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ABSTRACT

The effect of inoculating indigenous cowpea nodule bacteria of Ethiopia on the crop performance
was not tested under field condition with the ultimate goal of selecting effective inoculants. Root
nodule bacteria which showed strong symbiotic effectiveness under greenhouse condition were
selected for field experiment. Under field conditions, inoculation of cowpea with ECR-0+ECE-21
and ECR-101+ECE-21 resulted in a maximum grain yield (GY, 2713 kg ha"1) and above ground
biomass (BW, 506 g m™), respectively. The co-inoculation of cowpea with ECR-0 and ECE-21 and
ECR-24 and ECE-21 significantly improved (p<0.05) the N-content and GY as compared to their
single rhizobial inoculation. The native strains performed better than the exotic strain (Biofix).
Performance of the strains was similar at the two test locations except ECR-14 and ECR-24 that
resulted 13% greater of BW at Uke than at Bako. Symbio-agronomic performance of native rhizobia
under field condition showed direct correlation (r>0.5; p<0.01) to each other except nodule number.
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farmers cannot afford to buy chemical fertilizers.

In general, both single and co-inoculation of the native rhizobacterial inoculants improved cowpea
performance. This is a promising biofertilizer to enhance cowpea production in Ethiopia, where the

Keywords: Co-inoculation; inoculation; nitrogen fixation, relative effectiveness.

1. INTRODUCTION

Cowpea (Vigna unguiculata (L.) Walp) is a
leguminous plant, cultivated for food, forage, and
reclamation of soil fertility in different parts of the
world. The crop performs well under stressed
edapho-climatic condition of the sub-Saharan
African regions that are characterized by
acidity, poor nutrients content, low moisture
content and high temperature [1]. Emphases
have been given for the application of inorganic
chemical fertilizers to improve productivity in
these areas. In spite of its undesirable
environmental ramifications, the ever-increasing
cost of chemical fertilizers makes it unaffordable
to the poor farmers of the sub-Saharan Africa,
particularly Ethiopia.

Cowpea production is common in tropical
agriculture since it fixes atmospheric dinitrogen in
association with soil inhabiting rhizobia. Cowpea
rhizobia are naturally promiscuous, nodulating
different leguminous herb plant [2] although their
degree of symbiotic efficiency varies among
cross-inoculation groups [3]. The ability of
cowpea rhizobia to form nodules with a wide
range of legume hosts may contribute to their
persistence in different agroecologies. However,
host specificity is an important parameter for
symbiotic efficiency, where defined species of
rhizobia forms nodules on specific legumes. As a
result, cowpea rhizobia are generally presumed
to be poor nitrogen fixer [4] and inoculation is
rarely performed or neglected under field
conditions.

However, studies showed that cowpea fulfils
most of its nitrogen requirements from biological
nitrogen fixation [5,6]. [7] estimated that cowpea
fixes up to 125 kg N ha™'yr" that is greater than
the general amount of urea required for cereal
crops production in soil of Ethiopia [8]. Several
researchers also reported that inoculation of
cowpea with rhizobia gave a promising
response in different tropical regions [9,10,11].
However, it is established that nitrogen fixation
efficiency in cowpea depends on potential of the
rhizobial isolates [11,12], the type of cowpea
genotypes [13,14] and edapho-climatic condition
of the growing areas [15,16].

66

Apart from the selection of effective rhizobial
endosymbiont having high capacity of symbiotic
association and competitive in the rhizosphere
[17] inoculation of legumes by inorganic
phosphate solubilizing bacteria have been
reported to improve growth and yield in legumes
[18]. Rhizobacteria can contribute to plant growth

by fixing atmospheric nitrogen, enhancing
phosphorous availability, phytohormone
production and inhibiting growth of

phytopathogens [19,20]. As a result, the co-
inoculation of cowpea rhizobia with phosphate
solubilizing bacteria improves productivity and
yield of the crop [21,22].

In Ethiopia, cost of chemical fertilizer is
increasing from time to time, at which farmers
cannot afford to purchase to meet the crop
nutrient requirement. The cheaper and
environment friendly alternative is the use
rhizobacterial inoculants which has high capacity
of nitrogen fixation and other plant growth
promoting (PGP) properties [23,24]. However, so
far no work done on rhizobacterial inoculants of
cowpea in Ethiopia. Thus, evaluation of the
symbiotic diversity and efficiency of native
cowpea rhizobia is an important step toward
developing efficient inoculants to improve the
crop productivity.

