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Abstract  

The aim of this work was applying salicylic acid (SA) in cowpea seedlings 

under saline stress. The experiment took place in the seed laboratory of the 

Universidade Federal Rural da Amazônia with a completely randomized 

experimental design in a 2 x 2 x 3 factorial scheme, with 2 bean cultivars 

(Canapu and Pingo-de-ouro), 2 levels of salicylic acid (0 and 0.50 mM) and 3 

salt stress levels (0, 25, 50 mM). The seeds were previously soaked in salicyl-

ic acid (0 and 0.50 mM) for a period of 12 hrs and then placed in germitest 

paper rolls for treatments with NaCl (0, 25, 50 mM) for a period of 12 days at 

room temperature constant 27 °C. There was a significant effect of cultivars, 

AS dose and NaCl concentrations and their interactions on most of the ana-

lyzed variables. Root and leaf proline concentrations were higher in pingo-

de-ouro cultivar, Canapu cultivar had better performance in biomass accu-

mulation. Salicylic acid reduced proteins in the leaves by 13.33%, while in 

the root there was an increase of 12.61%, ammonium concentrations  re-

duced in the roots by 11.9%. When applied to salinity (25 and 50 mM), there 

was an increase of proteins in the leaves 40.83% and 27.48% respectively, 

and a reduction of amino acids of 30.24 and 25.24% in NaCl dosages (25 and 

50 mM) respectively. Salinity reduced biomass accumulation and interfered 

with cellular solute production. However, the application of salicylic acid 

promoted salt stress tolerance in Canapu cultivar.  
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Introduction  

Cowpea (Vigna unguiculata (L.) Walp.) is an herbaceous and annual plant 

belonging to the genus Vigna, family Fabaceae (1,2). It is one of the most 

adapted, versatile and nutritious among the cultivated legume species, en-

dowed with high protein content and low production cost (3-5). 

 Cultivated predominantly in the North and Northeast regions of Bra-

zil, it has great importance as a source of employment and income (6), and 

constitutes one of the main components of human food in these  regions 

(7). On the world stage, production is around 5589216 t, with the African 

continent representing 95.68% of world production, followed by the Asian 

and American continents. (8). 

 Although cowpea is considered a tropical crop with wide adaptation 

to the most diverse environments, the yield is still considered low and 

salinity is one of the main causes (9-11), since the arid and semi-arid regions 
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where it is widely cultivated are characterized by low 

rainfall and high evaporative demand, high levels of salts 

in part of their water sources and inadequate 

management of irrigation and drainage, promoting soil 

salinization (12,13). 

 Salinity affects several aspects of plant physiology 

and biochemistry by reducing water absorption through 

the specific effect of ions or their excess in the plant (14). 

Studies point to changes in cellular metabolism and the 

functioning of some enzymes, disturbance of ionic   bal-

ance, nutritional imbalance, reduction of osmotic  poten-

tial, reduction of nutrient assimilation, reduction in 

growth, reduction in photosynthesis and production of 

reactive oxygen species (15-17). 

 Cowpea is classified as moderately tolerant of irri-

gation with saline water, with levels around 3.3dS m-1, 

without significant losses in production, varying between 

genotypes and the ionic composition of the medium (15, 

18). However, it is of paramount importance to develop 

management methods that help cowpea in the germina-

tion and establishment stage to tolerate saline stress lev-

els (19). 

 Salicylic acid (SA) is an endogenous plant regulator 

that has a signaling function for the induction of tolerance 

and defense mechanisms against different types of abiotic 

stresses (20), such as saline stress. Studies have demon-

strated the ability of SA to act as an inducer of tolerance 

proteins in plants under saline stress, promoting changes 

in cell metabolism, activating mechanisms of tolerance 

and plant survival (21). However, the effects of SA are de-

pendent on factors such as concentration, plant species, 

method and application dose (22). In this sense, we seek to 

evaluate of SA application effects on the ability of cowpea 

(Vigna unguiculata (L.) Walp) seedlings to saline stress.  

 

Materials and Methods 

Experiment and plant materia    

The experiment was carried out in the seed laboratory of 

the Instituto de Ciências Agrárias, located at the Univer-

sidade Federal Rural da Amazônia (UFRA), Belém – PA, 

with geographic coordinates 27' 21'' S, 30' 16'' W and an 

average altitude of 10 m. The biochemical and physiologi-

cal analyzes were carried out at the Laboratory of Biodiver-

sity Studies in Higher Plants (EBPS). 

 The experimental design was completely random-

ized in a 2 x 2 x 3 factorial scheme, with 2cultivars, com-

bined with 2levels of SA (0 and 0.50 mM) and 3levels of salt 

stress (0, 25, 50 mM), totalling 12 treatments and consist-

ing of 4replications of 25 seeds. 

 The plant material used was the cultivars Pingo-de-

ouro and Canapu, species of cowpea (Vigna unguiculata 

(L.) Walp), classified as sensitive and moderately sensitive 

to salt stress respectively (23).  

 Cowpea seeds were previously selected based on 

the uniformity among them, disregarding those with de-

formities. After selection, they were subjected to asepsis in 

98% alcohol for 30s, then in 2% hypochlorite for a period 

of 1 min and then washed 3 times with distilled water. The 

statistical method used was that of Scott Knott.  

Pre-treatment with pure salicylic acid (SA) and exposure 

of seeds to NaCl   

The acid was dissolved in distilled water to a concentra-

tion of 0.50 mM. The seeds were placed on germitest paper 

in a gerbox and soaked for a period of 12hrs, in addition to 

the control treatment in which the seeds were soaked in 

distilled water for the same period. Subsequently, the 

seeds were sown in germitest paper rolls with fractions of 

25 seeds for treatments with NaCl (0, 25, 50 mM) and later 

packed in transparent plastic bags. Each roll was placed in 

a plastic cup to keep it vertical, with normal seedling 

growth. The experiment was carried out for a period of 12 

days at a constant temperature of 27 °C. 

 In this experiment, the following variables were 

evaluated: shoot dry mass (SDM), root dry mass (RDM), the 

results were expressed in g; free ammonium concentration 

(NH4+) (Weatherburn et al., 1967); total soluble protein 

(TSP) (Bradford et al., 1976); glycine-betaine (GB) (Grieve; 

Grattan et al., 1983); proline (PRO) (Bates et al., 1973); total 

soluble amino acids (TSA) (Peoples et al., 1989) and total 

soluble carbohydrates (TSC) (Dubois, 1956). The results 

were submitted to analysis of variance (ANOVA) and when 

there was a significant difference, the ScottKnott test was 

applied (P<0.05). 

