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Cowpea production in the Peruvian Amazon is increasing due to its ability to
adapt to diverse environments, its contribution to soil conservation, and its
versatility of uses. This crop is particularly valuable in human nutrition due to
its high nutritional quality and nutraceutical properties of its bioactive
compounds. The aim of the study was to evaluate the physiology of
cowpea plants in accessions PER1005854, PER1005851, and PER12645,
under the influence of rice husk mulch, screw tree litter, and oil palm fiber,
as well as to determine the bioactive compounds present in the grains. This
study aims to promote sustainable cowpea production, expose the nutritional
aspects of the grains, and foster their consumption both locally and
nationally. The experiment was conducted from November 2022 to March
2023, in Yurimaguas, Loreto, Peru. The application of organic mulches
demonstrates a significantly positive impact on the growth of cowpea
accessions during their vegetative phase. This effect is possibly attributed to
increased water availability, as the mulch reduces soil evaporation. In
particular, cowpea accessions PER12645 and PER1005851 exhibit desirable
physiological characteristics for grain production, with short cycles of 71 days
and higher yields of 1141 and 1125 kg/ha respectively. In contrast, accession
PER1005854 is distinguished by its higher biomass production, reaching
a value of 14497 kg/ha, a relevant trait for foliage production and its
contribution to soil conservation. The bioactive compounds, such as
proteins, lipids, and carbohydrates, present in the accessions PER1005854,
PER1005851, and PER12645, are similar to those found in other legumes.
However, the antioxidant activity of dark tegument cowpeas proved to be
superior, particularly highlighted in accession PER12645 (black tegument)
with 26.3 umolTG/g, and in accession PER1005854 (dark red tegument) with
19.5 umolTG/g. This characteristic is particularly important for consumption,
as it is related to the ability to combat oxidative stress in the human body.
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1 Introduction

Grain legumes are the most important cultivated species
globally after cereals (Kebede and Bekeko, 2020). In Peru, grain
legumes are a food source in over 8 million households at least once
weekly (INEL 2017). Peru boasts a wide diversity of agroclimatic
zones along its coast, highlands, and Amazon, enabling the
production of various crops, especially grain legumes, which are
essential for the subsistence of small-scale Peruvian farmers.

In the Peruvian Amazon, Vigna unguiculata (cowpea) is the
most cultivated grain legume, with over 100 accessions of different
colours, sizes, and shapes, yielding between 1.2 to 2.5 t/ha (INIA,
2022). Cowpea provides ground cover, fixes nitrogen, and controls
weeds; therefore, it is a viable long-term productive option for soil
fertility enhancement (Kyei-Boahen et al., 2017; Beshir et al., 2019;
Murga-Orrillo et al., 2023). In other words, cowpea contributes to
the restoration of degraded soils; its grains and foliage offer
bioactive compounds with nutritional and nutraceutical benefits
for human and livestock nutrition.

The bioactive compounds in cowpea grain include phenolic
compounds such as catechin, epicatechin, gallic acid, and ferulic
acid, which exhibit antioxidant properties (Moreira-Aratjo et al,
2018); these compounds are found in higher concentrations in
pigmented cowpea varieties, suggesting potential health benefits
(Sombie et al,, 2018); also considered bioactive compounds are
proteins, carbohydrates, lipids, dietary fibres, vitamins, and
minerals (Boukar et al., 2019; Abebe and Alemayehu, 2022).

Cowpea is the most important source of macro and
micronutrients in the human diet in many world regions,
primarily tropical countries (Bialostosky et al., 2002). However,
cowpea exhibits extensive genetic variability, and reports
documenting differences in its bioactive compounds among
accessions are limited.

