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Abstract 
The cultivation of cotton is a relevant socioeconomic activity in the Brazilian 
agricultural scenario. In the Brazilian Northeast, however, production is li-
mited by low rainfall, requiring water supplementation, a problem for the 
cotton cultivation practiced in the semi-arid region, due to the presence of sa-
line ions in several water sources, from where the water is used for irrigation. 
It is necessary to identify cultivars that better tolerate saline stress in order to 
provide subsidies for their cultivation under such conditions. In this sense, 
the objective was to evaluate the tolerance of cotton cultivars to salinity. The 
experiment was conducted in a greenhouse, belonging to the Natural Re-
source Technology Center of the Federal University of Campina Grande, 
Campus I, Campina Grande, Brazil, in a completely randomized design in a 2 
× 5 factorial scheme, with four replications, totaling 40 experimental units 
(BRS 368 RF and BRS SAFIRA) submitted to five saline levels (1.5, 3.0, 4.5, 
6.0 and 7.5 dS∙m−1). Irrigation with water saline of EC from 1.5 dS∙m−1 affects 
adversely the growth of cotton cultivars, causing reductions in plant height, 
stem diameter, leaf area and number of leaves. Saline stress reduced the levels 
of the photosynthetic pigments of the cotton plants studied. 
 

Keywords 
Gossypium hirsutum L., Salinity, Chlorophyll 

 

1. Introduction 

The cultivation of cotton has been highlighted as an activity of great socioeco-
nomic importance, especially for the Brazilian agribusiness, cultivated in more 
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than fifteen states, with emphasis on the herbaceous cotton (Gossypium hirsu-
tum L.). Oliveira et al., (2012) [1] presented an estimate of 3.6 million tons of 
herbaceous cotton for the 2017 harvest [2]. 

In the semi-arid region of the Northeast, cotton production is one of the main 
agricultural activities of small and medium producers [3]. Cotton can be ex-
pressed as a farm alternative, due to the lower water requirement when com-
pared to other crops, due to its tolerance to salinity, allowing the use of areas af-
fected by salt and the use of water considerate of lower quality (high salt con-
centration) [4]. 

The use of water, which has high concentrations of salts, in irrigation for plant 
production, is a challenge that has been successfully overcome in several parts of 
the world, due to the use of tolerant species and the adoption of adequate man-
agement practices of crops, soil and irrigation water [5]. 

The plants, when cultivated under soil with salinity or irrigated with water sa-
line, have their growth compromised due to the osmotic effect, which reduces 
the water absorption by the plant and/or as a function of the specific effect of the 
ions that cause functional disorders and damages, especially in leaves, thus af-
fecting plant metabolism [6]. Thus, salinity can be considered as one of the abi-
otic stresses that most limits plant growth [7]. 

Biochemical and physiological processes are triggered in plants submitted to 
saline stress, which consequently interfere with their growth, stomatal behavior 
and photosynthetic capacity [8], due to the osmotic effects of the salts and the 
specific characteristics of Na+ and Cl− [9]. 

Qiu et al., (2014) [10] reported that saline stress, specifically, promotes the in-
hibition of the chlorophyllase enzyme, which results in a reduction in the levels 
of chlorophyll and its precursor, 5-aminolevulinate. 

Processes such as changes in fluorescence, may indicate the absence or pres-
ence of damage in the photosynthetic process, since the concentration of photo-
synthetic pigments, mainly chlorophyll a and chlorophyll b, is included in the 
factors linked to the photosynthetic efficiency of the plants because they are re-
sponsible for the capture of the light energy, later converted into chemical ener-
gy [11]. The fluorescence of Chlorophyll has become a method widely used for 
evaluating plant responses to environmental stresses [12]. 

The objective of this study was to evaluate the growth and content of photo-
synthetic pigments of two cotton cultivars submitted to saline stress. 

