
Citation: Kommineni, V.; Bhandari,

A.B.; Schuster, G.; Nelson, S.D. Cotton

Response to Foliar Potassium

Application in South Texas Dryland.

Agronomy 2024, 14, 2422. https://

doi.org/10.3390/agronomy14102422

Academic Editor: John Stephen

C. Smith

Received: 6 September 2024

Revised: 27 September 2024

Accepted: 17 October 2024

Published: 19 October 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

agronomy

Article

Cotton Response to Foliar Potassium Application in South
Texas Dryland
Varshith Kommineni 1 , Ammar B. Bhandari 1,2,* , Greta Schuster 1 and Shad D. Nelson 1

1 Department of Agriculture, Agribusiness and Environmental Science, Texas A&M University-Kingsville,
Kingsville, TX 78363, USA

2 Crop Production Systems Research Unit, USDA-ARS, Stoneville, MS 38776, USA
* Correspondence: ammar.bhandari@usda.gov

Abstract: Potassium (K) deficiency is common in cotton (Gossypium hirsutum L.)-growing areas. This
study aims to investigate the effects of different rates of foliar K fertilizer application on three cotton
varieties: NG 5711 B3XF (V1), PHY 480 W3FE (V2), and FM 1953GLTP (V3). Potassium fertilizer was
dissolved in water and was foliar-applied at 34, 50, and 67 kg ha−1. Cotton plant height (CH) and
canopy width (CW) were monitored throughout the growing season. The results showed that foliar K
fertilizer application significantly impacted the CH and CW in dry years. Although insignificant, the
cotton lint yield increased by 15% and 20% with 34 and 50 kg ha−1 in 2020 and by 9% and 7% with 50
and 67 kg ha−1 in 2021, indicating the potential for improved lint yield with foliar K application in
rainfed production systems. Similarly, variety V3 had significantly greater lint and seed yields than
V1 in 2020. The average lint yield among the varieties was 32%, and the seed yield was 27% greater
in 2020 than in 2021. The cotton fiber color grade was significantly greater at 50 kg ha−1 in 2020 and
67 kg ha−1 in 2021. Cotton variety significantly affected color grade, uniformity, staple length, Col,
RD, and Col-b contents in 2020 and 2021. The results suggest that foliar K application can enhance
cotton production in rainfed production systems. However, more research is required to quantify
varietal and foliar K application rates for improved lint yield and quality.

Keywords: cotton quality; cotton yield; potassium; foliar application; dryland production systems

1. Introduction

Cotton (Gossypium hirsutum L.) production is concentrated in 17 southern states,
including Texas, which accounts for ~40% of the total production in the United States [1].
Potassium (K) is a crucial macronutrient necessary for optimal growth, energy metabolism,
stomatal regulation, enzyme activation, resistance against abiotic and biotic stresses, fiber
secondary wall deposition, fiber strength, and yield [2–8]. A simple schematic model
showing how foliar K application enhances cotton growth, development, and yield is
presented in Figure 1. Despite these advantages, K fertilization in cotton is often overlooked,
mainly because soil tests indicate adequate K concentrations. However, K deficiency
remains widespread in cotton-growing regions and has been reported above the required
soil test K threshold levels [2,4]. Cotton requires an average of 110 to 250 kg K ha−1 during
the growing season, with a daily demand of 3–5 kg ha−1 day−1 during the boll-filling
phase [9–12]. High-yielding new cotton varieties may require additional K for optimum
yield, and a re-evaluation of current fertilizer requirements is necessary [12]. Furthermore,
soil testing may indicate adequate K concentrations, but slow-release rates, high K fixation
capacity, and weathering of K in soils developed from mica minerals may influence the K
availability and outpace the soil supply during the growing season [13–15], warranting
additional K application for optimum yield and quality.

