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Cowpea [Vigna unguiculata (L.) Walp] is an important crop for smallholder farmers in

the marginal areas of sub-Saharan Africa. However, the crop growth and production are

affected by low soil fertility due to poor soil management practices. Here, we assessed

the effect of native and commercially available rhizobia inoculants on cowpea nodulation,

growth, and yields on three local cowpea genotypes (K-80, M-66, and KVU 27-1) in the

semiarid areas of Kenya. Field experiments were set in smallholder farms during the 2019

and 2020 cropping seasons. Native rhizobia were isolated from root nodules of cowpea

plants used as trap cultures. The isolates were further assessed for symbiotic efficiency

(SE) in the greenhouse and field experiments carried out during the short and long rain

seasons. Field experiments were laid out in a randomized complete block design with

three replications. The treatments consisted of the commercial inoculant (Biofix), native

isolates, native + Biofix (consortium), and an uninoculated control. In the greenhouse,

the native isolates significantly increased nodule number and dry weight (DW), shoot

DW, and root DW when compared to the uninoculated control. Additionally, 50% of the

isolates recorded SE of >80%, while 35.7 and 14.3% of the isolates had SE of 51–80

and <50%, respectively. In the field, rhizobia inoculation significantly (P< 0.05) increased

nodulation and shoot DW compared to the uninoculated controls. Remarkably, rhizobia

inoculation significantly increased yields where inoculation with native isolates recorded

22.7% increase in yield when compared to uninoculated control in the first season and

28.6% increase in yield in the second season. However, the rhizobia inoculants did

not show a preference for any of the cowpea genotypes, and their performance was

influenced by season and the study location. Our results demonstrate the existence

of superior native isolates with potential to be developed to low-cost biofertilizer for

sustainable cowpea production.
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INTRODUCTION

Cowpea [Vigna unguiculata (L.) Walp] is an indigenous leafy
vegetable and a grain legume widely grown in the semiarid areas
of sub-Saharan Africa (Da Silva et al., 2018). The crop is vital
in these areas due to its drought tolerance and ability to grow
under water stress conditions, which are frequently experienced
due to the global climate change (Agbicodo et al., 2009; Carvalho
et al., 2017). Cowpea production in Africa accounts for over 95%
of the global production, thus serving as a major source of food to
millions of people globally (Samireddypalle et al., 2017). The crop
provides both nutritional and nutraceutical benefits, including
quality and cheap dietary proteins when consumed both as a
vegetable and grain legume (Baptista et al., 2017; Da Silva et al.,
2018). Considering its nutritional benefits and resilience under
changing climate, cowpea has been recommended as one of the
underutilized crops with the potential to alleviate food insecurity,
malnutrition, and poverty in sub-Saharan Africa (Owade et al.,
2020). In West Africa, the dual-purpose varieties also serve as
a source of fodder for the livestock, making cowpea production
an attractive venture to the farmers (Samireddypalle et al., 2017).
Besides, when integrated into crop rotation systems, cowpea
promotes buildup of soil organic matter and carbon and nitrogen
fixation. This, in turn, promotes soil fertility and improve the
soil physical characteristics such as the water infiltration and
retention capacity (Sánchez-Navarro et al., 2019a,b).

The growth and production of cowpea are significantly
limited by extreme weather conditions such as drought and
heat stress caused by the changing climate (Farooq et al.,
2017). Coupled with low soil fertility, this has continuously
limited cowpea production primarily due to the high cost
associated with inorganic fertilizers (Oruru et al., 2018). Unlike
drought, soil fertility in the semiarid areas can be improved
to enhance the cowpea production. Nitrogen (N) is one of
the limiting nutrients in the semiarid regions, which adversely
affect plant growth (Kwena et al., 2019). The ability of cowpea
to fix nitrogen through biological nitrogen fixation is a cheap
and sustainable alternative to inorganic fertilizers. This is
because the performance of cowpea depends on the rhizospheric
characteristics; hence, it is able to form a beneficial association
with microorganisms present in the rhizosphere (Abdel-Fattah
et al., 2016). Rhizobia, a Gram-negative soil rhizobacteria is
among the microorganisms present in the cowpea rhizosphere,
which establishes a symbiotic association with cowpea (Hamza
and Alebejo, 2017). The association between cowpea and rhizobia
results in the biological nitrogen fixation (BNF), which benefits
the plant by supplying N. Nevertheless, in many smallholder
agroecosystems, the indigenous rhizobia isolates are low in
population or are not efficient in N fixation (Ngakou et al., 2007),
necessitating inoculation with commercial isolates.

Rhizobia inoculation has been regarded as a sustainable
and cost-effective technology to augment the plants’ N needs
(Ondieki et al., 2017). Several studies have reported that
inoculation with rhizobia improves legume growth, nutrition,
and production (Takács et al., 2018; Aserse et al., 2020). However,
inoculation with proven rhizobia inoculants as well as some
commercial inoculants has at times failed to yield positive

results when inoculation is done in regions with different
agroenvironmental conditions to the original habitat. In cowpea,
failed response to commercial inoculants has mainly been
associated with the availability of more effective native rhizobia
(Mathu et al., 2012). The ability of the native rhizobia strains
to establish positive interactions with other soil microorganisms
and their adaptability to the soil and environmental conditions
often explicates their superior characteristics over the introduced
strains (Meghvansi et al., 2010).

Native rhizobia inoculated on different legumes including
cowpea, common bean, green grams, soybean, and lentils have
enhanced legume productivity (Mathu et al., 2012; Ouma et al.,
2016; Tena et al., 2016; Koskey et al., 2017). This has been
linked to the native rhizobia growth-enhancing traits as well
as being well-adapted to the soil and environmental stresses,
hence forming effective interactions with the host crops (Mwangi
et al., 2011). The effectiveness of rhizobia in fixing N in the
soil is also influenced by the cowpea genotype (Leite et al.,
2009). The compatibility between rhizobia and the host crop is
critical to avoid neutral or negative plant–microbe interactions
that do not support crop growth (Xavier and Germida, 2003;
Wang et al., 2011). Accordingly, most legume genotypes are
non-promiscuous and nodulate with specific rhizobial strains
in the rhizosphere (Fauvart and Michiels, 2008). Therefore, the
use of a compatible host–rhizobia association may lead to better
optimization of the host nutrition, leading to superior plant
growth and yield. This necessitates identification of rhizobia
isolates and cowpeas genotypes that best responds to this
association in terms of growth and production, especially in
adverse environmental conditions such as semiarid areas.