2. Material and Methods 

The experiment was conducted from November 2017 to April 2018, in green-
house conditions at the Natural Resources Technology Center of the Federal 
University of Campina Grande (CTRN/UFCG), Campina Grande, PB, in the 
mesoregion of the Agreste Paraibano, situated by the geographical coordinates 
7˚15'18''S latitude 35˚52'28''W longitude and average altitude of 550 m; being the 
climate of the region, according to the climatic classification of Köppen, adapted 
to Brazil, type Csa, which represents mesothermic climate, sub-humid, with dry 
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and hot dry season (4 to 5 months) and rainy season from autumn to winter. At 
the moment of conduction of the experiment, the effective seasons were spring 
and summer. These seasons are considering hot with low rainfall, mainly at the 
semiarid region of the Brazil. 

The treatments were distributed in a completely randomized design in a 2 × 5 
factorial scheme, with four replications, totaling 40 experimental units, corres-
ponding to two cotton cultivars (BRS 368 RF and BRS SAFIRA) associated to 
five levels of electrical conductivity of irrigation water (1.5; 3.0; 4.5; 6.0 and 7.5 
dS∙m−1). 

Salinized water was prepared by the addition of different amounts of sodium 
chloride (NaCl) in the local water supply (EC = 0.8 dS∙m−1), the amount being 
determined taking into account the relationship between ECw and concentra-
tion of salts (10* mmolc∙L−1 = 1 dS∙m1). 

The plants were cultivated in plastic pots, with 20 liters of capacity. At the 
base of the vessel was connected a transparent hose of 10 mm diameter, for col-
lection of the drained volume, in PET bottles of 2.0 L volumetric capacity. The 
end of the hose that is inside the vessel for collection of the drainage water was 
wrapped with a nonwoven geotextile blanket (Bidim OP 30) to prevent its ob-
struction by the soil material. The pots were filled with a 3 cm layer of gravel at 
the base and 18 kg of soil classified as Eutrophic Greyish Argissolo with a 
sandy-loam texture collected at depth of 0-20 cm from the rural area of the mu-
nicipality of Lagoa Seca, being properly disintegrated and sieved, whose physi-
cal-hydro and chemical characteristics (Table 1) were determined according to 
the methodologies proposed by [13]. In additional, the spacing of the plants was 
0.5 m between plants in row and 0.5 m between vessels. 

After filling the pots, soil moisture content was elevated close to the field ca-
pacity and maintained throughout the research, with daily irrigations applied in 
each vessel related to the water corresponding to the treatments. The volume 
applied was estimated by the water balance: volume of water applied minus the 
 
Table 1. Chemical and physical-water attributes of the soil used in the experiment, before 
to the application of the treatments. 

Chemical Characteristics  

pH (H2O) 
(1:2.5) 

M.O. 
% 

P 
(meq∙kg−1) 

K+ Na+ Ca2+ Mg2+ Al3+ + H+ PST 
(%) 

ECes 
(dS∙m−1) (meqkg−1) 

5.90 1.36 6.80 2.22 1.60 26.00 36.60 19.30 1.87 1.0 

Physical-Hydro Characteristics 
Granulometric Fraction  

(dag kg-1) Textural 
Class 

Moisture (kPa) 
AD 

Total 
Porosity 

% 

DA DP 

Sand Silte Clay 33.42 
1519.5 

dag∙kg−1 
(g∙cm−3) 

732.9 142.1 125.0 FA 11.98 4.32 7.66 47.74 1.39 2.66 

M.O.—Organic matter: Humid Digestion Walkley-Black; Ca2+ e Mg2+ extracted with KCl 1 mol∙L−1 pH 7.0; 
Na+ e K+ extracted using NH4OAc 1 mol∙L−1 pH 7.0; PST—Percentage of Exchangeable Sodium; 
ECes—Eletric Conductivity of saturation extract; FA—Sandy Franc; AD—Water Available; DA—Apparently 
Density; DP—Density of Particles. 
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volume of water drained in the previous irrigation, plus leaching fraction of 0.15, 
in order to avoid excessive accumulation of salts in the soil [14]. 