2. MATERIALS AND METHODS
2.1 Sources of the Rhizobial Inoculants

Cowpea rhizobial isolates were previously
collected from different parts of Ethiopia and
stored with 30% glycerol (HIMEDIA, India) at -
20°C in Addis Ababa University, Applied
Microbiology Laboratory for further studies.
Totally, 5 cowpea rhizobial isolates were
included in this study and the rhizobial isolates
were previously characterized for phenotypic and
genotypic properties [25]. The exotic strain
(Biofix) was obtained from Holeta Agricultural
Research Institute, Ethiopia.

2.2 Description of the Test Location

The field experiment was conducted at Bako and
Uke agricultural research sites during the rainy
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season (June-September) of 2019. According to
the Ethiopian agro-ecological zonation, the areas
are mid-highlands characterized by unimodal
rainfall pattern. Soil physico-chemical properties
were analyzed according to the methods
described in Table 1 at Nekemte Soil Research
and Laboratory, Ethiopia.

Edapho-climatic properties of the experimental
areas were almost similar except the total
nitrogen that was higher in Bako soil than in Uke
soil (Table 1).

2.3 Abundance of Native Rhizobia in Soils
of the Test Sites

Rhizobial abundance in the test locations was
determined by most probable number (MPN)
using plant infection method as indicated in [26]
from homogenized soil samples that were
collected at the beginning of rainy season in the
experimental year. The data showed that the soil

samples from the two field sites harbored low
number of cowpea rhizobia (Table 1) which is not
sufficient for optimum cowpea production
according to the study of [27] although the
experimental sites are known for the production
of “cowpea miscellany” crops such as peanut,
cowpea, common bean, and soybean [28].

2.4 Preparation of Inoculants

Inoculants were prepared by injecting 65 ml of
the actively grown broth cultures (10° mI™") of the
rhizobial strains into 125 g of sterile peat in
plastic bags. Similarly, the co-inoculants were
prepared by injecting equal proportion of the
rhizobial strains and the endophytic strain (65 ml
of co-inoculants into 125 g of peat) into the
carrier material. The bags were sealed, mixed
thoroughly, and incubated at 28°C for two weeks.
Viability and abundance of the inoculants were
checked by MPN before field inoculation using
plant infection method.

Table 1. Description of the test locations and soil physico-chemical properties of the soils

No Parameters Method Bako Uke

1 Altitude (m a.s.l) 1650 1404

2 Longitude 37°09 °E 36°28°E
3 Latitude 09°06°N 09°20°N
4 Temperature (°C) [29] 13-28 15-27

5 Rain fall (mm) [29] 80-260 70-250
6 Relative humidity (%) [29] 40-53 35-55

7 Soil order Nitosol Nitosol
8 Textural class Clay Clay

9 Organic carbon (%) Walkley and Black [30] 2.3 3.15

10 Total Nitrogen (%) Kjeldahl [31] 0.214 0.102
11 CIN ratio 10.74 30.8

12 Available P (ppm) Olsen et al. [32] 0.51 0.64

13 CEC (cmol™/kg soil) NH,Ac at pH 7 32 30

14 pH (1:2.5 H,0) Soil:H,0 ratio 4.98 5.03

15 Rhizobial abundance MPN (# g soil) 204 312

Table 2. Physiological and PGP properties of cowpea rhizobial strains selected for field

experiment

Isolates Species MGT % %HC PGP properties

(hr) ST RE (sand IAA Mobilized-

culture) (ugml”’) P (ugml™)

ECR-0  Bradyrhizobium sp. 71+0.2 44 69 144 - -
ECR-14  Bradyrhizobium japonicum 6.8+t0.3 64 55 129 - 2.7+1.0
ECR-24  Rhizobium rubi 27.7£t0.8 40 41 106 33.241.5 2.240.9
ECR-101 Bradyrhizobium sp. 9.5+t0.5 64 62 105 - -
Biofix Bradyrhizobium sp. 6.4t0.6 68 62 109 64.6£1.7 -
ECE-21 Pseudomonas putida 3.2+0.7 - - - 71.1£1.2 87.74+7.43

MGT, mean generation time; %ST, percentage stress tolerance; %HC, percentage heterotrophic competence;
RE, relative effectiveness
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2.5 Experimental
Experiment

