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Abstract 

Carrying out research evaluating the responses of cotton plants to potassium fertilization 

in different regions is of great importance, as it allows the development of 

recommendations for fertilization of this nutrient for the crop based on results from 

localized studies. Therefore, the aim of this work was to evaluate the responses of cotton 

plants to potassium fertilization in the climate and soil conditions of the Cariri region, 

located in the northeastern State of Ceará, Brazil. The experiment was conducted in an 

experimental area at the School of Technology (FATEC - Cariri campus), located in the 

city of Juazeiro do Norte, Ceará State. A completely randomized design (CRD) was 

adopted for statistics. The treatments were composed of a combination of five doses of 

potassium (0, 25, 50, 75, and 100 kg ha-1 of K2O, equivalent to 0, 50, 100, 150, and 200% 

of the K recommended for cotton cultivation) with four replications. At 70 days after 

sowing, the plants were collected. Measurements were taken of stem diameter, number 

of leaves, root dry matter, shoot dry matter, total dry matter, number of floral buds, 

number of cotton balls, and cotton ball weight. Except for the shoot dry matter and the 

cotton ball weight, the remaining analysed variables were significantly influenced by 

potassium doses. Potassium doses between 65 and 100 kg ha-1 of K2O maximized the 

growth, dry matter, and production components of the cotton plant in the soil and climate 

conditions of the Cariri region, northeastern Brazil. 
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Introduction 

The cotton plant (Gossypium hirsutum L) is an important 

commercial crop, grown especially for fiber production (Keya 

et al., 2023). Every year, an average of 35 million hectares of 

cotton is planted across the planet. The world cotton trade 

generates around US$12 billion annually and involves more 

than 350 million people in its production. World cotton 

production is led by the Asian continent, with India in first 

place, China in second, the United States in third, and Brazil 

in fourth (ABRAPA, 2023). In Brazil, crop production is 

concentrated in the Center-West, Northeast, and Southeast 

regions (IBGE, 2023). In the 2021/2022 harvest, the area 

cultivated with cotton in Brazil totaled 1,600.5 thousand 

hectares, producing 6,273.5 thousand tons (CONAB, 2023). 

Since the 2015/16 harvest, the State of Ceará has shown an 

evolution in cotton production that represents, in addition to 

aspects of volume growth, a characteristic of the resumption 

of cotton cultivation. They are the results of actions by 

farmers, companies, and government agencies, consolidated 

and made official in 2017 with the launch of the Cotton 

Culture Modernization Program created with the aim of 

rebuilding cotton farming in Ceará (EMBRAPA, 2017). 

To maximize cotton yield, the conditions under which it is 

grown are crucial. Cotton plants are often subjected to 

potassium (K) deficiency in the soil (Fontana et al., 2020). The 

nutrient is the second most absorbed element by the cotton 

plant (Lima et al., 2019), performing an essential role in 

growth, development, production, and fiber quality (Raper, 

2017), increasing crop water use efficiency and disease 

resistance (Wakeel et al., 2017), as well as improving 

photosynthetic activity (Hatfield & Dold, 2019). A deficiency 

of this nutrient results in premature senescence and decreases 

the crop's tolerance to stress, while its excess reduces 

productivity and yield, in addition to causing environmental 

pollution (Wu et al., 2019). Therefore, throughout the cotton 

cycle, maintaining adequate levels of this nutrient in the soil is 

essential to guarantee high yield (Shao et al., 2023). 

In this context, it is essential to carry out research in 

different regions of Brazil, aiming to develop 

recommendations for potassium fertilizer for cotton plants 

based on the results of regional studies, thus allowing the 
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application of correct amounts of this nutrient. Therefore, the 

objective of this study was to evaluate the responses of cotton 

plants to potassium fertilization in the climate and soil 

conditions of the Cariri region, northeastern Brazil. 

Materials and methods 

Location and characterization of the experiment 

The experiment was conducted in an open air environment 

from March to May 2023 in an experimental area at the 

CENTEC (Centre for Technological Education) School of 

Technology (FATEC - Cariri campus), located in the city of 

Juazeiro do Norte, Ceará State, Brazil – with geographic 

coordinates 07°12'47”S, 39°18'55”W. The city is located at an 

altitude of 377 meters and has a climate ranging from Tropical 

Semi-Arid to Tropical Semi-Arid Mild, with an average 

temperature of 24 to 26 ºC, where the rainy season goes from 

January to May. The average rainfall is 925 mm (Lima & 

Ribeiro, 2012). Within Köppen's climate types (Köppen & 

Geiger, 1928), one can identify, as predominant in Juazeiro do 

Norte, the climate class BSW'h', that is, Semiarid Climate, 

with a short rainy season starting in summer and reaching its 

peak in the summer-autumn transition. 

Experimental design and treatments 

A completely randomized design (CRD) was adopted for 

statistics. The treatments were composed of a combination of 

five doses of potassium (0, 25, 50, 75, and 100 kg ha-1 of K2O, 

equivalent to 0, 50, 100, 150, and 200% of the K recommended 

for cotton cultivation) with four replications. 

