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ABSTRACT

With increased climate-related challenges, beekeeping practices need to adopt climate-smart
technologies to ensure high colonization rates and security against human and animal destruction.
This study assessed beekeepers’ perception of the suitability of bee hive technologies for honey
production. The study tested the hypothesis that improved bee hive technologies do not increase
honey production. A multinomial Logit (MNL) regression model was used to analyze data from 428
randomly selected beekeepers in 2 sub-counties each of Kajiado and Nyandarua Counties where
the Kenya Climate Smart Agriculture Project (KCSAP) is being implemented. Most beekeepers
preferred the Kenya Top Bar hives (41%) and the Langstroth (36%). Based on the significant MNL
at P < 0.01, this study concluded that honey productivity is influenced by the preference of the
bee hive types. There is a need for enhanced training in beekeeping on climate-smart practices to
increase the adoption of improved hive technologies and honey production.
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1.0 Introduction

Beekeeping plays an important role in enhancing food security, economic growth, biodiversity
conservation, and community livelihoods (Chazovachii et al., 2013). According to Chesang et al.,
(2024), economic and social factors, including employment creation, land productivity, and
improved economy, play a significant role in the likelihood of residents. According to Feketéné
Ferenczi et al., (2023), beekeeping is a positive externality for environmental sustainability and
contributes to the ecological balance and pollination, which are essential for agricultural
productivity. According to Bond et al., (2021), honey production can be increased through the
reduction of bee movement stresses in search for forage with the planting of bee flora where the
bee hives are located. Teklay (2011) recommends the introduction of drought-resistant bee flora
species in the dry season, especially in cultivated rain-fed land close to the bee hives. When honey
bee colonies are crowded together, competition for forage resources can result in a decline in
honey production and colony health, which is resolved by the beekeepers establishing diverse bee
forage on their farms that provide good honey production resources all year round (Abbott 2018).
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The effects of climate change are being observed on ecosystems and species in all regions of the
world due to the rise in global mean temperature (Leemans & Eickhout 2004). Farmers are
amongst the most vulnerable and affected communities exposed to the effects of climate change
and climate variabilities (Thorlakson & Neufeldt 2012). According to Cui and Corlett (2016), climate
is @ major control on the distribution of bees and influences the services they provide. According
to Bond et al., (2021) the intensity of bee pollination services varies widely across regions, by crop,
and even within the same crop family in different locations, this explains why there are variations
in bee colonies. When bees move long distances in search for forage there is a reduction in honey
production because it is associated with increased colony stress and loss. According to Wright et
al., (2015) the abundance of bees declined with increasing distance from areas of high forage
density. According to Bond et al., (2021) bee movement stresses in search for forage can be
mitigated with the planting of bee flora where the beehives are located. Planting forage could
provide more optimized foraging landscapes for pollinators (Donkersley 2019). Teklay (2011)
recommends the introduction of drought resistant bee flora species and set flowers in dry season
especially in cultivated rain-fed land.

Climate-smart housing technologies have been proven for high-quality honey and enhance climate
resilience in beekeeping. The housing technologies insulate the bee colonies against harsh
weather conditions and promote hive security from thieves and honey badgers. The location of
the houses depends on the distance from established pastures. Integrated and enriched bee
pastures have a direct implication on quality and improved bee health due to availability of high
nutritious bee flora.

According to Bond et al., (2021), beekeepers can benefit from the services provided by bees by
providing framed bee hives, managing the honey collection, inspecting hives and quickly treating
any diseases and mites, and controlling colony size and numbers through hive size manipulations.
In addition, understanding the challenges specific to the ecological zone is essential for ensuring
site-specific solutions are put in place. Beekeeping in arid and semi-arid lands (ASALs) is
constrained by high temperatures, predators e.g. honey badgers, and conflict with livestock
keeping (Mburu et al., 2017). On the other hand, beekeeping in highlands and wet areas is
constrained by wetness, safari ants, theft, and low temperature hence the reduced number of
harvests as the bees do not go out to forage much during the cold seasons (Rinderer & Hellmich
2019).