South Texas’s semi-arid climate during the cotton growing season, characterized by
high temperatures, humid conditions, and scarce rainfall, can challenge the availability,
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movement, and absorption of K nutrients, leading to a shortage during the reproductive
growth stages of cotton, especially in rainfed production systems [16]. In addition, K
management difficulties arise for growers due to complex K chemistry and its interaction
with soil and environmental variables in semi-arid climates [2]. One possible solution
to this problem is to provide potassium (K) directly to the leaves during the boll-filling
stages by foliar application [17]. Directly applying fertilizers to the foliage can be feasible
to fulfill the potassium requirements. Foliar K application can correct nutrient deficits,
supplement nutrient requirements under unfavorable conditions, help plants retain more
bolls per plant, and increase yield and quality [14,18,19]. This is especially true in areas
with unfavorable soil and climatic conditions in rainfed production systems, as cotton
plants can move and absorb nutrients through their roots and leaves [14,16].
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Figure 1. Schematic model showing how foliar K application enhances cotton growth, development,
and yield.

However, inconsistent results of foliar K application on cotton yield and quality
indicate the need for further investigation to accurately assess the effects of foliar K ap-
plication [9,14,18,20–22]. Furthermore, field studies that quantify the effect of foliar K
application on cotton yield and quality are limited [14]. Consequently, it is crucial to
address this gap with additional field research. This study aims to evaluate the effects of
varying rates of foliar K fertilizer on plant height, canopy, yield, and fiber quality in rainfed
production systems in southern Texas.

2. Materials and Methods
2.1. Site Characteristics

The study was conducted in 2020 and 2021 at the Texas A&M University-Kingsville
(TAMUK), Texas (27◦32′50.3′′ N 97◦52′57.3′′ W, 18 m above sea level) farm. Soil samples
were collected from 0 to 15 cm in depth using a core probe (50 mm diameter) in both
years. The sampling procedures, soil series names, and test results were also reported
by [15]. Briefly, the soil had an average organic matter content of 1.36%, a pH of 6.8, a
nitrate–nitrogen (NO3-N) concentration of 6 mg kg−1, a phosphorous (P2O5) concentration



Agronomy 2024, 14, 2422 3 of 12

of 134 mg kg−1, and a potassium (K2O) concentration of 370 mg kg−1. The soil pH
and soluble salts were measured using a selective hydrogen electrode and conductivity
probe [23,24]. NO3-N was extracted using the method explained by [25]. Olsen-P was
analyzed using the method explained by [26]. Potassium was extracted using Mehlich-3
solution and determined by inductively coupled plasma (ICP).

Long-term climate data (50 years) for the study site from 1969 to 2019 show an average
annual precipitation of 799 mm and a mean temperature of 23 ◦C [27]. The average
temperature was 24 ◦C and 23 ◦C in 2020 and 2021, respectively (Figure 2a). The total
precipitation was 685 mm in 2020 and 1077 mm (~392 mm greater than that in 2020) in
2021 (Figure 2b). Most of the increase in rainfall occurred in May, when the crops received
approximately 532 mm of rainfall in Kingsville (Figure 2b).
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Figure 2. Comparisons of long-term (50 years) weather variables with those observed during
the experiment in 2020 and 2021: (a) monthly average daily air temperatures and (b) monthly
total precipitation.

2.2. Management Practices, Planting, and Foliar Fertilizer Application

Three cotton varieties, NG 5711-B3XF (V1), PHY 480-W3FE (V2), and FM 1953-GLTP
(V3), recommended for South Texas, were planted at the TAMUK farm on 10 April 2020
and 30 March 2021, using a 4-row, 36-inch planter (1705 Planter) at an approximate rate
of 88,000 seeds per hectare. The management practices, plot sizes, tillage, and planting
were described in [15]. Briefly, the plots measured 7.62 m by 0.91 m, with a 1.52 m alley
between plots and a 2.44 m alley between replications. The study used a randomized
split-plot design with three replications with foliar potassium (K) fertilizer rate (FKAR) as
the whole-plot factor and cotton variety as the split-plot factor. The cotton varieties and
FKAR were randomized. Nitrogen fertilizer was applied after planting (UAN; knifed) at
a recommended rate of 118 kg ha−1. The potassium chloride (KCl) was used as foliar K
fertilizer at rates of 0, 34, 50, and 67 kg K ha−1 (Table 1).
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Table 1. Planting and management practices performed in 2020 and 2021 with dates and days after
planting (DAP).

