ISSN 1807-1929

Revista Brasileira de Engenharia Agricola e Ambiental
Brazilian Journal of Agricultural and Environmental Engineering
v.29, n.4, 287913, 2025

agriambi Campina Grande, PB - http://www.agriambi.com.br - http://www.scielo.br/rbeaa

DOIL: http://dx.doi.org/10.1590/1807-1929/agriambi.v29n4e287913 ORIGINAL ARTICLE

Physiology and production components
of cowpea under salt stress and chitosan application’

Fisiologia e componentes de producao de feijao-caupi
sob estresse salino e aplicacao de quitosana

Lucyelly D. A. Borborema®®, André A. R. da Silva®®, Geovani S. de Lima’®, Hans R. Gheyi*®,
Thiago F. de L. Arruda*®, Kheila G. Nunes*®, Denis S. Costa*®, Allesson R. de Souza’®,
Edmilson J. M. Caetano*® & Vitéria D. de Sousa®

! Research developed at Universidade Federal de Campina Grande, Centro de Tecnologia e Recursos Naturais, Campina Grande, PB, Brazil
? Universidade Federal de Campina Grande/Programa de Pdés-Graduagao em Engenharia Agricola, Campina Grande, PB, Brazil

? Universidade Federal de Campina Grande/Unidade Académica de Ciéncias Agrarias, Pombal, PB, Brazil

* Universidade Federal de Goids/Programa de Pés-Graduagdo em Agronomia, Goiania, GO, Brazil

> Universidade Federal de Campina Grande/Unidade Académica de Engenharia Agricola, Campina Grande, PB, Brazil

HIGHLIGHTS:
Salinity affects leaf physiology and production of cowpea.
Foliar application of chitosan mitigates the adverse effects of salinity.
Chitosan improves water use efficiency of cowpea plants under salinity.

ABSTRACT: Cowpea (Vigna unguiculata (L.) Walp.) is one of the main grain crops that form Fart of Brazilian food
consumption, but its production is affected by edaphoclimatic conditions and high salinity of the irrigation water.
The aim of this research was to evaluate the effects of chitosan concentrations on the physiology and production
components of cowpea grown under salt stress. The experiment was conducted in a greenhouse, adopting a completely
randomized design, ina 2 x 5 factorial scheme, with two levels of electrical conductivity of irrigation water (ECw -
0.6 and 4.0 dS m™) and five concentrations of chitosan (0, 0.25, 0.50, 0.75, and 1.00 g L"), with four replicates, each
of which consisting of three plants. Irrigation water with electrical conductivity of 4.0 dS m negatively affected the
synthesis of photosynthetic pigments, chlorophyll a fluorescence, and grain production of cowpea cv. BRS Tapaihum.

oliar application of chitosan at concentrations between 0.46 and 0.71 g L' mitigated the deleterious effects of salt
stress on photochemical efficiency, grain Eroduction, and grain index per plant. Chitosan applications under irrigation
water of electrical conductivity of 0.6 dS m™ promoted an increase in the mean pod length, grain production and
grain index of cowpea plants cv. BRS Tapaihum.

Key words: Vigna unguiculata, production, salinity

RESUMO: O feijao-caupi (Vigna unguiculata (L.) Walp.) é um dos principais graos que fazem parte do consumo
alimentar dos brasileiros, no entanto, sua produgdo é afetada pelas caracteristicas edafoclimaticas e pela alta
salinidade da 4gua de irrigacdo. Objetivou-se com a pesquisa avaliar os efeitos das concentragdes de quitosana
na fisiologia e producao de feijao-caupi sob estresse salino. O experimento foi realizado em casa de vegetacdo em
Campina Grande, PB, utilizan(io-se o delineamento inteiramente casualizado, em esquema fatorial 2 x 5, sendo dois
niveis de condutividade elétrica da agua de irrigacdo (CEa - 0,6 e 4,0 dS m™) e cinco concentra¢des de quitosana
(0; 0,25; 0,50; 0,75 e 1,00 g L) com quatro repeticoes cada uma consistindo de trés plantas. A irrigacdo com agua
de condutividade elétrica de 4,0 dS m™ afetou negativamente a sintese de pigmentos fotossintéticos, a fluorescéncia
da clorofila a e a produgéo de grios de feijao-caupi cultivar BRS Tapaihum. A aplicagio foliar de quitosana entre
as concentragoes de 0,46 e 0,71 g L' amenizou os efeitos do estresse salino, aumentando a eficiéncia fotoquimica,
a produgéo e o indice de grdos por planta. As aplica¢des de quitosana sob dgua de irrigacdo com condutividade
elétrica de 0,6 dS m™ promoveram aumento no comprimento médio da vagem, produgéo de graos e indice de graos
das plantas de feijdo-caupi cv. BRS Tapaihum.
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INTRODUCTION

Cowpea (Vigna unguiculata (L.) Walp.) originates from
Central America and stands out in family farming for being
one of the most representative crops. It is a fundamental food
for low-income populations, in addition to acting as a source
of proteins, essential amino acids, carbohydrates, vitamins, and
minerals (Nascimento et al., 2024). Brazil is the world’s third
largest producer, only behind Nigeria and Niger (CONAB, 2021).

