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Abstract

Compared with single application, the split application of phosphorus during sowing can enhance the efficiency of phosphate
fertilization. In view of this, this study aimed to evaluate the effect of phosphorus split application on the growth, dry
matter, and production components of the cotton plant. The experiment was carried out in a greenhouse at the Faculdade
de Tecnologia of the Instituto Centro de Ensino Tecnolégico Cariri (Fatec Cariri), located in the municipality of Juazeiro do
Norte, Ceara. The experiment was arranged in a completely randomized design (DIC), with four replications. The treatments
were composed of a combination of different phosphorus split application strategies: T, = no phosphorus; T, = application
of 100 % of the phosphorus at sowing (conventional way); T, = application of 50 % of the phosphorus at sowing and of
50 % at 35 days after sowing; T, = application of 70 % of the phosphorus at sowing and of 30 % at 35 days after sowing;
and T, = application of 30 % of the phosphorus at sowing and of 70 % at 35 days after sowing. The following variables
were evaluated: plant height; absolute growth rate; stem diameter; number of leaves; root dry matter; total dry matter; and
number of flower buds and bolls. The treatments significantly influenced all the variables analyzed. Based on the outcomes,
it was found that the split application of phosphorus did not improve the growth, dry matter and production components of
the cotton plant compared to the single application.
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Introduction Since the 2015/16 harvest, Ceard has
seen an increase in cotton production, which,
in addition to the growth in volumes, represents
a recovery in cotton cultivation. This evolution
is the result of actions by farmers, companies,
and government agencies, consolidated and
made official in 2017 with the Cotton Crop
Modernization Program, created to renew cotton

farming in Ceard (EMBRAPA, 2017).

Cotton (Gossypium hirsutum L.) is one of
the most important fiber crops in the world.
On average, 35 million hectares of cotton are
planted worldwide every year. The world cotton
trade is worth around US$12 billion a year and
involves more than 350 million people in its
production. Asia leads the production of cotton
in the world, with India in first place and China

in second, followed by the United States in third
and Brazil in fourth (ABRAPA, 2023). In Brazil,
crops are concentrated in the Central-West,
Northeast, and Southeast regions (IBGE, 2023).
In the 2021/22 harvest, the area cultivated
with cotton in Brazil totaled 1,600.5 thousand
hectares, yielding 6,273.5 thousand tons of
cotton (CONAB, 2023).
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For the cotton crop to achieve adequate
establishment in the field, the main management
technique required is fertilization with macro and
micronutrients (AGUILAR et al., 2021). Among
the most important nutrients for the crop is
phosphorus (P), an essential macronutrient for
the formation and development of roots, flowers
and fruit (LAMBERS, 2022: KONE et al., 2022).
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However, although the natural content of total
phosphorus in soils can reach values as high
as 1,800 mg kg~ in tropical soils (PAVINATO
et al., 2021), only a very small amount of this
P is readily available to plants, due to the strong
adsorption of phosphorus by 1:1 clay minerals
(e.g., kaolinite), iron (Fe) and aluminum (Al)
oxides (FINK et al., 2016). In these soils, the
only way to meet the demand of the crop is to add
phosphate fertilizers (MUMBACH et al., 2021).

Of all the phosphorus applied to the soil via
fertilization, the plant only absorbs 15 to 25 %,
the rest being fixed to the mineral particles of
the soil, especially in acidic soils (AQUINO
etal., 2014). In modern cotton cultivars,
phosphorus absorption needs to increase by up
to 83 kg ha~!to reach maximum yield potential
(5,000 kg fiber ha=!) (CONSTABLE; BANGE,
2015). Thus, the use of strategies to improve the
efficiency of phosphate fertilization is essential to
increase the efficiency of P use, thus avoiding its
deficiency (AQUINO et al., 2021).

One way to increase the efficiency of the
phosphorus used, particularly in soils with a
higher P-fixation capacity, is splitting nutrient
application (AQUINO et al., 2014; MAROUELLI
et al., 2015). Thus, the hypothesis tested in
this research is splitting phosphorus application
at sowing increases the efficiency of phosphate
fertilization compared to the single application
of phosphorus, improving growth, dry matter
and production components of the crop. In
this context, this study aimed to evaluate the
effect of different phosphorus split application
techniques on these factors, aiming at improving
the efficiency of phosphate fertilization compared
to the single application of phosphorus at sowing.

