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Abstract

For smallholder farmers in sub-Saharan Africa, determining which cowpea
genotype is most promising for intercropping systems involving maize and
cowpeas can be difficult. It is challenging for smallholder farmers in northern
Ghana to identify the most promising cowpea genotype to combine with maize.
In the 2021 and 2022 cropping seasons, twenty-nine cowpea genotypes were
grown from July to October at the Council for Scientific and Industrial Re-
search—Savannah Agricultural Research Institute research field in Manga,
both as sole crops and as intercrops with maize. Days to 50% flowering—days
after planting (DAP), pod load per plant, days to 95% pod maturity—days after
planting (DAP), and cowpea grain, and biomass yields per hectare were among
the data gathered. The findings demonstrated significant genotype-to-geno-
type variability in days to 50% flowering, pod load, days to 95% pod maturity,
grain, and biomass yields in both cropping systems. Days to 50% flowering,
days to 95% pod maturity and genotype-specific grain and biomass yields were
not always correlated. This may be caused by the various cultivation methods
and the unique genotypes’ genetic makeup. As a result, the study offers a basic
comprehension of the essential traits of some cowpea genotypes, which could
be helpful for upcoming breeding initiatives that focus on intercropping sys-
tems. According to the study, intercropping can maximize the grain and bio-
mass yields of some cowpea genotypes in an environmentally sustainable way.
Maize and cowpea are more competitive when intercropped than planted sole,
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intercropping can reduce grain and biomass yields. In the intercropping sys-
tem, genotypes with land equivalency ratios greater than one show optimal use
of available environmental resources. To enhance any traits that may be lack-

ing, the genotypes can be crossed.
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1. Introduction

In many sub-Saharan West African households, cowpeas, or Vigna unguiculata
(L.) Walpers, are a major source of plant protein and an important legume food
crop. Africa produces and consumes between 6.1 and 5.2 million tons of cow-
peas annually on a global scale [1] [2]. The grain meets a large portion of the
protein needs of rural impoverished people who lack the resources to buy ani-
mal protein because it contains between 23 and 25 percent protein [3]. Approx-
imately 70% of cowpea production takes place in West and Central Africa’s drier
Savanna and Sahelian regions [4] [5]. In Ghana, cowpeas are currently the sec-
ond most important food legume after groundnuts in terms of cultivated area,
produced quantity, and consumption [6]. Because it produces grain and dry
matter that can be used as animal feed during the dry season, the crop is very
important to the people of northern Ghana.

Cropping system characteristics have the potential to modify the life cycle of
pests and weeds and to fundamentally alter the abiotic and biotic features of an
agroecosystem [7] [8], which could limit production. In Northern Ghana, farmers
use a variety of cropping systems to boost productivity and sustainability. Inter-
cropping is the practice of growing two or more crops simultaneously in the same
field. In Northern Ghana, intercropping plays a significant role in the cropping
system. According to [9] [10], intercropping can shorten the critical growth pe-
riod of weeds, serve as a weed control, and decrease the growth and fecundity of
late-emerging weeds by increasing light interception by the weakly competitive
component. The land equivalent ratio values of intercropping systems showed
that intercropping was more productive than sole growing maize. They also
showed that intercropping could improve soil fertility conservation and increase
the amount of nutrients in the soil compared to sole growing maize [11]. Inter-
cropping systems have the potential to be adopted in low-input farming systems
where chemical weed control options are limited or nonexistent due to their ap-

