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Biochemical quality of cowpea beans grown under water-deficit 
maintained with hydrogel 
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ARTICLE  DATA ABSTRACT

Investigations related to the effects of the hydrogel use in a water-deficit 
conditions on the biochemical composition of the harvested products are 
scarce. The aim of this study was to verify the influence of hydrogel on 
the biochemical response of cowpea beans produced under water-deficit 
in southern Tocantins. The experiment was a randomized complete block 
design with four replications. The treatments were obtained in a 2x5 
factorial scheme, being: two sources of hydrogel (Hydroplan-EB HyC and 
Polim-Agri PP) and five concentrations (0, 5, 10, 15, and 20kg ha-1). After 
harvesting, the grains of cowpea, BRS Vinagre cultivar, were ground and 
chemically analyzed. The oil content of the seeds agreed with the reference 
values. The use of Polim-Agri PP promoted the best levels of amino acids 
(0.38mg g-1) and proteins (243.22mg g-1) of the grains. The carbohydrate 
content of them (Ȳ= 81.44mg g-1) was better using Hydroplan-EB HyC, 
regardless of the concentration applied. The application of 6.28kg ha-1 of 
Polim-Agri PP provided the highest starch content (842g mg-1). The use 
of hydrogel improves the biochemical quality of cowpea beans produced 
under water deficit in southern Tocantins.

Keywords: grain composition; soil-conditioning polymer; water-deficit; 
Vigna unguiculata (L.).

RESUMEN

Son pocas las investigaciones relacionadas con los efectos del uso del 
hidrogel en condiciones de déficit hídrico en la composición bioquímica 
de los productos cosechados. El objetivo de este estudio fue verificar la 
influencia del hidrogel en la calidad bioquímica del frijol caupi producidos 
bajo el déficit hídrico en el sur de Tocantins. El experimento se realizó en 
bloques aleatorios con cuatro repeticiones. Los tratamientos se obtuvieron 
en un esquema factorial 2x5, siendo: dos fuentes de hidrogel (Hydroplan-
EB HyC y Polim-Agri PP) y cinco concentraciones (0, 5, 10, 15 y 20 kg 
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ha-1). Después de la cosecha, los granos del frijol caupi, cultivados con vinagre BRS, fueron molidos y analizados 
químicamente. El contenido de aceite de las semillas está de acuerdo con los valores de referencia. El uso del Polim-Agri 
PP promovió los mejores niveles de aminoácidos (0,38mg g-1) y proteínas (243,22mg g-1) de los granos. El contenido de 
carbohidratos (Ȳ = 81,44mg g-1) fue mejor con Hydroplan-EB HyC, independientemente de la concentración aplicada. 
La aplicación de 6,28 kg ha-1 de Polim-Agri PP proporcionó el mayor contenido de almidón (842 g mg-1). El uso de 
hidrogel mejora la calidad bioquímica del frijol caupi producida bajo déficit hídrico en el sur de Tocantins. 

Palabras clave: Composición de los granos; déficit hídrico; polímero acondicionador del suelo; Vigna unguiculata (L.). 

INTRODUCTION

In the Cerrado region, producers have increased 
their interest in cowpea crop (Vigna unguiculata 
(L.) Walp.), mainly in the second crop season, 
attracted by the very competitive cost (Melo et 
al., 2018) and supported by the recommendation 
of promising genotypes regarding grain yield 
and the possibility of adaptation to the farming 
systems (Sousa et al., 2017; Silva et al., 2017). 
However, the occurrence of climatic adversities 
has hampered the production and supply of 
high-quality products, endangering the opening 
of new markets for this crop (CONAB, 2019).

Although this legume is relatively tolerant to 
water deficit (Dutra et al., 2015), the reduction in 
the availability of water in the soil due to periods 
of drought and high temperatures impairs the 
plant metabolism, causing morphophysiological 
and biochemical modifications that affect its 
growth and development (Taiz and Zeiger, 
2013; Boughalleb et al., 2016), especially if 
stress occurs at the reproductive stage of the 
crop (Murga-Orrillo et al., 2016). 