Sampling and analysis of biomass accumulation   

Seedlings were collected on the 12th day after sowing at 

1:00 pm. The seedlings were separated into root and shoot 

and the material was taken to a forced air ventilation oven 

at 65 °C for 48 hrs (until they reached constant weight). 

After drying, the dry mass of the shoot and root was deter-

mined using a scale. Subsequently, the dry material was 

ground in a mill until obtaining a fine powder and properly 

stored in plastic bags until its use in biochemical evalua-

tions. 

Biochemical evaluations   

Free ammonium (CAL): It was determined using the meth-

od according to Weatherburn, 1967, the results were ex-

pressed in mmol of NH4
+ Kg-1 of DM; Total Soluble Proteins 

(PST): Soluble protein contents were determined by the 

method described by Bradford, 1976. The contents of solu-

ble proteins are expressed in mg protein g-1 DM of tissue; 

Proline (PRO): results were expressed in µmol  Proline g-1 

DM. For this, we used the method described by Bates et 

al.,1973; Glycine-betaine (GB): results were  expressed as 

μmol of glycine-betaine g-1 DM. The method used was ac-

cording to Grieve and Grattan, 1983; Total Soluble Amino 

Acids (TSA): The method used was according to Peoples et 

al., 1989, results were expressed in µmol of AA g-1 MS; To-

tal Soluble Carbohydrates (TSC) The standard method was 

used andthe results were expressed in mmold and GLUg.  
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Results and discussion  

There was a significant effect of cultivars, SA dose and 

NaCl concentrations and their interactions on most bio-

chemical and biomass accumulation variables. 

Cultivars   

For cultivar data, a significant difference was observed for 
proline concentrations (leaf and root) and shoot dry mass 

(Table 1). The Pingo-de-ouro cultivar presented the  high-

est means for the root and leaf proline variables. While for 

the variable SDM, the cultivar Canapu had better  perfor-

mance in the accumulation of biomass. 

 High levels of proline have been associated with the 

protection of cellular structures during dehydration in 

seeds and it is involved in the primary metabolism of seed-

ling development, under stress conditions, proline levels 

can increase up to one hundred times more than under 

normal conditions, being a way of indicating plants with 

higher levels of resistance (24-26). This may suggest that 

Pingo-de-ouro presents better performance in the primary 

development of seedlings. 

 Seedlings with greater accumulation of biomass 

usually come from seeds with high physiological quality, 

which provide greater translocation of reserves from coty-

ledons or endosperm to the embryonic axis during the 

germination process, making it possible to obtain more 

vigorous seedlings (27). The data found in this work  di-

verge from Sá et al. (23), who found that cv. Pingo-de-ouro 

showed a higher average in biomass accumulation com-

pared to Canapu, suggesting a low physiological quality of 

the seed even after the selection was performed. 

Salicylic acid application   

The application of salicylic acid affected the content of 

total soluble proteins (leaf and root), free ammonium and 

root dry matter (Table 2). In the present study, it was ob-

served that the application of salicylic acid (50 mM) caused 

an increase of 12.61% in root proteins compared to the 

control treatment. 

 The increase on the root protein concentration is 

presumably a better mechanism of plant resistance (28), 

due to SA promoting structure, maintenance and inhibi-

tion of protein degradation (20,29). 

 Regarding the effect of ammonium concentration in 
roots, SA (50 mM) promoted an increase of 27.80% when 
compared to the control treatment. High levels of free am-
monium has accumulated under stress conditions, and it 

is positively correlated with the accumulation of many free 
amino acids that are related to plant tolerance  signalling 
(30).  

 In relation to root dry matter, application of SA  (50 
mM) promoted a reduction of 11.90%. Different results 
were found by other authors. When applying SA in   Foenic-
ulum vulgare plants at doses of 0.0, 0.5 and 1.0 mM it pro-
moted an increase in RDM (31)and found significant in-
creases in the RDM of plants treated with 100 mg L-1 and 
200 mg L-1 of SA (32). 

Saline Stress (NaCl)   

For saline stress, there was a significant difference for the 

concentrations of proteins (leaf and root), total soluble 

amino acids (root), glycine-betaine (root) and soluble car-

bohydrates (leaf) (Table 3). The application of NaCl (25 and 

50 mM) increased the concentration of total soluble pro-

teins in leaves by 40.83% and 27.48% when compared to 

control plants. Suggesting that the accumulation of these 

organic compounds occurs in the cytosol where it pro-

motes osmotic adjustment (33, 34) and also serves as an 

energy reserve and source of carbon skeletons for the for-

mation of seedling tissues under stress conditions (28). 

Cultivar PROf (µmol Pro.g-1 DM) PROr (µmol Pro.g-1 DM) SDM (g) 

Canapu 10.83 b 4.89 b 1.17 a 

Pingo d’ouro 14.57 a 6.34 a 0.67 b 

Table 1. Proline concentrations.  

PROf (leaf), PROr (root) and leaf dry matter (SDM) of cowpea seedlings. Different letters indicate significant differences by the Scott-Knott test (P<0.05).  

Acid (mM) PSTf (mg protein.g1MS) PSTr (mg protein.g1MS) CALr (mmol de NH4 Kg1 de MS) RDM (g) 

0 3.45 a 3.25 b 126.36 b 0.42 a 

50 2.99 b 3.66 a 161.49 a 0.37 b 

Table 2.Total soluble protein concentrations.  

PSTf (leaf), PSTr (root); free ammonium – CALr (root); root dry matter (RDM) of cowpea seedlings in relation to salicylic acid application (0 and   50 mM).  
Different letters indicate significant differences by the Scott-Knott test (P<0.05)  

NaCl (mM) PSTf  
(mg protein.g-1DM) 

PSTr  
(mg protein.g-1DM) 

GBr  
(mg glicina-betain.g-1 DM) 

ASTr  
(μmol of AA/g DM) 

CSTf  
(mmol de GLUg-1) 

0 2.62 b 3.76 a 23.93 a 24.01 a 3.77 b 

25 3.69 a 3.70 a 19.10 b 16.75 b 3.30 b 

50 3.34 a 2.90 b 27.95 a 17.95 b 4.48 a 

Table 3.Total soluble protein concentrations.  

