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Abstract

Insect pest and disease damage contribute about 52% of the fruits losses in Kenya.
The Hot Water Disinfestation Treatment (HWDT) technology can reduce post-harvest
losses for mango and improve access to export markets. We investigate the willingness
to adopt and pay for the HWDT technology by mango farmers and traders and determine
the profitability of the mango production enterprise with the introduction of the
technology. Data were collected from 83 mango farmers and 40 traders in Machakos
and Makueni sub-counties of Kenya. Contingent valuation methods and the probit
regression model were employed in data analysis. Results showed that mango production
is profitable, with profits being potentially higher at bigger scales of production. To
promote adoption, implementation programs should consider group formation, gender,
experience, and scale of operation of the farmers and traders. Implementations,
therefore, should take into account the inherent differences among the production and
marketing participants.

Key words: Kenya, Machakos, Makueni, mango, Post-Harvest Disinfestation Treatment
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Introduction

Post-harvest losses present a threat to food security and nutrition, profitable
agriculture, and general livelithood improvement of farmers in developing countries
(Affognon et al., 2015). Thus, reducing postharvest losses is an emerging priority
for investment in agriculture. It is estimated that to eliminate hunger by 2050 in SSA,
47% of investments for this purpose should be directed to the post-harvest sector.

Like other countries in sub-Saharan Africa, Kenya loses about 40% of its produced
food to insect pests, diseases, and postharvest handling. The losses in the horticultural
sector alone are estimated at 50% with most of the losses taking place at the
production, handling and storage stages of the value chain (Ridolfi et al., 2018). In
the fruits sub-sector, postharvest losses are estimated at 40%—50% of the total harvest
(Government of Kenya, GoK, 2010; Affognon et al., 2015).

The horticulture sub-sector in Kenya has increasingly formed a significant part of
Kenya’s agricultural sector, as a major source of income, employment, food, and
export earnings. It contributes about 33% of the agricultural GDP and 38% of export
earnings (HCD, 2013). The horticulture sub-sector is considered a lucrative
opportunity for Kenyan farmers as well as the value chain participants. The cultivated
area of horticultural crops is steadily increasing, gradually replacing traditional crops
(HCD, 2017).

Fruits are among the most highly performing horticultural crops in Kenya, together
with cut flowers and vegetables (Match Maker Associates, 2017). Demand for fruits
is increasing, and there are matching efforts in production to satisfy the demand. A
recent increase in the volume of fresh horticultural exports has been attributed to an
increase in fresh fruit exports (HCD, 2017). Between 2011 and 2015, fresh fruit
exports increased by 70.5% from 27,100MT to 46,200MT (HCD, 2015, 2016).
Mango is ranked the second most valuable fruit after bananas, contributing about
21% of the total value of fruits annually between 2015 and 2017 (HCD, 2016,
2017), and 19.4% of total fruit exports between 2015 and 2016 (HCD, 2015,
2016).

While the production of mango has been steadily increasing, the potential production
is yet to be achieved (HCD, 2017). High post-harvest losses significantly reduce the
quantity of produce available for processing and export (Gitonga et al., 2010; USAID-
KHP, 2015; Muriithi et al., 2016). About 52% of the loss is attributed to insect pest
and disease damage, while the rest is caused by the small size of the mango fruits,
immature harvesting, mechanical damage during harvesting, over-ripening and poor
markets (Gitonga et al., 2010; Ndaka et al., 2012). One of the most devastating
2
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insect pests are the tephritid fruit flies (particularly, Bactorocera dorsalis (Hendel)).
The pest directly reduces the yield and quality of mango but is also classified as an
A1 quarantine pest, thus restricting trade and access to regional and international
export markets. Therefore, the fruit fly is a major threat to the livelihoods of the
mango growers, especially women who represent the majority of the farming
community in Kenya and SSA in general (Lutomia et al., 2019).