About 80% of honey produced in Kenyan ASALs comes from log hives. The hives are often
preferred due to reduced absconding during the hot seasons. However, due to the nature of the
hives with no separation between the brood chamber and honeycombs, brood and honey mix
during harvest, which leads to low honey quality. According to Wambua (2015) beekeepers who
used modern hives had higher honey production and management of the hives was easier, with
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Langstroth hive perceived as being among the most popular modern framed hive and is used in
various parts of Kenya. The frames of the Langstroth hives are strong which minimizes breakage,
and when the honey is extracted they are returned to the hive leading to less cost in replacing the
frames. Use of a queen excluder further increases honey and enhances honey quality (Wambua
2015). Bee housing is important for increased safety, colony management, temperature
management and hence results in increased occupancy and hence increased hive products as well
as pollination services, (Kebede & Adgaba 2011).

The Kenya Top Bar hive has been tested and validated for high-quality honey production with an
emphasis on the affordability and availability of bee hive construction materials. The construction
materials are modeled to insulate the bee colonies against harsh weather conditions and also
promote hive security from thieves and honey badgers. Providing the honey bee colonies with an
insulation material helps to reduce the internal temperature without preserving the continuous
evaporation of water, improving the efficiency of bees in converting resources to honey and other
hive products (Abou-Shaara et al., 2013). A percentage increase in modern hive type causes an
increase in the quantity and quality of honey produced (Vural & Karaman 2009). Honey yield
doubles in hives placed near forage sources compared to those established far away from forage
sources (Sande et al., 2009).

The placement of hives should protect the colonies from harsh weather and reduce the distance
to preferred bee flora. With increased climate-related challenges, bee hives need to be climate
smart to ensure high colonization rates and security against human and animal destruction. The
quantity and quality of honey is directly tied to the floral resources available throughout the
growing season (Simanonok et al., 2020).

Planting forage could provide more optimized foraging landscapes for pollinators, leading to
increased agricultural production, as bees provide pollination services and maintain the ecosystem
balance (Donkersley 2019).

The objective of this study was to assess beekeepers' preferred climate-smart bee hive
technologies for increased honey production. Bee housing is hypothesized to influence the
guantity and quality of honey and ease of harvesting hence contributing to pollination as an
ecosystem service. How smallholder beekeepers perceive the suitability of climate-smart bee
hives and bee housing technologies for honey production is not well known. This study contributes
to the lack of knowledge in literature by assessing beekeepers’ perception of the suitability of
climate-smart bee hives technologies for honey production. It contributes to knowledge of
farmers’ perception of using climate-smart bee hive technologies with increased honey
productivity. The hypothesis that using climate-smart bee hive technologies does not increase
honey production was tested. This study informs policy on the type of climate-smart bee hive
technologies that are suitable for increased honey quantity and quality.
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2.0 Methodology

2.1 Study area

The study was conducted in Kajiado and Nyandarua counties, purposively selected since the Kenya
Climate Smart Agriculture Project (KCSAP), on which this study is based, was upscaling apiculture
climate-smart agriculture practices in the counties. Among the key objectives of the project was
to validate the suitability of indigenous and modern bee housing technologies in the two counties.
Kajiado County comprises semiarid grassland with insufficient rainfall to support rain-fed
agriculture with a few isolated pockets with higher elevation and greater precipitation at the
foothills of Kilimanjaro and Ngong hills. Agriculture covers a small percentage of the land area,
mostly dominated by livestock rearing and wildlife. The rainfall is bimodal with an average of below
500 millimeters over much of the area while Kilimanjaro and Ngong hills receive a little more than
750 millimeters on average. Kajiado County faces interconnected challenges of ecological
sustainability, food security, and economic empowerment (Huho et al., 2024). Beekeeping has
emerged as a promising solution in the County with the potential to address challenges of
ecological sustainability, food security, and economic empowerment.

Nyandarua County has an average elevation of 2,216 m asl, ranging from lows of 1,407 m asl to
the highest point at 3,975 m asl. The County has good climate quite favorable for diverse
agricultural activities. The county has five constituencies: Ol Kalou, Kinangop, Kipipiri, Ndaragwa,
and Ol Joro Orok, and 25 wards (Mukami (2018). It has a population of 596,268 and an area of
3,304 square kilometers according to the 2009 general census. Because of the bee flora available
from the crops grown in Nyandarua County, beekeeping is thriving well. Because of climate
change, the adoption of bee farming in Nyandarua County has been on the reduction.

Beekeeping is relatively new in both Counties and beekeeping was identified as an enterprise for
enhancing resilience to climate change by the communities. In both Kajiado and Nyandarua
counties, climate change and environmental degradation have been found to influence
production, harvesting, collection, storage and marketing of honey, (Mugo et al., 2015).

