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ABSTRACT

Two field experiments were conducted in the 2021 and 2022 growing seasons at the Water Studies
and Research Complex (WSRC) station, National Water Research Center, Toshka, Egypt, to determine the
effects of various irrigation conditions, sowing dates, and planting distances on the earliness and yield of the
Egyptian cotton cultivar Giza 95. The primary impacts of irrigation treatments, sowing dates, and planting
spacing, as well as their first-order interactions, resulted in statistically significant differences (P<0.05 or 0.01)
in seed cotton yield and most traits evaluated in both seasons. Results indicated significantly increased cotton
yields in 100% A.W. irrigation by 3.16% and 6.27% compared to 75% A.W. irrigation during the 2021 and 2022
growing seasons, respectively. Also, most traits are the same trend with differing ratios. Significantly higher
cotton yields and most studied traits for February sowings compared to January and March were found; this is
a 1.19% and 3.60% increase in cotton yields as average in both seasons, respectively. By 6.01, 4.65, 3.55, 2.26,
and 1.24% increase in cotton yields at 35 cm plant spacing relative to absolute 10, 15, 20, 25, and 30 cm plant
distances as average in both seasons were observed, respectively. Seed cotton yield and most studied traits
were higher in early sowings and wide planting distances than in late sowings and narrow planting distances
under deficit irrigation conditions. The February sowing date with wider plant spacing under 75% A.W.
irrigation may be a better way to increase seed cotton output in the experimental region under research,
according to mean performances, stress tolerance index, principle component analysis. Furthermore, strategies
for improving agricultural methods and raising Egyptian cotton's productivity will be developed with the aid of
these data in the Toshka region of Egypt.
Keywords: Cotton yield, Irrigation conditions, sowing dates, planting distances, stress tolerance index (STI),

principle component analysis (PCA).

INTRODUCTION

Cotton is the most important crop for natural textile fiber worldwide and an essential local crop for
Egypt's textile industry, as well as it has a high economic value and is important to the global economy (Yehia et
al., 2024). It is also the primary source of cattle feed and oil (Salimath et al., 2021). The world average for
cotton output, yield, and harvested area in December 2024-2025 is 42.61 million metric tons, 1.41 metric tons
ha, and 30.31 million ha; in Egypt, the corresponding numbers are 0.13 million metric tons, 0.99 metric tons
hal, and 0.13 million metric tons (USDA, 2025). Through variations in temperature and precipitation, climate
change modifies the environmental factors that govern crop growth, including sunlight, moisture, and soil.
These changes effect cotton's phenology period, growth potential, and cropping system, ultimately influencing
yields (Li et al., 2024). Cotton is experiencing numerous abiotic and biotic challenges as a result of changing
climatic circumstances, which is having a detrimental effect on crop productivity. Heat, salt, and drought are
examples of abiotic stresses that are making a worldwide issue worse by interfering with normal plant growth
and morphological and physiological development processes, which lowers agricultural output (Abdelraheem
etal., 2019).

The performance of cotton grown in fields is significantly impacted by drought stress, one of the
abiotic stresses (Naseer et al., 2023). Worldwide cotton output is seriously threatened by frequent droughts.
The way cotton reacts to drought stress depends on its stage of growth. Drought stress affects practically every
stage, from germination to fiber formation. During the vegetative growth phase, cotton has a moderate
tolerance to drought stress. However, drought stress can affect cotton's ability to reproduce (Iram et al., 2024).
A 34% yield loss occurs when cotton fiber is produced under heat and drought stress (Ullah et al., 2020). The
way that cotton reacts to drought stress depends on its stage of growth. At every stage of the fiber's
development, adequate water must be provided for increased fiber yield and quality (Zhao et al, 2019).
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Therefore, improving water use efficiency and implementing water conservation measures are the primary
challenges facing irrigated agriculture today (Zafar et al., 2023). Climate and agronomic techniques, such as
plant density, timing of sowing, irrigation, and fertilizer, have a significant impact on cotton vyields
(Tuttolomondo et al., 2020). Cotton growth and development are greatly influenced by a number of important
parameters, including type selection, sowing technique, date and time, plant spacing, water requirement, seed
treatment, and proper fertilizer administration. To optimize cotton output potential, better management
strategies must be planned (Ibrahim et al., 2022; Yehia et al., 2024).

Making the right crop planting decisions is one way to lessen the effects of climate change on
agricultural output (Bisbis et al., 2018; Eissa et al., 2023; Hegazy et al., 2024). Choosing the right planting date is
a straightforward, practical, and efficient way to lessen the effects of climate change while also improving
water use (Srivastava et al., 2022). Cotton is sensitive to its surroundings; therefore, planting at the right time is
crucial to achieving its maximum production potential. One significant environmental component that affects
planting times globally is temperature. It is referred to as a planting window and can last anywhere from a few
days to weeks (Afzal et al., 2020). The findings demonstrate that the planting date has less of an effect on the
stability and sustainability of cotton production, but that these factors improve as irrigation quota increases.
This suggests that raising the irrigation quota can successfully lessen the negative effects of climate change on
crop yield (Niu et al., 2016). If the planting window allows for the effective completion of the crops vegetative
and reproductive growth stages, it is deemed optimal. According to (Afzal et al., 2020), there is an ideal period
to plant, and any additional delay significantly lowers the yield of seed cotton. Because it affects growth, yield,
and fiber quality, the planting date is very important (lgbal et al., 2020). Higher yields were obtained with
earlier sowing dates, even when the yield components differed (Tlatlaa et al., 2023).

Planting density is the second important crop management strategy after planting date for good seed
cotton production (Ali et al., 2011). Even more so than climate, planting density is responsible for 46% of
reported production variability (Li et al., 2020). Another important factor in the kinetics of cotton development
is planting density. Due to rising seed prices, cotton farmers are finding that optimizing plant population
density has become a more significant economic concern in addition to production consequences (Sapkota et
al., 2023). To maximize dry matter partitioning and encourage balanced cotton development, the ideal planting
density must be established (Zhang et al., 2024). Plant density is typically chosen by producers and growers
more for personal preference than variety requirements, which might result in yield losses (Maklad et al., 2023;
Jalilian et al., 2023). The yield level was higher at medium and high planting densities than at low planting
densities. The average boll weight and seed index of early plantings were higher than those of late plantings,
regardless of planting density (Kassambara et al., 2024). The use of high-density planting strategies to increase
cotton yield is becoming more and more popular. Additionally, it is appropriate for mechanical harvesting,
which lowers labor expenses, improves the efficiency of input use, guarantees timely harvesting, preserves
cotton quality, and has the potential to boost output and profitability. For high-density cotton planting to be
successful, water management is essential (Manibharathi et al., 2024).

According to (Igbal et al., 2024), choosing the right planting date and density is crucial for enhancing
crop performance in the face of climate change. Planting density, planting timing, and cultivar selection are
important factors that should be maximized for seed cotton output (Kassambara et al., 2024). The timing of
sowing and plant density can have a major impact on the phenology, growth, and development of a cotton
crop (Khan et al., 2017). In arid regions with deficit irrigation, increasing crop density may be a practical way to
increase nitrogen use efficiency (Wu et al.,, 2024). In dry conditions, using high plant density under deficit
irrigation may be a viable substitute for conserving water without sacrificing cotton yield (Zhang et al., 2016).
Planting should occur early, with planting densities greater than 41,666 plants/ha, due to important
interactions in maximizing cotton yields (Kassambara et al., 2024). Regarding the relationship between plant
density and irrigation, the yield of seed cotton under low irrigation was only 2.9% less than the control (Wu et
al., 2024). Future research could concentrate on improving other agronomic procedures in addition to planting
dates and densities to guarantee the thorough development of cotton farming methods appropriate for semi-
arid regions (Igbal et al., 2024).

