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Abstract

Cowpea adapts very well to environmental conditions that normally affect
production of crops such as drought, temperature changes and other envi-
ronmental stresses. However, apart from these attributes, the growth and de-
velopment of some cowpea genotypes especially during flowering stage and
yield of some cowpea are affected by drought and high temperatures. Two
field trials were conducted at two different locations (Mampong and Fume-
sua) in the 2015 and 2016 growing seasons to evaluate yield stability of eight
cowpea varieties (Asontem, Tona, Nhyira, Videza, Asomdwe, Asetenapa, So-
ronko and Tona) released over two decades ago by CSIR-CRI in the forest
and transitional zones of Ghana. The experimental design used was a Ran-
domized Complete Block Design with three replications. The results revealed
that Asontem, Tona and Nhyira had high yields in both locations and across
seasons. Asontem showed superiority amongst the genotypes across the sea-
sons and locations with Soronko and Asetenapa having the lowest yields. The
growth and development of the cowpea genotypes especially during flowering
stage and yield were affected by drought and high temperatures, hence So-
ronko and Asetena had low yields compared to Asontem and other geno-
types. It is recommended that, for farmers to get more profit due to unpre-
dictable climatic conditions prevailing in Ghana, it will be profitable to grow
early maturing cowpeas such as Asontem that can be stable across different
environments in order to get stable yields with good returns.
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1. Introduction

Cowpea (Vigna unguiculata (L.) Walp) is the most important food legume in
Ghana and can be grown in all agroecological zones of Ghana since it is indi-
genous to Africa [1]. According to Ravelombola et al [2], cowpea grain is highly
nutritious and contains about 15.06% - 38.5% protein, but it differs among cow-
pea varieties. Problems such as drought stress, low soil fertility, insect pests and
diseases such as viruses which result in low yield in cowpea growing areas have
been reported by [3] [4].

Global climatic change has resulted in significant annual variation in yield
performance of most agricultural species including cowpea. Consequently, ge-
notype by environment interaction (G x E) is an important issue facing plant
breeders and agronomists. Breeders, therefore, search for consistently high
yielding and profitable cultivars for sustainable production in target areas while
adapting to changing climatic conditions [5] [6]. Therefore, genotype by envi-
ronment interaction of crops across locations is key in getting stable yield espe-
cially for cowpea. To improve the performance of new varieties, appropriate
agronomic practices and trials at different agro-ecological zones are very critical
for breeding and production purposes [7]. Several factors such as the environ-
ment and genotypic differences determine seed yield of crops such as cowpea.
According to Ayodele and Oso [8], factors which account for seed yield which
have direct or indirect impacts on yield components are number of pods per
plant, number of seeds per pod and 100-seed weight over a given land area.
Dadson et al [9] stated that seed yield of cowpea differs among varieties and is
affected by drought and high temperatures, especially during floral development
due to environmental interactions. The yield potential of cowpea grains in Africa
is around 1.5 - 3.0 t/ha, but current average yield is in the regions of 0.2 - 0.3 t/ha
[10].

To get a very good seed yield, it is required that varieties with short flowering
periods are planted to enable the plants to divert energy into pod and seed de-
velopment. Nkaa et all [11] pointed out that, the earlier the variety sets flowers,
the earlier it matures. In an attempt to select varieties for different environ-
ments, it is better to select varieties that will escape drought, which will also pro-
vide good seed yield in drier areas. In characterizing cowpea varieties in Ghana,
similar observations were made by [12] [13] [14]. According to Quin [15], there
is a potential for further increase in seed yield by planting high-yielding geno-
types, providing optimum irrigation, adding fertilizers, planting early and spray-

ing with suitable insecticides. Therefore, selection of cowpea genotypes that have
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higher tolerance to drought is needed to stabilize and increase seed yields of
cowpea. Agyemang et al. [16] observed in their study that during the minor
season, Nhyira, Tona and Hewale appeared to have some drought tolerance
potential due to their high seed yield. Yield losses resulting from water stress
are generally associated with decreases in the activity of these physiological
factors and dry matter production may cause differences in grain yield. Dif-
ferences in such grain yield loss have been reported by [17] for mugbean grain
yield [18], for cowpea yield [7] [13] and [16]. Agyemang et al [7] observed
that, different cowpea varieties gave different yields in short and long rainy
seasons based on growth habits such as bushy, erect, or semi erect. Agele and
Agbi [18] stated that during drought situations, especially in locations, cowpea
plants shed their leaves to mulch the soil to reduce soil moisture evaporation.
Crop performance in terms of vegetative and grain yield during the long rainy
season tends to be better than the short rainy season. Agyemang et al. [7] rec-
orded relatively high growth and seed yield and attributed it to the relatively
high rainfall and mild temperature experienced during the production season
of the major rains.