Current climate projections indicate an increase 
in the incidence and severity of drought, 
which makes fundamental the search for new 
strategies to optimize the water use efficiency in 
agriculture (Dehkordi, 2016). In this sense, the 
hydrogels as soil conditioners has contributed to 
improve the storage of water and release under 
drought conditions, particularly in areas with 
limited water supply and restricted nutrient 
conditions (Ullah et al., 2015).

Hydrogels are networks of biodegradable three-
dimensional polymers that retain water in their 
structure, forming a gel capable of hydrating 
and releasing water for a long period (Sartore 
et al., 2013; Guilherme et al., 2015). In plants, 
the benefits of its use reflect on the morphology 
and productivity, being generally associated 
with the increase in the efficiency of fertilizer 
use (Khalaki et al., 2019; Scremin et al., 2017; 
Mamann et al., 2017; Fidelis et al., 2018; Lopes 
et al., 2018; Pereira et al., 2018). 

On the other hand, although the biochemical 
composition of products harvested from plants 
exposed to water stress conditions is well 
reported (Singh et al., 2008, Beltrano et al., 
2006; He et al., 2012), the influence of hydrogel 
use on these traits are scarce (Moghadam et al., 
2011), especially for cowpea beans, one of the 
main sources of vegetable protein in the world 
(Freitas et al., 2017). The aim of this study 
was to evaluate the influence of sources and 
concentration of hydrogel on the biochemical 
response of cowpea beans grown under water 
deficit in southern Tocantins.

MATERIAL AND METHODS

Condition of crop in field. The work was 
carried out in the field of Experimental Station 
of Universidade Federal do Tocantins (UFT) 
Campus Gurupi (11º43’45’’S and 49º04’07’’W, 
at 280 masl), in the crop season of 2015/2016, 
on a Dystrophic Red-Yellow Latosol (Santos et 
al., 2013). 
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Soil samples were collected from the 0-20cm 
layer for chemical and physical analysis. The 
results indicated: pH in CaCl2= 5.3; OM (%)= 
1.7; P (Mehlich)= 10.4mg dm-3 ; K= 71mg dm-3; 
Ca+Mg= 2.8cmolc dm-3 ; H+Al= 2.2cmolc dm-3 
; Al= 0.0cmolc dm-3 ; SB= 2.98cmolc dm-3 ; V= 
58%; 715g kg-1 of sand; 50g kg-1 of silt and 235g 
kg-1 of clay.  The crop was fertilized with 300kg 
ha-1 of Super-simple (20% P2O5) and 34kg ha-1 of 
Potassium Chloride (60% K2O).

The climate of the region is mesothermic, with 
summer rains and dry winter (Alvares et al., 
2013). The meteorological data regarding the 
period of conduction of the experiment are 
displayed in Figure 1.

The experiment was conducted in a randomized 
complete block design with four replications. 
Ten treatments were obtained from 2x5 
factorial scheme, being: two sources of hydrogel 
(Hydroplan-EB HyC and Polim-Agri PP) and 
five concentrations (0, 5, 10, 15, and 20kg ha-1). 

The treatments were applied in the crop rows 
according to the dosage: 2.0 g (10kg ha-1), 3.0 g 
(15kg ha-1), 1.0 g (5kg ha-1) and 4.0g (20kg ha-1). 
The cowpea seeds cultivar BRS Vinagre were 
treated with a commercial product, following the 
recommendations for the culture (EMBRAPA, 
2002). Field sowing consisted of experimental 
plots with four 4.0 m long rows spaced 0.5m. 
During the production cycle the cultural 
practices were carried out according to the 
crop needs. For the grain harvest (80 days after 
sowing), the useful area used corresponded to 
the two central rows, 0.50 m from the ends of 
each line and eliminating the two lateral lines, 
totaling 3.0m2.