This study employs cotton cultivated under mulch drip irrigation in the Toshka region of Egypt to
confirm the effects of sowing dates and distances under normal and deficit irrigation conditions on the
earliness, yield, and yield components of the Egyptian cotton cultivar Giza 95. The objectives of this study are
to comprehend the complex relationships among sowing dates and planting distances under normal and deficit
irrigation conditions on the studied traits of the Egyptian cotton cultivar Giza 95 in the Toshka region of Egypt
as well as to increase the sustainability and profitability of cotton production under water-limited conditions.
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MATERIAL AND METHODS
Study region:

A set of two field experiments were carried out in the 2021 and 2022 growing seasons in the Toshka of
Egypt. The Toshka area, which is part of the Aswan Governorate, is situated between latitudes 22°30" and
23°30' N and longitudes 30°30" and 32°00’ E. It covers a total area of 518400 feddan in the southern region of
the Western Desert. It is made up of numerous connected depressions. The primary River Nile irrigation water
supply is the Sheikh Zayed Canal. It carries water from the Nile through four subbranches to irrigate various
areas (Al-Soghir et al., 2022). Besides Lake Nasser, Toshka is a potential place where groundwater-dependent
activities are expanding. As such, it is critical to offer a sustainable development strategy and evaluate the
environmental effects that follow (Aly et al., 2023). As part of the latest mega project termed the "1.5 million
feddan Project," the Egyptian government wants to extend the project by about 100,000 feddan dependent on
surface water irrigation and 25,000 feddan depending on groundwater (via 102 wells) (Sharaky et al. 2018).
Enclosed between latitudes 22°30’ N and 23°30’ N and longitudes 31°00’ E and 32°00’ E, the development area
spans approximately 25,000 acres (Aly et al., 2023).

Weather data of study region as monthly minimum and maximum temperature (°C), as well as relative
humidity (%) during 2021 and 2022 growing winter years, are presented in (Fig. 1). The Toshka area has
characteristics of an arid climate (Aly et al., 2023). The highest temperature usually was found in July and
August in both growing years. The highest relative humidity was recorded in January and December months in
both growing years under study.
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Fig. 1. Weather data at Toshka region, Egypt during the 2021 and 2022 growing years.

Experimental design and treatment details:

Egyptian cotton cultivar Giza 95 was brought from the Cotton Research Institute, Agriculture Research
Center, Giza, Egypt, and was planted in the Toshka region conditions of Egypt. In both years, cottonseed was
planted on three different sowing dates (January 25, February 25, and March 25) with six different planting
distances (10, 15, 20, 25, 30, and 35 cm) between hales under with two irrigation treatments (100% A.W. and
75% A.W.). Each year, the experimental design was a split-split plot in a randomized complete blocks design
with three replicates. Irrigation conditions including two irrigation treatments (100% A.W. and 75% A.W.) were
considered as main plots, as shown in (Table 1). Three sowing dates and six planting distances were assigned to
the sub-plots and sub-sub plots, respectively. Each experimental plot included five rows of 4 m long and 0.7 m
width, forming a 14 m? net plot area. To reduce environmental variability as much as possible, all suggested
cultural practices for cotton production in the area were followed, including sowing the cottonseed in the same
day and maintaining similar field conditions. The guarded plants in each plot from the middle rows were
harvested to determine the cotton yield and other traits under study in the field and laboratory after the
boundary effects were eliminated.
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Table 1. Total amount of irrigation water (m3) applied to the three sowing dates during the 2021 and 2022

seasons.
Seasons Sowing dates Irrigation treatments
100% A.W. 75% A.W.

25 January 3511 2633

2021 25 February 3855 2891
25 March 4166 3124
25 January 3722 2792

2022 25 February 3967 2975
25 March 4233 3176

Irrigation water applied (IWA):

The daily reference evapotranspiration (ET,) values were estimated based on FAO Penman-Monteith
method using the latest five-year average of weather data from the meteorological station at Toshka region,
where our experiment was conducted (Allen et al., 1998) equation. The crop water requirements expressed as
crop evapotranspiration (ET,; mm d!) according to (Allen et al., 1998) equation was calculated as follows:

ET, = ET,xK,

where, ET, and K., denotes evapotranspiration (mm d) and crop coefficient value, respectively,
which differs from one growth stage to another as described by (Brouwer and Heibloem, 1986; Allen et al.,
1998). The K, values for cotton were considered 0.45 for initial (0-25 DAP), 0.75 for developmental stage (26—
70 DAP), 1.15 for boll development (71-120 DAP), and 0.7 for maturity stage (121 DAP to harvesting time). The
amount of IWA per experimental plot during the irrigation regime was computed following the equation given
by (Allen et al., 1998) as follows:

IWA(m?) = ET.xAxl;
™ = Eax1000x(1 — LR)

where ET,, A, I;, Ea, and LR, respectively, are the crop water requirements (mm d™!), experimental
plot area (m?), irrigation intervals (d), efficiency of irrigation system, which was considered 0.6, and leaching
water requirements.

Using one PVC (polyvinyl chloride) pipe (50 mm diameter x 1 m length) for each plot, the IWA was
transferred to cover the whole plot surface area. The irrigation water quota transferring across each PVC pipe
for each plot was calculated following the equation given by (Israelsen and Hansen, 1962) as follows:

CA,\/2gh

1000

where Q, C, A, g, and h, are the irrigation water discharge (I s1), discharge coefficient, PVC pipe’s cross
section area (cm?), gravity acceleration (cm s72), effective head of water (cm) over the center of piper making
flow free, respectively. A guard border of 2 m width between the adjacent experimental plots was in each
replication to avoid the border effects. Likewise, another one with 5 m width as a separator under two
irrigation treatments (100% A.W. and 75% A.W.) was maintained to avoid water infiltration from one to
another treatment.

Q:

Studied traits:

Three hand harvests from each condition were used to calculate the seed cotton yield for the factors
under study. After air drying, the bolls' moisture content dropped to less than 11%, and the boll weight of 100
bolls' worth of seed cotton was measured at the first harvest. Position of the first fruiting node (F.F.N.), seed
cotton yield (S.C.Y., K/Feddan), lint cotton yield (L.C.Y., K/Feddan), boll weight (B.W., g), lint percentage (L.%),
and seed index (S.1., g) are the characteristics for which data were recorded in this study.