Reports on the use of organic mulches in cowpea production are
also scarce. These mulches act as a physical barrier that retains
moisture in the soil, thereby reducing crop evapotranspiration (Jun
et al, 2014; Murga-Orrillo et al., 2016). It decreases water and
thermal stress on the plants by maintaining soil moisture and
regulating soil temperature (Knapp and Smith, 1989). It is
particularly crucial in soils exposed to high temperatures, such as
those in the Peruvian Amazon, where various cowpea varieties are
cultivated. A report on the use of organic mulches in cowpea
production found that it significantly increases root density, shoot
elongation, and grain yield (Maurya and Lal, 1981), as they
influence soil mycorrhizal colonization (Zambonelli et al., 2005).
Furthermore, organic mulches increase soil organic matter content
(Lal et al., 2018), and their slow decomposition means that nutrients
are available for a longer duration to the crop (Murga-Orrillo et al.,
2019). However, organic mulches’ decomposition and nutrient
availability can vary depending on their plant origin, which, in
turn, can affect cowpea growth, production, and the bioactive
compounds of the grains.

The hypothesis is posed that organic mulches significantly
influence the physiology of three cowpea accessions. It is
postulated that during their mineralization process, these mulches

Frontiers in Agronomy

10.3389/fagro.2024.1392068

may enhance soil structure, increase nutrient availability, and
augment water availability for cowpeas. These conditions would
favour a healthier growth environment for cowpeas. Furthermore,
intrinsic differences between cowpea accessions are expected to lead
to phenological variations in plants and the contents of bioactive
compounds in the grains. Therefore, the aim is to evaluate
physiological aspects of the plant and bioactive compounds of the
grain of cowpea accessions PER1005854, PER1005851, and
PER12645, and analyse how different types of organic mulches
influence the physiology of these accessions.

2 Materials and methods
2.1 Experimental site location

The experiment was conducted at the “Munichis” University
Campus of the School of Agronomy, National Autonomous
University of Alto Amazonas (UNAAA) from November 12,
2022, to March 3, 2023. The experimental area is geolocated at a
longitude of 76.2308W, a latitude of 5.8925S, and an elevation of
140.3 meters (Figure 1).

Climatic conditions during the study period are depicted in
Figure 2A, based on climatic data from SENAMHI (2023).

The cowpea seeds were obtained from the Germplasm Bank of
the National Institute of Agricultural Innovation (INIA), Ministry
of Agricultural Development and Irrigation, Peru. Accessions
PER1005854 (red cowpea) (Figure 2B), PER1005851 (white
cowpea with black eye) (Figure 2C), and PER12645 (black
cowpea) (Figure 2C) were selected from 100 accessions for their
resistance to stress factors, seed coat colour, and higher
yield potential.

The total experimental area was 290 m?, each measuring 8 m?,
resulting in 36 experimental units. On November 12, 2022,
accession PER1005854 was sown, along with PER1005851 and
PER12645, at a planting density of 200,000 plants/ha. Plants were
spaced at 10x50 cm intervals, with each plot having a border area of
5 m? and an evaluation area of 3 m?, totalling 60 plants evaluated
per plot and 160 plants per experimental unit.

2.2 Soil analysis

The physical and chemical analysis of the soil was performed on
a composite sample that was collected using an auger at a depth of 0
to 20 cm. Subsequently, this sample underwent air drying, followed
by grinding and sieving through a 2 mm mesh. The determination
of organic matter was performed following the Walkley and Black
method (1934), while phosphorus (P) was analysed using the
method Olsen et al. (1954).

The quantification of exchangeable cations, including
magnesium (Mg>"), potassium (K"), calcium (Ca®"), and sodium
(Na™), extractions were performed using a 1N potassium chloride
(KCI) solution, and the results were determined by atomic
absorption, following the protocol described by Hunter (1986).
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Location map of the experiment for cowpea accessions PER1005854 (red), PER1005851 (white with black eye), and PER12645 (black).

Nitrogen (N) content was calculated using a factor derived from the
amount of organic matter in the sample.

2.3 Soil preparation

At the beginning of the soil preparation process, 7.5 t/ha of lime
(CaO) was applied to counteract its acidity. This lime was carefully
incorporated into the soil to a depth of 30 cm using a disc plow,
which was attached to a 120-horsepower agricultural tractor
(Kubota, Model: M108S, Japan). Subsequently, the experimental
plots were delineated, followed by the planting of cowpea
accessions. Finally, organic mulches were applied, averaging 29 t/ha.

