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Abstract

Maize is the leading food crop produced in most parts of the world and a staple food crop in Kenya. Majority of
the maize farmers are smallholders due to reduced land sizes as a result of land fragmentation. Maize farming is
rain-fed making it more vulnerable to rainfall variability. Over the years, the farmers have increased their resilience
and adaptive potential through indigenous knowledge so as to cope with the climate related risks. However, the
increasing rainfall variability, frequency and more severe shocks likely surpass their current adaptive strategies.
The study assessed existing adaptive strategies of the small-holder maize farmers in Kieni East sub-County in
Nyeri Couny to the seasonal rainfall variability effects. The research adopted a mixed research design. Data was
obtained from primary and secondary sources. Primary data was obtained using household structured
questionnaires. Data was analyzed using descriptive methods and presented using charts and tables. SWOT
analysis analyzed several underlying aspects affecting maize farmers in the sub-County. The study found that the
farmers have several specific adaptive strategies to the effects of seasonal rainfall variability at their disposal which
include but not limited to the use of varieties of maize seeds, seeking training, water harvesting, use of manure and
fertilizers. Farmers also respond to rainfall variability by planting maize varieties that are early maturing and
drought resistant as well as engaging in alternative farming activities and other economic activities.
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1. Introdution

Climate variability will continue to be an issue for rural communities that rely on agricultural production.
Communities have long been adapting to climate change, but these adaptations are typically discrete and reactive
[55]. Adaptation to climate variability refers to adjustments in the system to minimize the negative impacts and
optimize the positive impacts of climate variability. Globally, technical advancements have given farmers the
ability to adjust to climate circumstances over time. Depending on their long-term experiences and subjective
assessments of risks, farm households continuously develop adaptive strategies to environmental and socio-
economic changes as part of their production and consumption decisions [52]. It has been recognized that
sustainable adaptation measures can reduce negative impacts of climate variability on agricultural production [25].
Studies have demonstrated that different asset bases can lead to divergent adaptation strategies among households
in a single community [24]. Adaptation strategies have been derived from the Sustainable Development Goals
(SDGs) numbers 2 and 13 of the United Nations which addresses zero hunger and climate action respectively.

Agriculture is a key occupational sector in many Sub-Sahara Africa (SSA) nations and a source of income for the
rural population [56]. Maize is grown on around 100 million hectares in the developing countries, according to
estimates. According to [12], the medium and lower income earners account for almost 70% of total maize yield
in these nations. Rain-fed agriculture accounts for about 90% of all staple food production in this region. [8]. The
region is highly vulnerable to adverse impacts of climate change and variability [39]. Increased temperatures
coupled with erratic rainfall and uncertainties about the onset of the rains have significant implications for the
livelihoods of millions of people [11]. Without appropriate adaptation, this variability will exacerbate current
vulnerabilities and present challenges for many rural households [22]. The relationship between risk perception,
socio-economic restrictions, and adaptation activity has not been fully examined in this region. Understanding the
decision-making process of farmers is critical for forecasting future behavior and appreciating the factors that
influence the process [29].
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The majority of Kenyan households farm maize, the country's principal staple crop that sustains over 85% of the
population [34], on approximately 17% of the country's geographical area [57]. Smallholder rain-fed agricultural
systems (averaging 0.2-0.3 hectares in size) account for 75% of overall agricultural output and 70% of marketable
agricultural commodities in the country [19, 5]. Smallholders in most sections of the country, however, see rainfall
variability as a threat to agricultural productivity [5]. The peoples’ ability to maintain food security in the face of
climate change and variability will thus depend significantly on their adaptive strategies. The smallholder farmers
are more vulnerable to the effects of rainfall variability due to their low adaptive capacity. Kenya's government
recognizes that adaptation to climate change and variability is the country's top goal in its Climate Change
Adaptation Strategy 2009-2030. When it comes to national food security, adaptability to rainfall variability is very
absolutely essential. [17]. Lack of resources, poor water access, and a lack of awareness are all important
impediments to the adoption of more expensive farming practices [5]. Simple interventions, such as adjusting
planting dates [42, 17], are routinely applied, whereas modifications in water or land management methods, such
as installing an irrigation system or implementing agro-forestry, are under-utilized [5]. Age, gender, agricultural
experience, and education have all been found to have an impact on the adoption of specific adaptation strategies
[4]. Cultivating high-value crops in mixed farming systems may allow farmers to take advantage of high market
prices during dry seasons, raise their income, and improve their drought resilience [58]. Such solutions, however,
are confined to places with sufficient water supply and irrigation systems [6].

