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ABSTRACT

This study was conducted in Msilale Village, Chato District in Tanzania, to
evaluate the influence of sowing dates and phosphorus levels on cotton fiber
quality. The study was established according to a factorial trial, with varyin%
sowing dates (25" November 2022, 15" December 2022 and 4

January 2023) and phosphorus levels (control, 20kg P ha™', 40kg P ha™',
60 kg P ha™"). Results revealed that early planting had a statistically signifi-
cant (p <.001) effect on fiber cotton quality, including spinning coefficient
index, fiber length, fiber strength, uniformity index, short fiber content, and
grade/color. Early sowing dates (25" November 2022 and 15%
December 2022) consistently produced superior fiber quality, including spin-
ning coefficient index (156.5 and 148.4), moisture content of the fiber (7.8%
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and 7.7%), micronaire (3.5 pg/inch), upper half mean length (1.2 cm), unifor-
mity index (84.6% and 84.2%) and shorter fiber (6.8% and 7.0%) relative to
late sowing (4™ January 2023). Conversely, phosphorus levels did not sig-
nificantly (p >.05) impact these parameters within the tested range. This
research underscores the critical role of selecting appropriate sowing dates
for cotton cultivation to achieve better fiber quality.
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Introduction

Cotton (Gossypium hirsutum L.) fiber qualities are crucial in determining the value and utility of
cotton in various industries, particularly in textile production. Textile industries gave more impor-
tance to cotton fiber as fiber value count depends on fiber yield and quality (Darawsheh et al. 2022).
Cotton fiber qualities can be influenced by a variety of factors, both intrinsic to the cotton plant itself
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and external environmental factors. These factors include cotton variety (cultivar) as different cotton
cultivars have varying fiber properties (Ishaq et al. 2022). Cotton plants are bred for specific qualities
such as fiber length, strength, and color (Mauget, Ulloa, and Dever 2019). The choice of cultivar can
significantly impact the final fiber quality (Karavina et al. 2012). Environmental factors such as
temperature, rainfall, humidity, and sunlight can affect cotton fiber development (Darawsheh et al.
2022; Mudassir et al. 2022). Ideal weather conditions can lead to longer, stronger fibers, while adverse
conditions may result in shorter and weaker fibers. The soil’s composition, fertility, and nutrient
content can impact the growth and quality of cotton fibers (Hulugalle, Nehl, and Weaver 2004;
Johnson et al. 2002; Khalil et al. 2015). Nutrient deficiencies or imbalances can affect fiber develop-
ment (Sun et al. 2023). The agronomic practices such soil preparation, planting date, planting density,
weed control, pest and disease management, harvest timing, harvesting methods, ginning, cover crops
and crop rotation, integrated farming practices, pest scouting and monitoring post-harvest residue in
cotton production require a combination of knowledge, experience, and careful management to
optimize crop yield and fiber quality while minimizing environmental impact (Li et al. 2020).

Cotton thrives as a warm-season crop, and its progress and fiber maturation are intricately tied to
a range of environmental factors, including temperature, daylight duration, and soil conditions
(Johnson et al. 2002; Sharry 2021). The quality of the fiber may deteriorate when poor cultural
practices and challenging climatic conditions are prevalent (Yeates, Constable, and McCumstie
2010; Igbal et al. 2020). Sowing date is a major factor which play important role in maximum
production and better quality cotton as it can significantly affect cotton fiber quality, as they play
a crucial role in determining the growth and development of cotton plants (Abbas and Ahmad 2018).
Early sowing may result in longer daylight exposure during the critical flowering and boll-setting
stages, which can positively impact fiber quality (staple length, lint fineness, and strength) by
promoting better fruiting and fiber (Godfrey et al. 2023; Ullah et al. 2019). Previous studies have
consistently emphasized the indispensable roles of cellulose and sucrose in shaping fiber quality,
a relationship modulated by sowing dates (Zhao et al. 2012). Proper timing of sowing can help
minimize pest and disease pressure, leading to healthier plants and better fiber quality (Karavina
et al. 2012; Singh, Singh, and D Mishra 2020). Sowing dates should align with the availability of soil
moisture. Adequate soil moisture during critical growth stages is essential for fiber development (Wu
et al. 2023). To optimize cotton fiber quality, it is crucial to consider local climate conditions, soil
types, and pest pressures when selecting sowing dates (Zhang et al. 2024). Proper timing and manage-
ment practices can help achieve the desired fiber quality characteristics, such as length, strength, and
fineness, which are crucial for the cotton industry (Mauget, Ulloa, and Dever 2019).

Phosphorus stands as one of the three crucial nutrient elements required for the growth and
progress of cotton (Sun et al. 2022). This nutrient plays a pivotal role in stimulating the budding
and flowering during the middle growth stage and further aids in enhancing the maturity and
weight of cotton bolls in the late growth phase. These effects have a direct impact on the final lint
yield and fiber quality of cotton (Mauget, Ulloa, and Dever 2019). Alarming statistics reveal that
approximately 5.7 x 10° hectares of land globally suffer from a deficiency in available phosphorus
significantly affecting agricultural production (Xu et al. 2020). The vital biological role of phos-
phorus is met with a formidable challenge in tropical soils, where its presence is a mere 0.1%
across 5.7 billion hectares of land (Granada et al. 2018). Furthermore, phosphorus, a critical
element, is predominantly obtained from finite resources such as phosphate-rich rock, and the
alarming fact remains that 83% of these global reserves have been exhausted (Magallon-Servin
et al. 2019; Sun et al. 2023). Plants depend on phosphorus for the synthesis of critical biomole-
cules, such as ATP, nucleic acids, and proteins, essential for their survival and growth (Heuer et al.
2017). Phosphorus can affect cotton fiber quality in several ways, both positively and negatively,
depending on the specific context and application (Sun et al. 2023). Adequate phosphorus levels
can contribute to longer and stronger cotton fibers while deficiency can contribute to reduced
fiber length (Sun et al. 2023). Longer fibers are generally preferred in the textile industry, as they
can be spun into finer and more durable threads. It can also increase cotton yield by promoting
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the development of more cotton bolls. A higher yield can lead to more fiber production,
potentially improving overall fiber (dos Santos et al. 2023). Phosphorus can enhance the cotton
plant’s resistance to pests and diseases, indirectly improving fiber quality by reducing damage
caused by these factors (Bertrand et al. 2021). Adequate phosphorus levels in the soil can lead to
better plant growth, which can indirectly affect cotton fiber quality by producing more and
healthier cotton bolls (Igbal et al. 2020).

