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Introduction

DAPTATION to climatic changes by adjusting sowing date and using the optimum

planting density can mitigate the negative effects on cowpea productivity. A field
experiment was performed during two growing seasons of 2019 and 2020 at the experimental
farm of Kafr Al-Hamam Agric. Res. Station, Sharqia Governorate, Egypt. The study aimed to
optimize sowing date (31 May, 15 June and 30 June) and planting density (285715, 142860,
95240, 71430 and 57145 plants ha'') that perform better in terms of seed and biomass yields as
well as seed quality of cowpea under semi-arid conditions. The late cowpea sowing on 30 June
appeared to be produced the higher seed yield contributions and yields ha’!, crop and harvest
index as well as pure seed. In respect of sowing density, intermediate planting density (95240
plants ha') exhibited the higher seed yield components and yields ha'!, crop and harvest index
as well as pure seed. Results of interaction indicated that late sowing on 30 June attained the
maximum seed yield when intermediate planting density of 95240 plants ha'' was used. Late
sowing under lighter (57145 and 71430 plants ha™') and intermediate (95240 plants ha') planting
densities exhibited the highest pure seed as well as the fewest shriveled and infected seeds. Path
coefficient analysis showed that number of pods plant! had exerted positive and high direct
effect on seed yield of cowpea (0.385) and 100-seed weight had positive and moderate direct
effect on seed yield of cowpea (0.251).
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range of soil texture that makes it proficient as a

good cover crop and soil fertility enhancer and has

Among seed legumes, cowpea (Vigna unguiculata
L.) is an important multipurpose legumes crop in
semi-arid regions of the tropical and subtropical
areas because of its protein content (20-25%),
carbohydrates (63.3%), iron (48.69 mg kg™'), zinc
(29.9-41.8mg kg™, fiber (6.3%) and fat (1.9%)
(Davis, 1991; Silva et al., 2014), and the essential
amino acid lysine (Hafiz & Damarany, 2000).
Also, the leaves and fresh pods provide a low cost
source of vitamins and minerals. In addition, it is
grown for its nutritious fodder for livestock, green
manure crop, mulch crop, hay crop, intercrop and
can be used as a trap crop. It is characterized by
its great ecological diversity and adapted to high
temperatures as well as it grows well in a wide

rapid and luxuriant vegetative growth (Elawad,
2000; Hector & Jody, 2002; Kumar et al., 2008;
Agbicodo et al., 2009; Hall, 2012; Oyewale &
Bamaiyi, 2013; Giridhar et al., 2020). In addition,
it has the ability to fix atmospheric nitrogen in
soil at the rate of 40-80kg per ha (Mafakheri et
al., 2017). The total area under cultivated of
cowpea plant in Egypt was estimated at 1853
ha with a mean production of 7180 tons of dry
seeds (FAOSTAT, 2021). This clearly indicates
the necessity for research to improve cowpea
productivity in Egypt. The changes in climate
factors are being felt globally in the form of
changes in temperature. An increase in ambient
CO, is usually considered beneficial as it results
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in increased photosynthesis in crops, especially
those with C, mechanism of photosynthesis as
cowpea crop. Sowing date is one of the most
important agricultural practices that determine
legumes crops productivity especially cowpea.

Asante et al. (2001) reported that sowing
date has a great impact on seed yield and quality
of cowpea and effectively reduced the menace
of insect pest damage on cowpea pods and
invariably increased grain yield. Also, Mobbaser
et al. (2006) investigated that the highest seed
yield belonged to sowing date of April 30. Early
sowing has reportedly enabled cowpea to escape
high temperatures during the flowering stages so,
gave the best yields and reduced infestation of
insects (Karungi et al., 2001; Hall, 2012; Abudulai
et al.,, 2017). Compared to July first fortnight
and July second fortnight sowing, significantly
higher growth parameters, seed yield and HI were
recorded in cowpea sown in June second fortnight,
but time of sowing did not significantly influence
the seed quality parameters (Taipodia & Nabam,
2013). Mojaddam & Nouri (2014) investigated
that the highest seed yield and its components in
terms of sowing date was related to July 23 and
the lowest one was related to July 6. In addition,
sowing at optimum time enables the crop to best use
the available growth factors such as temperature
and solar radiation at different stages of growth
for high productivity (Togay et al., 2014). Sowing
date is one of the important agronomic practices
that lead to the greatest differences in growth,
the quantitative and qualitative paramters of crop
without involving additional costs such as using
insecticides (Nwofia et al., 2018). Moreover,
Nwofia et al. (2018) reported that cowpea planted
in August gave higher grain yield relative to
the other planting dates (July and September).
Furthermore, Hasanzadeh et al. (2019) showed
that the uppermost seed yield and seed protein
content were recorded by sowing cowpea on 15
June compared to sowing on 20 May. Additionally,
sowing cowpea in early April is appropriate for
significantly improve final crop yields (Nunes et
al., 2021).