Yield variations in cowpea due to environmental stresses are mainly due to
variations in number of pods per unit area, but drought that occurs during
pod-filling stage reduces the number of pods per plant encourages poor
pod-filling [19]. A decrease in the number of pods per plant is mainly due to the
abscission of flowers and pods of cowpea under drought stress and the detri-
mental effect at flowering and pod-filling stage is not reversible by re-watering.
An increase in the number of pods per plant and seeds per pod and good
pod-filling could reflect tolerance to drought [20]. Again, number of pods per
plant depends on the genetic potential of the variety to bear or produce different
pod size. Miheretu and Sarkodie-Addo [21] reported that, Asontem produced
greater pod number than Songotra variety due to the differences observed to the
genetic potential of each of the varieties with respect to the size of pods pro-
duced. Number of seeds per pod is sensitive to soil moisture deficit. Lower seed
yields due to lower seed number in pods in seasons and locations could be due to
lower assimilation efficiency to post anthesis, soil and atmospheric moisture
deficits, contributes to low translocation of assimilates, resulting in poor
seed-filling. Pressman et al [22] observed that yields due to extreme weather
conditions were enhanced by dehydration of pollens and poor pollination and
embryo abortion, culminating in low number of seed per pod. Craufural and Qi
[23] also reported that number of seeds could be reduced through promotion of
embryo abortion and pod shedding due to extreme environmental events in
dried pods. Hundred seed weight of cowpea varieties depends on different situa-
tions such as climatic factors and genetic characteristics of individual genotypes.
Abayome et al [24] observed that 100-seed weight depend on the genetic cha-
racteristics of genotype. Agyemang et al [16] observed that, 100-seed weight of
cowpea genotype depends on the genetic potential of the variety. Cobbinah et al
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[12] also noted that, differences in 100-seed weight of cowpea varieties may be
due to the rainfall as a major factor in the weather conditions experienced in the
field.

Cowpea pod yield largely depends on the variety and in particular, field con-
ditions in location and growing seasons. Babaji et al [25] observed that, pod
yields of 2006 was higher than those of 2005 due to high amount of rainfall rec-
orded in 2006 and 2005 seasons in field conditions under rain-fed which also led
to mild temperatures as a results of the higher rainfall experienced in 2006.
Harvest index (HI) is a selection measure which is used to get desirable geno-
types for planting. When there is enough rainfall, temperatures would normally
reduce, and therefore, poor flower and pod development will not be observed in
field conditions, hence sound pods with smooth grain filling occurs to achieve
maximum yield. Dapaah ef al [26] observed that continuous supply of water (ir-
rigation) influenced high harvest index (HI) through delayed senescence, which
led to the production of more assimilates to produce more seeds per pod. The
objective of the study was, therefore, to evaluate yield and yield components of

cowpea varieties in a set of contrasting environments.

2. Materials and Methods

2.1. Description of Experimental Sites

The study was carried out in two locations over two seasons: the minor season
from September to December, 2015 at Mampong-Ashanti and Fumesua and the
major season from April to July, 2016 at both locations.

The Mampong-Ashanti (7° and 8'N, 1°24'W) experiment was conducted at
the College of Agriculture Education, Akenten Appiah-Menka University of Skill
Training and Entrepreneurial Development, Mampong-Ashanti campus located
in the forest-savannah transition agro-ecological zone of Ghana. The soil at
Mampong belongs to the Bediese series of the savannah Ochrosol. The soil is
sandy loam, well drained with thin layer of organic matter with characteristic
deep yellowish red colour, friable and free from stones. The pH ranges from 6.5 -
7.0. It is permeable, and has moderate water holding capacity [27] [28]. The site
has an altitude of 457.5 m above sea level. Mampong-Ashanti has a bimodal
rainfall pattern with the major rainy season occurring from March to July and
minor rainy season from September to November. Between the two seasons is a
short dry spell in August. Average annual rainfall is between 1094 - 1200 mm
with a temperature range of 22/23°C - 30°C [29].

The Fumesua (6°43'N, 1°36'W) experiment was conducted at the research
fields of the Council for Scientific and Industrial Research-Crops Research In-
stitute CSIR-CRI, Fumesua, Kumasi, located in the forest agro-ecological zone.
The location has an altitude of 228 m above Sea level. The soil belongs to Asuan-
si series with thick top layer of dark grey gritty loam to gritty clay loam. It is of
the Humid forest from Ferric Acrisol [28]. The pH ranges between 6.0 - 7.5.
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Fumesua also has a bimodal rainfall pattern with the major rainfall season oc-
curring from March to July and the minor rainfall season from September and
December. The average annual rainfall is 1650 - 1727 mm with a temperature
range of 22°C - 31°C [29].

2.2. Experimental Design and Treatments

The experimental design used for the study was a Randomised Complete Block
Design with three replications. Selected cowpea varieties released by CSIR-CRI
over the period of 1990-2015 were used for the study as treatments. These were

Asetenapa, Nhyira, Asomdwee, Asontem, Tona, Soronko, Hewale and Videza.

2.3. Land Preparation and Field Layout

The land at each location was ploughed, harrowed, levelled and marked out. The
experimental plots were demarcated with pegs and ropes. Each plot measured
1.5 m wide x 3 m long with a spacing of 0.5 m between rows x 0.2 m within
rows. Each plot had four rows and the two middle rows were demarcated as

harvestable rows.