2020 2021

Activities
Date Days After

Planting (DAP) Date Days After
Planting

04/10/2020 1st day 03/30/2021 1st day Seeds planted
05/10/2020 30 DAP 04/30/2021 30 DAP 1st measurement
05/15/2020 35 DAP 05/04/2021 35 DAP 1st foliar spray
05/20/2020 40 DAP 05/09/2021 40 DAP 2nd foliar spray
05/25/2020 45 DAP 05/14/2021 45 DAP 2nd measurement
05/30/2020 50 DAP 05/19/2021 50 DAP 3rd foliar spray
06/04/2020 55 DAP 05/24/2021 55 DAP 4th foliar spray
06/09/2020 60 DAP 05/29/2021 60 DAP 3rd measurement
06/14/2020 65 DAP 06/03/2021 65 DAP 5th foliar spray
06/19/2020 70 DAP 06/08/2021 70 DAP 6th foliar spray
06/24/2020 75 DAP 06/14/2021 75 DAP 4th measurement
06/29/2020 80 DAP 06/18/2021 80 DAP 7th foliar spray
07/04/2020 85 DAP 06/23/2021 85 DAP 8th foliar spray
07/09/2020 90 DAP 06/28/2021 90 DAP 5th measurement
07/24/2020 105 DAP 07/13/2021 105 DAP 6th measurement

The total K required for each plot was calculated based on the plot size and divided
into eight applications. During each application, the KCl fertilizer was dissolved in a 1 L
glass beaker using a magnetic stirrer in the laboratory with reverse osmosis (RO) water. A
ULINE solo (H-7986) backpack sprayer was calibrated, and the dissolved K fertilizer was
added with addental RO water to dilute the K concentration before foliar application. K
fertilizer was diluted to minimize leaf burn after application. Recommended pre-emergence
and post-emergence herbicide applications were followed to manage weeds.

2.3. Data Collection

The data collection procedure was explained in detail by [15]. Briefly, eight plants in
the middle two rows were randomly tagged 25 days after planting (DAP). Measurements
for cotton plant height (CH) and canopy width (CW) were obtained from the tagged plants
using a measuring stick throughout the growing season as described in [15]. Data were
collected at 30, 45, 60, 75, 90, and 105 DAP (Table 1). Cotton was hand-harvested from a
1.82 m row length in the middle two rows. The sample was ginned to determine the seed
and lint weights.

The lint quality was assessed using high-volume instruments (HVIs) at the United
States Department of Agriculture (USDA) Cotton Division, Corpus Christi, TX. The fiber
quality parameters included color grade, micronaire, staple length, fiber strength as force
(g tex−1) necessary to break the fiber bundle, fiber uniformity, fiber whiteness expressed as
% reflectance (Rd), and fiber yellowness (+b).

2.4. Statistical Analysis

Analysis of variance was performed using the PROC GLIMMIX procedures in SAS
version 9.4 [28]. For each analysis, the cotton varieties and FKAR were considered fixed
effects. The least square mean and standard error (SE) of the mean were considered in all
the analyses, and the mean value was separated using Fisher’s protected least significant
difference (LSD) test at p < 0.05.

3. Results
3.1. Analysis of Variance (ANOVA)

The ANOVA results showed a significant interaction between year and FKAR (p = 0.0447)
and year and variety (p = 0.0400) for CH but not for CW (Table 2). Likewise, there was
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a significant interaction between variety and FKAR (p = 0.0035), and year, variety and K
application rate (p = 0.0009) for CW but not for height (Table 2).

Table 2. Analysis of variance (ANOVA) with three-way interaction on measured cotton (growth,
yield, and quality) parameters.

Treatments Height Canopy
Width

Seed
Yield

Lint
Yield

Color
Grade Micronaire Staple

Length Strength Uniformity Col-Rd Col-b

Year * * * * NS * * * * * *
K rate NS NS NS NS NS NS NS NS NS NS NS

Year * K rate * NS NS NS * NS NS NS NS NS NS
Variety * NS * NS * NS * NS * * *

Year * Variety * NS NS NS * NS NS NS NS NS *
Variety * K rate NS * NS NS NS NS NS NS NS NS NS
Year * Variety *

K rate NS * NS NS NS NS NS NS NS NS NS

* Significant at the 0.05 probability level. NS: not significant.

