
Citation: Nascimento, L.A.d.; Simões,

W.L.; Oliveira, A.R.d.; Salviano, A.M.;

Barros, J.R.A.; Silva, W.O.d.; Barbosa,

K.V.F.; Barbosa, I.M.; Angelotti, F.

Productive Performance of Biomass

Sorghum (Sorghum bicolor (L.)

Moench) and Cowpea (Vigna

unguiculata (L.) Walp) Cultivars in

Different Cropping Systems and

Planting Times. Agronomy 2024, 14,

1970. https://doi.org/10.3390/

agronomy14091970

Academic Editor: Federica Zanetti

Received: 10 July 2024

Revised: 10 August 2024

Accepted: 19 August 2024

Published: 31 August 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

agronomy

Article

Productive Performance of Biomass Sorghum (Sorghum bicolor
(L.) Moench) and Cowpea (Vigna unguiculata (L.) Walp) Cultivars
in Different Cropping Systems and Planting Times
Layana Alves do Nascimento 1 , Welson Lima Simões 2, Anderson Ramos de Oliveira 2,
Alessandra Monteiro Salviano 2 , Juliane Rafaele Alves Barros 3, Weslley Oliveira da Silva 1 ,
Kaio Vinicius Fernandes Barbosa 1, Italla Mikaelly Barbosa 4 and Francislene Angelotti 2,*

1 Campus Petrolina, University of Pernambuco, Petrolina 56328-900, Pernambuco, Brazil;
layana.alves@upe.br (L.A.d.N.); weslley.oliveiras@upe.br (W.O.d.S.);
kaioviniciusfernandesbarbosa@gmail.com (K.V.F.B.)

2 Embrapa Semi-arid, Petrolina 56302-970, Pernambuco, Brazil; welson.simoes@embrapa.br (W.L.S.);
anderson.oliveira@embrapa.br (A.R.d.O.); alessandra.salviano@embrapa.br (A.M.S.)

3 Foundation for the Support of Science and Technology of the State of Pernambuco (FACEPE),
Recife 50720-001, Pernambuco, Brazil; juliane-ab@hotmail.com

4 Federal Institute of Sertão Pernambucano, Campus Petrolina, Petrolina 56302-970, Pernambuco, Brazil;
mikellybarbosa1234@gmail.com

* Correspondence: francislene.angelotti@embrapa.br

Abstract: Global projections indicate that the demand for fresh water, energy, and food will increase
significantly in the coming decades under the pressure of population growth, economic development,
climate change, and other factors. Faced with this, technologies that promote sustainable development
through the use of clean energy will be imperative. That way, this study aimed at evaluating the
productive performance of biomass sorghum and cowpea cultivars in different cropping systems and
planting seasons. The experiment was conducted at the Caatinga Experimental Field at Embrapa
Semiarid, Petrolina—PE. Four cowpea (BRS Itaim, BRS Gurguéia, BRS Guariba, and BRS Carijó)
and two biomass sorghum cultivars (BRS 716 and AGRI-002E) were used in intercropping and
monoculture systems. The cultivars were sown during two different seasons: June (season 1—winter)
and December (season 2—summer) of 2021. The biometric and productive parameters and land
equivalent ratios (LERs) of sorghum and cowpea were evaluated. The data were subjected to
multivariate analysis. The productive performance of biomass sorghum cultivars Agri-002E and
BRS 716 was higher when planted in December, with an increase of 37% due to the planting season.
Cowpea productivity was not influenced by sowing seasons or the cultivation system. Based on the
calculation of efficient land use, the intercropping between biomass sorghum cultivar BRS 716 and
cowpea cultivars BRS Gurguéia, BRS Guariba, and BRS Carijó was advantageous when compared to
monocultures planted in the hottest season. This study showed the importance of cultivar selection,
the planting time, and land use efficiency in intercropping systems.

Keywords: intercropping; monoculture; temperature; semi-arid

1. Introduction

Climate change represents an alert as the increase in temperature and changes in
the pattern of precipitation directly impact agricultural production [1]. In this sense, the
implementation of climate-smart agriculture tools, with more efficient and cleaner forms
of energy, and optimization of land use with integrated production systems such as crop
rotation and intercropping, among others, will be imperative to face climate change [2,3].
These technologies stand out as adaptation measures that can contribute to carbon seques-
tration [2].
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Monocultures are characterized by the oversimplification of the cultivation system,
compromising natural renewal and the maintenance of soil fertility. Thus, systems such
as monoculture have less plasticity, ecological imbalances, and the need for external in-
tervention for adequate production levels. As a result, monoculture can contribute to the
emission of greenhouse gases due to the emissions associated with energy consumption,
irrigation, agricultural operations, and the use of fertilizers [4,5]. To achieve sustainability,
intercropping interspersing plants that can be used for human consumption with plants
used as biomass presents itself as a strategy to ensure food and energy security [6], notably
in more vulnerable regions such as the Brazilian semi-arid region. Thus, biomass sorghum
[Sorghum bicolor (L.) Moench] stands out as a promising alternative for energy generation
and replacing the use of firewood from the Caatinga [7].