Kajiado West and Kajiado Central Sub-counties in Kajiado County and Kinangop and Ol'Joro Orok
Sub-Counties in Nyandarua County were purposively selected for this study.

2.2 Sample size

2.2.1 Sampling and data collection

Multistage sampling was employed in this study within the Counties. In the second stage, Kajiado
West and Kajiado Central Sub-Counties in Kajiado County and Kinangop and Ol'Joro Orok Sub-
Counties in Nyandarua County were randomly selected based on presence of apiculture farmers
in the 4 Sub-Counties. In Nyandarua County beekeepers were sampled from Githabai and Magumu
wards in Kinagop sub-county; and Gatimu and Weru wards in Ol'joro Orok sub-county. In Kajiado

URL: https://ojs.jkuat.ac.ke/index.php/JAGST 96

ISSN 1561-7645 (online)
doi: 10.4314/jagst.v23i5.6



https://ojs.jkuat.ac.ke/index.php/JAGST
https://doi.org/10.4314/jagst.v23i5.6

Journal of Agriculture Science & Technology JAGST 23 (5) 2024, 93 - 111

Climate-Smart Beekeeping in Kenya

county beekeepers were sampled from Ewuaso Oonkidong'i, and Keekonyokie wards in Kajiado
West sub-county; and in Dalalekutuk, ldamat, Matapato North, and Purko wards in Kajiado central
sub-county.

The following formula was used in determining the sample size for an unknown population for this
study (Cochran 1963),

zxstd dev

Margin of error

Where:

n = the desired sample size from an unknown population

z = confidence interval of the unknown population divided by 2 and checked from the z table 2.98.
Standard deviation of the population was 3.47

Margin of error for the unknown population at 95% confidence interval is 0.5.

2.98%3.47
0.5

n=( )2 =427.7

n= 428

Since there was no sampling frame for the beekeepers in both counties, the third stage entailed
random identification of the first beekeepers. Identifying the possible number of beekeepers
within each ward, assigning them proportionately to the respective villages, and using snowballing
to get the targeted respondents. In Nyandarua county 245 beekeepers were interviewed and in
Kajiado county 183 beekeepers were interviewed. The selected beekeepers were visited by
trained enumerators for computer-assisted personal interviews (CAPI) using a pretested semi-
structured questionnaire programmed in open data kit (ODK).

2.3 Theoretical framework

This study is based on the random utility model (RUM) which assumes that the beekeeper chooses
the climate-smart beehive technology/(ies) of their preference and maximizes the quantity of
honey produced subject to the prevailing conditions including climatic factors, management
practices, market availability, among others. If the quantity of honey produced using a given
climate-smart beehive technology is lower the beekeeper will opt for a climate-smart beehive
technology that maximizes the production of honey. The beekeeper has incomplete information
and therefore uncertainty has to be taken into account. According to Muriithi (2021), using one
climate-smart beekeeping technology is an option for a household. In the case of this study, the
objective is to classify the households based on the value of the given predictor variables,
therefore, Multinomial Logit (MNL) was considered the best standard method for empirical
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estimation. In addition, the outcome variable is nominal, further justifying the use of the MNL for
analysis.

2.4 The model specification and estimated effects of the independent variables

The Multinomial Logit model is the standard method for estimating unordered, multi-category
dependent variables which allows for analyzing data where participants are faced with more than
two choices (Gujarati, 2005). The limitations of MNL include the restrictive Independence of
Irrelevant Alternatives (lIA) and taste homogeneity assumptions (Bhat et al., 2007). Despite its
drawbacks, the MNL method has the advantage of permitting analysis of multi-categorical
decisions by predicting probabilities of choosing the different options of the outcome variable
(Moranga et al., 2016). Abdallah and Vulcano (2021) studied the estimation of preferences under
a multinomial logit model (MNL), which has increasingly been applied in both industrial and
academic practices.

Smallholders’ decision to use beehive technologies is made based on their preference for the hive
technologies (Masten and Saussier 2000). Smallholder beekeepers prefer beehive technologies
that lead to higher honey productivity. Beekeepers’ preference for hive technology cannot be
directly measured but they are affected by the three major variables namely distance to the
nearest watering point for the bees, the occurrence of the plants the bees forage on, and the total
quantity of honey harvested (Alemu 2016).

