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ABSTRACT: Two field experiments were carried out at Sakha Agricultural Research Station Farm,
Kafr El-Sheikh Governorate, Agricultural Research Center, Egypt, during the 2021 and 2022 seasons to
study the effect of three levels of moringa leaves extract (MLE), and salicylic acid (SA) on growth,
certain physiological aspects and productivity of cotton Super Giza 97 grown under three different
irrigation intervals. A split plot design with three replicates was used. The obtained results indicated that
cotton plants irrigated every 15 days and sprayed with moringa leaf extract at the high rate (15 %) two
times significantly increased photosynthetic pigments, total carbohydrates, nitrogen, phosphorus, and
potassium concentrations, total water content, and relative water content, growth traits, yield of seed
cotton/feddan and yield components in both seasons. Meanwhile, the same treatment significantly
decreased earliness%, plasma membrane permeability, the peroxidase and phenol oxidase activities as
well as proline content. The longest fibers and highest strength were obtained from the plants irrigated
every 15 days in only one season. It could be concluded that interaction treatment (irrigation every 15
days x spray with moringa leaves extract 15%) recorded the best results. In addition, spraying cotton
plants irrigated every 30 days with moringa leaf extract at a high rate (15%) two times can be applied
safely to minimize the negative impact of drought stress on cotton plants under conditions like the Sakha
location.

Keywords: Egyptian cotton; Moringa leaf extract; Salicylic acid; chemical contents; photosynthetic
pigments; irrigation interval.

INTRODUCTION

Egyptian cotton (Gossypium barbadense, L.)
occupies a distinguished position due to its high
quality and the firmness of its existence in
overseas markets for a long time due to its
prominent position in the markets. It is the
mainstay of the textile, ready-made clothing, and
oil production industries in Egypt (Abdel-Salam
and Negm, 2009). The plant does not consume

water balance between water absorption and lost
water during the day light. Drought leads to low
water levels in the plant tissues, and low water
potential, thus reducing leaf expansion, rate of
leaf photosynthesis, and concentration of
photosynthetic ~ pigments and  destroying
photosystem I, altering synthesis of protein,
metabolism of nitrogen, and properties of cell
membrane leading to a decrease in plant output

most of the water it absorbs. About 97-99% of
the water supplied to the plants is missing via
transpiration. Transpiration is defined as the
physiological loss of water in the shape of water
vapor, principally from the leaf stomata, but also
via evaporation from the surfaces of leaves,
flowers, and stems (Trimble, 2021). Plants
compensate for the lost water by extracting it
from the soil to avoid water stress, reduce the
degree of cellular damage, and maintain the

(Saneoka et al., 2004).

Ergashovich et al. (2020) found that drought
led to a decline in the growth and development
of cotton, enlargement of leaf surfaces, and pure
photosynthesis productivity, boll weight, yield,
and quality. As a result, partial shedding of crop
organs and leaves was observed. El-Sayed and
Abd EI All (2022) reported that irrigation every
14-day significantly increased mineral nutrients,
photosynthetic pigments, total carbohydrates,
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total sugars, and free amino acids in the leaves.
Fiber length in the 2" season, growth indicators,
measurements of earliness (except the percentage
of boll shedding which reduced), seed cotton
yield feddan® and its components in both
seasons and lint strength in the 1% season were
also increased. Moreover, a significant decrease
in micronaire reading, phenolic and proline
content due to irrigation at 14-day interval was
found.

Water shortages limited water sources in
addition to the cost of irrigation pumping, and
insufficient capacity of irrigation projects
represent a real challenge that forces Egypt to
reduce irrigation applications. Water stress is one
of the major threats facing plants resulting in
modifications at all levels of ecological,
morphological, physiological, biochemical, and
molecular properties of plants (Muscolo et al.,
2014). However, cotton plants are very sensitive
to water stress during the flowering and boll
formation stage resulting in slow growth and
increased flowers and boll shedding rate
(Kawakami et al., 2010). Cotton production also
decreased due to a decrease in the total bolls
number/plant under water stress conditions.

The harmful effects of water stress on cotton
plants can be minimized by external application
of plant growth stimulants (Farooq et al., 2009).
Salicylic acid (SA) is a naturally occurring plant
hormone that acts as a vital signalling molecule
with a wide distribution in plants and contributes
to many plants physiological processes (Clarke et
al., 2009). External application of SA on water-
stressed plants reduces cell membrane injury and
enhances antioxidant enzymes activities such as
superoxide dismutase (SOD), peroxidase (POD),
and catalase (CAT) in leaves (Khan et al., 2014).
External use of plant growth stimulants is the
most efficient way to promote plant growth and
development by mitigating the harmful effects of
water stress on plant metabolism and growth in
various crops (Sadak and Dawood, 2014), but
this application is expensive. Therefore, there is
a constant need to search for safe alternative
natural sources that contain nutrients, hormones,
and antioxidants with higher economic returns
(‘Yasmeen et al., 2018).

