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Abstract: Cowpea (Vigna anguiculata [L.] Walp) plays a significant role in contributing to food security and
agricultural sustainability in less developed countries like Ghana, Nigeria, Zambia and several others in sub-
Saharan Africa. However, in Ghana the yield of cowpea is among the lowest in the world. This situation is
attributed to the exposure of soil to wind and water erosion there by depleting macro-nutrients such as
Nitrogen, Phosphorus and Potassium estimated 40-60 kg ha™ per year, which is among the highest in Africa. To
this end, field experiment was conducted to determine the growth and yield response of two cowpea varieties to
application of nitrogen from organic and inorganic sources and rhizobia inoculant in semi deciduous forest
vegetation zone of Ghana during the major rainy season of 2016. Poultry manure was applied as organic
source, while urea was applied as inorganic source of nitrogen in single and combination of organic and
inorganic. The experimental design used in the study was a 2x7 factorial arranged in RCBD with four
replications. The maximum leaf area index (0.999), crop growth rate (11.89 g m* day™) and grain yield
(2005.50 kg ha™) of cowpea varieties were obtained by combined application of poultry manure at the rate of 1
ton ha™ and inorganic nitrogen fertilizer at the rate of 10 kg N ha™*. Therefore, the study revealed that combined
application of poultry manure at the rate of 1 ton ha™ and inorganic nitrogen fertilizer at the rate of 10 kg N ha’
! were significantly increased the growth, grain yield and yield components of cowpea varieties.
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I.  Introduction

Cowpea is one of the major crops very important to the livelihood of millions of relatively poor people
in less developed countries of tropics. It is an important food crop in sub-Saharan Africa, mainly in the dry
savannah regions of West Africa. The seeds of cowpea are a major source of plant proteins and vitamins, feed
for animals and also as source of cash income. It is also a major component of tropical farm system due to its
capability to improve unfertile soils through Nitrogen fixation and as a cover crop [1]. Cowpea plays a role to
contribute substantially to human and animal’s health, food security and Agricultural sustainability for less
developed countries like Ghana, Nigeria, Zambia and several others in sub-Saharan Africa [2]. In Ghana cowpea
is the second most important legume crop and second to groundnut in total area coverage and annual production
[3]. Ghana produces 143,000 metric tons of cowpea annually on about 156,000 ha of land making it the fifth
highest producer in Africa [3]. Cowpea is an important crop in Ghana due to its contribution to national GDP,
income of the farmers, food and nutrition security [4]. However, the grain yield of cowpea in Ghana is among
the lowest in the world, averaging 310 kg ha™ [5]. To overcome the problem raised many efforts have been
made to improve cowpea productivity in Ghana through various ways including the introduction of new
varieties. However, the improved varieties alone could not achieve the optimum yield which is sustainable.

In Ghana, low soil fertility is attributed to bush fires which usually occur annually during the dry
season commencing from October to April the following year [6]. This situation renders the soil bare exposing it
to wind and water erosion in the dry and rainy seasons respectively thereby depleting macro-nutrients such as
nitrogen, phosphorus and potassium and organic matter from the soil [7]. The depletion rate of nitrogen,
phosphorus and potassium in the country ranges from 40-60 kg ha™ per year, which is among the highest in
Africa [8]. Moreover, it is reported by MoFA [9] that in Ghana annually a depletion rate of 30 kg ha™ of
nitrogen, 3 kg ha™* phosphorus and 17 kg ha™ of potassium were recorded for the period of 1982-1984 and the
projected figure for year 2000 were 35 kg ha™ of nitrogen, 4 kg ha™ of phosphorus and 14 kg ha™ of potassium.
This indicates that the fertility of the soil in the country declines through time that negatively affects the
agricultural productivity. However, most of the farmers in Ghana do not apply fertilizer to cowpea since they
perceive that cowpea does not require fertilizer [10]. Furthermore, there is a limitation in using fertilizers for
agricultural production in Ghana, even by Africa standards that is less than 8 kg ha™ on average in contrast to
the Abuja declaration target of 50 kg ha™ [9]. As in other regions in Africa, local farmers use insufficient
nutrient input, inappropriate quality and inefficient combination of fertilizers that resulted in less productivity
[11]. Therefore, this trend results in a deeply unbalanced soil nutrient composition that eventually leads to a
reduction in a crop growth and yield potential. Hence it is important that an integrated plant nutrient
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management should be practiced for balanced soil nutrient that resulted in sustainable cowpea yield and soil
fertility as well.