PSTf (leaf), PSTr (root); glycine-betaine–GBr (root), total soluble amino acids – ASTr (root); total soluble carbohydrates – CSTf (leaf) in cowpea seedlings in rela-
tion to NaCl application (0, 25 and 50 mM). Different letters indicate significant differences by the Scott-Knott test (P<0.05).  
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 Regarding the concentration of total soluble pro-

teins in the roots, there was no statistical difference  be-

tween the control seedlings and those that received  25 

mM of NaCl, suggesting that this level of saline stress did 

not negatively influence the cowpea cultivars.   However, 

in the seedlings treated with 50 mM of NaCl there was a 

significant decrease of 22.87% in the concentration of total 

soluble proteins. Salt stress may have promoted a de-

crease in protein concentration since protein synthesis is 

impaired due to the overproduction of reactive oxygen 

species and there is an increase in proteolysis (35,36). 

 Regarding the concentration of glycine-betaine (GB) 

in the root, there was no statistical difference between 

control and seedlings treated with 50 mM of NaCl, however 

they were higher than the values found in seedlings  sub-

mitted to 25 mM of NaCl. Glycine-betaine accumulation is 

presumed to be involved in the osmotic adjustment and/

or osmoprotection of cellular functional macromolecules, 

the defense of ionic and oxidative stress in tissues under 

saline stress (37,38).  

 The concentrations of total soluble amino acids had 

significant reductions of 30.24 and 25.24% when submit-

ted to saline stress respectively to the treatments of    25 

and 50mM of NaCl. There was another study observed this 

same behavior when evaluating the effects of salt stress on 

cauliflower plants, in which the amino acid concentration 

was reduced to a certain level of salinity (39). 

 For foliar total soluble carbohydrate concentrations 

there was a significant decrease with the application of 

50mM of NaCl of 18.83%, with an average of 4.48 mmol of 

GLU g-1. Similar results were also obtained (39), when they 

observed a decrease in foliar carbohydrate concentration 

in cauliflower at 60 days after transplanting as salinity in-

creased. The intriguing result was explained by the chang-

es that salt stress can cause in the processes of carbohy-

drate production, such as photosynthetic pigments, chlo-

rophyll bloom and photosynthesis. 

Cultivar X Salicylic acid (SA)   

As for the cultivar X salicylic acid interaction, there was a 

significant difference for the concentrations of glycine-

betaine (leaf and root), total soluble amino acids (leaf) and 

total soluble carbohydrates (leaf) at 5% (p<0.05) (Table 4). 

 For the glycine-betaine concentrations in the 

leaves, there was a significant difference between the cul-

tivars without SA application. The Canapu cultivar had a 

higher average of 23.17 mg glycine-betaine.g-1 DM, while 

the Pingo-de-ouro cultivar had an average of 15.30 mg 

glycine-betaine.g-1 DM. There was no significant difference 

between treatments with salicylic acid among cultivars. 

 Glycine-betaine is a quaternary ammonium com-

pound that has an osmoregulatory and protective func-

tion, promoting osmotic adjustment along with other 

compounds (28). Plant varieties that have a higher concen-

tration of glycine-betaine generally exhibit improved 

growth and productivity, relative to varieties that do not 

accumulate (40). 

 Regarding the concentrations of glycine-betaine in 
the root, cv. Canapu showed a higher mean of 38.33 mg 

glycine-betaine.g-1 DM compared to the mean of 18.78 mg 

glycine-betaine.g-1 DM of cv. Pingo-de-Ouro under the ap-

plication of salicylic acid. Salicylic acid can promote a pos-

itive effect by inducing an accumulation of GB in the vacu-

ole or in the root cytosol as a protective mechanism and 

osmotic adjustment (24). It was showed that salicylic acid 

induced the accumulation of GB in Vigna radiata with con-

sequent increase in glutathione, reduction of ethylene and 

oxidative stress and improvement of photosynthesis (41). 

 For the amino acid concentrations in the leaf, the 

application of SA (50 mM) promoted an increase of 42.54% 

in cv. Canapu, while in cv. Pingo-de-Ouro, a reduction of 

58.97%. The possible effects of SA regulators on amino 

acid accumulation are poorly known and may differ  be-

tween plants, but the increase in TSA concentration sug-

gests an improvement in the nitrogen content in the leaves 

of plants when treated with SA (42).  

 With reference to the concentration of total soluble 

carbohydrates in the leaves, the application of salicylic 

acid (50 mM) promoted a significant increase of 31.68% in 

cv. Pingo de Ouro compared to cv. Canapu. The results 

obtained are similar to those reported earlier (43), using 

pre-treatment of 0.5 mM of SA in chickpea seeds, which 

found a higher concentration of carbohydrates and higher 

reproductive yield when compared to both inoculation 

with arbuscular mycorrhizal as the control plants. This 

behavior was explained by the application of SA to modu-

late carbohydrate metabolism from the synthesis of sugars 

to form new cellular constituents as a mechanism to pro-

mote plant growth. 

Cultivar X NaCl   

A significant variable for the cultivar interaction and salt 

stress in cowpea seedlings was illustrated in Table 5.  The 

cv. Canapu showed higher averages of RDM compared to 

Cultivar Acid  
(mM) 

GBf  
(mg glicina-betaine.g-1 DM) 

GBr  
(mg glicina-betaine.g-1 DM) 

ASTf  
(µmol de AA/g DM) 

CSTf  
(mmol de GLUg-1) 

Canapu 
0 23.17 Aa 20.39 Ab 15.60 Ab 3.85 Aa 

50 20.18 Aa 38.33 Aa 24.80 Aa 3.38 Ba 

Pingo d’ouro 
0 15.30 Ba 17.14 Aa 20.31 Aa 3.32 Ab 

50 18.89 Aa 18.78 Ba 11.67 Bb 4.86 Aa 

Table 4.Glycine-betaine concentrations.  

GBf (leaf) and GBr (root); total soluble amino acids – ASTf (leaf); total soluble carbohydrates – CSTf (leaf) in relation to cultivar interaction (canapu and pingo-
de-ouro) and application of salicylic acid (0 and 50 mM) in cowpea seedlings. Columns with different capital letters between treatments of Cultivar (Canapu 
and Pingo-de-ouro under the same acid concentration) and lowercase letters between acid treatments (0 and 50mM acid under the same cultivar) indicate 
significant differences by the Scott-Knott test (P<0.05).  
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cv. Gold flecks as salinity increases. 