2.4. Management Practices

Planting and Agronomic Practices

Planting was done at Mampong-Ashanti and Fumesua on the 11" and 12" Octo-
ber, respectively for 2015 and on 27" and 28" April respectively for 2016. Three
seeds per hill were planted at a distance of 50 cm x 20 cm and depth of 3 cm. The
emerged cowpea plants were later thinned to two seedlings per hill two weeks af-
ter planting. Weeds were controlled manually using a hoe at 21 days after plant-
ing (DAP) and hand-picked at 45 days after planting. For the two locations and
the two seasons, four sprayings were carried out at 20, 30, 40 and 50 DAP using
Cymetox EC (cypermethrine 30 g/l and dimethoate 15 g/l). A Knapsack sprayer

(15 litre capacity) was used in the spraying to control pests and diseases.

2.5. Data Collection
2.5.1. Number of Pods per Plant

The five plants that were randomly selected from the two middle harvestable
rows tagged on each plot were harvested and the number of pods on each plant

was counted and the average determined as the number of pods per plant.

2.5.2. Number of Seed per Pod
Seeds of all pods on the five tagged plants were threshed and counted and their

average was determined as the number of seeds per pod.

2.5.3. Pod Length
Using vennier calipers, the length of the pods on each tagged plant was meas-

ured and their average was determined for pod length.
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2.5.4. One Hundred Seed Weight
One hundred seed weight was determined as the average of five lots of 100 seeds

selected from the seeds threshed from the five tagged plants.

2.5.5. Pod Yield
The pods from the plants in the two harvestable middle rows were weighed to

determine pod yield per plot and pod yield per hectare (kg/ha).

2.5.6. Seed Yield
The pods of plants in the two middle harvestable rows were threshed and

weighed to determine the seed yield per plot and seed yield per hectare (kg/ha).

2.5.7. Pod Harvest Index
Pod harvest index (PHI) was calculated using the formula:
= Seed y_leld «1

Pod yield

PH

2.6. Statistical Analysis

The yield and yield components data collected were subjected to Analysis of Va-
riance (ANOVA) using Statistical Analysis System (SAS) (SAS, 2010). Mean se-
paration was estimated at 5% and 1% level of significance in order to determine
the ones that will be significant or highly significant. To determine the interac-
tions among the locations, the years and treatments, a combined analysis was

carried out for the treatments in each location and the seasons.

3. Results
3.1. Rainfall

Monthly rainfall in 2015 and 2016 in Fumesua and Mampong and their thir-
ty-year averages are presented in Figure 1(a) and Figure 1(b). The total rainfall
(325 mm; 63.67%) during the growing period in 2015 (September-December)
was higher in Mampong than (23.33%) in Fumesua especially during early days
of the crop in September and flowering and podding stages in late October
(Figure 1(a) and Figure 1(b)). In both locations no rainfall was recorded in
December 2015. Comparing the 30-year average rainfall during the planting pe-
riod, there was higher amount of rainfall (180 mm) in September than what was
recorded during the planting period at both locations. During the 2016 season
planting period, there were differences in total rainfall during the planting pe-
riod (March-June) and the 30-year averages. The total rainfall amounts recorded
in Mampong was (425 mm; 59.57%) was slightly higher by (135 mm; 19.14%)
than at Fumesua (285; 40.43%). During the critical periods of flowering and
pod-filling in May, the rainfall recorded compared with the 30-year long term
averages was higher by 100 mm. Generally, the rainfall amounts recorded for the

2016 season at both locations were higher than those of the 2015 growing season.
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3.2. Temperature

The average monthly temperatures recorded for 2015 and 2016 are shown in
Figure 1(c) and Figure 1(d). Temperature range during the year and the plant-
ing period (25°C - 33°C) was generally slightly higher at Fumesua than at Mam-
pong (24°C - 27°C). The lowest temperature was recorded in August with the
highest in March during both seasons and locations in the entire season. There
were no differences in the temperatures between the long-term averages (30-year
period) and the planting periods, except in February, March, May and November,
in which, the growing period recorded slightly higher amounts of temperatures.
Generally, the temperatures were slightly higher by 2.5% during the 2015 growing
period than the 2016 growing period (Figure 1(c) and Figure 1(d)).
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Figure 1. Weather Data for the 2015 and 2016 and Long-Term (30-Year) Averages at Mampong-Ashanti
and Fumesua.
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3.3. Relative Humidity

Relative humidity during the growing periods in 2015 and 2016 and their long
term (30 year) averages are presented in Figure 1(e) and Figure 1(f). Generally,
the relative humidity during the growing period was relatively similar to the long
term (30-year) except was relatively close except December in the 2015 season at
Mampong. At Fumesua, relative humidity differed between the 2015 and the
2016 growing seasons. There was higher relative humidity in 2016 than in 2015
growing season. Relative humidity during the 2015 season (September, October
and December) was lower than the long term (30-year) average. However, in the
2016 major rainy season, relative humidity was similar between the growing pe-
riod (March-June) and the long term (30-year) average (Figure 1(e) and Figure
1(£)).

