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A B S T R A C T

Proven and sustainable practices like climate-smart agricultural practices (CSAPs) need to be prioritized and
promoted for uptake especially by the farmers to achieve sustainable development. These are capable of
contributing to the realization of sustainable development goals through averting food and nutritional insecurity,
increasing and sustaining yields that translate into increased incomes and later reduced poverty. This is because
CSAPs enable farmers to adapt and mitigate climate change effects. However, due to inappropriate communi-
cation of CSAPs to the farmers, to date, some farmers still see no escape route from the frightening effects of
climate change and they are currently adopting a rather fatalistic attitude. This study investigated the information
dissemination pathways used by different categories of smallholder potato farmers for and practice of CSAPs. It
found a difference between information sources and practice of CSAPs at a 5% level of significance (χ2 ¼
100.12139, df ¼ 2, p < 0.05, Cramer's V ¼ 1.0), and a difference in the use of the three information dissemination
pathways between men and women at a 5% level of significance (χ2 ¼ 6.05949, df ¼ 2, p < 0.05, Cramer's V ¼
0.17406). The three information dissemination pathways included media, neighbors and friends, and extension
officers. Generally, farmers were aware and practiced the CSAPs investigated in this study except for irrigation
with high awareness yet with low uptake percentage and potato seedlings and minitubers both with low
awareness and practice respectively. This study recommended mainstreaming of CSAPs information.
1. Introduction

The consequences of climate change on people and agricultural pro-
duction have attracted global attention (Acosta et al., 2021; Amadou,
2020). Public, private, and non-profit development agencies have
broadened their scope to cushion farmers against the climate change
effects, more so on the smallholder farmers in Africa where the magni-
tude of the effect is exorbitant (Alliagbor et al., 2020; Derbile et al.,
2021). Dissemination and practice of climate-smart agricultural practices
(CSAPs) are principal strategies to cope with the impacts of climate
change (Alliagbor et al., 2020; Waaswa et al., 2021). The practice of
CSAPs portrays the potential to boost and sustain agricultural produc-
tivity and improve farmers’ resilience to climate change shocks (Arslan
et al., 2014; García de Jal�on et al., 2017; Martey et al., 2021). The
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practice of CSAPs is also a fundamental remedy in alleviating poverty,
food, and nutritional insecurity by improving agricultural output plus
incomes of farm families beyond Africa. For example, in the Sub-Saharan,
CSAPs are continuously being scaled up to adapt to climate change and
increase yields (Chirambo, 2018; García de Jal�on et al., 2017).

CSAPs are of a farm, international level, and of financial matters of
concern (Amadu et al., 2020). They are a present strategy to reposition
and modify agricultural systems to battle food and nutritional insecurity
under climate change. Climate change increases the inabilities of small-
holder farmers to meet their present and future needs by threatening
agriculture on which they solely depend for their livelihoods (Derbile
et al., 2021; Lipper et al., 2014). It reduces their resilience and copying
potential by destructing agricultural food systems (Ingutia, 2021;
Waaswa and Satognon, 2020). CSAP is an integrated and
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interdisciplinary approach tailored towards transforming and reposi-
tioning agricultural and food systems to promote growth and develop-
ment while cushioning food security against climate change (Chandra
et al., 2016, 2018). CSAPs relate to diverse production methods blended
as a unified strategy to complement one another to increase and sustain
agricultural outputs and incomes of the farmers (Food and Agriculture
Organisation (FAO), 2010, 2014). CSAPs do not certainly comprise of
new production methods and practices, but rather any technology used in
production with the ability to contribute to climate change mitigation
and suppression of its fatal outcomes on the agricultural and food systems
(Lipper, 2017).

This study defined CSAPs as any common farming production prac-
tice that has been reliably examined and deemed most reliable in
reducing or dismissing climate change effects on a given system, espe-
cially in potato production. Examples of CSAPs entail but not limited to
(i) drought-tolerant and high-yielding crop varieties, (ii) synthetic fer-
tilizers, (iii) rainwater harvesting and storage, (iv) agroforestry, (v)
irrigation, (vi) mulching, (v) composting, (vii) terracing, (viii) potato
apical rooted cuttings (potato seedlings), (ix) potato minitubers, (x) crop
rotation, (xii) intercropping, (xiii) drainage management and (xiv)
minimum tillage (Waaswa et al., 2021, p. 6). Since the rebranding of
some agricultural practices into CSAPs, some farmers react to climate
change by practicing these CSAPs on their farms (Nyongesa et al., 2019;
Wekesa et al., 2018). However, it's on record that farmers' choice of
CSAPs in Kenya has remained low and consequently resulting in
noticeable climate change effects on their livelihoods (Cavanagh et al.,
2017; Faling, 2020; Kogo et al., 2021). Several determinants including
methods used to reach farmers with the CSAPs messages as climate
change adaptation strategies are liable for the low uptake of the practices
proposed to farmers to sabotage the impacts of climate change on their
means of survival. These barriers constrain both the initial and aggregate
use of CSAPs (McCarthy et al., 2011).