Kenya's government realizes that adaptation to climate change is the country's top concern. When it comes to
national food security, the agricultural sector, in particular, plays a critical role [17]. To maintain the recent
favorable agricultural growth, defend the national economy, and protect rural livelihoods, a number of programs,
policies, and governmental organizations have been launched, an example being the National Drought
Management Authority (NDMA) in 2011. Drought impacts in arid and semi-arid areas (ASALs), which are
especially vulnerable to climate change and home to 30% of the country's population, are given special attention
[17] and also where Kieni East sub-County in Nyeri County is situated. Adaptation to climate variability requires
that households appreciate that there exists climate variations and recognize useful adaptation options, choosing
among a wide range of strategies at their disposal. Hence, households within the same geographical location use
different adaptation strategies in response to climate variability due to their capability [30]. Although these
measures exist on paper, the majority of Kenya's smallholder farmers have yet to reap the rewards. Many of these
national programs have been chastised for failing to use locally available information and technologies [42].
Furthermore, scientific literature rarely addresses climate change perception as it relates to adaptive behavior at
the individual farm level. Climate change impacts and adaptation options are frequently assessed using aggregated
data from country or regional levels in research [60]. Simultaneously, there is a substantial body of literature
devoted to the effects of climate change on individual crops at the field scale [52, 47]. The goal is to generate
generalizable data that can be used by adaptation planners to encourage widespread adoption of better farming
techniques. However, the findings thus are extremely aggregated, and the examined criteria are of limited use to
local adaptation planners or farmers.

Micro-level information is desperately needed to allow policymakers and extension officers to adapt national
programs to local realities and promote focused interventions, a fact that prompted this study. Food productivity
can be improved with proper adaptations at household level [10]. It is however important to invest in adaptation
measures at national, county and farm level. Many sections of the country still lack proper institutional framework
conditions, leaving resource-poor smallholder farmers fighting climatic and economic difficulties on their own.
This is the case in the Kieni East sub-County. Existing programs are either useless, corrupt, or benefit only a
limited number of people who are already well-off. Traditional adaptive techniques in the country, and notably in
Kieni East sub-County, Nyeri County, are likely to be overwhelmed by increased frequency of rainfall variability
and shocks. As a result, there is a need to better understand, document, and reinforce existing adaptation techniques.
It is with these factors in mind that the purpose of this research was to assess the existing adaptive strategies of the
small holder maize farmers’ in Nyeri County’s Kieni East sub-County, to the seasonal rainfall variability effects,
as it is also the decision-making of the smallholder farmers at micro-level that matters in improving maize yields.

