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Abstract: Low soil phosphorus levels in savanna soils of Ghana limit cowpea response to inoculation.
A two-year experiment was carried out on 2 soil types of the Guinea and Sudan savanna zones of
Ghana based on the hypothesis that Bradyrhizobia inoculant (BR3267) in combination with phosphorus
and potassium fertilizer will significantly increase cowpea root nodulation, growth and yield. The
study aimed to determine the effect of phosphorus and potassium fertilizer on cowpea response
to Bradyrhizobia inoculant. The treatments were laid out in Randomized Complete Block Design,
replicated four times. The plot size was 8 x 3 m, with the sowing distance of 60 x 20 cm. The
treatment comprises of commercial Bradyrhizobia inoculant, phosphorus (0, 30, 40 kg P,Os ha—!) and
potassium (0, 10, 20, 30 KO ha~1!). Application of Bradyrhizobia inoculant with 30 kg P,Os ha™!
and 20 kg K,O ha~! gave the highest grain yield (1.68 and 1.86 tons ha~!) at both soils which
did not differ from the yield obtained from BR-40-30 kg ha~! P,0O5 and K,O ha~! on the Ferric
Lixisol and BR-40-20 kg ha~! P,0O5 and K,O on the Ferric Luvisol. The same treatment also gave
the highest nodule number and nodule dry weight. The results of this study have shown that the
application of Bradyrhizobia inoculant followed by P and K fertilizer was effective for cowpea growth
in field conditions.

Keywords: biological nitrogen fixation; fertilizer; grain yield; inoculation; root nodules

1. Introduction

Cowpea is a major staple food consumed in Ghana as it contributes to the protein,
vitamins and minerals intake of households. Its cultivation in Ghana is concentrated in the
savanna and transition zones with an average yield of < 0.45 tons ha! [1]. Constraints to
cowpea production in Ghana are related more to its management than suitable variety [2].
This is evident as there are improved cowpea varieties appropriate for different agro-
ecological zones of Ghana [3]. Some of these varieties have been estimated to have a
potential yield of about 3 tons ha~! for high rainfall regions and about 2 tons ha~! for drier
regions [4]. Unfortunately, these improved varieties did not live up to expectation, in terms
of yield, in the investigated area. Sustainable cowpea production requires an adequate
supply of nitrogen (N), phosphorus (P) and potassium (K) as well as micronutrients [5]. It
was reported to require less nitrogen fertilizer application (between 15-30 kg ha~!) as it can
fix nitrogen through a symbiotic association between its root nodules and Bradyrhizobia [6].
High nitrogen fertilizer doses have been blamed for luxuriant biomass growth in cowpea
at the expense of grain yield and nodulation [1,7].

Biological Nitrogen Fixation (BNF) contributes to the nitrogen nutrition of cowpea
with an estimate of 16 to 23 kg ha~! in the Upper West Region of Ghana depending on
the variety, environment and management [8]. The nitrogen-fixing capacity of cowpea
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is significantly influenced by phosphorus availability, rhizobia population and effective-
ness [9,10]. Potassium can enhance nodulation and nitrogen fixation on deficient soils [11]
and also assist cowpea in overcoming moisture stress [12]. Nitrogen and phosphorus have
been identified as the most limiting nutrients on smallholder farms across Africa with a
high depletion rate [13]. However, Potassium removed from the soil through continuous
crop harvest requires replacement to enhance optimum production and soil health. Exter-
nal input of fertilizers is essential for plant growth but may be difficult for smallholder
farmers to afford due to their high cost. The average fertilizer application rate in Ghana
is about 8 kg ha~! [14], notwithstanding the Abuja summit of 2006 where African coun-
tries were encouraged to increase fertilizer use to about 50 kg ha~!. Nitrogen fertilizer
is increasingly getting beyond the reach of average farmers in developing countries due
to seasonal scarcity and its ever-increasing cost. There is, therefore, the need to look in-
ward for alternatives if food production must be sustained. Bradyrhizobia inoculant could
be a cheaper substitute for N fertilizer for grain legumes. Fening et al. [15] suggested
that the inoculation of cowpea with effective strains of Bradyrhizobia is a good strategy
to increase N supply to cowpea since it showed a significant response to increasing N
fertilization. However, the assumption is that the indigenous Bradyrhizobia species are
capable of nodulating cowpea due to its promiscuous nature, thereby making inoculation
with effective strains unnecessary [16]. Recent studies have however disproved this, as
reported in Brazil [17,18], Ghana [1,19]; Mozambique [20]; Nigeria [21] and Tanzania [22].
Inoculating cowpea with effective Bradyrhizobia strain could be beneficial, environmentally
safe and reduces N fertilizer application due to improved nodulation and N fixation [19].
However, other growth limiting factors like phosphorus and potassium availability have
to be addressed to get the maximum benefit from inoculation.