Biochemical analysis. In order to evaluate the 
biochemical response of the harvested cowpea 
beans, they were sent to the laboratory analysis, 
where they were first ground in a Willey 
type mill (STAR FT 50 model) and stored in a 
desiccator. Subsequently, the samples followed 
for biochemical analysis. 

Figure 1. Maximum and minimum temperatures (°C), pluvial precipitation 
(mm), and relative air humidity (%), occurred during crop season 2015/, 2016 
(INMET, 2016). 
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Oil content (%). The methodology proposed by 
Castro (2016), using pure hexane for extraction 
was carried out. The samples were centrifuged 
and the supernatant discarded. The precipitate 
was dried in an oven at 50ºC, until constant 
weight (about 24 h). The results were determined 
by difference in weight of the sample before and 
after this procedure.

After quantifying the oil content, the defatted 
precipitate became the basis for further 
quantifications performed using the ethanol 
extractor (EtOH). Thus, the samples were 
centrifuged and the collected supernatants 
were stored in a freezer until the time of 
analysis. The precipitates were oven dried for 
further evaluation. From the supernatant of 
the ethanolic extraction were quantified amino 
acids, carbohydrates, starch and proteins. 

Total soluble amino acid content (mg g-1). The 
methodology proposed by Peoples et al. (1989) 
with replacement of the ninhydrin reagent 
by alcoholic ninhydrin (70%), according to 
Friedman and Brandon (2001). For this, aliquots 
of the supernatant were placed in hermetically 
sealed test tubes and incubated in a water bath. 
The reaction was interrupted cold (ice bath) 
and, subsequently, readings of the absorbance 
in digital spectrophotometer (edutec and model 
EEQ-9023) at 570nm. The curve was performed 
using the amino acid tryptophan.

Total soluble carbohydrate content (mg g-1) 
was measured according to the methodology 
proposed by Dubois et al. (1956). In this 
analysis, an aliquot of the supernatant was 
used, distilled H2O and concentrated H2SO4 were 
added, followed by vortexing. After resting, 
absorbance readings were taken on a digital 
spectrophotometer (edutec brand and model 
EEQ-9023) at 490nm. The curve was performed 
using glucose. 

Starch content (mg g-1). The methodology pro-
posed by Dubois et al. (1956) with adaptation of 
MacRae et al. (1974) replacement of perchloric 
acid by sulfuric acid, due to the availability. For 
the extraction of starch, a volume of H2SO4 was 
added to the mass of the precipitate in all of the 
test, proceeding with centrifugation. The super-
natant was collected and stored. After homoge-
nization with phenol, an aliquot of concentrated 
H2SO4 was added again, followed by vortexing. 
After rest, absorbance readings were taken on 
a digital spectrophotometer (edutec brand and 
model EEQ-9023) at 490nm. The curve was per-
formed using glucose.

Total soluble protein content (mg g-1). the 
methodology used was that of Bradford (1976), 
adding an aliquot of KOH for homogenization 
to the alcoholic extraction precipitate, followed 
by incubation in a water bath. To quantify the 
levels of total soluble proteins, an aliquot of the 
Bradford reagent (Bio-RadLaboratories, Inc.) 
was added, followed by vortexing and rest. The 
absorbance readings were performed on a digi-
tal spectrophotometer (edutec brand and model 
EEQ-9023) at 595nm. The curve was performed 
using Bovine Serum Albumin (BSA).

Statistical analysis

Two-way Analysis of Variance (ANOVA) and, 
when significant by the F test, the Tukey 
multiple pairwise-comparison were carried 
out to detect differences between treatments, 
using the statistical software SISVAR version 5.6 
(Ferreira, 2011). The graphs were plotted using 
SigmaPlot® software version 10.0 (SSI, 2006).

