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Abstract: The steady decline in agrobiodiversity is not
only a significant threat to the genetic stability of the
rural agroecosystems but also places a huge impediment
to the realization of global food security. Climate change
and decline in arable land is forcing subsistence farmers
to abandon the less productive but well-adapted local
crops for the newer short term and drought-tolerant crops
decimating agrobiodiversity further. This study sought to
establish the on-farm species and genetic diversity status
among the family farming systems of semiarid areas of
Eastern Kenya and effect on food security, agrobiodiver-
sity management strategies, their perception of climate
change, and climate change coping strategies. Structured
questionnaires were administered to 92 active farmers in
Embu, Kitui, and Tharaka Nithi Counties of Eastern Kenya.
On-farm diversity, socio-economic factors, and their impact
on agrobiodiversity were determined. Possible correlations
were established using Spearman’s Rank Correlation
Coefficient. Remarkably, 26 crop species were recorded
where legumes and cereals were dominant. According to
the Shannon–Wiener Diversity index (H′), Tharaka Nithi
County recorded the highest legumes and cereals diversity
indices of 3.436 and 3.449, respectively. Food shortage was
reported by over 50% of the respondents in the study area.
The existence of weaker adaptive measures in response to
climate change was evident. Family farming systems that
had higher crop diversification and integrated livestock
rearing in their farms were more food secure. Improved

mitigation to climate change and diversification of farming
systems among the smallholder farms is essential not only
in boosting the food security but also in establishment of
sustainable farming systems resilient to climate change.

Keywords: agrobiodiversity, food security, climate change,
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1 Introduction

Agrobiodiversity is an essential resource playing a critical
role in providing the needs of livelihoods and ensuring
not only the genetic stability of many agroecosystems but
also the quality of life in myriad ways. Recent decades
have witnessed a rapid decline in biodiversity in many
ecosystems with agricultural biodiversity being not an
exemption [1]. According to Food and Agriculture Orga-
nization, about 70% of crop genetic diversity have been
lost in the recent past [2] with the loss attributable to
climate change and the changing socio-economic and
cultural dynamics of agrobiodiversity. Moreover, biodi-
versity loss is expected to worsen further with climate
change and shrinking of arable land, as stakeholders
focus on high yielding hybrids. With the loss of agrobio-
diversity, man also loses the chance to have richer and
healthier diets and sustainable food systems. Notably,
33% of the world population is suffering from a micronu-
trient deficiency, with another close to 2 billion struggling
with obesity [2–4]. The formal economic models postu-
late that in the absence of effective counteraction, the
effect of climate change will be equivalent to the annual
loss of at least 5% of the world’s Gross Domestic Product
[5]. The economic decline is aggravated by the fact that in
many farming systems, there is an increasing overreliance
on a few food crops. In particular, the human population
largely depends on maize, rice, and wheat to meet their
dietary carbohydrate needs severely compromising micro-
nutrition. Agrobiodiversity is, therefore, centerstage to any
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strategy aimed at developing sustainable food production
systems that are resilient to stresses occasioned by climate
change [6]. The burgeoning world human population has
more than ever placed significant strain on agricultural
production and agroecosystems. If sustainable approaches
are not institutionalized, increased global food production
might bemet at the irredeemable cost of ecosystem stability.

Agrobiodiversity loss is worsened by the climate
change that is consistently decimating the worlds culti-
vatable land size and crop productivity. Climate change
has led to the continued rise in earth surface temperatures
and unreliable rainfall patterns inducing abiotic stresses, con-
siderably impacting the agrobiodiversity negatively [7,8].
Despite the glaring threat and risks posed by climate change
to agroecosystems and perception, family farming systems’
responsiveness to this threat remains blurry. This pushes
many farming systems of several nations to the dire echelons
of food insecurity. In sub-Saharan Africa, food insecurity con-
tinues to be a significant impediment to the realization of UN
sustainable development goals (SDGs), especially SDG 1:
Eliminate Poverty, 2: Zero Hunger, and 3: Good Health and
Well-Being. While there have been multifaceted approaches
to boosting the agricultural production to increase food
security using modern techniques, excessive chemical use
and over-exploitation exacerbate the already dire loss of bio-
diversity in the agricultural ecosystems. Determination of the
agrobiodiversity status and climate change mitigation in the
vulnerable family farming systems is critical to food security
intervention.