Sorghum has a high biomass production and can reach 6.0 m in height, with green
mass production ranging from 120 to 150 t ha−1 and a cycle of 180 days, on average,
showing potential for burning in boilers of large power plants or thermoelectric plants [8].
Cowpea (Vigna unguiculata L.) can be grown intercropped with sorghum, with strategic
importance due to its socioeconomic value for the northeast of Brazil. Moreover, it is a
basic food component of the population and source of protein and carbohydrates, being
considered a key crop in terms of food security [9].

The intercropping of sorghum with cowpea has been achieved in semiarid regions,
indicating advantages in yield and efficiency in the use of natural resources, with improve-
ments in soil quality, a lower incidence of pests and diseases, and economic gains [10,11].
However, the planting season and the cultivar used can impact the productive potential
of the intercropping [12,13]. There is no record of work on which sorghum and cowpea
cultivars are most suitable for an intercropping system and on their performance at different
planting times in a semi-arid environment. The sorghum and cowpea cultivars used in this
work were selected from studies of cultivars tolerant to high temperatures as a relevant
alternative for greater productive stability, reducing the risk of agricultural losses resulting
from climate uncertainties [14,15].

Therefore, this study aimed to evaluate the productive performance of biomass
sorghum and cowpea cultivars in different cropping systems and sowing seasons.

2. Materials and Methods
2.1. Experiment Location

The experiment was conducted in the city of Petrolina, Pernambuco (PE), Brazil in the
sub-medium region of the São Francisco Valley (latitude 9◦8′8.9′′ S, longitude 40◦18′33.6′′

altitude 373 m), with average annual precipitation of 400 mm, average relative humidity of
67.8%, and average air temperature of 26.5 ◦C (Figure 1). The regional climate is classified
as semi-arid (BSh) according to the Köppen classification. The soil in the experimental area
is classified as a medium-textured Red–Yellow Argisol [16] corresponding to Haplic Acrisol
(IUSS Working Group WRB, 2022), with flat relief.
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to September 2021. (B) Biomass sorghum and cowpea consortium at 60 days after planting in season 
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automatic meteorological monitoring station located at the Brazilian Agricultural 
Research Corporation (Embrapa) (Brasília, Brazil) Semi-Arid (Figure 2). 
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Figure 1. (A) Biomass sorghum and cowpea consortium at 79 days after planting in season
1—June to September 2021. (B) Biomass sorghum and cowpea consortium at 60 days after planting
in season 2—December to May 2022.
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Figure 2 shows the climate data during the experimental period, obtained by an
automatic meteorological monitoring station located at the Brazilian Agricultural Research
Corporation (Embrapa) (Brasília, Brazil) Semi-Arid (Figure 2).
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Figure 2. (A): Season 1—June to September 2021. (B): Season 2—December to May 2022. Maximum
temperature (Ta (max) (◦C)), minimum temperature (Ta (min) (◦C)), precipitation (Prec (mm)), and
sorghum biomass and cowpea cycle (sowing to harvest) of two sowing seasons (season 1 and season 2)
from June to September 2021 and December to May 2022 are shown.

2.2. Experimental Design

The experimental design used comprised randomized blocks with three replications.
The treatments consisted of associations between four cowpea cultivars (BRS Itaim, BRS
Gurguéia, BRS Guariba, and BRS Carijó) and two biomass sorghum cultivars (BRS 716 and
Agri-002E) grown in monoculture and intercropped with each other, totaling 14 treatments
(Table 1).

Table 1. Treatments used in the experiment.

Monoculture Consortium

T1: BRS Itaim (cowpea) T7: BRS Itaim + BRS 716
T2: BRS Gurguéia (cowpea) T8: BRS Itaim + AGRI-002E
T3: BRS Guariba (cowpea) T9: BRS Gurguéia + BRS 716
T4: BRS Carijó (cowpea) T10: BRS Gurguéia + AGRI-002E

T5: BRS 716 (biomass sorghum) T11: BRS Guariba + BRS 716
T6: AGRI-002E (biomass sorghum) T12: BRS Guariba + AGRI-002E

T13: BRS Carijó + BRS 716
T14: BRS Carijó + AGRI-002E

The choices for cowpea and sorghum biomass cultivars were based on the indication
of cultivars tolerant to high temperatures [14,15]. The experiment was set up during two
different sowing seasons (June and December 2021) wherein season 1 (June) corresponds to
the beginning of winter in the Southern Hemisphere and season 2 (December) the beginning
of summer. Planting at two different periods allows the identification of cultivars tolerant
to increased temperature and the recommendation of the best planting time.

The plots of intercropped treatments consisted of eight rows of 3.0 m in length and
with 0.70 m between rows, with a total area of 16.80 m2 (3.0 m × 5.6 m). The treatments
were interspersed within the plots so that two rows of sorghum were sown for every two
rows of cowpea.

The cowpea plots in the monoculture treatments consisted of three 3.0 m long rows
with a total area of 6.20 m2 (3.0 m × 2.1 m) while sorghum plots had a total area of 16.80 m2

(3.0 m × 5.6 m). The total area of the experiment was 1016 m2.
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2.3. Crop Implementation and Management

The preparation of the area was completed through harrowing and was based on the
results of the soil analysis (Table 2). The sorghum received sowing fertilization, according
to the recommendations of [17], using 28 kg ha−1 of N, 98 kg ha−1 of P2O5, and 56 kg ha−1

of K2O, and in top-dressing, 110 and 50 kg ha−1 of N were applied 20 and 30 days after
sowing, respectively. For the cowpea, 30 kg ha−1 of N, 60 kg ha−1 of P2O5, and 10 kg ha−1

of K2O were applied to the sowing according to the recommendations of [18].