Guijarati (2005) notes that when the dependent variable is an unordered categorical variable, as is
the case in this study, MNL is most appropriate. The Multinomial logit has been used in many of
the studies dealing with choice, other case examples include use in the choice of animal breeds
Murage and llatsia, (2010) and in determining the adoption of various milk marketing channels
(Mburu et al., 2007). According to Cattani et al., (2002), preference models based on the MNL
formulation are standard in marketing science applications and yield optimal pricing policies that
align with observed sales and pricing strategies of firms. This study, therefore, used the
Multinomial Logit model to get the preference of beekeepers in using beehive technologies. In
addition, analysis of variance (ANOVA) was used to determine the differences in the honey
harvested by hive type.

The decision by beekeepers to adopt the hive technologies is estimated, in which the choice of
using a given bee hive technology is a function of X composed of the three sets of characteristics:
the distance to the nearest watering point for the bees, the occurrence of the plants the bees
forage on, and total quantity of honey harvested. The assumption here is that a beekeeper
chooses a bee hive technology that maximizes his/her utility subject to several factors where
higher utility is obtained (Greene, 2003).

The model can be formally described as follows:
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Let Vi represent the beehive technology chosen by a beekeeper. Every beekeeper has several
distinct and mutually exclusive alternatives that are assumed to be contingent upon several
socioeconomic and institutional attributes, X;. The MNL model for the selection of a beehive
technology specifies the following relationship between the likelihood of choosing alternative V;
(i=0, 1..., J) and the set of exogenous variables X; hypothesized to influence choice (Alemu 2016).
Therefore, the preference for using a beehive technology is estimated using a multinomial logistic
regression model, following Alemu (2016) as:

_ep(BX)
>3 exp(BiX)”

Pr (Cj* =1) =123......m

Where C]* the preference of beekeeper j choosing alternative i

Beehive technologies i: 1 = Kenya Top Bar hive, 2 = Langstroth hive, 3 = log hive, and 4 = modified
hive.

Xi = vector of household, production, and beekeeping variables

Bi = the vector of coefficients associated with beekeeping

In the Multinomial Logit model (MNL), a baseline alternative, corresponding to the status quo is
chosen. This is because one of the options must always be in the respondents’ choice set to be

able to interpret the results (Hanley et al., 2001).

Table 1: Summary of independent variables and the expected signs

Variable Description and measurement of the variables Expected signs

County Categorical: 1= Kajiado County 2= Nyandarua County +/-

Education Highest level of education of the household head (Ordinal): (1 = Secondary and above, O = Below  +
Secondary school)

Years in beekeeping Time in years that beekeeping has been practiced (continuous) +

Plant occurrence for  Occurrence of the plants the bee forage on. +/-

bee forage Categorical: (1 = Grows naturally O = otherwise)

Quality of honey from  Perception on whether the quality of honey differs based on sources of flora. +/-

different sources Categorical: (0=No; 1=Yes)

Distance to the Distance to the nearest watering point for the bees in kilometres (continuous) +/-

watering point

Seasons when there  Are there seasons when there are no plants for the bees to forage on (0=No; 1=Yes) +/-

are no plants for bees
to forage on.

Sites and locations for ~ Preferred sites and locations for beekeeping +/-
beekeeping (1 = near food crop farm and 0 = otherwise)

Quantity of honey The average quantity of honey harvested in kilograms (continuous) +
harvested

Landsize The average size of land in acres (continuous) +/-

To test for multicollinearity among variables fitted in the MNL model, variance inflation factors
(VIFs) were calculated (Gujarati 2005). All the explanatory variables had a variance inflation factor
(VIF) less than 1.79 and a mean VIF of 1.35. With the explanatory variables having a VIF which was
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less than 1.79, multicollinearity was ruled out in the model. Multicollinearity exit if a model’s VIF
is greater than 10 (Gujarati 2005).

3.0 Results and Discussions

3.1 Household characteristics

There were more male than female beekeepers interviewed in all Sub-Counties. According to
Lydiah et al., (2019) ,the beekeeping sector remains largely underdeveloped because in many
parts of the country, it is still a male-dominated enterprise. The majority of the beekeepers in
Kajiado county are in their middle age, between 36 - 50 years while in Nyandarua county are more
than 50 years (Table 2), with a mean household size of 6 members across all 4 sub-counties. The
majority of the beekeepers had attained secondary education (Figure 1). In Kajiado West Sub-
county, among the beekeepers, 32% had tertiary education and 28% had no education, Figure 1.
The kind of education a person has attained helps in making decisions on the kind of technology
to use (Odini 2014). There were more youths in beekeeping in Kajiado county than in Nyandarua
county, Table 2. According to Bullock et al., (2023), the potential of the agricultural sector to
support youth is large with them engaging in rearing chickens, keeping dairy cows, pigs, and small
ruminants, and often rearing a multiple combination of species.