On other side, cowpea plants are one of non-
dense growing crops so, planting density is a very
important agronomic practices that determine
the productivity of cowpea and are particularly
affected by sowing date and genotypes. Adjusting
planting density is an important tool to optimize
crop growth and to achieve maximum biomass
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and grain yield (Liu et al., 2008; Kamara et al.,
2014; Giridhar et al., 2020). Several authors
reported significant differences of seed yield,
yield attributes and quality due to varying planting
densities of cowpea. Early, Ayaz et al. (2001) and
Hayat et al. (2003) reported that the number of
seeds in legumes pods changed as plant density
changed and increase of density led to decrease
of number of seeds per pod. Moreover, Liu et al.
(2008), El Naim & Jabereldar (2010) and Bruns
(2011) reported that increased plant density
significantly increased the growth attributes, seed
yield, however the number of pods per plant, 100-
seed weight and HI reduced with increased plant
density. While, Taipodia & Nabam (2013) showed
that growth, yield and seed quality of cowpea
were not significantly influenced by the seed
rate. Kanteh el al. (2014) reported that the best
choice for insect pests control in cowpea is wider
plant spacing than at closer spacing. Moreover,
Mojaddam & Nouri (2014) showed that density of
31plants/m?* had the greatest number of pods per
plant, number of seeds per plant, 100-seed weight,
seed yield, biomass yield and HI. Kamara et al.
(2014) and Giridhar et al. (2020) reported that
high plant density increases crop performance in
terms of light interception, biomass production,
yield and yield components (pods and seeds)
for cowpea. On other hand, correlation simply
measures that mutual relationship between yield
and yield components. Path analysis provides
information about magnitude and direction of
direct and indirect effect of the yield contributions,
which cannot be provided by correlation (Bizeti
et al,, 2004; Chaudhary & Joshi, 2005). The
present research was intended to determine the
optimum planting density for cowpea by inter-
hills spacing that achieves the minimal inter
and intra-specific competition to maximize seed
yield and seed quality of cowpea. In addition, to
determine the appropriate sowing date for higher
seed production and quality of cowpea due to
change in agro-climatic conditions, so periodic
evaluation of planting dates is of urgent need.

Materials and Methods

Experimental site

A field experiment was conducted for two
successive summer seasons (2019 and 2020) at the
experimental farm of Kafr Al-Hamam Agricultural
Research Station at Sharqia Governorate, Egypt
(30°36>49» N, 31° 30> 56» E). Soil samples were
taken from the sites at a depth of 0-60cm before
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sowing cowpea (Vigna unguiculata L. cv. Baladi)
in both seasons to determine soil physical and
chemical properties (Table 1) according to Black
& Hartge (1968). Moreover, meteorological data
during the growing seasons are presented in
Table 2.

TABLE 1. Physical and chemical analyses of the
experimental sites in 2019 and 2020
growing seasons

Soil characteristics 2019 2020
Soil particles distribution

Sand (%) 18.55 14.83
Silt (%) 26.80  28.95
Clay (%) 54.65 56.22
Texture class Clay Clay
Chemical properties

pH" 7.90 7.85
Electrical conductivity(dS m™)™ 2.30 2.32
Organic matter (%) 1.42 1.20
Available nutrient (mg kg! soil)

Nitrogen (N) 2540  22.06
Phosphorus (P) 18.00 16,4
Potassium (K) 380.4  368.2

*: Soil-water suspension 1: 2.5, **: Soil water extract 1: 1

Experimental design and agronomic practices
The experimental design was a split plot
with three replications. The main plots were
randomly occupied by three sowing dates (31
May, 15 June and 30 June) and five planting
densities, i.e., D1, 285715; D2, 142860; D3,
95240, D4, 71430; D5, 57145 plants ha’,
corresponding to spacing intervals among hills,
i.e., 70x10cm?, 70x20cm?, 70x30cm?, 70x40cm?
and 70x50cm? were randomly applied in the
sub plots, with 1.0m spacing. The sowing dates

plots were separated by an alley of 2m. Each sub
plot (3.5mx3m) consisted of 5 ridges with 0.7m
spacing between ridges. On all ridges, each hill
was received three seeds, which were thinned
to two seedlings per hill at full emergence. The
preceding crop was wheat (7riticum aestivum
L.) in both seasons. Before sowing, 75kg P O,
ha'! as calcium superphosphate (15.5% P,0O,)
and 70kg K,O ha' as potassium sulfate (48%
K,0) were added.