The experiment was set as RCBD in ftriplicate.
The treatments included inoculation of the five-
rhizobial strains individually and co-inoculation of
each of the rhizobial strains with the endophytic
strains (ECE-21). The controls were Biofix,
nitrogen fertilizer plots (Positive controls) and
untreated plots (negative controls). The positive
controls were treated with 100 kg ha” urea
where 25% of the fertilizer was added during
planting and the left was added after 21 days of
planting. All plots have received 50 kg ha” P as
single superphosphate at the beginning of
planting. Area of the experimental units was
3 m by 3 m with 1 m space between them. The
space between plants, rows and blocks was 0.1
m, 0.4 m, and 1.5 m, respectively. During
planting, 1 g of peat-based inoculants was mixed
with 100 g of seed that was rinsed with 15%
sucrose [26].

the Field

2.6 Data Collection from

Experiment

Characteristics such as Nodule number (NN),
Nodule dry weight (NDW), Shoot dry weight
(ShDW), nodulation index (ratio of NDW to
ShDW, NI), and BW, shoot total nitrogen content
(ShNC), shoot nitrogen vyield, and shoot protein
content (ShPC) were recorded at 50% of the
crop flowering. Number of pods per plant (NP),
number of seeds per pods (NS), and number of
branches per plants (NB), grain yield (GY) and
100 seed weight (HuUSW) were recorded at
harvest. The BW and GY were measured during
13% moisture content estimated using grain
moisture meter [33].

The plant ShNC of was determined by modified
Kjeldahl technique as written in the manual of
[31] and ShNY was obtained by multiplying
ShNC by BW [34]. The ShPC was calculated by
multiplying percentages of ShNC with standard
conversion factor 6.25 [35].

2.7 Data Analysis
One-way ANOVA was used to compare

mean symbio-agronomic performance of the
inoculated crop using SAS Ver-8 at 5% of

probability. In addition, Pearson correlation
was tested among the symbio-agronomic
characters.
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Design of the Field 3.RESULTS AND DISCUSSION

3.1 Effect of Inoculants on the Crop
Performances under Field Conditions

Inoculation significantly (p<0.01) improved the
symbio-agronomic performance of the crop
except NB (Table 3). The NN per plant was in the
range of 17 and 31 (Average 24.6) which was
similar to the range of 10-35 NN per plant of
cowpea reported from Brazil [10,33]. Inoculation
has brought significant effect on the NN as
spontaneous nodulation by the naturalized
rhizobia was about nine times less than the
maximum NN per plant formed by the inoculation
of ECR-24 (Table 3). However, there was no
significant difference (p>0.05) in NN between
single inoculation and co-inoculation (Table 3).

Inoculation showed significant effect (p<0.01) on
NDW which ranged in 367-517 mg per plant and
the maximum NDW was formed by ECR-101
(Table 3). However, the data did not show
significant variations (p>0.05) in NDW between
the single inoculation and co-inoculation except a
21% increase by the co-inoculated plants with
ECR-24+ECE-21. Cowpea inoculated with the
native rhizobial inoculants showed significantly
higher NDW than the control plants (uninoculated
cowpea) and cowpea inoculated with Biofix
(Table 3). In addition, NDW of cowpea inoculated
with native rhizobial strains was higher than the
maximum NDW (<200 mg plant'1) reported from
different countries [33,36]. This means, the
symbiotic association between native rhizobial
inoculants and Bole-cowpea variety was effective
since NDW is one of the indicators of symbiotic
effectiveness [37].

Inoculation of native cowpea rhizobial strains
also showed variation in BW (394 - 506 g m'2)
without showing significant difference (p>0.05)
between the single inoculated and co-inoculated
plants (Table 3). The plot fertilized with urea and
plot inoculated with ECR-101+ECE-21 produced
472 g m? and 506.9 g m™ of BW, respectively
(Table 3). Although cowpea plants treated with
ECR-101+ECE-21 produced slightly higher BW
than previous reports of the crop in Ethiopia (BM
of uninoculated cowpea 470 g m'2) [14,36] but it
was much lower than the minimum BW (810 g m’
2) obtained from inoculation of native cowpea
rhizobia of Ghana [11]. This big variation in BW
may be emanated from difference in local
cowpea verities used in the experiments. BW is a
measure of animal feed potential in forage
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Table 3. Mean performance of the inoculants for selected symbio-agronomic characters of cowpea under field condition