2.4 Experimental design and arrangement

A randomized complete block design with a 3x4 factorial
arrangement was employed. The first factor consisted of the
cowpea accessions: PER1005854 (V1), PER1005851 (V2), and
PER12645 (V3). The second factor corresponded to the types of
organic mulch: MO - control group, M1 - rice husk (Oryza sativa),
M2 - screw pine litter (Cedrelinga cateneaformis), and M3 - oil palm
fruit fibre (Elaeis guineensis). The treatments were distributed into
three replicates, resulting in 36 experimental units.

2.5 Determination of
physiological variables

A periodic assessment of plant height was performed at a
frequency of 15 days after planting (DAP). The final assessment
was conducted when the plants reached 50% flowering at 45 DAP for
accessions PER1005851 and PER12645. However, in the case of
accession PER1005854, the last assessment was done at 53 DAP, as
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it reached 50% flowering on that date. Physiologically mature pod
harvesting occurred on January 22, 2023, for accessions PER1005851
and PER12645. As for accession PER1005854, harvesting was
performed on February 9, 2023. Data such as the number of pods
per plant, pod length, number of grains per pod, and grain yield were
recorded during pod collection. Additionally, stubble biomass was
evaluated. Aboveground plant biomass was collected and weighed
using a 15 kg spring balance (Kambor brand).

2.6 Bioactive compounds

The chemical composition of the cowpea accession samples was
determined following FAO standardized procedures (FAO, 1986). The
determination of moisture, ash, proteins, and lipids was performed t as
follows: Ash content was calculated from the remaining weight after
heating the sample to 550°C. Lipid content was determined using the
Soxhlet extraction method. Protein quantification was performed using
the Kjeldahl method, applying a nitrogen-to-protein conversion factor
of 5.40. Carbohydrate content was determined by difference, subtracting
total solids from the contents of proteins, lipids, ash, and dietary fibre.
Carbohydrate quantification was measured through polarimetry,
following official procedures (Official, 1993). Total phenols
measurement was conducted following the protocol of Xu and Chang
(2009), and analyses were performed using high-performance liquid
chromatography (HPLC). An ethanol extract and a 0.1% DPPH
solution in methanol were used to determine antioxidant activity. The
quantification was performed using a UV-Vis spectrophotometer,
following the methodology of Benzie and Strain (1999).

2.7 Statistical data analysis

Data were assessed for normal distribution and variance
homogeneity before conducting variance analysis (ANOVA)
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FIGURE 2
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Weekly climate conditions for the study period. (A) Rainfall (bars), maximum temperature (red line), average temperature (blue line), and minimum
temperature (green line), and cowpea accessions: (B) PER1005854 (red), (C) PER1005851 (white with black eye), and (D) PER12645 (black).

using the F-test. Subsequently, mean comparison tests were
performed using the Tukey method. These assessments were
conducted with a significance level of p<5%. In cases where data
did not meet the criteria for normal distribution, a multivariate
statistical approach, specifically Principal Component Analysis
(PCA), was applied. Statistical differences were determined using
confidence intervals (CI: 95%) for variables explaining the most
variability in PCA. All these statistical analyses were determined
using the R studio statistical software (R Core Team, 2023).

3 Results

The cowpea accession PER1005854 (Figure 2B) exhibited an
indeterminate growth habit and was characterized by a 4-day
germination period, 49 days in the vegetative phase, and 36 days
in the reproductive phase. It resulted in a complete crop cycle
spanning a total of 89 days. In contrast, cowpea accessions
PER1005851 and PER12645 (Figures 2C, D) displayed a
determinate growth habit, with a 4-day germination period, 41

TABLE 1 Physical and chemical properties of soil in the experimental area.

days in the vegetative phase, and 26 days in the reproductive phase.
Collectively, the complete cycles of these accessions extended over a
total of 71 days.

Table 1 presents the analysis results of soil physical and
chemical properties. This soil is characterized by limited fertility,
with high acidity (pH 4.9) due to the presence of AI** (5.9 cmolc/
kg). The soil belongs to the loamy-sandy texture class, with a sand
content of 65.2%, silt content of 12.8%, and clay content of 21.0%.

The mean squares obtained through the ANOVA for the
evaluated variables are detailed in Table 2. This table shows
significant differences (p<0.05) in plant height during the
vegetative phase concerning the types of organic mulches.
Significant differences were also recorded during the flowering
stage for the cowpea accessions. Likewise, significant differences
were identified in the number of pods, pod length, number of grains
per pod, yield, and stubble biomass.

