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ABSTRACT
The objective of this study was to evaluate growth, flowering and production components
of the cotton cv. ‘BRS Topázio’ irrigated with water of different salinity levels and potassium
(K) doses in the soil. The research was conducted in a greenhouse. The experiment was set
in a randomized complete block design with four replicates, in 4 x 4 factorial arrangement
with 4 levels of irrigation water salinity (1.5, 3.0, 4.5 and 6.0 dS m-1) and four K doses (50, 75,
100 and 125% of the recommendation); the dose of 100% corresponded to 150 mg K2O kg-1
of soil. Irrigation water salinity reduced stem diameter, plant height, number of leaves and
leaf area of the cotton cv. ‘BRS Topázio’. Leaf area at 53 DAS was the most affected variable.
The highest K dose associated with increased salinity of the irrigation water caused a more
deleterious effect on the number of leaves and leaf area at 108 DAS. Progressive increases
in irrigation water salinity proportionally increased flower abortion rate and, consequently,
reduced the total number of bolls and seed weight of cotton.

Palavras-chave:
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Adubação potássica no cultivo do algodoeiro
de fibra colorida irrigado com águas salinas
RESUMO
Objetivou-se neste trabalho avaliar crescimento, floração e os componentes de produção
do algodoeiro cv. BRS Topázio em função da irrigação com águas de diferentes níveis de
salinidade e doses de potássio no solo. A pesquisa foi conduzida em casa de vegetação. O
delineamento experimental utilizado foi o de blocos casualizados em arranjo fatorial 4 x 4,
com três repetições cujos tratamentos consistiram de quatro níveis de condutividade elétrica
da água de irrigação (1,5; 3,0; 4,5 e 6,0 dS m-1) e quatro doses de potássio (50; 75; 100 e 125%
da recomendação), sendo a dose de 100% correspondente a 150 mg K2O kg-1 de solo. A
salinidade da água de irrigação reduziu o diâmetro de caule, altura de plantas, número de
folhas e área foliar do algodoeiro, sendo a área foliar aos 53 dias após a semeadura (DAS)
a variável mais afetada. As maiores doses de potássio associadas ao aumento da salinidade
da água de irrigação proporcionaram um efeito depressivo no número de folhas e na área
foliar aos 108 DAS. Aumentos progressivos da salinidade da água de irrigação elevaram,
de forma proporcional, a taxa de abortamento de flores e, consequentemente, reduziram
o número de capulhos total e a massa de algodão em caroço.
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Introduction
Belonging to the Malvaceae family, herbaceous cotton
(Gossypium hirsutum L.) is among the main crops cultivated in
the world, because its fiber is one of the most used in the textile
industry and has great applicability in various products, being
inserted in the group of bioenergetic products (Alves et al.,
2008). In Brazil, the production of colored cotton has stood out
for its socioeconomic importance to maintain labor in rural areas
and generate jobs, and for its great environmental appeal, since
it eliminates the dyeing stage in the industry, which produces
a large volume of residues, compromising the environment
(Cardoso et al., 2010).
In the semiarid region of Northeast Brazil, especially in the
state of Paraíba, one of the obstacles for cotton cultivation is the
salinity of soil and/or irrigation water (Cavalcante et al., 2010).
The presence of salts in excess in the water causes reduction in
crop growth and production, due to the decrease of the osmotic
potential of the soil solution and occurrence of ionic toxicity and
nutritional imbalances (Khan & Panda, 2008).
Although cotton is a crop tolerant to salt stress, with
threshold salinity level of 5.1 dS m-1 in the irrigation water
and 7.7 dS m-1 in the soil saturation extract (Ayers & Westcot,
1999), variations in the tolerance level may occur depending
on the genotype and other factors, such as type of cation/anion,
concentration of salts, time of exposure to stress, phenological
stage, edaphoclimatic conditions and fertilization management
(Neves et al., 2008).
Potassium (K) fertilization can be considered as an
alternative, which can minimize the deleterious effects caused
by the high concentrations of salts in the water, because this
macronutrient plays a key role in the osmotic regulation and
promotes turgor maintenance in guard cells, which results in
absorption of water by these cells and by adjacent cells and,
consequently, generates more turgor and stomatal opening
(Langer et al., 2004). Furthermore, it acts as osmoregulator,
playing an essential role in water saving, cell turgor, carbohydrate
transport and respiration (Shimazaki et al., 2007).
In this context, this study aimed to evaluate the effects of
irrigation using water of different saline levels and K fertilization
on the growth and production of the colored cotton cv. ‘BRS
Topázio’.