Nitrogen fertilization was applied at 40kg N
ha' as ammonium sulfate (21% N) was added
once at sowing. All recommended agronomic
practices for commercial production of cowpea
crop were applied. Harvest was done at the
physiological maturity stage.

Growth and yield parameters measurements

At the physiological maturity, ten plants
were randomly taken from each plot and tagged
for plant height (cm) “from the ground level to the
top of the plant”, pod length (cm), number of pods
plant!, number of seeds pod™', pods weight plant™!
(g), 100-seed weight (g) have been assessed.
Both seed yield, fodder yield (hay yield),
biological yield, crop index (CI, %) and HI (%)
occupying the three middle ridges from each
plot were measured within a total area of 6.3
m? per plot and then converted per hectare. The
final seed yield (kg ha') was adjusted to 13%
moisture content. For hay yield determination,
the harvested plants (stems and leaves) in
each plot were rolled up and left on the plot to
sun-dry to constant weight and then estimated
as hay yield per hectare. Cowpea plants for
seed production were not cut for fresh forage
to prevent any drop in seed yield and quality
especially under late sowing time.

TABLE 2. Monthly average minimum temperature (Min.), maximum temperature (Max.), relative humidity (RH)
and total precipitation (Prec.) in 2019 and 2020 growing seasons

2019 2020

Month Min Max. RH. Prec. Min Max. RH Prec.

--------- 0Cmmmmm - % mm e 0 Cmm e % mm
May 17.59 35.83 46.41 0.03 15.90 32.17 49.89 0.01
June 21.86 37.75 42.53 0.00 19.37 36.43 42.31 0.00
July 22.83 39.03 42.16  0.00 22.18 39.15 42.75 0.00
August 23.27 39.00 43.29 0.00 22.76 39.26 44.96 0.00
September 21.49 35.61 50.89 0.00 22.76 37.11 50.52 0.00
October 19.52 32.29 57.29 0.47 16.16 31.83 55.04 0.01
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Determination of physical purity (quality)

The cowpea seed samples were analyzed for
physical purity according to the International
Seed Testing Association (ISTA, 2015). Purity
test was done on four replicates of 100g each.
Each of the samples was separated into pure seed,
discolored/shriveled seed and infected seeds on a
separating board with the aid of separating knife
and magnifying lens. Weight of each fraction was
taken, and the percentage of each component was
calculated as follows:

Component (%)= (Weight of component (g))/
(Total weight of sample (100 g)) x100

Economic analysis

Total costs of applied agricultural practices
(land rent, seeds, fertilizers, irrigation, pest
management, labor, power and machinery) were
calculated. The costs of farm operations were
calculated based on the official and the actual
market prices determined by the Egyptian Ministry
of Agriculture (Economic Reports, 2020). Three
economic parameters were estimated: total
income (US$ ha™), net income (US$ ha™) and
return invested (US$). The total income from seed
and fodder yields were calculated by multiplying
total seed yield and fodder yield ha' by actual
price. Net income from the production of seed
and fodder crops were estimated as the difference
between total income and total costs. Besides,
return on investment was calculated by dividing
total income by total cost.

Statistical analysis

The obtained data were analyzed statistically
according to procedures outlined by Gomez &
Gomez (1984) using MSTAT- C computer software
package (1991). Differences found among all
treatments; sowing date, planting density, and
their interactions were separated by the Least
Significant Difference (LSD) at P< 0.05. Pearson’s
simple correlation matrix for yield, yield attributes
and seed physical purity was also computed by
the SPSS 20. The path coefficient analysis was
estimated as outlined by Dewey & Lu (1959).