Table 2. Soil chemical analysis (0–20 cm deep) during two sowing seasons (June to September 2021
and December 2021 to May 2022).

Season
M.O pH H2O P S-SO−4 Ca2+ Mg2+ K+ H+Al V

g kg−1 mg dm−3 cmolc dm−3 %

Season 1 21.8 5.7 1.3 2.4 1.87 1.05 0.31 0.97 76.84

Season 2 4.3 6.8 11.6 6.7 1.72 0.45 0.32 1.11 69.57

The cultivars were sown manually on 30 June 2021 for season 1 and on 21 December
2021, for season 2. Fourteen seeds were sown per linear meter of both crops. Thinning
was performed 15 days after sowing, leaving seven plants per linear meter. Irrigation was
performed by dripping, with a spacing of 30 cm between drippers, and managed according
to the water demand of each crop.

Biometric and productivity analyses of fresh and dry sorghum biomass were per-
formed using two linear meters in the central area of each plot, with a dimension of 4 m2,
to avoid the border effect. Sorghum was harvested when 50% or more of the grains were at
the hard dough stage while cowpea was harvested when the pods were dry [19,20].

2.4. Agronomic Characteristics Evaluated

The following biometric and productivity variables were evaluated for sorghum: plant
height (m)—measured from the ground to the insertion of the last open leaf using a gradu-
ated measuring tape; stem diameter (mm)—two measurements were taken between the
second and third internodes using a digital caliper, which generated an average, whose
value was used in the analyses; number of leaves—obtained by simple counting of ex-
panded leaves; and fresh shoot biomass—the plant was cut close to the soil using pruning
shears and separated into three components (leaves, stem, and panicle) to determine the
fresh biomass (kg) using an analytical balance. The dry biomass was determined by placing
the samples in a forced-air-circulation oven at a temperature of 60 ◦C until reaching a
constant weight (±72 h), followed by weighing on an analytical balance.

The following variables were evaluated for cowpea: total number of pods per plant
(simple counting), pod length (cm) (using a graduated ruler), pod diameter (mm) (using
a caliper), number of grains (simple counting), average pod mass (g) (on an analytical
balance), and average grain mass (g) (on an analytical balance).

2.5. Statistical Analysis

The variables were analyzed to verify whether the data presented normality, using
the Shapiro–Wilk test (p < 0.05), and homoscedasticity of variances, using the Levene test
(p < 0.05), and to identify outliers and the Pearson’s correlation matrix (p < 0.05), which,
according to [21–23], are assumptions for conducting principal component analysis (PCA).
Hypotheses of data normality were verified using the Shapiro–Wilk test (p < 0.05).

The correlation coefficient is a dimensionless value ranging from −1 to 1, with a
value equal to zero representing the lack of a linear relationship between the variables.
These coefficients allow for the classification of the correlations as null (r = 0), weak
(0 < r < 0.3), medium (0.30 < r < 0.60), strong (0.60 < r < 0.90), very strong (0.90 < r < 1),
and perfect (r = 1) [24]. In addition, they can be considered as indicating direct relationship
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when positive and as indicating an inverse relationship when there is a trend for one
characteristic to increase while there is a reduction in the other, represented by negative
coefficients. The data were standardized with mean of zero and variance of 1 to reduce
errors due to scales and units of variables.

The standardized data were subjected to principal component analysis (PCA) and
cluster analysis (CA). The cluster analysis followed the hierarchical method, using the
Euclidean distance as a measure of similarity between the records and Ward’s method
as a clustering strategy. Next, the Fenon Line was drawn horizontally to determine the
number of formed groups. Statistical analyses of the data were performed using the
statistical software Statistica 14.0.0.15. Multivariate analysis was performed with the F-test,
comparing the formed groups in the cluster according to their characteristics.

2.6. Land Equivalent Ratio (LER)

Finally, the Land Equivalent Ratio (LER) index, which represents the relative culti-
vated area in monoculture required to provide the yields achieved in intercropping, was
calculated. The LER of cropping systems was calculated using the formula LER = (Yab/Yaa)
+ (Yba/Ybb), in which a represents the main crop and b is the secondary crop while the
values of Yab and Yaa correspond to the yields of the main crop in the intercropping and
monoculture, respectively. Meanwhile, Yba and Ybb correspond to the productivity of the
secondary crop in the intercropping and monoculture systems, respectively. Thus, LER > 1
means an advantage of intercropping relative to monoculture. However, LER = 1 shows no
productive advantage and LER < 1 represents a disadvantage when intercropping [25].

3. Results

The sorghum and cowpea cycles lasted 90 and 79 days, respectively, for the sowing
on 30 June 2021. For sowing on 21 December 2021, the sorghum and cowpea cycles lasted
135 and 77 days, respectively. The temperature varied between 15.04 and 38.33 ◦C and
17.75 and 35.33 ◦C for the first and second sowing seasons, respectively. Accumulated
precipitation values were 21.20 mm and 340.90 mm for the first and second sowing seasons,
respectively (Figure 2).