Yet, the growth and development of Kenya's economy cannot be
achieved without sufficient investments to reposition the agricultural
sector (Faling, 2020). Most farmers in Kenya are smallholder farmers and
mostly rural dwellers of which 98% rely on rain-fed agriculture
(Ongoma, 2019). Climate change is anticipated to beget adverse effects
on the welfare and livelihoods of smallholder farmers especially in the
tropics, including Kenya (Derbile et al., 2021; Satognon et al., 2021a, b).
Poverty among smallholder Kenyan farmers is expected to heighten fol-
lowed by food and nutritional insecurity (Ambrosino et al., 2020).
Existing literature on climate change in Kenya implies that Nakuru
County comprises of Sub-Counties like Mauche and Gilgil that are most
exposed and insufficiently cushioned against stresses and shocks
accruing to climate change (MoALF, 2016).

The most certain way to lessen these consequences is by uptaking of
CSAPs. Research organizations, like Universities, the Kenya Agricultural
and Livestock Research Organization (KALRO), Non-government Orga-
nizations (NGOs), and Kenya's Ministry of Agriculture, Livestock and
Fisheries (MoALF) have come up with several CSAPs directed towards
enhancing farmers' climate change adaptation potentials (GoK, 2017;
Nyongesa et al., 2019; Satognon et al., 2021a, b). Sadly, farmers' uptake
of these practices remains low, discouraging additional research toward
CSAPs. Several studies on the uptake and practice of CSAPs normally
evaluate general factors determining farmers' use of CSAPs, without deep
investigations into individual information dissemination pathways used
for sourcing awareness on CSAPs and the differences in practice caused
by the information sources. Hence, an empirical investigation of the
different information dissemination pathways used by smallholder po-
tato farmers (with an emphasis on gender) for awareness and practice of
CSAPs. CSAPs information dissemination pathways among smallholder
potato farmers in Nakuru County and specifically Gilgil Sub-County have
not been adequately studied. Based on records, this article is the first
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investigation carried out in Gilgil to examine different information
sources used by different categories of farmers. This article provides a
guide to key players on the fundamental approach required to reach the
right farmers with the right CSAPs information to enable “preaching
beyond the choir”. This is expected to accelerate the uptake and high
extent of the practice of CSAPs among farmers.

Potato farmers formed the target population because potato is a staple
and cash crop in Nakuru County and is sensitive to adverse weather
conditions during its growth compared to other crops (Taiy et al., 2017).
Crop production in Nakuru is majorly rain-fed, and the irregular rains in
the study area sometimes lead either to drought due to extended water
curtailment or to floods due to extreme rains. Therefore, potato farmers
need more CSAPs to enhance and sustain yield. However, due to inap-
propriate communication of the CSAPs to the farmers, to date, some
farmers still see no escape route from the frightening effects of climate
change and they are currently adopting a rather fatalistic attitude (Singh
et al., 2018). This thinking emanates from unreliable, inconsistent,
inaccurate, and poor audience targeting with information on CSAPs that
tends to encumber its use (Mujeyi et al., 2020). However, communicating
the right information on CSAPs using the right dissemination pathways
for the right people may guarantee increased uptake, and once everyone
is reached, empowering all farmers including women will be the result.
Eventually, this will contribute to the realization of sustainable devel-
opment goals (SDGs) by presenting a longed solution to food and nutri-
tional insecurity, and poverty checks. All the earlier stated CSAPs by
Waaswa et al. (2021) were considered for this study.

1.1. Proof of climate change and effect on potato productivity

According to Ongoma (2019), the largest parts of Kenya receive two
rain seasons that is March to May (long rains), Figure 1, and October to
December (short rains), Figure 2. June to August are essentially cool and
dry months across most areas of Kenya except some areas on the western
side that receive some rains. January and February are characterized by
warm and dry conditions that are witnessed across the country.

There is a growing pattern in the irregularities of rains for both the
first and second rainy seasons as seen in figures one and two, respectively
(Dunning et al., 2016; World Bank, 2021). This partly accounts for the
recurrent crop failures reported by farmers (see Figure 5). Kenya has
experienced irregular rainfall patterns since the 1990s with a noticeable
rise in the temperature (World Bank, 2021). Experiencing warm tem-
peratures especially in months formerly characterized by rains proves the
prevalence of climate change. Rainfall and temperature climatic vari-
ables were regarded due to their significant effects on crop growth and
productivity. An examination of the time-order data of rainfall from the
World Bank Climate Change Knowledge Portal disclosed variation in the
average seasonal rainfall across years with considerable stability across
decades. Additionally, an examination of the temperature data covering
the years 1991–2016 shows the average temperature for both short and
long rainy cropping seasons (March–May, Figure 3 and October–De-
cember, Figure 4).