Statistical Approaches:

According to (Steel and Torrie's, 1980) methodology, the measured data were subjected to a three-
way ANOVA test and the coefficient of variation (CV%) to identify any significant variations in the impact of
experimental factors and their interactions. According to (Gomes, 2009), the CV% estimations were divided
into four categories: extremely high (CV>21%), high (15.0%<CV<21.0%), moderate (10%<CV<15%), and low
(CV<10%). The stress tolerance index (STI) was calculated using (Fernandez, 1992). For a deeper
comprehension of the link between the investigated qualities across experimental conditions, principal
component analysis (PCA) was used. The computer software applications Origin Pro 2021 version b 9.5.0.193
and SPSS version 20 were used to do the PCA and ANOVA, respectively.
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RESULTS
Analysis of Variance:

Table (2) gives the probability of the three experimental factors' effects on earliness, yield, and yield
components across the 2021 and 2022 growing seasons. Seed cotton yield and all studied traits were
significantly influenced by irrigation treatments (1), sowing dates (D3), and planting distances (D6) in both
growing seasons (p < 0.05 or 0.01), except the position of the first fruiting node in both seasons (D3) and seed
index (D3) and lint percentage (I) in the 2022 season. As for the first-order interactions, there was a significant
interaction on most studied traits between the factors studied in both seasons. Statistically, seed cotton yield
and other studied traits in both seasons were significantly (p < 0.05 or 0.01) affected by | x D3 and | x D6
interactions, except the position of the first fruiting node in the 2021 season with | x D3 interaction, which had
an insignificant difference. As for the D3 x D6 interaction, the seed and lint cotton yields traits showed highly
significant differences in both seasons, while other measured traits had insignificant differences in both
seasons. In both seasons, there were also the second-order interaction (I x D3 x D3) influenced highly
significantly on the seed and lint cotton yields traits only, the same trend of D3 x D6 interaction. Seed cotton
yield and other traits assessed under the three experimental investigations had modest coefficients of variation
(CV%), except the position of the first fruiting node in the 2021 growing season, which had a moderate value of
10.19%.

Table 2. Analysis of variance for earliness, yield and yield components of cotton under irrigation treatments (1),
sowing dates (D3), and planting distances (D6) at 2021 and 2022 growing seasons.

F.F.N. S.C.Y. (K/F) L.C.Y. (K/F) B.W. (g) L% S.L(g)

5-0.V 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022
| 0.00*" | 0.00" | 0.00" | 0.00"" | 0.00"" | 0.00"" | 0.00" | 0.00"" | 0.00"" | 0.22" | 0.00"* | 0.00™
D3 0.21" | 0.17~ | 0.00"" | 0.00"" | 0.00"" | 0.00"* | 0.00"" | 0.00" | 0.00" | 0.00"" | 0.01" 0.17s
D6 0.00" | 0.00™ | 0.00"" | 0.00"" | 0.00"" | 0.00"" | 0.00" | 0.00" | 0.00" | 0.00"" | 0.00" | 0.00™"

IxD3 0.12" | 0.00" | 0.00"" | 0.00"" | 0.00"" | 0.00"" | 0.01" | 0.00"" | 0.00" | 0.00"" | 0.00" | 0.06"

IxD6 0.00"" | 0.00™ | 0.00"" | 0.00"" | 0.00"" | 0.00"" | 0.00" | 0.00" | 0.00" | 0.00"" | 0.00" | 0.00™

D3xD6 0.99" | 0.34» | 0.00™ | 0.00" | 0.00"" | 0.00™ | 0.97" | 0.94" | 0.96" | 0.75" 0.71 | 0.72m

IxD3xD6 | 0.90" | 0.40" | 0.00"" | 0.00"" | 0.00"" | 0.00"* | 0.96™ | 0.97" | 0.95™ | 0.99" 0.70™ | 0.72m

C.V.% 10.19 | 6.94 1.20 1.94 1.90 3.02 4.18 2.70 | 1.66 1.93 2.87 3.93

Statistically significant differences at *p < 0.05 and **p < 0.01; ns: indicate the non-significant difference. FFN:
position of the first fruiting node; SCY: seed cotton yield (K/F); LCY: lint cotton yield (K/F); BW: boll weight (g);
L%: lint percentage; Sl: seed index (g).

Three Experimental Factors effects:

Table (3) shows the average irrigation treatments, sowing dates, and planting distances for seed cotton
yield and other evaluated traits in the 2021 and 2022 growing seasons. Both the irrigation amounts have a
highly significant impact on the seed cotton yield and other evaluated traits in both seasons, except lint
percentage in the 2022 growing seasons. Seed cotton yield and all studied traits were better under 100% A.W.
irrigation than under 75% A.W. irrigation in both growing seasons, except for lint percentage in both seasons
and seed index in the 2021 season. Seed cotton yield and other measured traits were significantly (p < 0.05 or
0.01) affected by the sowing dates factor, except the position of the first fruiting node in both seasons and the
seed index in the 2022 season. In both seasons, seed cotton yield, lint cotton yield and lint percentage traits
increased with the February sowing date, while boll weight and seed index traits increased with the March and
January sowing dates, respectively. In both seasons, seed cotton yield and all examined traits under 35 cm
spacing were higher than those under other evaluated plant spacing's. The best earliness and productivity of
cotton cultivar Giza 95 were typically generated by sowing in February with a wide plant spacing and 100%
A.W. irrigation treatment.
The first-order interactions effect:

Generally, seed cotton yield and most studied traits were influenced by irrigation conditions and
sowing dates interaction across the 2021 and 2022 growing seasons (Table 4). Under 100% A.W. condition in
both seasons, a significantly best values of seed cotton yield and all studied traits were recorded when the
sowing date was used as February, except boll weight and seed index traits with March sowing date. While
under 75% A.W irrigation, the minimum value of position of the first fruiting node (desirable) and the
maximum values of seed cotton yield and other studied traits were recorded in the early sowing of cotton
variety Giza 95 (January month) in both growing seasons.
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Table 3. Average earliness, yield and yield components at irrigation treatments, sowing dates, and planting
distances across 2021 and 2022 growing seasons.

Factors F.F.N. s.C.Y. (K/F) L.C.Y. (K/F) B.W. (g) L% s.l. (g)
2021 | 2022 | 2021 | 2022 | 2021 | 2022 | 2021 | 2022 | 2021 | 2022 | 2021 | 2022
Irrigation treatments
100% A.W. 9.71 | 1040 | 838 | 813 | 1061 | 1004 | 2.88 | 3.24 [ 39.16 [ 39.08 [ 9.37 [ 10.11
75% A.W. 1119 [ 1261 | 7.82 [ 7.17 | 9.84 | 890 [ 2.77 | 2.74 [ 39.88 | 39.26 | 9.76 | 9.88
lspar |005 ] 041 | 031 [ 004 | 006 | 007 | 0.11 | 005 [ 003 | 025 | NS | 041 | 015
001 | 054 | 041 | 005 | 008 | 010 | 045 | 0.06 | 004 [ 033 [ Ns [ 014 | 020
Sowing dates

25 January 1023 [ 1147 | 821 | 768 [ 1054 [ 9.41 [ 2.69 [ 2.93 [39.18 [ 38.81 [ 9.66 | 10.09
25 February 1044 [ 1135 | 851 [ 7.90 [ 1073 [ 9.91 [ 2.81 [ 2.96 [39.98 | 39.65 | 9.57 | 9.96
25 March 1068 [ 1170 | 7.58 | 7.38 | 9.41 [ 9.09 [ 2.97 [ 3.08 | 39.40 | 39.04 | 9.46 | 9.92

lspar  |005 | NS NS | 005 | 007 | 009 | 013 | 006 | 004 | 031 | 036 | 013 | NS

0.01 | Ns Ns | 006 | 009 | 012 | 018 | 007 | 005 | 041 | 047 | NS NS

Planting distances

10 cm 876 | 9.48 | 6.62 | 624 | 821 | 758 | 2.80 | 2.97 | 38.79 [ 3853 | 9.56 [ 9.65
15cm 8.81 [ 1009 | 732 | 683 | 9.18 | 820 | 2.85 | 2.92 | 39.28 [ 38.08 | 9.51 [ 9.67