The practice of irrigation allows agricultural production
throughout the year; however, in the Northeast region of Brazil,
water restrictions in terms of quality and quantity make crops
dependent on irrigation, which often is carried out with water
of high salt content. Water sources consist of artesian wells
that have high concentrations of soluble salts, which can limit
production as salt stress reduces water availability to plants
(Lima et al., 2022). Furthermore, excess salts in irrigation water
can cause soil degradation due to salt accumulation. Currently,
20% of cultivated land is affected by salts, and it is estimated
that, in about 30 years, this proportion could increase to 50%,
because of climate change and human action (Ge et al., 2022).

The effect of salts can also lead to a reduction in the
osmotic potential of the soil solution, inducing the closure of
stomata and reductions in transpiration and CO, assimilation
rate, in addition to causing pigment degradation and lipid
peroxidation of membranes (Ramos et al., 2022). Therefore, it
is crucial to use strategies that enable the use of saline waters
in agriculture. These strategies include the use of eliciting
substances, such as the application of chitosan (Alfonso et al.,
2017), a linear unbranched polymer of p-1,4-d-glucosamine
that can effectively reduce the deleterious effects of salt stress
and increase the synthesis of photosynthetic pigments, plant
growth, and yield (Alfonso et al., 2017).

In this context, foliar application of chitosan at adequate
concentrations can attenuate the deleterious effects caused by
irrigation with saline waters on the physiology and production
components of cowpea. The aim of this research was to evaluate
the effects of chitosan concentrations on the physiology and
production components of cowpea grown under salt stress.

MATERIAL AND METHODS

The experiment was conducted from March to May 2023 in
a greenhouse, belonging to the Academic Unit of Agricultural
Engineering (UAEA) of the Universidade Federal de Campina
Grande (UFCG), in Campina Grande city, Paraiba state, Brazil
(7°15° 187§, 35° 52’ 28” W, with an average altitude of 550 m).
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The greenhouse used was arched, with length of 30 m, width
of 21 m, ceiling height of 3.0 m, and low-density polyethylene
cover (150 microns). During the experimental period, average
temperature (maximum = 29.36 °C, mean = 24.19 °C, and
minimum = 21.26 °C) and relative air humidity (85.96%) were
recorded in the internal area of the greenhouse.

Treatments consisted of two levels of electrical conductivity
of irrigation water (ECw - 0.6 and 4.0 dS m™) and five
concentrations of chitosan (0 - control, 0.25, 0.50, 0.75, and
1.00 g L"), distributed in a completely randomized design, in
a 2 x 5 factorial arrangement, with four replicates and three
plants per plot, totaling 40 experimental units.

Salinity levels were adapted from studies conducted by
Barbosaetal. (2021), and chitosan concentrations were adapted
from the study conducted by Mulaudzi et al. (2022) with
sorghum (Sorghum bicolor L. Moench). Chitosan solutions
were applied by foliar spraying.

Pots of 10 L capacity were used as drainage lysimeters,
perforated at the base to allow drainage, and connected to
transparent drains. To facilitate drainage, a geotextile fabric
and a 0.3-kg layer of crushed stone (No. 0) were placed to
prevent clogging by the soil material. A plastic polyethylene
bottle with 2 L capacity was placed below each drain to collect
drained water to estimate plant water consumption.

The soil used to fill the lysimeters, classified as Entisol
(United States, 2014), came from the municipality of Lagoa
Seca, PB, Brazil (0-30 cm depth). Chemical and physical
attributes of the soil (Table 1) were determined according to
the methodology of Teixeira et al. (2017).

Sowing was carried out using four seeds of BRS Tapaihum
cowpea per pot, distributed equidistantly, at a standard depth
of 3 cm. Fifteen days after emergence, thinning was carried
out, leaving one plant per pot.

Fertilization with NPK was carried out according to the
fertilization recommendation of Novais et al. (1991), applying
100, 300, and 150 mgkg' soil of N, P,O, and K, O, respectively,
using urea (45% N), monoammonium phosphate (12% N;
54% P,O,) and KCI (60% K,O), via fertigation performed
fortnightly, divided into three applications throughout the
cycle (13, 38, and 43 days after sowing - DAS), applying 1.5,
4.5,and 2.25 g of N, P and K, respectively.