3.2. Cotton Plant Height (CH) and Canopy Width (CW)

In 2020, the cotton variety did not significantly impact CH, and mixed results were
observed. Varieties V1 and V2 had slightly greater heights (3%) than V3. In 2021, V1 and
V3 had a significantly greater CH (p < 0.001) than V2 (Table 3). Variety V1 had 14% and V3
had 8% taller height than V2.

The foliar potassium application rate (FKAR) significantly influenced (p ≤ 0.001)
CH in 2020 (Table 3). The FKARs of 34 and 50 kg ha−1 resulted in significantly greater
CH compared to the control and 67 kg ha−1 (p ≤ 0.001). However, this effect was not
observed in 2021. In 2020, the CH increased by 8% and 13% at the 34 and 67 kg ha−1

FAPR, respectively, compared to the control. In 2021, the CH increased by 2%, with a 50 kg
application rate. However, the 34 and 67 kg ha−1 FKAR treatments decreased plant height
by 2% and 4%, respectively, compared to the control. (Table 3). Overall, cotton plant height
was 12% greater with variety and application rate in 2021 than in 2020.

Table 3. Least square means of cotton height (cm) and canopy width (cm) as affected by cotton variety
and foliar K fertilizer application rates in 2020 and 2021.

Measuring Unit
(CM)

1 Variety (VAR) Foliar K Application Rate, kg ha−1

(FKAR)
Main and Interactions

Effect p Values

V1 V2 V3 SE 0 34 50 67 SE VAR FKAR VAR *
FKAR

Height, 2020 69.4 a 70.0 a 67.3 a 6.5 65.6 b 71.6 a 75.0 a 63.4 b 6.6 0.57 0.0001 * 0.7648
Height, 2021 64.6 a 56.8 b 61.6 a 2.4 61.6 a 60.3 a 62.7 a 59.4 a 2.5 0.001 * 0.55 0.0049

Canopy width, 2020 38.3 a 37.2 ab 35.6 b 2.2 35.2 b 40.3 a 38.0 a 34.7 b 2.2 0.005 * 0.0001 * 0.3721
Canopy width, 2021 62.8 a 62.3 a 59.5 a 2.0 61.6 a 60.8 a 62.2 a 61.5 a 2.1 0.14 0.92 0.0001

1 Variety = V1, NG 5711 B3XF); V2, PHY 480 W3FE; and V3, FM 953GLTP. Within a row and main effect, least
square means lacking a common superscript letter differ (p ≤ 0.05), * significant; SE: standard error.

In 2020, V1 had a significantly larger canopy width than V3, but it was not statistically
different from V2. The difference in canopy width was substantial, with V1 having 3% and
7% more canopy than V2 and V3, respectively (Table 3). In 2021, there was no significant
difference in canopy size among the varieties. However, V1 maintained a 1% and 6% larger
canopy than V2 and V3, respectively.

In 2020, there was a significant difference (p < 0.001) in cotton CW with 34 and
50 kg ha−1 FKAR treatments compared to the control and 60 kg ha−1 K treatment (Table 3).
However, this significant disparity in FKAR was not observed in 2021 with FKAR. In 2020,
the cotton plant CW increased by 13% and 8% with 34 and 50 kg ha−1 FKAR, respectively,
compared to the control, demonstrating the positive effect of K fertilizer. In 2021, the cotton
CW increased by 2% with 50 kg ha−1 foliar K application rate but decreased by 2% and
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4% with 34 and 67 kg ha−1 FKAR compared to the control. Overall, the cotton plant CW
increased by 66% in 2021 compared to 2020 across cotton varieties and FKARs.