Throughout the rainy season, daytime temperatures range between
24 �C and 27 �C at elevated altitudes. At low altitudes, consistent daytime
temperatures are registered and these are within a range of 30 �C (Ham,
2021). The temperature trends in Figures 2 and 3 for the two respective
rainy seasons are averages of daytime and nighttime temperatures of
every year. The repercussions of irregular rains and rising temperatures
are felt mostly by crops that are unable to endure floods from heavy rains,
warm temperatures, and dry spells because of prolonged lack of rainfall.
These conditions compel farmers to embrace CSAPs as a cushion against
effects like total crop failure. This claim is supported by MoALF (2016)
that reported heightened temperatures and lessened rainfall amount in
Nakuru County. Further, this authenticates the Intergovernmental Panel



Figure 1. Rainfall amount in the first rainy season of Kenya (1991–2016). Source: Authors' computation of rainfall data from World Bank Climate Change Knowledge
Portal, (2021).

Figure 2. Rainfall amount in the second rainy season of Kenya (1991–2016). Source: Authors' computation of rainfall data from World Bank Climate Change
Knowledge Portal, (2021).
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on Climate Change [IPCC] (2015) forecast of average temperature rise
between 1 and 3 �C in the subsequent 20 years. The data on the average
yield of potatoes over the time 2009–2019 shows fluctuations in the
average potato yield in Kenya (Figure 5).
Figure 3. Average first rain seasonal temperatures (1991–2016) for Kenya. Source
Knowledge Portal, (2021).
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The decline in potato yield was estimated at an annual average of 1.41
tons/ha (Figure 5). The trend in potato yield portrayed is in line with
earlier assertions by Taiy et al. (2017) and Waaswa et al. (2021). Potato
being both a staple and economic crop in Nakuru, this decline in yield
: Authors' computation of temperature data from World Bank Climate Change



Figure 4. Average second rain seasonal temperatures (1991–2016) for Kenya. Source: Authors' computation of temperature data from World Bank Climate Change
Knowledge Portal, (2021).
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may be noticeably accountable for the increased food and nutritional
insecurity and poverty trends among potato farmers, especially small-
holder farmers in Nakuru County, Kenya. Due to a steady population
increase, the per capita farm household earnings and food intake are
anticipated to decline, and this will necessitate farmers to embrace CSAPs
for increased productivity in the amelioration of poverty and food and
nutrition insecurity provoked by climate change (Adhikari et al., 2015).

2. Materials and methods

2.1. Study area and protocol approval

National Commission for Science Technology and Innovation
(NACOSTI) of Kenya approved the protocols used in this study under
license No. NACOSTI/P/21/9627. The study was conducted in Gilgil
Sub-County of Nakuru County, Kenya. Gilgil is subdivided into five
wards, namely; Gilgil, Elementaita, Malewa West, Mbaruk/Eburu, and
Morendat wards (Figure 6).

Gilgil Sub-County covers an area of 1,348.43 square kilometers, with
a total population of 171,839 (Rampa and Knaepen, 2019). The study
area is located at coordinates 36o10ʹ0ʺE 0o40ʹ0ʺS in agro-ecological zone
III of Kenya. It is known for its annual rainfall of between 500 and 870
mm with maize, beans, and potatoes as the significant crops covering
86.4% of the arable land area (Rampa and Knaepen, 2019).
Figure 5. Average annual yield of potato in Kenya (2009–2019).
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2.1.1. Target population
The study targeted smallholder potato farmers in Gilgil Sub-County.

According to the 2019 agricultural census, there are 15,359 small-
holder farmers actively engaged in potato production in Gilgil Sub-
County (MoALF, 2019). These formed the study target population. The
accessible population consisted of all the 10,889 potato farmers found in
Morendat ward (4,287) and Mbaruk/Eburu ward [6,602] (Gilgil
Sub-County, 2019).

2.2. Sampling procedure and sample size

Gilgil Sub-County was purposively considered for this study because
of its susceptibility to the effects of climate change (MoALF, 2016). This
has attracted several interventions to foster CSA practices to cushion the
area against the shock. For example interventions by the Netherlands
Development Organisation (SNV), Climate, and Water Smart Agriculture
Centre (CaWSA-C) project under Community Action Research Project
Plus (CARPþ), and the Kenyan government through the Sub County and
Ward extension officers. The Kenyan government implements the CSAPs
in the study area under its CSA implementation framework. The SNV has
fostered the practice of CSA among the smallholder potato farmers in the
study area. Besides, farmers in the study area are actively engaged in
potato growing.
Source: Authors' computation of data from FAOSTAT (2021).