Research indicated that organic manure will lose approximately one-third of mineral fertilizer
requirement and improve soil organic matter content over a longer period [12]. Furthermore, inoculation of
legumes by commercially prepared inoculants contributes to improvement in effective nodulation of the
legumes, symbiotic nitrogen fixation and plant grain yield [13]. Though it is widely agreed that an application of
organic manure in combination with mineral fertilizer for crop is more beneficial for sustainable crop production
and soil fertility, there is a limited research in the country on response of cowpea to an application of organic
manure, inorganic nitrogen fertilizers, their integration and rhizobia inoculation. Therefore, this study was
conducted with the objective of determining the effect on the growth and yield of cowpea varieties following
application of poultry manure and inorganic nitrogen fertilizer and rhizobia inoculation.

Il. Materials And Methods

2.1 Experimental area

The field experiment were conducted during the major cropping season of June, 2016 at the Plantation
Section of the Crop and Soil Sciences Department, Kwame Nkrumah University of Science and Technology
(KNUST), Kumasi (06°43°N, 01°33'W) which falls in the semi deciduous forest vegetation zone of Ghana. The
area is described with a bimodal rainfall pattern with an average annual rainfall of 1422.4 mm with the major
rainy season that extends from mid-March to July and the minor rainy season that extends from September to
October.

2.2 Soil characteristics

The soil samples that collected from the field at the depth of 0-15 cm were air dried, grounded with
mortar pestle and sieved in 2 mm sized mesh in the soil laboratory. The soil textural class was sandy loam with
sand (84.3%), silt (3.90%) and clay (11.80%). The soil pH was 5.94. The soil contained total N (0.06%),
available P (6.39 mg kg*), Organic C (1.04%), exchangeable bases K (0.01cmol kg™), Ca (4.08 cmol kg™) and
Mg (1.00 cmol kg™*) and micro nutrients Fe (3.01 mg kg™) and Zn (1.29 mg kg™).

2.3 Poultry manure characteristics

The poultry manure samples were air dried and ground manure samples were sieved through 2 mm
sieve and ignited over a temperature of 500°C for two hours and the ash was extracted by using HCL [14], [15].
The poultry manure pH was 8.4. The poultry manure contained total N (3.06%), available P (0.94%), Organic C
(36.63%), exchangeable bases K (3.59%), Ca (9.91%) and Mg (6.75%) and micro nutrients Fe (477.50 mg kg™),
Zn (277.07 mg kg™) and Mn (437.30 mg kg™).

2.4 Experimental Design and treatments

Two factors, cowpea varieties and fertilizer levels were studied. Asontem and Songotra cowpea
varieties were used. The inorganic source of N was urea (46 %N), while the organic source of N was poultry
manure. The fertilizer levels were 0 kg N ha™ (Control), 20 kg N ha™*, 40 kg N ha™, 2 ton poultry manure ha™, 1
ton poultry manure ha® + 10 kg N ha™, 1 ton poultry manure ha® + 20 kg N ha™ and inoculant (BR 3262
rhizobium strain) 5 g kg™ of seed. The experimental design was a 2 x 7 factorial arranged in randomized
complete block (RCBD) with four replications. There were 56 plots each measuring an area of 6m?.

2.5 Planting and fertilizer application

The seeds were planted at the planting depth of 4 — 5 cm with the spacing of 20 cm between the plants
and 60 cm between the rows at 3 seeds per hill that were thinned to 2 plants per hill on 14 days after planting,
corresponding to a population density of 166, 667 plants ha™*. Poultry manure was applied and worked out with
the soil 6 days before planting the cowpea. The inoculant containing strain BR 3262 was applied to the seeds at
the time of planting at the rate of 5 g kg™ of seed. Urea (46% N) fertilizer was applied 14 days after planting the
cowpea and all plots were treated with 40 kg P,Os ha™ by using triple superphosphate (46% P,0s).