In the wake of climate change and biodiversity loss,
family farming systems are the most vulnerable [9,10].
Family farming systems, also commonly referred to as

smallholder farming systems, play an indispensable role
in ensuring the rural agroecosystems’ genetic stability
where they are dominant [10,11]. Though made of small
individual units, collectively they supply more than half of
the world’s food basket. The family farming systems are
characterized by highly intensive land use, crop biodiver-
sity, andmixed cropping systems (Figure 1). Family farming
systems are the cornerstone of household development and
economic empowerment in many cultures worldwide [12].
The Committee on World Food Security describes food
security to occur among people when they have access to
sufficient food all year round [13]. Considering the critical
role they play, the promotion of agrobiodiversity in family
farming systems is timely and there is a need to improve
food production to meet the ever-burgeoning human world
population with the least possible disturbance to the envir-
onment [14].

In family farming systems, agrobiodiversity is signif-
icantly affected by socio-economic and cultural factors.
The socio-economic, cultural, biotic, and abiotic factors
interact in an intricately complex manner to influence
agrobiodiversity in myriad ways. The main objective of
this study was to determine the agrobiodiversity status
and climate change perception among the family farming
systems in the semiarid belt of Eastern Kenya. The spe-
cific objectives were to determine: (1) the agrobiodiversity
status among the family farming systems and relation-
ship to food security in Tharaka Nithi, Embu, and Kitui
Counties of Eastern Kenya, (2) the agrobiodiversity con-
servation measures in the three selected counties, (3)
climate change perception and intervention strategies
in the three counties of Eastern Kenya.

Figure 1: Family farming systems characterized by intercropping. Photograph (a) shows a farm in Kitui County with common bean and maize
plants intercropped. Photograph (b) shows sorghum crop from Tharaka Nithi. Erratic rainfall occasioned by climate change has led to a
rapid shift frommaize to sorghum in many family farming systems in the arid agroecological zones of Kenya owing to its economic value and
tolerance to water stress.
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2 Materials and methods

2.1 Study sites

This study was conducted in three selected counties of
Eastern Kenya; Tharaka Nithi, Kitui, and Embu Counties,
all neighbors with their semiarid regions classified as
food stressed. Unreliable rainfall patterns in recent past
are associated with fluctuating productivity of the predo-
minant family farming systems in the region. With most
semiarid counties of Eastern Kenya predominantly prac-
ticing pastoral farming, the selected counties of Eastern
Kenya have semiarid regions that practice agriculture as
the principal economic activity with the regions of these
counties receiving adequate rainfall being biodiverse hot-
spots. This makes them suitable candidate counties for
agrobiodiversity studies in semiarid agroecosystems.

This study focused on the relatively semiarid lowland
parts of the selected counties which receive as low as
600mm annual rainfall. The select counties receive bimodal
rainfall, short and long rains. It should, however, be noted
that the periods do not reflect on the amount of rainfall but
the duration. While agriculture is the principal economic
activity supporting the livelihoods of 80%of the rural house-
holds in the selected counties, it is increasingly becoming an
extremely burdensome venture owing to the challenges exa-
cerbated by climate change. Cereals and legumes are the
dominant crops grown in these regions with mango fruit
farming also being common (Figure 2). Livestock rearing is
also practiced; however, this is mostly limited by land
sizes. The unreliable rainfall patterns, an apparent increase
in temperatures, and rapidly deteriorating soil health over
the recent decades have led to dwindling returns and biting
food shortages in the region.

2.2 Sampling and data collection

Ninety-two farmers were selected for this study; 32 farmers
from Tharaka Nithi in Tunyai area, (0°10′33″ S, 37°50′12″ E),
elevation of 600–1,500m above sea level (asl), 30 farmers
from Embu in Karurumo area (0°29′12″ S, 37°41′50″ E),
1,174m a.s.l., and 30 farmers from Kitui, Matinyani area
(1°18′30.6″ S 37°59′30.2″ E), 400–1,800m a.s.l. Respondents’
selection was based on purposive sampling, with the focus
centered on the active farmers who predominantly rely on
agriculture for their livelihoods and have practiced farming
in the region for a considerable period of time to give an
account of the climate variability in the region.

Structured questionnaires were administered through
direct face to face interviews with the family heads on the

farms at times convenient for the respondents. Where the
family head was unavailable, an adult member of the
family above 18 years well versed with the farming history
and economics and willing to participate in the survey
was interviewed. Questionnaires primarily focused on the
household characteristics, farm characteristics, crop diver-
sity, food security status, and climate change intervention
strategies. Based on the significance of maize and legumes
in the rural family farming systems, there was also a greater
focus on the determination of the diversity in legumes and
maize varieties grown in the three study sites. The varieties
of maize and cowpeas planted by the farmers were
recorded using the local names by which they are
known. The values of annual crop and livestock yields
were also explored in the interviews. Other than the on-
farm agrobiodiversity, the questionnaires were also
tailored to determine the socio-economic characteris-
tics of the households with a view to construct the
socio-economic dimension of agrobiodiversity.