1.1 Study Area

The study was conducted in Kieni East sub-County, Nyeri County. The sub-County is made up of four wards,
namely; Narumoru/Kiamathaga, Kabaru, Thegu and Gakawa. It has a population of 96,500 people and 29,012
households KNBS, [27]. It is extensive and occupies about 817.1Kms? [17]. The sub-County lies between 0° 00°
to 0°24°S and 37°00° to 37° 12’E. It borders Meru central sub-County to the North, Mathira sub-County and Nyeri
municipality to the south, Mt. Kenya to the East and Kieni west sub-County to the west according to the map of
the study area fig 1. Land size per household varies across the sub-County but with an average of 2 ha [23]. Land
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ownership is predominantly free hold and the majority of the farms are small scale. The growing seasons are
largely determined by rainfall patterns, the two distinct rainy seasons are from March to May (MAM) and October
to December (OND), with average yearly rainfall ranging from 500 to 850 millimeters. [32]. [23] classified the
area into four main agro-ecological zones namely; Tropical-Alpine, Upper Highlands, Lower Highlands and Upper
Midlands. It should be emphasized that these agro-ecological zones are mostly based on climate data with
insufficient consideration of soil characteristics, which is why Kieni [59] grows very little coffee and tea. The
lowest point is 1500 meters, while the highest point is 2400 meters in the Kabaru forest reserve. Kiganjo and
Naromoru, both in agro-climatic zones V and VI, are the driest places. Variations in relief, temperature, and
underlying rock types have influenced the soils, making them complex. Fibric histosols, humic andosols, humic
nitosols, luvic phaenozems, vertisols, fluvisols, and gleysols are among the primary soils [49]. Maize is the
principal food crop grown, and it is recognized as a key staple food by the population, contributing 80% of the
food supply in the form of coarse grain and flour. According to a joint report published in February by the Kenya
Food Security Steering Group (KFSSG) and the Nyeri County Steering Group, (2018).
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Figure 1. Map of the study area showing study sites
Source: (ESRI, 2017)
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1.2 Objective of the Study

To assess the existing smallholder farmers’ adaptive strategies to the seasonal rainfall variability effects on maize
yields in Kieni East sub-County, Nyeri County.

2. Methods and Materials

The study adopted a mixed research design. Data was obtained from both primary and secondary sources. Primary
data was obtained using household structured questionnaires. The open-ended questions were chosen to address
bias-prone problems such as farmers' perceptions of rainfall variability in a sensitive manner. The dependent
variables, namely rainfall variability and adaptive methods, were assessed using closed-ended questionnaires.
Data was analyzed using descriptive statistics and results presented using charts and tables. A SWOT analysis of
the area was also carried out.

3. Results and Discussion
3.1 Farmers Adaptation Strategies to Rainfall Variability
3.1.1 SWOT Analysis

Strengths, weaknesses/limitations, opportunities, and threats faced by smallholder maize farmers in the study area
were all evaluated using the SWOT Matrix. It entailed defining the study's objectives, as well as identifying internal
and external factors that are favorable and unfavorable to achieving the objectives. Strengths and weaknesses,
according to [21], are internal aspects over which you have some influence, whereas opportunities and threats are
external elements over which you have no control. which a single person, in this case the farmer, has no control.
According to the SWOT matrix on Table 1 the SWOT analysis for this study analyzed several underlying aspects
affecting maize farmers in Nyeri County's Kieni East sub-County.

Table 1. SWOT Matrix

STRENGTHS

WEAKNESSES

Farmers were at the prime age.

Literacy of farmers.

Availability of labor based on household size
and Land ownership

Gender inclusivity

Additional income generating activities,
water harvesting, use of manure and fertilizer
A bi-modal rainfall pattern

Insufficient water harvesting strategies
Decline in farm sizes for maize cultivation
Inadequate training on maize farming

Inadequate capital
Inadequate weather data

Mostly women engaged in farming

OPPORTUNITIES

THREATS

Various sources of training for farmers
Availability of maize seeds from agro-vets
Assistance by the County government
Varieties of water harvesting activities
Kenya Meteorological Station(Nyeri)

Poor seed qualities
Inadequate rainfall
Pests and diseases
Lack of information on modern and efficient adaptive strategies
Farmers not planting according to the seasonal weather changes