The arid and semiarid areas cover about 35% of the global
landmass and support over 20% of the global population
(Tchakerian, 2015). Much of these areas are highly degraded
and eroded, hence underutilized owing to the low soil fertility,
including N deficiency and drought experienced in these areas.
Cowpea, being a drought-tolerant crop, is suited for the semiarid
regions. Enhancement of soil fertility is vital to improve its
production to meet the increasing food demands of the growing
global population. With cowpea relying on BNF for its nutrition
(Pule-Meulenberg et al., 2010), use of rhizobia forming effective
symbiotic interaction is a potential sustainable technique to
enhance its production in the semiarid areas. We hypothesized
that native rhizobia inhabiting the smallholder farms in the
semiarid regions of Kenya have different N fixing abilities, and
inoculation of rhizobia with cowpea would improve cowpea
growth and production. Therefore, the main objective of this
work was to identify effective native rhizobia isolates and
determine their effect on the nodulation, growth, and yield of
different cowpeas genotypes in semiarid areas of Kenya where
cowpea is mainly grown.

MATERIALS AND METHODS

Experimental Sites and Soil Characteristics
The study was carried out in the semiarid areas of Eastern Kenya,
which is part of sub-Saharan Africa. Field experiments were set
up in 15 selected smallholder farms situated in the semiarid
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zones of three counties, namely, Tharaka Nithi, Kitui, and Embu.
The experiments were conducted during the short and long
rain seasons running from October 2019 to February 2020 and
March 2020 to July 2020, respectively. The five farms in Tharaka
Nithi were situated in the Tunyai area (0◦10′33′′ S, 37◦50′12′′

E), which lies at an elevation of 600–1,500m above sea level
(asl). The area is characterized by shallow, stony, and low fertile
soil, which requires frequent replenishment of nutrients through
the application of organic or inorganic fertilizer (Smucker,
2002; Jaetzold et al., 2006). The soils are sandy loam with
physicochemical characteristics ranging from clay, 12–18%; sand,
44–76%; silt, 8–12%; pH 5.7–7.1; total organic carbon (TOC), 1–
2.07%; total N, 0.12–0.18%; and P, 15–23mg kg−1. In Kitui, the
five farms were situated at Matinyani (1◦18′30.6′′ S 37◦59′30.2′′

E). Matinyani is 400–1,800m asl with soils characterized by a
loose structure and good water infiltration. The soils have sandy
loam to sandy clay loam characteristics with physicochemical
characteristics ranging from clay, 16–34%; silt, 2–6%; sand, 62–
82%; pH 5.74–6.7; TOC, 0.67–1.04%; total N, 0.05–0.11%; and
P, 20–100mg kg−1. In Embu County, the farms were located
in Karurumo area (0◦29′12′′ S, 37◦41′50′′ E), which lies at
an elevation of 1,174m asl. The soils are sandy clay with
physicochemical characteristics ranging from sand, 46–50%; clay,
42–46%; silt, 6–14%; TOC, 1.33–1.77%; pH 5.4–6.1; total N,
0.14–0.16%; and P, 25–50mg kg−1. The three sites are in the
lower midland agroecological zone, receive bimodal rainfall, and
are relatively hot and dry. The mean monthly rainfall and the
maximum and minimum temperature during the experimental
period are given in Figure 1 has been provided in the article.
The major crops cultivated in the three areas include maize,
sorghum, millet, common beans, green grams, cowpea, and
mangos. However, cowpea is the most preferred legume due
to its ability to grow in relatively low soil moisture and its
drought tolerance.

Native Rhizobia Trapping
Field trap cultures were set in selected smallholder farms in
the three counties using three cowpea genotypes: Katumani 80
(K80), Machakos 66 (M66), and KVU 27-1. These genotypes are
locally grown by smallholder farmers in the study areas and also
recommended by the Kenya Agricultural and Livestock Research
Organization (KALRO) for the regions. The trapping experiment
was done between June and July 2019. The farms were plowed,
followed by demarcation into planting plots measuring 2 × 2m.
Cowpea seeds were planted at a spacing of 40 × 15 cm, with
each genotype being replicated three times in each farm. Six
weeks after planting, three cowpea plants per plot were randomly
uprooted, and the root nodules were detached and wrapped
with an absorbent paper towel. The nodules were then placed in
khaki bags, labeled, and transported to the Kenyatta University,
Microbiology Laboratory for rhizobia isolation.

Isolation of Rhizobia
The detached nodules were washed with sterile distilled water
to remove adhering soil particles and soaked for 2 h to imbibe
and soften for eased crushing. The softened nodules were surface
sterilized using 70% ethanol, rinsed with sterile distilled water,

and placed in 3% sodium hypochlorite for 2min. The sterilized
nodules were then serially rinsed in six changes of sterile distilled
water. After sterilization, the nodules were crushed and plated
on the yeast extract mannitol agar (YEMA) containing Congo
red dye (0.025 g in 1 L). The Petri plates were incubated at 28 ±

1◦C in the dark for 48 h. Single colonies identified on the plates
were restreaked three to four times on plates containing freshly
prepared YEMA until pure isolate cultures were obtained.

Morphological and Biochemical Characterization
The pure isolates were grouped according to their morphological
and biochemical features as described by Ondieki et al. (2017).
Individual colonies incubated for 48 h were characterized based
on their size, shape, color, elevation, transparency, and margin.
The isolates were also classified as fast or slow growing by plating
them in YEMA containing bromothymol blue (BTB) (0.025 g/L)
followed by a 3-day incubation at 28◦C in the dark. Gram staining
of the isolates was carried out following the procedure described
by Beck et al. (1993). Isolates with similar morphological and
biochemical characteristics were grouped together.

Authentication and Symbiotic Efficiency of
the Isolates
Authentication and symbiotic efficiency assessment were done
in an even span greenhouse with roll-up sides having natural
lighting of 12 h. The temperature and relative humidity of
the greenhouse ranged from 22 to 28◦ and 61 to 80%,
respectively. A representative isolate in each group was selected
for authentication as nodule-forming isolate. Axenic broth
cultures of the isolates were inoculated on 7-day-old cowpea
seedling grown in sterile vermiculite and supplemented with
N-free nutrient solution and maintained for 45 days. The
plants were then uprooted and scored for nodulation. Isolates
that initiated nodule formation were selected to assess their
symbiotic efficiency.