Material and methods
Location and characterization of the
experimental area

The experiment was carried out from April
to July 2023, in a greenhouse at the Faculdade

de Tecnologia of the Instituto Centro de Ensino
Tecnoldgico (Fatec Cariri), located in Juazeiro do
Norte, Ceara, with geographical coordinates of
07 °12'47" S, 39 °18'55" W. The municipality
is located 377 m above sea level, with a climate
ranging from Tropical Semi-Arid to Tropical Mild
Semi-Arid, with an average temperature of 24 to
26 °C and a rainy season from January to May.
The average annual rainfall is 925 mm. The first
quarter of the year is considered to have the most
rain (LIMA; RIBEIRO, 2012).

Experimental design and treatments

The statistical design used was completely
randomized (DIC). The treatments were
composed of a combination of different
phosphorus split application strategies: T, = no
phosphorus; T, = application of 100 % of the
phosphorus at sowing (conventional method);
T, = application of 50 % of the phosphorus at
sowing and of 50 % at 35 days after sowing;
T, = application of 70 % of the phosphorus at
sowing and of 30 % at 35 days after sowing;
and T, = application of 30 % of the phosphorus
at sowing and of 70 % at 35 days after sowing.
The experimental unit was represented by an
8 L plastic pot containing one plant and four
replicates, totaling 20 experimental units.

The phosphorus dose recommended for
the crop was 70 kg ha™! of P ,0,, according to
the Fertilization and Liming Guidelines of the
state of Ceard (UFC, 1993). Granulated simple
superphosphate was used for both sowing and
top dressing , with 20 % P 0., containing 16 %

2757

calcium (Ca) and 10 % to 12 % sulfur (S).

Characterization of the soil used

The soil used in this research was collected
from the experimental area of Fatec Cariri at a
depth of zero to 20 cm, sieved and then used to
fill the pots. A 2 cm layer of gravel was placed
at the bottom of each pot. Table 1 shows the
chemical and physical characterization of the
soil used.
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Crop used

The cotton cultivar BRS 433FL B2RF
was used. The seeds were purchased from the
experimental field of the Brazilian Agricultural
Research Corporation (EMBRAPA) Algodao,
located in Barbalha, Ceara.

Development of the experiment

Four seeds were sown per pot at a 2 cm
depth. Thinning was carried out 12 days after
sowing, leaving one plant per pot.

Nitrogen (120 kg ha=! of N) and potassium
(50 kg ha! of K,0) fertilizers were applied in
portions, 25 % at thinning and the rest in two equal
portions 15 and 30 days after thinning. Phosphate
fertilization was carried out in accordance with
the established treatments. The nitrogen and
potassium sources used were urea (45 % N) and
potassium chloride (60 % K,0), respectively.

Irrigation was carried out daily by hand,
slowly until the water drained from the pot,
eventually reaching field capacity in all the pots.

Analyses carried out

The number of flower buds was counted
50 days after sowing (DAS). At 70 DAS, the
plants were collected for destructive sampling.

Plant height, stem diameter, number of leaves,
and number of bolls were assessed. Plant height
was measured using a ruler with graduation in
centimeters, and stem diameter was assessed
using a digital caliper. When calculating
the number of leaves, only those that were
photosynthetically active were considered.

The absolute growth rate (AGR) was obtained
from the plant height data, which were applied
to Equation 1, proposed by Benincasa (2003):

AP, - AP
TCA =——2 "1 1
T,-T, (1)
In which:
* AGR - absolute growth rate in relation to height
(cm day™1);

e PH2 and PH1 - variation in plant growth in height
between two consecutive samples taken at times T1 and
T2 (days); and

e T1 and T2 - time interval between evaluations, in days,
without taking into account values prior to this variation.

The different parts of the plants (roots,
stems, leaves, flowers, flower buds, and bolls)
were separated, packed in paper bags and dried
in an oven with forced air circulation, keeping the
temperature from 65 to 70 °C. After drying, each
sample was weighed on an analytical balance to
determine root dry matter (RDM) and total dry
matter (TDM).