Results and Discussion

Seed yield attributes

Analysis of variance displayed highly
significant effects of sowing date, planting density
and their interaction on yield attributes of cowpea
(Tables 3 and 4). Plant height was significantly
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impacted by sowing date (Table 3). Early sowing
(31 May) had the highest plant height followed by
intermediate (15 June) and late sowing (30 June)
dates, respectively in both seasons. The increase
of plant height due to early sowing clearly indicate
that, sowing at optimum time enables the crop
to best use the available growth factors such as
temperature and solar radiation at different stages
of growth. Hall (2012) reported that early sowing
has reportedly enabled cowpea to escape high
temperatures during the flowering stages when
the crop is sensitive to heat. Otherwise, sowing
date had no significant effect on pod length in first
season. While, in the second season, the longest
pod length (17.07 and 18.00cm) was achieved
by intermediate and late sowing dates compared
to early sowing (15.27cm), respectively. These
results are in accordance with those reported by
Taipodia & Nabam, (2013), Mojaddam & Nouri
(2014) and Nwofia et al. (2018). Number of pods
plant™!, number of seeds pod™', pod weight plant™
and 100-seed weight were an important yield
components and has a direct effect on cowpea seed
yield. Late sowing date produced significantly
the highest number of pods plant™ (19.00 and
16.73), number of seeds pod™' (18.33 and 15.60),
pod weight plant™ (28.28 and 32.02g) and 100-
seed weight (9.13 and 8.76g) (Tables 3 and 4)
compared to early or intermediate sowing dates
in the two growing seasons. Late sowing showed
significant yield components improvement than
intermediate and early sowing dates. The reasons
for the lower seed yield components due to
earliness in planting, could be expose plants to
heat stress during the flowering and pod formation
stages as well as seed filling period and it was
reflected in the failure of pollination, decrease in
number of pods and seeds as well as seed weight.
Another reason could be due to cowpea plant is
characterized by its great ecological diversity,
grown in the warm-season of the tropics and
subtropics as well as it has strong adaptation that
allows to set seed redeveloping.

Also, the negative impacts of early sowing
was more pronounced in pod attributes might be
attributed to luxuriant vegetative growth at the
expense of the pods attributes. In addition, this
might be due to receiving the growing degree day
(GDD) requirements at early growth stages which
reinforced cowpea plants to hasten maturity. These
results are in accordance with those reported by
Mojaddam & Nouri (2014), Nwofia et al. (2018)
and Hasanzadeh et al. (2019) showing that late
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sowing resulted in higher yield components of
cowpea over early sowing. On the other hand,
plant height was significantly depressed under
light density compared with other dense ones.
Plant height decreased from 137.2 and 140.2cm
at dense planting to 108.7 and 111.9cm at light
density in the both seasons, respectively. These
results refer to a favorable effect caused by
increasing the planting density regarding plant
elongation. Such dense planting forced plants
for more elongation where plants might have had
thinner stem diameter as well as cowpea plants
might had suffered from paleness and the possible
increase of mutual shading and hence performed
less regarding their photosynthesis. These results
are in accordance with those reported by El Naim
& Jabereldar (2010), Bruns (2011), Helmy et
al. (2015), Kamara et al. (2014) and Giridhar et
al. (2020) reported that increased plant density
significantly increased the growth attributes as
plant height and increases crop performance in
terms of light interception. Besides, the increase
in cowpea plant height at the narrow inter-
row spacing intervals could be attributed to
competition for light and space (Nderi, 2020).

Otherwise, pod length, number of pods plant ™,
number of seeds pod™!, pod weight plant™” and
100-seed weight tended to be gradually increased
due to intermediate planting density compared
with other densities for cowpea (Tables 3 and 4).
Such increase in yield components resulted from
the optimum planting density (intermediate
density) may be due to the decreased intra/ or
intra-competition among plants and struggling
for the viable nutrients and enables cowpea
plants to best use the available growth factors
such as water, space, solar radiation at different
stages of growth and hence the supply of
photoassimlates to the seeds increases. These
findings are in consonance with previous
studies findings where significantly higher yield
attributes were reported under the optimum
planting density (Liu et al., 2008; Kamara et al.,
2014; Giridhar et al., 2020). Besides, Hayat et
al. (2003) reported that the number of seeds in
legumes pods changed as plant density changed
and increase of density led to decrease of
number of seeds per pod. There was significant
two-way interaction effects on plant height and
yield components (Tables 3 and 4). The longest
plants (154.3 and 145.3cm) were assigned for
dense planting (D1 and D2) under early sowing
date in both seasons, respectively. Whereas

the shortest plants (101.0 and 98.0cm) were
presented by light planting density (D5) under
late sowing date during the two seasons. This
may be due to the heat units and metabolites
stored in early sowing caused to plant vigorous
growth for plants. Otherwise, the highest pod
length was assigned for intermediate planting
density under intermediate and late sowing dates
in both seasons. Furthermore, the uppermost
number of pods plant™ (20.67 and 19.00), pod
weight plant™' (34.83 and 40.20g) and 100-seed
weight (10.41 and 10.68g) were recorded by
intermediate planting density under late sowing
date during the two growing seasons. In respect
of number of seeds pod™!, the results revealed
that intermediate sowing exhibited the highest
number of seeds pod™' (19.33 and 18.00)
followed by late sowing date under intermediate
planting density throughout both seasons. Such
increase in yield components resulted from the
optimum planting density under intermediate or
late sowing dates may be due to the decreased
specific competition between cowpea plants
and adapted to high temperatures (tropical
crop) and this can be attributed to the cowpears
ability to grow in varying environmental
conditions. Besides, Giridhar et al. (2020)
reported that high population densities may
affect light interception, nutrient uptake and
water availability of crop especially cowpea
plants have rapid and luxuriant vegetative
growth.