Cowpea seeds of high quality were sterilized using 70%
ethanol followed by 3% sodium hypochlorite and finally rinsed
in six changes of sterile distilled water. Two seeds were planted
in sterile N-free vermiculite in each Leonard jar assembly and
supplied with sterile N-free nutrient solution (Broughton and
Dilworth, 1971). The assemblies were then put in khaki bags
for insulation. Seven days after planting, the seedlings were
inoculated with 1ml [109 colony forming units (CFU)/ml]
of broth culture per seedling of the authenticated isolates.
Uninoculated plants supplemented with potassium nitrate
(KNO3) (1 g/L) as well as those inoculated with a commercial
strain (USDA 3456 fromMEA Limited Kenya, which is marketed
as Biofix) served as positive controls. Uninoculated plants with
the N-free nutrient solution served as the negative control. Each
treatment had four replicates laid out in a completely randomized
design (CRD). Forty-five days after inoculation, the plants were
carefully uprooted and the roots washed under running water.
The nodules were then detached from the roots and counted.
The obtained nodules, roots, and shoots were air dried and their
weights determined. The symbiotic efficiency (SE) of the rhizobia
isolates was determined following the procedure described by
Karaca and Uyanöz (2012). The total dry weight of inoculated
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FIGURE 1 | Rainfall and temperature in Kitui, Embu, and Tharaka Nithi study sites from October 2019 to June 2020.

plants/total dry weights of N-supplied plants × 100. Isolates that
recorded SE higher than 80% were rated as very effective, those
with 51–80% as effective, 35–50% as lowly effective, and those
with <35% as ineffective (Koskey et al., 2017).

Land Preparation in the Field
The study sites were prepared before the onset of the rains
in September 2019 and February 2020 during the first and

second season, respectively, where all the farms were cleared of
existing vegetation, followed by plowing and leveling. Cowpea
crop was grown in the same farms in both seasons with the
change in the specific location on each of the farms in the
second season. Plots measuring 2 × 2m were demarcated with
a 1-m space between the plots. Planting holes were prepared
at a spacing of 40 × 15 cm in each plot. This is because the
soil in the study sites is easily eroded by wind and water;
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hence, planting holes are necessary to prevent loss of seeds
through erosion.

Experimental Design and Treatments
The study comprised three cowpea genotypes, Katumani 80
(K80), Machakos 66 (M66), and KVU 27-1, and four rhizobia
treatments arranged in a randomized complete block design
(RCBD) with three replications. The rhizobia treatments
included Native isolates, Biofix, a mixture of the Biofix and
Native (Consortium), and no inoculation (control). The native
isolates consisted of a consortium of three highly effective isolates
identified from the greenhouse experiment, which also associated
with all the three cowpea genotypes in all the three study sites,
which were Is2, Is16, and Is19 (Native). Based on 16S ribosomal
RNA (rRNA) gene sequencing, these isolates were identified as
Rhizobium tropici clone H53,Mesorhizobium sp.WSM3874, and
Rhizobium pusense strain Nak353, respectively.

Inoculum Application and Planting
Application of the inoculum on the cowpea seeds was done
in the field under a shade before planting. Native isolates
were inoculated on the seeds as broth using sugar as the
sticker material for the rhizobia inoculum. Biofix was applied
to the seeds following the manufacturers’ guidelines (100 g of
inoculum per 15 kg of seeds). The control plots with no rhizobia
treatment were planted first to avoid cross-contamination,
followed by other treatments. Two cowpea seeds were planted per
planting hole.

Cowpea Crop Management
Gapping was done immediately after germination in both
seasons. The plots were kept free of weeds by occasionally
weeding as needed. At the onset of flowering, the plants were
sprayed with Aceprid 20 WSP (Acetamiprid 200 g/kg) to prevent
attack by thrips that infest the cowpea flowers, causing flower
abortion and subsequently leading to declined yields. A second
spray with Evisect (Thiocyclam hydrogen oxalate) was done
to control the whiteflies that had infested the cowpea plants.
The experiment was rain fed with the rainfall and temperature
averages during the growing seasons indicated in Figure 1 has
been provided in the article.

Field Sampling
Six weeks after germination, during the flowering stage, the
cowpea plants were sampled to collect data on their growth and
nodulation. Three plants per plot were randomly selected and
carefully uprooted. All the nodules were detached from the roots,
counted, wrapped in an absorbent paper towel, and placed in
labeled khaki bags. The height and the number of leaves per
plant were also determined. The samples were transported to
Kenyatta University Microbiology Laboratory, where the shoots
and nodules dry weights were determined.

Harvesting
Cowpea was harvested in February 2020 and July 2020 in
the first and second season, respectively, when the plants had
reached physiological maturity. Three cowpea plants per plot
were randomly selected and harvested. For each plant, the seeds

were separated from the pods. The seeds and the stover were then
transported to the laboratory where they were dried and weighed.
In addition, the 100 seed weight per plot was determined.

Statistical Analysis
The data on nodulation, shoot dry weight, yield, and stover
weight were analyzed using analysis of variance (ANOVA)
in statistical analysis software (SAS) version 9.1. Before data
analysis, data were tested for homogeneity of variance using
the Bartlett test. To fulfill assumptions of analysis of variance,
log transformation was done where necessary and later back-
transformed for presentation in tables. Themeans were separated
at a 5% level of significance by the Tukey’s honest significance
difference (HSD).

RESULTS

Rhizobia Isolation and Morphological
Grouping
One hundred and three isolates were obtained from the root
nodules of the three cowpea genotypes (K80, M66, and KVU 27-
1) in the three study regions. Out of these, 38 isolates were from
Tharaka Nithi County, 36 from Embu County, and 29 from Kitui
County. The isolates had colony and growth characteristics of
rhizobia as described by Somasegaran and Hoben (1994). Based
on these characteristics, the isolates were grouped into 20 distinct
groups. Group 19 had the highest number of isolates (16.5%),
while groups 12, 13, and 15 had the least with (0.9%) (Table 1).
All the isolates were Gram-negative and did not absorb Congo
red dye when cultured in YEMA containing the dye and turned
YEMA-BTBmedia from green to yellow. Sixteen isolates changed
YEMA-BTB from green to yellow within 3 days, while the other
four had the media change between 7 and 10 days. The isolates
exhibited diverse characteristics, as indicated in Table 1.

Authentication and Symbiotic Efficiency of
the Native Isolates
Authentication was based on the presence of at least one nodule
in the roots of the cowpea plants. Out of the 20 representative
group isolates, nodulation was positive in 14 groups with no
presence of nodules observed in groups 4, 5, 8, 9, 11, and 18.
Further, the symbiotic efficiency of the isolates that induced
nodulation was determined together with their effect on cowpea
nodulation and shoot and root dry weights upon inoculation.
There were significant differences (P < 0.05) in nodule number
(Nod No), dry nodule weight (Nod DW), shoot dry weight
(DW), root DW, and symbiotic efficiency (SE) (Table 2). Is13
recorded the highest Nod No (50.00 ± 8.15), which was not
statistically different from the rest of the isolates except for
Is15, which had the least number of nodules (0.75 ± 0.48).
Biofix recorded the highest Nod DW, which was similar to
all the tested isolates except Is6, Is15, and Is16. As expected,
uninoculated control and KNO3-supplemented plants did not
form any nodules. Inoculation with the different native rhizobia
isolates increased the shoot DW. Is1, Is2, Is3, Is14, Is16, and
Is19 recorded shoot DW statistically similar to that of Biofix and
KNO3-supplemented plants. The rest of the isolates recorded
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TABLE 1 | Morphological and Biochemical characteristics of the isolates.

