T BOFS an TCOFS ) are the
benefits and costs associated with the PFT and OFS technol-
ogies, respectively. The comparison in equation (1) is un-
derpinned by the random utility model, which assumes that
when an economic agent (household or individual) faces a
choice between two or more alternatives, she will select the
alternative that gives the highest utility (McFadden, 2000).
If the difference in the expected net payoffs for the two
technology regimes are represented by π as shown in equa-
tion 1, then a household will adopt the protected technology
if π> 0 and vice versa (Hardle, 1990).

(T BPFT − TCPFT ) − (T BOFS − TCOFS ) = π (2)

Where π is a latent variable that is explained by the differ-
ence in payoffs associated with use of the protected farm-
ing. The specification in equation (2) implies that factors
that raise π will enhance adoption of PFT and vice versa.
The empirical modelling of a farmer’s choice of production
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can be represented by a binary variable (D) such that:

Di =


1 if πi = πi + ε = (T BPFT − TCPFT )

− (T BOFS − TCOFS ) ≥ 0
0 otherwise

(3)

Where ε is the standard error term. Equation (3) can be es-
timated using the binary regression approach once one iden-
tifies the factors likely to influence π (Hensher & Johnson,
1981). The magnitude π is assumed to be highly heterogen-
eous and household specific depending on various household
contextual factors such as gender and income, differential ac-
cess to markets, transaction costs, liquidity constraints, and
information asymmetries (Poole, 2017). The empirical form
of equation 3 which was estimated is shown in equation 4:

Di = Φ

(
β0 +

k∑
j

β j Z ji

)
+ ε (4)

Where, Φ is the standard normal cumulative density func-
tion and Zi is a vector of characteristics that are hypothes-
ized to affect the choice of a tomato production technology
and included various household specific attributes such as;
age of household head, sex of the household head, education
and access to credit (Annex 1). Equation 4 was estimated
using the probit model based on the distributional assump-
tions about the error term (Hausman & Wise, 1978).

3 Results

3.1 Descriptive statistics

The results of the descriptive analysis summarised in
Table 1 showed that adopters of PFT were slightly older
(45.3 years) compared to non-adopters (39.8 years; p <0.05).
The results also showed that majority of the adopting house-
holds were male-headed (77.4 %) and more educated. The
education level of the household’s head which was expressed
in terms of years of schooling was significantly different
between adopters and non-adopters. It was also observed
that adopting households had a significantly higher amount
of annual household income (US$ 5548.4) than the non-
adopting households (US$ 2898.2).

The average distance to an all-weather road was 0.4 km
suggesting that households had relatively good access to in-
put and output markets. However, PFT requires specialized
type of inputs that are unlikely to be found in local mar-
kets. Thus, in addition to distance to an all-weather road,
additional variables of distances to input and output markets
were included in the study. The distance to input markets
was on average 6.5 km compared to an average of 5.4 km

for output markets. The study also found that the amount
of credit accessed by adopters was significantly higher (US$
150) compared to non-adopters (US$ 31) suggesting that ac-
cess to credit would be an important factor influencing PFT
adoption.

While the average experience in tomato farming in the
sample was four years, there were significant differences
between adopters who had less experience (2 years) com-
pared to non-adopters (4.8 years). The adopting households
had significantly larger portions of land (3.96 ha) than the
non-adopting households (0.59 ha). Interestingly, there were
significant differences between adopters and non-adopters
regarding land tenure (Z=4.3). All adopters (100%) owned
the plots they used for tomato farming compared to non-
adopters (57.5 %). Overall, the result of the descriptive an-
alysis showed that there were significant differences between
adopters and non-adopters with regard to a number of vari-
ables which therefore qualified the data set for use in the
regression model.

3.2 Determinants of PFT adoption

Table 2 presents the results of the econometric analysis of
the determinants of adoption of PFT. The dependent variable
takes a value of unity if a farmer used PFT and zero other-
wise. Because of the binary nature of the dependent variable,
a standard probit approach has been used for the estimation.
Robust standard errors were estimated to account for pos-
sible heteroskedasticity and reported coefficients are mar-
ginal effects of the probit estimation. The factors included
in the model are household demographic and social eco-
nomic characteristics, farm characteristics and institutional
variables. The results showed that age of a farmer, experi-
ence, educational level, household size, income, access to
input markets, credit and extension services contributed sig-
nificantly to the probability of PFT adoption.