RESULTS AND DISCUSSION

The summary of the analysis of variance for 
the biochemical quality of the cowpea beans 
is presented in Table 1. The oil contents, total 
soluble carbohydrates and starch of the grains 
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were influenced by the significant interaction 
(p ≤ 0.05) between the sources and hydrogel 
concentrations applied. On the other hand, 
there was an isolated effect for sources and 
concentrations of hydrogel on total soluble 
amino acids and total soluble protein content of 
the grains.

The oil content of the cowpea beans varied in 
a quadratic manner positive for both sources 

Table 1. Analysis of variance of the traits oil content, total soluble amino acids (TSA), 
total soluble carbohydrates (TSC), total soluble proteins (TSP) and starch in cowpea 

beans under the influence of sources (S) and concentrations (C) of hydrogel in the 
2015/2016 crop season in Gurupi-TO.

SV DF Oil TSA TSC TSP Starch
Sources 1 0.015ns 0.007** 3,046.26** 1,188.30* 1,962.48ns

Concentrations 4 3.821** 0.002ns 887.20** 1,547.39** 3,5142.71*

S x C 4 4.091** 0.001ns 991.30** 518.14ns 118,341.73**

Blocks 3 0.025ns 0.0004ns 470.12ns 16.88ns 21,403.40ns

Residuals 27 0.125 0.0001 172.71 228.04 10,853.17
CV (%) 16.06 7.55 18.07 6.35 15.45
Average 2.199 0.367 72.716 237.77 674.17

SV: source of variation; DF: degrees of freedom; CV: coeficient of variation; ns not significant, * significant at 5% and ** 1% 
of probability by the F test.

of hydrogel used as a function of the applied 
concentrations (Figure 2). Although the 
maximum response occurred in the absence of 
hydrogel - 0.0kg ha-1 (Ȳ = 3.35% oil), the use of 
Polim-Agri PP and Hydroplan-EB HyC sources 
at a concentration of 20kg ha-1 recovered the 
oil content of the grains, respectively, 0.43 and 
0.70%, compared to the lowest accumulation 
observed at the estimated mean concentration 
of 12.72kg ha-1.

Figure 2. Oil content (%) in cowpea beans under influence of hydrogel sources and 
concentrations in the 2015/2016 crop season in Gurupi-TO.
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The water deficit is one of the abiotic stresses 
that most affect the development of cowpea 
in the Cerrado, especially when it occurs in 
periods of pre-flowering, where the average 
daily demand is higher (mean = 5.4mm day-

1) (Bastos et al., 2008), requiring a total of 
338.4mm throughout its cycle in a conventional 
system (Murga-Orrillo et al.,  2016). In this 
study, mean daily availability was 4.65 mm and 
total of 363 mm, reinforcing that the effects 
of water limitations are more related to the 
rainfall distribution than to the total amount of 
rainfall during the cycle, whose temperatures 
remained within of the appropriate range from 
18 to 34ºC.

In this scenario, cowpea beans accumulated 
the highest oil content (Ȳ= 3.35%), although 
the minimum content observed with the use of 
hydrogel sources and concentrations applied 
(Ȳ= 1.52%) in accordance with the values 
reported in the literature (between 0.5% and 
3.34% depending on the cultivar), evidencing 
the low fat content of this legume (Silva et al., 
2002; Baptista et al., 2017). 

In a study with canola, Moghadam et al. (2011) 
verified that the higher oil content and the 
reduced quality of fatty acids in the treatments 
under water stress and absence of hydro-
absorbent polymer is dependent on the genotype. 
However, the application of the polymer under 
dry condition favored the quality of the oil, due 
to the decrease in the content of saturated fatty 
acids and increase of unsaturated, although the 
yield decreased. According to these authors, 
under water deficit these effects occur through a 
shorter growth season; for others, the decrease 
in oil concentration may be due to the oxidation 
of some polyunsaturated fatty acids (Singh and 
Sinha, 2005).