Isolate characteristics

Isolate Transparency Texture Shape Size Color Margin Gram Growth BTB Congo red Elevation % Isolates

(mm) stain reaction absorption

Is1 TO SG R 4 MW SC –ve F Y NA C 5.5

Is2 T SM C 3 MW S –ve F Y NA C 3.7

Is3 TO SG C 6 CW SC –ve F Y NA R 4.6

Is4 TO FlG R 2 CW SC –ve F Y NA C 2.8

Is5 T SG R 4 CW S –ve F Y NA C 1.8

Is6 O SM C 2 W S –ve F Y NA C 3.7

Is7 TO SG R 3 CW SC –ve F Y NA R 3.7

Is8 T FlG C 6 MW S –ve F Y NA F 5.5

Is9 T SG I 6 MW SC –ve F Y NA R 1.8

Is10 T SG C 4 W S –ve F Y NA C 8.3

Is11 O SG C 1 CW S –ve F Y NA R 1.8

Is12 TO SG C 4 CW S –ve F Y NA C 0.9

Is13 TO SG C 5 CW SC –ve F Y NA R 0.9

Is14 O SG R 4 CW S –ve F Y NA C 6.4

Is15 T SG C 3 W S –ve S Y NA C 0.9

Is16 T SG R 4 MW S –ve S Y NA C 4.6

Is17 O SG R 2 W SC –ve S Y NA R 5.5

Is18 TO SG C 4 W SC –ve F Y NA R 5.5

Is19 O FG R 3 CW S –ve S Y NA R 16.5

Is20 TO SG R 4 CW S –ve F Y NA C 15.6

Key: TO, translucent with opaque center; T, translucent; O, opaque; SG, soft gummy; SM, soft mucoid; FlG, flowing gummy; FG, firm gummy; R, rod shaped; C, circular; I, irregular;

MW, milky white; CW, cream white; W, white; SC, smooth clear; S, smooth; F, fast growing; S, slow growing; Y, yellow; NA, Congo red non-absorbance; C, convex; R, raised; F, flat.

shoot DW significantly lower than that of Biofix and KNO3-
supplemented plants with the uninoculated control having the
least shoot DW (0.20 ± 0.03 g plant−1) (Table 2). Is13 recorded
the highest root DW, which was statistically similar to Is1, Is2,
Is7, Is14, Is16, Is19, and Is20, while the uninoculated control
recorded the least root DW. Out of the 14 isolates tested, 7 had
SE higher than 80%, hence classified as very effective (Table 2).
This represented 50% of the isolates. Five other isolates with SE
ranging between 51 and 80% were rated as effective. Only two
isolates had SE below 50% (Is6 and Is12) and were both rated as
lowly effective in fixing N.

Cowpea Nodulation and Growth
The Nod No and Nod DW were significantly increased by
rhizobia inoculation (P < 0.0001) during season 1 when
compared to the control (Table 3). However, in season 2, rhizobia
inoculation recorded no significant effect on the Nod No.
Nevertheless, native and consortium recorded the highest Nod
DW, while the control had the least NodDW in season 2. Overall,
better nodulation was observed in season 1 compared to season
2. For example, the consortium that had the highest number of
nodules in both seasons recorded 41.58 ± 3.60 and 14.02 ± 0.82
nodules plant−1 in seasons 1 and 2, respectively. Of the three
genotypes, K-80 and KVU 27-1 registered statistically high Nod
No when compared to M-66 in both seasons (Table 3). While no
significant difference in Nod DW among the three genotypes was
recorded in season 1, in season 2, KVU 27-1 showed the highest

Nod DW (0.05± 0.01 g plant−1), while M-66 had the least (0.036
± 0.00 g plant−1). The Nod DW in K-80 was not significantly
different from the other two genotypes. The nodule number and
dry weight also differed significantly among the three sites in the
two seasons. In season 1, Tharaka Nithi recorded the highest Nod
No and Nod DW, while in season 2 Embu recorded the highest
Nod No and Nod DW (Table 3). Kitui County recorded the
least Nod No in both seasons. Additionally, the site × rhizobia
inoculant interaction significantly (P < 0.05) affected Nod No
in season 1 (Table 3). During this season, plants inoculated with
consortium recorded a higher nodule number in all the sites than
when inoculated with native and Biofix. Moreover, the site ×

inoculant interaction was also significant for Nod DW in both
seasons, whereby plants inoculated with native showed increased
Nod DW in all the three study locations.

Rhizobia inoculation led to increased shoot DW at flowering
when compared to the uninoculated controls. However, no
significant effect was recorded on the number of leaves per
plant and the height of plants in both seasons (Table 4).
Additionally, the number of leaves, plant height, and shoot DW
were statistically similar among the three cowpea genotypes in
season 1. Among the study locations, cowpea inoculated with
rhizobia in Tharaka Nithi County recorded the highest (32.51 ±
1.40 g plant−1) shoot DW, while those in Kitui had the least (8.18
± 0.29 g plant−1). Embu County recorded the highest number
of leaves and plants heights, followed by Tharaka Nithi and
Kitui, respectively (Table 4). In season 2, there was no significant
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TABLE 2 | Symbiotic effectiveness of native rhizobia isolates.

Treatment Nod No Nod DW (g) Shoot DW (g) Root DW (g) SE (%)

IS1 28.25 ± 4.13abc 0.03 ± 0.00ab 0.84 ± 0.07abcde 0.41 ± 0.09abc 81.52 ± 8.33abcde

Is2 20.75 ± 11.72abc 0.06 ± 0.02ab 1.05 ± 0.05ab 0.42 ± 0.06abc 102.06 ± 5.17ab

Is3 39.50 ± 4.25ab 0.11 ± 0.01ab 0.85 ± 0.04abcde 0.33 ± 0.07bcd 82.33 ± 3.39abcde

Is6 9.25 ± 5.25abc 0.00 ± 0.00b 0.41 ± 0.06gh 0.19 ± 0.04cd 39.62 ± 5.95hg

Is7 25.00 ± 10.12abc 0.07 ± 0.02ab 1.20 ± 0.14a 0.53 ± 0.13ab 116.81 ± 13.57a

Is10 18.75 ± 7.97abc 0.02 ± 0.00b 0.53 ± 0.08efgh 0.32 ± 0.02bcd 51.45 ± 7.98efgh