3.3. Lint and Seed Yield

The results showed a significant difference in lint production (p ≤ 0.049) among cotton
varieties in 2020 (Table 4). V3 had a significantly greater lint yield than V1. However, in
2021, the cotton lint content was statistically similar across all the varieties (Table 4). There
is no interaction effect of variety and K foliar application rates in both years. In 2020, V3
had 32% and 15% greater lint yield than V1 and V2, respectively. Although not significant,
in 2021, V3 had 10% and 9% greater lint yield than V1 and V2 (Table 4). The average lint
yield was 32% greater in 2020 (628 kg ha−1) than in 2021 (429 kg ha−1).

The FKAR did not significantly affect the lint yield in 2020 and 2021 (Table 4). However,
the 34 and 50 kg ha−1 FKAR increased the lint yield by 15% and 20%, respectively, in
2020, indicating the potential for improved lint yield with foliar K application in rainfed
production systems. Similarly, in 2021, foliar K applications of 50 and 67 kg ha−1 increased
the lint yield by 9% and 7%, respectively, compared to the control.

Table 4. Least square means of cotton seed and fiber yields as affected by cotton variety and foliar K
fertilizer application rates in 2020 and 2021.

Yield (kg ha−1)
1 Variety (VAR)

Foliar K Application Rate, kg ha−1

(FKAR)
Main and Interactions Effect

p Values

V1 V2 V3 SE 0 34 50 67 SE VAR FKAR VAR * FKAR

Lint, 2020 508 b 633 ab 743 a 128 578 678 722 533 133 0.049 * 0.37 0.95
Lint, 2021 410 418 458 70 411 413 450 439 81 0.87 0.98 0.61
Seed, 2020 734 b 893 ab 1177 a 186 882 1059 1021 775 195 0.015 * 0.37 0.97
Seed, 2021 601 692 756 107 659 668 762 644 116 0.57 0.91 0.50

1 Variety = V1, NG 5711 B3XF); V2, PHY 480 W3FE; and V3, FM 953GLTP. Within a row and main effect, least
square means lacking a common superscript letter differ (p ≤ 0.05), * significant; SE: standard error.

In 2020, there was a significant difference in cotton seed yield among the varieties
(p < 0.05). The seed yield of the variety V3 was significantly greater than that of V1 (Table 4).
In 2020, the seed yield of V3 was 38% and 24% greater than that of V1 and V2, respectively.
Despite being statistically insignificant, the seed yield of V3 was 21% and 8% greater in 2021
compared to V1 and V2, respectively (Table 4). The average seed yield was 27% greater in
2020 (934 kg ha−1) than in 2021 (683 kg ha−1).

Seed yield was statistically insignificant with FKAR in both 2020 and 2021. However,
in 2020, the FKARs of 34 and 50 kg ha−1 resulted in a 17% and 14% increase in cotton seed
yield, while 67 kg ha−1 resulted in a 14% decrease in seed yield compared to the control.
Similarly, in 2021, 34 and 50 kg ha−1 FKARs resulted in 1% and 14% increases in seed yield,
while 67 kg ha−1 FKAR resulted in a 2% decrease in cotton seed yield. The seed yield was
decreased with a 67 kg ha−1 foliar K application rate in both years.

3.4. Cotton Quality

The analysis of cotton fiber quality parameters for 2020 and 2021 revealed significant
effects of both cotton variety and FKAR on various quality indicators. In 2020, color grade
exhibited a significant difference among varieties (p < 0.003), with V1 and V3 displaying
significantly higher color grades than V2 (Table 5). However, among the varieties, no
significant difference was observed in micronaire, staple length, or strength. Notably,
uniformity was significantly greater with V2 compared to V1, and color reflectance (Col-
RD) and color yellowness (Col-b) were significantly impacted by variety selection (p ≤ 0.01
and p < 0.0001, respectively). Variety V3 had the highest col-Rd compared with V1 and V2,
and V2 had the highest Col-b compared with V1 and V3 (Table 5), indicating the impact of
varieties and variations in lint color characteristics. Likewise, in 2021, the varieties showed
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significant effects for the color grade (p < 0.009), staple length (p < 0.001), col-RD (p < 0.004),
and Col-b (p < 0.0001) (Table 5). The V3 had a significantly greater color grade than V2, and
V1 and V3 had significantly greater staple lengths than V2. Similarly, V3 had a significantly
greater col-Rd than V1 and V2, but V1 and V2 had significantly greater Col-b than V3.

