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Abstract

Background: Globally, there is great concern about expanding agricultural activities due to their impact in the con-
servation of agrobiodiversity. African continent is known for its richness in biodiversity. In Kenya, there is a continu-
ous unabated expansion of agriculture into natural habitats due to demographic and economic pressures posing a
significant threat to biodiversity. Therefore, there is a need to study biodiversity loss and its regain through practices in
agricultural landscapes. In this study, we assessed the status of agrobiodiversity and its contribution to food security in
four agroecological zones of Eastern Kenya. Sixty households were sampled from two selected agroecological zones
(upper and lower midland zones) in Embu and Tharaka-Nithi counties. Structured questionnaires and checklists were
used to collect the data.

Results: Thirty-nine crop species were identified dominated by vegetables, fruits, legumes and cereals with relative
densities of 28.8, 20.5, 18.3 and 8.3 %, respectively. Embu Lower Midland and Tharaka-Nithi Lower Midland zones had
relatively higher crop species richness of 243 and 240, respectively, and Shannon-Wiener diversity indices (H’) of 3.403
and 3.377, respectively, compared with Embu Upper Midland and Tharaka-Nithi Upper Midland zones with species
richness of 229 and 207, respectively, and H' of 3.298 and 3.204, respectively.

Conclusions: Households from lower midland zones with high crop diversity and richness were more food secure
compared with those from the Upper Midland zones with low crop diversity and richness. These findings suggest that
farm production systems with high agrobiodiversity contributed more toward food security among smallholder farm-

ers in the selected sites.
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Background

Agrobiodiversity conservation is vital in attaining sus-
tainable agricultural systems in the context of limited
external inputs and mitigating climate change [1]. It
comprises of variability and varieties of plants, animals
and microorganisms that are important in maintain-
ing critical functions of the agricultural ecosystem [2].
Major threats to natural conservation and food secu-
rity in Sub-Saharan Africa (SSA) are land degradation

*Correspondence: njeruezek@gmail.com

! Department of Microbiology, Kenyatta University, PO. Box 43844-00100,
Nairobi, Kenya

Full list of author information is available at the end of the article

( ) BiolMed Central

and soil infertility [3]. The widespread food deficit and
increasing population pressure in SSA is therefore com-
pelling for an increased sustainable agricultural produc-
tivity and poverty alleviation among smallholder farmers.
In Kenya, the fundamental component of biodiversity is
agrobiodiversity since agriculture is the backbone of the
Kenyan economy occupying over 70 % of the productive
land [4]. Different studies have shown the importance of
agrobiodiversity in agriculture because each species has
its role in food chain while the nature of the agricultural
environment is dependent on crop diversification [5, 6].
Agrobiodiversity is crucial for delivery of a wide range
of agroecosystem services, which greatly enhances the
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quality of human life [7]. However, human activities have
adversely contributed to the loss of biodiversity, thus
compromising ecosystem stability [8].

According to FAO [3], about 70 % of the crop genetic
diversity and 30 % of livestock breeds have been lost
while some are on the verge of extinction. Due to the
need for high yielding and uniform crop varieties and
animal breeds that have high market demand, most
farmers worldwide have abandoned their numerous and
diverse types and breeds [9]. Lack of knowledge and pov-
erty are some of the factors that have been attributed to
the loss of biodiversity in agriculture in the Sub-Saharan
Africa [10]. As a result, community’s resilience to harsh
environmental conditions has been reduced as evidenced
by the present continuous drought, food insecurity and
low income. Globally, rich agricultural biodiversity is
highly valued and contributes significantly to household
income and national food security [11].

Smallholder farmers in most areas such as Eastern
Kenya highly depend on crop diversity and livestock
enterprises due to the limitation of farm sizes [4]. Embu
and Tharaka-Nithi counties are close to the slopes of Mt.
Kenya where soil erosion is rampant and hence chal-
lenges farming communities who have occupied the
steep terrains [12]. Farmers have been attracted by the
favorable agricultural conditions (high rainfall that is
bimodal) and fertile soils that result in high crop growth
rate and yields. The region is rich in plant biodiversity
due to high soil productivity potential, vegetation and
other soil resources as indicated by a significant number
of different crop varieties and land use systems. House-
holds in the region practice mainly subsistence mixed
farming that is composed of cultivation of diverse crop
varieties and livestock keeping [13]. The cropping sys-
tems practiced in most of the household farms include
mono-cropping, multiple cropping, intercropping, mixed
cropping, strip cropping and agroforestry [14].