As a source of micronutrients, Dripsol Micro” was applied
every 15 days at a concentration of 1.0 g L', containing: Ca
(1%), Mg (1.4%), S (2.7%), Zn (0.5%), B (0.05%), Fe (0.5%),
Mn (0.05%), Cu (0.5%), and Mo (0.02%), following the
manufacturer’s recommendation. On average, 100 mL of the
solution was applied per application.

Table 1. Chemical and physical-hydraulic attributes of the soil used in the experiment

pH - Hydrogen potential, OM - Organic matter: Walkley-Black wet digestion; Ca** and Mg** extracted with 1 M KCl at pH 7.0; Na* and K* extracted with I M NH,OAc at pH 7.0; AI**
+ H* extracted with 0.5 M CaOAc at pH 7.0; ECse - Electrical conductivity of saturation extract; CEC - Cation exchange capacity; SARse - Sodium adsorption ratio of the saturation
extract; ESP - Exchangeable sodium percentage; * Referring to field capacity and permanent wilting point, respectively
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The brackish waters were prepared by dissolving NaCl,
CaCl,.2H,0, and MgCl,.6H,0 salts in the local-supply water
(0.4 dS m™) in the equivalent ratio of 7:2:1, a ratio that is
predominant in the main sources of water used for irrigation
in the Brazilian Northeast (Silva Junior et al., 1999), following
the relationship between ECw and the concentration of salts
(Richards, 1954) according to Eq. 1.

Q=10xECw (1)

Where:
Q - concentration of salts (mmol_L"); and,
ECw - electrical conductivity of irrigation water (dS m™).

After preparation, the waters were calibrated by checking
their electrical conductivity with an electrical conductivity
meter (TECNOPON?®). For irrigation management, local-
supply water (0.4 dS m™) was used up to 17 DAS; after this
period, waters with different levels of electrical conductivity,
according to treatment, began to be used.

Irrigation was carried out daily, applying to each pot the
volume determined by the water balance in the root zone
through the drainage lysimetry method (Bernardo et al., 2009).

The volumes of water used for irrigation during the research
were noted to determine the water consumed by the plants, as
can be seen in Table 2.

Chitosan powder manufactured by the Originalis’ Biotech
Company, with 1.31% of total ash and 86.12% of deacetylation
degree, was used in the experiment. The chitosan solution was
prepared at the time of application by dissolving in 0.1 M acetic
acid (6 mL L") with the aid of a magnetic stirrer (Centauro’)
and then diluted to 0.25, 0.50, 0.75, and 1.00 g L using distilled
water and adhesive spreader in the proportion of 0.5 mL L
however, for the controls (0 g L"), foliar application was not
performed. Foliar applications began at 05:00 p.m., carried out
at 15, 30, and 45 DAS, by spraying the adaxial and abaxial sides
of the leaves with a manual pet bottle sprayer (Fertak’), using
an average volume of 35.62 mL per plant applied according to
each concentration.

At 45 DAS, photosynthetic pigments, and chlorophyll
a fluorescence were analyzed. Water use efficiency, and
production components of cowpea plants cv. BRS Tapaihum
were determined at 60 DAS.

Contents of photosynthetic pigments (chlorophyll a,
chlorophyll b, chlorophyll total, and carotenoids) were
determined according to Arnon (1949). Chlorophyll extraction
was performed in containers with 8 mL of 80% acetone and
using leaf samples with a defined weight after collection,
which were then kept in the dark and in a refrigerator for 48
hours, due to the great oxidation undergone by the leaves.

Table 2. Water consumed by cowpea plants during the
experiment, for different irrigation water salinity treatments
(ECw)

“Water depth calculated considering the pot area (0.0491 m?)
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The leaf discs were collected at 06:00 a.m., and chlorophyll
a, chlorophyll b, chlorophyll total, and carotenoid contents
were quantified by emission spectrophotometry at 470, 646,
and 663 nm of absorbance (ABS), respectively, and calculated
using Eqgs. 2, 3,4 and 5:

Chla=(12.21xABS; ) - (2.81x ABS,,) )
Chl b=(20.13x ABS,,, ) —(5.03x ABS,;) 3)
Chl t=(7.15x ABS,, )+(18.71x ABS,, ) (4)

[(1000x ABS,;,)—(1.82Chl a —85.02Chl b) |
198

Car =

(5)

The values obtained for the contents of chlorophyll a,
chlorophyll b, chlorophyll total, and carotenoids (Car) in the
leaves were expressed in pug mL™.