Figure 6. Map showing the location of the study area.
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Out of the five wards in Gilgil Sub-County, Mbaruk/Eburu and Mor-
endat wards were purposively selected because they comprise the most
significant number of potato farmers in the Sub-County. Additionally,
these two form the major farming communities in the Sub-county unlike
other wards like Gilgil ward, which is a town with rocky soils that result
in low farming activities (Rampa and Knaepen, 2019). In addition,
because Mbaruk/Eburu is the largest ward in Gilgil Sub-County. The
sample size was calculated basing on the coefficient of variation formula
suggested by Nassiuma (2000). For this study, a 21% coefficient of
variation and 0.02 standard error were used to compute the sample size
using Nassiuma (2000) equation. These parameters were chosen,
assuming the lower coefficient of variation and standard error to mini-
mize variability and error in the sample. Besides, in consideration of the
5

fact that the maximum coefficient of variation is 30% and above, which is
not justified and a low coefficient of variation leads to small sample size,
and this may not be suitable for the survey research. Below (Equation 1)
is the earlier mentioned Nassiuma's formula used to calculate the sample
size considered for this study.

n¼ NC2

C2 þ ðN � 1Þe2 (1)

where:
n ¼ sample
N ¼ population
C¼ Coefficient of variation



Table 1. Proportion of sample size per ward.

Ward Number of Potato Farmers Proportion Sample size

Mbaruk/Eburu 6,602 60.63 73

Morendat 4,287 39.37 47

Total 10,889 100 120

Source: (Gilgil Sub-County, 2019).
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e ¼ standard error

n¼ 10889� ð21%Þ2
ð21%Þ2 þ ð10889� 1Þ0:022

n¼109

Since the n value is above 100 which is the minimum recommended
sample size for survey studies (Kathuri and Pals, 1993), it is considered
appropriate to give the required level of accuracy.

To cater for non-responses, attrition, and the purposes of a repre-
sentative sample, the researchers revised the sample size to 120 by
adding 10% of 109. The wards, Sub-County extension officers, and
Nakuru smallholder farmers’ association chairperson helped in coming
up with the list of all the potato smallholder farmers in the study area.
Proportionate random sampling was used in determining the number of
respondents for the purposively sampled wards (Table 1), and simple
random sampling was then used in obtaining the actual respondents from
the wards.
2.3. Data collection procedure and analysis

The primary data was collected using a structured researcher-
administered questionnaire. Visits to the sampled potato farmers were
made with the assistance of the chairperson Gilgil Sub-County small-
holder farmers' association, ward, and the Sub-County Agricultural Of-
ficers. The researchers collected data with the assistance of a translator,
to counteract the challenge of language barrier. A translator helped some
farmers who know the CSAPs investigated by different local names to
have a full understanding of what was being asked. The collected data
was organized and coded in consideration of the variables and keyed into
the IBM Statistical Package for Social Sciences (SPSS) version 25. Two
programs were used for data analysis, SPSS and Microsoft excel. To
Table 2. Awareness, information dissemination pathways and Practice of CSAPs (N ¼

Climate-Smart Agriculture Technology Smallholder potato farmers

Aware Media

F % F %

Rainwater harvesting and storage 117 97.5 42 35.9

Irrigation 95 79.2 26 27.4

Mulching 104 86.7 25 24.0

Minimal tillage 99 82.5 27 27.3

Improved crop varieties 97 80.8 40 41.2

Terracing 105 87.5 30 28.6

Drainage management 105 87.5 22 21.0

Intercropping 114 95 24 21.0

Agroforestry 107 89.2 25 23.4

Synthetic fertilizers 114 95 38 33.3

Composting 102 85 28 27.5

Furrow/ridge planting 96 80 29 30.2

Crop rotation 113 94.2 27 23.9

Apical rooted cuttings (potato seedlings) 27 22.5 3 14.3

Mini-tubers 7 5.8 2 28.6

Source: Authors' computation of survey data, 2021.
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generate the trends between the farmers who were aware of CSAPs, the
source of information used, and those who practiced some of the CSAPs,
cross-tabulations were used and some of the results were used to develop
frequencies and percentages presented in the results and discussion
section of this article. Cramer's V was used to ascertain the strength and
nature of the association between farmer characteristics (gender) and
CSA information dissemination pathways.