Conversely, there is increasing concern over the land
quality as farmers over the time have experienced declin-
ing crop production [15]. Agricultural sustainability and
soil fertility on smallholder farms are determined by land
use and management practices [16]. In Eastern Kenya,
smallholder farms are characterized by intensive farm-
ing with limited agricultural inputs, which has resulted to
impoverished soil and reduced crop productivity. To cope
with food shortages, over 50 % of the households have
been forced to purchase food despite their low-income
base [17]. Diversified farm enterprises would help in
solving the problem of food insecurity due to unfavorable
conditions such as rainfall uncertainty, pest and disease
infestation and the high cost of agricultural inputs.

Benefits of agrobiodiversity to the smallholder agroeco-
systems include risk mitigation where low-input farmers
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use different crop varieties and livestock to address the
risk brought about by diseases, drought, pest and even
volatile markets [18, 19]. Commercialization of native
crop varieties, tree products, indigenous fruits, medicinal
plants among others can generate income to smallholder
farmers, thus improving their living standards [20].
Resource-poor local smallholder farmers also depend
entirely on agrobiodiversity for health and nutrition by
growing different crop varieties. In addition, it also con-
tributes to ecosystem resilience through enhancing good
water and soil management and functional agroecosys-
tems. Countries in Sub-Saharan Africa from the perspec-
tive of nutrition, greater agrobiodiversity in agricultural
systems have been linked to greater dietary diversity both
in farm and village levels [21]. During this study, biodi-
versity indicators were used to assess the role of crop
diversification to food security among the smallholder
farmers.

This study therefore aimed at determining agrobiodi-
versity conservation and its contribution to food secu-
rity among smallholder farmers in Eastern Kenya. The
specific objectives were to determine: (1) the status of
agrobiodiversity among smallholder farmers in Lower
and Upper Midland zones of Eastern Kenya, (2) the
role of agrobiodiversity in food security among small-
holder households and (3) the factors affecting agrobio-
diversity in the smallholder farming systems in Eastern
Kenya.

Methods

Site description

The study was carried out in Embu and Tharaka-Nithi
counties in Eastern Kenya (Fig. 1) between May 2015
and August 2015 cropping season. The two counties
were selected due to a broad cross section of biodiver-
sity. Embu County is located at the foot of Mt. Kenya
at 0.53°S, 37.45°E within an elevation of 1100-1500 m
above sea level (a.s.]). The area receives an annual pre-
cipitation ranging from 600 to 1800 mm, which is
bimodal, and over 55 % of the rainfall in the long sea-
son [12]. Temperatures are moderate ranging from 12
to 26 °C. Embu soils are sandy clay in nature character-
ized by low exchangeable ions and have low percentage
nitrogen content (% N) of 0.23 % [4]. Majority of the
households are smallholder farmers with small units of
crops and livestock. Dominant crops are maize, beans,
soybeans, cowpeas, avocado, bananas, tea and coffee,
while livestock include poultry, dairy cattle, sheep and
goats. On the other hand, Tharaka-Nithi County is on
the southeastern side of Mt. Kenya at 0.30°S, 38.06°E
and lies at an elevation of 600—1500 m (a.s.l) [22]. Dur-
ing cold seasons, the area has an average temperature
of 11 °C, while in the hot seasons, the temperature rises
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Fig. 1 Map of Kenya showing agroecological zones of Embu and Tharaka-Nithi counties
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up to 25 °C. The area is largely semi-arid and receives a
bimodal pattern of rainfall, which is <1000 mm per year
[23]. The county residents are subsistence farmers with
intensively managed crop-livestock enterprises and
slope cultivation that cover up to 60 % [24]. The agricul-
tural sector is dominated by coffee, tea, bananas, beans,
macadamia, sorghum and livestock production that
comprises of dairy cattle, goats and sheep.