parent increased competitiveness [12]. Africa frequently engages in cereal-legume
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intercropping, particularly with maize, as it maximizes the use of labor and land
while securing food production by lowering the risk of crop yield loss [13]. Cow-
peas can be grown as an intercrop with cereals like sorghum (Sorghum bicolor
(L.) Moench) or pearl millet (Pennisetum glaucum (L) R.BR.), but they are also
occasionally grown as a sole crop or as an intercrop with maize [14]. Intercrop-
ping may be the most climate-smart agricultural practice in the cropping system
due to the trend of climatic variables in Northern Ghana. Farmers may be forced
to change their crop choice in order to adapt to or cope with such changes in
climatic conditions due to changing patterns of climatic variables, such as rainfall
and temperature [15]. Through intercropping, smallholder farmers—particularly
those who grow sole legume crops in northern Ghana and other similar agro-
ecologies in West Africa—could reduce production risk and boost revenue [16].
Higher grain yields are obtained from mixing cereals and legumes than from
growing each crop alone [17]. It has been demonstrated that cowpea contributes
roughly 240 kg N/ha, with subsequent crops in rotation on infertile soils benefit-
ing from an additional 60 - 70 kg N/ha [18].

Low cowpea productivity is a result of poor production techniques, such as
adaptability and cultivar selection [19]. The four main factors that make inter-
cropping better than monoculture are soil conservation, resistance to lodging,
increased yield, and weed control [7]. One important factor influencing cowpea
production and consumption in Ghana is varietal preference [14]. While cow-
pea farmers in northern Ghana have access to a variety of genotypes, small-
holder farmers lack the knowledge necessary to select the most promising gen-
otypes for intercropping maize and cowpea. The challenge of selecting the ideal
cowpea genotype for intercropping presents itself to them. The ability of farm-
ers to intercrop and the production of cowpea with farmer-consumer prefer-
ences for grains could encourage more cowpea cultivation in Ghana. Under-
standing cowpea genotypes with promise and production barriers will aid in
creating cultivable varieties. The purpose of this study was to identify the most
promising genotypes of cowpeas for smallholder farmers in the northern re-

gion of Ghana and other similar ecologies to use in maize-cowpea intercrop-

ping.

2. Materials and Methods

2.1. Location and Planting Materials

At Manga (11°01N, 0°16 W), from July to October of the 2021 and 2022 cropping
seasons, twenty-nine (29) cowpea genotypes (KBC-9, KT-Benga, TC-901, Naro-
cowpea-5, Secow-5T, Secow-1T, Nizwe, Narocowpea-4, THIEY, UAM14-126-
L33, Apagbala, Zurazam, Secow-4W, Gujaratcowpea-5, CK1-Padi tuya, Secow-
3B, SAM, Leona, IT99K573-1-1, Narocowpea-3, Plantlobia-1, Narocowpea-6, IT-
38956-1, CK-2, CK4-W2, Gujaratcowpea-3, Secow-2W, Agyenkwa, and Naro-

cowpea-2) (Table 1) were evaluated in sole and intercropped systems.
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Table 1. Sole and intercropped cowpea genotypes in 2021 and 2022 cropping seasons.

Narocowpea-3
Leona
Secow-1T
Zurazam
Narocowpea-4

KT-Benga

Secow-2W Narocowpea-2 IT-38956-1 PlantLobia-1
Gujaratcowpea-5 UAM14-126-L33 TC-901 Apagbala
IT99K573-1-1 CK-2 Gujaratcowpea-3 KBC-9
CK4-W2 Secow-4W Secow-3B Aygenkwa
Narocowpea-5 Nizwe CK1-Padi tuya THIEY
SAM Secow-5T Narocowpea-6

2.2. Experimental Design and Treatments

A tractor was used for light harrowing, and then ridged with bullock ridger. On
July 1st, maize was planted, and the 29 genotypes of cowpea were interplanted and
sole cropped two weeks later in a Randomized Complete Block Design (RCBD)
with four replications. In both cropping systems, three seeds were planted per hill,
and the plants were subsequently thinned to two per stand. For maize-cowpea
intercropping, the spacing was 75 x 40 cm, and for sole cowpea cropping, it was
75 x 20 cm. Fertilizer N.P.K., 90 kg N ha™!, and 40% urea were applied as top
dressing to the maize-cowpea intercrop as a basal fertilizer. Muriate of potash was
applied to the sole cowpea at a rate of 40 kg K ha™'. The hand hoe was used to
reshape and ridge tie to prevent soil erosion in both cropping systems. Manual
control of weeds was applied when needed. EMA STAR was used to control Fall
Army Worm, while K-Optimal (Cyhalothrin 15 g/l + Acetamiprid 20; EC) at 500
ml ha™! was sprayed three times to control insect pests during the vegetative, flow-

ering, and podding stages.