Table 2: Household characteristics of beekeepers in the 4 sub-counties (% of respondents)

Kajiado West Kajiado Central Kinangop Ol'Joro Orok

Variable Description
Gender of household % Male 70 74 83 89
head 26

youths (18 - 35 years) 30 23 6 9

36 -50years
Age categories of the 48 o1 36 36
household heads Over 50 years 23 26 58 55
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Figure 1: The highest level of education of the household head
Source: Survey Data

3.2 Preferred sites and locations for beekeeping

Majority of beekeepers interviewed in Kajiado West, Kajiado Central, and Kinangop Sub-counties
prefer sites and locations for beekeeping away from home while in Ol Joro Orok Sub-County (42%)
prefer sites and locations for beekeeping in the forest or natural woodland, Table 3. Honey
production positively correlates with the location of the hives, the decline in honey production is
due to poor equipment, deforestation, and apiary location (Malisa & Yanda 2016). Malisa & Yanda
(2016) recommend for beekeepers to prepare and provide food and water for bees, use framed
hives, increase the number of bee hives, and change harvesting methods and time for increased
honey production.

Table 3: Preferred sites and locations for beekeeping in each Sub-County (% of respondents)

Preferred sites and locations Kajiado Ol Joro
for beekeeping in each Sub-County Kajiado West Central Kinangop Orok

Near home 58 19 31 26

Near food crop farm 37 10 39 25

In forest/natural woodland 50 32 38 42

Away from home 62 53 51 40

In a bee paddock 21 9 18 6

Source: Survey Data

Among the respondents interviewed, 57% perceived that the quality of honey from different
sources differs, with a majority saying that the plants the bees forage on determine the differences
in the quality of honey, Table 4. According to De Beer et al., (2021) honey produced from other
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forage types differs significantly from that produced from crops. The difference in plant species
from which the honey comes causes differences in the quality of honey (Dobrinas et al., 2022).

Table 4: Beekeepers perception of determinants of honey quality in the 4 sub-counties

Sub counties (% of respondents)

_ . Kajiado Kajiado Kinangop Ol'Joro

Quality determinants Central West (n=157) Orok

(n=105) (n=78) (n=88)
Plants the bees forage on 65 79 61 57
The region where the honey is produced 44 26 35 51
Location of the hives 10 2 2 4
Type of hives 8 0 17 10
Management of hives 6 0 2 6

2 0 0 2

Time of harvesting the honey

Source: Survey Data

3.3 Beehive ownership

Majority of beekeepers in Kajiado West (65%) and Kajiado Central (52%) Sub-counties owned the
Kenya Top bar hive and Langstroth hives respectively. Ownership was more diverse in Nyandarua
County, majority of respondents in Kinangop (41%) and Ol Joro Orok (38%). All the bee hives are
owned by individuals in the 3 Sub-Counties while in Kajiado Central Sub-County 21% of the
beekeepers own the bee hives communally, Table 5. The determination of beehive ownership is
based on the ownership of the land where the beehives are nesting in the community (Daud 2021),
where ownership is having total control (Fiore 2022).

Table 5: Type of bee hives individually owned in the 4 sub-counties

Sub-county
Variable Description Kajiado West  Kajiado Central Kinangop Ol Joro Orok
n=78 n =105 n=157 n=_388
IerividuaIIy owned bee | angctroth hive 80% 159% 399 3%
hives
Kenya Top Bar hive
11% 60% 44% 40%
Log hive 9% 4% 10% 14%
Modified wooden hive
0% 21% 7% 23%

Source: Survey Data

Majority of beekeepers (at least 60% in Kajiado and 50% in Nyandarua) have their hives hanging
from trees. In Nyandarua, close to half of the respondents had an established apiary with stands.
Less than 10% of the respondents had bee houses established for their colonies (Figure 2)
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Figure 2: Positioning of beehives by interviewed households (% of respondents)
Source: Survey Data

The respondents attributed easy management to the Kenya Top Bar and Langstroth hives.
Beekeepers prefer improved hives because they are easy to manage, Table 6. According to Ande
et al., (2008) the Kenya Top Bar and Langstroth hives established bee colonies earlier than the
other hives making it easy for beekeepers to manage them. Beekeepers stock their hives with feral
colonies or hang empty log hives in trees to attract swarms of bees (Schouten et al., 2019).