Informed consent: Informed consent has been obtained
from all individuals included in this study.

Ethical approval: The conducted research is not related to
either human or animal use.

Figure 2:Mango fruit tree (Mangifera indica) in Kasafari, Embu County.
Mango is the most popular fruit tree grown across the three counties.
Mango is commonly grown in Eastern Kenya for commercial purposes.
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2.3 Data analysis

The collected data were analyzed using Statistical Package
for Social Sciences (SPSS) version 25.0. The quantitative
and qualitative data were generated and described. The
relationships between the demographic factors, agrobiodi-
versity status, and food security were determined using
Spearman’s rank correlation coefficient. Species relative
density was calculated for each crop using the formula
below as outlined by Mburu et al. [11].

=

× /

Species relative density
Number of farms with individual species

100 Total number of households.

Crop Species Richness (CSR) and Livestock Species
Richness (LSR) indices were calculated using the Shannon–
Wiener index (H), Menhinick’s index measure of species
richness (D), and Simpson’s Index of Dominance. Shannon–
Wiener index and Simpson’s index of Dominance were sui-
table for this study as they take into account the aspects of
species relative abundances, species evenness, and diversity
which are critical in this study [14,15].

3 Results

3.1 On-farm agrobiodiversity

Twenty-six different species of crops were identified in
the three counties. Only two categories of crops were

grown by more than 50% of the farmers in the three
counties; legumes and cereals (Figure 3). The most domi-
nant cereal grown wasmaize. Other grains grown included
millet, finger millet, sorghum, and pearl millet (Table 1).
Legumes grown included common beans, cowpeas, pigeon
peas, and green grams. There was a notable variation in the
types of legumes and cereals grown in the three counties
with millet scarcely grown by Embu and Kitui farmers but
much preferred by the farmers in Tharaka Nithi County. The
crops grown were mostly for food and commercial pur-
poses. Mangoes and bananas were the main fruit trees
planted across the three counties.

Farms under maize cultivation in Embu and Kitui
were slightly larger than Tharaka Nithi. The total cultiva-
table area influenced the area under maize cultivation in
most of the households surveyed (p < 0.05, r = 0.411).
There was no significant variation between the age group
of the household and the total area under cultivation. The
total available land per farm varied in the study area.
Most farms in Embu and Kitui Counties were smaller,
averaging between 1 and 2 acres, while those in Tharaka
Nithi County had >5 acres of land.

There was remarked diversity in the variety of cowpea
andmaize crops. Eight varieties of cowpeawere grown; K80,
Kalitho white, Red, Kimbuva, Karemba, Local, Muthonga,
and Yellow. Karemba and K80 were the dominant varieties
in Tharaka with frequencies (F) of 21 and 22, respectively.
Dominant varieties in Embu were K80 (F = 4) and Karemba
(F = 4). In Kitui, the dominant cowpea varieties grown were
K80 and Kalitho white with F values of 10 and 21, respec-
tively (Figure 4). It should, however, be noted that in

Figure 3: Different types of crops grown by farmers in the study area. Legumes and cereals were the dominant crop types. Bananas,
mangoes, and tubers were the other crops grown by farmers in all the three counties. Tomatoes were only reported in Embu County, while
avocado farming was reported only in Kitui County.
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Tharaka Nithi County, cowpea farming is done on a very
small scale with the primary purpose being for vegetable
use. This is in sharp contrast to Embu County, where cowpea
is a significant cash crop. A total of 11 maize varieties were
identified in the study area; DUMA 43, Katumani, Kikamba,
Kitharaka, DH02, Makueni, DH04, Sungura, Sawa, DK 8031,
and Hybrid 531. DUMA 43 was the most popular variety
across the three counties.

There was also significant diversity in livestock kept
by the farmers. A total of 12 species of livestock were
identified; cattle, goats, sheep, rabbits, chicken, ducks,
turkey birds, guinea fowls, cats, dogs, pigs, and donkeys.
For livestock species, the highest Menhinick’s species
richness index was observed in Tharaka Nithi County
(0.262) with the least index witnessed in Embu County
(0.202). According to Simpson’s Diversity index, Kitui
County had the highest livestock diversity index of 2.049,
with Embu County showing the least livestock diversity of
1.365 (Table 2). The current study established a significant
negative correlation between the age of the farmer and

livestock rearing. There was also a significant positive
correlation between livestock keeping and reserve food
(p < 0.05, r = 0.416).

Cattle, goats, and poultry were the main livestock
reared in the study area. No significant diversity was
observed among the poultry species in the three counties,
with most family farming systems engaging in chicken
rearing (Figure 5). The livestock rearing technique was
determined to be influenced significantly with the total
farm land with tethering more preferred in the smaller
family farming units. A negative correlation was observed
between free range technique and the total farm area
(p < 0.01 r = −0.450).