Table 5. Least square means of cotton variety and foliar K fertilizer application rates on different
cotton fiber quality in 2020 and 2021.

Quality
Parameter

3 Variety (VAR) Foliar K Application Rate, kg ha−1 (FKAR) Main and Interaction Effect
p Values

V1 V2 V3 SE 0 34 50 67 SE VAR FKAR VAR *
FKAR

2020

Color grade 30.6 a 25.3 b 31.0 a 1.19 26.1 b 29.1 ab 29.2 ab 31.4 a 1.38 0.003 * 0.08 0.069
Micronaire 3.39 3.24 3.30 0.14 3.26 3.35 3.45 3.16 0.16 0.74 0.62 0.754

Staple length (cm) 1.07 1.07 1.10 0.02 1.08 ab 1.08 ab 1.10 a 1.05 b 0.02 0.08 0.05 * 0.352
Strength(g/tex) 27.7 27.7 27.9 1.06 27.6 ab 28.8 a 28.3 ab 26.4 b 0.37 0.97 0.11 0.206

Uniformity 80.1 b 81.7 a 80.6 ab 0.87 81.2 a 80.6 ab 81.8 a 79.5 b 0.91 0.08 0.03 * 0.503
1 Col-RD 75.1 b 75.8 b 77.7 a 0.56 76.6 a 76.7 a 75.9 b 75.7 a 0.64 0.01 0.61 0.180

2 Col-b 9.4 b 10.0 a 8.6 c 0.23 9.6 9.2 9.2 9.3 0.25 <0001 * 0.35 0.898

2021

Color grade 23.6 b 28.5 ab 30.2 a 2.10 31.1 a 23.2 b 31.0 a 24.3 ab 2.42 0.009 * 0.049 * 0.703
Micronaire 3.78 a 3.47 a 3.53 a 0.10 3.71 a 3.32 b 3.76 a 3.57 ab 0.12 0.13 0.07 0.701

Staple length (cm) 1.16 a 1.10 b 1.16 a 0.009 1.14 1.15 1.13 1.13 0.01 0.001 * 0.45 0.384
Strength(g/tex) 30.4 30.1 30.6 0.32 30.1 30.5 30.7 30.1 0.32 0.54 0.64 0.973

Uniformity 81.7 b 82.5 ab 82.8 a 0.37 82.1 82.5 82.4 82.3 0.42 0.12 0.94 0.258
1 Col-RD 78.7 b 77.1 c 80.2 a 0.44 77.9 b 79.3 ab 77.9 b 79.5 a 0.51 0.004 * 0.06 0.759

2 Col-b 8.9 a 8.6 a 7.2 b 0.15 8.3 8.3 8.3 8.1 0.17 <0001 * 0.85 0.109

1 Col-RD = color reflectance; 2 Col-b = color yellowness; 3 variety = V1, NG 5711 B3XF; V2, PHY 480 W3FE; and
V3, FM 953GLTP. Within a row and main effect, least square means lacking a common superscript letter differ
(p ≤ 0.05), * significant (p ≤ 0.05); SE: standard error.

In 2020, significant effects of foliar K application rates were observed for color grade
(p < 0.001) and uniformity (p < 0.05) (Table 5). Specifically, higher foliar K application rates
improved color grade and yellowness, with the 67 kg ha−1 application rate showing the
most pronounced effects. However, the uniformity was significantly lowest with 67 kg
ha−1 treatment compared to the control and 50 kg ha−1 FKAR, likely because leaf burning
decelerated the cotton growth at this application rate, especially in dry years. However, in
2021, the significance of foliar K application rates diminished for most quality parameters,
except for color grade (p < 0.049), suggesting potential temporal and seasonal variation of
cotton response to FKAR. However, there was no interaction effect between varieties and
FKAR on cotton quality parameters in both years.