 Ionic toxicity caused by saline stress can affect the 
physiological and metabolic processes of embryonic  tis-
sue, delaying root elongation (44). In addition, seedling 
growth and biomass accumulation is compromised due to 
decreased cell expansion and elongation, stomatal closure 
and decreased stomatal conductance (12, 30).  

 Based on this, it can be assumed that cv. Pingo-  de-
ouro is more susceptible to saline stress than cv.  Canapu, 
corroborating the data recorded, in a study with seed ger-
mination and vigor in cowpea cultivars subjected to saline 
stress (23). 

GSalicylic acid (SA) X NaCl    

For the SA x NaCl interaction, there was a significant differ-
ence for the variables proline (root) and total soluble ami-
no acids (leaf) at 5% (p<0.05) (Table 6). 

 Salt stress promoted a significant increase in PROr 
concentration by 76.04% (25 mM) and 169.46% (50 mM). 
While the application of salicylic acid under saline stress 

promoted a significant reduction of 64.23% in the concen-
tration of root proline when compared to non-stressed 
seedlings.  

 Under saline stress, osmotic adjustment can be 
achieved by the accumulation of organic solutes in the 
cytoplasm, especially proline (22), as it is an osmoprotec-
tor, protects plants from stress and acts in response to 
environmental changes and serve as a biochemical and 
physiological indicator of the effects of salt stress on culti-
vated plants (24).  

 Similar results were recorded in which testing 
different concentrations of NaCl (0; 25; 50; 75; 100mM) in 
cassava genotypes verified the increase in proline accumu-
lation from the increase in salt and explained that this syn-
thesis of proline is an indicator biochemistry of salt stress 
in vitro cultivated cassava plants (45).  

 As for the interaction of SA and NaCl, opposite re-
sults were reported, when verifying changes induced by 
salicylic acid in growth, biochemical attributes and antioxi-
dant enzymatic activity in Vicia faba L. seedlings under 
NaCl toxicity, observed an increase in proline concentra-
tion (46). Since generally the application of salicylic acid 
during saline stress conditions has a promising effect by 
providing an increase in proline concentrations, which is 
one of the main compatible solutes that participate in cell 
protection and maintain the continuous flow of water. 
(47,48). 

Cultivar X Salicylic Acid (SA) X NaCl   

There was a significant effect of the three factors studied 
(cultivar x SA x NaCl) on foliar concentrations of free  am-
monium at 5% (p<0.05) (Table 7). 

 Pingo-de-ouro had a higher average of 321.97 mmol 
of NH4

+.Kg-1 of DM compared to the average of    173.17 
mmol of NH4

+.Kg-1 of DM of cv. Canapu subjected to 50mM 
NaCl (Table 7). During salt stress, high ammonium produc-

Cultivar NaCl (mM) RDM (g) 

Canapu 

0 0.41 Aa 

25 0.46 Aa 

50 0.44 Aa 

Pingo-de-ouro 

0 0.48 Aa 

25 0.32 Bb 

50 0.25 Bb 

Table 5.Interaction of cultivars (Canapu and Pingo-de-ouro) and application 
of NaCl (0, 25 and 50 mM) in cowpea seedlings on root dry mass.  

Columns with different capital letters between cultivar treatments (Canapu 
and Pingo-de-ouro under the same acid concentration) and lowercase letters 
between acid treatments (0 and 50 mM acid under the same cultivar) indicate 
significant differences by the Scott-Knott test (P<0.05). 

Acid (mM) NaCl (mM) PROr (µmol Pro.g-1 DM) ASTf (μmol de AA/g DM) 

0 

0 3.34 Ac 23.11 Aa 

25 5.88 Ab 17.04 Aa 

50 9.00 Aa 13.72 Aa 

50 

0 5.07 Aa 15.36 Aa 

25 4.93 Aa 18.05 Aa 

50 5.48 Ba 21.29 Aa 

Table 6.Concentrations of proline.  

PROr (root) and total soluble amino acids – ASTf (leaf) in relation to the interaction of application of salicylic acid (0 and 50 mM) and NaCl (0, 25 and 50 mM) in 
cowpea seedlings. Columns with different capital letters between acid treatments (0 and 50 mM under the same NaCl concentration) and lower case letters be-
tween NaCl treatments (0, 25 and 50 mM NaCl under the same acid concentration) indicate significant differences by the Scott- knott (P<0.05).  

Cultivar 

AS (mM) 

0 50 

NaCl (mM) 

0 25 50 0 25 50 

Canapu 171.29 Aa 187.51 Aa 173.17 Ba 214.76 Aa 192.29 Aa 175.24 Aa 

Pingo-de-ouro 176.77 Ab 203.81 Ab 321.97 Aa 221.43 Ab 266.00 Aa 96.60 Ac 

Table 7.Free ammonium foliar concentrations in relation to the interaction of salicylic acid application (0 and 50 mM) X cultivars (Canapu and Pingo-de-Ouro) X 
NaCl (0, 25 and 50 mM) in cowpea seedlings.  

Columns with capital letters and rows with different lowercase letters indicate significant differences by the Scott-Knott test (P<0.05).  
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tion occurs, acting as an efficient signal to activate coordi-
nated responses involved in the regulation of   Na+ homeo-
stasis in plants under salt stress, which leads to salt toler-
ance (49). 

 With the application of salicylic acid (50 mM) under 
50mM of NaCl, there was a significant decrease in the foliar 
concentration of free ammonium for cv. Golden drop 
(Table 7). The reduction in the concentration of free  am-
monium may indicate an improved capacity to use this ion 
for the production of amino acids and protein synthesis 
(50). Based on this, it can be assumed that the application 
of salicylic acid promoted the incorporation of ammonium 
into organic compounds, avoiding possible toxic effects of 
ammonium.  