Table 6: Reasons for the preferred hive types by the beekeepers

Reasons for the preferred hive types Kenya Top Bar hive  Langstroth hive Log hive f':/il\?edlﬁed
Easy management 88% 80% 56% 73%
More honey 59% 47% 39% 59%
Less absconding 39% 18% 25% 32%
Separates brood from honey 30% 39% 0% 16%
Easier harvesting 77% 71% 53% 55%
Less invasion by animal predators 15% 7% 6% 27%
Less invasion by insect predators 12% 8% 14% 25%
Better quality honey 19% 23% 255 16%

The beekeepers in Kinangop Sub-County mentioned that the main source of water in the region
comes from flowing rivers, with 57% of all the beekeepers in the 4 Sub-Counties reporting that
they physically provide water for bees in the dry seasons. The beekeepers struggle to keep their
bees during the dry seasons leading to low honey harvests hence they are forced to provide water
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for the bees (King et al., 2017). The average distance to the water sources for bees in Kajiado West
and Kajiado Central Sub-Counties was 1 kilometer while that in Kinagop and Ol'Joro Orok Sub-
Counties was 0.5 kilometers.

ANOVA was used to see if there were any significant differences between the quantity of honey
harvested by hive types. From the ANOVA results there was no significant difference in the
quantity of honey harvested from the various hives, as shown by the one-way ANOVA at P < 0.05,
Table 7.

Tables 7: Analysis of variance (honey harvested)
Quantity of honey harvested by hive type

Hivetype N Quantity
of honey
in Kgs

Langstroth 35 31.7a

KTBH 60 37.8a

Log hive 45 38.8a

F=2.791; p=0.042

3.3.1 Beekeepers' preferred climate-smart bee hive technologies for increased honey production
The highest level of education of the household head negatively and significantly affects the
preference for Log hive compared to the Kenya top bar hive at P < 0.05, Table 8. According to
Andaregie and Astatkie (2021) the level of education of the household head influences beekeeping
adoption. The length of time beekeeping has been practiced negatively and significantly affects
beekeepers’ preference for log hive compared to the Kenya top bar hive at P < 0.05, Table 8.
Depending on the length of time beekeeping has been practiced, the probability that a beekeeper
chooses the log hive over the Kenya top bar hive is negative 11 percent. Honey is harvested more
than once in the same year depending on the length of time beekeeping has been done and bee
management skills (Kumsa & Takele 2014). Beekeeping has been practiced since ancient times and
can act as an additional source of income for farmers in rural areas for poverty alleviation (Agera
2011).

The quality of honey from different sources differs significantly and positively affects the
beekeepers’ preference for a modified hive compared to the Kenya top bar hive, Table 8.
Beekeepers who produce different qualities of honey are more likely to prefer the modified hive
compared to the Kenya top bar hive, Table 8. According to De Beer et al., (2021) different regions
produce different qualities of honey, and honey produced from crops differed significantly from
all other forage types.
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Distance to the nearest watering point for the bees in kilometers significantly and negatively
affects beekeepers’ preference for Langstroth hive, and log hive compared to the Kenya top bar
hive at P < 0.1. Beekeepers who are near water points are less likely to prefer the Langstroth hive
and log hive compared to the Kenya top bar hive, Table 8. To encourage the visitation of bees,
beekeepers need to plant scattered trees and maintain a watering point in close vicinity because
the presence of watering points has a positive effect on bee species richness (Lentini et al., 2012).
According to Kinati (2022), Beekeeping is the cheapest eco-friendly approach to promoting the
conservation of natural ecosystems in the face of the growing human population and demand for
land limiting water access.

Seasons when there are no plants for the bees to forage on negatively and significantly affect the
preference for a modified hive compared to the Kenya top bar hive at P < 0.1, Table 8. There is a
probability of -8 percent for beekeepers to choose the modern hive over the Kenya Top Bar hive
during seasons when there are no plants for bees to forage on. When plant resources become
more available, foraging bees are capable of exerting significantly more active choice concerning
their pollen diet leading to increased honey production (Kajobe 2007). According to Wood et al.,
(2018), the flowering period of plants fills a forage gap and contributes to the diet of honey bees
and wild bees during a given season.