3.1. Biomass Sorghum

The general correlations between the variables for sorghum were classified as strong,
very strong, and direct with positive coefficient values above 0.60. The correlations between
stem diameter and stem fresh mass (SD-SFM) (0.97), stem diameter and total fresh mass
(SD-TFM) (0.97), stem fresh mass and total fresh mass (SFM-TFM) (1.00), and stem dry
mass and total dry mass (SDM-TDM) (1.00) stood out. Therefore, cultivars with larger stem
diameters also had higher stem and total biomass productivity. A positive and very strong
correlation was also observed between the variables height and stem fresh mass (HT-SFM)
(0.96) and between height and total fresh mass (HT-TFM) (0.94) (Table 3).

The principal component analysis allowed for the extraction of two components.
The first principal component (PC1) was responsible for explaining 82.17% of the data
variability, with variables of higher weight (>0.65) for the biomass productivity (leaf,
panicle, and stem fresh and dry biomass production and total production). The second
principal component (PC2) explained 8.10% of the data variability and was represented
by the biometric variables, plant height, and leaf width. The two components together
explained 90.27% of the total data variance (Figure 3).

The variables with higher weight within each component, which best characterized
the data variability, allowed for separating the sets of treatments with higher similarities
through cluster analysis using the hierarchical method, grouping the treatments into six
specific groups: G1, G2, G3, G4, G5, and G6 (Figure 4).
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Table 3. Pearson’s linear correlation matrix (p < 0.05) including the biometric and productivity
variables evaluated in monoculture and intercropped sorghum cultivars (Agri-002E and BRS 716)
during two sowing seasons (June to September 2021 and December 2021 to May 2022).

Variables HT NL SD LL LW LFM LDM SFM SDM PFM PDM TFM TDM

HT 1.00
NL 0.95 1.00
SD 0.94 0.94 1.00
LL 0.47 0.48 0.53 1.00
LW 0.78 0.79 0.87 0.73 1.00

LFM 0.88 0.90 0.94 0.61 0.92 1.00
LDM 0.92 0.93 0.96 0.58 0.90 0.99 1.00
SFM 0.96 0.95 0.97 0.50 0.86 0.95 0.97 1.00
SDM 0.93 0.93 0.95 0.54 0.87 0.94 0.96 0.98 1.00
PFM 0.54 0.63 0.64 0.33 0.60 0.68 0.67 0.65 0.66 1.00
PDM 0.40 0.51 0.52 0.23 0.51 0.58 0.56 0.52 0.52 0.95 1.00
TFM 0.94 0.95 0.97 0.52 0.87 0.97 0.98 1.00 0.98 0.69 0.57 1.00
TDM 0.92 0.93 0.96 0.54 0.89 0.96 0.97 0.99 1.00 0.71 0.59 0.99 1.00

Bolded values were significant at the 5% probability level. HT: height (cm); NL: number of leaves; SD: stem
diameter (mm); LL: leaf length (cm); LW: leaf width (cm); LFM: leaf fresh mass (t ha−1); LDM: leaf dry mass
(t ha−1); SFM: stem fresh mass (t ha−1); SDM: stem dry mass (t ha−1); PFM: panicle fresh mass (t ha−1); PDM:
panicle dry mass (t ha−1); TFM: total fresh mass (t ha−1); TDM: total dry mass (t ha−1).
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The groups had the cropping system (monoculture and intercropping) and sowing
seasons (1 and 2) as the main standards of separation (Figure 4). This confirms that the
cropping system and sowing season were the preponderant factors for generating the
data variability, thus being responsible for the separation of these groups. Notably, the
closer the treatments were within each group and between groups, the more similar their
characteristics were. Alternatively, the more distant they were, the more contrasting their
characteristics were.

For biomass sorghum, group 1 was formed by the monoculture of the cultivars Agri-
002E and BRS 716 in season 2. Group 2 consisted of the intercropping of sorghum Agri-002E
with the cowpea cultivars Carijó and Guariba in season 2. Group 3 was formed by the
intercropping of the BRS 716 cultivar with the four cowpea cultivars, in addition to the
intercropping of sorghum Agri-002E with the cultivars Itaim and Gurguéia, all in season 2.
Group 4 consisted of the monoculture of sorghum cultivars Agri-002E and BRS 716 in
season 1. Group 5 was formed by the intercropping of Agri-002E with the cultivars Guariba,
Gurguéia, and Itaim in season 1. Group 6 was formed by the intercropping of Agri-002E
with the cultivar Carijó, together with the grouping of the intercropping of sorghum cultivar
BRS 716 in season 1.

The difference between groups was verified using the multivariate analysis of variance
of the Wilks test, with the corresponding F-value, comparing the groups and confirming
that the formed groups were different from each other (Table 4). This analysis granted the
identification of the effect of cropping systems and sowing seasons on the performance of
the cultivars.

Importantly, the groups represented by monocultures G1 and G4 stood out for biomass
productivity in each growing season. Group 1, formed by monocultures set up in sea-
son 2, had better growth performance and productivity of the leaf, stem, and total fresh
and dry biomass, with a dry biomass percentage of 37% higher than that of sorghum
planted in season 1 (June). According to Table 4, dry biomass productivity in season 2 was
57,969.73 t ha−1 compared to that in season 1, which was 21,418.37 t ha−1.
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Table 4. Averages followed by the standard deviation of the clusters formed in the multivariate analysis of the variables of biomass sorghum cultivars, grown in the
intercropping and monoculture systems during two sowing seasons (June to September 2021 and from December 2021 to May 2022), resulting from the cluster
analysis by the hierarchical method.