Material and Methods
The experiment was carried out from September 2016
to February 2017 in pots adapted as drainage lysimeters in a
greenhouse at the Center of Technology and Natural Resources
of the Federal University of Campina Grande (CTRN/UFCG),
located in the municipality of Campina Grande, Paraíba, at local
geographic coordinates 7° 15’ 18’’ S, 35° 52’ 28’’ W and mean
altitude of 550 m.
The experiment was set in randomized complete blocks,
in a 4 x 4 factorial arrangement, with three replicates, and the
treatments consisted of four levels of irrigation water electrical
conductivity - ECw (1.5; 3.0; 4.5 and 6.0 dS m-1) and four K
doses - KD (50, 75, 100 and 125%) recommended by Novais et al.
(1991), and the dose of 100% corresponded to 150 mg K2O kg-1 of
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soil. The experiment used drainage lysimeters with capacity for
20 L, perforated at the bottom to allow drainage and connected
to a transparent drain with diameter of 4 mm. The tip of the
drain inside the lysimeter was involved in a nonwoven geotextile
(Bidim OP 30) to avoid obstruction with soil material. A plastic
bottle was placed below each drain to collect the drained water,
in order to estimate water consumption by the plants.
Each lysimeter received a 0.5-kg layer of crushed stone
followed by 22 kg of a eutrophic Regolithic Neosol with sandy
loam texture (0-0.20 m), from the municipality of Esperança,
PB, whose chemical and physical-hydraulic attributes were
determined according to Claessen (1997): Ca2+, Mg2+, Na+, K+,
H+, Al3+ = 3.49; 2.99; 0.17; 0.21; 5.81 and 0 cmolc kg-1, respectively;
CEC = 12.67 cmolc kg-1; organic matter = 1.83 dag kg-1; P = 18.2
mg kg-1; pH in water (1:2.5) = 5.63; Saturation extract electrical
conductivity (dS m-1) = 0.61; SAR (mmol L-1)½ = 1.46; sand, silt
and clay = 572.3, 100.8 and 326.9 g kg-1, respectively; moisture
at 33.42 and 1519.5 kPa = 12.68 and 4.98 dag kg-1, respectively.
This study evaluated the colored cotton cultivar ‘BRS
Topázio’, for having high percentage of fiber (43.5%), high
uniformity (85.2%) and high resistance (31.9 gf tex-1), promoting
excellent characteristics, comparable to cultivars with white fiber
and superior to the other cultivars with colored fiber. The mean
yield achieved by the cultivar ‘BRS Topázio’ is 2,825 kg ha-1 under
irrigated cultivation (EMBRAPA, 2011).
Irrigation water was prepared using commercial iodinefree sodium chloride (NaCl), adjusting the concentration of
the public-supply water and considering the ratio between
ECw and the concentration of salts (10*mmolc L-1 = ECw dS
m-1), according to Richards (1954). After preparation and ECw
calibration, using a portable conductivity meter, the saline water
was stored in 120-L plastic recipients, properly protected to
avoid evaporation.
Irrigations were manually performed and the applied
irrigation depth was determined according to the water
requirement of the plants, estimated through the water balance:
applied volume minus the volume drained in the previous
irrigation, plus a leaching fraction of 0.10 (Ayers & Westcot,
1999). Before sowing, all lysimeters were taken to field capacity
using water, according to the treatment. After sowing, irrigation
was daily performed by applying, in each lysimeter, a water
volume to maintain soil moisture close to field capacity. Seven
seeds of the cotton cv. ‘BRS Topázio’ were planted in each
lysimeter, at depth of 2 cm and equidistantly distributed. At 18
and 36 days after sowing (DAS), thinnings was performed to
leave only one plant per lysimeter.
Basal fertilization with phosphorus was applied based on
Novais et al. (1991), using 300 mg of P2O5 kg-1 of soil in the form
of monoammonium phosphate (NH4H2PO4). Urea (NH2-CONH2) was used as N source and potassium chloride (KCl) as K
source. The fertilizations with N and K were split; one third of
each nutrient was applied at 15 DAS and the rest in three equal
applications, along with the saline water at 15-day intervals.
Foliar fertilizations with micronutrients were performed at
15, 33, 51, 69 and 87 DAS, using 1.5 L of solution containing
3.0 g L-1 of ubyfol (N-15%; P2O5-15%; K2O-15%; Ca-1%; Mg1.4%; S-2.7%; Zn-0.5%; B-0.05%; Fe-0.5%; Mn-0.05%; Cu0.5%; Mo-0.02%). The phytosanitary control was performed
R. Bras. Eng. Agríc. Ambiental, v.21, n.9, p.628-633, 2017.
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preventively with application of insecticides of the Carbonate
and Neonicotinoid chemical groups, fungicide of the Triazole
chemical group, and acaricide of the Abamectin chemical group.
The effects of the treatments on the crop were evaluated
through the growth variables: stem diameter (SD), plant height
(PH), number of leaves (NL) and leaf area (LA) at 53 and 108
DAS; flower abortion rate (FAR) was determined at 108 DAS
and the production: number of bolls per plant and cotton seed
weight at 136 DAS.
Plant height was measured as the distance between the base
of the plant until the insertion of the apical meristem. Stem
diameter was measured at 5 cm from the base of the plant. Leaf
area was obtained by measuring the midrib length of all leaves,
while leaf area per plant was determined by the sum of the leaf
areas of all leaves, considering the methodology described by
Grimes & Carter (1969), according to Eq. 1:
y = ∑ ( 0.4322 x 2.3002 )