The age of the farmer had a positive and significant mar-
ginal coefficient indicating that older household heads are
more likely to adopt PFT for tomato farming. In addition
to age of the farmer, the study included the farmer’s expe-
rience in the formulation as a possible covariate of PFT ad-
option. This was considered plausible in accounting for the
joint influence or interaction of the two variables since age
and experience may go in opposite directions. The coeffi-
cient of the quadratic term for experience was significant at
five percent implying existence of non-linearity in the rela-
tionship between experiences and adoption of PFT in tomato
farming.

Consistent with many adoption studies, education – in-
crease in years of education by one year increases the like-
lihood of adoption by 6.1 %. The education level of house-
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Table 1: Descriptive statistics of variables used in the Probit Model

N= 104 N= 73 N= 31

Variable overall mean Std Dev non-adopters adopters t score

Age of household head (years) 41.40 11.35 39.77 45.26 2.30∗∗∗

Female headed (%) 38.46 45.20 22.60
Male headed (%) 61.54 54.80 77.40 2.17∗∗∗

Education of household head (years) 9.88 4.53 8.93 12.10 3.42∗∗∗

Household size 4.28 1.72 4.22 4.42 0.54
Distance to an all-weather road (km) 0.40 0.48 0.44 0.29 1.47
Distance to input market (km) 6.46 5.88 5.06 9.74 3.97∗∗∗

Distance to output market (km) 5.43 8.93 5.26 5.84 -0.30
Amount of credit obtained (KES) 6653.85 21256.50 3109.59 15000.00 2.69∗∗∗

Approximate US$ equivalent 66.5 212.5 31 150
Access to credit (%, Yes =1) 13.50 11.00 19.40 1.15
Access to extension (%, Yes=1) 29.81 32.90 22.60 2.05∗∗∗

Experience producing tomato (years) 4.00 2.82 4.82 2.06 5.09∗∗∗

Farm size (ha) 1.59 1.88 0.59 3.96 14.60∗∗∗

Tenure (% Yes =1 70.20 57.50 100.00 4.33∗∗∗

Labour structure (Family=1) 55.80 57.50 51.60 0.56
Household income (KES) 368817.30 242095.40 289821.90 554838.70 5.88∗∗∗

Approximate US$ equivalent 3688 2420 2898 5548

The asterisks denote significance ∗∗∗ at 1%, ∗∗ at 5% and ∗ at 10 %; KES: Kenyan Shilling – 1000 KES = 10 US $.

Table 2: Marginal effects of the factors determining adoption of protected farming technologies (PFT) .

Variables Marginal effects Std. Err. Z P>z

Age of head of household 0.011∗∗ 0.004 2.53 0.049
Gender of head of household 0.015 0.007 2.2 0.145
Experience in tomato production 0.023 0.013 1.72 0.177
Square of experience -0.089∗∗ 0.036 -2.46 0.034
Education of household head 0.061∗∗ 0.023 2.64 0.019
Household size 0.010∗∗ 0.004 2.91 0.019
Household income 0.006∗∗∗ 0.003 2.06 0.04
Distance to all weather road -0.052 0.073 -0.72 0.605
Access to input markets 0.086∗∗ 0.035 2.45 0.024
Access to credit 0.015∗∗ 0.006 2.52 0.012
land tenure 0.018 0.010 1.88 0.187
Access to extension -0.027∗ 0.015 1.85 0.084
*The asterisks denote significance∗∗∗at 1%, ∗∗at 5% and∗at 10 %)

hold head was used as proxy for human capital. This is be-
cause education enhances the ability of farmers to acquire,
synthesize, and respond to information, thereby increasing
the probability of adoption of an innovation. The results re-
vealed that larger households were more likely to adopt PFT,
attributed to the fact that household size increased the avail-
ability of family labour which reduced the need for hiring
labour for transportation, handling and supervision of sales,
and hence a rise in the propensity to adopt PFT. On income,
it was hypothesized that household income was a good meas-
ure of farm capital and therefore should had a strong correla-
tion with adoption of technology for agricultural intensifica-

tion. The results showed that a unit increase in household in-
come would increase the likelihood of greenhouse adoption
by 0.6%. The importance of access to well-functioning mar-
kets for agricultural development has been extensively high-
lighted in literature. The results of the probit model showed
that the coefficient of distance to input markets was signifi-
cant at 5%. The magnitude of the coefficient was 0.0861
which implied that an increase in the distance to the input
markets reduced the likelihood of adoption of PFT by 8.6
%. The results also revealed that increase in the amount of
credit would increase the likelihood of PFT adoption. How-
ever, access to government extension services had a negative
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effect on adoption. FGDs showed that adopting farmers re-
lied more on greenhouse suppliers for their extension needs
than government agencies.