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

Variables Average SD Average SD Average SD Average SD Average SD Average SD

HT 388.97 15.32 353.40 14.12 361.93 18.67 157.89 14.18 162.76 12.63 143.27 13.19
NL 17.10 1.02 17.70 0.86 16.11 2.11 7.57 0.47 7.44 0.55 7.40 1.13
SD 28.59 2.46 28.54 1.96 25.98 2.17 17.16 1.27 16.68 0.99 16.00 1.03
LL 85.84 6.48 93.93 1.76 80.87 10.27 77.58 11.92 83.89 7.40 65.84 7.18
LW 10.54 0.97 11.02 0.34 10.25 0.93 8.67 0.76 8.64 0.89 7.93 0.47

LFM 26,698.98 7121.34 16,442.86 1755.89 12,198.24 2625.23 8027.72 3018.72 4495.24 878.78 2842.72 1008.38
LDM 10,631.63 1780.58 5931.46 475.43 4689.97 853.31 3007.99 1243.20 1627.89 265.28 1204.49 356.23
SFM 136,600.35 18,996.20 70,821.43 11,433.12 66,198.98 8957.33 31,317.18 10,892.67 17,203.97 3189.89 12,137.96 3727.37
SDM 42,494.22 7082.02 23,946.09 3333.32 22,069.67 3268.89 14,554.08 6760.20 7090.93 1844.79 4698.78 1764.54
PFM 9754.76 1309.57 9362.93 1010.91 6128.00 1964.95 7052.04 649.51 3359.07 767.51 3978.98 1115.29
PDM 4843.88 467.94 4283.16 379.49 2804.82 801.69 3856.29 487.79 1808.05 445.82 2414.29 610.80
TFM 173,054.09 25,399.68 96,627.21 12,942.93 84,525.23 11,974.30 46,396.94 14,029.13 25,058.28 4582.05 18,959.66 5080.48
TDM 57,969.73 8727.94 34,160.72 3576.69 29,564.46 4421.69 21,418.37 7875.96 10,526.87 2268.81 8317.55 2045.72

Test F

G1 × G2 G1 × G3 G1 × G4 G1 × G5 G1 × G6 G2 × G3 G2 × G4 G2 × G5 G2 × G6 G3 × G4 G3 × G5 G3 × G6
201.28 ** 169.95 ** 495.77 ** 365.17 ** 516.23 ** 150.71 ** 244.86 ** 122.05 ** 377.71 ** 236.75 ** 274.24 ** 434.55 **

G4 × G5 G4 × G6 G5 × G6
30.82 ** 43.67 ** 53.78 **

SD: standard deviation; HT: height (cm); NL: number of leaves; SD: stem diameter (mm); LL: leaf length (cm); LW: leaf width (cm); LFM: leaf fresh mass (t ha−1); LDM: leaf dry mass
(t ha−1); SFM: stem fresh mass (t ha−1); SDM: stem dry mass (t ha−1); PFM: panicle fresh mass (t ha−1); PDM: panicle dry mass (t ha−1); TFM: total fresh mass (t ha−1); TDM: total
dry mass (t ha−1). ** 1% significance.Groups 1, 2, and 3 were represented by the growing season in December (season 2), which presented a maximum temperature of 35.33 ◦C and
precipitation of 340.90 mm. Meanwhile, groups 4, 5, and 6 covered season 1, with a maximum temperature of 38.33 ◦C and precipitation of 21.20 mm. Groups 1, 2, and 3 showed the best
performance for biometric and yield variables (Table 4), except for leaf length (LL) and panicle fresh mass (PFM), which were not significant for grouping treatments.
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Group 2, formed by the cultivar Agri-002E, in contrast to group 3, largely formed by
the intercropping of the cultivar BRS 716, had higher productivity and was influenced by the
relationship between the biometric variables NL, SD, LL, and LW and productive variables
LFM, LDM, SFM, SDM, PFM, PDM, TFM, and TDM. This pattern was also observed in
season 1, in which group 5, consisting of the intercropping of the cultivar Agri-002E, had
higher productivity than group 6, consisting of a large part of the intercropping of BRS 716.
This difference between groups showed that the cultivar Agri-002E obtained the best
productive response relative to the cultivar BRS 716 in both cropping systems, regardless of
the growing season. The relationship between the biometric and productive variables in
growing season 2 showed the highest productivity of cultivars for this planting period.

3.2. Cowpea

Correlations for cowpea were considered weak and direct with positive values above
0.30 (Table 5). The correlations between the total number of pods and pod weight (TNP-PW)
(0.46) and the total number of pods and pod grain weight (TNP-PGW) (0.43) stood out. The
presence of medium and strong negative coefficient values was observed, including for the
total number of pods and pod diameter (TNP-PD) (−0.44) and for pod diameter and the
number of pod grains (PD-NPG) (−0.75), respectively. Pod weight and pod grain weight
(PW-PGW) (0.99) presented the best positive, direct, and very strong correlation.