 

Conclusion  

The biomass accumulation and seedling biochemistry of 
Vigna unguiculata (L.) Walp. were negatively affected by 
the increase in saline concentration, mainly the variables 
proteins and amino acids. Furthermore, cv. Canapu proved 
to be more tolerant to saline stress, showing greater accu-
mulation of biomass and thus better performance at a 
concentration of 50mM NaCl. The 50 mM dose of salicylic 
acid used promoted an increase in glycine-betaine levels 
in leaves and roots, in addition to carbohydrate and amino 
acid concentrations in leaves, demonstrating the interac-
tion of SA with the accumulation of organic solutes. The 
application of salicylic acid enabled plants to tolerate salt 
stress in the Pingo de Ouro cultivar, by reducing the con-
centration of potentially toxic free ammonium, which may 
indicate that SA promotes an improvement in the ability to 
use this solute. According to the results collected in this 
study, it allows inferring some indications in relation to the 
cowpea culture, the salicylic acid dosage and the salinity 
level. Regarding culture, canapu can be indicated as more 
tolerant at a concentration of 50 mM of salt under a dose 
of 50 mM of SA. However, further studies are required that 
address other characteristics and other variables in order 
to have a safe indication for farmers.  

 

Acknowledgement 

We acknowledge Universidade Federal Rural da Amazônia 
(UFRA) and the Estudos da Biodiversidade em Plantas Su-
periores (EBPS) group for facilities and support. 

 

Authors contributions  

DJ and MA carried out the implementation and develop-
ment of the work. DJ, TM, GA, LS drove formatting. GA, AE 
and LS corrected the work. CF performed the supervision. 
GD performed the data analysis. All authors read and ap-
proved the final manuscript.  

 

Compliance with ethical standards  

Conflict of interest: Authors do not have any conflict of 
interests to declare.  

Ethical issues: None. 

References  

1. Oliveira GP de, Morais OM. Testes de vigor para determinação 
da maturidade fisiológica de sementes de feijão-caupi. Cultura 
Agronômica: Revista de Ciências Agronômicas [Internet]. 
2017;26(2):103-14. Available from: https://
doi.org/10.32929/2446-8355.2017v26n2p103-114 

2. Silva DA da, Albuquerque J de AA de, Alves JMA, Rocha PRR, 
Medeiros RD de, Finoto EL et al. Characterization of weed in 
rotated area of maize and cowpea in direct planting. Scientia 
Agropecuaria[Internet]. 2018;9(1):7-15. Available from: http://
dx.doi.org/10.17268/sci.agropecu.2018.01.01 

3. Barros MA, Rocha M de M, Gomes RLF, Silva KJD, Neves AC das. 
Adaptabilidade e estabilidade produtiva de feijão-caupi de 
porte semiprostrado. Pesquisa Agropecuária Brasileira
[Internet]. 2013;48(4):403-10. Available from: https://
doi.org/10.1590/S0100-204X2013000400008  

4. Guimarães DG, Oliveira LM, Guedes MO, Ferreira GFP, Prado TR, 
Amaral CLF. Desempenho da cultivar de feijão-caupi BRS 
Novaera sob níveis de irrigação e adubação em ambiente 
protegido. Cultura Agronômica: Revista de Ciências 
Agronômicas[Internet]. 2020;29(1):61-75. Available from: 
https://doi.org/10.32929/2446-8355.2020v29n1p61-75 

5. Gonçalves ZS, Lima LKS. Desempenho agronômico e 
diversidade genética de linhagens de feijão-caupi nas condições 
do Recôncavo da Bahia. Journal of Biotechnology and Biodiver-
sity [Internet]. 2021;9(3):285-94. Available from: https://
doi.org/10.20873/jbb.uft.cemaf.v9n3.goncalves 

6. Oliveira FDA de, Medeiros JF de, Alves RDC, Lima LA, Santos ST 
dos, Régis LRDL. Produção de feijão caupi em função da 
salinidade e regulador de crescimento. Revista Brasileira de 
Engenharia Agrícola e Ambiental[Internet]. 2015;19(11):1049-56. 
Available from: https://doi.org/10.1590/1807-1929/
agriambi.v19n11p1049-1056 

7. Costa EM da, Nóbrega RSA, Carvalho F de, Trochmann A, 
Ferreira L de VM, Moreira FM de S. Promoção do crescimento 
vegetal e diversidade genética de bactérias isoladas de nódulos 
de feijão-caupi. Pesquisa Agropecuária Brasileira[Internet]. 
2013;48(9):1275-84. Available from: https://doi.org/10.1590/
S0100-204X2013000900012 

8. Araújo É de O, Mauad M, Tadeu HC, Filho HÁ de L, Silva JAF da, 
Cardoso JA. Nutritional status of cowpea plants inoculated with 
Bradyrhizobium and Azospirillum brasilense in associated with 
phosphate fertilization in soil Amazonian. Journal of Experi-
mental Agriculture International [Internet]. 2018;23(5):1-13. 
Available from: https://doi.org/10.9734/JEAI/2018/42145 

9. Saboya R de CC, Borges PRS, Saboya LMF, Monteiro FP dos R, 
Souza SEA de, Santos AF dos, Santos ER dos. Resposta do feijão-
caupi a estirpes fixadoras de nitrogênio em Gurupi-TO. Journal 
of Biotechnology and Biodiversity [Internet]. 2013;4(1):40-48. 
Available from: https://doi.org/10.20873/
jbb.uft.cemaf.v4n1.saboya 

10. Dutra AF, Melo AS de, Filgueiras LMB, Silva ÁRF, Oliveira IM de, 
Brito MEB. Parâmetros fisiológicos e componentes de produção 
de feijão-caupi cultivado sob deficiência hídrica. Revista 
Brasileira de Ciências Agrárias[Internet]. 2015;10(2):189-97. 
Available from: https://doi.org/10.5039/agraria.v10i2a3912 

11. Tagliaferre C, Guimarães DU, Gonçalves LJ, Farias Amorim CH, 
Matsumoto SN, D’Arêde LO. Produtividade e tolerância do feijão 
caupi ao estresse salino. IRRIGA[Internet]. 2018;23(1):168-79. 
Available from: https://doi.org/10.15809/irriga.2018v23n1p168 