In a bid to improve farm-level productivity as well as facilitate access to diversified
markets, the International Centre of Insect Physiology and Ecology (ICIPE), through
public-private partnerships (PPP), has disseminated pre-harvest integrated pest
management (IPM) technologies targeting the tephritid fruit flies (Ekesi, 2016; Muriithi
etal.,2016). However, pre-harvest management techniques seldom give 100%
freedom from infestation by fruit flies (Ndlela et al., 2021). Thus, post-harvest
techniques such as fumigation, irradiation, controlled atmosphere storage, cold
treatment and heat-regulated post-harvest treatment are available foruse in disinfesting
fruit. The post-harvest treatment provides quarantine assurance to importing, countries
that commodities are free from devastating quarantine pests such as B. dorsalis
among others. Hot Water Disinfestation Treatment (HWDT) has been touted as an
economically viable option for disinfesting mangoes against B. dorsalis and to this
effect, protocols have been developed for adoption by the horticulture sector ( Ocitti
etal.,2021; Mwando et al.,2021). Preparations are at an advanced stage to establish
the first HWDT facility in Kenya.

Like other new technologies and innovations in agriculture, future adoption rates of
the HWDT are expected to be determined by various factors including economic
feasibility as well as farmer and farm characteristics. Preliminary studies on willingness
to adopt and pay for HWDT, are therefore necessary to guide efforts towards
improving future adoption and sustainability. This study focused on the post-harvest
HWDT for mango and aimed to (i) determine the willingness of mango farmers and
traders to adopt and pay for the post-harvest disinfestation treatment technology,
and (i1) Assess the profitability of the mango production enterprise with HWDT
treatment technology.

Materials and methods

The study employed contingent valuation methods to assess farmers’ willingness to
adopt and pay for the HWDT technology. In addition, the probit regression model
was used to determine factors that influence potential adoption and willingness to
pay for the HWDT technology for mango, while gross margin analysis was used to
estimate the profitability of the mango production enterprises when using the HWDT
technology.
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Data sources

The data utilized in this study was obtained from mango farmers and traders from
Makueni and Machakos counties of Kenya. The two counties are the largest mango-
producing counties in Kenya (Onyimbo et al., 2022). Farmers in these areas face
high pests-related pre- and post-harvest losses. Muthini (2015) estimated the post-
harvest loss of mango in Makueni County to be about 30% of the total harvest.

From each of the two counties, one sub-county was purposively chosen, based on
the number of mango growers, namely Mwala Sub-county in Machakos County and
Kibwezi East Sub-county in Makueni County. At the Sub-county level, lists of mango
farmers were generated: For Mwala Sub-county, the primary list (sampling frame)
was obtained from a database of a previous study by ICIPE, on mango and citrus
(Midingoyi et al., 2019). The previous project had conducted a census of all mango
and citrus growers up to the village level in the sub-county, with the help of front-line
agriculture extension officers. For Kibwezi East Sub-county, the list of mango farmers
was obtained from the agricultural officers in charge of the sub-county. From these
lists, a total of 42 mango-growing households were randomly chosen from each of
the sub-counties, making a total of 84 mango farmers. Due to missing data and the
quality of responses, one observation was dropped, thus data from a sample of 83
farmers was utilized in the analysis.

For the traders, lists with mango traders’ contacts were obtained from multiple sources,
including farmers who provided lists of the traders who purchase mango from their
farms; the Horticultural Crops Directorate offices (HCD) in Kibwezi; key informants
(district agricultural officers); and references from mango traders. From the obtained
lists, a sample of 40 traders was randomly sampled.

For both mango farmers’ and traders’ surveys, data collection was done using semi-
structured questionnaires. Face-to-face interviews were conducted with farmers.
Due to the diversity of traders in terms of location, interviews were conducted by
telephone. Traders were contacted before the interview, and their consent was sought
after explaining the details of the study. For those who consented to give an interview,
appointments were arranged for the telephone interviews, based on convenience for
traders.