In the composition of cowpea grains, in general, 
among the main non-essential amino acids 
are: aspartic acid, glutamic acid and arginine, 
and essential: leucine and lysine; being the 
contents of glutamic acid and arginine higher 
than in common bean (Baptista et al., 2017). In 
this study, the total soluble amino acid content 
was influenced only by the hydrogel sources, 
with the best result (0.38mg g-1) observed with 
Polim-Agri PP (Figure 3a).
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Although reports of the effects of hydrogel 
use on grain amino acid content are rare, in 
research on cowpea genotypes subject to water 
stress, Santos et al. (2010) found variations in 
proline accumulation as a result of the effect 
of osmotic adjustment involving alteration of 
enzyme activity and protein synthesis (Taiz and 
Zeiger, 2013).

On the analysis of the supernatants of the 
ethanolic extract, the effect of the interaction 
between the source Polim-Agri PP and the 
applied concentrations evidenced, in relation to 
the accumulated in the absence of application 
(91.56mg g-1), a reduction of up to 53.31% 
in the total soluble carbohydrates content in 
the estimated concentration of 12.71kg ha-1; 
however, from that point on the accumulation of 
carbohydrates of the grains gradually increased 
to the maximum concentration applied, 
reaching 62.90mg g-1 (Figure 3b). Despite the 
significant effect for the interaction, the use 
of Hydroplan-EB HyC did not fit any equation 
model, accumulating, on average, 81.44mg g-1 of 
total soluble carbohydrates.

Figure 3. Total soluble amino acids (A) and total soluble carbohydrates (B) in cowpea beans 
under influence of hydrogel sources and concentrations in the 2015/2016 crop season in 
Gurupi-TO. Lower case letters differ as sources by the Tukey test at 5% probability.

 

Because of the lack of reference values for total 
soluble carbohydrate rates in cowpea beans, the 
term “total carbohydrates” is generally adopted, 
although there is some doubt about which types 
are involved. In this sense, the high contents 
observed in this study contribute to improve 
the nutritive value of cowpea, being above the 
carbohydrate levels suggested by Frota et al. 
(2008) (51.4%), Cunha et al. (2015) (63.25%) 
and Silva et al. (2002) (65.09%).

Cowpea is a legume rich in protein and starch 
(Phillips et al., 2003). The analysis of the 
precipitates of ethanolic extraction verified that 
the protein content was affected independently 
by sources and concentrations of hydrogel. 
The Polim-Agri PP source provided the best 
protein content of cowpea beans (243.22mg 
g-1), slightly higher than that observed with 
Hydroplan-EB HyC (Figure 4a). Concerning the 
applied concentrations, the supply of 20 kg ha-1 
of hydrogel promoted gains of up to 15% in the 
protein content in relation to the absence of the 
product (Figure 4b).
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Figure 4. Total protein (A and B) and starch (C) contents in cowpea 
beans under influence of hydrogel sources and concentrations in the 
2015/2016 crop season in Gurupi-TO. Lower case letters differ as 
sources by the Tukey test at 5% probability.
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Under the conditions of this study, increasing 
hydrogel concentrations significantly increased 
the protein content of the grains, with the 
maximum corresponding to 25.44%, agreeing 
with the findings of Baptista et al. (2017) 
and Silva et al. (2017). It is possible to relate 
this effect to the higher soil water retention 
promoted by the use of hydrogels, because 
when there is a limitation in the availability of 
water in the initial stages of grain development, 
water stress can result in negative effects 
on photosynthetic activity, reduction in the 
production of assimilates for the development 
of this organ (Pedroso et al., 2009).

In wheat grains, the amount of protein increased 
when the plants were subjected to water 
restriction in the aqueous and milky grains 
phases, as compared to well-watered plants 
(Beltrano et al., 2006). However, when stress 
was reversed by rehydration, these authors 
noticed that the protein content per grain 
was lower in comparison to stressed plants, 
but higher than the control (without water 
restriction). For some authors, the increase of 
proteins observed in some genotypes after being 
submitted to water stress, when compared to 
treatments without stress, can detect a change 
in the osmotic potential of the cell, to avoid loss 
of water to the medium (Santos et al., 2010).