Table 5. Pearson’s linear correlation matrix (p < 0.05) involving variables of cowpea (BRS Carijó. BRS
Guariba, BRS Gurguéia, and BRS Itaim) grown in the intercropping and monoculture systems during
two sowing seasons (June to September 2021 and December 2021 to May 2022).

Variables TNP PL PD NGP PW PGW

TNP 1.00
PL 0.04 1.00
PD −0.44 −0.33 1.00

NGP 0.33 0.54 −0.75 1.00
PW 0.46 0.29 0.03 0.15 1.00

PGW 0.43 0.29 0.03 0.11 0.99 1.00
Bolded values were significant at the 5% probability level. TNP: total number of pods; PL: pod length
(cm); PD: pod diameter (mm); NGP: number of grains per pod; PW: pod weight (t ha−1); PGW: pod grain
weight (t ha−1).

The principal component analysis allowed for the extraction of two components. The
first component (PC1) was responsible for explaining 45.28% of the data variability whereas
the second component (CP2) explained 30.08% of the variation, thus reaching 75.36% of the
total data variance (Figure 5). The smallest explanation of the data variability for cowpea
indicates that the cultivars had similar performances under the conditions in which they
were grown.

The variables with the highest weight (>0.65) within PC1 were pod weight (PW) and
pod grain weight (PGW). These variables presented the highest variability within the
database, being the most important to separate the sets of treatments with the highest
differences. The number of grains per pod (NGP) was the only significant variable in PC2.

The cluster analysis was performed after PCA using the hierarchical method, removing
the variables with the lowest factorial load and obtaining the formation of six specific
groups: G1, G2, G3, G4, G5, and G6 (Figure 6). The groups presented the cropping systems
as a standard of separation (Figure 5).

The multivariate analysis with the Wilks test to compare the formed groups enabled
the confirmation of the difference between groups, and most cultivars were affected not
by sowing times but by the cropping system (Table 6). Groups 1 and 2 were formed
by the cultivars grown in the monoculture system regardless of the growing season.
Groups 4, 5, and 6 followed the grouping pattern according to the intercropping regardless
of the growing season.
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Figure 6. Dendrogram showing the hierarchy of groups between variables of cowpea (BRS Carijó,
BRS Guariba, BRS Gurguéia, and BRS Itaim) grown in the intercropping and monoculture systems
during two sowing seasons (June to September 2021 and December 2021 to May 2022), resulting from
the cluster analysis by the hierarchical method. Agri: Agri-002E; BRS: BRS 716; CAR: BRS Carijó;
GUA: BRS Guariba; GUR: BRS Gurguéia; ITA: BRS Itaim; 1: season 1; 2: season 2.

The cultivars BRS Guariba and BRS Itaim had similar behaviors, being grouped both
in group 1 and group 6. Also, the comparison between groups showed that group 3, formed
by the cultivar BRS Carijó in the intercropping system, presented the highest grain weight.
This result may have been influenced by the biometric variable pod length (PL), which
obtained the highest average between groups.
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Table 6. Averages followed by the standard deviations of the groups formed in the multivariate analysis of variables of cowpea grown in the intercropping
and monoculture systems during two sowing seasons (June to September 2021 and December 2021 to May 2022) resulting from the cluster analysis by the
hierarchical method.

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

Variables Average SD Average SD Average SD Average SD Average SD Average SD

TNP 12.63 1.40 12.17 1.69 11.40 2.61 13.22 2.85 8.81 1.11 11.13 2.21
PL 16.33 1.28 16.80 0.76 17.33 1.11 16.44 0.52 16.03 0.94 15.36 1.14
PD 7.66 0.32 6.55 0.25 6.65 0.21 6.21 0.34 7.48 0.56 7.28 0.42

NGP 8.81 1.28 12.63 2.46 10.04 1.16 14.22 0.42 8.41 1.02 8.21 0.87
PW 3217.40 434.79 2887.16 499.01 1579.53 377.50 1405.92 309.58 782.39 226.43 1129.87 340.37

PGW 2554.12 326.63 2312.60 520.13 1319.06 353.97 1072.75 269.73 662.47 193.76 910.08 242.09

Test F

G1 × G2 G1 × G3 G1 × G4 G1 × G5 G1 × G6 G2 × G3 G2 × G4 G2 × G5 G2 × G6 G3 × G4 G3 × G5 G3 × G6
78.52 * 77.20 * 876.29 ** 817.51 ** 2858.71 ** 49.96 * 461.23 * 11,604.27 ** 10,469.53 ** 4867.24 ** 123.99 ** 5566.20 **

G4 × G5 G4 × G6 G5 × G6
1122.30 ** 2625.23 ** 1031.21 **

SD: standard deviation; TNP: total number of pods; PL: pod length (cm); PD: pod diameter (mm); NGP: number of grains per pod; PW: pod weight (t ha−1); PGW: pod grain
weight (t ha−1). ** 1% and * 5% significance.



Agronomy 2024, 14, 1970 12 of 17

Group 4, consisting of the cultivar BRS Gurguéia, differed from the others as it had
the highest number of grains per pod (NGP). Group 5, formed mostly by intercropping
sorghum Agri-002E with the cultivars Guariba, Gurguéia, and Itaim in season 1, presented
a lower grain production (PGW). This result may have been influenced by the total number
of pods (TNP), with the lowest average between groups.