Sowing was performed with 4 seeds, which from the sowing, were submitted 
to the treatments. They were distributed equidistantly directly in the vessel, at a 
depth of 1.5 cm. At 20 days after sowing, the thinning was done leaving only the 
most vigorous seedling until the end of the experiment. 

Fertilization with nitrogen (N), phosphorus (P) and potassium (K) was per-
formed according to the recommendations of [15], with 100, 150 and 300 mg∙kg−1 
of N, K2O and P2O5, respectively, being applied together with the irrigation wa-
ter, with the potassic and phosphate fertilizations being divided into two equal 
applications, at intervals of 45 days, with the first application one day before 
sowing (DAS) and the nitrogen application divided into three applications, the 
first one being at 30 days after sowing, in a 30 day interval. The sources of nitro-
gen, phosphorus and potassium were urea, monoammonium phosphate and 
potassium chloride, respectively. 

For the phytosanitary control were sprayed using vegetable oil of Nim and 
Mospilan aiming the control of white fly according to the recommendation of 
the manufacturers. Spraying was performed at 5 pm. 

The growth variables were evaluated at 80 and 100 DAS, being plant height 
(AP), stem diameter (DC), number of leaves (NF), leaf area (FA) of cotton cul-
tivars, and physiological parameters as chlorophyll content was performed at 20 
DAS. 

The plant height was obtained taking as reference the distance from the lap of 
the plant until the insertion of the apical meristem. The stem diameter was 
measured at 3 cm from the plant neck, with the aid of a digital caliper. The 
number of leaves was obtained by counting fully expanded leaves with a mini-
mum length of 3 cm. The leaf area was obtained by measuring the length of the 
main vein of all leaves of the plant, according to equation [16], Equation (1). 

( )2.30020.4322AF P= ×∑                       (1) 

The chlorophyll contents were carried out in the laboratory of plant physiol-
ogy of the Federal University of Campina Grande. For the procedure, a leaf disc 
with a diameter of 0.771 mm of the leaf blade was removed by means of a punch, 
between the edge and the central vein of the leaf. The sample weight should vary 
between 50 - 200 g. The chlorophyll content a and b, total and the carotenoids 
were quantified by extracting the pigments from fresh leaf samples, which after 
being weighed, were punched and placed in recipients containing 6 mL of 80% 
acetone, which were kept in the dark and in a refrigerator for 48 hours; the su-
pernatants containing the extracted pigments were collected and the spectro-
photometer absorbance readings were taken at 470, 645 and 663 nanometers, 
according to [17] and [18]. The absorbance values are converted to the contents 
of chlorophyll a, b, total and carotenoids through Equations (2), (3), (4) and (5) 
respectively, originally proposed by [17] and still used by others authors [19]: 
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( )Chlorophylla 12.25 663 2.79 647A A= × − ×            (2) 

( )Chlorophyllb 21.5 647 5.10 663A A= × − ×            (3) 

( ) ( )Total chlorophyll 7.15 663 18.71 647A A= × + ×          (4) 

( )Total carotenoids 1000 470 1.82 85.02 198A Cla Clb= × − −      (5) 

The values obtained were converted to μg of pigment per gram of fresh mass, 
by a simple three rule. 

The data obtained were evaluated by analysis of variance by the “F” test at the 
0.05 and 0.01 probability level and in the cases of significance, linear and qua-
dratic polynomial regression analysis was performed for the “salinity” factor, 
and in the “cultivar” factor, the Tukey test was used to compare means at 5% 
probability using the statistical software SISVAR 5.6 [20]. 