For the chlorophyll a fluorescence analyses, the following
parameters were determined: initial fluorescence (F),
maximum fluorescence (F_), variable fluorescence, and
quantum efficiency of photosystem II (F /F ), using the
Hansatech PEA instrument. These analyses were performed
by placing clips on the leaves and reading the values after 30
min of adaptation to the dark.

Production components were determined according to
the harvesting methodology recommended by Oliveira et al.
(2015). At 60 DAS, dry pods of each pot were collected, and the
following variables were evaluated: number of pods per plant
(NPP); average pod length (APL), measured in cm in five pods
taken at random from each plot; number of grains per pod
(NGP), according to the count obtained from the average of
five pods taken at random; grain production (GP), determined
by the total production of grains in each plant, in g per plant;
and the grain index (GI), which was determined from the ratio
between the dry mass of grains and pods, according to Eq. 6,
with sampling of five pods per plant. The same pods were used
for APL, NGP, and GI.

Gl = (M—Gj %100 ©6)
MP

Where:
MG - mass of grains collected in five pods (g); and,
MP - total mass of five pods (g).

Water use efficiency (g m?) was determined by the ratio
between total grain production per plant (g per plant) and
water consumed (m?) per plant, according to Eq. 7.

WUE = (@j )
WC

Where:
WUE - water use efficiency (g m?);
GPP - grain production per plant (g); and,
WC - water consumed per plant (m?).

Rev. Bras. Eng. Agric. Ambiental, v.29, n.4, €287913, 2025.
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The data obtained were subjected to the normality test
(Shapiro-Wilk test) and homogeneity test (Bartlett test), and
then to analysis of variance by the F test (p < 0.05). Variables
that were significantly affected by salinity were subjected to
the means comparison test (F test), whereas those significantly
affected by chitosan concentrations and the interaction between
the two factors (electrical conductivity of the irrigation water
and chitosan concentrations) were analyzed using polynomial
regression analysis (linear and quadratic), using SISVAR 5.6
computer software (Ferreira, 2019).

RESULTS AND D1SCUSSION

The individual factors, as well as the interaction between
the levels of electrical conductivity of irrigation water and the

Lucyelly D. A. Borborema et al.

chitosan concentrations, influenced (p < 0.01) all the variables
of photosynthetic pigments of cowpea at 45 days after sowing
(Table 3).

Cowpea plants (Figure 1A) irrigated with water of 0.6 dS
m'at chitosan concentration of 0.53 gL' obtained the highest
value of chlorophyll a (1890.63 pug mL"'), corresponding to
an increase of 64.05% (738.13 ug mL"') compared to those
irrigated with the same ECw level and without application of
chitosan (0 gL'). There was also no difference between plants
irrigated with ECw of 0.6 and 4.0 dS m™ when subjected to
chitosan concentrations of 0 and 1.0 g L.

For plants cultivated under irrigation using water with
electrical conductivity of 4.0 dS m™, the regression models adopted
(¥ wousmy = 11253 - 1676™x + 1752.1"x*R* = 0.33) did not fit
satisfactorily (R? < 0.60) to the data of chlorophyll a (Figure 1A).

Table 3. Summary of the analysis of variance for the contents of chlorophyll a (Chl a), chlorophyll b (Chl b), chlorophyll total
(Chlt) and carotenoids (Car) of cowpea plants irrigated with water of different electrical conductivity levels and foliar application

of chitosan, 45 days after sowing

%" - Not significant, significant at p < 0.05 and at p < 0.01 by F test, respectively; CV - Coefficient of variation; DF - Degrees of freedom

A.

B.

“and™significant at p < 0.01 and not significant by F test, respectively. For the same chitosan concentration, means followed by different letters indicate significant differences between
water salinity (ECw) levels. Vertical error bars represent the standard error of the mean (n = 12)

Figure 1. Chlorophyll a (A), chlorophyll b (B), total chlorophyll (C), and carotenoids (D) of cowpea plants, as a function of the
electrical conductivity of irrigation water (ECw) and foliar applications of chitosan, 45 days after sowing

Rev. Bras. Eng. Agric. Ambiental, v.29, n.4, €287913, 2025.
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Knowing that chitosan is a natural amino polysaccharide,
Zou etal. (2018) discovered that exogenous polysaccharides are
able to increase the Chl a content in leaves of wheat seedlings
grown under salt stress. However, the results obtained in this
study reveal that the application of chitosan did not attenuate
the effects of salt stress on the chlorophyll content in cowpea
leaves. However, the beneficial effect of chitosan was obtained
up to the estimated concentration of 0.53 g L' in plants irrigated
with ECw of 0.6 dS m™. According to Zou et al. (2018), it has
been suggested that exogenous application of chitosan could
relieve abiotic stress by increasing chlorophyll concentration,
decreasing stomatal and non-stomatal transpiration, as well
as improving water use efficiency. Zhang et al. (2021), in a
study evaluating lettuce (Lactuca sativa L.) under salt stress
(100 mM NaCl), observed that foliar application of chitosan
at concentration of 100 mg L™ resulted in an increase in Chl
a content of 10.09% (0.75 pg mL') when compared to plants
without chitosan application. However, for cowpea plants, it
was not possible to obtain such promising results.