3.4.Yield and Yield Components
3.4.1. One Hundred Seed Weight

Results of one hundred seed weight in 2015 and 2016 growing season are pre-
sented in Table 1. Hundred seed weight ranged from 15.33 g to 19.67 g in 2015 in
the minor season at Mampong. The greatest hundred seed weight in the minor
season was obtained from Asetenapa (19.67 g), followed by Asomdwee (19.33 g),
Videza (17.67 g) and Tona recorded the lowest hundred seed weight of 14.67 g. In
the 2016 major rainy season, a similar trend was observed. Asetenapa, Asomd-
wee, and Videza recorded the highest hundred seed weight of 23.00, 21.67, and
21.33 g respectively. Tona variety again recorded the lowest hundred seed weight
of a value of 18.67 g. At Fumesua during the minor rainy season (2015), Asete-
napa recorded the highest hundred seed weight with Asomdwee and Videza fol-
lowing with 18.33, 17.67 and 17.00 g respectively. The lowest hundred seed eight
was recorded by Soronko and Tona (14.33 g). During 2016 major season, Videza
had the highest hundred seed weight (18.33 g) and Nhyira was the second with a
value of 18.33 g. Tona and Asomdwee, however, recorded the same value for
hundred seed weight (18.00 g). The lowest value was recorded by Asetenapa
(16.00 g). There were no interaction in location x treatment, year x treatment
and location X year x treatment. Location, year and treatment were very highly

significant at P < 0.001 while location X year was significant at P < 0.05.

3.4.2. Number of Pods per Plant

The average number of pods across genotypes ranged from 12.20 to 21.60 at
Mampong during the 2015 growing season (Table 1). The highest pod number
in 2015 minor rainy season was recorded by Hewale (21.60) followd by Asete-
napa (21.40). The lowest number of pods were recorded by Tona. In 2016 major
season, there was an increase in the number of pods of the various cowpea ge-
notypes. Asontem recorded the highest pod number of 47.300, followed by
Asomdwee (44.40) and Hewale (40.73) in that order. The lowest pod number
was recorded by Soronko (31.37). From the results, it could be observed that the
lowest number of pods recorded in the 2016 major rainy season at Mampong
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Table 1. Yield components of eight cowpea varieties at Mampong and Fumesua in 2015 and 2016 growing seasons.

Number of pods/plant Number of seeds/pod 100 Seed Weight (g)
Treatments Mampong Fumesua Mampong Fumesua Mampong Fumesua
2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016
Asomdwee 18.00 4440 11.00 19.00 12.07 12,67 9.67 12.70 19.33 21.67 17.67  18.00
Hewale 21.60  40.73 14.67 21.00 1453 13.00 11.00 14.10 16.33 19.33 16.00 17.67
Nhyira 18.87 3587 14.00 19.00 12.27 1327 1040 13.50 16.67 19.67 1567  18.33
Asontem 1693 4730 17.33 22.33 1447 17.07 12.60  15.07 16.33 19.33 1533  17.67
Soronko 13.67 3147 733 19.00 11.40 1347 1040 1527 15.33 19.67 1433 17.00
Asetenapa 21.40  38.07 16.73 20.33 1333 12,60 11.80 12.98 19.67  23.00 1833  16.00
Tona 1220 33.00 9.67 17.00 1053 1347 1087 13.83 14.67 18.67 1433  18.00
Videza 19.07  39.57 13.00 20.00 10.73 1247 8.73 8.80 17.67 21.33 17.00  19.33
Loc kel 1.30 * 0.82 kel 0.57
Yr kil 1.30 il 0.82 kel 0.57
Locx Yr kil 1.85 NS * 0.20
Trt bl 2.61 * 1.64 oex 1.13
Loc x Trt NS NS NS
Yr x Trt * 3.69 NS NS
Loc x Yr x Trt * 5.22 NS NS
CV% 14.31 16.06 7.80

NS = Not significant; * = p < 0.05; **=p < 0.01; *** = p < 0.001, figures after the stars are corresponding LSD values for the com-

bined analysis

was greater than the highest in the 2015 minor rainy season. A similar trend was
observed at Fumesua during the minor rainy season where Asontem recorded
the greatest pod number (17.33), followed by Asetenapa (16.73) with Soronko
recording the lowest (7.33) (Table 1). During the 2016 major rainy season, there
was a major increase in pod number compared to the 2015 minor rainy season.
Asontem recorded the highest pod number (22.33), followed by Hewale 21.00
with Tona recording the lowest value of 17.00.

The combined analysis between the location, year, location x year and treat-
ment showed that, there were very highly significant at P < 0.001 level. However,
there were no significant interactions between location X treatment. The year x
treatment and location x year x treatment interactions on the other hand was
significant at P < 0.05 level (Table 1).

3.4.3. Number of Seeds per Pod

Results from the number of seeds per pod in 2015 and 2016 growing seasons are
presented in Table 1. For number of seeds/pod, varietal effects were significant.
At Mampong, the highest number of seeds per pod of 14.53, which was recorded

by Hewale was followed by Asontem with a value of 14.47. The least number of
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seeds/pod was recorded by Tona which was 10.53 in 2015. During the 2016 ma-
jor rainy season, Asontem recorded the greatest seeds number per pod (17.07),
followed by Soronko (13.47) with Videza recording the lowest seed number of
12.47. Varying differences exists in both years as some of the seed number per
pod was higher in 2015 than in 2016. For example, the genotypes Hewale and
Asetenapa recorded higher values in 2015 than in 2016, and vice versa.