3.2 Socio-economic factors

All the households that took part in this survey practice
agriculture as the main economic activity. Most of the
households in Embu and Kitui Counties are headed by
males. In sharp contrast, however, only 21.9% of the sur-
veyed households in Tharaka Nithi County are headed by
males. Eighty percent of the household heads had at least
basic primary education. A higher percentage of house-
hold heads with no education was reported in Tharaka
Nithi County. The data collected showed that all the
households depended wholesomely on agriculture for
their livelihood. The average household occupancy in
Tharaka Nithi and Embu Counties were 3.9 and 3.8,
respectively (Table 3). There was no significant relation-
ship between the household head age and the total area
put under cultivation.

Table 1: Relative densities of the crop species grown in the
study area

Crop species Scientific name Relative
density (%)

Maize Zea mays 11.9
Cowpea Vigna sinensis L. 9.3
Common bean Phaseolus vulgaris 8.9
Irish potato Solanum tuberosum 6.6
Cassava Manihot esculenta 6.6
Sweet potato Ipomoea batatas 5.9
Pigeon peas Cajanus cajan 6.0
Arrow root Maranta arundinacea L. 5.3
Green gram Vigna radiata 5.1
Sorghum Sorghum bicolor 5.1
Mango Mangifera indica 5.1
Millet Eleusine coracona 4.5
Bananas Musa acuminata 3.4
Tamarind Tamarindus indica 2.7
Paw paw Carica papaya 2.3
Oranges Citrus sinensis 1.8
Pearl millet Pennisetum glaucum 1.6
Lemon Citrus limon 1.4
Soursop Annona muricata 1.3
Plums Prunus domestica 1.2
Khat Catha edulis vahl 0.9
Passion fruit Passiflora edulis 0.9
Avocado Persea americana 0.8
Cashew fruit Anacardium occidentale 0.6
Soya bean Glycine max 0.5
Tomatoes Solanum lycopersicum L. 0.3

Figure 4: The dominant cowpea varieties grown in the three counties.
K80, Red, Karemba, and Local varieties were commonly grown in all
three counties, albeit with varying degrees of frequency. Majority of
the farmers in Tharaka grew K80, Karemba, and Red varieties.
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3.3 Soil conservation status and climate
change perception

3.3.1 Soil conservation status and management
practices

Soil erosion challenges were reportedly most pronounced
in Tharaka Nithi County, with the farms of 75% of the
respondents severely affected. Only 40% of household
farms in Embu County reported having soil erosion chal-
lenges. Major notable soil conservation measures included
bench terraces to curb soil erosion, crop rotation, use of
compost manure, and mixed cropping. The family subsis-
tence farms surveyed in Kitui, however, did not practice

mixed farming. Most of the respondents interviewed across
the three counties reported their farm soils to be less fertile.
Only 10% of the farmers in Kitui reported having fertile
soils. The percentage of farms perceived fertile by farmers
in Embu and Tharaka Nithi Counties were 0.0 and 6.3%,
respectively (Table 4). All the farmers interviewed from
Embu perceived their farms to be less fertile and could
not produce significant yield without intensive application
of farm yard manure or inorganic fertilizers. There was
greater use of herbicides in weed control in Tharaka Nithi
(78.1%) compared to the other counties.

3.3.2 Perceived climate change and intervention
measures

Generally, the respondents acknowledged significant cli-
mate change. There were varied opinions on the perceived
causes and effects of climate change. Most notably, respon-
dents cited excessive usage of agrochemicals and deforesta-
tion as the leading causes of climate change, with fewer
respondents quoting industrialization. Significant reduction
in crop yields, erratic rainfall, and drought were perceived
to be the main effects of climate change. Despite the higher
perception of climate change, responsive strategies are rela-
tively weak among smallholder farmers (Table 4). Only
26.7% of farm households in Embu have adopted the use
of drought tolerant crops (Table 4).