Group 6, consisting of the intercropping of Agri-002E with the cultivars Guariba and
Itaim, regardless of the growing season, showed lower grain production than group 5,
composed of the intercropping of BRS 716 with the cultivars Carijó, Guariba, and Itaim.
Therefore, the association between cowpea cultivars and the cultivar BRS 716 is more
advantageous than the association with Agri-002E.

The flowering stage of the analyzed cowpea cultivars presented daily temperatures be-
tween 18.38 and 32.58 ◦C and 20.22 and 31.82 ◦C in seasons 1 and 2, respectively. Therefore,
the productive parameters of the cultivars BRS Carijó, BRS Guariba, BRS Gurguéia, and
BRS Itaim did not differ from each other as the temperatures did not show high variation
during the flowering stage and were below 33 ◦C (Figure 2).

3.3. Land Equivalent Ratio (LER)

The efficient land use showed that the intercropping of the cowpea cultivar BRS
Carijó with sorghum BRS 716 and Gurguéia with Agri-002E, with an index of 1.00, had no
advantages over the monoculture system in the sowing in June (season 1). However, the in-
tercropping of the cultivars BRS Gurguéia, BRS Guariba, and BRS Carijó with sorghum BRS
716 reached indices of 1.03, 1.02, and 1.17 in the sowing in December (season 2), respectively,
demonstrating that intercropping was advantageous over monoculture. Monoculture was
the most advantageous system for values below 1 (Table 7).

Table 7. Efficient land use (ELU) of biomass sorghum and cowpea cultivars in the intercropping and
monoculture systems during two sowing seasons (season 1 and season 2).

Seasons Treatments ELU

1

BRS 716 + BRS Itaim 0.79
BRS 716 + BRS Gurguéia 0.97
BRS 716 + BRS Guariba 0.86
BRS 716 + BRS Carijó 1.00

Agri-002E + BRS Itaim 0.72
Agri-002E + BRS Gurguéia 1.00
Agri-002E + BRS Guariba 0.59
Agri-002E + BRS Carijó 0.88

2

BRS 716 + BRS Itaim 0.97
BRS 716 + BRS Gurguéia 1.03
BRS 716 + BRS Guariba
BRS 716 + BRS Carijó

1.02
1.17

Agri-002E + BRS Itaim 0.89
Agri-002E + BRS Gurguéia 0.81
Agri-002E + BRS Guariba
Agri-002E + BRS Carijó

0.75
0.94

ELU: efficient use of land. Bolded values are equal to or higher than 1.0.

4. Discussion

The positive correlation between two variables can promote gains through the selection
of materials in the other associated variable [26]. Biomass sorghum showed a strong positive
correlation between the components SD-SFM, SD-TFM, SFM-TFM, and SDM-TDM. Thus,
the variable stem diameter had great relevance in the production processes of the cultivars
as increases in this variable were also reflected in other variables. In this case, the SD can be
an important variable in the development of models to estimate the productivity of these
biomass sorghum cultivars.
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Oliveira et al. [27], when analyzing the correlations between characters and path
analysis in sweet sorghum genotypes, found strong and positive correlations between plant
height (0.75) and fresh mass production (0.74) and strong and moderate correlations for dry
mass production (0.88) with stem diameter (0.89) and average number of leaves (0.60). Stem
diameter in sorghum plants can directly and proportionally influence plant weight and,
consequently, forage mass production [28]. Thus, stem diameter is an important variable for
fresh and dry mass production in sorghum plants, with the stem representing an important
storage organ for reserve substances in plants, and the larger its larger diameter is, the
higher its photoassimilate storage capacity will be [29].

Other positive and strong correlations between biomass sorghum variables were found
for height with stem fresh mass and height with total fresh mass. The high and strong
positive correlation of plant height with fresh mass allowed taller genotypes to produce
a higher forage volume per hectare [30]. Plant height was also an important trait as it
was positively correlated with fresh and dry matter production and could be used as an
indicator of dry matter production in photoperiod-sensitive sorghum hybrids [31].

In addition to height, the number of leaves also acts directly on sorghum productivity
as the plant depends on leaves, which act as the main photosynthetic organs. Thus, the
plant growth rate depends on both the leaf area expansion rate and the photosynthesis rate
per unit of leaf area [32].

The analysis of the sowing time through the average of the formed groups showed
that the biomass sorghum cultivars Agri-002E and BRS 716 reached the highest biomass
production when sown in December as the cultivars were sensitive to the photoperiod [31].
Photoperiod-sensitive sorghum cultivars are induced to flower on days shorter than 12 h
and twenty minutes [33]. Significant effects on the biomass production of photoperiod-
sensitive genotypes have been reported elsewhere [34,35].

In addition to the photoperiod, temperature also directly affects plant growth and devel-
opment. The ideal temperature for sorghum development ranges from 21 to 38 ◦C [15,36,37].
The sowing of biomass sorghum in June coincided with minimum temperatures of 15 ◦C
and 23.7 ◦C, with values below 20 ◦C for 56 days (Figure 2). This may have influenced the
reduction in biomass production for the cultivars Agri-002E and BRS 716 [15]. The performance
of sorghum cultivars under different temperature regimes and the biometric and produc-
tive parameters of the cultivars Agri-002E and BRS 716 were lower at temperatures between
20 and 33 ◦C compared to plants maintained at temperatures ranging from 24.8 to 39.3 ◦C.
Photosynthetic efficiency in C4 metabolism plants increases under high temperatures and light
conditions, promoting higher growth rates and biomass production [38].