At Fumesua, the greatest number of seeds per pod in 2015 was produced by
Asontem, followed by Asetenapa, Hewale and Tona while Videza recorded the
lowest number of seed per pod. In 2016 major rainy season, Soronko produced
the greatest effect followed by Asontem and Hewale, Videza, however, produced

the least value.

3.4.4. Seed Yield

Results of seed yield of the cowpea varieties in 2015 and 2016 growing seasons
are presented in Table 2. The average seed yield of eight genotypes varied be-
tween 1187 kg/ha and 1962 kg/ha for the 2015 minor rainy season and 1280
kg/ha to 2241 kg/ha in 2016 major season at Mampong.

Table 2. Pod and seed yields and harvest index of eight cowpea varieties at Mampong and Fumesua in 2015 and 2016.

Treatments

Asomdwee
Hewale
Nhyira

Asontem
Soronko
Asetenapa
Tona
Videza
Loc
Yr
Loc x Yr
Trt
Loc x Trt
Yr x Trt
LocxYrxTrt

CV%

Pod yield (kg/ha) Seed yield (kg/ha) Pod harvest index
Mampong Fumesua Mampong Fumesua Mampong Fumesua

2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016
1864 2083 1115 2045 1594 1863 726 1645 0.85 0.89 0.65  0.80
1885 2160 1223 1897 1542 1789 833 1637 0.81 0.82 0.68  0.86
1747 1943 1169 1839 1414 1647 807 1521 0.84 0.85 0.68  0.83
2261 2540 1560 2088 1962 2241 1240 1782 0.87 0.88 0.79  0.85
1439 1632 1067 1365 1187 1280 688 1082 0.82 0.79 0.65 0.79
1729 1733 1040 1378 1407 1356 603 1089 0.81 0.78 0.58  0.79
1782 2072 1208 1828 1453 1736 899 1505 0.81 0.84 0.75  0.82
1847 2370 980 2001 1692 2054 666 1635 0.89 0.87 0.67  0.82

b 65.65 i 82.62 b

o 65.65 el 82.62 oo

e 92.84 e 116.85 oo

oo 131.29 e 165.25 oo

NS NS NS

* 185.67 NS *
NS NS NS
9.36 14.49 9.01

NS = Not significant; * = p < 0.05; ** = p < 0.01; *** = p < 0.001, figures after the stars are the corresponding LSD values for the

combined analysis.
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In 2015 minor rainy season at Mampong, Asontem recorded the highest seed
yield of 1962 kg/ha followed by Videza 1692 kg/ha with Soronko recording the
lowest seed yield of 1187 kg/ha. In 2016 major season, almost a similar trend for
the 2015 minor rainy season was observed. Asontem again recorded the highest
average seed yield of 2241 kg/ha followed by Videza (2064 kg/ha). The lowest
seed yield was recorded by Soronko with an average seed yield of 1280k g/ha.

At Fumesua, the average seed yield of the genotypes ranged from 666 kg/ha to
1239.89 kg/ha in the 2015 minor rainy season. During the 2016 major rainy sea-
son, average seed yield ranged from 1082 kg/ha to 1782 kg/ha (Table 2). In 2015
minor season, Asontem recorded the highest average seed yield of 1240 kg/ha
which was followed by Tona with an average seed yield of 898.76 kg/ha. Howev-
er, Asetenapa recorded 603 kg/ha, which was the lowest among the eight geno-
types. In 2016 major rainy season, Asontem maintained its superiority by re-
cording the highest seed yield of 1782 kg/ha followed by Asomdwee which rec-
orded 1646 kg/ha. Soronko on the other hand recorded the lowest average seed
yield of 1082 kg/ha. A very highly significant (P < 0.001) interaction was ob-
served by location, year, location x year and treatment. However, location x
treatment, year x treatment and location x year x treatment interactions were

not significant.

4. Discussion

4.1. Number of Pods per Plant

Pod number produced by cowpea depends on a number of factors particularly
genetic, field and climatic conditions. The greatest number of pods was pro-
duced by Asontem in all seasons and locations except, in the 2015 minor rainy
season at Mampong. The greatest pod number produced by Asontem on the av-
erage in the seasons and locations could be attributed to the genetic attributes of
that genotype. Most cowpea genotypes have the potential to produce different
pod sizes and many pods in both drought and rainfall periods than others.
Asontem on the average, exhibited such characteristics more than the rest of the
varieties. Similar observations were made by [21] of Asontem and Songotra ge-
notypes. The greater number of pods produced by Asontem is also supported by
[20] who observed that, greater number of pods per plant is a reflection of the
variety being tolerant to drought.