Isolates NN NDW NI BW ShNC  ShNY ShPC (%) NP NS GY
(Plant”)  (mgplant”) (mgg')  (gm? (%) (@ m?) (Kg ha™)
ECR-0 17.0° 487.3%° 15.7 2° 464.2%° 2.6° 12.5° 17.0°° 263.8% 12.2% 2336.6°C
ECR-14 28.3% 438.3° 17 4%° 433.8"° 2.3 10.2°¢ 145> 211.0° 11.32%° 2065.8%
ECR-24 31.0° 367.5° 17.8° 396.2° 2.0% 8.1% 12.7% 184.6% 10.2°° 1857.9°"
ECR-101 25.3%° 517.5° 13.3° 499.3% 3.2° 15.7° 19.7° 307.2° 12.5% 2693.7*
Biofix 24.3%° 237.8° 13.5°° 337.7° 1.7° 5.9° 11% 152.0% 8.5d° 1613.2¢
ECR-0 + ECE-21 26.6%° 515.6° 13.1° 489.9%° 3.2° 15.7° 20.0° 315.3° 13.2° 2713.4°
ECR-14 + ECE-21 26.6%° 462.0%° 15.8 ¢ 448.0°° 2.6° 11.5° 16°° 258.0%° 12.0%° 2242 2%
ECR-24 + ECE-21 22.23%¢ 463.0%° 16.3° 446.5° 2.5° 11.1°° 18.7"° 229.3"° 12.0%° 2131.9%
ECR-101 + ECE-21 20.0"° 516.2° 12.8° 506.9° 3.2° 16.5° 20.0° 294.6° 10.7° 2546.17°
Biofix + ECE-21 24 5%° 253.8° 12.9° 311.4° 1.8° 5.8° 11.7% 163.5%% 9.2%% 1643.5°
N+ 4.5° 69.8° 1.4° 472.9% 2.1% 9.8 13.0°¢ 218.3° 10.3°° 1990.2%"
N- 3.3¢ 56.2° 3.8¢ 167.2° 1.2° 2.0' 7.5° 107.2° 8.2° 1169.7"

NN, nodule number; NDW, nodule dry weight; NI, nodulation index; BW, above ground biomass yield; ShNC, shoot total nitrogen content; ShNY, shoot nitrogen yield;
ShPC, shoot protein content; NP, number of pods per plant; NS, number of seeds per pod; GY, grain yield. Values within a column sharing the same letter are statistically non-
significant at a=0.05

69



Kenasa et al.; IJPSS, 32(15): 65-75, 2020; Article no.lJPSS.62564

legumes. The significant improvement in BW by
inoculation of native rhizobia (3-fold increase
compared to the negative control plants and
higher than the positive control) could be due to
the large proportion of nitrogen source from
biological fixation for the shoot dry matter gain in
cowpea [6]. Previously, study also showed that
81% of the nitrogen used for growth in cowpea is
obtained from biological nitrogen fixation [5].

Inoculation of cowpea with native root nodule
bacterial strains resulted in significantly higher
(P<0.05) ShNC and ShNY compared to
inoculation with the commercial strain (Biofix)
and the controls (Table 3). The highest ShNC of
cowpea was 3.2% by inoculation of ECR-101,
ECR-0+ECE-21 and ECR-101+ECE-21 that
were significantly higher (P<0.05) than the crop
treated with other strains and the controls (Table
3). Therefore, inoculation of cowpea with native
rhizobial strains significantly improved nitrogen
component of the plant.

The inoculation tests under field condition also
revealed the increase in grain yield of cowpea by
the application of the root nodule bacterial strains
ranging from 1857.9 kg ha” from single
inoculation with ECR-24 up to 2713 kg ha™ by
co-inoculation with ECR-0 +ECE-21; showing
32% increase between the treatments. The grain
yield of cowpea co-inoculated with ECR-0 and
ECE-21 resulted in 70% increase as compared
to the positive control (treated with 100 kg ha” of
urea) and 131% increase against negative
control plots (Table 3). This indicates the poor
performance of the resident rhizobia in soil of the
field and inoculation of cowpea with elite native
rhizobia could significantly enhance cowpea
production.

The data also showed that the elite native
cowpea root nodule bacterial strains from soil of
Ethiopia improved grain yield (1857.9 to 2713.4
kg ha‘1) which was 2.7 to 4 times greater than
the best performing inoculants in Brazil (grain
yield of 693 kg ha ', equivalent to grain yield of
cowpea that received 50 kg ha” of N fertilizer)
[10]. They also performed better compared to the
maximum grain yield of cowpea (1200 kg ha™,
equivalent to grain yield of the crop that received
74 kg ha” of N as urea) reported by [38]. [391
reported a maximum of 1782 kg ha
(comparable to cowpea grain yield of the present
negative control) by the application of 100 kg ha™
of N P K fertilizer and using local cowpea
varieties. Therefore, inoculation of elite cowpea
root nodule bacteria native to soil of Ethiopia are
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as effective as or better than the application of
chemical fertilize in increasing grain yield in
cowpea.