4 Discussion

The discussion focuses on two specific objectives raised at
the outset of the paper – the level and determinants of adop-
tion of protected farming technology among smallholder to-
mato farming in Kenya. The study found that only three out
of 10 tomato farmers adopted PFT in tomato farming. These
results are consistent with previous studies which show that
adoption of protected farming technology in Kenya (Geof-
frey et al., 2014; Omoro et al., 2015) and generally in Africa
(Nordey et al., 2017) is low. The results of the descrip-
tive analysis showed that there were significant differences
between adopting farmers and non-adopting farmers with re-
gard to personal characteristics, farm and institutional char-
acteristics. Adopting households were more likely to be
male-headed, higher in years of tomato farming experience,
incomes, land sizes, and have more secure land tenure ar-
rangements. These results are not surprising considering that
greenhouse farming is a capital-intensive undertaking which
typically implies need for working capital to acquire neces-
sary inputs (Geoffrey et al., 2014; Nordey et al., 2017). The
Retail price for the greenhouses in Kenya is 2,500 USD and
1,500 USD for the metal and wooden greenhouse respec-
tively (Van der Spijk, 2018). While open-field farmers on
average produce 2.3 kilos per square meter per year, farmers
producing in a greenhouse yield 16.1 kilos on average (Van
der Spijk, 2018). The difference of 13.8 kg m−2 shows sig-
nificant productivity differentials between the two systems.

As expected, age of the farmer was positively associated
with adoption of PFT. This finding is consistent with Sit-
omwe et al. (2016) who found higher levels of adoption
for improved pigeon pea varieties among older farmers and
particularly those with access to credit. Contrary to the find-
ings in this paper, Czaja et al. (2006) found that older farm-
ers were reluctant to take up new technologies and hence
age negatively influenced technology adoption. As observed
by Adesina & Forson (1995), the expected result of age is
an empirical question, because in some cases, older farmers
may have more experience in farming and are better able to
assess the characteristics of modern technology than younger
farmers, and therefore are better able to judge the usefulness
of the technology. In this study, the quadratic term of expe-
rience showed a negative influence on adoption of PFT im-
plying existence of non-linearity in the relationship between
experiences in tomato farming and adoption of PFT in to-
mato farming. Previous studies have shown that experience

positively influences the decision to adopt agricultural tech-
nologies (Chima, 2015; Chirwa, 2005; Rahman 2008).

While gender did not have a significant influence on adop-
tion of PFT, various studies have identified it as an import-
ant determinant of agricultural technology adoption among
smallholder farmers in developing countries (see for ex-
ample, Ogada et al., 2014; Kimaru-Muchai et al., 2020).
This may be because women face resource constraints which
limit their technology adoption (Ogada et al., 2014). Recent
literature argues that while gender has an inconsistent associ-
ation with adoption, policy makers may consider evaluation
of adoption for gender-based subpopulations because it can
influence other factors with consistent influence on adoption
such as information access (Llewellyn & Brendan, 2020). In
the study, the education level had a positive association with
adoption of PFT among tomato farmers suggesting that en-
hancing human capital can promote uptake of improved pro-
duction technologies. This finding is consistent with Rah-
man (2008) who also found that both the educational level of
the farmers and the farming experience had important influ-
ence on the decision to adopt diversified cropping systems in
Bangladesh. The results also show that household income,
as expected, increased the likelihood of greenhouse adop-
tion. Household income is a good measure of farm capital
and therefore should have a strong correlation with adoption
of technology for agricultural intensification (Ogada et al.,
2014).

The importance of access to well-functioning markets for
agricultural development has been extensively highlighted
in literature. This study considered proximity to a paved
road and distance to markets as proxies for access to mar-
kets. Proximity is important since households located nearer
to input and output markets are expected to have higher ac-
cess to financial institutions and income-generating facilities
(medium size enterprises and off-farm employment) that can
enable them to buy inputs in a timely manner than house-
holds in remote places (Fafchamps & Shilpi, 2005). There-
fore, as expected, proximity to input markets was positively
associated with adoption of PFT. The finding is consistent
with other authors (e.g. Omiti et al., 2009; Fafchamps &
Minten, 2012; Aker & Fafchamps 2015; Mmbando et al.,
2015) who showed that transaction costs have an important
influence on farmers’ decision to adopt technology. The re-
sults however showed that the influence of distance to output
markets was not important. This could be explained by the
fact that most farmers in Kiambu County sold their toma-
toes at the farm gate to middlemen who transported these
to urban markets in Kenya’s capital city Nairobi. Addition-
ally, Kiambu’s proximity to Nairobi means that farmers in
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the County face less constrains in selling tomato compared
to their counterparts in far flung locations.