Is12 29.25 ± 5.04abc 0.08 ± 0.00ab 0.45 ± 0.04fgh 0.19 ± 0.03cd 43.93 ± 3.90fgh

Is13 50.00 ± 8.15a 0.13 ± 0.01ab 0.57 ± 0.07defgh 0.63 ± 0.05a 54.99 ± 6.82defg

Is14 17.00 ± 11.36abc 0.05 ± 0.03ab 0.95 ± 0.10abc 0.36 ± 0.03abcd 92.67 ± 9.37abc

Is15 0.75 ± 0.48c 0.00 ± 0.00b 0.67 ± 0.08cdefg 0.29 ± 0.03bcd 64.92 ± 7.83cdefg

Is16 22.75 ± 4.94abc 0.01 ± 0.00b 0.89 ± 0.07abcde 0.44 ± 0.08abc 86.50 ± 6.68abcde

Is17 31 ± 3.54abc 0.04 ± 0.00ab 0.79 ± 0.03bcdef 0.26 ± 0.02bcd 76.25 ± 2.45bcdef

IsIs19 26.25 ± 2.78abc 0.08 ± 0.00ab 0.97 ± 0.04abc 0.40 ± 0.04abc 94.53 ± 4.31abc

Is20 28.00 ± 3.24abc 0.06 ± 0.00ab 0.07 ± 0.00bcdefg 0.43 ± 0.02abc 70.49 ± 7.77bcdefg

Biofix 34.00 ± 3.54ab 0.17 ± 0.10a 0.91 ± 0.05abcd 0.32 ± 0.08bcd 88.22 ± 5.1abcd

+KNO3 0 0 1.03 ± 0.09abc 0.33 ± 0.02abcd 100.00 ± 8.67abc

Control 0 0 0.20 ± 0.03h 0.09 ± 0.03d 19.02 ± 3.35h

P values <0.0001 0.0006 <0.0001 <0.0001 <0.0001

Key: Nod NO, nodule number; Nod DW, nodule dry weight; Shoot DW, shoot dry weight; root DW, root dry weight; g, grams; +KNO3, plants supplemented with potassium nitrate;

USDA 3456, commercial inoculant.

Values followed by the same letters within the column are not statistically different [Tukey’s honest significant difference (HSD)] at P < 0.05.

difference in the shoot DW and plant height among the three
genotypes. However, K-80 and KVU 27-1 were more productive
in terms of the number of leaves, while M-66 had the least
number of leaves per plants. Among the study locations, the
number of leaves and shoot DW recorded in Embu and Tharaka
Nithi were not statistically different. Cowpea plants in Kitui
County recorded the least number of leaves, plants height, and
shoot DW (Table 4).

Moreover, the site × inoculant interaction on the shoot
DW was significant at P < 0.05 in both seasons (Table 4).
In season 1, plants inoculated with the consortium and native
isolates in all the three sites recorded significantly high shoot
DW. In comparison, cowpea plants inoculated with native
isolates recorded the highest shoot DW in all the three locations
in season 2.

Effect of Rhizobia Inoculation on Cowpea
Yield
Rhizobia inoculation significantly (P < 0.05) increased cowpea
yields in both seasons. In season 1, cowpea inoculated with the
native isolates recorded the highest yields (940.90 ± 71.88 kg
ha−1), while the control had the least (766.60 ± 61.86 ha−1),
which is a 22.7% increase when compared to the uninoculated
control. Consortium and Biofix recorded an 18 and 7.8%
increase, although this did not differ significantly from the
uninoculated control (Table 5). Similarly, cowpea inoculated
with native isolates recorded the highest yields in season 2
(800 ± 79.75 kg ha−1), which was a 28.6% increase over the
uninoculated control. This was not significantly different from
yields of plants inoculated with the consortium (716.83 ±

68.77 kg ha−1). However, this differed significantly from those
inoculated with Biofix and the uninoculated control (Table 5).
Additionally, cowpea plants inoculated with Biofix produced
seeds with the highest 100 seed weight in season 1. However, their
weights did not differ significantly with those inoculated with
native and consortium at P < 0.05. Uninoculated plants recorded
the least 100 seed weight in season 1. In contrast, all treatments
recorded similar 100 seed weight in season 2 (Table 5). Similarly,
the influence on rhizobia inoculation on the stover weight was
only recorded in season two (Table 5).

The seeds’ quality in terms of the 100 seed weight depended
on the cowpea genotype (Table 5). KVU 27-1 and K-80 recorded
the highest and lowest 100 seed weight across the two seasons. A
significant genotype× inoculant interaction was recorded on the
100 seed weight in both seasons. In this case, plants inoculated
with native and Biofix yielded the highest 100 seed weight in
seasons 1 and 2, respectively. While no significant difference
in stover weight was observed in season 1 among the three
genotypes, K-80 recorded the highest stover weight at harvest in
the second season.

Additionally, cowpea yield, 100 seed weight, and the stover
weight were significantly (P < 0.0001) influenced by the study
site in both seasons. In the first season, Tharaka Nithi and Kitui
regions recorded the highest yields, while Embu recorded the
least yields (55.62 ± 7.23 kg ha−1). Tharaka Nithi recorded the
highest yields during the second season, which was significantly
higher than that of Embu, while Kitui recorded the lowest
yields (Table 5). Additionally, there was a significant interaction
between site and inoculant in both seasons (Table 5). In both
cases, inoculation with native isolates led to better yields when

Frontiers in Agronomy | www.frontiersin.org 7 December 2020 | Volume 2 | Article 606293

https://www.frontiersin.org/journals/agronomy
https://www.frontiersin.org
https://www.frontiersin.org/journals/agronomy#articles


Nyaga and Njeru Native Rhizobia Enhance Cowpea Production

TABLE 3 | Effect of rhizobia inoculation on nodule number and nodule dry weight at flowering stage on three cowpea genotypes in three field sites.