Data collection
Structured questionnaires were administered randomly
through face-to-face interviews with individual house-
hold heads. The interviews focused on the diversity of
farming systems, farm characteristics, livestock species,
crop species and varieties, major diseases and pests,
soil fertility and the type of weeds. However, during the
study, more emphasis was given to legumes because of
their role in human nutrition (mainly used as grain leg-
umes and vegetables) and biological soil fertility. In each
county, the survey was carried out in four agroecological
zones (AEZ): Embu Upper Midland (EUM) and Tharaka-
Nithi Upper Midland (TUM) zones (1500-2000 m a.s.1),
Embu Lower Midland (ELM) and Tharaka-Nithi Lower
Midland (TLM) zones (1000-1500 m a.s.l). Sixty house-
holds were interviewed in the selected study sites. The
sample size was determined following the formula as
described by Snedecor and Cochran [25].
L
(L)

where #n sample size, p proportion in the target popula-
tion, ¢ = 1 — p and L accepted error (5 %). During this
study, the target population was the number of house-
holds in each zone that was obtained from Ministry of
Agriculture under County Agricultural Extension Officer.
In Embu County, the target population was 12,844 house-
holds. The total households in upper and lower midland
zones were 258 households. The calculated sample size
was: P = 12,844/258 = 0.0201, g = 1 — 0.0201 = 0.9671,
L? = (0.05)%? = 0.0025

n= (4 x 0.0201 x 0.9671)/0.0025 = 31.5 = 32
smallholder farmers

In Tharaka-Nithi County, the target population was 9671
smallholder farmers with 170 households in the upper
and lower midland zones. The calculated sample size
was: p = 9671/170 = 0.0176, g = 1 — 0.0176 = 0.9824,
L? = (0.05)%? = 0.0025

n= (4 x 0.0176 x 0.9824)/0.0025 = 27.66 = 28
smallholder farmers.

Stratified sampling was used to represent the livelihood
and food security-related variables of the agroecological
zones from each county. The size of the zone determined
the probability of each sampling unit being selected.
Within the zone, sampling of households was carried out
by random selection of transects.

The household hunger score (HHS) comprised of
items that were asked with a recall period of 3 months
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as described by FAO [3]. The results from HHS deline-
ated households across the three levels of food insecu-
rity, which include food secure, moderate food insecure
and severe food insecure. The households’ scores were
assigned to one of the levels according to Coates et al.
[26]. The scores were classified as 0-1 “little to no hunger
in the household,” 2-3 “moderate hunger in the house-
hold” and 4—6 as “severe hunger in the household”

Data analyses

Quantitative and qualitative data were generated where
Statistical Package for Social Sciences (SPSS) version
22.0 Computer software was used to carry out descrip-
tive analyses. Shannon—Wiener diversity index (H’) and
Simpson’s index (D) were used to analyze diversity, rich-
ness and distribution of crop species in the region [27].
The two indices were applied because they take into
account the components of diversity: the species even-
ness and relative species abundance. Species richness
of the entire households was calculated by adding all
the species identified across the region [28]. The house-
hold hunger scores were converted into percentage [26].
Spearman’s rank correlation coefficient was used to
establish possible relationships between demographic
factors and farm biodiversity. Species relative density,
evenness and diversity indices were calculated as follows:

1. Species relative density = All farms individual num-
ber of species x 100/total number of households.

2. Shannon—Wiener index (H') = —>_(P,) In (P,
where P, = n,/N, in which #; is the number of indi-
viduals of species ;, while N is the total number of
individuals of all species in a sample.

3. Species evenness index, E = H'/Log S where
H' = Shannon—Wiener diversity index.

4. Simpson diversity index (D) = 1 — > [n(n; — 1)/N(N
—1)]
where 7 is the total number of individual species,
while N is the total number of all individual species
in a sample.

Results

Status of agrobiodiversity

Thirty-nine crop species were identified in the 60 small-
holder households surveyed. The findings show that
farmers had diverse crop enterprise in their farms and
majority of the farmers had more than one crop combi-
nation (Fig. 2). Maize and common beans were the most
dominant crop species grown by 58 and 53 % household,
respectively. Cowpea (41 %) and soybeans (43 %) were
well distributed within the four agroecological zones.
Vegetable species were diverse and dominant (46 %).
Indigenous vegetables such as amaranthus were observed
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(24 %) (Fig. 2). However, millet, groundnuts, oranges and
guavas were observed only in one agroecological zone.