Yields, CI and HI

Seed, hay, biological yields per ha', CI and
HI were significantly affected by sowing date,
planting density and their interactions (Tables
5 and 6). Seed yield was the result of combined
effect for the above-mentioned yield components.
Noticeably, sowing date had significant effect on
final cowpea seed yield (Table 5). Late sowing (30
June) produced the highest seed yield followed by
intermediate (15 June) and early (31 May) sowing
date throughout both seasons. The superiority of
seed yield ha'', achieved by late sowing relatively
to intermediate and early sowings amount to
around 12.7 and 43.2% in the 1% season and
amount to around 10.8 and 65.2% in the 2" season,
respectively. These results almost followed the
same patterns of the yield components include
number of pods plant™' (Table 3), number of seeds
pod™!, pod weight plant™ and 100-seed weight
(Table 4).
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The negative impacts of early sowing was
more pronounced in seed yield could be attributed
to luxuriant vegetative growth at the expense of
the reproductive growth stage (pods attributes).
Moreover, cowpea has strong adaptation that
allows to set seed redeveloping and escaping
heat stress. In this context, Mojaddam & Nouri
(2014), Nwofia et al. (2018) and Hasanzadeh et
al. (2019) documented that late sowing resulted
in higher yield of cowpea over early sowing.
Similarly, hay, biological yields ha' significantly
differed in response to sowing date (Table 5).
The maximum hay yield (2717 and 2595kg
ha') and biological yield (4073 and 4099kg
ha') were achieved by intermediate and late
sowing compared to early sowing in the 2™
season, respectively. This might be due to
cowpea plants is widely grown in the subtropics
and tropics regions where it has strong adaptation
and escaping heat stress during growing season.
This is also corroborated by the findings of
Nwofia et al. (2018) and Hasanzadeh et al.
(2019). While, sowing date had no significant
effect on hay and biological yield in 1% season.
In addition, sowing date had significant effect
on CI and HI in both growing seasons (Table 6).
Late sowing exhibited the highest CI (62.07 and
58.30%) and HI (38.20 and 36.73%) followed by
intermediate and early sowing date. The highest
HI was registered under late sowing date which
means higher seed formation against dry matter.
HI measures the relative investment of plant
resources in reproductive parts (Unkovich et al.,
2010). Moreover, the increase of HI due to late
sowing could be attributed to reduction in the
vegetative growth against significant increase in
seed yield. These results are in agreement with
those reported by Taipodia & Nabam (2013) and
Mojaddam & Nouri (2014) showing that late
sowing in the resulted in higher yields and HI.

In respect of planting density, it had significant
effect on final cowpea seed yield, hay and
biological yields ha' (Table 5). The maximum
seed yield (1366 and 1436kg ha') was obtained
by intermediate planting density during both
seasons. Otherwise, the least seed yield was
recorded by light planting density (1171kg
ha'') in the first season and dense planting in the
second season (1076kg ha'). These results almost
followed the same patterns of yield components
(Tables 3 and 4). Such increase in yield resulted
from the intermediate density could be discussed
Based on decreased intra-competition between
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plants and struggling for the viable nutrients and
enables cowpea plants to best use the available
growth factors at different stages of growth and
hence improving the yield components. The
negative effect of the high planting density on
seed yield could be attributes to the increase in
plants population as a result of dense planting
and consequently low penetration of light within
cowpea canopy hence, high competition between
plants, which accordingly reduces photosynthetic
efficiency and source-sink relationship. On the
contrary, significantly depressed in seed yield by
light planting density is mainly due to the decreased
in plants population per unit area. In addition,
cowpea plants are one of non-dense planting
crops which having not compensatory capacity,
so, planting density is a very important agronomic
practices that determine the productivity of cowpea.
These results are in consonance with previous
studies findings where significantly higher yield
were found under the optimum planting density
(Liu et al., 2008; Kamara et al., 2014; Giridhar et
al., 2020). Noticeably, hay and biological yields
significantly differed in response to planting
density (Table 5). The higher hay and biological
yields per ha were achieved by intermediate
planting density during both seasons. The increase
in hay and biological yields due to intermediate
planting density could be attributed to reducing
intraspecific competition among cowpea plants
which accordingly improve the photosynthetic
efficiency and hence dry matter accumulation.
These findings are in consonance with previous
studies findings where significantly higher yields
were reported under the optimum planting density
(Liuetal.,2008; Kamara et al., 2014; Giridhar et al.,
2020). Similarly, CI and HI significantly differed in
response to planting density (Table 6). The fewest
CI (48.05 and 46.78%) and HI (32.22 and 31.78%)
were obtained by dense planting density during
both growing seasons, respectively. Otherwise, the
higher CI and HI were recorded by intermediate
planting density during both seasons. The increase
of CI and HI could be attributed to the increase
of seed yield under intermediate planting density.
These results are in accordance with those reported
by Liu ef al. (2008), El Naim & Jabereldar (2010)
and Bruns (2011) showing that HI was significantly
depressed with increased planting density.