Source: Field data, 2019

3.2 Analysis of Strengths and Weaknesses

The findings in Table 2 show that the population of Nyeri County's Kieni East sub-County is relatively young. The
majority (46.1%) were between the ages of 41 and 60, with (41%) between the ages of 21 and 40 following closely
behind. Only 0.5% of the participants were under the age of 20, while 12.4% were beyond the age of 60. This
supports a research by [33], which indicated that the average age of a Kenyan farmer is 57. This indicates that the
majority of the farmers in the study area are in that age range. The population is made up of people who are
relatively young and have the energy to support farming activities, notably maize farming, as well as any adaptive
measures that aid in cultivation. They are also a resource that, when managed correctly, can help reduce the
limitations of small land size by adopting intensive agriculture. According to [31], the quantity of experience
required to appreciate various components of climate variability that affect agricultural methods is proportional to
the age of the farmer. Farmers who are older are more likely to have seen the majority of climatic variability
difficulties as well as the variability of its variables. As a result, they are more likely to perceive and adjust to
rainfall fluctuations.
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The study found that both men and women work in maize cultivation, as shown in Table 2. This supports the
findings of [37], who discovered that men and women both farm, with the main variation being the farming
activities they engage in. The survey did find, however, that the majority (56.2%) of the household heads who
participated in the survey were female. It is possible that this is due to the fact that more women are involved in
agricultural operations than there are men [40]. These findings further support [46] hypothesis that, as a result of
quicker male out-migration, agriculture is increasingly becoming a female-dominated sector, with females bearing
the brunt of maize cultivation. The existing labor force has therefore been strained, affecting maize yield in the
Kieni East sub-County. Because maize harvests are dwindling, several men relocate in search of alternative sources
of income. In the position of household heads, however, there is a gender balance, as neither gender outnumbers
the other by more than two-thirds. However, the relatively young population of Kieni East sub-County in Nyeri
County, which is made up of more females, as shown in Table 2 suggests that the population of Kieni East sub-
County in Nyeri County will grow rapidly over time, leading to further land fragmentation and a decline in maize
yields. According to Table 2, the majority of homes (123 (56.6%) had between 4 and 6 family members, with 74
(34.2%) having between 1 and 3 individuals. Only 20 people (9.2%) had more than one. These were used to offer
farm labor. In Kenya, labor is a crucial component of agricultural production, with most farmers, especially
smallholders, employing traditional farming practices and cultivating the majority of their land by hand. Family
members do the majority of the job, with the amount of work depending on family arrangements and the number
of hours spent. In addition, seasonal labor demands vary, as do labor attributes such as education and health.

Table 2. Demographic Characteristics of the Respondents

Categories Frequency Percent

Gender Male 95 43.8
Female 122 56.2
Total 217 100

Age (Years) <20 1 0.5
21 -40 89 41
41 -60 100 46.1
> 60 27 12.4
Total 217 100

Family Size (members) 1-3 74 342
4-6 123 56.6
7-9 20 9.2
Total 217 100

Source: Field data, 2019

Table 3 shows that the majority of respondents (45.2%) had completed primary school, 39.2% secondary school,
11.1% post-secondary education, and 4.6% had completed informal education. As a result, the level of education
in Nyeri County's Kieni East sub-County was evidently low. The majority of the respondents, on the other hand,
had the fundamental literacy skills required to interpret farming processes. According to [15], such low levels of
education are due to high primary school dropout rates, particularly among girls. It has been determined that the
domestic labor market in ASALs consistently fails to appeal to the educated, causing them to migrate. Educated
farmers can use adaptive practices and make decisions that increase agricultural productivity, such as asking for
finance and using title deeds as security, as well as crop diversity, irrigation, and planting at the right time. Farmers
with greater education have better access to adaptation information and are more likely to adapt to climate change
[9]. According to Table 3, respondents had supplementary income-generating activities such as business (52.6%),
casuals (37.3%), and formally employed (10.1%) as a strategy to mitigate the effect of rainfall variability. Farmers
need money to buy things like certified seeds and fertilizer for their farms. [28] agrees, claiming that monetary
constraints and limited land holdings are the two most significant impediments to achieving greater farm incomes
and optimal agricultural productivity. Poverty, a lack of solid property rights, a lack of cash, farm size, a lack of
technical experience, and off-farm jobs are all listed as hurdles to the adoption of climate variability adaptation
measures by [14].
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Table 3. Socio-economic Characteristics of the Respondents

Categories Frequency Percent
Informal 10 4.6
Education Level Primary 98 45.2
Secondary 85 39.2
Post-Secondary 24 1.1
Total 217 100
Formal 22 10.1
Income generating activities Business 114 52.6
Casual 81 373
Total 217 100