Based on the locations and seasons, Asontem on the average, performed better
than the rest of the varieties in terms of greater number of pods produced. On
the average, the lowest number of pods was produced by Asetenapa. By the as-
sertion explained earlier, Asetenapa could not produce much pods and the rea-
son could be due to genetic and environmental stress, especially drought, which
brought such variations in pod numbers among the genotypes. Turk et al [30]
and Bala Subramanina and Maheswari [19] observed that reduction in pod
numbers per plant variation is attributed to environmental conditions especially

drought that occurs during pod-filling stages. Variations that occurred in the
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two seasons in the locations also had some influence on the pod numbers rec-
orded.

As observed by Turk et al [30], Bala Subramanian and Mahesweri [19], such
evidence was exhibited in the interaction effects of the sources of variation. En-
vironmental influence showed highly significant interaction in location, year,
genotype and highly significant interaction for year x treatment and location x
year x treatment. This means environmental conditions had effects on the ge-
notypes under this current study as indicated by [30] and attributed the differ-
ences to environmental effects especially drought on the variation of pods pro-
duced by cowpea varieties.

A decrease in number of pods per plant could also be due to flower abortion
which has effect on pod development (pod-filling) and when cowpea reaches
this stage, watering or supply of water cannot reverse the situation. Due to low
amount of rainfall recorded in the minor rainy seasons, the number of pods
produced was smaller than what was produced during the major rainy season.
And in this case, Mampong had greater increase in the number of pods than

Fumesua.

4.2. Number of Seeds per Pod

Number of seeds per pod is influenced by the pod length and size in most situa-
tions as well as genotypic and environmental conditions. Asontem showed supe-
riority by producing more seeds than the rest of the genotypes, except in the
major rainy season at Fumesua which was not statistically different. The perfor-
mance of Asontem could be due to differences that exist among the genotypes. It
is believed that, number of seeds per pod depends on the genetic potential of the
genotype and the ability to produce different pod sizes. The pod length and size
of Asontem is long and big (diameter) and, therefore, during pod filling, more
seeds were filled than it happened in most of the varieties.

Miheretu and Sarkodie-Addo [21] observed that Asontem produced more pod
number than Songotra and attributed the reason to the genetic potential of the
genotype and its ability to produce different pod sizes. The present study is in
line with observation made by [21]. Similar observations were also made by [24],
to which the present study conforms. Pod filling is also a critical stage of many
leguminous crops like cowpea. During grain filling, environmental conditions
play a vital role.

Seed development requires the production of assimilates from the phloem be-
fore they are synthesized into the seed storage compounds. Stresses which are
due to lack of water, obviously decreases the activities of these physiological fac-
tors, which may not supply the number of seeds needed by the plant. The great-
est number of seeds per pod produced by Asontem and other varieties clearly
shows that, there could be proper flow of assimilates from the phloem and due
to the drought tolerance nature of Asontem and other genotypes, water stress

could not have negative impacts during grain filling. Number of seeds per pod is
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one of the yield components that is most sensitive to soil moisture deficit. Lower
seed number per pod in the minor rainy season at both Mampong and Fumesua
may be attributed to poor assimilation efficiency and post anthesis soil and at-
mospheric moisture deficits, which contributed to low translocation of assimi-
lates which enhanced poor seed filling. Pressman ef al [22] observed that, low
crop yields caused by unfavourable weather conditions enhanced dehydration of
pollen and resulted in poor pollination and embryo abortion, which eventually
reduced seed number per pod.

In a related development, Agyemang ef al [7] made similar observations
when they compared seven different genotypes and attributed the reason for
high seeds produced which translated to seed yield was due to adequate supply
of water which aided the translocation of assimilates into grain-filling in pods of
the genotype. The present study is in line with [7]. However, the genotypes that
produced more seeds in the present study were Asontem and Soronko with Vi-
deza producing the lowest number of seeds per pod. The lowest number of seed
per pod for Videza however contradicts the study by [7] who recorded highest
seed number. Based on the environmental differences observed in the locations
and seasons, significant interactions were observed and that led to the variations

observed in the seed number.

4.3. One Hundred Seed Weight

One hundred seed weight is considered to be among one of the important yield
components in cowpea. Asetenapa and Asomdwee produced the highest 100-seed
weight Mampong than the rest of the varieties and also Fumesua in the minor
rainy season except. The consistent values recorded could be attributed to the
varietal characteristics, which are peculiar to these varieties. In a study con-
ducted by Karikari et al [13], among the three varieties considered, Asetenapa
and Asomdwee had similar 100-seed weight, which was significantly different
from the other varieties. The present study confirms similar values for 100-seed
weight which has been reported by [13]. This assertion is also supported by [16]
and attributed the reasons to genetic potential of varieties.

Again, the variation in the 100-seed weight between the two seasons can be
ascribed to the weather pattern particularly rainfall, which was experienced by
the crops in the field. In the major rainy season, the rainfall figures recorded
were higher than those of the minor rainy season, which influenced growth and
seed development of the varieties, resulting in the differences observed. This is in
line with Cobbinah et al [12] who observed that differences in 100-seed weight
of cowpea varieties were due to variations in weather pattern, especially rainfall.
This assertion is true since the combined analysis of the varieties had significant

interactions in the year, location and location X year and treatments as well.