20 cm 1038 | 11.05 | 7.79 | 7.39 | 9.86 | 8.98 | 2.83 | 2.93 |39.57 | 3857 | 9.42 | 9.92
25cm 1059 [ 11.45 | 839 | 801 [ 1053 [ 9.97 [ 2.75 [ 2.98 [39.30 [ 39.48 | 9.55 [ 10.10
30cm 1123 [ 12.85 | 882 | 854 [ 1123 [ 10.85 [ 2.82 [ 2.98 [ 39.90 | 40.07 | 9.53 | 9.96
35cm 1293 [ 1413 | 963 | 891 [ 1235 [ 11.24 [ 2.89 [ 3.17 [ 40.27 | 40.27 | 9.81 | 10.65
lspar 005 ] 071 | 053 | 006 | 0.0 | 758 | 0.19 | 008 [ 0.05 | 044 | 050 | 0.18 | 026
0.01 | 094 | 070 | 0.09 | 013 | 017 | 025 | NS | 007 | 058 | 067 | 0.24 | 035

The studied traits key names can be found in (Table 2).
Table 4. Average earliness, yield and yield components
across 2021 and 2022 growing seasons.

at irrigation treatments and sowing dates interaction

Irrigation Sowing F.F.N. S.C.Y. (K/F) L.C.Y. (K/F) B.W. (g) L% s.l. (g)
dates Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2
25 January 979 | 1074 | 7.78 | 7.64 | 1023 | 916 | 2.70 | 3.05 | 38.54 | 37.98 | 9.36 | 10.10
100% A. W | 25 February | 9.53 | 10.02 | 9.28 | 8.65 | 11.70 | 10.96 | 2.87 | 3.23 | 40.01 | 40.17 | 9.32 | 10.05
25 March 9.81 | 1045 | 8.07 | 811 | 9.90 | 10.00 | 3.07 | 3.44 | 38.92 | 39.08 | 9.41 | 10.16
25January | 10.67 | 12.20 | 864 | 7.72 | 10.86 | 9.65 | 2.88 | 2.80 | 39.96 | 39.64 | 9.95 | 10.08
75%A.W | 25February | 1135 | 1268 | 7.73 | 7.16 | 9.75 | 886 | 2.69 | 2.70 | 39.81 | 39.13 | 9.82 | 9.87
25 March 1156 | 1296 | 7.08 | 6.64 | 892 | 818 | 2.74 | 2.73 | 39.87 | 39.00 | 9.51 | 9.69
LSD at 0.05 NS 053 | 006 | 010 | 013 | 019 | 008 | 0.05 | 0.44 | 050 | 0.18 | Ns
0.01 NS 070 | 009 | 013 | 017 | 025 | Ns | 007 | 058 | 067 | 024 | nNs

The studied traits key names can be found in (Table 2).

In both seasons, seed cotton yield and other traits under study were highly significantly impacted by
the interaction between irrigation treatments and planting distances, as shown in (Table 5). For this interaction
effect, the highest seed cotton yield and most studied traits were obtained from cotton grown with all planting
distances under 100% A.W irrigation compared with 75% A.W irrigation in both seasons. During 75% A.W
irrigation conditions, the lowest position of the first fruiting node was obtained under 10 cm spacing of cotton
plants in both seasons. At the same time, the highest seed cotton yield and other evaluated traits were
recorded under 35 cm spacing of cotton plants in both seasons. Generally, the Egyptian cotton variety Giza 95
performed best for seed cotton yield and other studied attributes at high plant spacing under drought irrigation
treatment in both seasons.

In Table (6), the sowing dates and planting distances interaction effect on only seed and lint cotton
yields were highly significantly varied, but no significant differences effects on the remaining studied traits. The
best values for the position of the first fruiting node and seed index traits on the January sowing date, for seed
cotton yield, lint cotton yield, and lint percentage on the February sowing date, and boll weight on the March
sowing date were obtained under all planting distances under study in both seasons. Seed index on the January
sowing date, seed cotton yield, lint cotton yield, and lint percentage traits on the February sowing date, and
boll weight on the March sowing date were registered the highest values with 35 cm spacing of cotton plants in
both seasons. Statistical analysis showed that the broadest plant spacing yielded the best values of cotton
production attributes under both irrigation conditions on the February sowing date in both seasons, although
diverse patterns were observed in all of the first-order interactions. On the other hand, the first fruiting node's
position exhibited the reverse trend.
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Table 5. Average earliness, yield and yield components at irrigation treatments and planting distances across
2021 and 2022 growing seasons.

Irrigation Planting F.F.N. S.C.Y. (K/F) L.C.Y. (K/F) B.W. (g) L% S.l. (g)
Distances | 2021 | 2022 | 2021 | 2022 | 2021 | 2022 | 2021 | 2022 | 2021 | 2022 | 2021 | 2022
10cm 8.50 9.67 6.66 | 6.39 8.31 7.89 294 | 3.45 | 38.53 | 39.14 | 10.15 | 10.12
15cm 8.55 9.99 7.49 | 7.09 9.54 8.45 3.02 | 3.21 | 39.34 | 37.78 | 9.58 9.76
100% AW 20 cm 10.19 | 10.31 | 8.05 | 7.82 | 10.32 | 9.40 2.89 | 3.14 | 39.63 | 38.12 | 9.12 10.20
25cm 9.71 10.19 | 882 | 8.66 | 11.08 | 10.81 | 2.77 | 3.19 | 38.82 | 39.60 | 9.39 10.17
30cm 10.59 | 10.79 | 9.31 | 9.20 | 11.89 | 11.80 | 2.93 | 3.11 | 39.54 | 40.66 | 9.00 9.82
35cm 10.72 | 1145 | 994 | 9.63 | 1253 | 11.89 | 2.73 | 3.35 | 39.09 | 39.15 | 8.97 10.57
10 cm 9.02 9.30 6.59 | 6.09 8.10 7.28 2.67 | 2.49 | 39.06 | 37.91 | 8.97 9.19
15cm 9.07 10.18 | 7.14 | 6.57 8.82 7.95 2.69 | 2.63 | 39.22 | 38.38 | 9.45 9.58
75% AW 20 cm 10.57 | 11.78 | 7.54 | 6.96 9.39 8.56 2.76 | 2.71 | 39.51 | 39.02 | 9.73 9.65
25cm 11.47 | 12.72 | 7.96 | 7.36 9.98 9.13 274 | 2.77 | 39.79 | 39.35 | 9.72 10.03
30cm 11.87 | 1490 | 8.34 | 7.87 | 10.58 | 9.89 2.84 | 2.85 | 40.26 | 39.88 | 10.06 | 10.11
35cm 15.14 | 16.80 | 9.33 | 8.19 | 12.17 | 10.58 | 2.91 | 3.00 | 41.44 | 40.99 | 10.65 | 10.73
LSD at 0.05 1.00 0.75 0.09 | 0.14 0.18 0.27 0.11 | 0.08 0.62 0.71 0.26 0.37
0.01 1.33 1.00 0.12 | 0.19 0.24 0.36 0.15 | 0.10 0.82 0.94 0.34 0.49

The studied traits key names can be found in (Table 2).