Kyei-Boahen et al. [20] reported that cowpea responded to rhizobia inoculation in soils
having indigenous rhizobia population in Mozambique. Inoculation effect was, however,
higher in soils that have an adequate supply of P. The authors reported a 56% yield increase
due to P application against 25% yield increase without P application. This, therefore,
suggests that the application of inoculant should be accompanied by sufficient amounts of
P fertilizer for optimal response and yield. Similarly, [23] reported increased effectiveness
of Bradyrhizobia due to phosphorus application and also significant biomass and grain
yield of cowpea in the Northern region of Ghana. The Bradyrhizobium yuamingense strain
BR3267 inoculant could improve cowpea yield. There has been reported evaluation of the
inoculant in the Northern region and some parts of the Upper West region [1,23] but yet to
be evaluated in our study locations.

We, therefore, hypothesized that inoculating cowpea with Bradyrhizobia followed
by P and K fertilizer will enhance root nodulation, growth and yield of cowpea in the
investigated soils. The study aimed at determining the effect of P’ and K fertilizer on cowpea
response to Bradyrhizobia inoculant on 2 soil types in the Guinea and Sudan savanna zones
of Ghana.

2. Materials and Methods
2.1. Study Sites

The study was conducted in 2013 and 2014 cropping season at Lawra (Sudan Savanna
zone) and Nyoli (Guinea Savanna zone) both in the Upper West region of Ghana. Lawra
District and lies geographically between latitudes 10°40" and 11°00’ N and longitude
2°51" and 2°45’ W. The soil belongs to the Dorimon series classified as Ferric Lixisol [24].
Nyoli is found in the Wa West district and lies between longitudes 9°40’ and 9°46’ N and
Latitudes 2°30’ and 2°32" W. The soil belongs to the Varempere series and classified as
Ferric Luvisol. Both locations experience a unimodal rainfall pattern with annual values of
between 800-1100 mm (Lawra) and 840 and 1400 mm (Nyoli). Both fields were previously
planted with maize with no history of microbial inoculation.
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2.2. Field Experiment

The study was laid out in Randomized Complete Block Design replicated four times
for both soil types. The plot size was 8 x 3 m, with the sowing distance of 60 cm x 20 cm.
The treatment comprises of a commercial Bradyrhizobia inoculant strain BR3267 formulated
for cowpea, three levels of phosphorus (0, 30, 40 kg P,Os ha~!) and four levels of potas-
sium (0, 10, 20, 30 kg K,O ha~1). Inoculation was accomplished by applying 5 g of the
Bradyrhizobia inoculant to 1 kg cowpea seed. The inoculated seed was spread on a flat wood
and left to dry at room temperature before sowing. Omondaw, early maturing (65 days)
cowpea variety used. Fertilizer was applied at sowing close to the seed, excluding the
control plots. The fertilizers used to supply nutrients were triple super phosphate (46%
P,05) and potassium chloride (60% K,O). Biomass yield, nodule count and dry weight
were determined at flowering while grain yield was determined at pod maturity. Ten
random plants were carefully uprooted from each plot using a spade. The roots were
detached, rinsed, and the nodules collected. The nodules were placed in an envelope and
then dried in the oven at 60 °C for 72 h, and the nodule dry weights recorded. At maturity,
plants were harvested from the middle rows and dried in the oven at 60 °C for 72 h, after
which the weights were recorded.

The treatments used were as follows: 0-0-0, BR-0-0, BR-30-0, BR-40-0, BR-30-10, BR-
40-10, BR-30-20, BR-40-20, BR-30-30, BR-40-30 (N-P,05-K,0 kg ha-1). BR represents the
Bradyrhizobia inoculant

2.3. Statistical Analysis

All the data collected were subjected to Analysis of Variance (ANOVA). The differences
between treatments were compared based on the least significant difference (LSD) p = 0.05.