Crops maintained by farmers in the study area had
diverse uses (Table 1). Legumes, cereals, vegetables,
fruits, coffee and tea were dominant and were grown
exclusively for commercial purposes. Additionally, Catha
edulis, which is a new cash crop in the two counties, was
reported by few households (1.4 %). The study identified
23 crop species that were cultivated in the four regions
(Fig. 3). Three crop species Cajanus cajan, [pomoea bata-
tas and Persea americana were only common in TUM,
EUM and ELM AEZs. Sorghum bicolor and Mangif-
era indica were grown in ELM and TLM, while Vigna
radiata was found in TUM and ELM. However, some
species were present only in one region with very low
relative density. Eleusine coracana and Psidium guajava
were recorded in ELM and EUM, respectively, and Ara-
chis hypogaea and Citrus sinensis were grown in TLM
(Fig. 3).

Crop species diversity

Agrobiodiversity was assessed using species richness
and their relative abundance (species evenness). There
was relatively high H’ of 4.880 in all the sampled catego-
ries. ELM zone recorded the highest H' of 3.403, TLM
(H' = 3.377), while upper midland zones recorded rela-
tively lower H' (Table 2).

There was high diversity of legumes grown in the study
sites where majority of the households planted common
beans, climbing beans and soybeans. However, cowpeas,
pigeon peas and green grams were grown by a few small-
holder farmers. The results further indicated that ELM
had the highest legume H’' of 2.000, followed by TUM
(H" = 1.938), while TLM and EUM had the lowest diver-
sity indices (Table 3).

In the study areas, there were eight commonly cul-
tivated bean types which included climbing and non-
climbing bush-type varieties (Fig. 4). The climbing bean
varieties consisted of Gatune, Kithiga, Raila, Mama safi
and Muviki, while non-climbing bean varieties included
Maasai, Nduriandu (Mwitemania) and Kamucere. Out of
the eight varieties, the most common bean variety culti-
vated in the study area was Maasai with a frequency (F)
distribution of 37 %, while the least cultivated variety was
Kamucere (F = 8 %) (Fig. 4).

Food security

The findings show that 62 % of the households did not
experience food shortage or hunger in the previous sea-
son, before the survey. Some households had experienced
moderate food shortage (25 %), while others experienced
severe hunger (13 %) (Table 4). TUM zone led in food
shortage, where over 50 % of the respondents reported
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Fig. 2 Crops grown by smallholder farmers in Embu and Tharaka-Nithi counties. TUM Tharaka-Nithi Upper Midland zone, TLM Tharaka-Nithi Lower
Midland zone, EUM Embu Upper Midland zone, ELM Embu Lower Midland zone
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to have purchased food frequently from the market. ELM
was least affected by food shortage (27 %), and there was
therefore no severe food shortage recorded (Table 4).

Factors affecting agrobiodiversity

There existed significant relationships between small-
holders’ farms diversity and biophysical factors (Table 5).
Some of the independent factors such as age and farm
size were not significantly related to smallholder farms
diversity-dependent variables. Farming years positively
influenced H' of the total crop species (Table 5), indi-
cating that species diversity increased depending on the
number of years the farm had been cultivated. Moreo-
ver, the age of the household head had a positive influ-
ence on species diversity, showing that those who had
been farming for many years registered relatively higher
diverse crop species. There was a significant and a weak
negative correlation between the level of education of the
household head and crop diversity (r = —0.199, n = 60,
p < 0.05) (Table 5).

Discussion

Agrobiodiversity in smallholder farms

The findings show that 39 crop species across the region
were recorded among the 60 households surveyed. This
high species diversity represents the region as a hub of
crop species richness among the households. The high
crop diversity acts as a supply of subsistence materi-
als to households. Baul et al. [29] reported 53 crop spe-
cies among the smallholder farmers in Nepal, which

demonstrated a high diversity. Crop diversification refers
to how the land is equitably allocated to all crops and also
increasing the number of crop varieties [30]. In addition,
smallholder farmers from rural areas have adapted crop
diversification to improve productivity [10].

Different crop combinations in the same household and
across the region indicate the level of agrobiodiversity
conservation. Depending on nutritional and economic
factors, some crop species such as maize and beans dom-
inated with high percentages within the four regions.
Maize and beans represented the most preferred type of
crops. Traditionally, the two crops are mixed to make a
meal and may explain their relative dominance. Miglio-
rini and Vazzana [18] reported that for nutritional pur-
poses, staple foods are given high preference among the
farmers for domestic consumption and income. Soybean
had a high preference among the household as a substi-
tute for beans and its commercial use in various indus-
tries. These findings concur with a similar study carried
out in Nepal where smallholder farms were mainly domi-
nated by staple food crops [20].