Table 6. Average earliness, yield and yield components at sowing dates and planting distances across 2021 and
2022 growing seasons.

Sowing Planting F.F.N. S.C.Y. (K/F) L.C.Y. (K/F) B.W. (g) L.% S.1. (g)

Dates Distances | 2021 | 2022 | 2021 | 2022 | 2021 | 2022 | 2021 | 2022 | 2021 | 2022 | 2021 | 2022
10 cm 8.62 9.80 6.55 6.12 8.26 7.46 2.69 2.87 | 38.45 | 38.65 | 9.78 9.93

15cm 8.53 9.94 7.49 6.94 9.54 8.25 2.73 2.86 | 38.89 | 37.68 | 9.62 9.81
25 20cm 9.95 10.62 | 7.91 7.51 | 10.17 | 9.02 2.67 2.89 | 39.21 | 38.13 | 9.54 | 10.06
January 25cm 10.50 | 11.83 | 8.40 8.13 | 10.69 | 9.98 2.64 2.94 | 38.78 | 38.99 | 9.62 | 10.07
30cm 11.25 | 12.67 | 8.90 8.48 | 11.57 | 10.61 | 2.73 2.93 | 39.76 | 39.74 | 9.55 | 10.00
35cm 12.54 | 13.96 | 9.78 8.89 | 12.45 | 11.10 | 2.70 3.09 | 39.98 | 39.67 | 9.84 | 10.68

10 cm 8.91 9.48 7.10 | 6.46 8.77 7.89 2.79 295 | 39.22 | 38.69 | 9.54 9.48

15cm 8.75 9.98 7.68 | 6.97 9.65 8.44 2.86 2.88 | 39.85 | 38.43 | 9.55 9.70
25 20cm 10.64 | 11.11 | 8.23 7.51 | 1043 | 9.25 2.83 2.89 | 40.15 | 39.09 | 9.51 | 10.03
February 25cm 10.54 | 10.76 | 8.96 8.23 | 11.26 | 10.39 | 2.69 295 | 3991 | 39.99 | 9.57 | 10.11
30cm 10.94 | 12.67 | 9.31 8.99 | 11.81 | 11.61 | 2.89 2.96 | 40.27 | 40.83 | 9.51 9.89
35cm 12.85 | 14.10 | 9.99 9.26 | 13.03 | 11.89 | 2.81 3.15 | 40.48 | 40.89 | 9.74 | 10.58

10cm 8.76 9.17 6.23 6.13 7.59 7.39 2.93 3.09 | 38.71 | 38.24 | 9.36 9.55

15cm 9.15 | 10.35 | 6.78 | 6.59 8.35 7.91 2.98 3.02 | 39.09 | 38.14 | 9.37 9.50

25 March 20cm 10.55 | 11.42 | 7.24 | 7.15 8.97 8.66 2.99 3.01 | 39.34 | 38,50 | 9.21 9.68
25cm 10.73 | 11.77 | 7.82 7.67 9.64 9.54 2.93 3.05 | 39.21 | 39.44 | 9.46 | 10.12
30cm 11.51 | 13.21 | 8.26 | 8.14 | 10.31 | 10.32 | 2.96 3.07 | 39.68 | 40.17 | 9.53 | 10.00
35cm 13.40 | 14.31 | 9.13 8.58 | 11.58 | 10.72 | 3.05 3.27 | 40.34 | 39.72 | 9.83 | 10.69

LSD at 0.05 NS NS 0.11 0.17 0.22 0.33 NS NS NS NS NS NS

0.01 NS NS 0.15 0.23 0.30 0.44 NS NS NS NS NS NS

The studied traits key names can be found in (Table 2).

The second-order interactions effect on cotton traits:
The data of the second-order interactions are presented in (Table 7), and had highly significant effects
on seed and lint cotton yield traits but did not affect other studied traits in both seasons. The plants obtained
on the February sowing date under 100% A.W. irrigation with all planting distances were recorded the highest
values of seed and lint cotton yields in both seasons. Giza 95 plants produced higher yields (seed and lint
cotton) on the January sowing dates with 35 cm spacing under 75% A.W. irrigation conditions in both seasons.
However, the second-order interaction effect does not give other features under study a clear direction.
Generally, the Egyptian cotton variety Giza 95 performed best for seed cotton yield and other studied
attributes at the early sowing and high plant spacing under drought irrigation treatment in both seasons,
according to the results of the effect of experimental factors as well as the first and second-order interactions.
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Table 7. Average earliness, yield and yield components traits at irrigation treatments (100% A.W and 75% A.W),

sowing dates, and planting distances across 2021 and 2022 growing seasons.