4.4. Seed Yield

Several factors accounts for variations in seed yield in cowpea varieties. Some-
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times field conditions coupled with differences in environmental situations pre-
vailing at the growing period can cause variations in seed yield of cowpea. It was
observed that seed yield of cowpea varieties varied among the varieties based on
location and season. While some varieties performed better in one location in
the same season, that same variety performed poorly in the other location during
the same season. For instance, in 2015 minor rainy season at Mampong, Videza
was the second highest in terms of seed yield, but at Fumesua, it recorded the
lowest among the varieties. Similar observations were made among some of the
varieties. Asontem, on the hand, maintained its superiority irrespective of loca-
tion and season. There are a number of factors that might have accounted for
differences in seed yield. Amongst them are rainfall, humidity, soil conditions
and genetic characteristics of individual genotypes. These observations in
present study are in line with observations made by [21] [24].

Taking the year or season into consideration, it could be observed from the
combined analysis that seed yields of cowpea were far higher in 2016 than in
2015 in both locations and even in some instances twice or more than twice the
seed yield in 2015 especially at Fumesua. These yield differences in the location
could be largely attributed to the differences in rainfall recorded in the years
under consideration. In 2016, the rainfall figures experienced in the field by the
crops were higher than those recorded in 2015. Comparing the weather condi-
tions during the growing period and a thirty-year average (30-year average), it
could be seen that during the growing period in 2016, the rainfall was high
compared to the 2015 season, and therefore, cowpea varieties responded diffe-
rently to the climatic conditions that prevailed during the growing period. It is
believed that the influence of soil moisture, especially the magnitude of moisture
stress, atmospheric water demand, humidity irradiance and temperature has
pronounced effects on crop growth.

Again, the period from the time of sowing to flowering initiation of cowpea,
the flowering period, podding and the period of seed set until maturity greatly
depends on climatic factors such as photoperiod, temperature and moisture
(rainfall). Based on this assertion, it is believed that as soon as flower is initiated
and there is variation in the growing period, the reproductive growth of the
cowpea could change the floral development, seed filling and eventually seed
yield. This situation perhaps to a large extent, prevailed between the two years
under consideration in 2015 and 2016 growing seasons. This observation has
been made by [31] [32].

Water supply normally has direct effects on crop development and seed yield
and to this extent when there is a variation in supply of water, which also has a
bearing on soil water and thermal regimes, and as a result, seed yield may either
increase or reduce. Crop-weather relationship is of great importance in order to
find a remedy to extreme weather situations and its influence of crops. Based on
the climatic weather situations obtained within the 30-year period compared to

rainfall in experimental periods, it was observed that, during the reproductive
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growth of the cowpea varieties, there was a deviation in the rainfall amounts
recorded especially at this stage (phenological development).

This sharp deviation might have caused some poor growth and development
of cowpea, which translated into poor pod formation, leading to lower number
of pods and seed number per pod and pod length, which are yield components
and this situation was observed in the 2015 growing season. This clearly led to
low yields obtained compared to the same varieties in the 2016 growing season.
According to Agele and Agbi [18], water is regarded as the most important cli-
matic factor in terms of rain-fed agriculture in the tropics and as such uncertain-
ties about the onset and ending of rainfall become very crucial factors for growth
and yield of crops. This assertion is in line with the present study as similar ob-
servations were made in 2015 and it was a major concern for farmers in Ghana
in 2015. Generally, the 2015 weather figures brought some stresses on some va-
rieties, which could not meet the yield potential as compared to the yields in
2016. These adverse weather conditions might have possibly induced rapid soil
water depletion and as such inability of soil profile water to meet the demands of
cowpea plants. This means that the length of grain filling period (flowering to
maturity) was short relatively to other periods and this might have contributed
to the lower seed yield recorded in the 2015 growing season.

Cowpea seed yields differed among genotypes and were mostly affected by
drought were observed during floral development. In this case, these varieties
will respond differently to the prevailing climatic and soil conditions. This
means that, in order to get a very good seed yield, it is important to select varie-
ties with short flowering periods so that before drought sets in, the plant will be
able to divert its energy into pod and seed development by escaping drought. For
the current study, Asontem, Nhyira, Hewale, Asomdwe and Videza genetic abil-
ities escaped the drought and they were not much affected by the stresses ob-
served during the bad weather conditions in the minor rainy season. This ob-
servation has earlier been made by [12] [13]. In another study, Agyemang et al
[16] also observed that, during minor rainy season, Nhyira, Tona and Hewale
were observed to have had some drought tolerance potential because their yields
were high. Similar observations were made by the present study where five of the
varieties (Asontem, Nhyira, Hewale, Asomdwe and Videza) tolerated the harsh
environmental situations to produce high seed yields. Again, genetic make-up of
varieties had great influence on seed yield. The high seed yield of Asontem in
particular and other cowpea varieties compared with Soronko and Asetenapa
could be attributed to differences in the genetic make-up of the varieties under
the study. Irrespective of location and year, Asontem consistently produced the
highest yield in all the seasons and locations in the growing period, though the
yields were high in the major rainy season than in the minor rainy season.
Asontem and other varieties which produced high seed yield might have some
inherent characteristics that are peculiar to such varieties which enabled it to

produce such yields. This characteristic ability by Asontem and other varieties
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has been observed in other studies [13] [16] [17] [18].