Some crop species such as P. guajava, A. hypogaea and
E. coracana had very low relative density with a presen-
tation in one region. The crops were grown by a small
percentage of farmers, indicating that they may be on the
verge of extinction. According to Kumba et al. [31], some
crops lose value due to factors such as change in climate
or human preference and with time become extinct.
Some crops such as E. coracana are suitable to the cli-
mate in the region but were only present in TLM. Such
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Table 1 Crop species grown by smallholder farmers in selected sites of Eastern Kenya and their relative densities

Crop species

Botanical name

Type of crop and its use by farmers

Relative density (%)

Maize Zeamays L. Cereal, subsistence and commercial 63
Common bean Phaseolus vulgaris L. Grain legume subsistence and commercial 58
Sugarcane Saccharum officinarum L. Sugar crop, subsistence and commercial 5.1
Kale Brassica oleracea L. var. acephala Leafy vegetable, subsistence and commercial 5

Soya bean Glycine max (L.) Merr. Oil-seed legume, subsistence and commercial 49
Banana Musa acuminata L. Fruit, subsistence and commercial 47
Cowpea Vigna unguiculata (L) Walp. Grain legume, vegetable, subsistence and commercial 4.5
Macadamia Macadamia integrifolia Maiden and Nut, commercial 4.2

Betche

Onions Allium cepa L. Root-bulb vegetable, subsistence and commercial 4.1
Tomato Solanum lycopersicum L. Vegetable, subsistence and commercial 4.0
Cassava Manihot esculenta (L) Crantz Root-tuber, subsistence and commercial 37
Cabbage Brassica oleracea L. var. capitata Leafy vegetable, subsistence 33
Arabica coffee Coffea arabica L. Beverage crop, commercial 33
Spinach Spinacia oleracea L. Leafy vegetable, subsistence 32
African nightshade Solanum nigrum L. Indigenous food vegetables, subsistence 29
Amaranth Amaranthus dubius L. Indigenous food vegetables, subsistence 26
Ruiru 11 coffee Coffea arabica L. Beverage crop, commercial 25
Green tea Camellia sinensis (L.) Kuntze Beverage crop, commercial 25
Robusta coffee Coffea robusta L. Beverage crop, commercial 23
Pigeon pea Cajanus cajan (L) Mill Grain legume, subsistence and commercial 2.2
Irish potato Solanum tuberosum L. Root-tuber, subsistence and commercial 2.2
Sweet potato Ipomoea batatas (L) Lam. Root-tuber, subsistence and commercial 22
Carrot Daucus carota L. Root-tuber vegetable, subsistence and commercial 1.8
Pawpaw Carica papaya L. Fruit, subsistence and commercial 1.8
Pumpkin Cucurbita pepo L. Indigenous vegetable, subsistence and commercial 1.8
Passion fruit Fassiflora edulis Sims Fruit, subsistence and commercial 1.7
Yam Dioscorea villosa L. Root-tuber, subsistence and commercial 16
Avocado Persea americana L. Fruit, subsistence and commercial 16
Sorghum Sorghum bicolor L. Cereal, subsistence and commercial 14
Mango Mangifera indica L. Fruit, subsistence and commercial 13
Miraa (Khat) Catha edulis (Vahl) Forssk. Ex Endl. Commercial® 1.2
Green gram Vigna radiata (L.) R. Wilczek Grain legume, subsistence and commercial 1.0
Arrow root Maranta arundinacea L. Root-tuber, subsistence and commercial 09
Finger millet Eleusine coracana (L.) Gaertn. Cereal, subsistence and commercial 05
Purple tea Camellia sinensis L. Beverage crop, commercial 0.5
Groundnut Arachis hypogaea L. Protein oil-seed crop, subsistence and commercial 04
Orange Citrus sinensis L. Citrus fruit, subsistence and commercial 03
Guava Psidium guajava L. Fruit, subsistence and commercial 0.2
Khat (Muguka) Catha edulis (Vahl) Forssk. Ex Endl. Commercial® 0.2

@ Considered as a drug in some countries

crops apart from adaptability to climate change, their
economic value may contribute to their low score across
our study region [32]. When crops are highly susceptible
to adverse climate changes and lack of market value, they
are replaced with other crops [5].