In the mean comparison test conducted using Tukey (p<0.05),
significant differences were observed in various aspects. Significant
differences were recorded during the vegetative phase (Figures 3A,
B) for organic mulches, which exhibited higher plant height values

49

<0.30

pH, hydrogen ion potential; EC, electrical conductivity; CaCOs, calcium carbonate; OM, organic matter; N, nitrogen; P, phosphorus; K, potassium; S, sulfur; B, boron; Cu, copper; Fe, iron; Mn,

manganese; Zn, zinc; Ca, calcium; Mg”*, magnesium cation; K, potassium cation; Na*, sodium cation; Al

Yurimaguas, Munichis 2022.
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1**, aluminum cation.
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TABLE 2 Analysis of variance (ANOVA) mean squares for plant height, pod length (PL), pod number (PN), grains per pod (GP), yield (Yd), and straw
biomass (SB) of cowpea accessions PER1005854 (red), PER1005851 (white with black eye), and PER12645 (black).

Plant height (DAP)

K{0] 45
Block 2 88.4%* 142.2%* 234.4* 2.3 38.3* 0.3 21601* 25371
Accession(V) 2 2.3 21.5 655.877¢ 14.9%%* 173.9%* 53.4%%¢ 92931+ 13473250***
Mulch(M) 3 56.4*** 180.0*** 41.5 2.1 16.8 0.1 1034 92943
V*M 6 11.3 16.5 74.5 12 8.7 0.6 10579 415974
Error 22 5.3 15.1 54.5 0.9 15.5 1.5 5058 421812

SV, source of variation; DF, degrees of freedom; DAP, days after planting; ***, **, *, significant at 100%, 99.99%, and 95% by the F-test.

than the control group. However, in the flowering stage (Figure 3C),
accessions PER1005854 and PER1005851 had significantly taller
plant heights than accession PER12645. On the other hand,
accessions PER1005851 and PER12645 displayed a higher
number of pods per plant and higher grain yield compared to
accession PER1005854 (Figures 3D, G). In contrast, accession
PER1005854 showed longer pod lengths and higher stubble
biomass than accessions PER1005851 and PER12645 (Figures 3E,
H). Regarding the number of grains per pod, accession PER12645
had the highest figure, followed by accession PER1005854 and
accession PER1005851.

In the PCA conducted on the measurements of seeds from
different cowpea accessions (Figure 4A), in dimension 1 of the PCA
explaining 54.5% of the variability, a clear differentiation in seed size
of accession PER12645 is evident, with smaller dimensions in terms
of length and width compared to accessions PER1005854 and

PER1005851. This difference is confirmed when observing the
analysis with 95% confidence intervals (CI) specifically for seed
length (Figure 4B), where accessions PER1005851 and PER1005854
exhibit larger seeds than accession PER12645. However, regarding
seed width and thickness, no significant differences were detected
among the three evaluated accessions (Figures 4C, D). It is
important to note that the smaller size of seeds in accession
PER12645 (Figures 4A, B) is compensated by a higher number of
grains per pod (Figure 3F) and superior yield, similar to accession
PER1005851 (Figure 3G).

The variations in bioactive compounds present in the grains of
different cowpea accessions analysed through PCA are depicted in
Figure 5A. In this figure, in dimension 1 of the PCA explaining
41.9% of the variability, a clear differentiation in energy and
carbohydrate content is observed, with higher levels in accession
PER1005851, in contrast to the levels of antioxidant activity, which
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FIGURE 3
Plant height at 15 (A), 30 (B), and 45 (C) days after planting, pods per plant (D), pod length (E), grains per pod (F), yield (G), and fresh straw biomass
(H). For mulch: MO- control, M1- rice husk, M2- screw leaf litter, M3- oil palm fruit fibre; and cowpea accessions: V1- PER1005854 (red), V2-
PER1005851 (white with black eye), and V3- PER12645 (black). Lowercase letters above the boxplots indicate no significant differences between
them according to the Tukey test (p<0.05).
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are higher in accessions PER1005854 and PER12645. Upon
conducting a more detailed analysis through 95% confidence
intervals (CI), it was determined that accession PER12645
exhibits higher antioxidant activity, followed by accession
PER1005854 and, finally, accession PER1005851 (Figures 5I, J).
However, no significant differences were observed regarding
moisture, ash, carbohydrates, proteins, lipids, energy, and total
phenols content for the three accessions, as illustrated in
Figures 5B, 5D-H.