3. Results and discussion

3.1. Awareness, information dissemination pathways and practice of
CSAPs

Table 2 shows the descriptive statistics for the awareness level, in-
formation sources, and practice of CSA. These show the potato farmers
who were aware of CSA, their source of information, and the farmers who
practiced CSA. Importantly, the data disaggregates awareness of CSA to
specific CSA practices and the same with the overall practice of CSA. The
results indicated that 97.5% of the smallholder potato farmers were
aware of rainwater harvesting and this was the CSAP with the leading
percentage of awareness followed by intercropping and use of synthetic
fertilizers both at 95% and crop rotation (94.2%). Of the 97.5% potato
farmers who were aware of rainwater harvesting and storage, 35.9%
learned about it from the media (telephone/radio/television), 38.5%
from the neighbors and friends while 25.6% from extension officers.
Additionally, 83.3% of the farmers who were aware of rainwater har-
vesting put it into practice.

Similarly, 33.3%, 22.8%, and 43.9% of the potato farmers who were
aware of synthetic fertilizer use heard from media, neighbors, and
friends, and extension officers respectively. Unlike rainwater harvesting,
95% of the farmers who reported being aware of synthetic fertilizers,
practiced it. Like the latter, intercropping registered a relatively big
percentage (89.2%) of farmers who reported about its practice out of the
120).

N/F Ext Off Practice of CSA

F % F % F %

45 38.5 30 25.6 100 83.3

39 41.1 30 31.6 38 31.7

36 34.6 43 41.3 77 64.2

31 31.3 41 41.4 87 72.5

20 20.6 37 38.1 71 59.2

29 27.6 46 43.8 90 75

33 31.4 50 47.6 85 70.8

49 43.0 41 36.0 107 89.2

31 29.0 51 47.7 102 85

26 22.8 50 43.9 114 95

37 36.3 37 36.3 91 75.8

26 27.1 41 42.7 89 74.2

33 29.2 53 46.9 100 83.3

1 3.6 23 82.1 9 7.5

1 14.3 4 57.1 2 1.7
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95% who were aware. Moreover, 21%, 43%, and 36% of the potato
farmers sourced information on intercropping from media, neighbors,
and friends, and extension officers respectively.

Another category of the CSAPs to be relatively known by the small-
holder potato farmers comprised of mulching, terracing, drainage man-
agement, agroforestry, and composting, and on average, 87.18% of the
farmers were aware of these CSAPs. Averagely, the largest percentage
(42.3%) of smallholder potato farmers got information on this category
of CSAPs from extension officers, 32.5% from neighbors and friends, and
the least percentage (25.3%) from media. However, an average of 71.5%
practiced these CSAPs. This is a slightly lower percentage compared to
those (87.18%) who indicated that they were aware of these CSAPs.
While the category of minimal tillage, improved crop varieties, and
furrow/ridge planting ranked third in being known by the farmers, and
on average 81.1% of the smallholder potato farmers were aware of their
existence. The results further revealed an average of 32.9% of the potato
farmers were enlightened about this category of CSAPs from media,
26.3% from neighbors and friends, while the largest percentage (40.7%)
of the potato farmers learned about these from extension officers.
Notably, an average of 68.6% of potato farmers practiced this category of
CSAPs.

Furthermore, 79.2% of the farmers were aware of irrigation, and the
least known CSAPs were apical rooted cuttings [potato seedlings]
(22.5%) and minitubers (5.8%). Around 27.4% of the farmers who were
aware of irrigation obtained information from media, 41.1% from
neighbors and friends, and 31.6% from extension officers. Out of those
who were aware, 31.7% practiced irrigation. Potato seedlings were the
second last CSAPs to be known by the farmers, and among those who
indicated they knew about it, 14.3% got information from media, 3.6%
from neighbors and friends, and 82.1% from extension officers, while
only 7.5% practiced it. Findings further portray that overall, 77.9% of the
surveyed potato farmers were aware of the CSAPs investigated in this
study.

High percentages of the practice of most CSAPs with a high rate of
awareness might be explained by the fact that information raises possi-
bilities of practice of CSAPs. These findings agree with García de Jal�on
et al. (2015) who asserted that awareness may further support farmers'
decision to use a given CSAP. This is because information helps the
farmers to gain a full understanding of a given technology, and therefore
they may be willing to try it out (Deressa et al., 2009; Gebrehiwot and
van der Veen, 2013). On the contrary, CSAPs like irrigation attracted a
high percentage of awareness yet with a low percentage of farmers
practicing them. For this case, factors beyond awareness come into play.
For example, such CSAPs may require heavy capital investment which
may not readily be available or accessed by some farmers. Similarly,
cultural bias on some CSAPs may curtail their widespread use. This
assertion commensurate Nyasimi et al. (2017) findings that revealed
cultural constraints as bottlenecks to the practice of CSA. Yet, facilitating
the practice of such CSAPs may deter crop losses and increase agricul-
tural output per area by enabling dry season production and eventually
reduce over-reliance on rain-fed agriculture (Gebrehiwot and van der
Veen, 2013; Orindi and Eriksen, 2005; Waaswa et al., 2021).