Sowing | Planting JFF.N. s.C.Y. (K/F) L.C.Y. (K/F)
ter | distancas 2021 2022 2021 2022 2021 2022
100% | 75% | 100% | 75% | 100% | 75% | 100% | 75% | 100% | 75% | 100% | 75%
10cm 837 | 887 | 10.10 | 950 | 6.09 | 702 | 606 | 619 | 794 | 859 | 735 | 7.58
15cm 836 | 870 | 10.10 | 9.77 | 697 | 802 | 652 | 736 | 923 | 9.8 | 7.50 | 9.00
25 20cm | 1040 | 950 | 10.86 | 1037 | 7.41 | 842 | 727 | 7.74 | 9.85 | 1050 | 845 | 9.60
January 25cm | 10.00 | 11.01 | 10.63 | 13.03 | 816 | 865 | 814 | 812 | 10.64 | 10.74 | 9.85 | 10.11
30cm | 1070 | 11.80 | 11.20 | 14.14 | 869 | 911 | 870 | 826 | 11.51 | 11.63 | 10.84 | 10.39
35cm | 1093 | 14.14 | 11.53 | 16.40 | 938 | 10.61 | 9.14 | 864 | 12.21 | 13.84 | 10.95 | 11.25
10cm 860 | 922 | 978 | 9.19 | 744 | 676 | 676 | 617 | 921 | 833 | 853 | 7.25
15cm 810 | 941 | 978 | 1018 | 830 | 706 | 761 | 632 | 1050 | 879 | 934 | 7.55
25 20cm | 1007 | 11.20 | 9.88 | 1234 | 895 | 752 | 835 | 667 | 1144 | 941 | 1033 | 817
February | 25cm 962 | 11.47 | 9.48 | 1204 | 980 | 812 | 920 | 7.26 | 12.25 | 1027 | 11.81 | 897
30cm | 1037 | 1151 | 10.07 | 1526 | 1028 | 833 | 9.76 | 823 | 13.08 | 10.54 | 12.85 | 10.36
35cm | 1043 | 1527 | 11.13 | 17.07 | 1094 | 862 | 10.19 | 832 | 13.75 | 11.14 | 12.92 | 10.85
10cm 854 | 897 | 913 | 921 | 647 | 599 | 634 | 592 | 779 | 739 | 7.78 | 7.00
15cm 918 | 911 | 10.11 | 1059 | 722 | 634 | 714 | 604 | 88 | 781 | 852 | 7.30
25 March |_20€m | 1011 [ 11.00 [ 1021 [ 1263 [ 7.78 [ 670 | 784 | 646 | 968 | 827 | 943 | 7.89
25 cm 951 | 11.94 | 1047 | 1307 | 852 | 7.12 | 863 | 671 | 1036 | 893 | 10.78 | 8.30
30cm | 1071 | 1231 | 11.11 | 1532 | 894 | 758 | 915 | 7.13 | 11.06 | 957 | 11.72 | 891
35cm | 1079 | 16.01 | 11.68 | 1694 | 951 | 875 | 956 | 7.60 | 11.63 | 11.53 | 11.79 | 9.65
LSD at 0.05 NS NS 0.16 0.24 0.32 0.47
0.01 NS NS 0.21 0.32 0.42 0.62
. Planting B.W. (g) % S.1.(g)
Sg;’::‘sg Distances 2021 2022 2021 2022 2021 2022
100% | 75% | 100% | 75% | 100% | 75% | 100% | 75% | 100% | 75% | 100% | 75%
10cm 276 | 263 | 326 | 249 | 3803 | 3887 | 3843 | 38.87 | 10.15 | 9.41 | 1012 | 9.75
15cm 284 | 262 | 3.02 | 269 | 3874 | 39.04 | 3655 | 3881 | 958 | 966 | 9.76 | 9.86
25 20 cm 271 | 263 | 296 | 2.82 | 3883 | 3959 | 36.89 | 39.36 | 9.12 | 9.97 | 10.20 | 9.92
January 25 cm 259 | 270 | 3.00 | 2.88 | 38.17 | 39.38 | 3845 | 39.54 | 939 | 9.86 | 10.17 | 9.97
30 cm 275 | 271 | 293 | 292 | 3897 | 4055 | 39.54 | 39.94 | 9.00 | 10.10 | 9.82 | 10.18
35cm 255 | 2.84 | 3.16 | 3.03 | 3852 | 41.44 | 3803 | 4131 | 897 | 1071 | 1057 | 10.79
10cm 293 | 264 | 343 | 247 | 3931 | 39.12 | 40.04 | 37.33 | 10.10 | 898 | 1007 | 8.89
15¢cm 301 | 270 | 320 | 256 | 40.18 | 39.52 | 3893 | 37.93 | 953 | 957 | 9.71 | 9.69
25 20 cm 289 | 277 | 313 | 265 | 4058 | 39.73 | 39.27 | 3890 | 9.07 | 9.94 | 10.15 | 9.91
February | 25cm 276 | 262 | 317 | 272 | 39.68 | 40.15 | 40.74 | 39.24 | 934 | 9.80 | 10.12 | 10.10
30 cm 293 | 285 | 3.10 | 2.81 | 4038 | 40.16 | 41.79 | 40.00 | 895 | 1006 | 9.77 | 10.01
35cm 273 | 288 | 333 | 297 | 39.92 | 41.05 | 4026 | 41.40 | 892 | 1057 | 10.51 | 10.64
10cm 313 | 273 | 366 | 252 | 3824 | 39.17 | 3895 | 3754 | 1020 | 852 | 10.17 | 8.93
15cm 321 | 275 | 341 | 263 | 39.09 | 39.10 | 37.87 | 3842 | 963 | 9.12 | 9.81 | 9.19
25 March |20.€m 3.08 | 290 | 334 | 267 | 39.47 | 39.21 | 3820 | 3880 | 9.16 | 9.27 | 1025 | 9.11
25 cm 295 | 291 | 339 | 272 | 3860 | 39.82 | 39.63 | 39.26 | 9.43 | 9.49 | 10.22 | 10.02
30 cm 312 | 297 | 331 | 283 | 39.28 | 40.08 | 40.65 | 39.69 | 9.04 | 1003 | 9.87 | 10.13
35 cm 292 | 301 | 355 | 299 | 3883 | 41.84 | 39.16 | 4027 | 9.01 | 10.65 | 10.62 | 10.75
LSD at 0.05 NS NS NS NS NS NS
0.01 NS NS NS NS NS NS

The studied traits key names can be found in (Table 2).
Stress tolerance index (STI):
The STI values of studied cotton traits affected by sowing dates and planting distances in 2021 and
2022 growing seasons are presented in (Table 8). The cotton variety Giza 95 plants in February sowing date
under all planting distances for seed cotton yield, lint cotton yield, and lint percentage traits had the highest STI
values in both seasons. While boll weight and seed index traits recorded the greatest values of STI at January
and March sowing dates with all planting distances in both seasons, respectively. Also, the widest plant spacing
of the variety Giza 95 produced the highest values of STI for seed cotton yield and all evaluated traits at all
sowing dates in both growing seasons. Generally, from the results of STl values, the widest plant spacing at the
February sowing date of the variety Giza 95 produced the best productivity under deficit irrigation.
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Table 8. Stress tolerance index for the studied cotton traits as affected by sowing dates and planting distances
across both growing seasons.

Sowing Planting F.F.N. S.C.Y. (K/F) L.C.Y. (K/F) B.W. (g) L.% S.1. (g)

dates distances | 2021 | 2022 | 2021 | 2022 | 2021 | 2022 | 2021 | 2022 | 2021 | 2022 | 2021 | 2022

10 cm 0.79 0.89 0.61 0.57 0.61 0.55 0.87 0.77 0.96 0.98 1.09 0.97

25 15cm 0.77 0.91 0.80 0.73 0.81 0.67 0.90 0.77 0.99 0.93 1.05 0.94

January 20cm 1.05 1.04 0.89 0.85 0.92 0.80 0.86 0.79 1.00 0.95 1.04 0.99

25cm 1.17 1.28 1.00 1.00 1.01 0.99 0.84 0.82 0.98 1.00 1.06 0.99

30cm 1.34 1.46 1.13 1.09 1.19 1.12 0.90 0.81 1.03 1.03 1.04 0.98

35cm 1.64 1.75 142 1.19 1.50 1.22 0.87 0.91 1.04 1.03 1.10 1.12

10cm 0.84 0.83 0.72 0.63 0.68 0.61 0.93 0.81 1.00 0.98 1.03 0.88

15cm 0.81 0.92 0.83 0.73 0.82 0.70 0.98 0.78 1.04 0.97 1.04 0.92

25 20cm 1.20 1.13 0.96 0.84 | 0.96 0.84 0.96 0.79 1.05 1.00 1.03 0.98

February 25cm 1.17 1.05 1.13 1.01 1.12 1.05 0.87 0.82 1.04 1.05 1.04 1.00

30cm 1.27 1.42 1.22 1.21 1.22 1.32 1.01 0.83 1.06 1.09 1.03 0.96

35cm 1.69 1.76 1.43 1.28 1.63 1.39 0.95 0.94 1.07 1.09 1.07 1.09

10cm 081 | 0.78 | 0.55 | 0.57 | 0.51 | 0.54 1.03 0.88 | 0.98 | 0.96 | 0.99 | 0.89

15cm 0.89 | 099 | 0.65 | 0.65 | 0.62 | 0.62 1.06 | 0.85 1.00 | 0.95 1.00 | 0.88

20cm 1.18 1.19 0.74 | 0.77 0.71 0.74 1.08 0.85 1.01 0.97 0.97 0.91

23March ™5 cm | 1.0 | 1.26 | 086 | 0.88 | 0.82 | 089 | 103 | 0.88 | 100 | 102 | 1.02 | 1.00

30cm 1.40 1.57 0.96 0.99 0.94 1.04 1.12 0.89 1.03 1.06 1.03 0.98

35cm 1.83 1.83 1.18 1.10 1.19 1.13 1.06 1.01 1.06 1.03 1.09 1.12

The studied traits key names can be found in (Table 2).