In conjunction with persistent drought conditions and scarce rainfall, the deficiency of available
phosphorus in the soil poses a significant challenge in cotton cultivation regions (X. Wang et al. 2010).
In the face of this challenge, the necessity for regular phosphate fertilizer applications remains
imperative to sustain cotton yields and fiber quality. Consequently, the imperative for achieving
both high yield and cotton quality necessitates the application of recommended amounts of phos-
phorus-based fertilizers. As the demand for higher cotton fiber quality escalates, it becomes para-
mount for cotton plants to receive a consistent phosphorus supply throughout their entire growth
cycle. This is crucial not only to secure optimal lint yield but also to ensure superior fiber quality,
a point underscored by Chen et al. (2020). Therefore, the overall objective of the present study is to
assess the influence of sowing dates and phosphorus levels on cotton fiber quality, with a focus on
optimizing fiber quality through strategic sowing timing and providing practical insights for cotton
growers.

The gist of the entire study was on improvement of cotton yield and fiber quality through sowing
dates manipulation and phosphorus application in Chato District of Tanzania. Therefore, the objec-
tives were multifaceted, spanning an exploration of agronomic, socioeconomic, and policy implica-
tions for sustainable cotton production on small landholdings - led to the publication of Tlatlaa et al.
(2023a), which presents findings from a systematic review, illuminating previously uncharted terri-
tories crucial for the sustainability of the cotton farming sector. Additionally, the research investigated
the impacts of varying sowing dates and phosphorus levels on cotton growth and yield, with
a particular emphasis on soil analysis and implications — disseminated in a publication of Tlatlaa
et al. (2023b), providing significant insights into optimizing agricultural practices to enhance cotton
productivity. Another aspect of the study focused on enhancing cotton fiber quality through strategic
sowing practices, with a specific emphasis on phosphorus management — presented in this manuscript
of the Journal of Natural Fibers, providing crucial quality parameters of cotton fiber pivotal for the
textile industry. Lastly, the study aimed to optimize economic returns in cotton production, particu-
larly examining the implications of sowing dates and phosphorus application - following the comple-
tion of the review process, the research outcomes have been endorsed for publication in the Frontiers
in Plant Science journal, expected to provide practical insights for stakeholders in the cotton industry,
facilitating informed decision-making processes to maximize economic benefits.

Materials and methods
Description of the study area

Field experiments were carried out in the picturesque Msilale village, nestled within Chato District,
Tanzania, positioned between latitudes 02° 15" and 03° 15’ S, and longitudes 31° and 32° E The
elevation of this area varies between 1135 meters and 1141 meters above mean sea level (Tlatlaa,
Tryphone, and Nassary 2023a). It experiences a bimodal rainfall pattern, with short rains occurring
from September to December, and the long rainy season spanning from February to May. The average
annual rainfall registers at 850 mm, and temperatures range from 24°C to 30°C (Msigwa 2019).

We started our experiment by collecting soil samples from Chato-Msilale and Muungano-Kahumo
at a depth of 0-30 cm. The analysis showed Chato-Msilale soil is slightly acidic, making it suitable for
cotton. On the other hand, Muungano-Kahumo has high organic matter and available phosphorus,
promising better cotton growth. The choice of Chato-Msilale site was based on consideration of soil
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Table 1. Factors and treatments used in the experiment and their combinations.

Phosphorus levels and Treatment Combinations

1. Sowing dates Code used Dates 0] P1 P2 P3
25™ November 2022 D1 D1 D1PO D1P1 D1P2 D1P3
15™ December 2022 D2 D2 D2P0 D2P1 D2pP2 D2P3
4™ January 2023 D3 D3 D3P0 D3P1 D3P2 D3P3
2. Phosphorus treatments/rates (kg ha™') Code used

0 PO

20 P1

40 P2

60 P3

conditions, focusing on addressing available phosphorus limitations (Tlatlaa, Tryphone, and Nassary
2023a).

Research framework and intervention strategies

The research was established as randomized blocks design in a factorial trial with three replications.
The main plots were dedicated to planting times, with phosphorus levels assigned to the sub-main
plots. Two factors (i.e., sowing dates and phosphorus levels) were considered at various levels as
detailed in Table 1. Each treatment (sowing dates x phosphorus levels) was replicated three times for
each sowing date, resulting in a total of 36 experimental plots.

Diammonium phosphate (DAP, 46% P,05) was applied to supply phosphorus during seed sowing.
Nitrogen deficiency was addressed 21 days after sowing based on routine soil characterization, with an
equivalent of 70 kg N ha™" applied to all plots from urea (46% N), following recommendations by
Savoy and Joines (2009). Two seeds of the cotton variety UKM-08 were sown per hole, with interrow
spacing of 0.6 m and 0.3 m for the intrarow. The chosen variety is well-suited for the region and
commonly used by local farmers. Each plot measured 2.4 m x 2.7 m (6.48 m”) with 5 rows and 10 holes
per row, totaling 100 plants per experimental plot (equivalent to 154,321 plants per hectare). Plots
within a replicate were spaced 0.5 m apart, and replicates were spaced 1 m apart.

In periods of drought with uneven rainfall, frequent irrigation was implemented, accompanied by
the use of mulching materials to enhance soil water-holding capacity in the study area. A local weather
station had been established two months before the experiment to collect data on rainfall and
temperature before, during, and after the experimentation period. However, the relevant data covers
the months from November 2022 to June 2023, with harvesting taking place in May and June 2023.

Data collection

During the data collection phase, 30 representative plants were randomly selected in each plot and
marked with colored strings. The growth-related data focused on plant height (cm). In contrast, the
data pertaining to yield parameters included the number of bolls per cotton plant, individual boll
weight, ginning turnout, and lint yield.

Post-harvesting, cotton fiber samples were stored in separate containers and submited to the
Tanzania Agricultural Research Institute (TARI), Ukiriguru Centre Laboratory in Mwanza for gin-
ning. The lint samples were conveyed to another laboratory in the Shinyanga region of Tanzania for
a thorough analysis of fiber quality, utilizing the High Volume Instrument (HVI 1000) fiber analyzer.
The analysis included staple length, fiber length, fiber strength, micronaire (fineness), elongation,
spinning coefficient index, trash area, trash count, uniformity index, and color/grade. These variables
measuring fiber quality in cotton are well elaborated by Azzouz et al. (2008), as compiled in Table 2.