Preferred sites and locations for beekeeping positively and significantly affect the preference for
a Langstroth hive compared to the Kenya top bar hive at P < 0.01, Table 8. Beekeepers are more
likely to prefer the Langstroth hive compare to the Kenya Top Bar hive depending on the site for
beekeeping. Getting increased beehive activities and increasing honey production requires
locating apiary sites that are suitable for bees. Beekeepers prefer sites and locations for
beekeeping that have natural forage for the bees, mostly in forested and vegetative areas (Sari et
al., 2020).

The average size of land in acres positively and significantly affects the preference for a Langstroth
hive compared to the Kenya top bar hive at P < 0.05, Table 8. The average land size of a farmer
determines the rate of adoption of beekeeping because farmers are able to make beehives on
their land as they grow other kinds of crops (AYDIN et al., 2020).

Table 8: MINL parameter estimates for the preference of hive technologies (Kenya Top_Bar_hive
used as base outcome)

Most preferred hive type Langstroth hive log hive modified hive
- Robust - Robust - Robust
Coefficient. Std. Err. P>z Coefficient. Std. Err. P>z Coefficient. Std Err. P>z
County -0.463 0.446 0.299 0.002 0.641 0.998 -0.746 0.611 0.222
Highest level of education of the 0.049 0286 0865 -1571** 0636 0014 -0.143 0387 0711
household head
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Length of time in years beekeeping

0.077 0302 0799 -1141** 0501 0023 0.121 0451  0.789
has been practiced
Occurrence of the plants the bee -0.521 0351 0136 -0.39 0589 0504 -0.023 0508  0.965
forage on
Do you think the quality of honey from 0.960%** 0.278 0.001 1.031%** 0.466 0.027 0.855** 0.388 0.028
different sources differs
Distance to the nearest watering point -0.353* 0.198 0074 -0.441* 0234 0061 -0.162 0139 0245
for the bees in kilometers
Are there seasons when thereare noplants g 534 0289 0907 -0.141 0478 0768 -0.791* 0457 0083
for the bees to forage on
Preferred sites and locations for -1.000***  0.338 0.003 -0.648 0.483 0.181 -0.461 0.394 0.242
beekeeping
The average quantity of honey harvested g 139 0395 0725 -0.702 0591 0235 0.108 0545 0843
in kilograms
The average size of land in acres 0.008%* 0004 0021 0.005 0004 0195 -0.013 0011 0223
Constant 0.108 0588  0.854 -0.642 0788 0415 -0.566 0791 0473

n=333

LR Chi2 (18) = 73.76

Prob > chi2 = 0.0001

Pseudo R2 =0.1012

Log-likelihood = -359.89

*kk x* *significance levels at 1, 5, and 10 percent respectively

4.0 Conclusion and Recommendations

The most preferred hive was Langstroth hives because they had higher production, high
occupancy rates, and were easy to manage in cleaning, checking combs, and harvesting. From the
findings, climate-smart beehives had higher honey production and occupancy rates in both
counties. With the MNL results being statistically significant, this study concluded that beehives
that beekeepers prefer influence the honey produced. From the findings, beekeeping is
dominated by the male gender. The availability of bee forage makes beekeepers increase modern
hives on the farm leading to increased honey production. Honey that is produced from modern
hives is of high quality. When bees get forage and water readily available, there will be less
movement and honey production will increase. Beekeepers who have practiced beekeeping for
longer times will prefer to have hives that lead to increased honey production. Beekeepers prefer
hives that are adapted to the sites and locations for beekeeping.

More of the female gender are encouraged to venture into beekeeping for improved livelihoods.
Beekeeping training to be increased on climate-smart beekeeping among the beekeepers and
non-beekeepers for increased adoption of improved hive technologies and increased honey
production. During times when there are no plants for bees to forage, beekeepers are encouraged
to plant crops that will provide forage for the bees. Hives that are adapted to different sites and
locations should be made available for beekeepers. The national beekeeping institute to
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strengthen the capacity of beekeepers through climate-smart apiculture training for them to
embrace climate-smart beekeeping that increases honey production and conserves the
environment.
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