There was a high diversity of indigenous vegetables and
cereals in this region, which may directly help to conserve

agrobiodiversity and livelihoods. Despite their high nutri-
tional value, indigenous vegetables grow naturally with
no or little inputs and are well adapted to local climatic
conditions, which may account for the high dominance.
These results are consistent with the report by Sibhatu
et al. [7] that smallholder farmers grow diverse crops
for food security, which contribute to agrobiodiversity
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Fig. 3 Venn diagram showing the distribution of different crop spe-
cies among smallholder farmers in the selected sites of Eastern Kenya.
The numerals in the Venn diagram show the number of species
distributed across the agroecological zones. TUM Tharaka-Nithi Upper
Midland zone, TLM Tharaka-Nithi Lower Midland zone, EUM Embu
Upper Midland zone, ELM Embu Lower Midland zone

Table 2 Biodiversity indices of crop species grown
by smallholder farmers in the selected study sites of East-
ern Kenya

Diversity Region

EUM ELM TUM ™M
Taxa_S 31 34 27 32
Individuals 229 243 207 240
Dominance_D 0.041 0.036 0.044 0.037
Simpson_1-D 0.959 0.9634 0.9559 0.9634
Shannon_H 3.298 3403 3.204 3377
Evenness_e/AH/S 0.8724 0.883 09127 0914

TUM Tharaka-Nithi Upper Midland zone, TLM Tharaka-Nithi Lower Midland zone,
EUM Embu Upper Midland zone, ELM Embu Lower Midland zone

Table 3 Biodiversity indices of bean species grown in the
selected study sites of Eastern Kenya
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Fig.4 Frequency distribution (%) of different common bean varieties

grown in selected sites of Eastern Kenya. TUM Tharaka-Nithi Upper
Midland zone, TLM Tharaka-Nithi Lower Midland zone, EUM Embu

Diversity Region

EUM ELM TUM LM
Taxa_S 8 8 8 8
Individuals 46 53 49 47
Dominance_D 0.187 0.144 0.157 0.167
Simpson_1-D 0.812 0.855 0.843 0.833
Shannon_H 1.833 2.000 1.938 1910
Evenness_e/H/S 0.7813 0.921 0.8683 0.8439

TUM Tharaka-Nithi Upper Midland zone, TLM Tharaka-Nithi Lower Midland zone,
EUM Embu Upper Midland zone, ELM Embu Lower Midland zone

Upper Midland zone, ELM Embu Lower Midland zone

Table 4 Households food shortage and the level of sever-
ity (%) among smallholder farmers in selected sites
of Eastern Kenya

Agroecological Food shortage (%) Severity of food shortage
zone
Moderate (%) Severe (%)

EUM 40 67 23

ELM 27 100 0

TUM 53 63 27

TLM 33 80 20

Overall (all zones) 38 25 13

conservation. However, it is crucial to note that major-
ity of these crops are grown for domestic consumption.
The main reason according to Damghani et al. [21] is that
farmers have limited land for crop cultivation.

Although some differences were noted between the
agroecological zones farmers managed a high level of
crop biodiversity. ELM had the highest index (H’) com-
pared with other agroecological zones. Households from
ELM had limited farm sizes that were fragmented to
accommodate different crop species to spread the risk
in case of natural calamities such as drought. Both lower
midland zones had higher crop diversity since farmers
sought to maintain diverse crops to mitigate against vari-
ous uncertainties, especially unpredictable climatic con-
ditions. The crop diversity found represented a high level
of species richness which is supported by other studies
on agrobiodiversity [33].
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Table 5 Spearman’s correlation coefficient (r) between demographic factors and biodiversity

Factors Age of household Education Farm Total farm Shannon diversity Simpson diversity
head level years size (acres) index (H’) index (D)
Age of household 1
head
Education level —0.398** 1
Farm years —0.489** 0.372** 1
Total farm size (acres)  0.383** —0.099 0.567** 1
Shannon diversity 0.168 —0.199% 0.056* 0.019 1
index (H")
Simpson diversity —0.192 0.137 —0.190 —0.113 —0.822%* 1
index (D)

* Correlation is significant at the 0.05 level (two-tailed)

** Correlation is significant at the 0.01 level (two-tailed)

The current study recorded low diversity in TUM
although the region is on the slope of Mt. Kenya sur-
rounded by natural forest. The region was dominated
by tea and coffee, which are high value crops. Similarly,
single species dominance for commercial and economic
purposes has been reported in Kenya [28]. The high vari-
ation observed in the diversity between different agroe-
cological zones can be explained by a change in altitude
and climatic differences. Other studies on agrobiodiver-
sity noted that there was a sharp decline in crop diversity
with an increase in altitude [34]. However, site location
cannot exclusively determine crop diversity due to cli-
matic factors.