Data analysis methods

Determining the Willingness to adopt and pay for the post-harvest disinfestation
treatment technology

The Contingent valuation (CV) method is one of the methods used to calculate values
for products or services in which there are no clear market prices, and where revealed
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preference approaches are not feasible (Asindu, 2019). The Contingent valuation
method (also called the stated preference method) has its foundations in utility theory.
An individual/unit investigated attaches monetary values to items or services. The
value attached to this will depend on how utility is expected from an item or service
(Carson and Haneman, 2005). This method was deemed suitable for this study
because data on the use of the HWDT technology was not available, as the technology
is not in use yet, and responses of the farmers would solely have to be based on
perceived preference and expected utility to decide on willingness to pay for and
adopt the technology. This approach has also been used by other studies to elicit
willingness to adopt and pay for different technologies and services (Nyangau et al.,
2022).

To elicit information on the willingness to adopt and pay for the hot water disinfestation
treatment technology from respondents, the open-ended format of eliciting responses
was used (Carson and Haneman, 2005; Hoyos and Mariel, 2010; Ziolkowska and
Peterson, 2017). Respondents were first asked about their awareness of the HWDT
technology. Irrespective of the response, details of the hot water disinfestation
treatment technology were explained to them. This involved describing the technology,
its effectiveness, and potential benefits in terms of post-harvest loss reduction and
access to previously inaccessible markets due to quarantine policies.

After a thorough explanation and discussion about the HWDT technology, farmers
were allowed to ask questions and clarifications before being asked whether they
would be willing to adopt such a technology for the treatment of their mangoes. The
farmers who responded in the affirmative, were then asked whether they would be
willing to pay for the use of the HWDT technology. Then those that were willing to
pay, were asked to state the minimum and maximum amount of money they would
be willing to pay for a kg of their mangoes to be processed using the technology once
itis introduced.

Modeling determinants of farmers’ willingness to adopt and pay for the HWT
technology

It was assumed that a typical household maximizes the expected utility when choosing
to adopt the HWDT technology and when choosing to pay for it. The expected
utility maximization framework is assumed to represent investment and production
decisions made under uncertainty (Kassie and Holden, 2006). However, the utility is
not observed, and what is observed is the household’s choice of technology. This is
adichotomous choice where a farmer either chooses to take up new technology or
continues using the traditionally used methods and is normally analyzed by Binary
choice models (Verbeek, 2003). The models describe the probability that technology
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will be adopted. The main methods that have been used in adoption studies include
the logit, the tobit, and the probit (Greene, 2003).

The logistic regression model was used to determine the factors influencing willingness
to adopt the HWDT technology and the factors influencing willingness to pay for the

technology. Let U be an unobserved continuous variable, which is the expected
utility of the individual farmers from the adoption of/payment for the HWDT
technology. Instead of observing utility, we observe its dichotomous realization, the
adoption/payment status, where Y, = 1if U >0and Y, =0if U <0.Inthe logistic

regression, the outcome variable Y, (i = 1,2....n) follows a Bernoulli probability
function that takes on the value 1 with probability m,and 0 with probability 1- 7 .
Then =, varies over the observations as an inverse logistic function ofa vector x ,
which includes a constant and & -1 explanatory variables (King and Zeng, 2001).
Following King and Zeng (2001), Y Bernoulli (Y Ir, )

We then relate the true proportion p of adopters the HWDT technology to the value
ofa certain explanatory variable that explains adoption and non-adoption.

_ . _ P
Y—loglf(p)—lnl_p—,50+,3,-X1-+€ ............................................ @)

Where e is the variability not explained by the model, and .X; are explanatory variables.

The parameters are estimated by maximum likelihood, with the likelihood function
formed by assuming independence over the observations:

L(B|Y) =TTz, (1—7,)" " 1f we take logs and use equation 1,

1=

n

In LBY)=Y In(z)+ > In(l—7z,) ==Y In(l+e'2%7)

=1 {%,=0} i=1

Maximum-likelihood logit analysis then works by finding the value of Z that gives the
maximum value of this function, which we label S.
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Variables in the logistic regression model

The independent variables included in the logistic regression model include social,
economic, and institutional factors. Analysis was done at the household level. The
choice of variables was influenced by variables from related literature on the adoption
of agricultural technologies (Ogada et al., 2014;Acheampong, 2015; Turinawe et
al., 2015; Simtowe et al., 2016; Mesele et al., 2022; Oluwamayokun et al., 2022).
Specifically, the independent variables used in this study include: Age of the farmer
(years), percentage of male mango farmers, education of the farmer (years in formal
school), farmer’s experience in farming (years), farmer’s experience in mango
production (years), household size, dependency ratio, membership to farmer group
by the farmer, distance from home to the nearest all-weather road (Km), average of
the total area (acres) owned, proportion of owned land under mango production,
number of mango productive trees, whether farmer received training on mango
production (yes/no), and percentage contribution of mango income to annual crop
income.