2.6 Data Collection
Plant height, number of primary branches and number of leaves were measured on 30, 45 and 60 days after
planting and number of seeds per pod, 100 seed weight and grain yield were recorded at harvest.

2.6.1 Leaf area index (LAI)
Leaf area index was calculated by the method described by Shortall and Liebhardt [16].
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(Y XN x AL)

AP
Where, Y = population of plants per plot, N = average number of leaves, AL = average area per leaf and AP =
area of plot.

LAl =

2.6.2 Crop growth rate (CGR)
Crop growth rate was determined from the total dry weight at the sampling periods of 30 and 45 DAP.

It was calculated by using the formula set by Radford [17].
_ Wa2-w1 P
CGR P (gmiday™)
Where, W2 and W1 were the total dry weight (above ground) during the sampling periods and T2 and T1 were

the sampling periods for the total dry weight.

2.6.3 Harvest Index (HI)
The harvest index was determined by the formula set by Donald [18] and expressed in a percentage
bases.
Economic vield

I = 100

Total biological yield (above ground)
Where, Economic yield is a grain yield and the total biological yield is the summation of total biomass and grain
yield plus pod chaff.

2.7 Data analysis

All data collected were subjected to Analysis of Variance (ANOVA) using the software GenStat
statistical package (Version 12). The treatment means were separated using the Least Significant Difference
(LSD) at 5% level of probability.

I11. Results And Discussions

3.1 Effect on plant height

The highest plant height was recorded by sole application of inorganic nitrogen fertilizer at the rate of
20 kg N ha™ and poultry manure at the rate of 2 ton ha™*, whereas the lowest was recorded from the control plot
(Table 1). This might be due to the maximum plant growth that took place on 60 DAP. This result is in line with
the report of Agyeman et al. [19] who reported that at the final harvest stage plant height for cowpea were
consistently increased. Similarly, Blum et al. [20] suggested that the final height of the plant can be taken as a
vital measure of the response of plants to nutrient and moisture stress. The responsiveness of cowpea to lower
rate of nitrogen in the present study might be due to the ability of the cowpea that can fix nitrogen to satisfy its
nitrogen requirement. This result is in line with the result of Dart et al. [21] who suggested that an application
of a starter nitrogen at the rate of 20 kg N ha™ is beneficial for an improvement of the vegetative growth of
cowpea. Verma et al. [22] confirmed that cowpea responds to small quantity of nitrogen fertilizer applied as a
starter dose. Furthermore, the result of present work showed that sole application of poultry manure at the rate
of 2 ton ha™ gave the highest plant height on 60 DAP. This might be due to the fact that an application of
organic manure contributes to an improvement in soil fertility and various soil properties like moisture holding
capacity, infiltration rate of the soil and addition of semi decomposed organic matter that contributes to the
growth of the plants [23], [24]. In vein with this, Blum et al. [20] and Kisetu and Assenga [25] obtained the
maximum height of cowpea on sixth week after planting from the plots treated with poultry manure at the rate of
2 ton ha™ and the minimum from control plots. Plant height was significantly affected by cowpea variety at all
the sampling periods. Asontem plants were consistently taller than Songotra at all the sampling periods. The
variation in plant height could be attributed to the genetic effect of each variety. This result is in line with the
finding of Karikari et al. [26] who noted that plant height was significantly affected by cowpea variety.

3.2 Effect on number of primary branches

The greatest numbers of primary branches per plant were produced from the combined application of
poultry manure at the rate of 1 ton ha™ and inorganic nitrogen fertilizer at the rate of 10 kg N ha™, while the
lowest was produced from the control plot and inoculant treatment on 60 DAP (Table 1). This could be due to
an improvement in soil fertility as a result of the presence of adequate quantity of organic matter and micro
nutrients in the poultry manure that were used for the experiment. This finding is in agreement with the
investigation of Olusegun[27] who found that combined application of organic manure and inorganic nitrogen
fertilizer resulted in greater number of branches of cowpea as compared to sole application of either organic
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manure or inorganic nitrogen fertilizer. Furthermore, the number of branches per plant was significantly
different among the cowpea varieties at 30 and 45 DAP. The Asontem produced more number of primary
branches per plant than Songotra variety. This variation might be due to the differences in genetic composition
among the cowpea varieties. This finding is in line with the investigation of Agyeman et al. [19] and Amoatey
[28] who reported that there were significant differences in number of branches per plant among different
cowpea varieties.