Source: Field data, 2019

According to Table 4, the findings indicate that most respondents have very small land sizes, with 52.1% having
between 0 — 2 acres, 41.5% 3 — 5 acres, and just 6.4% having more than 5 acres. Due to the small land sizes in
Kieni East sub-County, farmers must invest as much as possible on the present land to boost productivity because
there is limited room for expansion. According to [43], small land area indicates that intensive farming is the only
option for increasing production. Because most of maize farming is done on family property that is very small in
size, as shown in Table 4, this supports optimization of the land resource compared to leased land. However, as
the population grows, there will be greater sub-division of family land through inheritance, as well as a major
reduction in area available for settlement. This, in turn, will diminish the amount of land under maize cultivation,
resulting in lower maize yields. Furthermore, if land area per household decreases due to population growth, small
and fragmented plots may limit the utilization of some viable adaption strategies. Due to the limited land size in
Kieni East sub-County, as well as the fact that most farmers rely on rain-fed agriculture, they are forced to optimize
maize yields. Furthermore, the issue of land size suggests that cropping strategies must be intensified.

Table 4. Farm Characteristics in Kieni East Sub- County

Categories Frequency Percent

0-2 113 52.1
3-5 90 41.5
Farm Size (acres) >5 14 6.4
Total 217 100
Family Land 143 65.9
Land Ownership  Leased 21 9.7
Bought 53 24.4
Total 217 100

Source: Field data, 2019

According to Table 4, most of the respondents (65.9%), were cultivating maize on family land, while (24.4%) had
purchased the farm, and (9.7%) were leasing the land. This means the farmers don't have to pay more for leasing,
which would cut into their profit margins. Farmers who cultivate crops on leased property suffer greater losses as
a result of rainfall variability, and they are less receptive to adaptation strategies because they are only on the land
for a short time. For farm productivity, land and other productive resources must be available and accessible [35].
Farmers who cultivate on family land, as opposed to those who lease property for a limited time, have a better
chance of adopting permanent and long-term adaptation techniques to rainfall variability.
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Source: Field Data, 2019

Small-holder maize farmers have two rainfall seasons, MAM and OND, according to the area's accessible rainfall
data on long-term seasonal rainfall trends (Figure 2), in which crop failure in one season can be compensated by
replanting in the next season. Farmers also grow early maturing and drought-resistant maize types, which, when
planted at the right time, can result in enhanced yields. In Sub-Saharan Africa, it is a common adaptive strategy
[5]. Late planting reduces the chance of being caught off guard by late rainfall. Early planting is done to allow for
replanting in the event that the crops do not germinate. Farmers have changed planting dates based on their
observations of the wet season over the last few years, which is especially crucial for rain-fed agriculture. Planting
at the right time permits the plant to mature before the dry season begins. These findings corroborate those of [42],
who discovered that fundamental adaptation strategies like planting date changes and mixed cropping are
commonly adopted. Many farmers recognize climatic changes such as changes in the start and end of rainy seasons,
increasing rainfall unpredictability,and decreasing rainfall according to studies from South Africa, Kenya, and
Uganda [45,42,48]. Despite these benefits, maize farming may be discouraged by inconsistent rainfall, low yields,
and unpredictably high yield income. Expanding the number of extension staff who can advise farmers on
appropriate rainfall variability adaptation measures will help farmers overcome rainfall variability. The Nyeri
Meteorological Station's establishment will assist farmers in obtaining accurate weather forecasts and, as a result,
planting on time based on the meteorological station's onset dates.

3.2.1 Sources of Maize Seed

The study sought to establish where the farmers in the study area sourced their maize seed for planting. The
findings in Figure 3 shows that majority of the respondents (98%) stated that they get maize seed for planting from
agro-vets with only 2% stating that they source them locally. This implies that the farmers are aware that hybrid
seeds are better than the locally available ones as the latter put them at more risk of adverse effects of rainfall
variability. This is corroborated by [3] who reported that in order to counter the adverse effects of rainfall
variability in maize farming, it might be necessary to practice early planting and use of hybrid seeds especially
those early maturing ones.
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40
20
0