2.3. Data Collection and Statistical Analysis

Days to 50% flowering—days after planting (DAP), days to 95% pod maturity-days
after planting (DAP), average pod load per plant, and grain and biomass yields
per hectare were among the data gathered.

Chicago, IL, USA’s GenStat 12th Edition was used to analyze the data. Fisher’s
protected LSD at 5% was used to separate the means. Using the formula developed
by [20], the land equivalent ratio (LER) was computed to compare the productiv-
ity of the intercrops to that of the sole crops as in [20].

Yield of maize intercrop N Yield legume intercrop
Yield maize sole crop Yield legume sole crops

LER =

= Equation 1

Rainfall is typically unimodal, with an average yearly total of approximately
1200 mm, starting in mid-May and ending in early October. The remaining
months of the season are cloudy and dry. The average yearly temperature is meas-
ured at 27.3°C, with March through May being the hottest months. The Food and
Agriculture Organization of the United Nations has designated the well-drained

soil as ferric luvisol. It is brown, fine sandy loam, with low organic matter.
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3. Results

3.1. Cowpea Genotypes Reaching 50% Flowering at 40 - 45 Days
after Planting in the Sole and Intercropping Systems

Days to flowering varied significantly at (p < 0.05) depending on the genotype and
cropping system. In both the sole and intercropping systems, the extra early ma-
turing cowpea genotypes took 40 to 45 days to reach 50% flowering. In the sole
and intercropping systems, the genotypes KT-Benga, Gujaratcowpea-5, KBC-9,
Gujarat cowpea-3, Aygenkwa, Narocowpea-4, Narocowpea-5, and Narocowpea-6
were the extra early maturing genotypes that reached 50% flowering at 40 to 45
days (Figure 1).
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Figure 1. Days to 50% flowering of cowpea genotypes in 2021 and 2022 cropping seasons:
(A) sole cropping (40 - 45 DAP), (B) intercropping (40 - 45 DAP). The values indicate the
mean of 4 replicates + standard deviation (SD). Bars with different lower-case letters show
significant differences by Fisher’s protected LSD (p < 0.05).

3.2. Cowpea Genotypes of 95% Pod Maturity at (50 - 60 DAP) in
Sole Cropping and (61 - 65 DAP) in Intercropping in 2021 and
2022 Cropping Seasons

Thirteen (13) of the genotypes out of the twenty-nine (29) genotypes evaluated
attained 95% pod maturity between 50 - 60 days after planting in the sole cropping
system in 2021 and 2022 cropping seasons (Figure 2). It took 61 - 65 days for the
same genotypes to reach 95% pod maturity in the intercropping system in 2021

and 2022 cropping seasons.
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(A) /= 2021 /= 2022

95% pod maturity (61 - 65 DAP), intercropping  95% pod maturity (50 - 60 DAP), sole cropping

Cowpea genotypes

Figure 2. Pod maturity at 95% of cowpea genotypes in the 2021 and 2022 cropping seasons:
(A) sole cropping (50 - 60 DAP), (B) intercropping (61 - 65 DAP). The values indicate the
mean of 4 replicates + standard deviation (SD). Bars with different lower-case letters show

significant differences by Fisher’s protected LSD (p < 0.05).

3.3. Effects of Sole and Intercropping on Pod load of Cowpea
Genotypes in the 2021 and 2022 Cropping Seasons

Pod load per plant was one of the key factors considered during the screening
process. Pod load varied between genotypes in the sole and intercropping systems,
and in both 2021 and 2022 cropping seasons (Figure 3(A) and Figure 3(B), Fig-
ure 4(A) and Figure 4(B), and Figure 5(A) and Figure 5(B)).