Chitosan up to the concentration of 0.61 g L! increased
the synthesis of Chl b (974.67 ug mL™) in plants irrigated with
ECw of 0.6 dS m™ (Figure 1B), corresponding to an increase
0f 141.73% (571.47 ug mL™") compared to plants irrigated with
the same salinity level (0.6 dS m™) and without the application
of chitosan.

However, for the ECw level of 4.0 dS m™ the highest value
was observed at the concentration of 1.0 gL' (867.99 ug mL™").
It is worth mentioning that there was no difference between
plants irrigated with ECw of 0.6 and 4.0 dS m™! when subjected
to chitosan concentrations of 0.75 and 1.00 g L (Figure 1B).

For total chlorophyll (Figure 1C), the highest value
observed with ECw of 0.6 dS m™ was obtained at the
concentration of 0.56 gL (2858.6 g mL™'), while for ECw of
4.0 dS m’, the highest value was obtained at the concentration
of 1.00 gL'. Also, there was no difference in tChl at the chitosan
concentrations of 0 (without application) and 1.0 gL between
the two ECw levels.

For plants cultivated under irrigation using water with
electrical conductivity of 4.0 dS m™, the regression models
adopted (y 45, = 1808.7 - 2272.6"x + 2533.3"x* R* = 0.56)
did not fit satisfactorily (R? < 0.60) to the data of tChl (Figure
1C).

Foliar spraying of chitosan at concentration of 1.0 g L™
under ECw of 4.0 dSm™ resulted in the highest Car content -
179.59 pg mL! (Figure 1D), which represents an increase of
9.25% (15.2 pg mL™) compared to the value obtained in the
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control without chitosan application (164.39 ug mL"). Also,
there was no significant difference between ECw levels when
plants were subjected to chitosan concentration of 1.0 g L', thus
demonstrating the beneficial effect of chitosan when applied
at adequate concentrations.

For plants cultivated under irrigation using water with
electrical conductivity of 0.6 dS m™, the regression models
adopted (y 5, = 211.35 + 42.067"x - 39.771"x*R* = 0.02)
did not fit satisfactorily (R? < 0.60) to the data of carotenoids
(Figure 1D).

Chlorophyll degradation under salt stress is generally related
to the increase in the activity of the enzyme chlorophyllase, as
reported by Oliveira et al. (2018), who observed that, as ECw
levels increase, the contents of chlorophyll a, chlorophyll b and
total chlorophyll decreased in cowpea. However, in the present
study, such a reduction was observed only for the values of Car.

Foliar application of chitosan at concentration of 1.0 g
L caused no significant effect on Chl a, Chl b, tChl, and
Car contents between the two ECw levels; however, at other
concentrations, under an ECw level of 4.0 dS m™, there was
no protective effect of chitosan, which may be due to the
degradation of chlorophyll under salt stress, which is generally
related to the accumulation of reactive oxygen species (ROS),
which causes lipid peroxidation of chloroplast membranes
(Zou et al., 2018).

The interaction between the levels of electrical conductivity
of irrigation water and chitosan concentrations affected (p <
0.01) the initial fluorescence (F) and quantum efficiency of
photosystem II (F /F_) of cowpea leaves (Table 4). Similarly,
chitosan concentrations alone had a significant effect on F and
E /F_,while ECwlevels alone affected (p < 0.01) all chlorophyll
fluorescence variables studied.

Increase in chitosan concentrations caused a linear
reduction in the initial fluorescence (F)) of 5.57% per unit
increment (Figure 2A) for plants irrigated with ECw of 0.6 dS
m'. On the other hand, for plants irrigated with ECw 0f 4.0 dS
m™, the chitosan concentration of 1.0 g L'! stood out negatively
for promoting the highest value of F (93.49). When comparing
plants subjected to ECw levels of 0.6 and 4.0 dS m™ under the
same chitosan concentration (1.00 g L), a difference 0f 9.39%
(8.79) is observed. Also, plants sprayed with 0.25 g L' did not
differ significantly, regardless of the ECw levels, demonstrating
the beneficial effect of chitosan at adequate concentrations.