Though most farmers could not adequately explain
the causative factors of climate change, it was generally
noted that the family farming systems acknowledged the
real dangers presented by climate change. A slightly
higher proportion of Kitui farmers had more significant

Table 2: Diversity indices of the common cereals and legumes varieties grown in the study area

Diversity indices Embu Tharaka Nithi Kitui

Legumes Cereals Legumes Cereals Legumes Cereals

Taxa_S 30 30 32 32 30 30
Individuals 54 35 109 88 89 40
Dominance_D 0.040 0.038 0.033 0.032 0.037 0.039
Simpson_1-D 0.960 0.962 0.967 0.968 0.963 0.961
Shannon_H 3.305 3.342 3.436 3.449 3.35 3.329
Evenness_e^H/S 0.908 0.943 0.971 0.983 0.951 0.931
Brillouin 2.682 2.522 3.014 2.958 2.891 2.575
Menhinick 4.082 5.071 3.065 3.411 3.18 4.743
Margalef 7.27 8.157 6.608 6.924 6.461 7.861
Equitability_J 0.972 0.983 0.991 0.995 0.985 0.979
Fisher_alpha 27.79 99.74 15.26 18.09 15.9 54.53
Berger-Parker 0.056 0.086 0.046 0.045 0.056 0.075
Chao-1 37.09 111.3 32 32 30 53.33

Figure 5: Livestock species reared in the selected counties of
Eastern Kenya. Cattle, goats, and poultry were the dominant live-
stock species across the three counties. The animals were predo-
minantly kept for sustainable insurance in addition to crop farming.
Proceeds from livestock sales were majorly used to pay for educa-
tion and other daily household needs.
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intervention measures to cope with climate change com-
pared to the two counties (Table 4), with 60% of the
respondents using drought-tolerant crops. Respondents
noted the increased human-wildlife conflict as a signifi-
cant effect of climate change (43.8%) with monkeys
reported as key pests in Tharaka Nithi County.

3.4 Food security

The current study established that food shortage is a
commonly recurring problem in the family farming sys-
tems. The percentage of family farming systems affected
by food shortage in Embu, Kitui, and Tharaka Nithi

Table 3: Socio-economic factors affecting biodiversity across the selected counties

Characteristic Tharaka Nithi (N = 32) Embu (N = 30) Kitui (N = 30)

Family farming unit male (%) 21.9 60.0 60.0
Marital profile of the FH (% married) 68.8 83.3 80.0
Education level of FH
No education (%) 15.6 3.3 10.0
Primary education (%) 37.5 40.0 46.7
Secondary education (%) 43.6 50.0 26.7
University education (%) 3.1 6.7 10.0
Other (%) — — 6.7

Households in business (%) 9.4 13.3 3.3
Households employed (%) 3.1 6.7 6.7
Households in crop farming (%) 100.0 100.0 100.0
Total household occupancy (x) 3.9 3.8 5.1

Table 4: Soil conservation status and climate change perception

Characteristic Embu County Kitui County Tharaka Nithi County

Soil conservation factors
Soil erosion problems (%) 40.0 60.0 75.0
Soil conservation structures present (%) 26.7 60.0 71.9
Crop rotation done (%) 66.7 26.7 65.6
Mixed cropping (%) 30.0 — 62.5
Compost manure users (%) 53.3 36.7 21.9
Inorganic fertilizer users (%) 66.7 13.3 59.4
Conservation tillage (%) 10.0 6.7 28.1
Shift cultivation (%) 13.3 0.0 12.5
Herbicides in weed control (%) 36.7 10.0 78.1
Farms perceived fertile (%) 0.0 10.0 6.3

Causes of climate change
Use of farm chemicals (%) 46.7 13.3 43.8
Deforestation (%) 66.7 50.0 50.0
Industrialization (%) 6.7 13.3 21.9

Effects of climate change
Land degradation (%) 40.0 23.3 40.6
Reduced yield (%) 66.7 50.0 78.1
Erratic rain (%) 60.0 36.7 68.8
Drought (%) 70.0 56.7 65.6
Floods (%) 13.3 23.3 9.4
Human wildlife conflict (%) 30.0 6.3 43.8

Intervention strategies
Drought tolerant crops (%) 26.7 60.0 46.9
Cover crops (%) 26.7 36.7 28.1
Short term crops (%) 36.7 26.7 53.1
Agroforestry (%) 50.0 56.7 50.0

366  Ezekiel Mugendi Njeru et al.



Counties are 90, 56.7, and 78.1%, respectively. While food
shortage was reported to affect a significant proportion of
farmers in Embu County, 46.7% of the affected family
farming systems in Embu relied on reserve food supplies
during the shortage period. This is in contrast to Kitui and
Tharaka Nithi Counties, where only 20 and 28.1%, respec-
tively, of the affected families relied on reserve food.