3.4. Evaluation of Genotypes Grain and Biomass Yields in Sole and
Intercropping Systems

One of the most important factors in this screening was grain and biomass yields.
Therefore, the potential yields for each genotype in intercropping and sole crop-
ping were determined. The highest grain yields of the genotypes (Figure 6) were
calculated to be between 1.00 - 1.27 and 0.50 - 1.02 tons per ha™' in sole and inter-
cropping, respectively. In both years, the highest biomass yield in the sole and
intercropping systems differed between the genotypes. It varied between 2.56 -
3.79 t/ha and 1.00 - 1.8 t/ha in sole cropping and 1.86 - 4.03 t/ha and 1.00 - 2.55
t/ha in the intercropping systems in all years (Figure 7(A) and Figure 7(B), Fig-
ure 8(A), and Figure 8(B)).
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Cowpea genotypes

Figure 3. Pod load of cowpea genotypes in the 2021 and 2022 cropping seasons: (A) sole
cropping (44 - 57), (B) intercropping (17 - 47). The values indicate the mean of 4 replicates
+ standard deviation (SD). Bars with different lower-case letters show significant

differences by Fisher’s protected LSD (p < 0.05).

= 2021 = 2022

S

Pod load at (21 - 43), sole cropping

Cowpea genotypes

Figure 4. Pod load of cowpea genotypes in the 2021 and 2022 cropping seasons: (A) sole
cropping (21 - 43), (B) intercropping (10 - 16). The values indicate the mean of 4 replicates
+ standard deviation (SD). Bars with different lower-case letters show significant differences
by Fisher’s protected LSD (p < 0.05).
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Figure 5. Pod load of cowpea genotypes in the 2021 and 2022 cropping seasons: (A) sole
cropping (15 - 20), (B) intercropping (6 - 9). The values indicate the mean of 4 replicates +
standard deviation (SD). Bars with different lower-case letters indicate a significant
difference by Fisher’s protected LSD (p < 0.05).
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Figure 6. Grain yield of genotypes (t/ha) in 2021 and 2022 sole and intercropping systems
(A) sole cropping (1.00 - 1.27), (B) intercropping (0.50 - 1.02). The values indicate the mean
of 4 replicates + standard deviation (SD). Bars with different lower-case letters indicate a
significant difference by Fisher’s protected LSD (p < 0.05).
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Figure 7. Biomass yield (t/ha) of cowpea genotypes in 2021 and 2022 sole and inter cropping
Systems: (A) sole cropping (1.86 - 4.03), (B) intercropping (2.56 - 3.79). The values indicate
the mean of 4 replicates + standard deviation (SD). Bars with different lower-case letters
indicate a significant difference by Fisher’s protected LSD (p < 0.05).
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Figure 8. Grain yield (t/ha) of the cowpea genotypes studied: (A) sole cropping (1.00 -
1.85), (B) intercropping (1.00 - 2.55). The values indicate the mean of 4 replicates + standard
deviation (SD). Bars with different lower-case letters indicate a significant difference by
Fisher’s protected LSD (p < 0.05).
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The land equivalent ratios (LER) of the genotypes listed below were below 1.00,
Narocowpea-3, Secow-2W, IT-38956-1, Plantlobia-1, CK4-W2, Secow-4W, Secow-
3B, SAM and Secow-5T (Figure 9). They therefore do not indicate good utilization
of soil resources. All other genotypes, with the exception of those mentioned

above, had a LER value of 1.00 and above, indicating good utilization of re-

sources.
Land Equivalent Ratio
M Land Equivalent Ratio
0.89 0.87
0.67 066 072 0.68
' ' 047 ‘ o045 053 ‘
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Figure 9. Genotypes with lowest land equivalent ratios.