JOURNAL OF NATURAL FIBERS (&) 5

Table 2. A general overview of how some of the cotton fiber quality properties might relate.

Fibre quality indicator Explanation
Spinning coefficient  The spinning coefficient index reflects the spinning performance of fibers. It may be influenced by factors
index such as fiber length, strength, and uniformity. It is an indicator that includes the specific integral

properties of cotton, such as the micronaire, length, uniformity, tensile strength, light reflection
coefficient (Rd), and yellowing rate (+ b) of the cotton fiber

Moisture content Moisture content can impact the physical properties of fibers, including their weight and flexibility. It may
influence measurements like micronaire and fiber strength

Micronaire It is a measure of fiber fineness and maturity. It may be related to the spinning performance and can
influence the quality of the yarn produced

Upper half mean It is a measure of the average length of the longer fibers in a sample. It can impact yarn strength and

length overall textile quality

Uniformity index The uniformity index measures the consistency of fiber length. Fibres with higher uniformity are generally
desirable for textile processing

Shorter fiber The presence of shorter fibers in a sample can affect the overall quality of the yarn and may be related to
properties like uniformity and spinning performance

Fibre strength Fiber strength is a critical property influencing yarn and fabric strength. It is often a key factor in
determining the suitability of fibers for various applications

Yellowness Yellowness is a color-related property. It might be influenced by factors such as fiber maturity, processing

conditions, and exposure to environmental factors
Trash count and trash These properties measure the presence of impurities in the fiber. Higher trash count or trash area can
area negatively impact processing efficiency and yarn quality

Statistical data analysis

For the statistical analysis, the data underwent a two-way analysis of variance (ANOVA), where the
sowing dates and phosphorus levels constituted the main fixed effects (two factors), and replicate
blocks were considered as a random factor. The comparison of significant treatment means was
performed using standard errors of differences of means (s.e.d.) with a 5% threshold, employing
Tukey’s post-hoc multiple comparisons.

Results
Effects of sowing dates and phosphorus on quality statistical parameters

The analysis of variance results of the main effects of sowing dates and phosphorus levels and their
interactions on fiber quality parameters of cotton are presented in Table 3. With quality parameters,
sowing dates have a significant effect on spinning coefficient index (p <.001), fiber strength (p <.001),
fiber length (p <.001), uniformity index (p <.001), short fiber (p = 0.006), and grade/color (p =.002),
but they did not significantly (p > .05) affect the moisture content of the fiber, maturation, trash count,
trash area, and micronaire. Conversely, phosphorus levels have no significant (p > .05) effect on fiber

Table 3. Analysis of variance (ANOVA) for the effects of sowing dates, phosphorus levels and their interaction on fiber quality
parameters.

Source of variation sa Mst Mic UHML Str (+h) ul SF TrCnt  TrAr

df. Fpr. Fpr. Fpr. Fpr. Fpr. Fpr. F pr. Fpr. Fpr. Fpr.

Replication 2
Dates 2 <0.001 0.267 0.288  <0.001 <0.001 0.002  <0.001 0.006  0.781 0.467
Phosphorus 3 0.678 0.585  0.571 0.859 0.759 0.657 0.515 0479 0.074 0.054

Dates x Phosphorus 6 0.27 0.125 0.845 0.024 0.473 0.9 0.042 0.565 0.183 0.23
Residual 22
Total 35

Key: SCI = Spinning Coefficient Index; Mst = Moisture content; Mic = Micronaire; Mat = maturation; UHML = Upper Half Mean Length;
Str =Fiber strength; (+b) = Fibre colour (yellowness); Ul = Uniformity Index; SF= Short Fibre; TrCnt = Trash count; TrAr = Trash area;
d.f. = degrees of freedom, F pr. = test-F probability.
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quality parameters. However, it is noteworthy that the interaction between sowing dates and phos-
phorus levels exhibited a discernible, albeit moderate, effect on fiber length (p =.024) and uniformity
index (p =.0042)

Effects of sowing dates and phosphorus on mean fibre quality parameters

The data presented in Table 4 offers a comprehensive view of how fiber quality parameters in
cotton are influenced by sowing dates and phosphorus levels. When evaluated the impact of
sowing dates (25" November 2022, 15" December 2022, and 4™ January 2023) on these
parameters, notable differences emerge across various aspects of fiber quality. For most of the
parameters, such as spinning coefficient index, fiber length, uniformity index, short fiber
content, fiber strength, and trash area, there exists a significant disparity among the sowing
dates. Specifically, sowing date 25" November 2022 consistently yields superior values com-
pared to 15" December 2022 and 4™ January 2023. The spinning coefficient index, for
instance, tells a compelling story, displaying a pronounced significance (p <.001) with its
pinnacle achieved in plots sown on the 25" November 2022. Similarly, when we scrutinize
fiber length, a significant (p<.001) divergence is evident in plots sown on the 25"
November 2022. Fiber strength, too, exhibits a remarkable variance among the three sowing
dates, displaying significant differences (p <.001) with the highest values observed in plots
sown on the 25" November 2022. Furthermore, the analysis of grade/color (yellowness)
discloses another significant (p <.001) distinction across the sowing dates. The highest grade
fibers, though exclusive to plots sown on the 15" December 2022, show a poor grade in terms
of color. Additionally, there is a significant difference in short fiber content, with a highly
significant (p =.006) difference discernible among the sowing dates. Early sowing dates (25"
November 2022 and 15" December 2022) present commendably low short fiber percentages,
in stark contrast to 4™ January 2023, where notably higher short fiber content is observed.
The uniformity index of the fibers also demonstrates a notable dependency on sowing dates,
with the highest values recorded for plots sown on the 25" November 2022 and 15"
December 2022, respectively. However, it is important to note that micronaire, elongation,
moisture content, trash area, and trash count exhibited no statistically significant (p>.05)
differences across different sowing dates. Conversely, when considering the impact of phos-
phorus levels, the results reveal an absence of any discernible (p>.05) influence on the
variables under examination. The sowing date factor exerts a substantial impact on several
key parameters, with early sowing (25" November 2022) generally outperforming middle and

Table 4. Mean fiber quality parameters of cotton as affected by sowing dates and phosphorus levels.
Ne Mst Mic UHML ul SF Str (+b) TrCnt TrAr