The experimental unit was represented by an 8 L plastic 

pot containing a plant. The reference dose (100% of the K 

amount recommended for the crop) corresponded to                  

50 kg ha-1 of K2O, according to the Fertilization and liming 

recommendation manual of the State of Ceará (UFC, 1993). 

Characterization of the used soil 

The soil used in the research was collected in an 

experimental area at the Centre for Technological Education 

(FATEC-Cariri) at a depth of 0 to 20 cm, being sieved and, 

after that, the pots were filled. At the lower end of each vessel, 

a 2 cm layer of gravel was placed. The chemical and physical 

characterization of the used product is found in Table 1. 

 

 

Table 1. Chemical and physical characterization of the soil used in the experiment. Juazeiro do Norte, CE - 2024. 

Chemical characteristics 

ECse pH  C OM P V Ca Mg K Na SB T H+Al 

dS m-1 - g kg-1 mg dm-3 % --------------------cmolc dm-3-------------------- 

0.16 7.2 2.3 3.9 4.0 80 2.48 0.49 0.2 0.02 3.17 3.97 0.80 

Physical characteristics 

Ds Dp PT Total sand Coarse sand Fine sand Silt Clay Textural 

Class 

--kg dm-3-- %  ------------------------g kg-1------------------------------------------  

1.4 2.8 48 850.60 499.20 351.40 8.65 140.7 Medium sand 

ECse - electrical conductivity of the saturation extract; pH - hydrogen potential; C - carbon; OM - organic matter; P - phosphorus; 

V - base saturation; Ca - calcium; Mg - magnesium; K - potassium; Na - sodium; SB -sum of exchangeable bases; T - cation 

exchange capacity; Ds - soil density; Dp - particle density; PT - total porosity. 

Conducting the experiment 

Sowing was carried out by placing four seeds per pot. At 

10 days after sowing, thinning was carried out, leaving one 

plant per pot. The Brazilian Agricultural Research Corporation 

(Embrapa) cultivar BRS 433FL B2RF was used. 

Potassium fertilizer (0, 25, 50, 75, and 100 kg ha-1 of K2O 

equivalent to 0, 50, 100, 150 and 200% of the K recommended 

for cotton cultivation) and nitrogen were divided into 

instalments, with 25% applied during thinning and the 

remainder applied in two equal instalments at 15 and 25 days 

after thinning. When sowing, 7.7 g of simple superphosphate 

was applied per pot. The source of potassium and nitrogen 

used was potassium chloride (60% K2O and 48% Cl) and urea 

(45% N). 

Irrigation was done daily and manually, being carried out 

slowly until the water drained from the pot could be observed, 

thus reaching field capacity in all pots. 

Analysed Variables 

At 50 days after sowing (DAS), the number of floral buds 

(NFB) was counted. At 70 DAS, the plants were collected. 

Measurements of stem diameter (SD), number of leaves (NL) 

and number of cotton balls (NCB) and cotton ball weight 

(WCB) were taken. The diameter of the stem was obtained 

with the aid of a digital caliper. To count the number of leaves, 

only photosynthetically active leaves were considered. 

The different parts of the plants (roots, stem, leaves, 

flowers, flower buds, and cotton balls) were separated, packed 

in paper bags, and placed to dry in an oven with forced air 

circulation, maintaining the temperature in the range of 65 to 

70 °C. After drying, each sample was weighed on an analytical 

balance, allowing the root dry matter (RDM), shoot dry matter 

(SDM), and total dry matter (MST) to be obtained. 
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 Statistical analysis 

The data obtained were subjected to analysis of variance 

(ANOVA) and, when significant by the F test, the effects of 

different doses of potassium were subjected to regression 

analysis. The equations that best fit the data were chosen based 

on the highest coefficient of determination (R2). Statistical 

analyzes were carried out using the statistical software 

SISVAR®, version 5.3 (Ferreira, 2011). Graphs were 

generated on Microsoft Excel. 

Results and discussion 

Potassium doses significantly influenced stem diameter (p 

<0.01), number of leaves (p <0.01), root dry matter (p <0.01), 

total dry matter (p <0.01), number of floral buds (p <0.01), and 

number of cotton balls (p <0.05) of the cotton plant (Table 2). 

The increase in potassium fertilization provided increases 

in the diameter of the plant stem up to the estimated dose of 

74 kg ha-1 of K2O, obtaining a maximum value of 10.79 mm, 

which corresponds to an increase of 16.75% when compared 

to the value obtained in plants that did not receive potassium 

fertilization (Figure 1A). In a study carried out with the same 

culture, Tian et al. (2023) observed that, 125 days after 

sowing, plants grown in soil with a medium concentration of 

potassium (150 mg K2O Kg-1 soil) showed an increase of 

4.78% in stem diameter compared to plants grown in soil with 

potassium deficiency (0 mg K2O kg-1 soil). On the other hand, 

in the semiarid region of Pernambuco, in an experiment 

conducted under field conditions and evaluation times 

different from those of the present study, Lima et al. (2019) 

found that potassium doses did not significantly affect the stem 

diameter of cotton plants. 