4. Discussions

In the 2021 and 2022 sole and intercropping systems, the genotypes KT-Benga,
Gujaratcopea-5, KBC-9, Gujaratcowpea-3, Aygenkwa, Narocowpea-4, Naro-
cowpea-5, and Narocowpea-6 reached 50% flowering between 40 - 45 days after
planting (Figure 1). According to the description by Owusu et al. [21], these gen-
otypes (KT-Benga, Gujaratcopea-5, KBC-9, Gujaratcowpea-3, Aygenkwa, Naro-
cowpea-4, Narocowpea-5, and Narocowpea-6) can be classified as extra-early gen-
otypes, while the remaining twenty-one (21) genotypes in this experiment are me-
dium or late maturing. In 2021 and 2022 sole and intercropping systems, the gen-
otypes, KT-Benga, Gujaratcopea-5, and Aygenkwa had significant differences (p
< 0.05) in their days to 50% flowering. However, in the sole cropping system in
2021 and 2022, only KT-Benga and Aygenkwa had significant differences (p <
0.05) in their days to 50% flowering. Only the genotype Aygenkwa had significant
difference at (p < 0.05) in its days to 50% flowering in 2021 and 2022 intercropping
system. The genotypes KT-Benga, Gujaratcopea-5, KBC-9, Gujaratcowpea-3,
Narocowpea-4, 5, and 6 had no significant differences (p > 0.05) in days to 50%
flowering in 2022 intercropping system, but significantly differed (p < 0.05) to
Aygenkwa in days to 50% flowering in the same year and cropping system. The
early flowering (40 - 45) days in the above genotypes might shorten their produc-
tive cycles and help the genotypes to escape or prevent late attack of pests and
diseases, or drought in their reproductive cycles. Shortening the life cycle of plants
help check pest and disease outbreaks, and unfavorable temperatures in the flow-

ering and podding stages as postulated by Song et al. [22].
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Pod maturity at 95% was reached between 50 - 60 days after planting in 2021
and 2022 sole cropping system in the genotypes KBC-9, Nizwe, Apagbala, Guja-
ratcowpea-5, IT99K573-1-1, CK-2, Narocowpea-2, KT-Benga, Secow-2W, IT-
38956-1, Secow-1T, CK1-Padi tuya, and Secow-5T (Figure 2). In 2021 and 2022
sole cropping system, the genotypes Apagbala, Gujaratcowpea-5, CK-2, and Secow-
5T had significant differences (p < 0.05) in their 95% pod maturity. Though, these
genotypes KBC-9, Nizwe, IT-38956-1, Secow-1T, and CK1-Padi tuya had no sig-
nificant differences (p > 0.05) in 95% pod maturity in 2021 and 2022 sole crop-
ping, they however, were significantly different (p < 0.05) to the genotypes
IT99K573-1-1, CK-2, Narocowpea-2, KT-Benga, and Secow-2W in the 2021 and
2022, 95% pod maturity in the sole cropping system. The same genotypes took 61
- 65 days to reach 95% pod maturity in the intercropping system in 2021 and 2022
cropping seasons. In 2021 and 2022 intercropping system, only the genotypes Gu-
jaratcowpea-5, CK-2, Secow-2W, IT-38956-1, and Secow-5T had significant dif-
ferences (p < 0.05) in their 95% pod maturity. These genotypes also, had signifi-
cant differences (p < 0.05) to the genotypes KBC-9, Nizwe, Apagbala, IT99K573-
1-1, Narocowpea-2, KT-Benga, Secow-1T, and CK1 - Padi tuya in 2021 and 2022,
95% pod maturity in the intercropping system. In comparison, only the genotype
Apagbala, Gujaratcowpea-5, Secow-2W, IT-38956-1, and Secow-5T had signifi-
cant differences (p < 0.05) in their 95% pod maturity in 2021 and 2022 seasons
and cropping systems. Intercropping delayed the days to 95% pod maturity (61 -
65) days of the genotypes KBC-9, Nizwe, Apagbala, Gujaratcowpea-5, IT99K573-
1-1, CK-2, Narocowpea-2, KT-Benga, Secow-2W, IT-38956-1, Secow-1T, CK1-
Padi tuya, and Secow-5T genotypes, which could be the shading effect of the maize
on physiological maturity as explained in [23]. Singh et al [24], assumed that gen-
otypes that require more than 55 days to reach 95% pod maturity are classified as
late or medium maturing genotypes.