Factors Treatments
(%)  (ug/inch)  (cm) (%) (%)  (MPa) @ (%)
Sowing dates 25" November 2022  156.5° 7.8° 3.52 12°  846° 68° 300" 85> 82% 0.09°
15" December 2022 1484 7.7 3.5° 12° 8422 70 280° 84> 80° 0.09°
4™ January 2023 133.8° 7.9 332 11 826° 76 266° 89° 68 0.10°
LS.D. (05 77 03 03 0.03 08 05 14 03 24 003
p-value <0.001 0267 0288  <0.001 <0.001 0006 <0.001 0002 0.467 0.781
Phosphorus levels 0 1463% 7.7° 3.3° 117 8357 73* 283* 85 93 0.12°
(kg ha™") 20 1489* 7.8° 34 112 841 69° 284° 87° 93" 0.08
40 146.1*  7.9° 3.5° 11 837° 73° 283 87° 93" 001
60 1436*  7.9° 3.5° 11 838 7.1 2777 86 93 0.07°
LS.D. (05 89 04 0.4 0.03 09 06 1.6 04 28 004
p-value 0678 0585 0571 0859 0515 0479 0759 0657 0.054 0.074

Key: SCI = Spinning Coefficient Index; Mst = moisture content of the fiber; Mic = Micronaire; UHML = Upper Half Mean Length; Ul =
Uniformity Index; SF = Shorter Fiber; Str = Fiber Strength; (+b) = Yellowness of the Fibre; TrCn = Trash Count; TrAr = Trash Area; L.S.
D. (0.05) = Least Significant Difference (at 0.05 probability), D = sowing date; p = phosphorus.



JOURNAL OF NATURAL FIBERS (&) 7

(a)sci | (b) UHML

Ul (%)

40

SClI of fibre
UHML of fibre (cm)

PO P1 P2 P3 PO P1 P2 P3 PO P1 P2 P3
Phosphorus levels (kg/ha) Phosphorus levels (kg/ha) Phosphorus levels(kg/ha)
8 (d) sF 20 (e)str
G 254
6
5
O s
=
E’ @l 5 159
% 7]
34 10 4
24
14
o
04 PO P1 P2 P3
Fe L k2 £3 Phosphorus levels (kg/ha)
Phosphorus levels (kg/ha) s Doto: O1
@Emm Date: 02
N Oate: D3

Figure 1. Interactive effects of sowing dates and phosphorus levels on (a) spinning coefficient index, (b) upper half mean length, (c)
uniformity index, (d) short fibre, and (e) fibre strength.

late sowing dates (15™ December 2022 and 4™ January 2023). Although the interaction
between sowing dates and phosphorus levels have no significant effect on the measured
variables related to fiber quality the general trend is presented for some variables, including
spinning coefficient index, upper half mean length, uniformity index, short fiber, and fiber
strength (Figure 1).

Discussion

The effect of planting date on spinning coefficient index was highly significant in this study. Early
sowing dates generally resulted in higher spinning coefficient index displaying a pronounced sig-
nificance. Notably, the pinnacle of spinning coefficient index performance, a remarkable 156.5, was
attained in plots sown on the 25" November 2022. The interplay between photosynthetic carbon
fixation and cellulose synthesis is profoundly influenced by environmental factors, a dynamic relation-
ship that significantly contributes to fiber wall thickening and, consequently, impacts fiber quality
specifically spinning coefficient index The pivotal roles of cellulose and sucrose in shaping fiber quality
have been underscored in previous research, with sowing dates shown to be a determinant in this
regard (Darawsheh et al. 2022; Zhao et al. 2012). Upon analysis, the fiber length results unfolded
a striking contrast with a highly significant divergence. For instance, an impressive 1.2 inches (55.9
mm) of length was documented for plots sown on 25" November and 15™ December 2022, compared
to 1.1 inch (27.9 mm) for the plots sown on 4™ January 2023. This finding aligns with previous
researchers who concluded that early planting resulted in the maximum staple length, while late
planting yielded a slightly lower maximum staple length (Abbas and Ahmad 2018; Mauget, Ulloa, and
Dever 2019).
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The profound impact of planting dates on spinning coefficient index and fiber length underscores
the intricate interplay between environmental factors and cotton fiber quality (Darawsheh et al. 2022;
Thapliyal et al. 2023). Early sowing dates demonstrate a pronounced significance in yielding higher
spinning coefficient index values (Sankaranarayanan, Prakash, and Rajendran 2020); with the highest
performance observed in plots sown on November 25™, 2022 for the present study (Tlatlaa, Tryphone,
and Nassary 2023a). This phenomenon is attributed to favorable environmental conditions during early
growth stages, facilitating robust photosynthetic carbon fixation and cellulose synthesis, thereby con-
tributing to fiber wall thickening and enhancing spinning coefficient index values (Khan et al. 2018;
Y. Wang et al. 2009; Zou et al. 2022). Concurrently, the significant divergence in fiber length across
planting dates highlights the correlation between early planting and longer staple lengths, indicative
of optimal fiber development (Mauget, Ulloa, and Dever 2019; Mekonnen et al. 2023). This
alignment with previous research emphasizes the critical role of early planting in maximizing
fiber quality (Tlatlaa, Tryphone, and Nassary 2023a). Moreover, the pivotal roles of cellulose and
sucrose present the biochemical underpinnings of these phenomena, with early planting regimes
promoting enhanced carbohydrate accumulation and robust fiber development (Ma et al. 2014;
Stein and Granot 2019).