2.4. Laboratory Analysis

Composite soil samples collected from the study site were air-dried and sieved with a
2 mm sieve. Soil pH was measured with glass electrode pH meter in a 1:1 soil to distilled
water (soil: water) ratio; available P was measured by the Bray 1 method [25] while organic
carbon was determined with the modified Walkley and Black procedure as described
by [26]. The Micro Kjeldahl method [27] was used to determine the total nitrogen and
1.0 N ammonium acetate (NH4OAc) extract was used for exchangeable bases. Potassium
chloride (1.0 N) extract [28] was used to determine the exchangeable acidity (hydrogen and
aluminum). Nutrient uptake in the biomass and grain was determined by multiplying the
concentration of each nutrient with the biomass and grain yield per hectare.

2.5. Soil Physical and Chemical Properties of the Study Locations

Some of the properties of the soils at both locations are presented in Table 1. Both soils
were sandy loam textured.

Table 1. Initial soil physical and chemical properties of the experimental site.

Soil Parameter Ferric Lixisol Ferric Luvisol
Sand (%) 57 62
Silt (%) 38 34
Clay (%) 5 4
pH (1:1 H,O) 5.78 5.90
Organic Carbon (%) 0.46 0.90
Total Nitrogen (%) 0.07 0.08
Available P (mg kg~1) 1.01 5.61
Exchangeable cations (cmol.kg™!)
Ca?* 3.60 9.00
Mg?* 0.60 3.6
K* 0.11 0.12

Na2+ 0.15 0.43
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The total N and available p values were low (N < 0.10% and p < 10 mg kg~ !). Ex-
changeable potassium values were also less than the critical value of 0.15 cmol kg~!. All
these values were rated according to values reported by [29]. The pH was near neutral for
both soils, which are satisfactory for cowpea production.

3. Results
3.1. Dry Matter and Grain Yield

The results in Table 2 showed that the dry matter and grain yield were significantly
different (p < 0.05) among the treatments for the two soil types. The combined application
of Bradyrhizobia inoculant with 30 and 40 kg P,Os ha~! while omitting K,O increased dry
matter yield (29% more than control for the Ferric Lixisol and 25% for the Ferric Luvisol)
which did not differ statistically to the weight produced by plants that received Bradyrhizobia
inoculant only (Table 2). The values ranged from 2.31 to 2.45 tons ha~! for the Ferric
Lixisol and 2.45 to 2.56 tons ha~! for the Ferric Luvisol. The application of Bradyrhizobia
inoculant with 10, 20, and 30 kg K,O ha~! accompanied by 30 and 40 kg P,Os ha~! in
different treatments did vary significantly in dry matter production. The application of
10 kg K,O ha~! with 30 and 40 kg P05 ha~! on the Ferric Lixisol resulted in dry matter
yield of 2.74 and 2.67 tons ha~! respectively. Increasing the K rate to 20 kg K0 ha~! with
30 kg P2Os ha~! gave 2.77 tons ha™! dry matter for the Ferric Lixisol, which was 55% more
than the control. Application of inoculant with 40 kg P»,Os ha~! with 20 kg K,0O ha~!
yielded a dry matter weight of 2.87 tons ha~!. Dry matter yield from the Ferric Luvisol
followed the same trend with values ranging from 2.85 to 3.02 tons ha~!.

Table 2. Effect of inoculant and fertilizer application on cowpea dry matter and grain yield.

Treatments Dro M ttFerric Lixiscc;)l  vield Drv M tferric Luvi(sgol  vield
_ ry atter rain Yie ry atter rain Yie

BR(P205-K0) (tons ha—1) (tons ha—1) (tons ha—1) (tons ha—1)
0-0-0 1.78 a 0.52a 1.96 a 0.78 a
BR-0-0 231b 0.70 b 245b 0.86 b
BR-30-0 2.45Dbc 1.40c 2.62 bc 148 ¢
BR-40-0 2.53 bed 142c 2.56b 1.55d
BR-30-10 2.74 de 1.49d 2.85d 1.68 e
BR-40-10 2.67 cde 145d 2.82cd 1.65e
BR-30-20 277e 1.68 f 3.02d 1.86 f
BR-40-20 2.87e 1.64e 292d 1.87 f
BR-30-30 277e 1.62e 2.86d 172 ¢
BR-40-30 2.83e 1.67 f 296d 175 g

BR—Bradyrhizobia inoculants, POs—Phosphorus was supplied by tipple superphosphate, K;O—potassium
was supplied by muriate of potash, Means followed by the same letter(s) are not significantly different (p < 0.05).
Values are means of two years.