The logistic regression model was run twice; first, the dependent variable Y, represented
a dichotomous variable on whether the farmer was willing to adopt the HWT
technology or not. Second, the dichotomous dependent variable was whether the
farmer would be willing to pay for their mango to undergo the hot water treatment
technology or not.

Profitability analysis of the mango production enterprises with and without the
HWDT technology
Technology adoption efforts are correlated with perceived financial gains associated
with technology use. For technologies to be successfully and sustainably adopted,
the benefits on the part of adopters have to outweigh the costs of adoption and use
of'the technologies.

To estimate the potential effect of the introduction of the HWDT technology on
profitability, we used the gross margin analysis method, and compared two scenarios.
The first scenario is the estimation of the gross margins of the mango production
enterprises, under the current production and trade conditions (using the collected
data). The second scenario is the one where the HWT technology has been introduced
and is in use. A major assumption in this second (adoption) scenario is that irrespective
of whether the HWDT technology is adopted by farmers or traders, the benefits will
trickle down to the farmers. To create the second scenario, the following assumptions
were made, based on data collected from both farmers and traders (Table 1).

Gross Margin (GM) per unit is commonly defined as the difference between Gross
Return (GR) and Total Variable Cost (TVC) (Kay and Edwards, 1994). Gross
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Table 1. Assumptions used to create the scenario for the effects of the introduction of HWDT
on farm-level profitability

Assumption Explanation Data source

Increase the market The reduced post-harvest losses Traders: The additional quantity of
for mango and the ability of the traders to mango traders are willing to purchase
handle larger quantities of mango. ifthe HWDT service is available to
increase the shelf life of the mango
Markets that were previously
closed to trade due to the
quarantine regulation are
expected to be available, further
fueling the demand for more
mango

Higher scales of ~ Due to increased demand farmers Farmers: Additional Amount of land

production for would be willing to allocate more  the farmers are willing to allocate to
mango at the of their land to mango production. mango production
farm level

We used these assumptions to estimate the potential profitability of the mango production
enterprise for farmers after the HWDT technology has been introduced as compared to the
scenario without the HWDT.

Return is calculated by multiplying yield by the price of the product, whereas Total
Variable Cost is the summation of all variable costs involved in the production. The
gross margin was calculated as:

GM =TR -TVC i “)

Where: GM, = Gross margin (KShs. Acre™ year™)
TR = Average total returns (KShs. Acre™ year)
TVC, = variable cost (KShs. Acre-1 year-1)

A positive (negative) gross margin indicates that the costs of production are less than
(exceed) returns.

Results and discussion

Socio-economic characteristics of respondents

Table 2 presents a summary of the selected socio-economic characteristics of the
entire sample. The majority of the interviewed farmers are small-scale, harvesting
about 12 tons of mango per annum. Farmers owned 7 acres of land on average, with
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Table 2. Socio-economic characteristics of respondents

Variables Pooled Willingness to Adopt HWT sample ~ Willingness to pay HWT sample (66)

sample (n=82)

(n=83)