(1)

where:
y
- total leaf area; and,
x
- midrib length of the cotton leaf.
Flower abortion rate was obtained through the relationship
between the number of open flower buds and total number
of flowers produced, in percentage. The bolls were harvested
per plant always when they reached harvesting point; the total
number of bolls was obtained through the count of all bolls
produced per plant and cotton seed weight was determined
for each plot.
The collected data were subjected to analysis of variance by
F test; when significant, linear or quadratic regression analysis
was performed using the program SISVAR (Ferreira, 2011).
Variance and regression analyses were conducted at 0.05 and
0.01 probability levels.

Results and Discussion
According to the summary of the analysis of variance (Table
1), there was a significant effect (p < 0.01) of the water salinity
levels (SL) on stem diameter (SD), plant height (PH), number

of leaves (NL) and leaf area (LA), at 53 and 108 DAS. The
K doses (KD) did not influence significantly (p > 0.05) the
studied variables in any of the evaluated periods. Regarding
the interaction between factors (SL x KD), significant effect (p
< 0.01) occurred only on number of leaves and leaf area of the
cotton cv. ‘BRS Topázio’, at 108 DAS.
Based on the effect of salinity on stem diameter of the
cotton cv. ‘BRS Topázio’ at 53 and 108 DAS (Figure 1A), there
were decreases of 3.56 and 4.50% per unit increase in water
salinity. Comparing the plants irrigated using water with
low and high salinity, the reductions were 16.92 and 22.15%,
corresponding to 0.95 and 1.75 mm, respectively.
Plant height decreased with the increase of salinity (Figure
1B), regardless of the K doses; however, the level of this effect
varied according to the evaluated interval, so that within
the interval between 1.5 and 6.0 dS m-1, there were percent
losses of the order of 31.93% (13.60 cm) at 53 DAS and
46.34% (30.01 cm) at 108 DAS, i.e., reductions of 6.41 and
8.92% per unit increase in the irrigation water salinity, at 53
and 108 DAS, respectively.
Both variables exhibited linear reduction with the
increment of salinity, which may be related to the decrease in
the osmotic potential, which compromises the transport of
water towards plant cells (Ahmed & Moritani, 2010). Oliveira
et al. (2008), working with cotton cultivars irrigated using
water with different salinity levels (0.5 to 8.5 dS m-1) in the
period from 21 to 56 days after planting, also observed that the
growth of the three cultivars was inhibited by the increment in
the saline concentration in the irrigation water.
The increase in irrigation water salinity also significantly
reduced the number of leaves and leaf area of the cotton
cv. ‘BRS Topázio’ at 53 DAS (Figures 1C and 1D), with a
progressive reduction in NL (8.68 leaves) and LA (336.19 cm2)
as the electrical conductivity of the irrigation water increased
from 1.5 to 6.0 dS m-1, respectively. With these reductions of
9.56 and 10.58% in the number of leaves and leaf area per unit
increase of ECw, this phenomenon contributes to reducing the
capacity of production of organic assimilates and results in
the inhibition of cotton growth, as also reported by Oliveira
et al. (2012).