However, for F_ (Figure 2B), there was a reduction of
6.55% (33.01) as the ECw level increased. Salt stress limited
the absorption of energy in the light reaction centers, probably

Table 4. Summary of the analysis of variance for initial fluorescence (F,), maximum fluorescence (F_), variable fluorescence
(E,), and maximum quantum efficiency of photosystem II (F /F, ) of cowpea plants irrigated with water of different electrical
conductivity levels and foliar application of chitosan, 45 days after sowing

»"and " -Not significant, significant at p < 0.01 and at p < 0.05 by F test, respectively. CV - Coeflicient of variation; DF - Degrees of freedom

Rev. Bras. Eng. Agric. Ambiental, v.29, n.4, €287913, 2025.
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“and ™ - Significant at p < 0.01 and not significant by F test, respectively. For the same chitosan concentration, means followed by different letters indicate significant differences
between water salinity (ECw) levels; Vertical error bars represent the standard error of the mean (n = 12)

Figure 2. Initial fluorescence - F (A) and quantum efficiency of photosystem II - F /F_ (D) of cowpea plants as a function of
electrical conductivity of irrigation water (ECw) and chitosan concentrations, and maximum fluorescence - F_(B) and variable
fluorescence - F (C) of cowpea plants as a function of ECw, 45 days after sowing

due to the excessive accumulation of specific ions, resulting in
an imbalance in the metabolic activity of the plant, leading to
the formation of reactive oxygen species, which in turn limit
the energetic activity of photosynthetic pigments (Saddiq et
al., 2021).

A similar effect was also observed by Fernandes et al.
(2022), who found a 14.59% reduction in the F_ of sugar
apple plants irrigated with ECw of 4.0 dS m compared to
those irrigated with ECw of 1.3 dS m™. According to these
authors, this reduction in F_ can be explained by the action
of excess salts in the photoreduction of quinone and thylakoid
membranes as a consequence of the entry of electrons into the
photosystem.

Similarly, the increase in ECw level resulted in a reduction
of 8.38% (34.91) in F (Figure 2C). As it is active potential
energy in the photosystem, this reduction indicates a
limitation in the activation of the electron transport chain,
which is responsible for generating energy in the form of
ATP and NADPH for the Calvin cycle, resulting in a decrease
in the photosynthetic capacity of the plant (Lotfi et al,,
2020). Similar results were observed by Silva et al. (2022)
when analyzing the photochemical efficiency of soursop
plants (Annona muricata L.) cv. Morada Nova irrigated with
brackish waters, which showed a reduction of 17.41% in F_

Rev. Bras. Eng. Agric. Ambiental, v.29, n.4, €287913, 2025.

when cultivated under ECw of 4.0 dS m™' compared to those
that received 0.8 dS m™.

For the quantum efficiency of photosystem II (F /F )
(Figure 2D), the increase in chitosan concentrations up to 0.71
g L' under ECw level of 0.6 dS m™! stood out for promoting
the highest value (0.83), representing an increase of 2.68%
(0.02) when compared with plants in the control treatment
(without application). On the other hand, for the ECw of 4.0
dSm, the highest value was observed in plants sprayed with
a chitosan concentration of 0.45 g L' (0.78). At all chitosan
concentrations, F /F_ values under ECw of 4.0 dS m™ were
lower than those obtained under ECw of 0.6 dS m™.

The reduction in photochemical efficiency due to the
increase in the electrical conductivity of irrigation water may
be related to the inhibition of the breakdown of the water
molecule to obtain the essential electrons in the photochemical
phase of photosynthesis, besides reducing the concentration
of photosynthetic pigments, such as chlorophyll (Oliveira et
al., 2018).

F /F _ values between 0.75 and 0.85 are considered to be
normal in non-stressed plants (Dias et al., 2018), so in the present
study, there was no damage to the photosynthetic apparatus of
cowpea plants with the increase in the salinity of the water used
in irrigation, as the value obtained was on average 0.77.
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Geng et al. (2020) reported that changes in photochemical
efficiency (F /F ) in leaves of creeping bentgrass (Agrostis
stolonifera), evaluated under salt stress and chitosan
concentrations (100, 200, 500, 1000, and 2000 mg L), caused
a decline in F /F_ when the creeping bentgrass was subjected
only to salt stress. However, there was a significant increase in
F/F_under treatment with chitosan, suggesting that creeping
bentgrass is sensitive to salt stress, but the application of
chitosan improves its tolerance.

According to the analysis of variance (Table 5), ECw,
chitosan concentration, and the interaction between these
factors influenced (p < 0.01) the variables number of pods per
plant (NPP), average pod length (APL), number of grains per
pod (NGP), total grain production per plant (GP), and grain
index (GI) (p < 0.01 interaction, p < 0.05 for chitosan and not
affected by ECw) of cowpea plants, 60 days after sowing.