Mean/ % No (n=14) Yes (n=68) t-test/ Chi2 No (n=7) Yes (n=59) t-test/Chi2

Age of the 60.5 63.07 60.25 0.74 60.61 60.43 0.03
farmer (Years) (12.95) (8.92) (13.61) (14.29) (6.63)
% of male mango ~ 78.31 78.57 77.94 0.00 9.80 90.20 0.15
farmers
Education of the 8.37 7.07 8.59 -1.12 8.14 8.54 -0.21
farmer (years in (4.62) (4.36) 4.67) (4.92) (7.28)
formal school)
Farmer’s 29 34.29 28.04 1.70%* 29.29 28 0.25
experience in (12.60) (12.38) (12.52) (8.36) (13.16)
farming
Farmer’s 15.06 17.79 14.44 1.32 18.71 14.03 1.39
experience in (8.66) (9.70) (8.45) (13.10) (7.78)
mango
production
(years)
Household 4.90 4.71 4.90 -0.26 3.43 5.05 -1.62
size (2.39) (1.64) (2.52) (1.90) (2.56)
Dependency 0.38 0.34 0.39 -0.69 0.23 0.41 -1.66
ratio 0.27) (0.26) 0.27) (0.24) (0.28)
Membership 59.76 30.77 66.18 5.73% 11.0 89.0 0.08
to farmer (n=82)
group by the
farmer (1/0)
Distance 0.59 0.14 0.70 -1.73% 0.49 0.74 -0.51
from home (1.10) 0.27) (1.19) (0.68) (1.25)

to the nearest
all-weather

road (Km)

Average of 7.74 9.77 7.35 1.06 4.36 7.19 -1.20
the total area (7.72) (10.56) (7.09) (2.29) (6.16)

(Acres)

owned

Proportion 0.34 0.29 0.35 -0.93 0.50 0.33 1.77*
of owned (0.25) (0.27) (0.24) (0.24) (0.238)

land under (n=82)

mango

production

Number of 111.31 152.36 103.14 1.45 103.71 103.12 0.013
mango (115.32) (113.61) (115.48) (117.28) (117.30)

productive (n=81)

trees
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Table 2. Contd.

Variables Pooled Willingness to Adopt HWT sample Willingness to pay HWT sample (66)
sample (n=82)
(n=83)
Mean / % No (n=14)  Yes(n=68) t-test/ Chi2 No (n=7) Yes (n=59) t-test/Chi2
Farmer 53.16 30.77 56.92 2.97* 11.11 88.9 0.00
received (n=79)
training on
mango
production
(0/1)
% of the 41.77 45 4143 0.54 51.43 40.29 1.24
contribution (22.49) (24.18) (22.27) (33.38) (34.36)
of mango
income to
annual crop

income

Figures in parentheses are standard deviations. * indicate significance level at 10%. respectively

about 32% of that land allocated to mango production. The farmers have been
engaged in mango production for an average of 15 years, and their farms are fairly
established, with an average number of trees per farmer at 139. Eighty-one per cent
of the mango trees owned were in a productive stage. Results suggest that farmers
are increasing acreage under mango, with most of them having both productive and
non-productive young trees.

About 73% of the traders interviewed were operating in Nairobi city. The rest were
operating in the counties of Meru, Kiambu, Makueni, Mombasa, Machakos, and
Tharaka in 11 sub-counties. Twenty-nine percent of the traders interviewed were
exporters and 68% were wholesalers, with 26% doing both retail and wholesale
(Table 3).

Potential adoption of the hot water disinfestation treatment for mango

Willingness to adopt the hot water disinfestation treatment technology
Seventy and 39% of farmers and traders, respectively, mentioned that they would
adopt the technology as soon as it was available, while 12% and 18%, respectively,
would adopt the HWDT technology at a later stage (Fig. 1). However, the proportion
of those who would not adopt the technology was also quite high, especially for
traders (42.1%). These results suggest that although initial adoption rates are
promising, more work is needed to ensure higher adoption rates.
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Table 3. Socio-Economic characteristics of mango traders

Characteristic Mean (Percentage) (n=38)

Area of operation: Percentage operating in Nairobi 73.68

% of exporters (vs domestic traders) 28.95

% of wholesalers (vs retail traders) 68.42

% of those doing both retail and wholesale 26.32

Experience in trading agricultural produce (years) 15.22

Experience in trading mango (years) 14.37

Estimated percentage of exported mango (n=27) 30.2

% of income from mango trade (n=20) 54.76

% of traders whose sole source of income is mango trade 42.86

Whether the HWT technology Whether the HWT technology

will be adopted will be adopted
(Farmers (n=82) (Traders (n=38)

® Yes, immediately * Yes, immediately
= Yes, but at a later stage * Yes, but at a later stage
* No « No

Figure 1. Adoption potential of hot water post-harvest disinfestation treatment
technologies.