Table 1. Summary of the analysis of variance for stem diameter (SD), plant height (PH), number of leaves (NL) and leaf
area (LA) of the cotton cv. ‘BRS Topázio’ irrigated with water of different saline levels and potassium doses, at 53 and
108 days after sowing
Mean squares
Source of variation
Saline levels (SL)
Linear regression
Quadratic regression
K doses (KD)
Linear regression
Quadratic regression
Interaction SL*KD
Blocks
Residual
CV (%)
ns, ** , *

SD

DF
3
1
1
3
1
1
9
2
30

53
2.18**
6.07**
0.46ns
0.09ns
0.19ns
0.05ns
0.16ns
0.18ns
0.18
8.34

PH
108
7.28**
32.07**
1.45ns
0.25ns
015ns
0.21ns
0.65ns
0.21ns
0.64
11.37

53
422.81**
1233.97**
34.34ns
58.64ns
146.64**
0.44ns
17.04ns
54.84
23.17
13.45

NL
Days after sowing
108
53
2026.13**
171.02**
6010.0**
504.60**
15.19ns
8.33ns
ns
174.17
11.42ns
440.10**
1.06ns
ns
0.75
5.33ns
82.02ns
4.86ns
ns
0.91
7.64ns
52.16
4.17
14.51
15.78

Not significant, significant at p < 0.01 and p < 0.05, respectively; DF - Degrees of freedom; CV - Coefficient of variation
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LA
108
553.57**
1535.2**
111.-2ns
31.07ns
90.04ns
1.69ns
209.15**
65.81ns
52.21
16.46

53
268992.6**
753610.23**
52830.5ns
27845.1ns
65055.8*
15063.4ns
21178.74ns
18717.0ns
14588.2
18.38

108
2610788.3**
7583664.7**
75862.9ns
108968.8ns
310319.7ns
16387.7ns
300370.1**
7177.05ns
91697.8
10.44
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B. 70

8

Plant height (cm)

Stem diameter (mm)

A. 10

6
4
y(108 DAS)=8.485-0.389**x
y(53 DAS)=5.955-0.212**x

2

R² = 0.93
R² = 0.92

0
1.5

3.0

4.5

ECw (dS

3.0

4.5

53 DAS

8

6.0

m-1)

53 DAS

D. 640
Leaf area (cm2)

Number of leaves

1.5

108 DAS

53 DAS

512
384
256
128

4
y

=20.20-1.933**x

R² = 0.98
0

0
1.5

3.0
4.5
ECw (dS m-1)

E. 25
20
15

y (1.5 dS m-1) = 26.00-0.146**x R² = 0.94
y (3.0 dS m-1) =20.26-0.090*x R² = 0.89
y (4.5 dS m-1)=24.16-0.113 **x R² = 0.89
y (6.0 dS m-1)= 22 -0.113 **x R² = 0.99

-1

3.0 dS m

100
-1

4.5 dS m

6.0

ECw (dS m-1)
108 DAS
y(1.5 dS m-1) = 5744- 87.97 **x+0.360*x2 R² = 0.96
y(3.0 dS m-1) =1834.50- 8.511 *x-0.005*x2 R² = 0.86
y (4.5 dS m-1)=1971.14 - 8.831 *x-0.025*x2 R² = 0.89

2000
1500
1000

125

y(6.0 dS m-1)=1846.80 -12.58*x+0.01**x2 R² = 0.91

0
50

75
100
Potassium doses (%)

Potassium doses (%)
1.5 dS m

4.5

500

0
75

3.0

F. 2500

108 DAS

50

y = 705.8-74.71**x R² = 0.93
1.5

6.0

Leaf area (cm2)