percent

2

Local Agrovet
Figure 3. Source of Maize Seed in Kieni East Sub-County
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The researcher sought to establish the factors considered by farmers when choosing maize variety to plant. The
findings in Figure 4, shows that most households (82.9%) consider early maturity as the main reason for choosing
the maize variety to plant. This was followed by 77% who consider high yielding maize variety and 57.5% who
consider drought resistant maize. However, majority of the households (73.3%) do not consider disease resistance
as an important factor to put into consideration when choosing maize variety to plant. This shows that farmers are
concerned about the environment and are planting crops that are suited to their surroundings. In Namibia, [38] in
the 1980s found that farmers in Ovambo embraced new and early maturing varieties like pearl millet. This
strengthened resilience to impacts associated with dry conditions in Namibia. In Kenya, in the maize seed sector
in particular, farmers have the choice between different drought-resistant or early maturing varieties [26]. Despite
the fact that certified seed production has expanded in Kenya over the last decade, utilization has remained low
due to inadequate distribution and expensive prices [16]. Furthermore, the lack of control mechanisms encourages
seed market misbehavior, further complicating access to high-quality seeds. Planting clean seeds helps in
preventing the passing of negative traits from one season to the next. The long season cultivar requires greater
than 150 days to maturity. Maize seeds selection by farmers therefore must conform to the rainfall variability
vagaries of the sub-County in future as a step to increasing the yields.

100 829

90 73.3
= 57.6
g 60 24
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A 7.1 .

20 m Not Considered

0
High Early Disease Drought

Yielding Maturing Resistant Resistant
Figure 4. Factors Considered when Choosing Maize Varieties

3.2.2 Water Harvesting

Based on the evidence showing a decline in rainfall amounts over the years as well as rainfall variability, the study
sought to establish the measures of water harvesting by households in Kieni East Sub-County in Nyeri County.
The findings in Figure 5 show that majority of the households do not harvest water. According to the ASDSP
household survey of 2013, value addition (30.5%) was more practiced than soil and water conservation (12.8%).
This may be attributed to the high perishability of the agricultural produce and inadequacy of storage facilities
[32]. However, according to [51], Nyeri County is among the counties with the highest adaptation of strategies
such as water harvesting. The common water harvesting strategy was found to be water tanks (31.8%) followed
by water pan (18.4%). On the other hand, only 4.1% of the households use terraces with a similar proportion using
grass strips, while only 1.4% stated that they use water wells. However, 92.2% of the household heads revealed
that the strategies used for harvesting water are not sufficient to support maize farming. With structures like ridges,
bunds and dams, rainwater is diverted, stored and used for irrigation at a later point in time [2]. Harvested water
can be used for supplemental irrigation during dry spells to increase yield stability or for planting off-season cash
crops to increase household income in the study area. However, high investment costs and knowledge requirements
prevent smallholder farmers in SSA from adopting the technology [13]. Climate-proof strategies including better
seasonal weather forecasts [ 18], improved cultivars and efficient rain-water management are critical for improving
rain-fed agriculture. However, the ecological effects of some water harvesting measures like digging boreholes
need to be looked into.

120
100

95.9 95.9 98.6
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80 68.2
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]
40 3L se
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4.1 4.1 1.4
0

Water Tanks Water Pan Terraces Grass strips ~ Water Well
Figure 5. Water Harvesting Strategies in Kieni East sub-County
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3.2.3 Use of Manure/Fertilizer in Maize Farming

The study wanted to know whether the farmers had been using manure/fertilizer in their maize farming. The
findings in Figure 6 show that, most respondents (92%) use manure/fertilizer in their maize farming with only 8%
saying that they do not. This implies that farmers have invested in intensifying maize farming and improving soil
fertility so as to increase maize yields. Mineral fertilizer and animal manure applied correctly can boost production
and improve soil fertility [53]. In Kenya, the average application rate is 52.5kg/ha, but in SSA, the rate is as low
as 10kg/ha [53]. Smallholder farmers use artificial fertilizer less because of high input prices and ambiguous
labeling [16]. Furthermore, fertilizer purchases are made prior to planting when farmers have already sold their
previous season's harvest and risky expenditures are avoided [54]. Animal dung is only employed as a natural
fertilizer by 24.3% of Kenyan farmers [16], and while this figure is greater in Kieni East sub-County, there is still
a lot of room to improve soil conditions in the area. This may imply that farmers need low-cost options matching
their adaptive capacity, or better access to credit to be able to bear the input costs like fertilizer at the start of the
growing season.