Table 1. Effect of treatments on plant height and number of primary branches.

Plant height (cm) Number of primary branches
Treatments 30 DAP 45 DAP 60 DAP 30 DAP 45 DAP 60 DAP
Varieties
Asontem 20.03 30.47 77.01 211 2.29 2.68
Songotra 16.04 24.96 62.17 0.61 1.64 2.89
LSD (5%) 1.16 2.23 2.23 0.21 0.16 NS
Fertilizer levels
0kgN ha™ 16.6 27.18 64.82 0.88 1.50 2.13
20 kg N ha 18.85 28.03 71.82 1.25 2.25 3.00
40 kg N ha™ 18.08 27.45 70.52 1.25 1.88 3.00
2 ton PM ha* 18.68 28.18 72.05 1.88 2.25 3.13
1ton PM ha™ + 10 kg N ha™ 18.15 27.07 69.42 1.62 2.62 3.25
1 ton PM ha™ + 20 kg N ha’* 16.75 27.60 68.10 1.38 1.75 2.88
Inoculant 19.18 28.50 70.37 1.25 1.50 2.13
LSD (5%) NS NS 4.18 NS NS 0.20
Variety X Fertilizer level
LSD (5%) NS NS NS NS NS NS
CV (%) 11.9 14.9 5.9 29.6 19.2 10.9

DAP= Days after planting. NS= Not significant. PM= Poultry manure.

3.3 Effect on number of leaves

The maximum number of leaves per plant were recorded in the combined application of poultry manure
at the rate of 1 ton ha™ and inorganic nitrogen fertilizer at the rate of 10 kg N ha™, whereas the minimum
number of leaves per plant were recorded by the application of inoculant only (Table 2). This might be due to
the slow but consistent release of plant nutrients from poultry manure aided by inorganic nitrogen fertilizer that
could have helped the soil microorganisms in the faster decomposition of the poultry manure which leads to the
availability of plant nutrients. This result is in agreement with the work of Olusegun [27] who reported that
combined application of pig manure with inorganic nitrogen fertilizer were resulted in greatest number of leaves
per plant than sole application of manure, inorganic nitrogen fertilizer and control plots. Also significant
differences in number of leaves per plant were observed among the cowpea varieties. The Asontem variety
effect was greater than Songotra variety. This might be due to the genetic potential of Asontem variety to
produce more branches which probably resulted in the greater production of leaves. This result is in conformity
with the investigation of earlier workers who observed significant difference in number of leaves per plant
among different cowpea varieties [29].

3.4 Effect on leaf area index (LAI)

The greatest leaf area index was recorded by combined application of poultry manure at the rate of 1
ton ha™ and inorganic nitrogen fertilizer at the rate of 10 kg N ha*, while the lowest was recorded by inoculant
plot (Table 2). This might be due to the production of more number of leaves at the same period with the same
level of fertilizer application as discussed above. This result implies that combined application of inorganic
nitrogen fertilizer and poultry manure could contribute to the significant increase in leaf area index which
indicates synthetically active regions on a leaf for interception of solar radiation necessary during the process of
photosynthesis. Boateng et al. [30] reported that leaf area index of maize crop was significantly increased by
combined application of poultry manure and inorganic nitrogen fertilizer. Varietal differences in leaf area index
were significant on both days; with Asontem producing the greater at 45 DAP while Songotra produced the
greater at 60 DAP. This result is in line the findings of earlier workers who reported that the mean leaf area
index was significantly differed among cowpea varieties in the third sampling stage [31]. Variation in time of
leaf are index also supports the findings Addo-Quaye et al. [31] that in some varieties the leaf area index
increased with time, while for others it reduced or remains the same. The variations in leaf area index among the
cowpea varieties might be due to the genetic compositions that attributed to variations in growth stages and
number of leaves produced. It was suggested by Addo-Quaye et al. [31] that for optimum yield of cowpea to be
achieved, leaf area index between 1 and 2 is required after flowering, which was found in the present study.
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3.5 Effect on crop growth rate (CGR)