3. Results and Discussion 

Based on the results of the analysis of variance of the data (Table 2), it was veri-
fied that there was a significant effect of the salinity levels of the irrigation water 
of the cotton on the biometric variables: plant height (AP), stem diameter (DC) 
leaf area (FA) and number of leaves (NF), in all periods studied. The cultivar 
factor was significant only for the number of leaves at 80 and 100 days after 
sowing. 

It is observed in Figure 1(a) that the increase of the salinity in the irrigation 
water affected negatively the height of the cotton plants in all evaluated epochs 
and, according to regression equations (Figure 1(a)), it is verified reductions of 
5.53% to 80% DAS and 5.87% to 100% DAS per unit increase in electrical con-
ductivity, and thus represent decreases of 27.84 and 31.59 cm in the height of the 
plants irrigated with 7.5 dS∙m−1 in relation to those submitted to irrigation with 
water of 1.5 dS∙m−1, at 80 and 100 DAS respectively. The reduction in the abso-
lute value for this variable must be associated to the excess of salts in the soil, 
causing, according to [21], a change in the external water potential and the ionic 
effect, caused by the accumulation of ions in the vegetal tissues, damage to vari-
ous physiological and biochemical processes such as photosynthesis, protein 
synthesis and lipid metabolism, and may cause serious damage to growth. 

A linear and decreasing response is observed through the regression equation 
with the increase of the electrical conductivity of the irrigation water. According 
to the regression equation for the stem diameter of the cotton plant (Figure 
1(b)), it can be observed that the plants showed reductions of 31.85 and 28.85%, 
respectively, at 80 and 100 DAS, in the plants submitted to the highest ECw in 
comparison with the lowest level of water salinity (1.5 dS∙m−1). Therefore, due to 
the reductions in stem diameter, as well as in height, they show a reflection of 
excess salts in the root zone, causing a deleterious effect on the growth of the 
plants, which showed a marked decrease in the growth of different organs, be-
cause the excess of salts restricts the turgor of expanding tissues [22]. Following 
the same trend as plant height and stem diameter (Figure 1(a) and Figure 1(b)),  
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Table 2. Summary of the “F” test for plant height (AP), stem diameter (DC), leaf area (FA) and number of leaves (NF) of cotton 
cultivars irrigated with saline water at 80 and 100 DAS. 

MIDDLE SQUARE 

Tratamentos GL AP DC AF NF 

Days after sowing 

  
80 100 80 100 80 100 80 100 

Salinity (dS m-1) 4 1006.86** 1308.10** 12.11** 9.09** 3223610.56** 4897387.66** 333.04** 833.96** 

Linear Regression 1 3878.11** 4992.80** 43.41** 35.55** 12336612.20** 19261819.18** 918.01** 3175.20** 

Quadratic Regression 1 84.01ns 75.57ns 1.47ns 0.15ns 87412.76ns 190838.14ns 225.72ns 0.89ns 

Cultivar 1 237.65ns 250.00ns 0.21ns 0.23ns 93275.79ns 729031.35ns 384.40* 1690.00** 

Int. (Sal x Cult.) 4 36.31ns 14.00ns 0.47ns 0.71ns 137510.01ns 114592.41ns 2.59ns 24.81ns 

Resídue 27 94.39 68.08 0.86 0.72 120110.10 177119.78 56.82 123.01 

CV (%) 
 

15.44 12.51 11.92 10.77 19.85 21.15 24.35 26.82 

*,**,nsSignificative to 5%, 1% e not significative, respectively. 

 

 
(a)                                     (b) 

Figures 1. (a) and (b) Plant height—AP (a) and stem diameter—DC (b), of cotton as a 

function of salinity of irrigation water, at 80 and 100 DAS. 

 
the leaf area and number of leaves were negatively influenced by the increase of 
ECw (Figure 2), in the evaluations performed at 80 and 100 DAS. 