The two-way interaction displayed that the
maximum seed yield (1596 and 1660kg ha ') was
achieved by intermediate planting density under
late sowing date during both seasons (Table 5).
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While, seed yield of cowpea (783 and 489kg ha™!)
was significantly depressed when cowpea plants
sown early with high planting density during the
two growing seasons. Furthermore, the maximum
hay yield (2691 and 2854kg ha™') was achieved
by dense planting and intermediate density under
intermediate sowing date in the 1% and the 2™
seasons, respectively. Moreover, the interaction
results demonstrated that the uppermost biological
yield (4025 and 4327kg ha™') was obtained by dense
planting under late sowing date in both seasons.
The superiority of hay or biological yield due to
dense planting may be attribute to the increase
in population per unit area. Late sowing date
exhibited the higher CI and HI under intermediate
planting density in both seasons. While, the fewest
CI (38.36 and 40.90%) and HI (27.67 and 29.0%)
were recorded by dense planting under early sowing
date during both seasons. Such decrease in CI and
HI could be attributed to an excessive vegetative
growth due to dense planting where produced
a significant increase in straw and total yields,
hence, seed yield was significantly depressed. This
supports the view of interactive impact between
the optimum planting density and sowing date
decreased the competition between cowpea plants
and accordingly optimized plants growth which
clearly manifested in improving biomass and seed
yield.

Seed quality

The interaction between sowing dates and
evaluated planting density was highly significant
during both seasons (Fig. 1). The higher pure
seed (96.35 and 91.65%) was produced by lighter
planting density (D4 and D5) under late sowing
date during the 1* season. In the 2™ season, it was
recorded by lighter and intermediate planting density
(94.86, 94.80 and 94.91%)), respectively (Fig. 1A).
While, the lowest pure seed (85.12 and 84.94%)
was recorded by dense planting (D1 and D2) under
intermediate sowing date during the 1% and the 2™
seasons, respectively. Otherwise, the uppermost
shriveled seed (11.16 and 10.41%) was obtained
by dense planting (D2) under intermediate sowing
date during the 1* and the 2" seasons, respectively
(Fig. 1B). Whereas, the fewest shriveled seed
(2.45%) was recorded by light planting (D4) under
late sowing date during the 1% season. Besides, in
the 2" season, the fewest shriveled seed (4.06, 4.07
and 3.95%) was achieved by intermediate (D3) and
the lighter planting densities (D4 and D5) under late
sowing, respectively (Fig. 1B). Also, it is evident
from Figure 1C that the highest infected seed (6.68

and 5.44%) was obtained by dense planting (D1)
under early sowing date during the 1% and the 2™
seasons, respectively. Whereas the lowest infected
seed was recorded by intermediate and the lighter
planting densities under late sowing during both
seasons (Fig. 1C).

This is attributed to a negative effect caused
by dense planting regarding increase of mutual
shading, excessive moisture level around plants
as well as it forced plants for more elongation
caused increase in plants lodging which led to pests
infestation (fungi and insects) resulted in increase
the damaged or infected seed especially under
early sowing. In this connection, Early, Hampton
(1999) reported that the optimum sowing date
for producing high quality seed is not necessarily
the same as that for seed production. Asante et al.
(2001) reported that infestation by post flowering
pests was significantly higher on cowpea planted
in June than that of July and August. This might be
due to when planted cowpea in June or early July,
the flowering and pod formation stages escaped the
peak population densities of the major post flowering
pests. Moreover, Kanteh el al. (2014) showed that
dense planting supported the highest population
of insects compared to lower plant density. This
gives an indication that insect population density is
directly related to planting density, and this implies
that the more plants are clustered together, the more
the spread and establishment of insect pests on
cowpea. Besides, Mansaray et al. (2020) showed
that higher seed yield and better grain quality
(fewer infected seed) were obtained when planting
was done in September (late sowing) compared to
June (early sowing). Otherwise, early planting of
cowpea in mid- or late July resulted in the lowest
pest densities compared with those planted at later
dates (Abudulai et al., 2017).