The genotypes KBC-9, KT-Benga, Apagbala, Gujaratcowpea-5, IT99K573-1-
1, TC-901, Zurazam, and UAM14-126-L33 had the highest pod load ranging
between 44 - 57 pods per plant in the 2021 and 2022 sole cropping system, fol-
lowed by Narocowpea-5, Secow-1T, Nizwe, Narocowpea-4, THIEY, CK1-Padi
tuya, Leona, Narowcowpea-6, CK-2, Gujaratcowpea-3, Aygenkwa, and Naro-
cowpea-2 with 21 - 43 pods per plant. The average number of pods per plant
further declined in the sole cropping system (15 - 20) pods in 2021 and 2022 in
the genotypes Secow-5T, Secow-4W, Narocowpea-3, Secow-3B, IT-38956-1,
CK4-W2, Secow-2W, and Plantlobia-1. In the intercropping system in 2021 and
2022, the genotypes KBC-9, KT-Benga, Apagbala, Gujaratcowpea-5, IT99K573-
1-1, TC-901, Zurazam, and UAM14-126-L33 recorded pod loads of (17 - 47).
The genotypes, Narocowpea-5, Secow-1T, Nizwe, Narocowpea-4, THIEY, CK1-
Padi tuya, Leona, Narocowpea-6, CK-2, Gujaratcowpea-3, Aygenkwa, and
Narocowpea-2 in the 2021 and 2022 intercropping loaded pods between 10 - 16
per plant. Pod load per plant continued to decline in the intercropping system

in the genotypes Secow-5T, Secow-4W, Narocowpea-3, Secow-3B, IT-38956-1,
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CK4-W2, Secow-2 W, and Plantlobia-1, which recorded the least pods of (6 - 9)
pods in 2021 and 2022.

In the 2021 and 2022 (Figure 3(A) and Figure 3(B), Figure 4(A) and Figure
4(B), and Figure 5(A) and Figure 5(B)) sole cropping genotypes with pod load
(44 - 57); only the genotypes Apagbala, IT99K573-1-1, and Zurazam had signifi-
cant differences (p < 0.05) in their pod load. Moreover, the genotypes KBC-9,
Apagbala, Gujaratcowpea-5, and TC-901 of pod load (17 - 47) in intercropping
system in 2021 and 2022 had significant differences (p < 0.05). By comparing the
2021 and 2022 genotypes with pod load of (44 - 57) in sole cropping and (17 - 47)
in intercropping system, only the genotypes KBC-9, Apagbala, Gujaratcowpea-5,
IT99K573-1-1, TC-901, and Zurazam had significant differences (p < 0.05). It is
worth noting that, only the genotype IT99K573-1-1 among these gave higher yield
in the intercropping system. Pod load (44 - 57) of the sole cropped genotypes de-
clined in 2021 and 2022 to (21 - 47) (Narocowpea-5, Secow-1T, Nizwe, Naro-
cowpea-4, THIEY, CK1-Padi tuya, Leona, Narocowpea-6, CK-2, Gujaratcowpea-
3, Aygenkwa, and Narocowpea-2) with significant differences (p < 0.05). The gen-
otypes, Narocowpea-5, Narocowpea-4, Leona, CK-2, and Gujaratcowpea-3 signif-
icantly differed (p < 0.05) in their pod load in the (21 - 43) pod load group in 2021
and 2022 sole cropping, while the rest of the genotypes in the same pod group
remained the same. The 21 - 43 pod load group of genotypes in the sole cropping
system had their pod load also declined to 10 - 16 pods in the intercropping system
in the 2021 and 2022 seasons. There were significant differences (p < 0.05) among
the genotypes Secow-1T, THIEY, Leona, CK-2, and Gujaratcowpea-3 in the 2021
and 2022 cropping seasons. Genotypes with the pod load of 21 - 43 and 10 - 16
pods per plant in sole and intercropping systems in 2021 and 2022, only the gen-
otypes CK1-Padi tuya, Aygenkwa, and Narocowpea-2 had significant differences
(p < 0.05). Further evaluation of the genotypes revealed that, the 15 - 20 pod
groups in sole cropping in 2021 and 2022, only the genotypes Secow-4W, Naro-
cowpea-3, CK4-W2, and Secow-2W were significantly different at (p < 0.05). It
also clearly demonstrated that, same genotypes with 15 - 20 pods per plant in the
sole cropping system declined to 6 - 9 pods in the intercropping system in the
same years. In the intercropping system in 2021 and 2022, only the genotypes
Narocowpea-3, IT-38956-1, CK4-W2, and Secow-2W were significantly different
in having the least pods. Comparing the 2021 and 2022 sole and intercropping
systems of genotypes 15 - 20 and 6 - 9 pods respectively, only the genotypes Secow-
4W, Narocowpea-4, Narocowpea-3, IT-38956-1, CK4-W2, and Secow-2W were
also significantly different. It was evident that, intercropping reduces pod load in
many of the evaluated genotypes. According to Nelson et al. [25], the differences
in pod load per plant can be caused by the different cropping systems. While
monocropping promotes a higher pod load per plant, intercropping can reduce
the pod load of cowpea genotypes. However, genotypes, such as KT-Benga,
IT99K573-1-1, and Narocowpea-6 can be considered suitable genotypes for inter-
cropping cowpea with maize. It can be deduced from this experiment, that the