Principal component analysis (PCA):

In the 2021 and 2022 growing seasons, PC analysis was calculated to improve the discriminatory
power for classifying the seed cotton yield and other investigated traits according to their associations under
irrigation treatment, sowing dates, and planting distances (Fig. 2). A total of six PCs were acquired, but only the
first two PC1 and PC2 with eigenvalues > 1 (3.35 and 1.73, respectively), were considered significant and
explained about 84.79% of the total variability of the evaluated data under study. The PC1 explained 55.89% of
the total variability, and seed cotton yield and all studied traits contributed positively to PC1. As for PC2, the
position of the first fruiting node, boll weight, and seed index features on the path to a positive direction were
the main factors that described the PC2, which accounted for 28.90% of the overall variability. However, the
features of lint percentage, lint cotton yield, and seed cotton yield contributed negatively to PC2. In any
additional data analysis, the PC1 and PC2 results can be utilized to provide an overview of the original variables
and to explain the overall variance and PCs collection. Stronger positive correlations (very sharp angles) were
noticed among seed cotton yield, lint cotton yield, and lint percentage traits, as well as between seed index
with the position of the first fruiting node and boll weight traits. Boll weight had a negative association with lint
cotton yield and lint percentage traits (obtuse angles), and a very low positive association with seed cotton
yield. While other correlations among studied traits were positive because the angle between them is sharp.

The relationships among irrigation treatments, sowing dates, and planting distances with seed cotton
yield and other traits under investigation showed distinct patterns throughout the course of the two growth
seasons (Fig. 2). A significant amount of the overall variation for the position of the first fruiting node, boll
weight, and seed index traits in the 2022 growing season, which were associated with the highest PC1 and PC2
in the first quarter, was caused by the February sowing date with planting distances of 25, 30, and 35 cm under
100% A.W. irrigation conditions. February sowing date with planting distances of 25, 30, and 35 cm under 75%
A.W. contributed to a great proportion of the total variation for seed cotton yield, lint cotton yield, and lint
percentage traits in the 2021 growing season, which were related to highest PC1 and lowest PC2 in the fourth
quarter. Generally, the February sowing date under drought stress with a 35 cm spacing was found to be close
to the cotton yield characteristics in both growth seasons. Unlike PC2, PC1 can be utilized to choose treatments
for drought tolerance because it often has a high productivity potential.
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Fig. 2. Relationships among the studied traits and treatments (irrigation conditions, sowing dates
and planting distances) across the 2021 (red color) and 2022 (green color) growing
seasons. EV: eigenvalues; V%: variance %. The studied traits key names can be found in
(Table 2).
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DISCUSSION

The sustainable growth of agriculture in dry places will be significantly hampered by drought stress as
a result of the changing global climate (Lin et al., 2024). A novel method for improving cotton's water
consumption efficiency in arid regions is deficit irrigation (Zhang et al., 2016). Drought stress disrupts the
molecular-level water balance in plants, and severe water scarcity in cotton plants can be fatal (Wang et al.,
2024). Cotton output can be increased by high plant density and deficit irrigation. The length of time that
different phenological stages, including the initial square, bloom, and boll split on 50% population, as well as
the duration of the entire crop, are determined by the sowing time (Afzal et al., 2020). Therefore, the objective
of this study was to explore the tolerance of cotton plants to water stress under and normal irrigation and
deficit irrigation conditions. In this study, we carefully examine the roles of two irrigation treatments (100%
A.W. and 75% A.W.), three sowing dates, and six planting distances, as well as their interactions, during the
2021 and 2022 growing seasons in order to assess the earliness, yield, and yield component traits of the
Egyptian cotton variety Giza 95 under sand soil conditions in the Toshka region of Egypt.

Significant differences between irrigation treatments, sowing dates, and planting distances were
observed for seed cotton yield and the most studied traits in both seasons. These results suggest that there
might be variation among the experimental treatments that were studied, suggesting that it would be feasible
to increase cotton productivity in the Toshka region of Egypt with sand soil, particularly when drought stress is
present. Our findings are similar to the results of (Abbas et al., 2018; Mudassir et al., 2022; Tlatlaa et al., 2023;
Zuo et al., 2023; Igbal et al., 2024; Kassambara et al., 2024) reported that the main effects (irrigation amount,
planting dates, and planting density) had a significant effect on cotton seed yield and yield component traits. In
terms of how the experimental treatments interacted, several notable patterns surfaced, the most prominent
of which was the substantial impact of irrigation conditions along with sowing dates and planting spacing on
every trait analyzed over both growth seasons. The first-order interactions effect (irrigation treatments x
sowing dates and irrigation treatments x planting distances) was significant for seed cotton yield and most
studied traits. Only the interaction of sowing date and planting density and the second-order interactions effect
were highly significant on seed and lint cotton yields in both seasons. This result appears to conflict with (Khan
et al.,, 2017; Igbal et al., 2024; Kassambara et al., 2024) who mentioned that the interaction of sowing date and
plant density was non-significant for seed cotton yield and all cotton studied traits. While (Sapkota et al., 2023)
stated that plant population density did not affect lint yield, however, irrigation and plant population
interacted. These findings suggested that the large variations in seed cotton production and other assessed
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characteristics of the Giza 95 variety under study were caused by the combined effects of the weather, sowing
dates, and planting spacing under irrigation conditions.

Compared with 100% A.W. irrigation, 75% A.W. irrigation significantly increased the position of the
first fruiting node and lint percentage in both seasons, and seed index in the 2021 season but significantly
decreased seed cotton yield (-3.16% and -6.27%) and other studied traits in 2021 and 2022 growing seasons,
respectively. When compared to full irrigation, deficit irrigation considerably improved cotton water use
efficiency (7.39%) but reduced cotton output (-15.00%) (Xu et al., 2024). According to (Himanshu et al., 2019),
water deficits have a major impact on the yield of seed cotton, especially during the germination and seedling
emergence stage to the squaring stage, late bloom, and boll opening stage. Cotton yield, water indices, and
growth and development were all significantly impacted by the irrigation module. Crop Phen phases, yield,
contributing characteristics, and productivity indicators were all negatively impacted by water stress (Brar and
Singh, 2022; Ghanem et al., 2022; Yehia et al., 2023; Sheta et al., 2024b).