Willingness to pay for the hot water disinfestation treatment technology

For both traders and farmers, over 80%of those who were willing to adopt the
technology were also willing to pay for it (Table 4). Over 68% of the traders were
willing to handle larger quantities of produce if the market and higher shelf life are
assured. Nearly 90% of the farmers reported willingness to pay to use the HW/DT
technology, while slightly over 80% of the traders were willing to pay to use the
technology (Table 4). Both traders and farmers are willing to pay an additional price
of about 3K Shs per Kg of mango to be treated. Compared to the improved varieties,
both farmers and traders were willing to pay less (less than 0.4 KShs per Kg) for the
use of the HWDT on local mango varieties. These results suggest that the adoption
ofthe HWT for local mango varieties may not take off due to the low value and

demand of the variety.
11
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Table 4. Willingness to pay for produce to undergo HWT technology

Farmers Traders
% of respondents willing to pay to use the HWT technology 89.4 833
(Farmers n=66; Traders, n=24)
Minimum price respondents are willing to pay Per Kg for 2.1 2.3
improved variety (KSHS) (Farmers, n=51; Traders, n=18)
Maximum price respondents are willing to pay Per Kg for 39 4.0
improved variety (KShs) (Farmers, n=50; Traders, n=18)
Minimum price respondents are willing to pay per Kg for 0.2 0.1
local variety (KShs) (Farmers, n=29; Traders, n=17)
Maximum price respondents are willing to pay Per Kg for 0.5 0.1
local variety (KShs) (Farmers, n=29; Traders, n=17)
% of respondents willing to allocate additional area/land to 73.7
mango production immediately (n=57)
% of respondents willing to allocate additional area/land to 7.0
mango production at a later stage (n=57)
Amount of additional land that can be allocated to mango 1.5
production (acres) (n=48)
% of respondents willing to increase traded quantities of 68.4
mango (n=38)
Estimated percentage increase in quantity exported (n=28) 16.6
Estimated percentage increase in domestic quantities of 18.3
mango traded (n=27)
% of respondents willing to purchase hot water treatment 7.9
machinery for their own use at all costs (n=38)
% of respondents willing to purchase hot water treatment 44.7

machinery for their own use depending on affordability
costs (n=38)

Determinants of farmers’ willingness to adopt and pay for the HWT technology
Results on factors that influence whether farmers would be willing to adopt the
technology once it is introduced, or whether they would be willing to pay to use the
technology are presented in Table 5. Results indicate that the age of the farmer and
distance from home to the nearest all-weather road (Km) influence both the willingness
to adopt (WTA) and willingness to pay (WTP) for the hot water treatment technology.
Forboth WTA (P<0.1) and WTP (P<0.01), the age of the farmer negatively influences
the decisions. However, the squared value of age has a positive influence on both

12
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Table 5. Determinants of Farmers’ willingness to adopt and pay for the HWT technology

Independent variables Willingness to Willingness to
Adopt HWT pay for HWT
Technology Technology
Coefficient Coefficient
(std. error) (std. Error)
Age of the farmer (years) -0.785%* (0.439) -2.682%*%(1.04)
Age of the Farmer (squared) 0.006* (0.004) 0.022**(0.009)
The farmer is male (1/0) -2.460**(1.247) 2.751(1.734)
Education (years in formal school) 0.264** (0.130) 0.020(0.200)
Experience in mango production (years) -0.180(0.21) 0.901**(0.369)
Experience in mango production (years) 0.003(0.005) -0.023** (0.009)
(squared)
Dependency ratio 0.196 (1.813) -3.341(2.34)
Membership to farmer group (1/0) 2.063**(0.965) -2.53(1.7)
Distance from home to the nearest 2.526* (1.478) 0.924** (0.426)

all-weather road (Km)

Size of land (Acres) owned
Proportion of land owned under mango
cultivation

Farmer received training on mango (0/1)

production

% of the contribution of mango income to

annual crop income
Constant

Chi2

Pseudo R2

n

-0.079** (0.040)