3.2Comparison of Single Vs Co-
inoculation on the Crop Performances

The effect of co-inoculation of cowpea by
rhizobial strains and the endophytic strain (ECE-
21) did not show significant difference (p>0.05)
on the plant performances compared to single
inoculation except ShNC, ShNY, ShPC and GY.
Co-inoculation of cowpea with ECR-0 and ECE-
21, and ECR-24 and ECE-21 increased the plant
ShNC, ShNY, ShPC and GY in the range of 14-
27% as compared to the single rhizobial
inoculation (Table 3). Previous study also
showed up to 63% increment of ShNC and GY in
Pigeon pea by co-inoculation of Pseudomonas
putida and Rhizobium [40].

The effect of co-inoculation was insignificant
(p>0.05) on 80% of the symbio-agronomic
characters of the crop measured during this
experiment. Therefore, endophytic bacteria might
have specific PGP properties that have specific
action on plant growth and nitrogen fixation. For
instance, co-inoculation of Mung bean with
Rhizobium and ACC deaminase producing
rhizbacteria did not improve the NP, NN, and
NDW of the crop [41].

3.3 Comparison of Native Vs Exotic
Inoculants on the Crop Performances

The general trends in symbio-agronomic
performances of cowpea inoculated with the
native inoculants both as single and co-
inoculation were higher than the exotic strain.
Particularly, the native rhizobacterial strains
formed significantly higher (p<0.05) NDW, BW,
ShNC, NS and GY than the exotic strain both as
single and co-inoculation form. In addition, ECR-
101, ECR-0 +ECE-21 and ECR-101+ECE-21
performed significantly higher in ShPC and NP
than the exotic strain (Table 3).

The poor symbio-agronomic performance of the
exotic strain can be accounted to either the poor
adaptation of the strain to the prevailing soil
condition to compete with the native soil rhizobia
or its general poor nitrogen fixation potential in
symbiosis with the cowpea variety. As a result,
bioinoculant selections are often recommended
from native rhizobacterial populations that are
competitive and symbiotically effective [42].
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3.4 Effect of Location on the Inoculants
Performances

Location showed significant effect (p<0.05) on
NDW, ShDW and NI where the latter two were
higher at Bako than at Uke. However, NN, RE,
ShNC, ShPC, ShNY and NS did not show
marked differences between locations (Table 4).
The higher NDW at Uke than at Bako might be
associated to the comparatively lower soil
nitrogen content, higher organic carbon and
higher soil pH at Uke compared to at Bako
(Table 1). Previous studies showed the severe
negative impact of excessive soil nitrogen content
[43] and soil acidity [44,45] on competitiveness
and persistence of rhizobacteria in soil.

Besides, the agronomic characters such as BW,
NP and NB were significantly higher at Uke than
at Bako that was in contrary to GY that was lower
at Uke than at Bako (Table 4). The low GY at
Uke could be due to the slow initiation of fungal
disease at the late stage of the experiment (data
not shown). The mean performance of the
inoculants on NDW, ShDW, NI, BW, NP, NB,
HuSW and GY of the crop showed significant
difference between the two locations (Table 4).
However, performance of the individual
inoculants either singly or dually has insignificant
effect on the symbio-agronomic characters of the
crop over location except on NDW and BW
(Table 5).

Table 4. Mean performance of the inoculants for attributes of symbio-agronomic performance
of the crop under field locations