100 92
80
60
40

20 8
0 |

Percent

Use Manure/Fertilizer Don't Use
Figure 6. Use of Manure/Fertilizer in Kieni East Sub-County

The researcher sought to establish where the farmers get the manure for maize farming in Kieni East Sub-County
in Nyeri County. The findings in Figure 7 shows that, majority of the households (81%) get manure for maize
farming from on-farm livestock. This was followed by 77.9% who buy off-farm manure. On the other hand, only
17% were found to use compost manure for maize farming.

100

80

60

40 EYes

20 m No
0

On-Farm livestock waste Compost Manure Off-farm Buying

percent

Figure 7. Source of Manure in Kieni East Sub-County

The study sought to establish where the farmers get the fertilizer for maize farming in Kieni East Sub-County in
Nyeri County. The findings in Figure 8 show that most households (77.9%) get their fertilizer from agro-vets.
However, only a few were found to access the government subsidized fertilizers (34.6%) and through donations
(3.2%). The use of fertilizers for sustained crop yield is integral given that in Kenya, farmers cultivate sub-optimal
land and use the same plot season after season given that only 20% of land in Kenya is agriculturally productive.
Limited use of fertilizers therefore is one of the major constraints in raising maize yields. [50] however indicated
that high cost of inputs and insufficient credit services are among the most critical constraints to farmers to adopt
the available seed-fertilizer technology packages, which is a widespread problem in Africa [54].
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Figure 8. Source of Fertilizer in Kieni East Sub-County

3.3 Analysis of Opportunities and Threats

The findings in Figure 9 show that 31% of the respondents had been trained on maize farming methods while 69%
were not trained.

80 69
- 60
g
£ 40 31
0

Trained Not trained

Figure 9. Training on Maize Farming

The study also revealed that there are several sources of training on maize farming. According to Table 5, the
respondents indicated to have received training from the media (43.5%), government extension officers (29.6%),
and private service provider (10.2%) with only (10.2%) from private service provider. The findings support the
argument by [36], that all channels of communication should be utilized to ensure that farmers receive the vital
information on time to enable then to plan well. This will reduce the effects of rainfall variability by ensuring that
farmers make informed decisions in maize farming. Extension officers should educate the farmers on the
importance of seasonal weather updates and also update them from time to time. When extension officers are few,
farmers lack the much needed advice on the scientific methods of farming which leads to low yields.

Table 5. Source of Training on Maize Farming

Source of Training Frequency Percent
Friends 18 16.7
Government extension officers 32 29.6
Private service provider 11 10.2
Media 47 43.5
Total 108 100.0

The study sought to establish whether the household heads required additional training on maize farming.
According to Figure 10, majority of the respondents (86 %) indicated that they would like to get additional training
on maize farming on different maize varieties, their growth cycles, when to plant for optimal yields, on their
spacing when planting, as well as their fertilizer requirements among other things. This desire could be attributed
to the fact that the extension agricultural officers in the area were inadequate to inform the farmers on rainfall
onset and cessation, and generally on good maize farming practices. This will help farmers make informed
decisions on when to plant and when to harvest for optimal yields. Training of farmers especially on the importance
planting in time should be intensified to utilize the available rains at the crops’ different stages of growth like
during flowering and maturity. One of the most frequently recognized variables of adaptation is access to extension
services [5]. Several studies have also demonstrated the importance of regular training in improving the existing
levels of farmers’ knowledge in the SSA region [1]. In SSA, a lack of knowledge was discovered to be a significant
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barrier to adaptation [41]. As a result, agricultural extension is likely to be linked to climate change adaptation
methods. The Nyeri Meteorological Department needs to train extension officers in the use and interpretation of
forecast information especially on rainfall onset and cessation so that the information can be disseminated to the
farmers. This can help improve maize yields because the farmers can optimize the rainfall seasons. By successfully
engaging communities with climate information, farmers are empowered to plan their livelihood activities
accordingly, including what to plant, when to plant, when to intensify, when to diversify etc. [18, 7].