Application of Bradyrhizobia inoculant with 30 kg P,Os ha~! and 20 kg K,O ha~!
gave the highest grain yield (1.68 and 1.86 tons ha~!) at both soils which however did not
differ from the yield obtained from BR-40-30 kg P,O5 and KO ha~! on the Ferric Lixisol
and BR-40-20 kg P,Os5 and K,O ha~! on the Ferric Luvisol. Again, the results show that
the grain yield of cowpea from both soils significantly increased when the Bradyrhizobia
inoculant was applied together with different rates P and K fertilizer. Yield increase (34%)
due to inoculant application alone was from 0.52 to 0.7 tons ha~! on the Ferric Lixisol. An
increase of 10% (0.78 to 0.86 tons ha~!) was recorded from sole inoculation treatment on
the Ferric Luvisol. Application of P (30 and 40 kg P,Os ha~!) with Bradyrhizobia inoculant
without K significantly increased (p < 0.05) cowpea grain yield more than the control and
sole Bradyrhizobia inoculation. The yield obtained from the Ferric Lixisol was 1.40 and
1.42 tons ha~! for 30 and 40 kg P,0Os ha—! which did not differ from each other. On the
Ferric Luvisol, the grain yield obtained from applying P at 30 and 40 kg P,Os ha~! was
1.48 and 1.55 tons ha~ ! respectively. Increasing K from 10 to 20 and 30 kg K,O ha~! with a
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P applied at 30 kg ha~! gave a grain yield of 1.49, 1.68, 1.62 tons ha~! on the Ferric Lixisol
while 1.68, 1.68 and 1.72 tons ha~! was obtained from the Ferric Luvisol respectively.

3.2. Nodule Number and Nodule Dry Weight

Inoculation significantly increased (p < 0.05) the nodule number and nodule dry weight
compared to that for the un-inoculated plants at both locations (Figures 1 and 2). On the Ferric
Lixisol, the combined application of Bradyrhizobia inoculant and with 30 and 40 kg P,Os ha~!
resulted in nodule number that did not differ significantly with that from the treatment were
inoculant was applied with the same rate of P,Os and 30 kg K,O ha~!. Similarly, applying
inoculant with 30 and 40 kg P,Os ha~! along with 10 and 20 kg K;O ha~! gave nodule
number that was not significantly different (p > 0.05) from each other. A higher nodule number
was generally obtained from the Ferric Luvisol. Application of inoculant with 30 kg P,O5 ha~?
and 20 kg K,O ha~! gave the highest nodule number, which was not statistically different
from all other treatments except the control and sole inoculant application.
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Figure 1. Number of nodules as influenced by inoculant and fertilizer treatments. BR*—Bradyrhizobia inoculant, P,Os—
Phosphorus was supplied by triple superphosphate, K;O—potassium was supplied by muriate of potash, error bars denotes
the standard error of the means). Bars designated with the same letter(s) are not significantly different (p < 0.05). Values are

means of two years.
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P»Os5__Phosphorus supplied by triple superphosphate, K;O—potassium was supplied by muriate of potash, error bars
denotes the standard error of the means). Values are means of two years.
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The nodule dry weight for all the treatments differed significantly from that of the
control at both soils. Applying the inoculant with 30 kg P,Os ha~! and 20 kg K,O ha™!
resulted in the highest nodule weight at both soils. There were no significant differences
with the nodule dry weight obtained from treatment BR-30-0 and BR-30-10 kg P,Os and
K,0 ha~! for both soils. The same was also the case for the nodule weight obtained from
treatment BR-30-10 and BR-40-10 kg P>,O5 and K,O ha~! for both soils.