4 Discussion

4.1 On-farm agrobiodiversity

Remarkably, 26 different crop species were recorded in
the study area indicating a high agrobiodiversity in the
study area. Maize and legumes were the most dominant
crops grown by all farmers in the region. Numerous stu-
dies on agrobiodiversity in family farming systems across
the globe have documented high agrobiodiversity with
dominance of one or two crops. The crop dominance
is guided by dietary habits, socio-cultural factors, and
local market dynamics. Influence of dietary behaviors
on choice of crops sowed by the family farming systems
has been established by many studies [11,14,16–18] with
maize and rice being the most dominant crops in Africa
and Asia. Crops were majorly grown for food with the
surplus occasionally sold in the local markets. Maize is
the main crop used to make ugali, the main staple food in
the region. Alternatively, it is often combined with beans
to make githeri, another popular local meal. This under-
pins the significance of the two dominant crops in the
study area. With generally low incomes in the rural estab-
lishments, protein rich-legumes are predominant source
of protein in the diets as most households cannot afford
animal-based proteins such as meat and fish. An agro-
biodiversity study survey by Mburu et al. [11] on the
upper parts of Embu established much higher agrobiodi-
versity with 39 crop species reported. The difference in
crop species diversity in different smallholder agroeco-
systems is explained by difference in physical factors
with the amount of precipitation being critical [19].

Considerably lower maize cultivation was noted in
Tharaka Nithi County compared to the other two counties.
Most respondents from Tharaka Nithi County revealed that
the size of farms under maize cultivation has decimated
over the recent years with climate change being the driving
force behind the change. Decreased rainfall totals in the
region have favored millet and sorghum cultivation in
Tharaka Nithi with maize not doing well with the low

annual precipitation. Temperature and topographical fac-
tors have also been documented to have profound effect on
diversity as well [19].

There was significant diversity in the variety of maize
seeds grown in the study area. Productivity and resis-
tance to drought were the main considerations for the
selection of the variety of maize to be grown by most
farmers. Few respondents also hinted to quick maturing
varieties as the leading factor of consideration. This was
in part due to the unreliable rainfall patterns. Some
farmers, however, had no specific reason for choice of
varieties of crops to grow with their choices guided by
friends and neighbors. The same factors have been estab-
lished to drive family system farmers’ choices in other
similar studies [4,20,21]. DUMA 43 was the most popu-
larly grown maize variety in the study area. While most
respondents could easily acquire the certified seeds from
the local agro-based veterinary shops, some respondents
expressed fear of unscrupulous dealers selling uncerti-
fied fake seeds. Most farmers in Kitui expressed faith
in the local maize varieties citing higher resistance to
drought.

Mangoes and bananas were the most common fruits
grown in the three regions with respondents citing high
marketability of the two fruits. Studies reveal that in most
family farming systems, farmers have learned over time
to select crops that are most suited for the local physico-
chemical conditions and can offer the best ecological
services [17,20–22].

Legumes, other than being a food source, are also
well known for their ecological and economic signifi-
cance in the smallholder family farming systems found
in areas of low to moderate annual rainfall. Cowpea
farming was more dominant in Embu and Kitui Counties.
Most farmers in Tharaka Nithi County planted cowpea, not
for grains, but for use as vegetables. With vegetables being
the primary purpose for most cowpea farmers, most grew
the local varieties in Tharaka Nithi. Karemba and K80
varieties were preferred in Embu and Kitui Counties for
their productivity and marketability. Legumes hold a sig-
nificant value to the farmers due to not only their nutri-
tional significance but also their economic contribution
to the provisions of the household livelihoods. They are
high-value crops that fetch the farmers significant income
essential for their livelihood providence. Green grams were
only grown by a few farmers from Kitui and Tharaka Nithi
Counties. Most respondents reported abandoning green
gram farming due to high pest invasion severely deci-
mating production. This underpins the critical role pests
have on agrobiodiversity. Decreased landholding capacity
of family household farms occasioned by an increasing
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rural population also leads to loss of biodiversity [18,19].
Integrated livestock keeping was a common observation
among the family farming systems in the study area. Most
respondents kept livestock for food, labor, security, and
cash. With agricultural produce not reliable, most farmers
sold their livestock during prolonged droughts to enable
them to purchase food and also meet their obligations
such as healthcare and education. Several studies have
identified that livestock rearing is an integral activity in
smallholder family units for ecosystem services and the
providence of livelihoods [16,23]. Land size is a significant
impediment to effective and sustainable livestock keeping
in the area. A possible reason for the high species richness
index in Tharaka Nithi County could be the comparatively
larger farm sizes in Tharaka Nithi in comparison to Embu
and Kitui Counties. The negative correlation between the
age of the farmers and livestock rearing observed in this
study can be attributed to the rigorous demands of live-
stock rearing, making most of the aging farmers to prefer
majoring in crop farming. Livestock rearing provides the
family farming systems with the much-needed insurance
against the agronomic risks such as droughts and pests
and diseases that have been exacerbated by climate change.
Most subsistence farmers in the study area rely on income
from legumes and cereals to meet other vital needs such as
clothing, medicare, and education. Where livestock rearing
takes place, the income from livestock ensures that the
farmers sell less of their food crops, leading to improved
food security.