Season 1 Season 2

Nodule number Nodule dry weight (g) Nodule number Nodule dry weight (g)

Site

Tharaka Nithi 60.59 ± 3.16a 0.42 ± 0.02a 12.76 ± 0.69b 0.04 ± 0.00b

Embu 23.86 ± 0.70b 0.10 ± 0.00b 18.36 ± 0.76a 0.07 ± 0.01a

Kitui 17.34 ± 0.92c 0.12 ± 0.01b 9.87 ± 0.35c 0.03 ± 0.00b

Genotype

K-80 36.13 ± 2.52a 0.23 ± 0.02a 14.37 ± 0.61a 0.046 ± 0.00ab

M-66 30.16 ± 2.10b 0.19 ± 0.02a 11.71 ± 0.55b 0.036 ± 0.00b

KVU 27-1 30.16 ± 2.10ab 0.22 ± 0.02a 14.91 ± 0.78a 0.05 ± 0.01a

Inoculant

Native 34.88 ± 2.65a 0.22 ± 0.02a 14.44 ± 0.81a 0.05 ± 0.00a

Consortium 41.58 ± 3.60a 0.27 ± 0.03a 14.02 ± 0.82a 0.05 ± 0.01a

Biofix 38.30 ± 2.87a 0.25 ± 0.02a 13.48 ± 0.74a 0.04 ± 0.00ab

Control 20.98 ± 0.97b 0.12 ± 0.01b 12.71 ± 0.71a 0.03 ± 0.00b

P-values of the main factors and their interactions

Variety 0.0215 0.1163 0.0004 0.0055

Inoculant <0.0001 <0.0001 0.3359 0.0006

Site <0.0001 <0.0001 <0.0001 <0.0001

Variety × inoculant 0.5348 0.7414 0.9419 0.7226

Site × variety 0.1261 0.1554 0.1437 0.4722

Site × inoculant <0.0001 <0.0001 0.2143 0.0004

Site × genotype × inoculant 0.0988 0.2387 0.9362 0.8976

Key: g, grams.

Values followed by the same letters within the columns are not statistically different [Tukey’s honest significant difference (HSD)] at P < 0.05.

compared to the other inoculants. Correspondingly, Tharaka
Nithi and Kitui regions had the highest 100 seed weight, while
Embu had the least during the first season. In the second season,
Kitui recorded a significantly low 100 seed weight compared to
TharakaNithi and Embu. The highest stover weight was recorded
in the Embu region during the two seasons. It was significantly
higher than in the other two areas. However, no significant
difference in stover weight between Kitui and Tharaka Nithi
was observed in season 1, although they differed significantly
in season 2. A significant site × genotype interaction on stover
weight was recorded in the second season. In this case, K-80
plants recorded the highest stover weight in Embu and Tharaka
Nithi, while M-66 plants recorded the highest stover weight
in Kitui.

DISCUSSION

Morphological and Biochemical
Classification
In this study, we sought to identify effective native rhizobia
isolates and determine their potential to promote nodulation,
growth, and yield of different cowpeas genotypes, which are
grown in semiarid areas of Kenya. The results of the field
trapping experiment identified morphological and biochemical
characteristics of native rhizobia associating with the cowpea
genotypes on YEMA media (Somasegaran and Hoben, 1985).

All the isolates were Gram-negative and did not absorb Congo
red dye when incubated in the dark. The isolates were white,
cream white, or milky white, which is an indication that they did
not absorb Congo red. According to Somasegaran and Hoben
(1985), one of the distinctive characteristics of rhizobia is their
inability to absorb Congo red dye. Further, the isolates turned
YEMA-BTB media from green to yellow. This indicated that all
the isolates were fast growing and were producing acid while
growing. Fast-growing rhizobia acidify YEMA-BTB, turning it
from green to yellow, while the slow growing alkalize the
YEMA-BTB from green to blue (Boakye et al., 2016). The fast
growth characteristic of rhizobia has been found as an adaptive
characteristic of rhizobia growing in arid and semiarid areas as
a survival strategy that enables them to multiply rapidly over
a short duration of time (Borges et al., 2010). The significant
difference in the isolates’ morphological characteristics could be
an indicator of the existence of diverse native rhizobia-nodulating
cowpea in the study locations. Isolates well adapted to the local
environmental and climatic conditions with a high BNF could be
considered for the development of commercial rhizobia inocula
(Berrada et al., 2012).

Authentication and Symbiotic Efficiency of
the Isolates
Results of the greenhouse experiment showed that inoculation
with the native isolates significantly increased nodulation and
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TABLE 4 | Effect of rhizobia inoculation on cowpea plants height, leaf number and shoot dry weight at flowering on three cowpea genotypes in three field sites.

Season 1 Season 2

Height Leaf no Shoot DW(g) Height Leaf no Shoot DW (g)

Site

Tharaka Nithi 65.21 ± 1.80b 25.08 ± 0.73b 32.51 ± 1.40a 52.46 ± 1.12a 24.08 ± 0.77a 9.74 ± 0.40a

Embu 74.75 ± 1.82a 30.49 ± 1.31a 15.75 ± 0.65b 51.57 ± 0.82a 18.58 ± 0.53b 9.81 ± 0.36a

Kitui 45.09 ± 0.71c 21.15 ± 0.59c 8.18 ± 0.29c 38.86 ± 0.67b 6.01 ± 0.29c 2.01 ± 0.14b

Genotype

K-80 60.46 ± 1.68a 27.05 ± 0.83a 18.71 ± 1.21a 46.45 ± 0.89a 17.56 ± 0.82a 7.01 ± 0.41a

M-66 62.61 ± 1.84a 25.11 ± 1.28a 19.26 ± 1.22a 47.35 ± 1.02a 14.38 ± 0.71b 6.91 ± 0.40a

KVU 27-1 62.61 ± 1.84a 25.11 ± 1.28a 18.48 ± 1.11a 49.09 ± 1.09a 16.74 ± 0.85a 7.63 ± 0.46a

Inoculant

Native 61.38 ± 2.05a 25.71 ± 0.90a 19.82 ± 1.48a 48.34 ± 1.30a 15.55 ± 0.89a 8.29 ± 0.53a

Consortium 60.73 ± 1.86a 25.16 ± 0.77a 20.14 ± 1.52a 46.97 ± 1.05a 16.23 ± 0.90a 7.66 ± 0.48a

Biofix 64.87 ± 2.15a 27.46 ± 1.69a 19.45 ± 1.35ab 47.59 ± 1.25a 16.87 ± 1.85a 7.20 ± 0.48a

Control 59.76 ± 2.19a 23.96 ± 0.87a 15.84 ± 1.03b 47.63 ± 1.03a 16.25 ± 0.85a 5.60 ± 0.43b

P-values of the main factors and their interactions

Genotype 0.5931 0.1465 0.8148 0.1080 0.0002 0.2021

Inoculant 0.1888 0.1452 0.0099 0.8318 0.5559 <0.0001

Site <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Genotype × inoculant 0.1198 0.6994 0.5564 0.8529 0.9981 0.9978

Site × genotype 0.6374 0.7966 0.9057 0.9472 0.3803 0.3624

Site × inoculant 0.2361 0.7097 0.0011 0.4092 0.3913 <0.0001

Site × genotype × inoculant 0.3103 0.8064 0.1208 0.2711 0.5332 0.9839

Key: Nod NO, nodule number; Nod DW, nodule dry weight; Leaf NO, leaf number; shoot DW, shoot dry weight; g, grams.