12. Leite JVQ, Fernandes PD, Oliveira WJ de, Souza ER de, Santos 
DP dos, Santos CS dos. Efeito do estresse salino e da 
composição iônica da água de irrigação sobre variáveis 
morfofisiológicas do feijão caupi. Revista Brasileira de 
Agricultura Irrigada[Internet]. 2017;11(6):1825-33. Available 
from: https://doi.org/10.7127/rbai.v11n600630 

https://plantsciencetoday.online
https://doi.org/10.32929/2446-8355.2017v26n2p103-114
https://doi.org/10.32929/2446-8355.2017v26n2p103-114
http://dx.doi.org/10.17268/sci.agropecu.2018.01.01
http://dx.doi.org/10.17268/sci.agropecu.2018.01.01
https://doi.org/10.1590/S0100-204X2013000400008
https://doi.org/10.1590/S0100-204X2013000400008
https://doi.org/10.32929/2446-8355.2020v29n1p61-75
https://doi.org/10.20873/jbb.uft.cemaf.v9n3.goncalves
https://doi.org/10.20873/jbb.uft.cemaf.v9n3.goncalves
https://doi.org/10.1590/1807-1929/agriambi.v19n11p1049-1056
https://doi.org/10.1590/1807-1929/agriambi.v19n11p1049-1056
https://doi.org/10.1590/S0100-204X2013000900012
https://doi.org/10.1590/S0100-204X2013000900012
https://doi.org/10.9734/JEAI/2018/42145
https://doi.org/10.20873/jbb.uft.cemaf.v4n1.saboya
https://doi.org/10.20873/jbb.uft.cemaf.v4n1.saboya
https://doi.org/10.5039/agraria.v10i2a3912
https://doi.org/10.15809/irriga.2018v23n1p168
https://doi.org/10.7127/rbai.v11n600630


294 

Plant Science Today, ISSN 2348-1900 (online) 

13. Brito RR de, Filho HG, Saad JCC, Ribeiro VQ, Oliveira SEM. 

Critérios de manejo na irrigação do feijoeiro em solo de textura 

arenosa. IRRIGA[Internet]. 2015;20(2):334-47. Available from: 

https://doi.org/10.15809/irriga.2015v20n2p334 

14. Dalchiavon FC, Neves G, Haga KI. Efeito de stresse salino em 

sementes de Phaseolus vulgaris. Revista de Ciências Agrárias

[Internet]. 2016;39(3):404-12. Available from: https://

doi.org/10.19084/RCA15161 

15. Oliveira F de A de, Oliveira MKT de, Lima LA, Alves R de C, Régis 

LR de L, Santos ST dos. Estresse salino e biorregulador vegetal 

em feijão caupi. IRRIGA[Internet]. 2017;22(2):314-29. Available 

from: https://doi.org/10.15809/irriga.2017v22n2p314-329 

16. Oliveira WJ de, Souza ER de, Santos HRB, Silva ÊF de F, Duarte 

HHF, Melo DVM de. Fluorescência da clorofila como indicador de 

estresse salino em feijão caupi. Revista Brasileira de Agricultura 

Irrigada[Internet]. 2018;12(3):2592-603. Available from: https://

doi.org/10.7127/rbai.v12n300700 

17. Lima GS de L, Dias AS, Soares LA dos A, Gheyi HR, Nobre RG, 

Silva AAR da. Eficiência fotoquímica, partição de 

fotoassimilados e produção do algodoeiro sob estresse salino e 

adubação nitrogenada. Revista de Ciências Agrárias[Internet]. 

2019;42(1):214-25. Available from: https://doi.org/10.19084/

RCA18123 

18. Sousa GG de, Viana TV de A, Lacerda CF de, Azevedo BM de, 

Silva GL da, Costa FRB. Estresse salino em plantas de feijão-

caupi em solos com fertilizantes orgânicos. Revista 

Agroambiente[Internet]. 2014;8(3):359-67. Available from: 

https://doi.org/10.5327/Z1982-8470201400031824 

19. Gomes Filho A, Nascimento Rodrigues E, Castro Rodrigues T, 

Júnior Neres Santos V, Ferreira Alcântara S, Neres de Souza F. 

Estresse hídrico e salino na germinação de sementes de feijão-

caupi cv. BRS Pajeú. Colloquium agrariae[Internet]. 2019;15

(4):60-73. Available from: https://doi.org/10.5747/

ca.2019.v15.n4.a312 

20. Nóbrega JS, Silva TI da, Ribeiro JEDS, Vieira LDS, Figueiredo 

FRA, Fátima RT de et al. Salinidade e Ácido Salicílico no 

Desenvolvimento Inicial de Melancia. Revista Desafios[Internet]. 

2020;7(2):162-71. Available from: http://dx.doi.org/10.20873/

ufv7-8169 

21. Jayakannan M, Bose J, Babourina O, Rengel Z, Shabala S. Sali-

cylic acid improves salinity tolerance in Arabidopsis by restoring 

membrane potential and preventing salt-induced K+ loss via a 

GORK channel. Journal of Experimental Botany[Internet]. 

201;364(8):2255-68. Available from: https://doi.org/10.1093/jxb/

ert085 

22. Silva AAR da, Lima GS de, Azevedo CAV de, Veloso LL de SA, 

Gheyi HR. Salicylic acid as an attenuator of salt stress in sour-

sop. Revista Caatinga[Internet]. 2020;33(4):092-101. Available 

from: https://doi.org/10.1590/1983-21252020v33n424rc 

23. Sá FV da S, Paiva EP de, Torres SB, Brito MEB, Nogueira NW, 

Frade LJG et al. Seed germination and vigor of different cowpea 

cultivars under salt stress. Comunicata Scientiae[Internet]. 

2017;7(4):450. Available from: https://doi.org/10.14295/

cs.v7i4.1541 

24. Monteiro JG, Cruz FJR, Nardin MB, Santos DMM dos. 

Crescimento e conteúdo de prolina em plântulas de guandu 

submetidas a estresse osmótico e à putrescina exógena. 

Pesquisa Agropecuária Brasileira [Internet]. 2014;49(1):18-25. 

Available from: https://doi.org/10.1590/S0100-

204X2014000100003 

25. J Burritt D. Proline and the cryopreservation of plant tissues: 

Functions and practical applications. In: Katkov I. Current Fron-

tiers in Cryopreservation. InTech [Internet]. 2012; pág. 415-30. 