Additionally, the present study unveils a remarkable variance in fiber strength among the three
sowing dates. Specifically, the highest fiber strength, a noteworthy (29.9 g tex '), was achieved by plots
sown on 25™ November 2022, compared to the lowest value (28 and 26.6 g tex™") for the plots sown on
15" December 2022 and 4" January 2023, respectively. The results of the present study are in line with
the research conducted by Awan et al. (2011) who reported higher fiber strength in early sown cotton
as opposed to late sown cotton. Moreover, the analysis of grade/color (yellowness) disclosed yet
another significant distinction across the sowing date. In this context, the highest grade fibers, scoring
an impressive 8.4 were exclusively found in plots sown on 15" December 2022. These findings
corroborate Abbas and Ahmad (2018) indicating that late sowing leads to increased lint yellowness.
These results also highlight the contrasting results reported by Copur, Polat, and Odabasioglu (2018)
in Pakistan, who did not find any significant impact of sowing time on fiber yellowness. These
disparities could be attributed to factors such as local climatic conditions, precise timing of the
cropping season, soil properties, cotton cultivars, and soil amendments used in each study
(Darawsheh et al. 2022; Hulugalle, Nehl, and Weaver 2004; Mauget, Ulloa, and Dever 2019). The
study suggests significant implications regarding the timing of cotton sowing. It indicates that early
sowing, particularly on 25™ November 2022, results in higher fiber strength, while late sowing, as
observed on 15™ December 2022, produces cotton with better grade/color attributes, despite poten-
tially increased yellowness. The alignment of these findings with previous research suggests that
sowing time influences fiber quality. However, discrepancies with other studies, particularly Copur,
Polat, and Odabasioglu (2018), show the complex interplay of factors such as local climate, soil
conditions, and cultivars.

In addition, the present study provides a noteworthy disparity in short fiber content, with a highly
significant difference discernible among the sowing date. Specifically, sowing dates 25"
November 2022 and 15" December 2022 exhibited a commendably low shorter fiber percentage, at
6.8% and 7%, respectively, in contrast to 4™ January 2023, where a notably higher shorter fiber, at 7.6%
was observed. Furthermore, the uniformity index of the fiber exhibits a significant dependence on
sowing dates, with the highest values, reaching 84.6% and 84.2%, being recorded for plots sown on 25™
November 2022 and 15" December 2022, respectively. In stark contrast, plots sown on 4™
January 2023, displayed a lower uniformity-index-ratio of 82.6%. These findings also concurs with
prior study highlighted that early planting on yielded a higher uniformity-index-ratio (84.15%)
compared to late planting which resulted in a slightly lower uniformity-index-ratio of 83.76%
(Abbas and Ahmad 2018; X. Wang et al. 2014). Nevertheless, it is important to highlight that
micronaire showed no statistically significant variances among various sowing dates. These findings
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are in line with previous similarly studies conducted elsewhere, which found that sowing dates did not
exert a significant influence on fiber micronaire, elongation moisture content, trash area and trash
count (Mauget, Ulloa, and Dever 2019). On the other hand, when considering the impact of
phosphorus levels, the results reveal an absence of any discernible influence on the variables under
examination. The phosphorus factor does not show significant differences among treatments for most
parameters, suggesting that the different phosphorus treatments have similar effects on the measured
variables.

In their study, Darawsheh et al. (2022) revealed significant variations in cotton fiber quality across
different physiographic features, with environmental factors and seasonal changes playing pivotal roles.
Despite these variations, there has been consistency in fiber quality parameters across diverse cultivation
areas, suggesting that cotton cultivation maintains consistent fiber quality standards regardless of specific
environmental conditions (Pettigrew 2001). Similarly, Thapliyal et al. (2023) shed light on the diverse
properties of natural fibers, emphasizing the crucial roles played by core components like hemicellulose,
cellulose, and lignin in determining fiber stiffness.

Conclusions and recommendations
Conclusions

This study finds out the critical factors influencing cotton fiber quality, namely sowing dates and
phosphorus levels. The choice of sowing date significantly impacts cotton fiber quality parameters.
Planting cotton seeds early, notably on 25™ November 2022, consistently yielded superior fiber quality
across a range of metrics including spinning coefficient index, fiber length, strength, uniformity index,
short fiber content, and grade/color. This provides the importance of carefully selecting the planting date to
optimize cotton fiber quality. Within the examined range of phosphorus levels, there was no significant
effect observed on cotton fiber quality attributes. This suggests that adjustments to phosphorus levels
within the tested range may not be necessary to enhance fiber quality.

Recommendations

Based on the conclusions obtained from the current study, aligning with parallel results detailing cotton
growth and vyield (specifically lint yield and gin turnout percentage) within the same experiment, it is
advisable for cotton growers to consider initiating their crop sowing early in the season, particularly in late
November. This strategic timing of cotton planting aims to maximize fiber quality. Given the observed
limited impact of phosphorus levels on fiber quality within the tested range, farmers may not find it
necessary to make substantial adjustments to phosphorus application rates solely for the purpose of
enhancing fiber quality but through integration of nutrient management strategies. Nevertheless, it is
crucial for farmers to conduct regular soil testing and nutrient management practices to ensure the overall
health and yield of the crop.

The practical insights derived from this study hold particular significance for cotton growers in
Tanzania, underscoring the pivotal role of sowing timing in achieving superior fiber quality. By
embracing these recommendations, it is anticipated that farmers can actively strive toward optimizing
their cotton cultivation practices, leading to improved yields and enhanced fiber quality.

Disclosure statement
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Research highlights

We assessed sowing timing of cotton and phosphorus (P) levels in Tanzania.
Sowing dates significantly influenced cotton fiber quality parameters.

Earlier sowing timing in the cropping season produced higher fiber quality.
Phosphorus levels did not exhibit significant influence within the tested range.

The interplay between sowing and P levels on fiber quality need more investigation.

References

Abbas, Q., and S. Ahmad. 2018. “Effect of Different Sowing Times and Cultivars on Cotton Fibre Quality Under Stable
Cotton-Wheat Cropping System in Southern Punjab, Pakistan.” Pakistan Journal of Life & Social Sciences 16 (2):
77-84. https://www.researchgate.net/publication/331939564.

Awan, H,, I. Awan, M. Mansoor, E. A. Khan, and M. A. Khan. 2011. “Effect of Sowing Time and Plant Spacing on Fiber
Quality and Seed Cotton Yield.” Sarhad Journal of Agriculture 27 (3): 411-413.

Azzouz, B., M. B. Hassen, and F. Sakli. 2008. “Adjustment of Cotton Fiber Length by the Statistical Normal Distribution:
Application to Binary Blends.” Journal of Engineered Fibers and Fabrics 3 (3): 35-49. https://doi.org/10.1177/
155892500800300304.

Bertrand, I., R. Bonilla, J. Mendoza-Labrador, G. Estrada-Bonilla, and R. Bonilla. 2021. “Phosphorus Nutrition and
Growth of Cotton Plants Inoculated with Growth-Promoting Bacteria Under Low Phosphate Availability.” Frontiers
in Sustainable Food Systems 4:618425. https://doi.org/10.3389/fsufs.2020.618425.