4.2 Socio-economic factors

Socio-cultural factors form an integral component of
agrobiodiversity influencing several critical farming deci-
sions and land management practices. Household occu-
pancy in Embu and Tharaka Nithi Counties reflected the
national average rural household occupancy (four per-
sons) with Kitui County having a slightly higher house-
hold occupancy (5 persons). Household occupancy is a
critical factor in the agronomic practices of the family
system farms. While it is a critical indicator of the labor
force available for farm activities, it also places signifi-
cant stress on food resources that can compromise food
security, especially if most of the household occupants
are young and of school-going age. Eighty percent of
family subsistence farms depend on their family labor
[18]. A higher proportion of households is composed
of school-going children increasing dependency which
consequently places huge stress on family agricultural
income. A higher agrobiodiversity is observed among

the households headed by older farmers. The reason for
this could be the long-standing history and understanding
of the crop species best suited to the variable local climatic
patterns. This is consistent with the findings of Whitney on
agrobiodiversity in Uganda [24].

Most respondents had no formal employment with
even fewer engaging in alternative businesses. These sta-
tistics point to a community of farmers heavily reliant on
agriculture and with limited access to financial capital
that can enhance improvement in farming management
and practices. The measure of family household wealth
significantly influences the agrobiodiversity since they
can easily try out new crops and can manage the resulting
agronomic risks [19]. Kitui County had the highest percen-
tage of older farmers. The age of the household head has
been established in other studies to influence not only the
biodiversity but also food security in other studies [25].

4.3 Soil fertility status and conservation
measures

Soil erosion was a notable problem across the three coun-
ties with varying degrees, Tharaka Nithi being the most
affected. This is explained by the topographical differ-
ences across the study area. While farms in Tharaka
Nithi County are on steep slopes, the surveyed farms in
Embu County are on gentle slopes hence lesser risks of
soil erosion. Continuous land use in sloping lands has
been identified as a causative factor of soil erosion in
many family farming systems [19]. Continued soil degra-
dation is steadily decimating world global crop produc-
tion, with SSA being the most affected [22]. Most farms
were perceived to be less fertile. Continuous land use and
poor soil conservation measures could be the leading
factors for continued soil degradation.

While most farmers preferred the use of farmyard
manure, there was inadequate access, with most farmers
unable to meet the cost of farmyard manure. Not many
farmers in the region keep livestock numbers sufficient to
produce manure that can sustainably support organic
soil fertility mitigation. Other studies also indicate that
for the farmers who buy farmyard manure, poor infra-
structure across many rural settlements escalates the
farmyard manure prices high beyond the reach of many
resource-strained small-holder farmers [26,27]. Perhaps
oblivious to the potential risk of further environmental
degradation or sheer disregard promoted by lack of proper
conservation guard policies, rapid deforestation, and char-
coal burning practices, these activities are still a common
occurrence in the study area (Figure 6).
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Mixed cropping, bench terraces, and crop rotation were
the main intervention measures. Lack of proper education
and exposition to soil conservation measures in family
farming systems hinder the soil conservation efforts [28].
With soil fertility rapidly declining, most of the family
farming systems have resorted to the use of inorganic ferti-
lizers as a quick-fix solution. However, inorganic fertilizers
alter the physicochemical properties of the soil through
their direct and indirect effect on native soil microflora,
making soils more susceptible to soil erosion. This is con-
sistent with other studies that have also established a strong
correlation between inorganic fertilizer use and soil degra-
dation [10,19]. It is also noteworthy that farm characteristics
also have a significant bearing on soil conservation efforts.
There is a strong positive correlation between the size of
land and crop rotation. With most family farming systems
being greatly decimated in size due to increased land frag-
mentation, most farms are too small to permit sustainable
rotatory farming systems.

4.4 Perceived climate change and
intervention measures

While it was evident from many respondents that there
has been notable climate change, not many individuals

could astutely explain the phenomenon and its causes.
More than half of the respondents perceived deforesta-
tion as the leading cause of climate change. Some respon-
dents could neither describe climate change nor identify
the causative factors. This can be attributed to the com-
plex nature of the climate, limited knowledge on the
same, and limited access to information [5]. This study
also established that most farming households identified
climate change as a significant threat to food security and
livelihoods. This agrees with the study that was con-
ducted by Waldman among smallholder farmers, which
established that 98% of the farmers identified climate
change as a significant threat to their livelihoods [29].
The percentage of farmers adopting short term crops was
proportionately higher in Tharaka Nithi County than the
other counties. This is explainable by the drier climate of
Tharaka Nithi in comparison to the other counties.