Another possible reason for the high percentage in the practice of
most CSAPs is the undulating topography nature of Gilgil Sub County.
This contention is in tandem with findings from previous studies
(Bryan et al., 2013; Nkonya et al., 2015; Nkuba et al., 2020), which
stated that some farmers’ adaptation strategies are influenced by the
nature/slop of their land. Additionally, given the nature of their
terrain which is steep plus being exposed to the effects of climate
change (Rampa and Knaepen, 2019; Waaswa et al., 2021), farmers
from the study area are forced to seek information to guide their de-
cisions in preventing further loss of soils, retain water, sustain and
increase yields. This claim is supported by Bryan et al. (2009) and
7

Nkuba et al. (2020) who concluded that area agro-ecological situa-
tions influence the choice of the adaptation strategies, hence the
CSAPs practiced by the framers.

On the contrary, some CSAPs like potato seedlings and minitubers
recorded low awareness and practice. These practices seem to be new in
the area, and according to literature (Rogers, 1995, 2003; Rogers and
Ban, 1963), farmers are always skeptical to take up new technologies
unless they gain a full understanding of their benefits. Another cause of
low use of traditionally dressed farming practices into CSAPs like
mulching and improved crop varieties might be associated with the in-
formation sources used to communicate these. For example, televisions,
telephones, and radios (media) may not fully orient the farmers to get the
full knowledge required to execute a given CSAP. This is in line with
findings by Arimi (2014) who found that the farmers were half-baked
regarding the practice of adaptation strategies like the growth of bien-
nial root and tuber crops, yet they received information from media. The
reasoning behind this is that these tend to give general information
(Como�e and Siegrist, 2015).

3.1.1. Information dissemination pathways and practice of CSAPs
Analysis of the information dissemination pathways and practice of

CSA affirmed that there is a strong difference between information
sources and practice of CSA at a 5% level of significance (χ2 ¼
100.12139, df ¼ 2, p < 0.05, Cramer's V ¼ 1.0) among the smallholder
potato farmers (Table 3). Around 44.1% of the 93 potato farmers who
were aware of CSAPs get information on CSAPs from the extension of-
ficers, while 28.7% and 27.2% get information from neighbors and
friends, and media respectively. Similarly, 45.3% of the farmers who
practiced CSA sourced information from extension officers, 27.9% and
26.8 from media, and neighbors and friends respectively.

Overall, extension officers emerged with the highest percentage as an
information source and this may partly explain high percentages of CSA
practice among farmers with high awareness. Because, according to Alam
(2015) and Mandleni and Anim (2011), extension officers create satis-
factory awareness of climate-smart farming practices. Though on the
contrary, inappropriate extension services smoother efforts tailored to
foster CSAPs (Alam, 2015). Additionally, neighbors and friends scoring
second notable information source could be because first learning
farmers and early technology adopters in the communities devote their
land and garden for fellow farmers to observe and imitate successful
technologies. This allegation is consistent with the results of other studies
which showed that farmers with experienced and progressing neighbors
were more likely to devote more land to try out new agricultural tech-
nologies (Abbas et al., 2003). Similarly, Kalungu and Leal Filho (2018)
found farmers imitating the cultivation of improved plant varieties and
other practices from successful neighbors.

While media scoring the least information sources for CSAPs aware-
ness and practice might be linked to the farmers' busy schedules in the
fields since they have to cascade around the undulating tenure. This
makes them very tired at the end of the day to the extent that they may
not have the zeal to sit and listen to the radio and or watch television. In
addition, most parts of the study area are not electrified and this could
explain the low use of television as a media component. However, these
results contradict study findings from other places where farmers re-
ported media as the chief information source on climate change adap-
tation (Kalungu and Leal Filho, 2018; Nzeadibe & African Technology
Policy Studies Network, 2011).

3.1.2. CSAPs awareness and gender
Study results indicated that out of the 48 women surveyed, 79.5%

were aware of the CSAPs. Unlike women, only 75.4% of the 72 men who
participated in the study were aware of CSAPs as climate change adap-
tation strategies. These findings contradict those of Kalungu and Leal



Table 3. Information dissemination pathways and practice of CSA.

Awareness and Practice of CSA % of smallholder potato farmers

Media Neighbors and friends Extension Officers

Aware (n ¼ 93) 27.2 28.7 44.1

Practice (n ¼ 77) 26.8 27.9 45.3

Source: Authors' computation of survey data, 2021.

Table 4. CSAPs information dissemination pathways and gender (N ¼ 120).