Chen, B., Q. Wang, Z. Ye, S. Stiles, and G. Feng. 2020. “Optimisation of Phosphorus Fertilisation Promotes Biomass and
Phosphorus Nutrient Accumulation, Partitioning and Translocation in Three Cotton (Gossypium hirsutum)
Genotypes.” Crop and Pasture Science 71 (1): 56-69. https://doi.org/10.1071/CP19281.

Copur, O., D. Polat, and C. Odabasioglu. 2018. “Effect of Different Sowing Dates on Cotton (Gossypium Hirsutum L.)
Fiber Color at Double Crop Growing Conditions.” Harran Tarim ve Gida Bilimleri Dergisi 22 (1): 67-72. https://doi.
0rg/10.29050/harranziraat.337782.

Darawsheh, M. K., D. Beslemes, V. Kouneli, E. Tigka, D. Bilalis, I. Roussis, S. Karydogianni, et al. 2022. “Environmental
and Regional Effects on Fiber Quality of Cotton Cultivated in Greece.” Agronomy 12 (4): 943. https://doi.org/10.3390/
agronomy12040943.

dos Santos, M. G., G. L. dos Santos, L. R. F. C. Bezerra, A. P. B. Junior, L. M. da Silveira, F. de Lima Tartaglia, and J. E. da
Silva Ribeiro. 2023. “Yield and Quality of Naturally Colored Cotton Fiber Fertilized with Phosphorus Rates in the
Brazilian Semiarid.” Journal of Natural Fibers 20 (2): 2214385. https://doi.org/10.1080/15440478.2023.2214385.

Godfrey, S. S., T. L. Nordblom, M. R. Anwar, R. H. L. Ip, D. J. Luckett, M. P. Bange, and Z. Rengel. 2023. “Untangling the
Complex Mix of Agronomic and Economic Uncertainties Inherent in Decisions on Rainfed Cotton.” Crop & Pasture
Science, A-O (12): 1223-1237. https://doi.org/10.1071/CP22145.

Granada, C. E,, L. M. Passaglia, E. M. De Souza, and R. A. Sperotto. 2018. “Is Phosphate Solubilization the Forgotten
Child of Plant Growth-Promoting Rhizobacteria?” Frontiers in Microbiology 9:2054. https://doi.org/10.3389/fmicb.
2018.02054.

Heuer, S., R. Gaxiola, R. Schilling, L. Herrera-Estrella, D. Lopez-Arredondo, M. Wissuwa, and H. Rouached. 2017.
“Improving Phosphorus Use Efficiency: A Complex Trait with Emerging Opportunities.” The Plant Journal: For Cell
and Molecular Biology 90 (5): 868-885. https://doi.org/10.1111/tpj.13423.

Hulugalle, N. R., D. B. Nehl, and T. B. Weaver. 2004. “Soil Properties, and Cotton Growth, Yield and Fibre Quality in
Three Cotton-Based Cropping Systems.” Soil and Tillage Research 75 (2): 131-141. https://doi.org/10.1016/j.still.
2003.07.003.

Igbal, B, F. Kong, I. Ullah, S. Ali, H. Li, J. Wang, W. A. Khattak, and Z. Zhou. 2020. “Phosphorus Application Improves
the Cotton Yield by Enhancing Reproductive Organ Biomass and Nutrient Accumulation in Two Cotton Cultivars
with Different Phosphorus Sensitivity.” Agronomy 10 (2): 153. https://doi.org/10.3390/agronomy10020153.

Ishaq, M. Z., U. Farooq, M. A. Bhutta, S. Ahmad, A. Bibi, H. Rehman, and U. Farooq. 2022. “Effect of Sowing Dates and
Genotypes on Yield and Yield Contributing Traits of Upland Cotton (Gossypium Hirsutum L.).” Sarhad Journal of
Agriculture 38 (1): 1-387. https://doi.org/10.17582/journal.sja/2022/38.1.16.25.

Johnson, R. M., R. G. Downer, J. M. Bradow, P. J. Bauer, and E. J. Sadler. 2002. “Variability in Cotton Fiber Yield, Fiber
Quality, and Soil Properties in a South Eastern Coastal Plain.” Agronomy Journal 94 (6): 1305-1316. https://doi.org/
10.2134/agron;j2002.1305.

Karavina, C., R. Mandumbu, C. Parwada, and T. Mungunyana. 2012. Variety and Planting Date Effects on the Incidence
of Bollworms and Insect Sucking Pests of Cotton (Gossypium Hirsutum L.). https://www.rjas.info.

Khalil, H. P. S., M. S. Hossain, E. Rosamah, N. A. Azli, N. Saddon, Y. Davoudpoura, M. N. Islam, and R. Dungani. 2015.
“The Role of Soil Properties and it’s Interaction Towards Quality Plant Fiber: A Review.” Renewable and Sustainable
Energy Reviews 43:1006-1015. https://doi.org/10.1016/j.rser.2014.11.099.


https://www.researchgate.net/publication/331939564
https://doi.org/10.1177/155892500800300304
https://doi.org/10.1177/155892500800300304
https://doi.org/10.3389/fsufs.2020.618425
https://doi.org/10.1071/CP19281
https://doi.org/10.29050/harranziraat.337782
https://doi.org/10.29050/harranziraat.337782
https://doi.org/10.3390/agronomy12040943
https://doi.org/10.3390/agronomy12040943
https://doi.org/10.1080/15440478.2023.2214385
https://doi.org/10.1071/CP22145
https://doi.org/10.3389/fmicb.2018.02054
https://doi.org/10.3389/fmicb.2018.02054
https://doi.org/10.1111/tpj.13423
https://doi.org/10.1016/j.still.2003.07.003
https://doi.org/10.1016/j.still.2003.07.003
https://doi.org/10.3390/agronomy10020153
https://doi.org/10.17582/journal.sja/2022/38.1.16.25
https://doi.org/10.2134/agronj2002.1305
https://doi.org/10.2134/agronj2002.1305
https://www.rjas.info
https://doi.org/10.1016/j.rser.2014.11.099

JOURNAL OF NATURAL FIBERS (&) 11

Khan, A., X. Pan, U. Najeeb, D. K. Y. Tan, S. Fahad, R. Zahoor, and H. Luo. 2018. “Coping with Drought: Stress and
Adaptive Mechanisms, and Management Through Cultural and Molecular Alternatives in Cotton as Vital
Constituents for Plant Stress Resilience and Fitness.” Biological Research 51 (1). https://doi.org/10.1186/s40659-
018-0198-z.