With climate change leading to alteration of farming
activities, many farmers in the region are increasingly
resorting to the use of modern short-term seeds and aban-
doning the local varieties. This will place even greater
stress on agrobiodiversity [24]. A good number of the older
farmers also preferred the local maize varieties to the
newer modern varieties due to their better adaptability to
climate change. This calls for heightened studies on cli-
mate change perceptions among the subsistence farmers

Figure 6: Charcoal burning in Tharaka Nithi County. While tree felling is outlawed in many counties, inadequate oversight and enforcement
still allow such land degrading practices to continue.
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and the factors hindering climate change adaptations. The
adoption of climate change intervention techniques will be
critical in ensuring genetic stability and food security in
family farming systems (Table 5).

4.5 Food security

The family farming systems in the study area were estab-
lished to be highly food insecure owing to the recurrent
food shortage. Most farmers cited low yields occasioned
by unreliably low rainfall as the main factor contributing
to food shortage. Farmers in the study area rely exclu-
sively on rain-fed agriculture. When rainfall is sufficient,
most farmers realized harvests that comfortably saw them
through the drought periods. Farm sizes also influence
crop productivity and food shortage. With poor farming
practices, small farms often translate to low yields that
cannot comfortably sustain the families through the sub-
sequent growing seasons [8,11]. Most farmers also cited
their overreliance on agriculture as the main economic
activity; hence significant variations in seasonal produc-
tivity impacted massively on their food security. They
often rely on agriculture not just for food but also for other
necessities like shelter, clothing, medication, and educa-
tion. Selling off parts of their agricultural proceeds to meet
these critical needs exposes them to the risk of food
shortage and insecurity. Maize is the chief staple food con-
sumed by residents of Eastern Kenya and, therefore, the
size of land under maize cultivation has a strong bearing
on the food security of a household in this region.

Another study also reported that themismatch between
the high cost of farm inputs such as seeds and inorganic
fertilizers and farm output prices makes it an upward task
for family farming systems to navigate out of the food
insecurity pool [13]. Family farming systems with higher
crop diversification reported less food shortage than family

farming systems with one or two dominant crops planted
underscoring the significance of agrobiodiversity to food
security. There was correlation between livestock keeping
and reserve food and hence improved food security. With
no respondents practicing livestock keeping solely, family
farming systems keeping livestock had higher agrobiodiver-
sity. The sale of livestock reduces the need of farmers to sell
off their crop produce to meet their livelihood demands
improving food security among the households. Crop diver-
sification boosts food security as some of the resilient crops
can withstand unreliable rainfall patterns where the domi-
nant cereals and legumes fail. Monoculture farming techni-
ques can be severely affected by droughts and pests signifi-
cantly predisposing the families to food insecurity. Several
studies have established climate change and soil-borne
pathogens as critical threats to agrobiodiversity and food
security among family system farmers [8,12,13,16,24,37].
Occurrence and abundance of pathogens are exacerbated
by certain farming conditions and practices in family
farming systems. Observed field aggregation, abundance,
and uniformity of the host crop species in most of the
farms in Eastern Counties of Kenya contribute significantly
to fueling the spread of the pathogens leading to signifi-
cant losses, thus, affecting food security.

5 Conclusion

The rapid decrease in the diversity of crops in global
agriculture production accelerated by modern agriculture
is a threat to global health and food security. This study
focused on the determination of agrobiodiversity status
and climate change perceptions in the selected counties
of Eastern Kenya. High agrobiodiversity was recorded in
the region with climate change influencing crop prac-
tices. Despite its glaring effects, climate change percep-
tion was largely obscure in the study region, significantly

Table 5: Effective climate change adaptive strategies for smallholder farms

Climate change adaptation strategies Reference

Increased livestock integration Amejo et al. [23]; Morton, [30]
Diversification of farmers’ livelihoods Descheemaeker et al. [16]; Mortimore and Adams [7]; Morton, [30]
Drought resistant, short time maturing crops, and
changing planting dates

Harvey et al. [31]; Khanal et al. [32]; Komba and Muchapondwa [33]; Menike
and Arachchi [34]; Wekesa et al. [35]

Sturdy local livestock breeds over highly productive
cross breeds.

Kichamu et al. [36]

Grazing management Descheemaeker et al. [16]
Managing agrobiodiversity Mortimore and Adams [7]
Agroforestry Harvey et al. [31]; Komba and Muchapondwa [33]
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impeding institutionalization of intervention measures.
There is an urgent need for future studies to be aimed
at formulating biodiversity driven sustainable agriculture
policies among the subsistence farmers. With no reported
use of biopesticides and biofertilizers, the need for sensi-
tization programs on alternative green solutions to the
biotic and abiotic stressors of crop productivity is critical.
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