pod load per plant can be maintained to almost 50% when intercropped with
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maize (Figure 3). These genotypes are therefore good candidates for further
breeding work to improve their pod load trait and make them more suitable for
maize-cowpea intercropping systems.

One of the most important factors in this screening was grain yield. Therefore,
the potential yields for each genotype in the intercropping and sole cropping sys-
tems were determined. The highest grain yields recorded were between 1.00 - 1.27
tons per ha™ in the genotypes Narocowpea-5, Secow-1T, Nizwe, Narocowpea-4,
THIEY, CK1-Padi tuya, Leona, Narocowpea-6, CK2, Gujaratcowpea-3, Aygenkwa,
and Narocowpea-2 in the sole cropping system. Genotypes that recorded lower
grain yields, thus below 1.00 and 0.50 tons in sole and intercropped systems re-
spectively, were deemed not good and therefore not discussed. In the 2021 and
2022 seasons in the sole cropping system, only the genotypes Secow-1T, THIEY,
and Leona were considered to have significant differences (p < 0.05) in their grain
yields. They however, significantly differed to the other genotypes in the same
cropping system and season. The genotypes Narocowpea-5, Secow-1T, Nizwe,
Narocowpea-4, THIEY, CK1-Padi tuya, Leona, Narocowpea-6, CK2, Gujaratcow-
pea-3, Aygenkwa, and Narocowpea-2 yields declined to 0.50 - 1.02 in the inter-
cropping system in 2021 and 2022 seasons. In this same intercropping system in
2021 and 2022, only the genotypes Secow-1T, Leona, and Gujaratcowpea-3 were
recorded having significant differences in grain yields. Comparing the 2021 and
2022 cropping seasons of the same genotypes (1.00 - 1.27) in sole and (0.50 - 1.02)
in intercropping, it can be deduced that, only the genotypes Secow-1T, Nizwe,
THIEY, Leona, Narocowpea-6, Gujaratcowpea-3, and Narocowpea-2 showed sig-
nificant differences (p < 0.05) in grain yields (Figure 6). The least grain yields
were recorded in the genotypes Nizwe and THIEY thought they have appreciable
yields in sole cropping. They are therefore most suitable for sole cropping. Geno-
types, Narocowpea-5, Secow-1T, Narocowpea-4, CK1-Padi tuya, Leona, CK2, Gu-
jaratcowpea-3, and Aygenkwa are good candidates for maize cowpea intercrop-
ping systems. Cropping systems might impact grain yields and accounted for the
variations in grain harvest. It was found that intercropping has a positive or neg-
ative influence on the yield potential of certain cowpea genotypes as described in
[25]. In the 2021 and 2022 intercropping seasons, there were no significant differ-
ences (p > 0.05) in grain yield between the Narocowpea-5, Nizwe, Narocowpea-4,
THIEY, CK1-Padi tuya, Narocowpea-6, CK2, Aygenkwa and Narocowpea-2 gen-
otypes. However, in the sole and intercropping systems, these genotypes were sub-
jected to the same screening procedure and produced very low yields, below 1.00
and 0.50 tons per hectare, respectively. They are therefore neither suitable for in-
tercropping with maize nor for sole cropping. To help farmers, cowpea genotypes
suitable for intercropping with cereals and tuber crops need to be screened and
developed [26].