Correlations of seed yield with other traits

The phenotypic correlation coefficient among
all possible pairs of important traits is presented
in Table 7. Plant height was significantly and
negative correlated with pod length, number of
pods plant™!, number of seeds pod™, pod weight
plant™ and 100-seed weight, biological yield, CI,
HI and seed yield, however, had non- significant
correlation with pure and infected seeds when
the data were pooled over the years. Positive and
highly significant correlations (P< 0.01) between
pod length and number of pods plant™, number
of seeds pod™!, pod weight plant™ and 100-seed
weight and infected seed.
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Fig. 1. Impact of sowing date on pure seed (%) (A), shriveled seed (%) (B) and infected seed (%) (C) under five
planting density of cowpea [D1: 285715 plants ha'', D2: 142860 plants ha™', D3: 95240 plants ha"', D4: 71430 plants
ha'!, D5: 57145 plants ha™'. The bars on the top of the columns represent the LSD (P< 0.05)]

Number of pods plant™ had positive and highly significant correlations (P< 0.01) between
significant correlations with number of seeds pod ™, HI and pure seed (0.544™) and seed yield (0.703™),
pod weight plant™ and 100-seed weight, biological but had negative and highly significant correlation
yield, CI, HI, pure seed and seed yield, but had with shriveled seed (-0.390™) and infected seed
negative and significant correlation with infected (-0.573™). Pure seed had negative and highly
seed (-0.260"). Positive and highly significant significant (P< 0.01) correlations with shriveled
correlations (P< 0.01) between number of seeds and infected seed, while had positive and highly
pod™ and each of pod weight plant™, 100-seed significant correlation with seed yield (0.416™).
weight, CI, HI and seed yield. Similarly, positive Shriveled seed had negative and significant
and highly significant correlations (P< 0.01) correlations with seed yield (-0.242™) while, it
between pod weight plant™ and each of 100-seed had a non-significant correlation with infected
weight, biological yield, CI, HI and seed yield. seed. Likewise, infected seed had negative and
100-grain weight exhibited positive and highly highly significant (P< 0.01) correlations with seed
significant correlations with biological yield, CI, yield (-0.574™). Seed yield appeared to be positive
HI and seed yield. Also, hay yield had positive and highly significant correlations (P< 0.01) with
and highly significant (P< 0.01) correlations number of pods/plant (0.588"), number of seed/
with biological yield (0.943™) and seed yield pod (0.332"), pod weight/plant (0.5017), 100-seed
(0.637™). Positive and significant correlations weight (0.557"), hay yield (0.637"), biological
were registered between biological yield and CI, yield (0.858™), CI (0.695™), HI (0.703™), pure
HI and seed yield, but had negative and highly seed (0.416™). Otherwise, negative and significant
significant correlation with infected seed (-0.366™). correlations were registered between seed yield
Furthermore, CI had positive and highly significant and plant height (-0.360™), shriveled seed (-0.242")
(P<0.01) correlations with HI, pure seed and seed and infected seed (-0.574™). However, seed yield
yield, while had negative and highly significant and pod length had a non-significant correlation
correlation with shriveled seed (-0.389™) and (0.197). The results related to correlation studies
infected seed (-0.576™). Moreover, positive and (Table 7) revealed that seed yield had significant
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relationship with yield components, as well as, seed
quality. These findings suggested that improvement
of seed yield in cowpea is linked with the increase
of these traits that might have good influence on
seed yield. Likewise, Helmy et al. (2015), Srinivas
et al. (2017), Walle et al. (2018) and Kalambe et
al. (2019) reported a significant positive association
between cowpea seed yield and yield components
and seed quality.