Climate Smart Agriculture Practices % of smallholder potato farmers

Female (n ¼ 72) Male (n ¼ 48)

Aware of CSA Information Source Aware of CSA Information Source

Media N/F Ext Off Media N/F Ext Off

Rainwater harvesting and storage 98.6 29.6 47.9 22.5 95.8 45.7 23.9 30.4

Irrigation 79.2 24.6 45.6 29.8 79.2 31.6 34.2 34.2

Mulching 87.5 20.6 38.1 41.3 85.4 29.3 29.3 41.5

Minimal tillage 84.7 23.0 34.4 42.6 79.2 34.2 26.3 39.5

Improved crop varieties 79.2 42.1 24.6 33.3 83.3 40.0 15.0 45.0

Terracing 90.3 26.2 30.8 43.1 83.3 32.5 22.5 45.0

Drainage management 93.1 17.9 38.8 43.3 79.2 26.3 18.4 55.3

Intercropping 97.2 17.1 54.3 28.6 91.7 27.3 25.0 47.7

Agroforestry 91.7 19.7 33.3 47.0 85.4 29.3 22.0 48.8

Synthetic fertilizers 95.8 34.8 24.6 40.6 93.8 31.1 20.0 48.9

Composting 87.5 25.4 47.6 27.0 81.3 30.8 17.9 51.3

Furrow/ridge planting 83.3 28.3 31.7 40.0 75.0 33.3 19.4 47.2

Crop rotation 97.2 25.7 35.7 38.6 89.6 20.9 18.6 60.5

Apical rooted cuttings (potato seedlings) 23.6 5.9 5.9 88.2 20.8 27.3 0.0 72.7

Mini-tubers 4.2 33.3 33.3 33.3 8.3 25.0 0.0 75.0

Source: Authors' computation of survey data, 2021.
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Filho (2018) who found a large discrepancy in awareness about the
adaptation strategies between women and men. The latter claimed that
women are always loaded with domestic work and that this stifles their
opportunities of seeking or being available in areas where information on
CSAPs is disseminated. Nevertheless, this study's findings are supported
by Nyasimi et al. (2017) who appreciated the relevancy of equal infor-
mation sharing between men and women. Further, the study area is
highly exposed to harsh weather conditions and therefore prone to crop
failure (MoALF, 2016; Rampa and Knaepen, 2019). So, given the fact that
women are more affected by the effects of climate change (Okello et al.,
2018; Waaswa et al., 2021), this could be the reason why they highly
seek information on adaptation strategies accounting for their high
percentage of awareness on CSAPs.

3.1.3. CSAPs information dissemination pathways and gender
Generally, except for potato seedlings and minitubers, 89.6% and

84.8% of women and men respectively, were aware of the CSAPs
examined by this study (Table 4). The high level of awareness exhibited
by both women and men can be explained by the development initiatives
by the Government of Kenya, Universities like Egerton University,
KALRO, SNV among others that have risen to rescue farmers especially in
areas like the study area as highlighted by MoALF (2016) in the Nakuru
climate risk profile. In addition, potato farmers have been awakened by
the recurrent yield losses to actively seek information to rebut the
dilemma posed by climate change.

Averagely, 13.9% and 14.6% of the women and men respectively,
were aware of potato seedlings and minitubers. Moreover, on average,
60.8% and 73.9% of the awareness was caused by extension officers
among women and men respectively. This is because these are newly
developed CSAPs which farmers need to see work elsewhere before
embracing them, and in most cases, information on such is diffused by
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extension officers. This is because these can directly interact with re-
searchers liable for the development of new CSA technologies compared
to their counterparts, the media and, neighbors and friends (Rogers,
2003).

From Table 5, gender investigation of the information dissemination
pathways attested that though weak, a discrepancy existed in the use of
the three information dissemination pathways between men and women
at a 5% level of significance (χ2 ¼ 6.05949, df ¼ 2, p < 0.05, Cramer's V
¼ 0.17406) among the female and male smallholder potato farmers.
Extension officers are the principal CSAPs awareness source for both
women (40%) and men (49.5%), while neighbors and friends (35%)
ranked second for women followed by media (25%). This was different
for men whose second main information source was media (31%) fol-
lowed by neighbors and friends (19.5%).

Extension officers being the major information may imply that
extension officers attend potato farmers' gatherings in their farming
places especially if they have to offer advice to women. This is because
women usually have regular women's gatherings that congregate at
predestined periods. This may have an implication in case of absence and
or inappropriate targeting of the farmers by the extension officers.
Because reluctance of extension officers in rendering information on
adaptation to climate change and available adaptation strategies thwarts
farmers' decisions on how to cushion themselves against the shock
(Nkonya et al., 2015; Nkuba et al., 2020; Vogel & O'Brien, 2006). Arimi
(2014) supports these results and argues that extension officers are
needed ad-libitumly and that their absence or low numbers may impair
useful information from reaching the farmers but rather keep them in the
darkness and un-cushioned against the wreck.