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 Vv

Mg K Na SB E

dS m-! mgdm=—3 %

0.16 7.2 23 3.9 4.0

80 248 049 0.2 0.02 3.17 3.97 0.80

Physical characteristics

Sdt Pdt TP Total sand Coarse sand Finesand Silt Clay Textural class
----- kgdm=3--c % e g Kg T
1.4 2.8 48 850.60 499.20 351.40 8.65 140.7 Loamy Sand

ECse — electrical conductivity of the saturated soil paste extract; pH — potential of hydrogen; C - carbon; OM -
organic matter; P - phosphorus; V - base saturation; Ca - calcium; Mg - magnesium; K - potassium; Na - sodium;
SB - sum of exchangeable bases; E - cation exchange capacity; H+Al - hydrogen + aluminum; Sdt - soil density;

Pdt - particle density; TP - total porosity.
Source: Prepared by the authors.
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Statistical analysis

The data obtained were subjected to
analysis of variance (ANOVA). When significant
according to the F test, the partial applications
of phosphorus were compared to the respective
doses applied only at sowing and to the no
phosphorus application, using the Tukey's test
at 5 % probability. Statistical analyses were
carried out using SISVAR® statistical program,
version 5.3 (FERREIRA, 2011), and graphs were
generated using MS Excel.

Results and discussion

The treatments applied significantly
influenced plant height (p < 0.01), absolute
growth rate (p < 0.01), stem diameter
(p < 0.01), number of leaves (p < 0.01), RDM
(p < 0.01), TDM (p < 0.01) and the number of
flower buds (p < 0.01) and bolls (p < 0.01) of
the cotton plants (Table 2).

Growth

The plants grown in soil without phosphate
fertilization (T,) obtained mean values of height,
absolute growth rate, stem diameter, and number
of leaves equal to 46.25 cm, 0.59 cm day~!,
6.50 mm, and 16.25, respectively. These
values were 47 %, 54 %, 40 %, and 67 %
lower, respectively, than those obtained when
phosphorus was applied conventionally, i.e., single

dose at sowing (T,) (Table 3), which shows that
the soil used in this study had a low phosphorus
content (Table 1). Cotton is considered sensitive
to soil phosphorus deficiency (TEWOLDE et al.,
2018; AWALE; HORNBUCKLE; QUAYLE,
2022), meaning that a lack of this nutrient in
the soil negatively affects crop growth (SUN
et al., 2023; SADIQ et al., 2023; KHALEEQ;
FARYAD; QARLUQ, 2023) due to a decrease in
cell division (JIANG et al., 2019).

Plant height, absolute growth rate, stem
diameter, and number of leaves obtained with
the different phosphorus split application
techniques tested (T, T, and T,) did not differ
statistically from the mean values found when
phosphorus was applied only at sowing (T,)
(Table 3). Similarly, Aquino et al. (2011) and
Pereira et al. (2020), in field experiments in
the north of Minas Gerais and in the Cerrado
of Piaui, respectively, also observed no effect
of split phosphorus application on the growth
parameters of the cotton plant.

Dry matter

The RDM and TDM obtained with the
different phosphorus split techniques tested
(T,, T, and T,) did not differ statistically from
the mean values found when phosphorus was
applied only at sowing (T,) (Table 4). Similarly,
Aquino et al. (2014) found that the dry matter
of the leaves, stems and reproductive structures

Table 2. Summary of the analysis of variance for the cotton plant variables in response to different phosphorus

splitting techniques. Juazeiro do Norte (CE), 2024.

Mean square

SV DF PH AGR SDM NL RDM TDM NFB NB
Treatments 4 2176.5™ 057" 21.5"™ 830.8" 102.2" 6309.3" 97.4" 126.6"
Residue 15 176.2 0.051 0.58 24.16  11.51 222.6 b.16 6.90
Total 19 - - - - - - - -
CV (%) 15.3 18.08 7.24 11.73  33.48 18.47 23.19 24.55

PH — plant height; AGR - absolute growth rate; SDM — stem diameter; NL — number of leaves; RDM - root dry
matter; TDM — total dry matter; NFB — number of flower buds; NB — number of bolls; SV — source of variation;
DF — degree of freedom; CV — coefficient of variation; **,* - significant at 1 % and 5 %, respectively.

Source: Prepared by the authors.
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Table 3. Variations in the growth of cotton cultivated under different phosphorus split application techniques.

Juazeiro do Norte (CE), 2024.

Treatment PH AGR SDM NL

T, 46.25b 0.59b 6.50b 16.25b
T, 87.75 a 1.27 a 10.75 a 48.75 a
T, 99.75 a 1.45a 12.00 a 48.50 a
T, 97.25a 1.42 a 12.00 a 50.00 a
T, 102.75 a 151 a 11.50 a 46.00 a

Mean 86.75 1.25 10.55 41.40

MSD 28.99 0.49 1.66 10.73

PH - plant height; AGR - absolute growth rate; SDM - stem diameter; NL - number of leaves; T, - no phosphorus
application; T, - 100 % phosphorus application at sowing (conventional method); T, - 50 % phosphorus
application at sowing and 50 % at 35 days after sowing; T, - 70 % phosphorus application at sowing and 30 %
at 35 days after sowing; and T, - 30 % phosphorus application at sowing and 70 % at 35 days after sowing.