Values followed by the same letters within the columns are not statistically different [Tukey’s honest significant difference (HSD)] at P < 0.05.

shoot and root DW when compared to the uninoculated control.
The potential of the symbiotic interaction in benefiting the
legume crop is dependent on the effectiveness of the rhizobia
to fix N into ammonia. The most effective rhizobia strains
on the legumes have been utilized through the application as
biofertilizer, which is a sustainable technique for promoting
legume production (Stajkovic et al., 2011). Most of the native
isolates exhibited superior performance in nodulation, shoot
DW, root DW, and SE. This reflects the existence of superior
rhizobia strains in the family farming systems, which have the
potential for exploitation as low-cost inoculants to improve
cowpea production. The isolates that yielded the highest nodule
numbers also translated to a high nodule dry weight. This mirrors
effective symbiosis between the host and rhizobia especially in
cases where it translates to higher biomass production (Gyogluu
et al., 2018). However, for isolate Is13, the high nodule number
did not translate to a high shoot DW. This indicates that the
nodule number alone may not reflect the effectiveness of an
isolate in fixing N. Some rhizobia strains can form a large number
of nodules but have little or noN fixing abilities (Abd El-Maksoud
and Keyser, 2010). These strains may have parasitic behaviors;
hence, they nodulate with their host but are not efficient in N
fixation (Denison and Kiers, 2004). This is especially because
legumes cannot consistently discriminate against strains with low
N fixation abilities.

Compared to uninoculated control, inoculation of cowpea
with native rhizobia increased the shoot DW and root DW.

The increased shoot DW on legumes following inoculation with
native rhizobia could be attributed to the fact that rhizobia
enhanced plant growth leading to increased biomass production
(Kawaka et al., 2014; Jalloh et al., 2020; Matse et al., 2020). The
high root DW and high shoot DW of native treated plants could
be due to the production of plant-growth-promoting hormones
such as 3-indoleacetic acid (IAA) by the native isolates (Mabrouk
et al., 2018). In KNO3-treated plants and the negative controls,
no nodules were formed, which confirmed the absence of any
contamination. The use of sterile vermiculite ensured the absence
of any rhizobia contaminants in the controls, hence the lack
of N fixation attributing to the reduced biomass formation
and, subsequently, the low shoot DW in the negative control
(Muleta et al., 2017). The better growth of cowpea recorded
in native isolates compared to the Biofix and the uninoculated
controls indicate that the native isolates are superior, hence have
the potential for exploitation as rhizobia inoculants to enhance
cowpea production.

Effectiveness of Rhizobia in Field
Conditions
Rhizobia inoculation enhanced cowpea nodulation and increased
shoot dry weight at flowering when compared to the control
plants. The consortium and native isolates showed superior
performance in all the tested parameters at the flowering
stage. While their performance did not differ significantly
from the performance of Biofix, the Nod DW and shoot DW
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TABLE 5 | Effect of rhizobia inoculation on yield, 100 seed weight, and dry stover weight over two growing seasons on three cowpea genotypes in three field sites.

Season 1 Season 2

Yield (kg ha−1) 100 seed weight Stover weight (g) Yield (kg ha−1) 100 seed weight Stover weight (g)

Site

Tharaka Nithi 1,294.35 ± 40.19a 11.91 ± 0.14a 12.53 ± 0.39b 1,338.34 ± 53.71a 12.27 ± 0.11a 18.89 ± 0.73b

Embu 55.62 ± 7.23b 4.94 ± 0.30b 22.21 ± 0.65a 781.28 ± 62.65b 11.69 ± 0.27a 39.39 ± 1.37a

Kitui 1,228.94 ± 50.56a 11.91 ± 0.13a 14.08 ± 0.51b 17.27 ± 2.49c 2.63 ± 0.28b 0.33 ± 0.04c

Genotype

K-80 834.43 ± 57.40a 8.81 ± 0.35c 16.51 ± 0.63a 771.46 ± 61.28a 8.16 ± 0.38b 21.21 ± 1.55a

M-66 854.43 ± 53.41a 9.63 ± 0.28b 16.19 ± 0.60a 663.79 ± 54.84a 8.91 ± 0.40ab 17.33 ± 1.33b

KVU 27-1 890.06 ± 59.17a 10.32 ± 0.32a 16.13 ± 0.61a 761.63 ± 70.29a 9.52 ± 0.43a 20.08 ± 1.56ab

Inoculant

Native 940.90 ± 71.88a 9.77 ± 0.38ab 15.86 ± 0.69a 800.62 ± 79.75a 8.88 ± 0.46a 21.56 ± 1.90a

Consortium 904.85 ± 64.79ab 9.58 ± 0.38ab 16.50 ± 0.69a 716.83 ± 68.77ab 8.85 ± 0.46a 20.69 ± 1.87a

Biofix 826.20 ± 62.17ab 9.97 ± 0.36a 16.94 ± 0.77a 709.22 ± 76.94b 9.02 ± 0.46a 19.10 ± 1.69ab

Control 766.60 ± 61.86b 9.04 ± 0.36b 15.81 ± 0.69a 622.51 ± 61.36b 8.71 ± 0.48a 16.82 ± 1.34b

P-values of the main factors and their interactions

Genotype 0.5531 <0.0001 0.8604 0.3491 0.0002 0.0046

Inoculant 0.0168 0.0286 0.5089 0.1557 0.8734 0.0044

Site <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Genotype × inoculant 0.9440 0.7429 0.8096 0.8362 0.7941 0.4990

Site × genotype 0.4348 0.0176 0.8060 0.5254 0.0314 0.0461

Site × inoculant <0.0001 0.0042 0.5948 0.0212 0.9684 <0.0001

Site × genotype × inoculant 0.4965 0.8654 0.6848 0.9527 0.9444 0.6005

Key: Yield/Ha, cowpea yields achieved in 1 ha.

Values followed by the same letters within the column are not statistically different [Tukey’s honest significant difference (HSD)] at P < 0.05.

in seasons 2 and 1, respectively, following Biofix inoculation
was not significantly different from the uninoculated controls.
Consortium’s enhanced performance could be associated
with the native and commercial rhizobia strains working
synergistically to infect and induce nodule formation on cowpea.
Due to this positive synergistic interaction, the Biofix was able
to form a positive interaction in a new environment with native
rhizobia in the soil, hence forming an association with cowpea,
which led to increased nodulation and nodule dry weights
although not as effective as the native isolates. Commercial
rhizobia strain effectively nodulate and fix N with other different
legume crops (Ulzen et al., 2016; Kyei-Boahen et al., 2017).
However, in the presence of more superior native rhizobia than
the introduced strains, inoculation causes no significant effect on
nodulation when compared to the uninoculated controls (Mathu
et al., 2012). The superiority of the native isolates could be linked
with good adaptability to the local agroecological environment.
Therefore, their reintroduction increases their numbers in
the fields, leading to increased N fixation. Reintroduction of
well-adapted rhizobia strains on legumes from which they were
isolated has been reported to result in the formation of effective
symbiotic associations leading to increased nodule formation
and nodule dry weight (Matse et al., 2020).