When analyzing the regression equations for leaf area (AF) and number of 
leaves of cotton (Figure 2(a) and Figure 2(b)), as a function of water salinity, 
we can see that the regression model, to which the data fit better, was linear, with 
percentage reductions in AP of 8.95% and 9.45%, respectively, per unit increase 
of ECw, corresponding to a decrease of 1570.8 cm2 (53.72%) at 80 DAS and 
1962.7 cm2 (56.69%) at 100% of the plants irrigated with water of 7.5 dS∙m−1 in 
comparison with the plants submitted to irrigation with ECw waters equal to 1.5 
dS∙m−1. The reduction of leaf area is commonly considered a strategy of protection 
and/or acclimatization of plants to high salinity, mitigating water losses through 
the transpiration process and maintaining high water potential in the cell [23]. 

When analyzing the number of cotton leaves at 80 and 100 DAS, it is observed 
(Figure 2(b)) percentage reductions of 5.31% and 6.97%, respectively, per unit  
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(a)                                      (b) 

Figure 2. (a) and (b) Leaf area—AF (a) and Number of leaves—NF (b), at 80 and 100 
DAS of the cotton, as a function of the salinity of the irrigation water. 

 
increase of ECw in the irrigation water, which corresponds to a reduction of ap-
proximately 13 and 25 leaves, respectively, in the irrigated plants with higher sa-
line level in relation to those irrigated with the lowest level. 

These results corroborate with those found by [24] who also verified reduc-
tion in the leaf area of the cotton with the increase of the salinity of the water. 
[25] also observed a reduction of leaf area and number of leaves when submitted 
to “BRS Rubi” cotton plants to saline stress, evidencing that the leaves are sensi-
tive organs and as a defense mechanism they reduce in size and number in the 
presence of high concentrations of salts, in order to reduce water loss through 
transpiration. 

The variable number of leaves differed significantly among cotton cultivars. 
According to the means test, the cultivar “BRS 368 RF” obtained higher values of 
number of leaves, being approximately 34 and 48 leaves at 80 and 100 DAS, re-
spectively, with a difference of 7 leaves at 80 DAS and 13 leaves to 100 DAS, in 
relation to cultivar “BRS Safira” (Figure 3). 

The ANOVA results for the photosynthetic pigments presented in Table 3 
indicated that the levels of chlorophyll a, b, total and carotenoids were signifi-
cantly influenced by the salinity of irrigation water. Already the cultivar factor 
had a significant effect only on chlorophyll a and carotenoids (p < 0.01). 

The levels of chlorophyll a, b, total (CLT) and carotenoids (CAT) differed sta-
tistically at 20 DAS with increasing salinity, according to the regression equation 
(Figure 4) as a function of the salinity of irrigation water, was linear. Chloro-
phyll a and b (Figure 4(a) and Figure 4(b)) showed reductions of 262.2 μg∙g−1 
MF (38.5%) and 99.6 μg∙g−1 MF (46.1%), respectively, in plants irrigated with 7.5 
dS∙m−1 in relation to those submitted to water irrigation of 1.5 dS∙m−1. According 
to [26], the increase of salt concentrations, and consequent increase in the elec-
trical conductivity of the irrigation water, give rise to stress to the plants by the 
phytotoxic effect, reflected in the concentration of the photosynthetic pigments. 

It was also observed a reduction of approximately 6% in the total chlorophyll 
content of the cotton plants per unit increment of ECw (Figure 4(c)). Similar to 
the total chlorophyll content, carotenoids (Figure 4(d)) had a negative behavior  
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Figure 3. Tukey test for plant height at 80 and 
100 DAS of cotton as a function of cultivars 
“BRS 368 RF” and “BRS Safira”. 

 

 
(a)                                     (b) 

 
(c)                                      (d) 

Figures 4. (a), (b), (c) and (d) Chlorophyll a—CLa (a), chlorophyll b—CLb (b), total 
chlorophyll—CLT (c) and carotenoid—CAT (d), at 20 DAS of the cotton in function of 
irrigation water salinity. 

 
with increasing electrical conductivity of the irrigation water, with a decrease of 
71.27 μg∙g−1 MF between the levels of 1.5 and 7.5 dS∙m−1 corresponding to a rela-
tive loss of 41.12%, that is, the unit increment of dS∙m−1 in ECw provided a de-
crease of 6.21% in the total amount of carotenoids present in cotton leaves, in all 
periods of study. 