Grain legumes enhance soil fertility through biological
nitrogen fixation and have a high nutritional value, which
may account for the high diversity recorded in Eastern
Kenya. This observation was consistent with the findings
of Figliuolo and Cerbino [35] and Torrico [36] in which
subsistence farmers cultivate a high diversity of legumes
and vegetables, which contribute directly to livelihoods,
and conservation of agrobiodiversity. Common bean
recorded the highest diversity of up to eight species. The
TLM region, which recorded the highest bean diversity
and richness, had the highest percentage of households
growing different varieties of common beans. In contrary,
farmers had more interest in some specific bean varieties
such as Maasai in TUM region, thus the low bean diver-
sity recorded in the area.

The Maasai and Nduriandu bean varieties were evi-
dently the most preferred by farmers in the selected sites
of Eastern Kenya. Farmers reported that the two varie-
ties were high yielding and resistant to drought, pests
and diseases. On the other hand, Kamucere was the least
preferred bean variety and was only grown by a few farm-
ers. Kamucere is one of the new bean varieties intro-
duced recently into the area [13]. According to Figliuolo
and Cerbino [35], farmers avoid bean varieties, which are

not compatible with the local conditions, and this might
explain the low percentage of some bean varieties in the
study sites. Additionally, non-cultivation of a species by
farmers was driven by a range of factors including lack
of seeds, marketability, consumer preferences and lack of
sufficient land [32].

Agrobiodiversity contribution to food security
The smallholder farming community depends on the
farm produce and grows different crop varieties to meet
their daily dietary needs [37]. Majority of households in
the upper midland zones had their farms dominated by
cash crops and hence depended mostly on purchased
food supplies. Accordingly, TUM recorded the lowest H’
and richness, making farmers more vulnerable to food
insecurity in case of unpredictable climate conditions.
Species diversity according to Sibhatu et al. [7] was con-
sidered as a valuable tool for food security and ecologi-
cal stability. On the other hand, ELM recorded high crop
species diversity and low scores of food insecurity. High
species diversity contributes to food security, and hence,
the region did not record severe food shortage. Anjichi
et al. [30] reported that smallholder farmers grow diverse
crops to supplement their nutritional requirements,
which is in line with the current study. Although house-
holds reported that they experience hunger occasionally,
a study in Kisii, Kenya, showed that diversified crops were
less risky economically than monocultures and could
produce substantial yields [31]. FAO [3] reported that in
developing countries about 50 % of smallholder farmers
are food insecure. Future food security strategies, par-
ticularly for small-scale farmers, will need a sustainable
use of biodiversity in agriculture through optimizing the
limited available resources [8].

Crop diversity increased with increase in the number of
farming years. This diversity may be due to farming expe-
rience and value for traditional crop diversity [14]. Upper



Mburu et al. Agric & Food Secur (2016) 5:19

midlands farmers reported low crop diversity and had
the least number of farming years. The region is situated
on the slopes of Mt. Kenya where the majority of house-
holds settled recently after occupying the area around
the Mt. Kenya forest. Unlike in the lower midlands with
many indigenous crops, upper midlands were dominated
by cash crops. According to Baul et al. [29], overdomi-
nance by individual crop species among the households
is a threat to agrobiodiversity since only limited number
of crop varieties can be grown at a time.

Positive correlation between crop diversity and age of
household heads shows contribution of farmers towards
crop diversification [9]. The household heads were the
sole decision makers regarding crops grown where
elderly people had high preference for indigenous crops
for nutritional and medicinal purposes [24]. Zingore
et al. [33] recorded similar results in Zimbabwe where
elderly smallholder farmers put more emphasis on tradi-
tional crop varieties.

Conclusions

Thirty-nine crop species were identified. Lower midland
zones were found to have a higher crop species diversity
and food secure compared with upper midland zones.
Households whose farms were low on crop diversity and
richness were more food insecure compared with house-
holds with high crop diversity and richness. We thus
conclude that increased diversity in smallholder farms
could contribute significantly towards food security and
income generation. Future research should focus on the
role of agrobiodiversity conservation and different crop-
ping patterns on food security. There is a need to under-
take policy reforms that target smallholder farmers and
create awareness on the significance of agrobiodiversity.
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