Increase in chitosan concentrations caused a linear
reduction in the number of pods per plant (NPP), equal to
18.28% per unit increment (Figure 3A), when plants were
irrigated with ECw of 0.6 dS m™'. While for the ECw of 4.0 dS
m’', the increase in chitosan concentrations resulted in a linear
reduction in NPP, of 2.61% per unit increment.

For plants cultivated under irrigation using water with
electrical conductivity of 4.0 dS m™, the regression models
adopted (y (40 dsm ) = 0-0646 - 0.1316"x R? = 0.41) did not fit
satisfactorily (R? < 0.60) to the data of NPP (Figure 3A).

There was also a reduction of 53.06% (5.72) in the NPP
of plants irrigated with ECw of 4.0 dS m™ when compared to
plants subjected to the ECw 0f 0.6 dS m™ and without chitosan
application. This reduction may be related to the excess of
salts, which inhibits leaf expansion, causing a reduction in
leaf turgor, consequently, reducing net carbon assimilation
and negatively affecting crop yield (Lima et al., 2022). The
differences between the waters used in irrigation were
significant for all concentrations of chitosan.

Bashandy & El-Shaieny (2016), when studying cowpea
crop, observed that the number of pods per plant decreases
with increasing salinity level of irrigation water. According
to these authors, this reduction may be due to the high
accumulation of salts at the cellular level, which consequently
affects biochemical processes in plants, such as photosynthesis
and the translocation of assimilates for organ regeneration.

Contrary to the results found in the present study with
cowpea, Tabassum et al. (2024) studied the effect of foliar
application of chitosan (0 and 120 mg L) in pea (Pisum
sativum L.) crop under salt stress (0, 60 and 120 mM) and
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A.

" and ™ - Significant at p < 0.01 and not significant by F test, respectively. For the same
chitosan concentration, means followed by different letters indicate significant differences
between water salinity (ECw) levels; Vertical error bars represent the standard error of
the mean (n = 12)

Figure 3. Number of pods per plant (A), average pod length
(B) and number of grains per pod (C) of cowpea plants as a
function of the electrical conductivity of irrigation water (ECw)
and foliar applications of chitosan, 60 days after sowing

Table 5. Summary of the analysis of variance for the number of pods per plant (NPP), average pod length (APL), number of
grains per pod (NGP), total grain production per plant (GP), and grain index (GI) of cowpea plants under different levels of
electrical conductivity of irrigation water and chitosan concentrations, 60 days after sowing

%™ - Not significant, significant at p < 0.05 and significant at p < 0.01 by F test, respectively; CV - Coefficient of variation; DF - Degrees of freedom
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found that chitosan promoted an increase in the number of
pods per plant, when subjected to salt stress (60 and 120 mM).

For the average pod length (Figure 3B), the highest value
was observed at the chitosan concentration of 0.93 g L*(21.75
cm). It was also observed that plants irrigated with ECw 4.0 dS
m under chitosan concentrations of 1 g L' had higher APL
value, of 19.19 cm. It should be noted that salt stress lowers
osmotic potentials, reduces relative water content, and delays
production aspects (Lima et al., 2022), which explains the
lower values (12.1%) of APL under ECw 4.0 dS m’. The results
also indicate a beneficial effect of chitosan on APL, which
may be related to its capacity to influence the production of
phytohormones, such as auxins and cytokinins, which play an
important role in stimulating cell growth, which may result in
pod elongation (Balusamy et al., 2022).

The highest value observed in the number of grains per
pod (NGP) at ECw of 0.6 dS m™ (13.91) was obtained in the
control plants (Figure 3C); however, the use of chitosan up to
a concentration of 1 g L' caused a reduction in NGP (12.13).
On the other hand, for ECw of 4.0 dSm}, the highest value of
NGP was observed at the chitosan concentration of 0.56 gL
(9.12), an increase of 16.24% (1.27) when compared to plants
subjected to the concentration of 0 g L'. There was also an
increase of 6.37% (0.5) when comparing plants subjected to
a concentration of 1 g L with those in the control (0 g L?),
irrigated with ECw of 4.0 dS m™.

The increase in ECw levels caused a 43.57% (6.06)
reduction in NGP (Figure 3C) in plants without application
of chitosan. This result may be related to the restriction of the
photosynthetic process and the reduction of leaf area due to
the availability of water, when cowpea plants were subjected to
salt stress, which affected the production of photoassimilates
necessary for grain production, leading to the reduction in
NGP, as explained by Martins et al. (2017).