Li, H.,]J. Wang, S. Ali, B. Igbal, H. Zhang, S. Wang, B. Chen, and Z. Zhou. 2020. “Agronomic Traits at the Seedling Stage,
Yield, and Fiber Quality in Two Cotton (Gossypium Hirsutum L.) Cultivars in Response to Phosphorus Deficiency.”
Soil Science and Plant Nutrition 66 (2): 308-316. https://doi.org/10.1080/00380768.2019.1709543.

Magallon-Servin, P., H. Antoun, S. Taktek, Y. Bashan, and L. E. de-Bashan. 2019. “The Maize Mycorrhizosphere As
a Source for Isolation of Arbuscular Mycorrhizae-Compatible Phosphate Rock-Solubilizing Bacteria.” Plant and Soil
451 (1-2): 169-186. https://doi.org/10.1007/s11104-019-04226-3.

Mauget, S., M. Ulloa, and J. Dever. 2019. “Planting Date Effects on Cotton Lint Yield and Fiber Quality in the U.S.
Southern High Plains.” Agriculture 9 (4): 82. https://doi.org/10.3390/agriculture9040082.

Ma, Y., Y. Wang, J. Liu, F. Lv, J. Chen, Z. Zhou, and J. Zhang. 2014. “The Effects of Fruiting Positions on Cellulose
Synthesis and Sucrose Metabolism During Cotton (Gossypium Hirsutum L.) Fiber Development.” PLOS ONE 9 (2):
€89476. https://doi.org/10.1371/journal.pone.0089476.

Mekonnen, T. W., A. van Biljon, G. Ceronio, and M. Labuschagne. 2023. “Effects of Planting Date, Environments and
Their Interaction on Grain Yield and Quality Traits of Maize Hybrids.” Heliyon 9 (11): €21660. https://doi.org/10.
1016/j.heliyon.2023.€21660.

Msigwa, B. 2019. “Estimating the Cost Efficiency and Profitability Among Cotton Smallholder Farmers in Chato
District.” Tanzania: Sokoine University of Agriculture). : https://www.suaire.sua.ac.tz/handle/123456789/3421.

Mudassir, M. A., F. Rasul, T. Khaliq, and M. Yaseen. 2022. “Conformance of Sowing Dates for Maximizing Heat Use
Efficiency and Seed Cotton Yield in Arid to Semi-Arid Cotton Zone of Pakistan.” Environmental Science and
Pollution Research 29 (8): 11359-11373. https://doi.org/10.1007/s11356-021-16067-8.

Pettigrew, W. T. 2001. “Environmental Effects on Cotton Fiber Carbohydrate Concentration and Quality.” Crop Science
41 (4): 1108-1113. https://doi.org/10.2135/cropsci2001.4141108x.

Sankaranarayanan, K., A. H. Prakash, and K. Rajendran. 2020. “Effect of Sowing Time on Productivity of Bt and Non Bt
Cotton Under Climate Change.” Bulletin of the National Research Centre 44 (1): 1-12. https://doi.org/10.1186/
542269-020-00400-1.

Savoy, H.J., and D. Joines. 2009. “Lime and Fertilizer Recommendations for the Various Crops of Tennessee.” Chapter II
Agronomic Crops. Accessed October 29, 2022. http://soilplantandpest.utk.edu/pdftiles/soiltestandfertrecom/chap2-
agronomic_mar2009.pdf.

Sharry, R. L. 2021. Influence of Soil pH on Cotton Morphology, Lint Yield and Lint Quality. Doctoral dissertation,
Oklahoma State University. https://hdl.handle.net/11244/333833 .

Singh, K., H. P. Singh, and S. K. D Mishra. 2020. “Irrigation Module and Sowing Date Affect Seed Cotton Yield, Quality,
Productivity Indices, and Economics of Cotton in North-Western India.” Communications in Soil Science & Plant
Analysis 51 (7): 919-931. https://doi.org/10.1080/00103624.2020.1744633.

Stein, O., and D. Granot. 2019. “An Overview of Sucrose Synthases in Plants.” Frontiers in Plant Science 10:435701.
https://doi.org/10.3389/fpls.2019.00095.

Sun, M., P. Li, N. Wang, C. Zheng, X. Sun, H. Dong, H. Zhang, W. Feng, J. Shao, and Y. Zhang. 2022. “Soil Available
Phosphorus Deficiency Reduces Boll Biomass and Lint Yield by Affecting Sucrose Metabolism in Cotton-Boll
Subtending Leaves.” Agronomy 12 (5): 1065. https://doi.org/10.3390/agronomy12051065.

Sun, M., C. Zheng, W. Feng, J. Shao, C. Pang, P. Li, and H. Dong. 2023. “Low Soil Available Phosphorus Level Reduces
Cotton Fiber Length via Osmoregulation.” Frontiers in Plant Science 14:14. https://doi.org/10.3389/fpls.2023.1254103.

Thapliyal, D., S. Verma, P. Sen, R. Kumar, A. Thakur, A. K. Tiwari, D. Singh, G. D. Verros, and R. K. Arya. 2023.
“Natural Fibers Composites: Origin, Importance, Consumption Pattern, and Challenges.” Journal of Composites
Science 7 (12): 506. https://doi.org/10.3390/jcs7120506.

Tlatlaa, J. S., G. M. Tryphone, and E. K. Nassary. 2023a. “Effects of Sowing Dates and Phosphorus Levels on Cotton
Growth and Yield: Soil Analysis and Implications.” Frontiers in Sustainable Food Systems 7:1298459. https://doi.org/
10.3389/fsufs.2023.1298459.

Tlatlaa, J. S., G. M. Tryphone, and E. K. Nassary. 2023b. “Unexplored Agronomic, Socioeconomic and Policy Domains
for Sustainable Cotton Production on Small Landholdings: A Systematic Review.” Frontiers in Agronomy 5:1281043.
https://doi.org/10.3389/fagro.2023.1281043.

Ullah, N, N. U. Khan, A. A. Khakwani, M. S. Baloch, E. A. Khan, F. Khan, and Z. Ullah. 2019. “Impact of Sowing Time
on Yield and Fibre of Bt. Cotton Varieties in Arid Environment of Dera Ismail Khan.” Sarhad Journal of Agriculture
35 (1): 264-273. https://doi.org/10.17582/journal.sja/2019/35.1.264.273.