4. Discussion
4.1. Cotton Height (CH) and Canopy Width (CW)

Although insignificant in 2020, the cotton variety had a significant effect on cotton
plant height, with V1 and V3 producing taller plants than V2 in 2021. These results align
with the observations of Pervez et al. [29] and Yang et al. [30], who reported varietal
differences in cotton growth responses to potassium fertilization. In 2020, foliar K fertilizer
application rates significantly affected plant height, with a rate of 50 kg ha−1 resulting in
the tallest plants (75.0 cm), followed by 34 kg ha−1 (71.6 cm). The results indicated that
foliar K application might have promoted the growth and development of cotton plants
in dry years. The results are consistent with [31–33], who reported positive impacts of K
fertilization on cotton plant growth parameters. However, potassium fertilizer rates did
not significantly influence plant height in 2021. The 67 kg ha−1 foliar K application had
the lowest height in both years, possibly due to the leaf burning we observed during the
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application. Therefore, a proper K concentration is vital during foliar application to avoid
adverse effects on growth and development.

The contrasting effects of FKAR and variety on plant height between the two years
highlight the potential impact of seasonal, temporal, and growing conditions on cotton
responses to nutrient management practices. Cassman [32] and Oosterhuis [34] noted that
site-specific factors, such as soil fertility levels and climatic conditions, can influence the
effectiveness of potassium fertilization. Compared to 2021, 2020 was a drier year (Figure 2b),
and the study site received substantially more rainfall in May (532 mm vs. 214 mm), June
(180 mm vs. 105 mm), and July (120 mm vs. 103 mm) in 2021, which might have negated
the impact of foliar K application in 2021.

In 2020, both cotton variety and foliar K application rate significantly affected canopy
width. Variety V1 had the widest canopy, while the highest potassium rate of 34 kg
ha−1 resulted in the widest canopy. The findings are consistent with the positive effects
of potassium fertilization on cotton growth parameters reported by [3,6]. However, in
2021, neither the cotton variety nor the potassium fertilizer rate significantly influenced
canopy width. This lack of response could be attributed to the specific environmental
conditions described earlier and nutrient dynamics during the 2021 growing season [29,35].
The variable responses observed in this study in 2020 and 2021 highlight the complex
interactions between cotton varieties, nutrient management practices, and environmental
factors in determining plant growth and development.

4.2. Lint and Seed Yield

The results demonstrated the significant impact of cotton variety on lint and seed
yields, particularly in the 2020 growing season. Variety V3 consistently outperformed V1
and V2 in terms of both lint and seed yields, indicating that variety selection should be
included as part of K management in cotton. These findings align with previous research
by [15,18,31–33,36], who also reported varietal differences in cotton yield across different
varieties. The choice of cotton variety is a critical factor influencing yield potential, as
varieties vary in their genetic makeup, growth characteristics, and adaptability to local
environmental conditions. In contrast to the varietal effects, foliar application of K fertilizer
at different rates did not significantly influence lint or seed yields in either year. This lack
of a significant yield response to K fertilization is consistent with the findings of [31–33,37].
For example, ref. [37] reported no impact of foliar K application on lint yield and total
biomass. However, these findings contrast with those of studies by [17,18,22,29,30], who
reported positive impacts of K application on cotton yields.

Although statistically insignificant, foliar K application at 30 and 50 kg ha−1 increased
the lint yield by 15–30% and the seed yield by 14–17% in 2020 and by 1–16% and 0.2–9%,
respectively, in 2021. Overall, the lint yield was 32%, and the seed yield was 26% greater in
the dry year 2020 than in 2021, but the canopy width was 66% greater in 2021. The reduced
canopy development in 2020 may have contributed to increased lint and seed yield due
to better light distribution and increased photosystems within the mid-canopy layer [38].
Conversely, the greater canopy development in 2021, possibly due to substantial rainfall
during May, June, and July (Figure 2b), may have negatively impacted cotton yield by
shading the middle and lower parts of the plant [15], leading to reduced boll formation and
yield in those areas [39]. The results also suggest that excessive canopy development should
be avoided by taking precautions against the overapplication of irrigation water, which can
decrease cotton yield. These discrepancies between yield in 2020 and 2021 illustrate the
site-specific nature of cotton varieties’ response to K fertilization, which can be influenced
by factors such as soil nutrient status, rainfall, and management practices. Weather can
greatly impact cotton productivity compared to foliar K application treatments [37].
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4.3. Cotton Quality
4.3.1. Color Grade