For the number of leaves, a linear effect was observed in 

relation to the doses tested, that is, as the dose of potassium 

increased, there was a corresponding increase in the number 

of leaves (NL). It was also observed that, with the application 

of 100 kg ha-1 of K2O, an average value was obtained for the 

number of leaves equal to 36.25, representing an increase of 

20.83% in relation to the treatment in which potassium was 

not applied (Figure 1B). Similarly, Dewdar & Rady (2013), in 

a 2-year field experiment carried out in Egypt, found that the 

number of leaves per plant increased significantly with the 

application of potassium to the soil. According to Pettigrew 

(2008), potassium fertilization plays a crucial role in 

increasing the number and size of leaves, which improves the 

photosynthetic activity of plants. 

 

 

Table 2. Summary of analysis of variance for stem diameter (SD), number of leaves (NL), root dry matter (RDM), shoot dry 

matter (SDM), total dry matter (TDM), number of flower buds (NFB), number of cotton balls (NCB) and cotton ball weight 

(WCB) of cotton plants grown under different doses of potassium in the Cariri region. Juazeiro do Norte, CE - 2024. 

VS Medium square 

DF SD NL RDM SDM TDM NFB NCB WCB 

K dose 4   1.92** 37.12** 13.3** 18.95ns 59.32** 42.57** 7.25* 304.42ns 

Residue 15 0.23 6.35 0.65 22.06 21.41 7.10 2.13 274.35 

Total 19 - - - - - - - - 

CV (%)  4.74 7.81 9.43 7.41 6.44 14.33 17.18 21.25 

VS= Variation source; DF = Degree of freedom; CV= Coefficient of variation; **,* = Significant at 1% and 5%, respectively, ns = not significant 

 

 

Figure 1. Stem diameter (A) and number of leaves (B) of cotton plants grown under different doses of potassium in the Cariri 

region. 
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Plant root dry matter increased to the estimated dose of 

69.77 kg ha-1 of K2O reaching a maximum value of 9.97 g. 

From this dose, there was a decrease of 4.71% when 

comparing the value obtained at a dose of 69.77 kg ha-1 of K2O 

with that obtained at a dose of 100 kg ha-1 of K2O (Figure 2A). 

In the same culture, Tian et al. (2023), in research carried out 

under pot conditions in China, found that plants grown in soil 

with an average concentration of potassium (150 mg K2O kg-1 

soil) showed higher root dry matter values compared to plants 

grown in deficient soil (0 mg K2O kg-1 soil) and high 

concentration of potassium (300 mg K2O kg-1 soil). Excess 

potassium in the soil inhibits root development and reduces 

root dry matter (He et al., 2019; Naciri et. al., 2021; Pantha et 

al., 2022). 

The maximum TDM (74.72 g) was obtained when an 

estimated dose of 65.52 kg ha-1 of K2O was applied and, from 

this value, a decrease occurred (Figure 2B). Meanwhile, Hu et 

al. (2015) verified in China, that the maximum value of total 

dry matter in two cotton cultivars (Simian 3 and Siza 3) grown 

under field conditions on a clayey soil was obtained at a dose 

of 300 kg ha-1 of K2O. Hussain et al. (2021), in an experiment 

carried out under field conditions with three cotton cultivars in 

the semi-arid region of Pakistan, observed that the maximum 

value of total dry matter, in all cultivars evaluated, was 

obtained at a dose of 120 kg ha-1 of K2O. 

 

 

Figure 2. Root dry matter (A) and total dry matter (B) of cotton plants grown under different doses of potassium in the Cariri region. 

 

For the number of floral buds, a maximum value of 21.5 

was obtained at the estimated dose of 104.77 kg ha-1 of K2O, 

which corresponds to an increase of 50.87% when compared 

to the value obtained in plants that did not receive potassium 

fertilization (Figure 3A). Under field conditions in the Cerrado 

region of Goiás State - Brazil, Vidal et al. (2017) concluded 

that, in the cotton cultivar BRS-371, the highest number of 

floral buds (43.14) was found at a dose of approximately 200 

kg ha-1 of K2O. In the same culture, Loka et al. (2019) found 

that plants that received optimal amounts of potassium had 

almost 50% more flower buds compared to plants deficient in 

this nutrient. 

The increase in potassium fertilization also provided 

increases in the number of cotton balls on the plants up to the 

estimated dose of 77.6 kg ha-1 of K2O, obtaining a maximum 

value of 9.19, which corresponds to an increase of 47.0% when 

compared to the value obtained in plants that did not receive 

potassium fertilization (Figure 3B). In a field experiment 

carried out in Rio Verde, Goiás State - Brazil, Martins (2015) 

found that, in the cotton cultivar BRS-286, the highest number 

of cotton balls (5.36) was found at a dose of approximately 

200 kg ha-1 of K2O.  

 

 

Figure 3. Number of floral buds (A) and number of cotton balls (B) of cotton plants grown under different doses of potassium in 

the Cariri region. 

 

B 
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Conclusions 

Potassium doses between 65 and 100 kg ha-1 of K2O 

maximized the growth, dry matter and production components 

of the cotton plant in the soil and climate conditions of the 

Cariri region, northeastern Brazil. 
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