In addition to the photoperiod and temperature, the accumulated precipitation (340.90 mm)
throughout season 2 (December to May) (Figure 2) may also have favored the accumulation
of biomass in sorghum plants. The water demand of sorghum varies according to the cultivar
and the crop’s development phase, but in general, biomass sorghum cultivars require between
400 and 750 mm of water during the growth cycle [39].

Thus, the higher biomass accumulation in sorghum hybrids is explained by the grow-
ing season, type of genetic material, and cultivation site [40], which directly interfere with
the vegetative period, higher leaf area rate, and higher radiation interception and use
efficiency (C4 plant) [32]. Moreover, the sowing season stands out for biomass production
as it is related to sorghum vegetative development. Higher gains in biomass will always be
desirable in the cultivation of this sorghum from an economic point of view and manage-
ment must be performed to allow the plants to grow vegetatively for longer periods before
harvesting [32].

Cowpea grain yield is highly correlated with production components, i.e., the number
of pods per plant, the number of grains per plant. and seed weight [41].

Some production components may increase and others decrease depending on the
environmental conditions, altering the maintenance of productive stability [42]. The num-
ber of pods per area was the trait most correlated with grain yield for the productive
performance of cowpea cultivars of different sizes regardless of the type of plant size.
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Environmental conditions, including temperature and water availability, affect the number
of produced pods as they are key elements for pollen viability and the proportion of flowers
that develop into mature pods [14]. In this study, cowpea plants were not affected by
temperatures above 33 ◦C, with no physiological or metabolic impairment.

Pod length was also a determining factor for the productive performance of the
analyzed cultivars. The strong and positive correlation between pod length and the number
of grains per pod allows us to infer that selection to increase the pod length leads to an
increase in the number of seeds per pod and, consequently, an increase in production [43,44].

Regarding the temperature for the potential performance of cowpea, the flowering
stage is a critical period as it affects the final pod production and, consequently, the
yield [14]. The authors observed that temperatures above 33 ◦C during cowpea flowering
negatively interfere with grain production due to the direct impact on pollen grain viability
and flower abortion. Therefore, in this study, the temperature had no negative effect on cow-
pea production as it did not reach the maximum tolerable limit at the reproductive stage.

The efficiency of the cropping system depends on the synergistic effects of the species
chosen for the intercropping as the plants compete with each other for growth and produc-
tion factors (light, CO2, water, and mineral nutrients) when grouped in the field, which
may interfere with their performance [45].

The results show that the sorghum biomass and cowpea had an advantage over
the monoculture for the combinations of the sorghum cultivar BRS 716 with the cowpea
cultivars BRS Carijó, BRS, Guariba, and BRS Gurguéia for the sowing in December. The
LER > 1 represents that combinations of the sorghum cultivar BRS 716 with the cowpea
cultivars BRS Carijó, BRS, Guariba, and BRS Gurguéia were 2–17% more efficient in using
the available land. Meanwhile, in contrast, the sorghum/cowpea cultivar combinations,
planted in June, resulted in an LER < 1, demonstrating that the choice of planting time and
cultivar combination in cereals/legumes are important.

LER indices of 1.4, 1.8, 1.5, 1.7, and 1.9 were observed for the intercropping of sorghum
and cowpea [46]; indices of 1.61, 1.53, and 1.19 were noted for sorghum–clover [47] and
cowpea intercropped with maize, sorghum, and maize, with average ratios of 1.42 ± 0.47,
1.26 ± 0.35, and 1.30 ± 0.32, respectively [48].

The literature emphasizes that satisfactory productivity and greater resilience in inter-
cropping depend on the choice of species that complement each other, plant arrangement,
spacing, and population density [49]. However, this study showed that the choice of
cultivar within the chosen species and the sowing seasons must also be considered so that
the crop reaches its productive potential. Recent studies highlight that cultivars’ productive
performance in monoculture may differ when used in intercropping, and it is important to
select specific cultivars for future mixed cropping systems based on their performance in
intercropping [50,51].

Although it is not an easy task, due to the complexity of the multiple interactions that
determine the final performance of intercropping [51], conducting studies that increase
complementarity and the understanding of the responses of different combinations of
cultivars under different growing seasons is strategic for sustainable development.

5. Conclusions

The productive performance of biomass sorghum cultivars Agri-002E and BRS 716
was higher when planted in December and the cowpea productivity was not influenced by
sowing seasons and cultivation systems. Based on the calculation of efficient land use, the
intercropping between the biomass sorghum cultivar BRS 716 and the cowpea cultivars BRS
Gurguéia, BRS Guariba, and BRS Carijó was advantageous over monoculture when planted
in the hottest season. This study showed the importance of cultivar selection and planting
time in land use efficiency in intercropping systems since the performance of cultivars in
monoculture is not necessarily correlated with the performance in intercropping. Thus,
even without a significant increase in production, the use of intercropping systems can have
a positive effect on the efficient use of land, contributing to the functioning of the agroe-
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cosystem, with a better use of environmental resources. Therefore, the final performance of
intercropping depends on the interaction between the cultivars and the environment.
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