Available from: https://doi.org/10.5772/36249 

26. Zondlo NJ. Aromatic–proline interactions: Electronically tuna-

ble CH/π interactions. Accounts of Chemical Research

[Internet]. 2013;46(4):1039-49. Available from: https://

doi.org/10.1021/ar300087y 

27. Farias OR de, Cruz JMF de L, Gomes R dos SS, Nascimento LC 
do, Bruno R de LA, Arriel NH de C. Ocorrência de fungos e 

qualidade fisiológica de sementes de algodoeiro produzidas na 

Paraíba, Brasil. Revista Em Agronegócio e Meio Ambiente
[Internet]. 2022;15(2):1-13. Available from: https://

doi.org/10.17765/2176-9168.2022v15n2e8723 

28. Santos Junior JL dos, Oliveira MF da C, Silva EC da. Acúmulo de 
solutos orgânicos em mudas de Ceiba glaziovii (Kutze) Kum. em 

resposta à seca intermitente. Scientia Plena [Internet]. 2020;16
(1). Available from: https://doi.org/10.14808/

sci.plena.2020.011201 

29. Shaki F, Maboud HE, Niknam V. Growth enhancement and salt 
tolerance of Safflower (Carthamus tinctorius L.), by salicylic acid. 

Current Plant Biology[Internet]. 2018;13:16-22. Available from: 
https://doi.org/10.1016/j.cpb.2018.04.001 

30. Oliveira LM de, Silva JN da, Coelho CCR, Neves MG, Silva RTL da, 

Oliveira Neto CF de. Pigmentos fotossintetizantes, aminoácidos 
e proteínas em plantas jovens de graviola submetidas ao déficit 

hídrico. Revista Agroecossistemas [Internet]. 2013;5(1):39. Avail-
able from: http://dx.doi.org/10.18542/ragros.v5i1.1409 

31. Askari E, Ehsanzadeh P. Drought stress mitigation by foliar ap-

plication of salicylic acid and their interactive effects on physio-
logical characteristics of fennel (Foeniculum vulgare Mill.) geno-

types. Acta Physiologiae Plantarum[Internet]. 2015;37(2):4. 
Available from: https://doi.org/10.1007/s11738-014-1762-y 

32. Mazzuchelli EHL, Souza GM, Pacheco AC. Rustificação de mudas 

de eucalipto via aplicação de ácido salicílico. Pesquisa 
Agropecuária Tropical[Internet]. 2014;44(4):443-50. Available 

from: https://doi.org/10.1590/S1983-40632014000400012 

33. Furquim LC, Santos MP dos, Andrade CAO de, Oliveira LA de, 
Evangelista AWP. Relação entre plantas nativas do Cerrado e 

água. Científic@ - Multidisciplinary Journal[Internet]. 2018;5
(2):146-56. Available from: https://doi.org/10.29247/2358-

260X.2018v5i2.p146-156 

34. Souza Guimarães P, Sarto Rocha D, Paterniani MEAGZ. 
Conteúdo de carboidrato foliar em híbridos de milho 

submetidos à restrição hídrica. Evidência[Internet]. 2019;19
(2):93-12. Available from: https://doi.org/10.18593/

eba.v19i1.20201 

35. Calvet ASF, Pinto CDM, Morais Lima RE, Moreno Maia-Joca RP, 
Bezerra MA. Crescimento e acumulação de solutos em feijão-de-

corda irrigado com águas de salinidade crescente em diferentes 
fases de desenvolvimento. Irriga [Internet]. 2012;18(1):148. 

Available from: https://doi.org/10.15809/irriga.2013v18n1p148 

36. Farooq M, Hussain M, Wakeel A, Siddique KHM. Salt stress in 
maize: effects, resistance mechanisms and management: A 

review. Agronomy for Sustainable Development [Internet]. 
2015;35(2):461-81. Available from: https://doi.org/10.1007/

s13593-015-0287-0 

37. Mansour MMF, Ali EF. Glycinebetaine in saline conditions: An 
assessment of the current state of knowledge. Acta Physiologiae 

Plantarum [Internet]. 2017;39(2):56. Available from: https://
doi.org/10.1007/s11738-017-2357-1 

38. Annunziata MG, Ciarmiello LF, Woodrow P, Dell’Aversana E, 
Carillo P. Spatial and temporal profile of glycine betaine accu-
mulation in plants under abiotic stresses. Frontiers in Plant 

Science[Internet]. 2019;10. Available from: https://
doi.org/10.3389/fpls.2019.00230 

39. Santos AL, Cova AMW, Silva MG da, Santos AAA, Pereira J de S, 
Gheyi HR. Crescimento e conteúdo de solutos orgânicos em 
couve-flor cultivada com água salobra em sistema hidropônico. 

https://doi.org/10.15809/irriga.2015v20n2p334
https://doi.org/10.19084/RCA15161
https://doi.org/10.19084/RCA15161
https://doi.org/10.15809/irriga.2017v22n2p314-329
https://doi.org/10.7127/rbai.v12n300700
https://doi.org/10.7127/rbai.v12n300700
https://doi.org/10.19084/RCA18123
https://doi.org/10.19084/RCA18123
https://doi.org/10.5327/Z1982-8470201400031824
https://doi.org/10.5747/ca.2019.v15.n4.a312
https://doi.org/10.5747/ca.2019.v15.n4.a312
http://dx.doi.org/10.20873/ufv7-8169
http://dx.doi.org/10.20873/ufv7-8169
https://doi.org/10.1093/jxb/ert085
https://doi.org/10.1093/jxb/ert085
https://doi.org/10.1590/1983-21252020v33n424rc
https://doi.org/10.14295/cs.v7i4.1541
https://doi.org/10.14295/cs.v7i4.1541
https://doi.org/10.1590/S0100-204X2014000100003
https://doi.org/10.1590/S0100-204X2014000100003
https://doi.org/10.5772/36249
https://doi.org/10.1021/ar300087y
https://doi.org/10.1021/ar300087y
https://doi.org/10.17765/2176-9168.2022v15n2e8723
https://doi.org/10.17765/2176-9168.2022v15n2e8723
https://doi.org/10.14808/sci.plena.2020.011201
https://doi.org/10.14808/sci.plena.2020.011201
https://doi.org/10.1016/j.cpb.2018.04.001
http://dx.doi.org/10.18542/ragros.v5i1.1409
https://doi.org/10.1007/s11738-014-1762-y
https://doi.org/10.1590/S1983-40632014000400012
https://doi.org/10.29247/2358-260X.2018v5i2.p146-156
https://doi.org/10.29247/2358-260X.2018v5i2.p146-156
https://doi.org/10.18593/eba.v19i1.20201
https://doi.org/10.18593/eba.v19i1.20201
https://doi.org/10.15809/irriga.2013v18n1p148
https://doi.org/10.1007/s13593-015-0287-0
https://doi.org/10.1007/s13593-015-0287-0
https://doi.org/10.1007/s11738-017-2357-1
https://doi.org/10.1007/s11738-017-2357-1
https://doi.org/10.3389/fpls.2019.00230
https://doi.org/10.3389/fpls.2019.00230