4 Discussion

Understanding the edaphoclimatic conditions of cowpea
accessions enables the anticipation of optimizing growth and
development, yield, and the quality of both foliage and grain, the
selection of suitable accessions, phytosanitary prediction and control,
resource use efficiency, and adaptation to climate change. With
climatic conditions characterized by maximum average
temperatures of 32.9°C, a minimum of 20.9°C, and a mean of 26.8°
C (Figure 2A), along with a study period rainfall of 626.9 mm, and
acidic, low-fertility soil (Table 1), crop cycles of 89 days were achieved
for accession PER1005854, and 71 days for accessions PER1005851
and PER12645. Toudou-Daouda et al. (2018) reported crop cycles of
90 days for cowpea accessions ISV128, IT93K-503-1, IT96D-610,
Suvita2, and Tiligré. Favourable cowpea climatic conditions typically
include mean temperatures ranging from 25 to 35°C, annual rainfall
between 750 to 1100 mm, and diverse soils (Drahansky et al., 2016).

According to the F-test, no significant effects on cowpea accession
yields were observed in the organic mulches (Table 2). In a previous study,
seven different mulch doses were evaluated, and no significant influence
on cowpea yield was found either (Mupangwa et al., 2012), suggesting that
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cowpea production remains consistent under diverse conditions.
However, the mulches demonstrated a significant impact (p<0.05) on
the growth of cowpea accessions during the vegetative phase (Figures 3A,
B). It can be inferred that the mulches contributed to maintaining higher
soil moisture, providing greater water availability for cowpea. This was
reflected in significant differences in plant height when compared to the
control group (Figures 3A, B). It is important to note that cowpea
experienced low water availability due to minimal rainfall until 21 days
(Figure 2A). Additionally, the tropical climate and soil with a 65.2% sand
content will likely increase water evaporation and infiltration in the
control group, leading to water limitation for the crop and resulting in
shorter plants. Murga-Orrillo et al. (2016) observed that cowpea (cv.
Novaera) in the initial growth phase had an evapotranspiration rate of 1.0
mm/day when cultivated with mulch, compared to 1.7 mm/day when
cultivated without mulch. It translates to a 70% increase in water
availability for cowpeas when cultivated with mulch.

Understanding the agronomic characteristics of cowpea
accessions PER1005854, PER1005851, and PER12645 is essential
to support producer decisions, agricultural activity planning, yield
projections, and production goals. We highlight the agronomic
characteristics relevant to grain production in accessions PER12645
and PER1005851, which are characterized by their determinate
growth habit, a 71-day cycle, small pods (Figure 3E), higher yield
(Figure 3G), and lower straw biomass production (Figure 3H).
Additionally, accession PER12645 is distinguished by having
smaller seeds (Figures 4A, B). In contrast, accession PER1005854
exhibits an indeterminate growth habit with lower yields but higher
straw biomass production (Figures 3G, H). These differences are
fundamental as the cowpea’s growth habit influences crop yield and
conditions, tillage techniques, and other agricultural practices
(Gumede et al., 2022). Furthermore, qualitative traits of cowpea,
such as growth habits, seed size, shape, and seed coat colour, are also
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FIGURE 5

Principal component analysis (PCA) (A) and 95% confidence intervals (Cl: 95%) for moisture (B), ash (C), carbohydrates (D), proteins (E),
lipids (F), energy (G), total phenols (H), A A-ABTS antioxidant activity (), and A.A-DPPH antioxidant activity (J) of the grains of cowpea accessions
V1- PER1005854 (red), V2- PER1005851 (white with black eye), and V3- PER12645 (black).

important because of their implications for farmer and consumer
preferences (Nkhata et al., 2020).