According to [27], the reduction in chlorophyll levels is probably due to the 
imbalance of physiological and biochemical activities due to the excess of salts, 
besides the tolerance of the cultures. These authors also mention that excess salts 
can stimulate the enzymatic activity of chlorophyllase that degrades the mole-
cules of the photosynthetic pigment inducing the structural destruction of chlo-
roplasts. 

a

a

b

b

0

10

20

30

40

50

60

NF 80DAS NF 100DAS

N
um

be
r o

f l
ea

ve
s

BRS 368 RF BRS SAFIRA

y = 745.77-43.698**x  
R² = 0.8778

0

160

320

480

640

800

C
La

(μ
g 

g-1
M

F)

y = 241.15-16.602**x 
R² = 0.8325

0

50

100

150

200

250

C
Lb

(µ
g 

g-1
M

F)

y = 994.43-60.139**x 
R² = 0.8894

0
200
400
600
800

1000

1.5 3.0 4.5 6.0 7.5

C
LT

 (µ
g 

g-1
M

F)

ECw (dS m-1)

y = 191.17-11.879*x
R² = 0.9498

0
40
80

120
160
200

1.5 3.0 4.5 6.0 7.5C
A

T 
(µ

g 
g-1

M
F)

ECw (dS m-1)

https://doi.org/10.4236/as.2019.101007


E. C. S. Nascimento et al. 
 

 

DOI: 10.4236/as.2019.101007 89 Agricultural Sciences 
 

Table 3. Summary of the analysis of variance for chlorophyll a (CL a), chlorophyll b (CL 
b) total chlorophyll (CLT) and carotenoid (CAT) of cultivars of cotton irrigated with salt 
water, 20 DAS. 

MIDDLE SQUARE 

Treatments GL CL a 1CL b CLT CAT 

Salinity (dS∙m−1) 4 97894.41** 24.04* 182994.05** 6776.29* 

Linear Regression 1 343716.40** 70.55** 650993.25** 15068.68* 

Quadratic Regression 1 35830.77ns 5.83ns 8576.58ns 11228.22* 

Cultivar 1 121349.09** 5.32ns 142536.14ns 21533.31** 

Int. (Sal × Cult.) 4 49626.68ns 13.53ns 101412.60ns 3644.57ns 

Residue 27 15024.83 8.77 37551.64 2362.57 

CV (%) 
 

22.32 23.12 26.77 36.38 

*,**,nsSignificative to 5%, 1% and not significative, respectively. 1statistical analysis performed after data 

transformation in x . 

 

 
(a)                                      (b) 

Figures 5. (a) and (b): Tukey test for chlorophyll a—CLa (a) and carotenoid—CAT (b), 
at 20 DAS of the cotton as a function of cultivars “BRS 368 RF” and “BRS SAFIRA”. 

 
Figure 5 shows the Tukey test among cotton cultivars as a function of irriga-

tion water salinity at 20 DAS. It can be observed that cultivar “BRS 368 RF” 
showed higher averages for chlorophyll content a and carotenoids, 624.1 μg∙g−1 
MF and 156.82 μg∙g−1 MF, respectively, when compared to the cultivar SAFIRA. 

4. Conclusions 

Irrigation with saline water of 1.5 dS∙m−1 affects adversely the growth of cotton 
cultivars, causing reductions in plant height, stem diameter, leaf area and num-
ber of leaves. 

Saline stress reduces the levels of the photosynthetic pigments of the cotton 
plants studied. 

There was not interaction between salinity factors of irrigation water and cot-
ton cultivars for any of the variables analyzed. 
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