The maximum CGR was recorded by combined application of poultry manure at the rate of 1 ton ha™
and inorganic nitrogen fertilizer at the rate of 10 kg N ha™, while the minimum was recorded from the control
and inoculant treatments (Table 2). This could be due to an improvement in soil organic matter and nutrient
availability which resulted in an improvement in soil fertility that led to an improvement in plant growth.
Olusegun [27] observed that combined application of organic manure and inorganic nitrogen fertilizer to
cowpea resulted in a significant increase in plant growth and development than single application of organic
manure and inorganic nitrogen fertilizer. Significant differences in CGR were not recorded among the two
cowpea varieties, which contradicts that of Karikari et al. [26] who observed significant differences in crop
growth rate among two cowpea varieties. In all the growth parameters in the present study no significant effects
were observed among the interaction of cowpea varieties and different levels of fertilizer, which agrees with
other reports [32], [33], although Abayomi et al. [34] found a significant interaction between cowpea genotype
and fertilizer levels.

Table 2. Effect of treatments on number of leaves, leaf area index and CGR.

Number of leaves Leaf area index

Treatments 30 45 60 30 45 60 CGR

DAP DAP DAP DAP DAP DAP (g m* day™)
Varieties
Asontem 8.93 17.54 22.43 0.384 0.876 1.149 8.65
Songotra 7.00 13.93 21.46 0.328 0.748 1.472 8.18
LSD (5%) 0.16 0.22 NS NS 0.049 0.082 NS
Fertilizer levels
0kg N ha' 7.12 14.38 20.50 0.304 0.696 1.164 7.01
20 kg N ha' 8.12 17.12 23.88 0.401 0.942 1.459 9.20
40 kg N ha™ 7.75 14.88 19.88 0.354 0.735 1.165 6.51
2 ton PM ha* 8.88 17.62 21.75 0.421 0.914 1.274 8.70
1ton PM ha™ + 10 kg N ha™ 8.38 18.25 25.00 0.368 0.999 1.521 11.89
1ton PM ha™ + 20 kg N ha™ 8.00 14.38 22.38 0.327 0.726 1.383 7.62
Inoculant 7.50 13.50 20.25 0.317 0.673 1.207 7.95
LSD (5%) NS 0.40 NS NS 0.092 NS 0.52
Variety X Fertilizer level
LSD (5%) NS NS NS NS NS NS NS
CV (%) 10.2 10.0 12 6.7 8.0 11.3 17.6

CGR= Crop growth rate. DAP= Days after planting. NS= Not significant. PM= Poultry manure.

3.6 Effect on yield and yield components

The greatest number of seeds per pod were produced by combined application of poultry manure at the
rate of 1 ton ha™* and inorganic nitrogen fertilizer at the rate of 10 kg N ha™, whereas the lowest number of seeds
per pod were produced by 40 kg N ha™ and the control plot treatments (Table 3). This might be due to the
combination of organic manure with inorganic nitrogen fertilizer that improved the soil chemical and physical
properties for better growth and yield. Olusegun [27] found significantly greater number of seeds per pod in
cowpea that were treated with combination of pig manure and inorganic nitrogen fertilizer over the single pig
manure and inorganic nitrogen fertilizer and the control plots. Abayomi et al. [34] also reported that single
application of inorganic nitrogen fertilizer at the higher rate depressed most of the yield components including
number of pods per plant and number of seeds per pod in cowpea. Furthermore, significant differences in
number of seeds per pod were observed among cowpea varieties. The greater number of seeds per pod was
produced by Asontem and the lower was produced by Songotra variety. This might due to the genetic potential
of each variety to bear different size of pods [29]. This result is in conformity with the work of Abayomi et al.
[34] who obtained significant differences in number of seeds per pod among different cowpea genotypes. The
greatest 100 seed weight was obtained by the two combined applications of poultry manure and inorganic
nitrogen fertilizer treatments, whereas the lowest was obtained by the inoculant and control treatments (Table3).
This might be as a result of superiority effect of integrated plant nutrient supply over a single use of organic
manure or inorganic fertilizer in terms of supplying balanced nutrients to the plants. According to Olusegun
[27] finding the combined application of pig manure and inorganic nitrogen fertilizer resulted in significantly
greater 100 seed weight of cowpea than single application of pig manure, inorganic nitrogen fertilizer and the
control plots. Similar observations made by Ayoola and Adeniyan [35]. Moreover, significant differences were
observed among the cowpea varieties. Cowpea varietal differences may be due to genotypic characteristics as
reported by Abayomi et al. [34] and Agyeman et al. [19].