3.3. Grain and Biomass N, P and K Uptake

The data obtained, as presented in Table 3, indicated that the grain N, P and K contents
differed significantly among all the treatments. The highest grain N uptake on the Ferric
Lixisol was attained by treatment BR-40-30 kg P,O5 and K,O ha~!* which compared to
that obtained from treatments BR-30-20, BR-40-20 and BR-30-30 kg P,Os and K,O ha—1.
On the however, the highest grain N uptake of 6.55 kg ha~! was obtained from treatment
BR-40-20 kg P05 and KO ha~! which did not differ statistically from that obtained from
BR-30-20 kg P,Os and K,O ha~!.

Table 3. Effect of inoculant and fertilizer application on cowpea grain N, P and K uptake.

Treatments N Uptake P Uptake K Uptake
BR(P;05- Ferric Ferric Ferric Ferric Ferric Ferric
K;0) Lixisol Luvisol Lixisol Luvisol Lixisol Luvisol
0-0-0 1.71a 2.87 a 0.08 a 0.20 a 0.16 a 1.59 a
BR-0-0 2.34b 3.03b 0.17b 0.21a 042b 1.65a
BR-30-0 345¢ 412 ¢ 0.20 cd 044 c 0.47 be 2.82b
BR-40-0 4.66d 4.89d 020 cd 0.48 de 0.46 bc 2.83b
BR-30-10 4.89 de 529 e 0.19¢ 040b 043Db 291b
BR-40-10 5.32 ef 6.32h 0.20 cd 0.51 ef 054d 292b
BR-30-20 5.68 fg 6.511 023 e 057¢g 126 e 372c¢
BR-40-20 5.56 fg 6.55] 0.20 cd 0.45cd 122 3.92d
BR-30-30 5.67 fg 542 f 021 cd 0.43 bc 124 e 3.67 ¢
BR-40-30 5.89h 597 g 021d 0.53 f 1.25e 3.63 ¢

BR—Bradyrhizobia inoculants, P,Os—Phosphorus by triple superphosphate, K,O—potassium was supplied by
muriate of potash, Means followed by the same letter(s) are not significantly different (p < 0.05). Values are means
of two years.

The data also revealed that the uppermost grain P uptake of 0.23 and 0.57 kg P ha~!
was obtained from the combined application of inoculant with 30 kg P,Os ha~! and
20 kg KO ha™! at both soils respectively. Grain P uptake obtained from other treatments
apart from sole inoculation and control did not differ significantly from each other. Grain P
uptake on the Ferric Luvisol obtained from the control, and sole Bradyrhizobia inoculant
did not vary significantly; however, other treatments differed significantly. Grain K uptake
from applying the Bradyrhizobia inoculant with 30 and 40 kg P,Os ha~! with 20 and
30 kg K,O ha~! was not significantly different on the Ferric Lixisol. The values ranged
from 1.22 to 1.26 tons ha~!. On the Ferric Luvisol, the application of Bradyrhizobia inoculant
with 30 and 40 kg P,Os ha~! with 0 and 10 kg K,O ha~! was not significantly different. The
highest grain k uptake of 3.92 tons ha~! was obtained from treatment BR-40-20 kg P,Os
and K,0O ha~! on the Ferric Luvisol.

The biomass nutrient (N, P, K) content obtained from both soils is presented in Table 4.
The biomass nutrient uptake obtained increased with increased application of fertilizer
at both soils. The highest biomass N uptake (12.54 and 12.86 tons ha~!) for both soils
was obtained from treatment BR-40-20 kg P,O5 and K;O ha~!. For biomass P uptake, the
highest rate (1.55 and 1.33 tons ha~!) was attained by applying the Bradyrhizobia inoculant
with 40 kg P,O5 ha~! and 20 kg K,O. ha~!. Same treatment (BR-40-20 kg P,O5 and
K>0 ha™!) gave the highest K biomass uptake of 6.96 and 6.99 tons ha~! for the Ferric
Lixisol and Ferric Luvisol, respectively.
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Table 4. Effect of inoculant and fertilizer application on cowpea biomass N, P and K uptake.