B Require
B Not required

Figure 10. Need for Additional Training

The researcher sought to establish the role played by the county government in assisting farmers overcome climate
hazards in Kieni East Sub-County in Nyeri County. As shown in Table 6, the study established that the leading
role of the county government was constructing dams (43.4%), supplying fertilizers and seeds to farmers (37.9%)
as well as drilling boreholes (18.6%). The Ministry of Agriculture is currently supporting the establishment of
dams and pans in an attempt to deal with the impact of rainfall variability in semi-arid areas, Kieni East sub-county
included even though currently they are inadequate and they also dry up during the dry season. [44] discussed seed
fair as a drought recovery strategy in semi-arid South-East Kenya. The study considered seeds fair a better coping
strategy to impacts of drought than food relief.

Table 6. Role of Nyeri County Government on Maize Farming

Functions Frequency Percent
Supplying fertilizers and seeds to farmers 55 37.9
Sinking bore-holes 27 18.6
Dam construction 63 43.4
Total 145 100.0

The researcher sought to establish how farmers in Kieni East Sub-County in Nyeri County respond to climate
hazards. Majority of the respondents as shown in Table 7 implied that farmers plant early maturity maize varieties,
32.7% plant drought resistant seeds, 22.2% engage in alternative farming activities while 8% engaging in other
economic activities. These act as a buffer in times of extreme climate events, especially when the rains fail. Studies
have demonstrated that different asset bases can lead to divergent adaptation strategies among households in a
single community [23]. [20] argue that maintaining a variety of strategies is an important tool in allowing farming
to survive in climate variations. This is because some of these approaches have been used for thousands of years
to minimize risk and ensure at least some productivity during unfavorable years. Climate-proof strategies including
better seasonal climate forecasts [18], improved cultivars and efficient rain-water management are critical for
improving rain-fed agriculture. Taking these findings into account, it would be sensible to place a higher priority
on developing livelihoods that will allow farmers to manage better with current rainfall variability as a first step
toward future climate change adaptation. The planting time is very important for it gives the plant an opportunity
to mature before the dry spell.

Table 7. Smallholder Farmers Response to Climate Hazards

Response Frequency Percent
Engage in alternative farming activities 72 222
Planting drought resistant seeds 106 32.7
Planting early maturing varieties 120 37.0
Engaging in other economic activities 26 8.0
Total 324 100.0
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4. Conclusion

The paper indicates that farmers use several strategies that include getting improved varieties of seeds, seeking
training on effective maize production, harvesting water, using manure and fertilizers. The fertilizers were mainly
from the agro-vets while the manure was gotten from on-farm livestock waste. Farmers were found to respond to
climate hazards by planting maize varieties that are early maturing and drought resistant as well as engaging in
alternative farming activities and other economic activities.

5. Recommendtions

There is a need for livelihood improvement programs to consider not just people's preferences, but also the sub-
erratic County's rainfall. All stakeholders involved in climate and agriculture, both governmental and non-
governmental should work hand in hand to build the capacity of farmers on advanced technologies meant to
improve maize yields as well as mitigating extreme climatic conditions by providing agricultural credit and
effective extension services. Thus devolved extension services should be strengthened, harmonized, standardized,
prioritized and streamlined to meet its objectives in service delivery to the farmers. Appropriate/indigenous
technologies should be promoted for adaptation by the smallholder maize farmers. Knowledge of seasonal rainfall
variability should be complimented with the understanding of socio-economic factors that impede the sub-county’s
adaptive capacity The expected outcomes include improved farm management capabilities under conditions of
climate risks where farmers will plan and manage weather risks, maximize productivity and minimize the
environmental impacts of farming practices.
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