0.393 (1.068)

-0.019(0.023)

26.379%* (13.117)

22.800
0.358
77

-6.176* (3.38)
2.049(1.504)

-0.043*(0.025)

79.080%* (33.702)

31.333%**
0.446
63

Figures in parentheses are standard errors. ***, ** and * indicate significance level at
1%, 5% and 10%, respectively

WTA (P<0.1) and WTP (P<0.05). These results suggest that younger farmers are
neither likely to adopt nor be willing to pay for the HWT technology. However, the
older the farmer, the more likely they are to adopt and pay for the technology. Results
further indicate that farmers who are located far away from an all-weather road are
both more likely to adopt (P<0.1) and pay (P<0.05) for the HWT technology. This
finding is contrary to the findings of some adoption studies (e.g. Turinawe et al.,
2014), which commonly indicate that the farmers who adopt are normally those
located near infrastructures such as roads and input and output markets. Farmers
that are located far away from roads and markets, typically sell their produce at
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cheaper prices. Its is likely that those located far away consider the HWDT technology
to be an opportunity to get better prices for their mangoes.

The likelihood of adopting the HWDT technology is significantly lower (P<0.05)
when the farmer is male compared to when they are female. This finding is unexpected
and counter intuitive. Studies (such as Barungi et al., 2013) have found that adoption
of agricultural technologies is more likely to take place with male farmers and male
household heads, due to comparatively better access to resources that facilitate
adoption such as labour and capital. Educated farmers are more likely to be willing
to adopt hot water treatment technology than the less educated (P<0.05). Adoption
is associated with the availability of knowledge, and the ability of the recipient to
digest the knowledge and put it into use. Education, therefore, facilitates this process.

Relatedly, membership to a farmers’ group was found to positively (P<0.05) influence
the willingness to adopt the HWDT technology. Farmer groups are some of the key
fora and quick pathways through which agricultural technologies can be disseminated.
It is therefore expected that farmers who are organized in groups have faster access
to agricultural technologies as well as the information necessary to encourage adoption.
Earlier, Sidibe (2005) found that adoption of coil conservation technologies was
more likely for farmers who were in groups.

The size of land owned is negatively associated with willingness to adopt the HWDT
technology (P<0.05). The larger the size of land owned, the less likely a farmer is to
adopt the technology. Land ownership is normally taken as a sign that farmer resources
are required in agricultural investments, including technologies. Therefore, the negative
sign on the size of land owned was unexpected.

Further, on the part of the willingness to pay for HWT Technology and influencing
factors, results in Table 5 indicate that years of experience in mango production are
positively associated with willingness to pay for the HWDT technology (P<0.05).
Farmers with years of moderate experience in mango production are likely to be
willing to pay for the technology. However, results indicate that as the years of
experience increase, the influence of years of experience on willingness to pay for the
technology turns negative (P<0.05). This means that farmers who have been doing
mango production for a long time are not likely to be willing to pay for the technology,
although experience is a key factor in willingness to pay for the technology.

Results further suggest that farmers having a big proportion of land covered by mango
production are less likely to be willing to pay for the technology. This is related to the
finding that farmers whose income is comprised of a high percentage coming from
mango production are not likely to be willing to pay for this technology. In this context,
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it is possible that the new technology is seen as a source of risk for the farmers, yet
the stakes are high for their livelihoods as they largely depend on mango production.

Profitability of mango production and Potential profitability after the
introduction of the hot water Disinfestation Treatment technology

Gross margins analysis results for the mango farmers are presented in Table 6. In
addition, results based on the approximation of potential profits for farmers after the
introduction of the hot water treatment technology are presented in the same table.
Estimated results of the potential profitability were based on adjustment of the following
variables: 1) Gross production per year was estimated by increasing production
using the percentage by which farmers are willing to increase land under mango; 2)
Mango production per acre was estimated by dividing the quantity generated in 1)
with the total new acreage. Total new acreage was generated as the sum of the land
size under mango by the time of the study, plus the additional land size which farmers
were willing to allocate to mango production. 3) The same price for mango as elicited
from the farmers was used since it was assumed that the purchase price for mango
would not change. 4) Production costs included all the costs involved in maintaining
and producing mango including all agrochemicals and labor. The simulated gross
margins after adoption, also included costs required to establish a mango plantation
on the additional acreage that farmers were willing to establish mango on.