Path coefficient

Direct and indirect effects of seed yield and yield
contributing traits of cowpea across two seasons
relative to correlation are presented in Table 8. In
respect of direct effects, the results showed that
number of pods plant™ (0.385 “High”), pods weight
plant' (0.025 “Negligible”) and 100-seed weight
(0.251 “Moderate”) had positive direct effect on
seed yield. For indirect effects, both number of pods
plant’, pods weight plant ' and 100-seed weight had
positive effects on seed yield. Number pods plant’!
showed moderate positive indirect effect via pods
weight plant” (0.263) and 100-seed weight (0.284).
Pods weight plant! showed negligible positive
indirect effect via number pods plant” (0.017) and
100-seed weight (0.021). 100-seed weight showed
low positive indirect effect through number pods
plant' (0.185) and moderate positive indirect effect
via pods weight plant™ (0.213). These results clearly
indicate that number of pods plant!, pods weight
plant' and 100-seed weight considered the major
yield contributing traits that the cowpea breeder
should take into account for production high
yielding cowpea. Similar results were reported by
several investigators (Singh et al., 2004; Naher et
al., 2006; Srinivas et al., 2017). However, Walle et
al. (2018) showed that 100-seed weight had exerted
negative direct effect on seed yield.

Economic analysis

Economic performance of the interaction among
sowing date and planting density was assessed
(Table 9). The highest total income was achieved
by late sowing date under intermediate planting
density followed by late sowing date using dense
planting. Likewise, the highest net income was
achieved by late sowing date under intermediate
planting density. On the other hand, the lowest net
income was recorded by early sowing date using
dense planting. The highest return invested was
obtained by late sowing date under intermediate
planting density. While, the lowest return invested
was recorded by dense planting under early sowing
date.

TABLE 7. Correlations (Pearson correlation coefficient) between the study traits in cowpea as calculated from the combined data across two years
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TABLE 8. Direct (Diagonal) and indirect effect of yield components on cowpea seed yield across two years relative

to correlation

Characters Number of Pods weight lﬂp-seed Corr(?lation with
pods plant! plant” (g) weight (g) seed yield (kg ha™)

Number of pods plant 0.385 0.017 0.185 0.588

Pods weight plant (g) 0.263 0.025 0.213 0.501

100-seed weight (g) 0.284 0.021 0.251 0.557

Bold and italic refers to direct effects of yield components on cowpea seed yield.

TABLE 9. Estimates of costs for inputs farm operation and economic return of cowpea as affected by sowing date (S)
and planting density (D) averaged over the two growing seasons

Treat. Seed yield F0fider S?ed yield F;)i(ll(:r .Total Total cost . Net .Return
(SXD) (kg ha') yleld_1 lncon_lle income lncon_lle ($ ha") lncm_rlui mves::,d
(kg ha') ($ ha) ($ ha') ($ ha') ($ ha) $)
S1XDl1 636 1635 878 204 1082 1387 -305 0.78
S1XD2 789 1899 1086 237 1323 1344 -21 0.98
S1XD3 1128 2612 1572 327 1899 1330 569 1.43
S1XD4 1161 2678 1631 335 1966 1323 643 1.49
S1XD5 1063 2288 1486 286 1772 1319 453 1.34
S2XD1 1288 2682 1770 335 2105 1387 718 1.52
S2XD2 1351 2560 1892 320 2212 1344 868 1.65
S2XD3 1446 2642 2025 330 2355 1330 1025 L.77
S2XD4 1298 2412 1855 302 2157 1323 834 1.63
S2XD5 1186 2343 1687 293 1980 1319 661 1.50
S3XD1 1465 2711 2088 339 2427 1387 1040 1.75
S3XD2 1503 2386 2135 298 2433 1344 1089 1.81
S3XD3 1628 2480 2359 310 2669 1330 1339 2.01
S3XD4 1410 2330 2119 291 2410 1323 1087 1.82
S3XD5 1334 2395 1962 299 2261 1319 942 1.71

* Net income ($ ha')= Total income - Total cost, ** Return invested ($)= Total income/ total cost

Conclusions

According to the current results, implementation
of cowpea is a vital alternative approach to produce
high quality seed yield plus acceptable seed yield
especially in arid and semi-arid regions. Late
sowing on 30 June caused significant increase in
seed yield contributions, seed and biomass yield
production, CI, HI and pure seed of cowpea.
While early sowing on 31 May tended to produce
the longest plant height and the uppermost
infected seed. The intermediate planting density
(95240 plants ha') produced the higher seed yield
components and yields ha™!, CI and HI and pure
seed. Results of interaction indicated that late
sowing on 30 June attained the maximum seed
yield for cowpea when intermediate planting
density was used. Late sowing under lighter and
intermediate planting densities exhibited the

Egypt. J. Agron. 43, No. 3 (2021)

highest pure seed as well as the fewest shriveled
and infected seed. Path coefficient analysis
revealed that number of pods plant™, pods weight
plant’ and 100-seed weight had exerted positive
and direct effect on seed yield of cowpea. We
strongly recommend combining the late sowing
strategy with intermediate planting density for
optimal cowpea yield, seed quality as well as the
highest net income under semi-arid conditions.
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