The growth of cotton leaves, internode elongation, dry matter production, and assimilate distribution
throughout different plant parts are all significantly impacted by the sowing date, which in turn affects cotton
yield (Dai and Dong, 2014). The sowing date has an impact on cotton production; thus, picking the right date
will increase cotton productivity (Guo et al., 2023). The position of the first fruiting node and seed index traits
on the January sowing date, boll weight on the March sowing date and other studied traits on the February
sowing date showed the best values in both seasons. February sowing date significantly increased seed cotton
yield compared to January (0.62% and 1.76%) and March (4.30% and 2.89%) sowing dates in 2021 and 2022,
respectively. Zhang et al., (2017) corroborated our findings, stating that the middle planting date outperformed
the other planting dates in terms of cotton yield and all assessed variables. Early planting typically increases
yield by lengthening the growing season, while late planting decreases yield due to the shorter growing season
(Afzal et al., 2020). In semi-arid conditions, early planting has increased the percentage of lint and is the best
method for obtaining a higher yield of cotton and yield components (Singh et al., 2017; Igbal et al., 2024).
Selecting for enhanced seed vigor and cold germination with acceptable yield and fiber quality attributes could
be one way to adapt genetics to an early planting strategy (Mauget et al., 2019). Cotton aboveground biomass
and yield rise with an increase in irrigation quotas when planting dates coincide (Fan et al., 2024). The crop's
phenological development was greatly hampered by delayed cotton sowing, especially when it was done in a
deficit moisture regime. Additionally, the crop's susceptibility to insect pests and diseases was increased, which
ultimately resulted in lower crop productivity (Mauget et al., 2019; Kumar et al., 2020; Brar and Singh, 2022;
Fei et al., 2022; Kassambara et al., 2024).

Even at the same location, the population density threshold for maximizing cotton lint yield varies
somewhat depending on the cotton germplasm, environmental circumstances, and possibly other factors
(Sapkota et al., 2023). According to (Tlatlaa et al., 2023), maximizing the dates of sowing can increase cotton
production's financial returns and advance sustainability. When there are enough plants in a given area, the
population of plants will receive optimal lighting and ventilation, which will raise the concentration of
chlorophyll and promote photosynthesis in the leaves of the main stem (Yehia et al., 2024). By enhancing dry
matter accumulation and potassium fertilizer absorption, an appropriate planting density can also increase
cotton output (Khan et al., 2017). Along with light interception, moisture availability, nutrient uptake, humidity,
and weed infestation, plant density also affects plant height and fruiting behavior (lbrahim et al., 2022). High
plant distances significantly increased seed cotton yield and all studied traits, except the position of the first
fruiting node, had desirable values with 10 cm plant spacing in both seasons. 35 cm plant spacing showed a
higher seed cotton yield compared to 10, 15, 20, 25, and 30 cm plant distances with values of 6.20%, 4.76%,
3.79%, 2.55%, and 1.67% in the 2021 season and with values of 5.81%, 4.53%, 3.31%, 1.96%, and 0.81% in the
2022 season, respectively. Although the difference was not statistically significant, low plant density produced
a 12.3% higher seed yield than high plant density (Zhang et al., 2024). Additionally, according to (Dhillon et al.,
2006), plants with increased plant spacing generated a higher seed index. The yields from medium and high
densities were comparable, while the yields from high densities were higher than those from low densities.
According to (zZhi et al., 2016; Kassambara et al., 2024), the decrease in seed cotton yield at low planting
density was probably caused by a decrease in the density of cotton bolls. Increased competition for resources
including sunlight, water, and nutrients resulted in a significant decrease in yield (Igbal et al., 2024).

The cotton crop's growth and development were significantly impacted by the planting density and
the dates of sowing (Igbal et al., 2024). Generally, the Egyptian cotton variety Giza 95 performed best for seed
cotton yield and other studied attributes at the early sowing and high plant spacing under drought irrigation
treatment in both seasons, according to the results of the effect of experimental factors as well as the first and
second-order interactions. We can conclude that many environmental factors can lessen the effects of
irrigation treatments, sowing dates, and planting spacing through non-significant interactions. A degraded
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environment may lessen the effect of the planting date (Guo et al., 2023). Planting earlier could be a practical
way to boost cotton output in light of the consequences of climate change (Deho, 2023; Yehia et al., 2024).

According to yield potentials in situations with and without water deficits, the STI enables the
differentiation of cotton cultivars with varying predicted tolerance levels (Quevedo et al., 2022). Generally,
from the results of STI values, the widest plant spacing at the February sowing date of the variety Giza 95
produced the best productivity under deficit irrigation. Thus, cotton plants on the February sowing date with
the widest plant spacing had the lowest susceptibility to drought stress. Varieties differed significantly in the
STI (Quevedo et al., 2022). In order to create stress-resident cotton cultivars, STI of drought stress response
indicators and growth rate also show promise (Mahmood et al., 2022). According to (Kassambara et al., 2024),
the variation in seed cotton suggested that some genotypes would have greater STI than the others evaluated
because of higher values of seed cotton under lower water availability.

A useful statistical method for reducing dimensionality and extracting expressive information from a
complex dataset with many connections is PCA (Bahrami et al.,, 2014). To understand the links between
irrigation conditions, sowing dates, and planting distances that led to variances for the attributes under
investigation, we employed PCA analysis in this work. According to (Yehia et al., 2024), PCAs outcomes may
enhance cotton productivity under planting dates and spacing treatments. The PC1 and PC2 were considered
significant and explained about 84.79% of the total variability of the evaluated data under study. The first two
PCs contributed 60.90%, 66.80%, and 69.74%, towards variability under planting dates and plant density,
according to (Sarwar et al., 2021; Jalilian et al., 2023; Yehia et al., 2024), respectively. The PC1 showed 55.89%
of the total variation and correlated with all studied traits on the February sowing date with a 35 cm spacing
under normal irrigation and drought stress. According to (Wang et al., 2023), PC1 could account for 83.43% of
the overall variation under the sowing and density cultivation modes. PC1 was shown to be the most important
element in understanding the experimental treatments in both seasons because it explained over half of the
variation overall. Unlike PC2, PC1 can be utilized to choose treatments for drought tolerance because it often
has a high output potential, and thus can be known as “yield potential". Earliness, seed cotton yields, and boll
weight all exhibited a strong positive association with the PC1, which was able to distinguish between
treatments (Wang et al., 2023). As a result, PC1 and PC2 can be interpreted as reactions to the experimental
conditions that affect cotton yield and yield component qualities in both positive and negative ways. These
findings align with those of (Sarwar et al., 2021; Sheta et al., 2024a; Yehia et al., 2024). The angle between trait
vectors in PCA biplots shows how correlated they are. In our study, stronger positive correlations were noticed
among seed cotton yield, lint cotton yield, and lint percentage traits, as well as between the seed index with
the position of the first fruiting node and boll weight traits. A strong positive relationship between other
characteristics and seed cotton yield (Yehia and El-Hashash, 2021; Wang et al., 2023). According to (Guo et al.,
2024), the PCA biplot makes it clearer how many indicators relate to one another under drought and well-
watered conditions, as well as how each trait contributes to the main components. Overall, our results
indicated that when planted in February with wide plant spacing and drought treatment (75% A.W.), the
Egyptian cotton variety Giza 95 might high yield production in the Toshka region of Egypt with sand soil
conditions.

CONCLUSION

The primary impacts of irrigation treatments, sowing dates, and planting spacing, as well as their first-
order interactions, resulted in statistically significant improvements in seed cotton yield and the majority of the
traits under study in both seasons. Early plantings produced more cotton yield than late plantings, regardless of
planting density. These experimental treatments are likely suitable for the Egyptian cotton variety Giza 95 in
the Toshka region of Egypt, as the February sowing date and larger plant spacing under drought stress can
enhance earliness and cotton productivity. Knowing how sowing dates and density relate to one another in
drought-stressed situations can help guide management decisions for Egyptian cotton and enhance the
earliness and cotton vyield. Therefore, we recommended doing long-term studies under drought stress
conditions regarding sowing dates and wider plant spacing at the experimental region under the Toshka region
of Egypt.
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