Starch is one of the most important forms of 
carbon reserve in plants and a basic component 
of world food system (Moreira et al., 2008). 
In this sense, the negative quadratic behavior 
observed for Polim-Agri PP showed that the 
estimated application of 6.28kg ha-1 of the 
hydrogel source had the highest accumulation 
(842g mg-1) (Figure 4c), indicating a high water 
use efficiency in dry soil conditions. The use of 
Hydroplan-EB HyC gave a positive quadratic 
response, with a marked reduction of 64% to 
the calculated concentration of 9.82kg ha-1 in 
relation to the absence of hydrogel; however, the 

supply of increasing concentrations promoted 
discrete gains (up to 21.60mg g-1 applying 20kg 
ha-1), corresponding to the accumulated starch 
content in the non-application of hydrogel 
treatment.

In other species subjected to water stress during 
grain formation, in addition to the decrease in 
the starch content, changes in the synthesis, 
composition and physicochemical properties of 
this carbohydrate occurred, capable of affecting 
its suitability for different food products (Singh 
et al., 2008; He et al., 2012). 

In cowpea beans, changes in starch morphology 
influence the quality during cooking, where 
the gelatinization process occurs (presence 
of water and high temperatures); although 
the presence of protein material around the 
starch is maintained (Moreira et al., 2008). In 
addition, bioaccessibility studies have shown 
that the content in raw beans is reduced by up 
to 15% after cooking (Cunha et al., 2015) and 
that the method and cooking time may affect 
other nutritional characteristics depending on 
the genotype (Pereira et al., 2014; Pereira et al., 
2016).

Based on the analysis of the agronomic 
variables, which demonstrated that the use 
of hydrogel attenuates the effects of water 
deficit and guarantees average productivity of 
387kg ha-1 (Lopes et al., 2018), the results of 
this research confirm and improvement in the 
biochemical quality of cowpea beans cv. BRS 
Vinagre. However, this influence dependent 
on the source and the hydrogel concentration, 
especially the WUE of the low dosis of Polim-
Agri PP resulting in the best levels of amino 
acids, proteins and starch of the grains.

In addition to being a good alternative for 
increasing yield and maintaining crop quality, 
the use of hydrogel in drier soils contributes 
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to greater efficiency in the use of fertilizers 
(Scremin et al., 2017), assists in reducing toxicity 
by chemical agents that can cause changes in 
the soil and groundwater, compromising the 
environment and human health (Alemzadeh 
and Vossoughi, 2002); and positively affects 
the survival rate of plants (Lopes et al., 2010). 
Through the controlled release mechanism, 
these super-absorbent polymers modify 
the physical-chemical properties of the soil, 
improving the availability of water and reducing 
losses through percolation and leaching of 
nutrients, as well as allowing adsorption to 
remove pesticides from contaminated water, 
due to their polar groups (Alemzadeh and 
Vossoughi, 2002; Barbosa et al., 2018).

CONCLUSIONS

The use of hydrogel improves the biochemi-
cal quality of cowpea beans produced under 
water deficit in southern Tocantins. The use of 
the Polim-Agri PP hydrogel improves the amino 
acid and total soluble protein content of cowpea 
beans. The use of the Hydroplan-EB HyC source 
improves the total soluble carbohydrate content 
of the grains. The highest starch contents of the 
grains are obtained with the application of 6.28 
kg ha-1 of Polim-Agri PP and 20 kg ha-1 of Hydro-
plan-EB HyC. These results, together, demon-
strate that the use of hydrogel in the cultivation 
of cowpea in southern Tocantins, a region with 
severe drought seasons, has great potential for 
maintaining the quality of grains in this crop.
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