Number of leaves

y(108 DAS)= 74.78-6.671**x R² = 0.98
y(53 DAS)= 47.13-3.023**x R² = 0.97

14

ECw (dS

108 DAS

12

5

28

0

6.0

16

10

42

m-1)

53 DAS

C. 20

56

-1

6.0 dS m

-1

1.5 dS m

-1

3.0 dS m

-1

4.5 dS m

-1

125
6.0 dS m

-1

Figure 1. Stem diameter (A), plant height (B) at 53 and 108 days after sowing - DAS, number of leaves (C) and leaf area
(D) at 53 DAS, as a function of the water electrical conductivity - ECw, and number of leaves (E) and leaf area (F) of the
cotton cv. ‘BRS Topázio’, as a function of the interaction between the factors ECw levels and potassium doses, at 108 DAS
The interaction between K doses and the different saline levels
of irrigation water caused reductions in the number of leaves at
108 DAS; however, the intensification of the effects depended
on irrigation water salinity (Figure 1E). The K dose resulting in
highest NL was 50% K2O, associated with water salinity of 1.5
dS m-1, which led to 18.7 leaves plant-1. However, at the highest
K dose (125% K2O), the number of leaves showed reductions
of 58.55, 42.82, 45.78 and 51.86% in plants irrigated with water
of 1.5, 3.0, 4.5 and 6.0 dS m-1, respectively, compared with the
lowest dose of K fertilization. The negative effects of the high K
doses on plants subjected to salt stress, evidenced in the present
study, are similar to those observed in sorghum plants, because
the addition of potassium chloride, a salt with high saline index,
results in intensification of the osmotic effect (Lacerda et al., 2003).
Regarding cotton leaf area as a function of the interaction
between factors (SL x KD) at 108 DAS (Figure 1F), in consonance
with the results obtained for number of leaves, plants irrigated
with ECw of 1.5 dS m-1 and fertilized with 50% K2O showed

greater leaf expansion (2245.5 cm2). However, as the K doses
increased to 125% K2O, there were reductions of 83.41, 50.40,
67.51 and 65.35% at ECw levels of 1.5, 3.0, 4.5 and 6.0 dS m-1,
with reductions in leaf expansion of 1873, 703.95, 990.45 and
812.25 cm2, respectively, compared with plants that received
the dose of 50% K2O.
Growth reductions caused by the increase in K fertilization
were also reported by Prazeres et al. (2015), who evaluated
growth and physiology of two cowpea cultivars irrigated with
saline water and subjected to different K levels in the form of KCl
(0.5; 1.0; 2.0 and 4.0 g KCl per pot), and observed that the highest
K doses associated with salinity caused a deleterious effect on
the growth of the cowpea cultivars. However, the results differ
from those reported by Gurgel et al. (2010), who highlighted
the benefit of K fertilization in melon plants, cv. Goldex, under
salt stress, but using potassium sulfate.
Based on the analysis of variance (Table 2), significant effect
occurred only for irrigation water salinity on flower abortion rate
R. Bras. Eng. Agríc. Ambiental, v.21, n.9, p.628-633, 2017.
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3
1
1
3
1
1
9
2
30

FAR
1106.43*
3125.24**
0.94ns
396.48ns
0.07ns
737.27ns
449.33ns
337.75ns
260.26
14.58

Mean squares
TNB
CSW
108.40**
1625.09**
315.10**
4752.51**
ns
9.18
16.67ns
2.52ns
12.45ns
ns
0.20
10.74ns
1.02ns
13.85ns
5.96ns
11.51ns
2.14ns
5.14ns
3.12
26.08
18.29
17.32

Not significant, significant at p < 0.01 and p < 0.05, respectively; DF - Degrees of
freedom; CV - Coefficient of variation
ns, ** , *