Treatments N Uptake (tons ha—1) P Uptake (tons ha—1) K Uptake (tons ha—1)
BR(P;05- Ferric Ferric Ferric Ferric Ferric Ferric

K>0) Lixisol Luvisol Lixisol Luvisol Lixisol Luvisol
0-0-0 5.61 a 5.09 a 0.86 a 0.79 a 3.08 a 3.10a
BR-0-0 9.64d 9.02b 0.96 b 0.88b 421b 4.06 b
BR-30-0 11.33 ¢ 1145 ¢ 1.20 ¢ 1.23 cd 4.57 ¢ 4.86 ¢
BR-40-0 11.56 ¢ 11.84d 1.22¢ 1.30 f 4.32Db 4.99 ¢
BR-30-10 12.41d 1224 e 1.33d 1.20 ¢ 577 e 5.74d
BR-40-10 1243 d 12.28 f 1.32d 1.2cd 598 e 5.85d
BR-30-20 1251 e 12.83 g 143 e 1.25 de 658¢g 6.96 g
BR-40-20 12.54 e 1286 g 155f 1.33f 6.96 h 6.9¢g
BR-30-30 12.50 e 1253 h 142e 1.21c¢ 6.53 fg 6.70 f
BR-40-30 1254 e 12.55h 151f 1.30 f 6.46 f 6.74 f

BR—Bradyrhizobia inoculants, P,Os—Phosphorus supplied by triple superphosphate, K,O—potassium was
supplied by muriate of potash, Means followed by the same letter(s) are not significantly different (p < 0.05).
Values are means of two years.

4. Discussion
4.1. Bradyrhizobia Inoculation, P and K Fertilizer Effect on Grain and Dry Matter Yield at Lawra
and Nyoli

This study evaluated the effect of inoculating cowpea with Bradyrhizobia inoculant
together with P and K fertilizer at 2 soils of the Savanna zones of Ghana (Table 2). Both soils
showed a similar pattern in response to treatment application. Our results indicated that
applying the Bradyrhizobia inoculant together with P and K fertilizer could increase cowpea
grain yield more than 200%, with about 50% increase of dry matter yield. It can be deduced
that each of the added nutrients played a complementary role with the inoculant. This is
demonstrated by the initial low soil P and K levels in investigated areas. Phosphorus is
known to supply the required energy for the rhizobial strain to convert atmospheric N to
NHy (O’hara 2001). Applying P fertilizer to legumes where the soil is deficient is known to
increase N fixation and yield. Kyei-Boahen et al. [20] reported a higher yield of cowpea that
was inoculated and applied 40 kg P ha~! than the ones that did not receive P application.
However, the authors did not apply K due to its adequate content in the study locations.
Similarly, [1] reported that grain yield of cowpea in the Northern region of Ghana doubled
following inoculant application with 26 kg P ha~!. Even though the application of the
inoculant with P increased both the dry matter and grain yield at both soil types, greater
yield response was obtained when K was added at both locations. Potassium could have
contributed to the general growth of cowpea and enhanced nodulation. Improved plant
growth contributes to the optimization of biological nitrogen fixation which is a symbiotic
association [23]. Singh. and Kataria [30] reported that K aided in maintaining N fixation
rates and N partitioning to meet the requirement of the reproductive parts and the nodules.
As has been previously stated, increased nodulation following K application increases N
fixation, thereby ensuring improved plant growth and yield.

Luvisols and Lixisols are known to have high base saturation with greater amounts
of K*, however, continuous cropping without adequate K replacement may limit the
contribution of K to plant growth. The addition of K was to eliminate any nutrient-related
stress to the plant to ensure optimal growth. It was observed that the addition of K;O
beyond 20 kg ha~! was not necessary as no significant yield response was recorded. This
could indicate that yield increase was not only due to P addition, but balanced nutrition
provided by the supplied K fertilizer. Ferreira et al. [17] observed a low cowpea grain
yield of 582.83 kg ha~! following inoculation with same B. yuamingense strain. This low
yield could be attributed to the fact that the authors did not apply P and K fertilizer along
with the inoculant. The grain yield obtained from the Ferric Luvisol was more than that
obtained from the Ferric Lixisol, which could be due to better rainfall distribution at Nyoli.
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Even though both soils are responsive to fertilizer application, the initial nutrient content
of Nyoli was slightly higher than that of Lawra.