The maximum harvest index was recorded by combined application of poultry manure at the rate of 1
ton ha and inorganic nitrogen fertilizer at the rate of 10 kg N ha®, whereas the lowest harvest index was
recorded by the control plots (Table 3). This might be due to the production of more number of leaves as
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observed which benefited from better interception of solar radiations for more efficient photosynthesis, this
make assimilate for grain filling. This result contradicts with the result of Boateng et al. [30] who found that
single application of poultry manure significantly increased the harvest index of maize than combined
application of poultry manure and inorganic nitrogen fertilizer. There were no significant differences among the
cowpea varieties. This result is in contrast with findings of Amoatey [28] who found significant differences in
harvest index among different varieties of cowpea. The greatest grain yield was produced by combined
application of poultry manure at the rate of 1 ton ha™ and inorganic nitrogen fertilizer at the rate of 10 kg N ha™,
whereas the lowest grain yield was produced by the control treatments. This might be due to integration of
organic manure and inorganic nitrogen fertilizer that benefits the plants in supplying balanced nutrients and
improvement in the soil physical and chemical properties. Fuchs et al. [36] reported that plant nutrients from
inorganic fertilizers enhance the establishment of crops while those from mineralization of organic manure
promoted yield when both fertilizers were combined. Similarly, Yoganathan et al. [12] were reported that the
highest grain yield of cowpea was obtained by combined application of poultry manure and inorganic nitrogen
fertilizer than single application of poultry manure and inorganic nitrogen fertilizer. Also Olusegun [27] and

Adeniyan and Ojeniyi [37] made similar reports.

Table 3. Effect of treatments on grain yield and yield components of cowpea.

Treatments No. of seeds/ 100 seed Harvest index Grain yield
Pod weight (g) (%) (kg ha™)
Varieties
Asontem 10.86 10.69 42.49 1356.27
Songotra 7.75 13.98 40.47 1549.14
LSD (5%) 0.56 0.30 NS NS
Fertilizer levels
0kg N ha™ 8.75 11.21 35.47 1107.06
20 kg N ha 9.00 12.15 40.21 1386.49
40 kg N ha™ 8.62 12.39 39.52 1349.21
2 ton PM ha* 9.25 12.20 40.62 1489.84
1 ton PM ha™ + 10 kg N ha’* 10.38 13.54 51.59 2005.50
1ton PM ha™ + 20 kg N ha™* 9.75 12.94 39.26 1439.03
Inoculant 9.38 11.92 43.67 1391.80
LSD (5%) 1.04 0.55 0.71 5.37
Variety X Fertilizer level
LSD (5%) NS NS NS NS
CV (%) 111 4.5 10.9 141

DAP= Days after planting. NS= Not significant. PM= Poultry manure.

IV. CONCLUSIONS

The result showed that combined application of poultry manure at the rate of 1 ton ha™ and inorganic
nitrogen fertilizer at the rate of 10 kg N ha™ were significantly increased the growth, grain yield and yield
components of cowpea varieties. Moreover, application of N increased the growth of the cowpea varieties. Even
when differences were not significant the control treatment effects were mostly numerically lower than the
fertilizer and inoculation treatments. Additionally, all fertilizer and inoculation treatments produced greater
grain yield than the control treatments. Asontem variety was showed significantly increased growth and higher
number of seeds per pod, while Songotra variety was produced greater 100 seed weight. However, the grain
yield was not significantly different among the two varieties. The interaction effects between cowpea varieties
and fertilizer levels for growth parameters and grain yield and yield components were not significant. Hence,
combined application of poultry manure with inorganic nitrogen fertilizer should be recognized as the most
suitable way of ensuring high cowpea yield. Also, further studies should be conducted in the major and minor
rainy seasons at various locations by using more varieties of cowpea to ascertain the effects.
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