(FAR), total number of bolls (TNB) and seed weight (CSW) of
the cotton cv. ‘BRS Topázio’, although there was no significant
influence (p > 0.05) for the interaction between irrigation water
salinity and K doses on any of the analysed variables.
Irrigation with saline water caused a linear increment in the
flower abortion rate (FAR) of the cotton cv. ‘BRS Topázio’, equal
to 16.81% per unit increase in ECw, and the highest values were
estimated for plants irrigated using water of highest salinity
level (6.0 dS m-1), of 57.47%, corresponding to an increment of
56.85% in comparison to plants irrigated using water with the
lowest saline level (1.5 dS m-1), with 35.82% in FAR (Figure 2A).
It is worth pointing out that the excess of salts in the root zone
of the plants also has harmful effects on flowering, due to the
greater osmotic effect outside the roots and restriction to water
flow from soil to plants. In addition, high saline concentration
in the soil can cause imbalances induced by the toxicity of Na+
and Cl- ions, interfering with the hormonal balance and leading
to alterations in the microsporogenesis and stamen filament
elongation, resulting in programed cell death in some types of
tissues, ovule abortion and senescence of fertilized embryos
(Shrivastava & Kumar, 2015).
The results of total number of bolls are consistent with those
observed for flower abortion rate, with reductions in response
to the increase in irrigation water salinity. There was reduction
of 12.83% per unit increase in salinity and total loss of 6.42 bolls
plant-1 (71.51%) in plants irrigated ECw of 6.0 dS m-1, compared
with those irrigated using water of lowest salinity (Figure 2B).
These results agree with those obtained by Oliveira et al. (2012),
who worked with the cultivar Delta Opal, under irrigation with
salinized water, and observed that the number of bolls per plant
decreased by 6.46% per unit increase in salinity.
According to the regression equation (Figure 2C), there
was a decreasing linear effect of the ECw levels on cotton seed
weight (CSW), with reduction of 14.99% per unit increase in
ECw, i.e., plants that received the highest saline level (6.0 dS m-1)
exhibited a reduction in this variable of 87.04% (26.69 g plant-1),
compared with those irrigated with ECw of 1.5 dS m-1. The
reduction in cotton seed weight due to the increase in ECw
can be attributed to the reduction in the osmotic potential and
metabolic disorders, especially related to the absorption of
R. Bras. Eng. Agríc. Ambiental, v.21, n.9, p.628-633, 2017.

FAR (%)

Saline levels (SL)
Linear regression
Quadratic regression
Doses of K (KD)
Linear regression
Quadratic regression
Interaction SL x KD
Blocks
Residual
CV (%)

DF

56
42
28
14
y= 28.61+4.811 **x R² = 0.94
0
3.0
4.5
B. 10 1.5
-1
ECw (dS m )
8
Total number of bolls

Source of variation

A. 70

6.0

6
4
2

y =11.12-1.427**x R² = 0.94
0
3.0
4.5
C. 351.5
-1
ECw (dS m )
28
CSW (g plant -1)

Table 2. Summary of the analysis of variance for flower
abortion rate (FAR), total number of bolls (TNB) and seed
weight (CSW) of the cotton cv. ‘BRS Topázio’ irrigated with
water of different saline levels and potassium doses

6.0

21
14
7
y =39.57-5.933**x R² = 0.97
0
1.5

3.0
4.5
ECw (dS m-1)

6.0

Figure 2. Flower abortion rate - FAR (A), total number of
bolls - TNB (B) and cotton seed weight - CSW (C) of the
cotton cv. ‘BRS Topázio’, as a function of water electrical
conductivity - ECw
water and nutrients by plants, resulting in lower number of bolls
and, consequently, reductions in cotton production (Cordão
Sobrinho et al., 2007; Oliveira et al., 2012). Santos et al. (2016),
working with the cotton cv. ‘BRS Topázio’, under irrigation water
salinity, also observed reduction in cotton production of 80.5%
between plants irrigated using water of 0.7 and 8.7 dS m-1.

Conclusions
1. Irrigation water salinity reduces stem diameter, plant
height, number of leaves and leaf area of the cotton cv. ‘BRS
Topázio’, and leaf area at 53 days after sowing (DAS) was the
most affected variable.
2. The highest K doses associated with the increase in
irrigation water salinity led to a more deleterious effect on
number of leaves and leaf area at 108 DAS.
3. Progressive increments in irrigation water salinity caused a
proportional increase in flower abortion rate and, consequently,
reduced the total number of bolls and cotton seed weight.
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