Generally, the results indicate that the mango production business is profitable for the
farmers. A farmer can get 81,982.57 KShs per acre per year. However, the data
from the farm shows that the majority (44.7%) of the farmers are operating mango
production at a small scale of less than an acre. This can be seen from the gross
margins that are elicited based on actual production, where they are seen to be lower
than those of one acre. Comparatively, results indicate higher margins for the simulated
case of potential profitability for the mango farmers after the introduction of the HWDT
technology: Farmers would get positive margins after the introduction of the technology.
Irrespective of whether it is the farmers or traders who use the HWDT technology,
farmers benefit through increased production and sales as a result of increased demand
from traders. It’s also important to note that the margins based on total acreage for
the post-HWDT technology introduction case are higher than the estimated margins
based on actual production. This is an indicator that mango farmers could increase
their gross margins further, by increasing their scale of production. With the seemingly
potential increase in demand, this is a plausible possibility for farmers. It is also
important to note that in both cases the gross margins reported are a possibly lower
estimate of the actual scenario because of farmers in the sample who have negative
margins. Potentially the profits of the farmers could be higher than the presented
figures if all farmers operate above break-even levels.
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Table 6. Comparative gross margins for two scenarios: Current mango production,

and post-HWT technology introduction

Net investment requirement (Outflows) Current mango After the
production introduction
(BAU) (n=82) of the HWT
technology
(n=48)
Production (Kgs)
Gross production (Kg) per year 12,329.52 102,225.4
(33,820.28) (593,583.2)
Mango production per acre (Kg) per year 23,879.3 (35,029.98)
(147,171.3) (19,0418.4)
Price (Kshs)
Price per unit (Kg) 2.812 2.812
(2.088) (2.088)
Revenues (Kshs)
Total revenue based on total harvest/ year 45,969.09 487,374.6
(139,930.3) (301,1642)
Total revenue per acre/year 100450.3 498,068.8
(743160.1) (3,029,691)
Costs related variables (Kshs)
Total costs of production incurred/farmer 34,073.37 66,138.42
(66,877.87) (111581.2)
Average costs of production/acre 18,3355 21,608.63
(22,675.66) (27492.72)
Costs of establishment on additional land - 34,288.96
(53,751.99)
Cost of establishing mango on the additional - 27785.96
land/acre (26367.35)
Gross margins (Kshs)
Gross Margin for total production 11,895.72 397,641.4
(146,122.6) (2,968,260)
Gross margin/acre 81,982.57 116,588.4
(730,468.5) (956,327)
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Conclusion

Mango production is a profitable venture for farmers, and profits are potentially
higher at bigger scales of production. However, this will only be possible if there is a
ready market for the produce. The hot water disinfestation treatment technology can
facilitate access to such markets by allowing access to previously inaccessible markets
due to quarantine restrictions. HWDT technology facilitates the treatment of fruits to
the required standards.

It is clear from the results that farmers are willing to adopt the HWDT technology
and there is willingness to pay by a majority. However, given that the number of
those who are willing to adopt is slightly higher than that of those willing to pay, this
implies that cost implications for using the technology may affect the adoption rate.

There are several factors to take into account as the technology is rolled out. These
factors would facilitate the fast diffusion of the technology and thus the spread of'its
positive effects. These include taking into account the role of groups in the dissemination
of the technologies, as well as the differences in socio-economic characteristics,
notably, gender, education, experience, and scale of operation.

It is noted that there are inherent limitations that come with the use of small samples,
particularly in a quantitative analysis such as this one. While our findings provide very
valuable insights, a small sample size may not fully capture the complexity and variability
within the population of interest. The results should therefore be interpreted with this
in mind, as they may lightly under- or over-estimate the variables of interest.
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