Grain yield at Mampong generally was higher than that of Fumesua for both
seasons. In some cases, yield was far higher (twice), especially in the 2015 grow-
ing season. These yield differences could be attributed to the environmental dif-
ferences that existed between the two locations. All the environmental condi-
tions in Mampong were favourable during the growing period. High rainfall,
available soil moisture and mild temperature figures experienced in the field
conditions might have contributed to the greater differences in the yields ob-
tained in the two locations. Sources of variation revealed that location, year, lo-
cation x year and treatment recorded highly significant (P < 0.001) interaction,
indicating that environmental influence played a critical role in the yield differ-
ence. Low rainfall figures recorded in the minor rainy season particularly in Fu-
mesua restricted the availability of soil water, which resulted in low cowpea seed
yields. Seed yield variations are related to the amount of moisture available to
the crop. So, in the minor rainy season, low rainfall had effects on cowpea seed
yield. The high seed yields recorded in the minor rainy season in Mampong
compared to Fumesua could be attributed to some level of rainfall recorded and
this made cowpea genotypes in that location exploited substantial soil water
during grain filling.

Also, the high amount of leaf and leaf number probably served as canopy to
reduce high moisture loss which reduced or regulated high temperature often
associated with minor rainy seasons. This assertion is confirmed by Agele and
Agbi [18], who stated that, in drought situations, cowpea leaf size helps to main-
tain transpiration per unit area and as a result large leaf area shaded soil and

helps reduce soil moisture evaporation.

4.5. Pod Yield

Pod yield varied among cowpea varieties, depending on the location and the
growing season. In most cases, favourable weather conditions caused production
of more pods than unfavourable conditions. Pod yield of the main growing sea-
son were more than that of the minor season. The higher pod yield performance
obtained in 2016 could be due to the differences in the rainfall recorded during
the growing periods. Generally, the rainfall figures recorded in 2016 were higher
than those in the 2015. Again, in 2016 there were relatively mild temperatures
coupled with high amount of moisture due to the rainfall condition experienced
during the major rainy season, which enabled effective pod growth and devel-
opment. This observation has been made by [25] who studied four cowpea va-
rieties in 2005 and 2006 and observed that, pod yields of 2006 were higher than
those of 2005 and attributed the reasons to the amount of rainfall recorded in
2006 and 2005 growing seasons under rain-fed field conditions, which also led to
relatively mild temperatures as a results of the higher rainfall experienced in
2006. The differences in pods produced between the locations could also be at-

tributed to the weather conditions prevailed in the field. It could again be ob-
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served that Asontem consistently recorded higher pod yield than all the varieties
with Soronko also recording low yields consistently, but there were varying
yields among the rest of the varieties and this observation could be partly due to

the genetic make-up of each individual variety.

4.6. Harvest Index

Harvest index (HI) is considered an effective measure for selection of varieties
since high HI values show that, such varieties would have desirable characteris-
tics that can improve selection. Therefore, differences in pod harvest index
which may aid selection could also depend on weather factors. It could be seen
that, generally, pod harvest index in the major rainy season in 2016 was higher
than what was recorded in 2015 minor rainy season and the varieties in Mam-
pong were generally higher than those grown at Fumesua showing significant
differences among the varieties. The situation could be attributed to the climatic
condition that was favourable or high in the 2016 than in 2015. When crops are
supplied with enough rainfall or irrigation water, it affects the growth, reproduc-
tive parts (flowering, podding) which translate into yields.

During flowering and podding stage (phenological stage), continuous supply
of water increases soil moisture content, and therefore, crops’ roots are able to
draw enough water from soil reservoirs. When there is enough rainfall, temper-
atures would normally reduce and for that matter extreme high temperatures
and radiation may not be observed and, therefore, poor flower and pod devel-
opment will not be observed in field conditions and that may cause the produc-
tion of sound pods with smooth grain filling to achieve maximum seed yields.
This situation, perhaps, accounted for the higher harvest index noticed in the
2016 growing season. However, during the 2015 growing season, there was li-
mited supply of water coupled with high temperature, which resulted in poor
flower and pod development and that might have caused the low harvest index.
Dapaah et al [26] observed that continuous supply of water (irrigation) in-
creased harvest index (HI) through delayed senescence, which led to the produc-
tion of more assimilates which led to more seeds per pod. These results confirms
the present study due to the higher amount of rainfall recorded in 2016 and also
the higher amount of rainfall recorded in Mampong than Fumesua, which led to

the differences in the harvest index and pod numbers per plant.

5. Conclusion

Yields of genotypes largely depend on constant water supply with adequate en-
vironmental and soil factors to have relatively stable yields in different agro-
ecological zones. The study revealed that Asontem, Nhyira and Tona were the
most stable cowpea varieties. The genotype by environment interaction revealed
that Asontem was the most stable genotype among the genotypes tested in the

study.
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6. Recommendation

It is recommended that, varieties that are able to withstand harsh environmental
conditions such as Asontem, Nhyira and Tona could be planted in order to

break even due to instability of other cowpea varieties for rain-fed agriculture.
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