The results revealed that increases in credit amount would
increase the likelihood of PFT adoption consistent with
economic constrain paradigm of adoption (Sitomwe et al.,
2016). This is consistent with Dillon (2017), Burke et al.
(2018) and Melkani et al. (2019) who argue that in the pres-
ence of liquidity constraints, asset-poor households may be
dissuaded from entering into high-value agricultural activ-
ities due to lack of enough capital (and they did not have ac-
cess to credit) or capacity to cope with market risks. This
could explain why most open field tomato farmers con-
sidered greenhouse farming technology as being too expens-
ive and a risky investment. To reduce their income risk,
rural households may enter into low-risk, low-return activ-
ities. Similarly, FGDs indicated that there were perceptions
that OFS tomatoes were morphologically different in terms
of fruit weight, shape, skin texture, dry matter and succu-
lence – compared to those produced through PTF4. As a
result of these perceptions, consumer acceptance of toma-
toes produced in greenhouses is low. A similar perception
has been reported by Van der Spijk (2018) associated with
debates around genetically modified foods (GMOs). Con-
sumers in Kenya have been reported to have low acceptance
to GMOs mainly due to food safety concerns (Kimenju et
al., 2005).

Access to extension has the potential to minimize the risks
by reducing information asymmetries especially for resource
poor farmers (see for example, Sitomwe et al., 2016). How-
ever, access to government extension services had a negative
effect on adoption. The result could be explained by an ob-
served tendency of adopting farmers to rely more on green-
house suppliers for their extension needs than government
agencies. Additionally, the findings would be explained by
the presence of multiple extension providers, apart from the
government extension system given that the study area is cur-
rently characterised by pluralistic extension systems (Ateka
et al., 2019).

Overall, the results of this study indicate that farmers with
higher incomes and education attainment and with better ac-
cess to markets and credit are more likely to adopt PFT.
These findings suggest need for interventions to enhance
uptake of PFT among resource constrained farmers. Other
studies have shown that supporting farmers in groups can en-
hance adoption of greenhouse technologies among resource
poor farmers (Omoro et al., 2015; Van der Spijk, 2018).

4While morphological variability between OFS and PFT produced to-
matoes was not empirically examined, a number of key informants opined
that such differences relate to the management practices and the planted
varieties.

5 Conclusions

Protected farming has the potential to help farmers ad-
apt to climate change through higher yields and enabling an
all–year–round production. Despite this potential, and pro-
motional efforts by government and other stakeholders, the
adoption levels of PFT in the study area is low. This pa-
per characterised smallholder tomato farmers and assessed
the determinants of adoption for the greenhouse technology
in Kiambu, Kenya. The results showed that only three in
10 farmers had adopted PFT in their tomato enterprises, im-
plying that there is a significant potential for increasing the
adoption rate of PFT. The study found significant differences
in key demographic and household characteristics that have
an implication on adoption. Adopters were statistically dif-
ferent from non-adopters on key variables including; age,
gender, education, income, land tenure arrangements, farm
size and access to extension.

The results of the probit model showed that age of the
farmer, farmers’ experience and education are the important
socioeconomic variables influencing the adoption of PFT.
The influence of these variables was positive which indicates
that supporting the accumulation of human capital among
smallholder households would enhance adoption of PFT. In
addition, household income was found to have a positive in-
fluence on adoption. Since the initial cost outlay for green-
house technology is high, it might be worthwhile for govern-
ment and other organisations to organise farmers into groups
and support them to access the technology. The findings fur-
ther showed that access to credit and input markets are the
important institutional variables influencing PFT adoption.
These findings point to the importance of improving farmer’s
access to financial and input markets as a strategy for enhan-
cing the adoption of PFT. While extension is an important
institutional factor that enhances farmers’ knowledge and ex-
perience and subsequently reduce information asymmetries,
our probit model showed that it did not positively influence
adoption decisions. Overall, the results of the present study
suggest that an integrated promotional strategy that accounts
for household heterogeneities and focuses on institutional ar-
rangements that support the accumulation of human and fin-
ancial capital would enhance PFT adoption.
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