For grain production (GP), when using ECw of 0.6 dS
m, the highest value (26.15 g per plant) was obtained at
the chitosan concentration of 0.55 gL* (Figure 4A), which
represents an increase of 9.14% (2.19 g per plant) when
compared to plants subjected to a concentration of 0 gL' For

A.
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the ECw of 4.0 dS m, the chitosan concentration of 0.68 gL
resulted in the highest value of GP (10.05 g per plant), and there
was an increase of 43.06% (2.79 g per plant) when comparing
plants subjected to the concentration of 1 gL with the control
plants (0 g L"), irrigated with ECw of 4.0 dS m".

The improvement in grain yield indicators attributed to
the treatments can be explained by the positive influence of
plant regulators on the composition of biostimulants, and this
influence can be associated with the presence of auxin in the root
system of plants, so plants with a more developed root system
have a greater capacity to absorb water and mineral salts available
in the soil, resulting in a more efficient allocation of substances
to their preferential sinks, such as grains (Balusamy et al., 2022).

Regarding grain index (GI) (Figure 4B), for the ECw
of 0.6 dS m", the highest value was found at the chitosan
concentration of 0.38 gL (82.66%), representing an increase
of 1.52% when compared to plants subjected to the same ECw
level and without chitosan application (0 g L) (81.14%).
Cowpea plants irrigated with ECw of 4.0 dS m™ and under
chitosan concentration of 0.44 gL' obtained the highest value
(81.78%), corresponding to an increase of 1.52% compared to
plants irrigated with the same ECw level and without chitosan
application (0 gL') (80.26%). It was also observed that the
chitosan concentrations of 0.25, 0.75 and 1.00 g L did not
differ significantly from each other under ECw levels.

The Grain Index (GI) reflects the distribution of
photoassimilates in the pods. In this context, in the present study,
there was an increase in grain filling at the estimated chitosan
concentrations of 0.38 and 0.44 g L' under ECw of 0.6 and 4.0
dS m™, respectively; this is due to the fact that more than 77% of
the photoassimilates were directed to the commercial product,
that is, grains (Oliveira et al., 2015). According to the analysis of
variance (Table 6), the interaction between the levels of electrical
conductivity of irrigation water and chitosan concentrations
influenced (p < 0.01) water use efficiency.

Cowpea plants irrigated with ECw of 0.6 dS m™ and
subjected to chitosan concentration of 0.55 g L had the highest
value (1080.61 gm™) of water use efficiency (Figure 5A). For the
ECw o0f4.0 dSm, the highest value (546.21 g m™) was observed

B.

" and ™ - Significant at p < 0.01 and not significant by F test, respectively. For the same chitosan concentration, means followed by different letters indicate significant differences
between water salinity (ECw) levels. Vertical error bars represent the standard error of the mean (n = 12)

Figure 4. Total grain production per plant (A) and grain index (B) of cowpea plants as a function of the electrical conductivity
of irrigation water (ECw) and foliar applications of chitosan, 60 days after sowing
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Table 6. Summary of the analysis of variance for water use
efficiency (WUE) of cowpea plants under different levels
of electrical conductivity of irrigation water and chitosan
concentrations

- Significant at p < 0.01 by F test; CV - Coefficient of variation; DF - Degrees of freedom

- Significant at p < 0.01 by F test. For the same chitosan concentration, means followed
by different letters indicate significant differences between water salinity (ECw) levels.
Vertical error bars represent the standard error of the mean (n = 12)

Figure 5. Water use efficiency (WUE) (A) of cowpea plants
as a function of the electrical conductivity of irrigation water
(ECw) and foliar applications of chitosan

at chitosan concentration of 0.68 gL', highlighting an increase
of 55.10% when compared with the control (352.16 g m~), and
an increase of 43.09% when comparing control plants with
those subjected to a concentration of 1.00 gL' (503.9 g m?).
However, there was a reduction of 64.03% (633.98 g m™) in the
water use efficiency of cowpea plants cultivar BRS Tapaihum
when irrigated under different ECwlevels (0.6 and 4.0 dSm™).

CONCLUSIONS

1. Irrigation water with electrical conductivity of 4.0 dSm!
inhibits the synthesis of photosynthetic pigments, chlorophyll
a fluorescence, and grain production of cowpea plants cultivar
BRS Tapaihum.

2. Foliar applications of chitosan at concentrations between
0.46 and 0.71 g L' mitigate the deleterious effects of salt stress
on photochemical efficiency, grain production per plant, and
grain index.

3. Chitosan applications under irrigation using water with
electrical conductivity of 0.6 dS m™! promote an increase in the
mean pod length, grain production, and grain index of cowpea
plants cv. BRS Tapaihum.
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