Data followed by equal letters in the columns do not differ according to Tukey’s test at a 5 % significance level.

Source: Prepared by the authors.

of the cotton plant were not influenced by the
technique of phosphorus application. On the
other hand, in an experiment carried out over
two years with the same crop, but under different
field conditions, on a loamy soil and in an arid

Table 4. Root dry matter and total dry matter of cotton
grown under different phosphorus split application
techniques. Juazeiro do Norte (CE), 2024.

Treatment RDM TDM

T, 1.19b 10.25b

T, 11.24 a 91.75a

T, 12.12 a 103.75 a

T, 13.10 a 101.75a

T, 13.01 a 96.50 a
Mean 10.13 80.80
MSD 7.41 32.59

T, - no phosphorus application; T, - 100 % phosphorus
application at sowing (conventional method); T, -
50 % phosphorus application at sowing and 50 %
at 35 days after sowing; T, - 70 % phosphorus
application at sowing and 30 % at 35 days after
sowing; and T, - 30 % phosphorus application at
sowing and 70 % at 35 days after sowing.

Data followed by equal letters in the columns
do not differ according to Tukey’s test at a 5 %
significance level.

Source: Prepared by the authors.
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region in Pakistan, Din et al. (2014) observed
that the split application of phosphorus led to
a significant increase in dry matter production.

Phosphorus split application can result in
different responses from cotton plants depending
on soil conditions (PEREIRA et al., 2020) and
climate. Mean RDM and TDM values of 1.19 and
10.25 g, respectively, were observed in plants
grown in soil without phosphate fertilization (T,).
These values were 89.4 % and 88.8 % lower
than those obtained when phosphorus was
applied all at once at sowing (T,) (Table 4). This is
a consequence of the low phosphorus content of
the soil in the experiment (Table 1). Phosphorus
deficiency in the soil can affect the accumulation
of dry matter by the plant (AQUINO et al., 2012;
SANTOS et al., 2018). Singh et al. (2013), Li
et al. (2019), and Sadiq et al. (2023) observed
that phosphorus deficiency in the soil decreased
the growth and dry matter of the cotton plant.

Production components

The split application of phosphorus (T3,
T4 and T5) did not significantly influence the
number of flower buds and bolls, which reached
mean values that were statistically equal to



Growth, dry matter and production components of cotton under phosphorus split application strategies

those obtained with the single application at
sowing (T2) (Table 5). In a soil with phosphorus
availability classified as medium in northern
Minas Gerais, Aquino et al. (2011) and Aquino
et al. (2012) also observed that phosphate
fertilization in split doses did not increase the
number of reproductive structures (flower buds,
flowers, and bolls) compared to total application
at sowing.

Plants grown in soil without phosphate
fertilization (T1) accumulated mean values of
1.50 and 1, respectively, for the number of flower
buds and bolls. These values were 84 and 91 %
lower than those obtained when phosphorus was
applied conventionally, i.e., all at once at sowing
(Table b). This result is associated with the low
content of this nutrient in the soil in this study
(Table 1). Phosphorus deficiency in the soil can
cause flower bud drop and poor boll retention in
the cotton plant (CARVALHO et al., 2008).

Table 5. Number of flower buds (NFB) and bolls
(NB) of cotton grown under different phosphorus split
application techniques. Juazeiro do Norte (CE), 2024.

Treatment NFB NB
T, 1.50 b 1.00b
T, 9.50 a 11.00 a
T, 14.25 a 15.25 a
T, 11.75a 13.00 a
T, 12.00 a 13.25a
Mean 9.80 10.70
MSD, ., 4.96 5.73

T, - no phosphorus application; T, - 100 % phosphorus
application at sowing (conventional method); T, -
50 % phosphorus application at sowing and 50 %
at 35 days after sowing; T, - 70 % phosphorus
application at sowing and 30 % at 35 days after
sowing; and T, - 30 % phosphorus application at
sowing and 70 % at 35 days after sowing; NFB -
Number of flower buds; NB - Number of bolls .

Data followed by equal letters in the columns
do not differ according to Tukey’s test at a 5 %
significance level.

Source: Prepared by the authors.

Conclusions

Splitting phosphorus application did not
improve the growth, dry matter, and production
components of cotton compared to the single
application of phosphorus at sowing.
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