Wang, Y., H. Shu, B. Chen, M. E. McGiffen, W. Zhang, N. Xu, and Z. Zhou. 2009. “The Rate of Cellulose Increase Is
Highly Related to Cotton Fibre Strength and Is Significantly Determined by Its Genetic Background and Boll Period
Temperature.” Plant Growth Regulation 57 (3): 203-209. https://doi.org/10.1007/s10725-008-9337-9.

Wang, X., C. Tang, C. N. Guppy, and P. W. G. Sale. 2010. “Cotton, Wheat and White Lupin Differ in Phosphorus
Acquisition from Sparingly Soluble Sources.” Environmental and Experimental Botany 69 (3): 267-272. https://doi.
0rg/10.1016/j.envexpbot.2010.04.007.


https://doi.org/10.1186/s40659-018-0198-z
https://doi.org/10.1186/s40659-018-0198-z
https://doi.org/10.1080/00380768.2019.1709543
https://doi.org/10.1007/s11104-019-04226-3
https://doi.org/10.3390/agriculture9040082
https://doi.org/10.1371/journal.pone.0089476
https://doi.org/10.1016/j.heliyon.2023.e21660
https://doi.org/10.1016/j.heliyon.2023.e21660
https://www.suaire.sua.ac.tz/handle/123456789/3421
https://doi.org/10.1007/s11356-021-16067-8
https://doi.org/10.2135/cropsci2001.4141108x
https://doi.org/10.1186/s42269-020-00400-1
https://doi.org/10.1186/s42269-020-00400-1
http://soilplantandpest.utk.edu/pdffiles/soiltestandfertrecom/chap2-agronomic_mar2009.pdf
http://soilplantandpest.utk.edu/pdffiles/soiltestandfertrecom/chap2-agronomic_mar2009.pdf
https://hdl.handle.net/11244/333833
https://doi.org/10.1080/00103624.2020.1744633
https://doi.org/10.3389/fpls.2019.00095
https://doi.org/10.3389/fpls.2019.00095
https://doi.org/10.3390/agronomy12051065
https://doi.org/10.3389/fpls.2023.1254103
https://doi.org/10.3390/jcs7120506
https://doi.org/10.3389/fsufs.2023.1298459
https://doi.org/10.3389/fsufs.2023.1298459
https://doi.org/10.3389/fagro.2023.1281043
https://doi.org/10.3389/fagro.2023.1281043
https://doi.org/10.17582/journal.sja/2019/35.1.264.273
https://doi.org/10.1007/s10725-008-9337-9
https://doi.org/10.1016/j.envexpbot.2010.04.007
https://doi.org/10.1016/j.envexpbot.2010.04.007

12 J.S. TLATLAA ET AL.

Wang, X., L. Zhang, J. B. Evers, L. Mao, S. Wei, X. Pan, X. Zhao, W. van der Werf, and Z. Li. 2014. “Predicting the Effects
of Environment and Management on Cotton Fibre Growth and Quality: A Functional-Structural Plant Modelling
Approach.” AoB Plants 6 (8): plu040—plu040. https://doi.org/10.1093/aobpla/plu040.

Wu, E, S. Guo, W. Huang, Y. Han, Z. Wang, L. Feng, G. Wang, et al. 2023. “Adaptation of Cotton Production to Climate
Change by Sowing Date Optimization and Precision Resource Management.” Industrial Crops and Products
203:117167. https://doi.org/10.1016/j.indcrop.2023.117167.

Xu, W. F,, Q. Zhang, W. Yuan, F. Y. Xu, M. M. Aslam, R. Miao, Y. Li, et al. 2020. “The Genome Evolution and
Low-Phosphorus Adaptation in White Lupin.” National Communication 11 (1): 1069. https://doi.org/10.1038/
$41467-020-14891-z.

Yeates, S. J., G. A. Constable, and T. McCumstie. 2010. “Irrigated Cotton in the Tropical Dry Season. III: Impact of
Temperature, Cultivar and Sowing Date on Fibre Quality.” Field Crops Research 116 (3): 300-307. https://doi.org/10.
1016/j.tcr.2010.01.006.

Zhang, Z., S. Qiu, R. Thistlethwaite, X. Yao, D. Tan, D. Wang, and G. Yang. 2024. “Optimizing Nitrogen Application
Methods and Frequency to Increase Cotton Yield in Summer Direct Sown Condition.” Industrial Crops and Products
213:118468. https://doi.org/10.1016/j.indcrop.2024.118468.

Zhao, W., Y. Wang, H. Shu, J. Li, and Z. Zhou. 2012. “Sowing Date and Boll Position Affected Boll Weight, Fiber Quality
and Fiber Physiological Parameters in Two Cotton (Gossypium Hirsutum L.) Cultivars.” African Journal of
Agricultural Research 7 (45): 6073-6081. https://doi.org/10.5897/AJAR12.025.

Zou, J., W. Hu, D. A. Loka, J. L. Snider, H. Zhu, Y. Li, J. He, Y. Wang, and Z. Zhou. 2022. “Carbon Assimilation and
Distribution in Cotton Photosynthetic Organs is a Limiting Factor Affecting Boll Weight Formation Under
Drought.” Frontiers in Plant Science 13:1001940. https://doi.org/10.3389/fpls.2022.1001940.


https://doi.org/10.1093/aobpla/plu040
https://doi.org/10.1016/j.indcrop.2023.117167
https://doi.org/10.1038/s41467-020-14891-z
https://doi.org/10.1038/s41467-020-14891-z
https://doi.org/10.1016/j.fcr.2010.01.006
https://doi.org/10.1016/j.fcr.2010.01.006
https://doi.org/10.1016/j.indcrop.2024.118468
https://doi.org/10.5897/AJAR12.025
https://doi.org/10.3389/fpls.2022.1001940

	Abstract
	摘要
	Introduction
	Materials and methods
	Description of the study area
	Research framework and intervention strategies
	Data collection
	Statistical data analysis

	Results
	Effects of sowing dates and phosphorus on quality statistical parameters
	Effects of sowing dates and phosphorus on mean fibre quality parameters

	Discussion
	Conclusions and recommendations
	Conclusions
	Recommendations

	Disclosure statement
	Research highlights
	References