Characters Mean

Bako Uke Mean
Symbiotic
Nodule abundance (NN, # plant™) 25.83° 23.37° 24.6
Nodule Dry Weight (NDW, g plant™) 419.8° 432.03° 425.9
Shoot Dry Weight (ShDW, g plant™) 31.82° 27.14° 29.48
Nodulation Index (NI, mg g™) 16.25° 13.54° 14.89
Relative Effectiveness (RE, %) 63.36° 63.04° 63.2
Shoot Nitrogen Content (ShNC, %) 2.57° 2.46° 2.53
Shoot Protein Content (ShPC, %) 16.09° 15.61° 15.85
Shoot Nitrogen Yield (ShNY, g m™) 10.82° 10.95° 10.86
Agronomic
Biomass Weight (BW, g m™) 421.3° 445.5° 433.4
Number of Pod on Plant (NP, # 10 plant™) 221.2° 254.7° 237.95
Number of Seeds in Pod (NS, # pod™) 11.2° 11.13° 11.16
Number of Branches (NB, # plant™) 6.4 8? 7.2
Hundred Seed Weight (HuSW, g) 17.34° 15.33° 16.33
Grain Yield per Hectare (GY, kg ha™) 2272.93° 2095.95" 2184.44

Values within a row sharing the same letter are statistically non-significant at a=0.05

Table 5. Performance of the strains for attributes of the symbio-agronomic properties of the
crop at the two field locations

Isolates SDW (g plant’) NDW (mg plant”) BW (g m™) GY (kg ha™)
Bako Uke Bako Uke Bako Uke Bako Uke

ECR-0 37.0°  26.3°%  506° 4697 444°° 4847 2527°° 2146
ECR-14 27.0°°%  24.6°° 410 460 401" 466" 2028  2103*
ECR-24 21.4°  20.0° 324° 411° 370"  422°° 1846° 1869°

ECR-101 44.0°  352%° 521° 5142 483°° 515°  2828%  2559%°
ECR-0+ECE-21  43.5® 36.8% 515° 516° 467 513°  2879° 2547°°°
ECR-14+ECE-21 30.1°°° 28.7°° 453  470%® 413%"  483*° 2303 2181%
ECR-24+ECE-21 34.2*° 24.1% 474%°  452%° 429°°  464%° 2274°°  1989%
ECR-101+ECE-21 45° 36.6%° 5172 5132 496%° 518%  2532%° 2559%°

Values within a row (for the same parameter) sharing the same letter are statistically insignificant at a=0.05.
Aberrations are similar to table 3
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Table 6. Correlations (r) among symbio-agronomic characteristics of cowpea inoculated with
rhizobacterial strains

BW ShDW ShNC GY RE
NN -0.327 -0.057 -0.166 0.000 -0.152
NDW 0.825° 0.825° 0.908" 0.844" 0.903"
BW 0.576" 0.763" 0.619" 0.774"
ShDW 0.923" 0.910" 0.954"
ShNC 0.928" 0.974"
GY 0.905"

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
Aberrations are similar to Table 3

As shown in Table 6, the NDW of cowpea
inoculated with ECR-24 was significantly higher
at Uke (411 mg plant'1) than at Bako (324 mg
plant'1). Similarly, the BW of cowpea inoculated
with ECR-14, 24 and ECR-14+ECE-21 was
higher at Uke that at Bako. The similar
performance of most of the inoculants at the two

locations (for majority of the parameters
measured) may be attributed to the low
abundance of cowpea rhizobia in the test

locations (Table 1) and similar phosphorous
pretreatment, which shows reproducibility of the
results over locations. Previous studies also
showed the importance of external phosphorous
application for effective nitrogen fixation in
cowpea irrespective of the total phosphorous
content of the soil [46,47].

3.5 Correlation among Symbio-agronomic
Performance of the Inoculants

The symbiotic and agronomic characteristics of
cowpea inoculated with the nodule bacterial
strains showed relationships. Except NN, the
symbio-agronomic  characteristics  of  the
inoculated cowpea were directly correlated to
each other (Table 6). NDW of the inoculated crop
was strongly correlated (r=0.825; p<0.01) to BW,
ShDW, ShNC, GY and RE.

According to Fening and Danso [27] also
reported the direct correlation (r>0.5) among NN,
NDW, ShDW, ShNC and RE of cowpea.
However, in the present experiment NN was
inversely correlated (r=-0.25; p<0.05) to NDW.
This could be due to nodule size which has major
impact on NDW than the mere NN as reported by
[32]. The strong positive correlation between BW
and GY of cowpea inoculated with the
rhizobacterial strains shows the importance of
inoculants for food and forage production of
cowpea in Ethiopia.
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4. CONCLUSIONS

Cowpea rhizobia native to soil of Ethiopia vary in
their symbiotic performances. Their performance
particularly varied based on host varieties and
edapho-climatic condition of the test locations.
Co-inoculation Cowpea with rhizobia and PGP
endophytic  bacteria  significantly  improve
performance of the crop compared to individual
rhizobial inoculation.
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