SOUSA ET AL   295  

https://plantsciencetoday.online 

Water Resourcesand Irrigation Management [Internet]. 2021;10

(1-3):38-50. Available from: https://doi.org/10.19149/wrim.v10i1
-3.2640 

40. Kurepin LV, Ivanov AG, Zaman M, Pharis RP, Allakhverdiev SI, 
Hurry V et al. Stress-related hormones and glycinebetaine inter-

play in protection of photosynthesis under abiotic stress condi-

tions. Photosynthesis Research [Internet]. 2015;126(2-3):221-35. 
Available from: https://doi.org/10.1007/s11120-015-0125-x 

41. Khan MIR, Asgher M, Khan NA. Alleviation of salt-induced photo-

synthesis and growth inhibition by salicylic acid involves gly-
cinebetaine and ethylene in mungbean (Vigna radiata L.). Plant 

Physiology and Biochemistry [Internet]. 2014;80:67-74. Availa-
ble from: https://doi.org/10.1016/j.plaphy.2014.03.026 

42. Farhangi-Abriz S, Alaee T, Tavasolee A. Salicylic acid but not 

jasmonic acid improved canola root response to salinity stress. 
Rhizosphere [Internet]. 2019;9:69-71. Available from: https://

doi.org/10.1016/j.rhisph.2018.11.009 

43. Garg N, Bharti A. Salicylic acid improves arbuscular mycorrhizal 
symbiosis and chickpea growth and yield by modulating carbo-

hydrate metabolism under salt stress. Mycorrhiza[Internet]. 
2018;28(8):727-46. Available from: https://doi.org/10.1007/

s00572-018-0856-6 

44. Ribeiro RC, Dantas BF, Matias JR, Pelacani CR. Efeito do estresse 
salino na germinação e crescimento inicial de plântulas de 

Erythrina velutina Willd. (Fabaceae). Gaia Scientia[Internet]. 
2017;11(4). Available from: https://doi.org/10.22478/ufpb.1981-

1268.2017v11n4.35471 

45. Cardoso MN, Araújo AG de, Oliveira LAR, Cardoso BT, Muniz AVC 
da S, Santos PSN dos et al. Proline synthesis and physiological 

response of cassava genotypes under in vitro salinity. Ciência 
Rural [Internet]. 2019;49(6). Available from: https://

doi.org/10.1590/0103-8478cr20170175 

46. Ahmad P, Alyemeni MN, Ahanger MA, Egamberdieva D, Wijaya L, 

Alam P. Salicylic acid (SA) induced alterations in growth, bio-
chemical attributes and antioxidant enzyme activity in Faba 

Bean (Vicia faba L.) seedlings under NaCl toxicity. Russian Jour-
nal of Plant Physiology[Internet]. 2018;65(1):104-14. Available 

from: https://doi.org/10.1134/S1021443718010132 

47. Silva TI da, Silva J de S, Dias MG, Martins JV da S, Ribeiro WS, 
Dias TJ. Salicylic acid attenuates the harmful effects of salt 

stress on basil. Revista Brasileira de Engenharia Agrícola e 
Ambiental[Internet]. 2022;26(6):399-406. Available from: https://

doi.org/10.1590/1807-1929/agriambi.v26n6p399-406 

48. El-Esawi MA, Elansary HO, El-Shanhorey NA, Abdel-Hamid AME, 
Ali HM, Elshikh MS. Salicylic acid-regulated antioxidant mecha-

nisms and gene expression enhance rosemary performance 
under saline conditions. Frontiers in Physiology [Internet]. 

2017;8. Available from: https://doi.org/10.3389/
fphys.2017.00716 

49. Miranda R de S, Mesquita RO, Costa JH, Alvarez-Pizarro JC, 
Prisco JT, Gomes-Filho E. Integrative control between proton 
pumps and SOS1 antiporters in roots is crucial for maintaining 

low Na+ accumulation and salt tolerance in ammonium-
supplied Sorghum bicolor. Plant and Cell Physiology[Internet]. 

2017;58(3):522-36. Available from: https://doi.org/10.1093/pcp/
pcw231 

50. Teixeira DT de F, Nogueira GA dos S, Maltarolo BM, Ataíde WL da 
S, Neto CF de O. Alterações no metabolismo do nitrogênio em 
plantas de noni sob duas condições hídricas. Enciclopédia 

Biosfera[Internet]. 2015:89-106. Available from: http://
dx.doi.org/10.18677/Enciclopedia_Biosfera_2015_073  

https://plantsciencetoday.online
https://doi.org/10.19149/wrim.v10i1-3.2640
https://doi.org/10.19149/wrim.v10i1-3.2640
https://doi.org/10.1007/s11120-015-0125-x
https://doi.org/10.1016/j.plaphy.2014.03.026
https://doi.org/10.1016/j.rhisph.2018.11.009
https://doi.org/10.1016/j.rhisph.2018.11.009
https://doi.org/10.1007/s00572-018-0856-6
https://doi.org/10.1007/s00572-018-0856-6
https://doi.org/10.22478/ufpb.1981-1268.2017v11n4.35471
https://doi.org/10.22478/ufpb.1981-1268.2017v11n4.35471
https://doi.org/10.1590/0103-8478cr20170175
https://doi.org/10.1590/0103-8478cr20170175
https://doi.org/10.1134/S1021443718010132
https://doi.org/10.1590/1807-1929/agriambi.v26n6p399-406
https://doi.org/10.1590/1807-1929/agriambi.v26n6p399-406
https://doi.org/10.3389/fphys.2017.00716
https://doi.org/10.3389/fphys.2017.00716
https://doi.org/10.1093/pcp/pcw231
https://doi.org/10.1093/pcp/pcw231
http://dx.doi.org/10.18677/Enciclopedia_Biosfera_2015_073
http://dx.doi.org/10.18677/Enciclopedia_Biosfera_2015_073