The bioactive compounds in cowpea grains are relevant regarding
nutritional quality for human health and sustainable agricultural
production. When analysing the data represented in Figures 5B-H
and Table 3, it can be observed that most bioactive compounds in
cowpea accessions exhibit comparable values. Regarding protein
content, cowpea accessions show higher levels compared to those
found in lentils (Lens culinaris) and common beans (Phaseolus

Frontiers in Agronomy

vulgaris), being similar to values recorded in broad beans (Vicia faba)
but lower than those observed in soybeans (Glycine max). A similar
pattern is observed regarding lipid content, where values resemble those
of lentils, broad beans, and common beans but are lower than soybeans.
Lastly, regarding carbohydrate content, cowpea accessions have higher
levels than soybeans, similar to those obtained for cowpea beans but
lower than those found in lentils and broad beans.

The antioxidant activity of cowpea accession PER12645 is higher in
relation to the other accessions, as evidenced in Figures 5I, J. This
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TABLE 3 Bioactive compounds of V. unguiculata, accessions PER1005854 (red)’, PER1005851 (white with black eye)?, and PER12645 (black), in
comparison with bioactive compounds in soybean, lentil, broad bean, and common bean.

Protein Lipid Carbohydrate Energy Total phenols ABTS DPPH
mgGAE/100g

V. unguiculata' 254408 15+0.1 53.6 + 1.8 317.0 + 6.7 271+ 11.0 195+ 0.5 41+03
V. unguiculata® 253408 14+0.1 549+ 15 3232 +38 244+ 80 11.1+03 1.9+0.1
V. unguiculata® 257 0.7 15+ 0.1 53.1+18 317.8 + 63 312 £ 10.0 263+ 17 46+00

G. max® 39.02 + 2.1 212+ 1.4 295+ 1.9 - - - -
L. culinaris® 22,0 +2.1 12+03 73.5+22 - 1.9 +0.6'% - 2.7+ 0.6
V. faba® 26.0 2.0 15+03 68.9 + 1.9 - 29 + 0.6 - 51+18

P. vulgaris © 22,5+ 0.0 1.6 +0.1 512 + 0.4 3235+ 21 2.7 +0.19 255+ 1.9 -

Alghamdi et al, 2018®; De Angelis et al., 2021 Pedrosa et al, 2015; ABTS,2,2’-Azino-bis(3-etilbenzotiazolina-6-sulfonato); DPPH, 1,1-difenil-2-picrilhidrazil, ‘¥in mg ferulic acid/g d.m.

phenomenon could be related to black-coloured grain coats (Figure 2D).
It has been observed that cowpea accessions with darker-toned grain coats
tend to exhibit higher antioxidant potential, even though their protein
content may be lower, as documented by Tzanova et al. (2023).
Interestingly, in this study, cowpea accession PER12645 slightly had
higher protein levels than accessions PER1005854 and PER1005851,
which have lighter-toned grain coats (Table 3, Figures 2B, C).
According to the research of Kumar et al. (2013), epidemiological
studies have revealed that consuming foods with higher antioxidant
activity can contribute to protection against human diseases associated
with oxidative stress. In this context, cowpea seeds are emerging as a
significant source of antioxidants (Adeyemi and Olorunsanya, 2012). It is
essential to highlight that the ability of cowpea accessions to adapt to
stressful abiotic conditions is related to the production of phenolic acids
and higher antioxidant capacity (Makaure et al., 2023).

5 Conclusions

The application of organic mulches demonstrates a significantly
positive impact on the growth of cowpea accessions during their
vegetative phase. This effect is possibly attributed to increased water
availability, as the mulch reduces soil evaporation.

In particular, cowpea accessions PER12645 and PER1005851
exhibit desirable physiological characteristics for grain production,
with short cycles of 71 days and higher yields of 1141 and 1125 kg/ha
respectively. In contrast, accession PER1005854 is distinguished by its
higher biomass production, reaching a value of 14497 kg/ha, a relevant
trait for foliage production and its contribution to soil conservation.

The grains of accession PER12645 exhibit superior antioxidant
activity of 26.3 umolTG/g, which is associated with the black colour
of its seed coat. This characteristic is essential for human health if
this accession is consumed.
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