Nodule formation on the roots of control plants could be
associated with the free-living rhizobia present in the soil before
planting. Therefore, the increased nodule formation following
inoculation could result from increased rhizobia occupancy in

the cowpea root nodules due to increased rhizobia population
in the soil. The increased nodule occupancy leads to better N
fixation, which is necessary for shoot development in plants
(Abou-Shanab et al. (2019). Among the three cowpea genotypes,
K-80 and M-66 formed the highest and lowest nodule number
and nodule dry weight, respectively. The differences in legume
varietal response to inoculation in terms of nodulation has
been reported as an important trait in legume crop that can be
exploited by plant breeders to have crops with a high N fixation
ability (Hossain et al., 2016). This is especially in cowpea, where
nodulation has been reported to be dependent on the cowpea
genotype (Njeru et al., 2020). Although M-66 genotype had the
least number and dry weight of nodules, the dry shoot matter
did not differ significantly with the other two genotypes. This
could be because all the three genotypes are well-adapted to
both the study regions’ environmental and ecological conditions
(Recha et al., 2013). In addition, it seems all the three genotypes
did not discriminate against the inoculants; thus, no interaction
of inoculant by genotype was present, which suggests that the
cowpea genotypes’ response to inoculation was the same across
the three study sites. However, in the study locations, significant
differences were present in the nodulation and shoot dry weight.
This could be associated with the varying soil physicochemical
characteristics in the study sites. The performance of individual
genotype did not differ across the location. However, a better
response to inoculation was present in Tharaka Nithi when
compared to the other two regions.
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Similarly, the season of planting greatly influenced nodulation
and the shoot dry matter. Tharaka Nithi and Kitui regions
recorded a significantly low nodule number and dry weight in
the second season. This could be associated with the unexpected
low rainfall received in these region during the second season.
Moisture stress and drought has been reported to limit nodule
formation, subsequently limiting N fixation (Sindhu et al.,
2020). This has been linked to increased acid phosphatases
and antioxidant activity in the root nodules during drought
conditions (Mouradi et al., 2018).

Cowpea yield in the field increased with inoculation.
Remarkably, native isolates R. tropici clone H53, Mesorhizobium
sp. WSM3874, and R. pusense strain Nak353 recorded the
highest yield per hectare. At the same time, the performance
of consortium and Biofix did not differ significantly from the
control plants. This superiority of the native rhizobia isolates
indicates that there exist effective rhizobia in these regions with
the potential to enhance cowpea production. This could be
associated with the better adaptability of native rhizobia to the
ecological surrounding, hence their ability to infect and form a
positive association with cowpea under the prevailing conditions
(Koskey et al., 2017;Matse et al., 2020). Besides, the native rhizobia
can form positive interactions with the naturally occurring soil
microbiota, which enhances the host crop nutrition and health.
This includes interactions with plant-growth-promoting bacteria
and bioenhancers such as arbuscular mycorrhizal fungi, which
increase the supply and access to other nutrients (Yadav and
Verma, 2014; Karthikeyan and Arunprasad, 2019). According
to Koskey et al. (2017), inoculation of common bean with
native rhizobia outperformed other inoculants in respect to
yield, which is in agreement with the findings of our study. The
average performance of Biofix is linked to moderate adaptability
and unfavorable agroecological setting in the study area, which
negatively impacted the Biofix–cowpea association (Koskey et al.,
2017). This is also seen in the cowpea response to inoculation
with the consortium. This is mainly because the effectiveness
of rhizobia inoculants on the improvement of yields is not
dependent on the diverse rhizobia population of the inoculant.
Inoculation with a diverse rhizobia population increases chances
of incompatibility and negative interactions, which occurs at the
expense of N fixation (Martinez-Romero, 2003). Additionally,
cowpea is a promiscuous legume that enables it to nodulate with
many rhizobia strains, including the ineffective strains that lead
to poor responses to rhizobia inoculation (Kanonge-Mafaune
et al., 2018). Therefore, it is necessary to use effective rhizobia
adapted to the agroecological condition for maximum cowpea
production. Besides the influence on yield, all the three inoculants
significantly increased the stover weight at harvest during the
second season when compared to the control. The stover is
important, as it supplements the soil with nutrients and organic
matter upon decomposition needed for the subsequent crop and
soil structure improvement.

The rhizobia inoculants did not show any preference for
any cowpea genotype in yields, as no significant interaction of
rhizobia inoculant and cowpea genotype was observed. This
could be attributed to the fact that all three genotypes have
been bred to suit the environmental and climatic conditions

of our study sites. There is a likelihood that these genotypes
have been empirically selected to form efficient interaction with
the indigenous rhizobia (De Freitas et al., 2012). This opposes
the finding by Karasu et al. (2011), who reported a significant
interaction between genotype and rhizobia inoculant. Further
differences in the 100 seed weight could be attributed to the
varying sizes of the seeds in each of the cultivars.

Additionally, the associated difference in stover weight among
the genotypes could be linked to the different growth forms of
these genotypes in the field. Similarly, significant differences were
recorded in all the parameters across the three study sites between
the two seasons. These differences can be attributed to the varying
climatic conditions in the three locations in the two growing
seasons. The significant differences in yields between seasons
could be attributed to the extreme rainfall during the flowering
and podding stage during the first season. The associated rainfall
impact on the flowers and small pods causes flower and pod
abortion, reducing the number of pods that reach maturity.
This consequently affects the yields achieved per plant and,
subsequently, the yield achieved per hectare.

Conclusion
Our study has demonstrated the existence of effective native
rhizobia isolates in the smallholder farms with great potential
to improve cowpea growth and yield under a changing climate.
Interestingly, while all the inoculants enhanced nodulation,
shoot DW, and yields, native isolates R. tropici clone H53,
Mesorhizobium sp. WSM3874, and R. pusense strain Nak353
showed more superiority in all the tested parameters. Although
the cowpea genotypes did not show any preference for any of
the inoculants, the increased nodulation and yields following
inoculation show that all genotypes performed similarly, and
inoculation enhances their growth and yields. Further studies
should focus on extensive field testing of the native isolates to
identify the “best bet” isolates for the development of cheap
and effective biofertilizer that will augment sustainable cowpea
production in smallholder agroecosystems.
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