In 2020, the cotton variety significantly affected the color grade, with V2 exhibiting a
lighter color grade than V1 and V3. V3 had a 19% and V1 had a 21% greater color grade
than V2. In 2021, both variety and K application rate significantly affected color grade, with
V3 showing the darkest color grade and the 34 kg ha−1 foliar K rate resulting in the lightest
color grade. This is in line with the findings of [40,41], who reported that genetic factors
can influence fiber color, and [42], who reported a dual influence of genetic and nutritional
factors on fiber color. However, the mean color grade was 28.98 in 2020 and 27.40 in 2021,
and was not statistically significant by year.

4.3.2. Micronaire

Micronaire values, which indicate the fiber fineness and maturity of cotton fibers, were
not significantly affected by either cotton variety or FKAR in 2020. However, the micronaire
values for V1 were 5% and 3% greater than those for V2 and V3, respectively, and the
application of 34 and 50 kg ha−1 foliar K increased micronaire by 3% and 6%, respectively,
compared to the control. These results align with the findings of [14,17,20], who reported
that micronaires are often more influenced by environmental conditions than by genetic or
fertilizer inputs. Similarly, in 2021, the micronaire values for V1 were 9% and 7% greater
than those for V2 and V3, respectively, and the application of 34 kg ha−1 foliar K increased
micronaire by 1% compared to the control. However, this increase was not statistically
significant.

4.3.3. Staple Length

Staple length increased by 3% and 4% with V3 compared to V1 in 2020, but these
differences were statistically insignificant. Staple length was significantly affected by cotton
variety, with V1 and V3 producing longer fibers than V2 in 2021. This finding aligns with
the research findings of [41,43,44], who reported that fiber length is a highly heritable trait
influenced by cotton genotype.

4.3.4. Strength and Uniformity

Neither the cotton variety nor the foliar K application rate significantly affected the
fiber strength or uniformity in either year. V2 and V3 had 2% and 3% greater strengths than
V1 in 2020. However, no varietal effect on strength was observed in 2021. Similarly, the 34
and 50 kg ha−1 FKARs increased the fiber strength by 4% and 3% in 2020 and 1% and 2%,
respectively, in 2021. This finding aligns with [45], who noted that fiber quality parameters
are often more stable and less affected by management practices. In contrast, Ahmad
et al. [18] suggested increased fiber strength with K application. The significant difference
in uniformity between V2 and V1 in 2020 and between V3 and V1 in 2021 indicated that the
performance of cotton varieties under different moisture regimes might vary, impacting
lint quality. In 2020, the dry year, V2 had greater uniformity, but in 2021, the wet year, V3
had greater uniformity.

4.3.5. Color Reflectance (Col-RD) and Color Yellowness (Col-b)

Significant varietal differences were observed for color reflectance and yellowness
in both years. V3 had higher color reflectance and lower color yellowness, indicating
brighter and less yellow fibers, which is desirable in the cotton industry. These results
were supported by the findings of [46], who noted that the genetic makeup of cotton plants
influences fiber brightness and yellowness.
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5. Conclusions

This study demonstrated that cotton variety significantly impacted cotton lint and
seed yields, plant height, canopy width, and fiber quality parameters such as color grade,
staple length, uniformity, Col-R, and Col-b. Both lint and seed yield responded positively
to FKAR, suggesting that additional foliar K application can enhance cotton growth and
yield in rainfed production systems. The effects of FKAR varied across quality parameters
and study years, highlighting the importance of cotton variety in determining productivity
and fiber quality. However, the effectiveness of K fertilization is site-specific and can be
influenced by soil fertility levels, environmental conditions, rainfall, and cotton variety
characteristics. The study emphasizes the importance of tailoring nutrient management
strategies to specific varieties, soil fertility levels, and climatic conditions to maximize cotton
yield and fiber quality. Additional research is necessary to comprehend the fundamental
mechanisms that drive these responses and develop management practices to consistently
enhance cotton productivity and fiber quality in rainfed production systems.
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