There was no significant difference (p > 0.05) in biomass yield of Secow-2W,
IT-38956-1, Plantlobia-1, CK4-W2 and SAM genotypes in 2021 and 2022. Never-
theless, there were significant differences (p < 0.05) between the genotypes Naro-

cowpea-3, Secow-4W, Secow-3B and Secow-5T in 2021 and 2022. The intercropping
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of cowpea and maize can reduce biomass yield, as this study shows, which is in
line with [27].

The subsequent analysis of the 29 cowpea genotypes showed that some geno-
types had biomass values between 1.00 and 2.55 t/ha in intercropping systems and
between 1.00 and 1.85 t/ha in sole cropping systems (Figure 7). The genotypes
KBC-9, KT-Benga, IT99K573-1-1, Narocowpea-5 and CK1-Padi tuya showed no
significant difference (p > 0.05) in biomass yield in the sole cropping system in
2021 and 2022 (Figure 7). In contrast, the genotypes UAM14-126-L33, Apagbala,
Narocowpea-4, Narocowpea-6 and Narocowpea-2 showed a remarkable variation
in biomass yield between the sole cropping systems 2021 and 2022. The genotypes
KBC-9, KT-Benga, Apagbala, IT99K573-1-1, Narocowpea-5 and CK1-Padi tuya
did not differ significantly (p > 0.05) in biomass yield in the intercropping system
in 2021 and 2022. But these genotypes; UAM14-126-L33, Narocowpea-4, Naro-
cowpea-6, and Narocowpea-2 exhibited significant differences (p < 0.05) in bio-
mass yield in the intercropping systems during the 2021 and 2022 seasons. The
biomass yield of the genotypes KBC-9, KT-Benga and IT99K573-1-1 increased in
both cropping years. They can therefore be considered ideal candidates for bio-
mass production in intercropping systems. Thus, intercropping increases the bi-
omass yields of these genotypes; these results are in agreement with [28]. It is in-
teresting to note that the genotypes KBC-9, KT-Benga, UAM14-126-L33, Apagbala
and IT99K573-1-1 achieved significant biomass and grain yields both in inter-
cropping and sole cropping (Figure 8(A) and Figure 8(B)). They are good geno-
types for both cropping systems. This study shows that different cropping systems,
including cowpea in intercropping and sole cropping, have an effect on biomass
yield. This is consistent with the results of Takim et a/ [29].

5. Conclusions and Policy Recommendation

The genotypes in both cultivation systems show significant differences in the
number of days to 50% flowering, the number of pods per plant, the number of
days to 95% pod maturity and the grain and biomass yields. The days to 50%
flowering, the days to 95% pod maturity and the grain and biomass yields of the
genotypes are not always correlated with each other. The study provides valua-
ble insights into the basic characteristics of certain cowpea genotypes, which
could prove useful for future breeding initiatives. According to the results of the
study, intercropping systems can be a sustainable way to maximize grain and
biomass yields of certain cowpea genotypes. When maize and cowpea are grown
together, the two crops compete more strongly with each other than when
grown alone, which has an impact on grain and biomass yields. The comparative
area, the land equivalent ratio of the genotypes, which was higher than one in
the intercropping system, indicates the best possible use and exploitation of nat-
ural resources. The genetic variants of the crossbred genotypes can be used to
improve one or more other traits that may be lacking before the crossbred cow-

peas are released to farmers.
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