However, though extension ranked the first source of awareness
among women and men, its percentage among women (40%) was low
compared to that among men (49.5%). This could prove Quisumbing



Table 5. CSAPs information dissemination pathways by gender.

Gender % of smallholder potato farmers by information source

Media Neighbors/Friends Extension Officers

Female (n ¼ 48) 25 35 40

Male (n ¼ 72) 31 19.5 49.5

Source: Authors' computation of survey data, 2021.
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et al. (1996) declarations that women are given little attention in many
countries by extension providers. This enfeebles women as pivotal actors
in food production, yet in the Sub Saharan, these render over 50% of the
farm labor (Kalungu and Leal Filho, 2018). On the other hand, this
study's findings contradict those of Team and Doss (2011) who found
higher awareness among women accruing from extension officers than
among men, the authors argued that this was expected since women are
the major food producers (60–80%), especially in the Sub-Saharan.
Traditionally, extension officers have piloted the diffusion of, espe-
cially newly developed technologies. Therefore, extension officers
scoring highly as the main information source regarded by both men and
women could be because, they have been in this ‘thing’ of diffusing in-
formation for ages (Gautam, 2000). This claim is further backed by
empirical evidence from previous research by Bryan et al. (2009) and
Mandleni and Anim (2011) that found that extension appeared to be a
considerable means to be used to raise awareness on climate change
adaptation.

Further, a relatively high percentage of awareness by women from
neighbors and friends can be explained by the fact that information from
neighbors and friends can easily be sought, and also integrated with in-
formation from other sources. This contention is in line with the previous
research which contended that some women farmers adapted to climate
change by augmenting information sourced locally with that from
external sources (Nkuba et al., 2020). Thus, women who are limited by
most cultures and customs find this a convenient and easy way of
learning about CSAPs. Similarly, women foster and seek mutual inter-
action, a sense of closeness, and embrace trust within their communities.
This increases their possibility of learning from each other. These results
are consistent with studies conducted by Bedeke et al. (2019) and Kassie
et al. (2008) who found that established social relations with neighbors
and friends present incentives and confidence for the farmer to learn
about CSAPs and take coping action against crop and other losses caused
by severe circumstances, like prolonged dry spells and floods. The in-
formation received from other sources may not be sufficient for women
unless clarified by their neighbors and friends. This can best be explained
by this example, where a woman farmer stated that:

I have heard that we will have less rainfall this year. But what does that
mean?What crops should I plant when we have less rain? That is a difficult
question to answer because the information provided is not enough to assist
me to plan what crops to grow, when, what fertilizer to use, what livestock
should I save since I might not have enough water for the animals (In
Nyasimi et al., 2017, p. 11).

Such a farmer may only find immediate support from her neighbors or
friends, other means like media that in most cases disseminate general
information may not be the solution. Furthermore, a contradiction exists
between this study's findings with those of Kalungu and Leal Filho (2018)
who found high awareness from neighbors and friends among men.

Nonetheless, a moderate-high awareness (31%) created by media
especially among men can be associated with the media's edutainment
ability and this is in accord with Como�e and Siegrist (2015) who found
that media influenced a relatively high level of awareness on adaptation
strategies in Côte d’Ivoire. Furthermore, men conduce ownership of
telephones and radios (Singh et al., 2018). Hence, women have low ac-
cess to media. Low awareness percentages from media by women could
owe to their having a limited chance to listen to the radio (which is often
9

a man's property) or view television (Kalungu and Leal Filho, 2018). This
contradicts findings by Manfre and Nordehn (2013) and Waaswa et al.
(2021) who affirmed that women find it convenient to listen to the radio
since it can be done simultaneously while performing other tasks like
cooking.

4. Conclusions and policy implications

This study investigated the information dissemination pathways used
by different categories of smallholder potato farmers for the awareness
and practice of CSAPs. It found a difference between information sources
and practice of CSAPs and a difference in the use of the three information
dissemination pathways between men and women. Extension officers
scored higher for both men and women, though men sourced more in-
formation from them than women did. However, women sourced more
information from neighbors and friends than men did, while media was
mostly used by men. Averagely, extension officers were the most used
source of awareness followed by neighbors and friends, and media
respectively. Additionally, women were more aware of CSAPs than men
were. Broadly, farmers were aware of the CSAPs investigated in this
study except for potato seedlings and minitubers that yielded low
awareness percentages. Additionally, a relatively large number of
farmers practiced most CSAPs, which they indicated they were aware of,
except for irrigation that scored high on awareness yet with a low score
on practice. Following these conclusions, there is a need to appreciate
differences in the use of different information dissemination pathways by
men and women for the awareness and practice of CSAPs. In addition,
broad consideration of different information sources with the potential to
result in bumper uptake of CSAPs would go a long way in ameliorating
climate change impacts among farmers. Further, this study recommends
mainstreaming of CSAPs information.
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