4.2. Bradyrhizobia Inoculation, P and K Fertilizer Effect on Nodule Number and Dry Weight at
Lawra and Nyoli

Cowpea is known to be nodulated by Bradyrhizobium spp, which exists in tropical
soils [31]. Cowpea’s response to inoculation mostly occurs when the indigenous rhizo-
bia population is low or ineffective. Also, the effectiveness, infectiveness, and ability of
the inoculated bacterial strain to outcompete the native strains determine the response
to inoculation [32]. From our study, the inoculation of cowpea with Bradyrhizobia inoc-
ulant increased the nodule number and dry weight of cowpea at both study locations
(Figures 1 and 2). Nodulation observed in the control treatment, and inoculated treatments
suggest that the indigenous rhizobial strains were effective in nodule formation, however,
the inoculated strain performed better. This result agrees with the findings of [10] whose
report indicated that some strains of B. yuamingense are beneficial as inoculates for cowpea
in Sub-Saharan Africa. Fening and Danso [32] reported that most cowpea Bradyrhizobia
strains indigenous to the Guinea Savanna soils of Ghana were moderately effective. This
was corroborated by the report of [15], which recommended the inoculation of cowpea
with effective rhizobial strains in savanna zones of Ghana since cowpea showed a sig-
nificant response to increasing N fertilizer addition. Ulzen et al. [19] reported that the
indigenous rhizobia population of the Nyankpala soil of Ghanaian Guinea savanna was
low (<10 cells g ') and most likely ineffective. Our data also indicated that the absence of
added P and K fertilizer in the control and sole rhizobia inoculation limited the extent of
the nodulation by the inoculant strain and the native strain (Figures 1 and 2). The nodule
number and dry weight significantly increased with the addition of fertilizer; however, the
addition of K enhanced both parameters. Kyei-Boahen et al. [20,23] also reported increased
nodule number and weight of cowpea following inoculation and application of 30 and
40 kg P05 ha—1. Boddey et al. [1] also reported a higher nodule weight of more than
300 mg plant~! in Northern Ghana due to the application of Bradyrhizobia inoculant with
26 kg P ha~!. From our results, the addition of k further increased the nodule number
and nodule weight. This could be attributed to the better nutrition of the plant after the
addition of K. Potassium application on legumes also affects the activity of glutamine
synthetase (enzyme in the nodules) positively [33]. Glutamine synthetase is involved in
nitrogen assimilation and the biosynthesis of glutamine [34]. Nodulation of a legume is
usually positively correlated with the nitrogen fixed by the plant.

4.3. Bradyrhizobia Inoculation, P and K Fertilizer Effect on Cowpea Nutrient Uptake at Lawra
and Nyoli

Cowpea residue is usually incorporated into the soil after harvest at both study
locations. This practice ensures that nutrients in the biomass returned to the soil. This
could confer huge benefits to subsequent crops (especially cereals) grown in that same
location [35]. Uzoh et al. [36] reported that rotating legume with cereal could considerably
increase soil N, K and Mg when the legume is incorporated into the soil. The improved
nutrient uptake by plants that were inoculated with Bradyrhizobia inoculant alongside P
and K fertilizer, instead of sole inoculant alone, could be explained by the ability of the
added nutrient to complement the inoculant in ensuring optimal plant growth and nutrient
accumulation. Comparable results were obtained by [20], where P application increased
shoot content of N and P. Ferreira et al., 2013 observed that Bradyrhizobia inoculant led to
high concentrations of nitrogen, phosphorus, potassium, magnesium and calcium without
the addition of complementary phosphorus and potassium.

5. Conclusions

Our results have shown that the application of Bradyrhizobia inoculant (3267) followed
by P and K fertilizer enhance the growth of cowpea in field conditions in the study areas.
The growth and yield increase due to inoculation was more pronounced in soils that
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received 30 kg P,Os ha~! and 20 kg K,O ha!. Using inoculant along with the adequate
rate of P and K fertilizer could be a means of increasing cowpea yield and the nutritional
quantity of smallholder farmers in the regions. The residual nutrient in the biomass
could also contribute substantially to the nutrition of the subsequent crop in the field.
Further research on the inoculant in other soil types in agro-ecologies is required to capture
variations in soil properties.
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