Moringa leaf extract (MLE) has been widely
applied to enhance stress tolerance in plants by
inducing alterations in plant biochemistry and
physiology necessary for stress tolerance (Ismail
et al., 2016). It is a tremendous source of zeatin
(a purine adenine derivative of the cytokinin
group of plant hormone), riboflavin, vitamins A
and C, phenols, mineral nutrients, antioxidant,
and some osmo protectants that make it a
potential bio-stimulant (Arif et al., 2019). Foliar
spray of MLE has favourable effects on growth
of wheat plant, rate of photosynthesis, hormonal
content, and anti-oxidative resistance activities
under stress conditions (Yasmeen et al., 2013).
Yuniati et al. (2022) mentioned that moringa leaf
extract (MLE) has been applied as a plant
biostimulant to improve product quality. The
efficiency of MLE is linked to its useful
ingredients  which  consist of nutrients,
phytohormones, secondary metabolites, amino
acids, and bioactive compounds. These
beneficial components change the physiological
processes in plants, such as increasing
photosynthesis,  nutrient  absorption,  sink
capacity, antioxidative enzymes, and secondary
metabolism in plants, contributing to improved
quality. In addition, MLE is environmentally
friendly and cheap. Mineral fertilizers are costly
and constitute a source of environmental
pollution (Phiri, 2010). Natural products are
inexpensive, environmentally friendly, and easy
to employ (Ahmad et al., 2019). Among these
natural products, moringa leaf extract (MLE) is
secure to apply, relatively inexpensive
(compared to synthetic growth regulators), and
has been found to significantly increase
vegetative growth, productivity, and quality of
various crops in the world. Applying MLE
externally enhanced the antioxidant system,
activated the plant defence system, and promoted
the levels of plant secondary metabolites (Rady
and Mohamed, 2015). Nisar et al. (2021) showed
that application of MLE significantly increased
the cotton yield and therefore, it can be used as
an organic fertilizer for maximizing cotton
productivity. Hussain et al. (2021) found that
compared with distilled water, MLE application
alone showed an enhancement effect on crop
growth rate, net assimilation rate, leaf area index,
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leaf area period, fruiting branches, and bolls
number which leads to increased yield of seed
cotton. MLE being a rich source of growth-
promoting hormones and nutrients showed its
potential to a much greater range under
traditional row spacing. Panhwar et al. (2022)
found that the use of the leaf extract of a miracle
plant (Moringa oleifera L.) as a foliar spray on
cotton, had significant effects on its yield and
associated parameters. The highest boll weight
and seed cotton yield were registered when foliar
spray was done. The lowest boll weight and seed
cotton yield were obtained from the control (no
foliar spray). However, there is only limited
studies available showing the potential of
salicylic acid and moringa leaf extract for
enhancing cotton growth and productivity under
water stress conditions. Therefore, this study
aimed to assess the proper irrigation interval and
the effect of moringa leaf extract and salicylic
acid as anti-transpiration  materials  on
morphysiological and yield characters of the
Egyptian cotton cultivar Super Giza 97 grown
under the environmental conditions of Sakha
region.

MATERIAL AND METHODS

Two field experiments were carried out on
cotton Super Giza 97 (Gossypium barbadense,
L.) at Sakha Agricultural Research Station Farm,
Kafr EI-Sheikh  Governorate, Agricultural
Research Center, Egypt, during the 2021 and

2022 seasons. The experiment was designed in a
split plot having three replicates.

The net plot size was 14 m* comprised of 5
furrows, 0.70 m apart, and 4 m long. Hills were
25 cm apart. Seeds of cotton cultivar Super Giza
97 were obtained from CRI, ARC, Egypt and
sown on the middle of April. The main plots
included three irrigation intervals i.e., irrigation
at 15 days (well-watered), 30- and 45-day
intervals (water-stressed) and the sub-plots
included seven treatments of twice foliar
application with hand sprayer of moringa leaf
extract (5, 10, and 15%) and salicylic acid (200,
300, and 400 ppm) in addition to distilled water
as a control. The first application was made at 50
days (square stage), while the second application
was made at 65 days (flowering initiation). The
spraying was taking place till dripping using
Tween 20 as a surfactant (0.05 ml/ L).

Salicylic acid was obtained from EI-
Gomhouria Company for Chemicals - Tanta City
- Arab Republic of Egypt.

Moringa oleifera powder was obtained from
the moringa production unit at the National
Research Center, Giza, Egypt, and different
concentrations of aqueous extracts were prepared
according to the method described by (Hossain et
al., 2012). Chemical composition analysis of
MLE is shown in Table 1.

Table 1. Chemical composition analysis of MLE according to Rehman et al. (2017).

Name of nutrient Values Name of nutrient Value
element/enzymes (mg g™ DW) element/enzymes (mg gt DW)
Total soluble sugars 248.70 Phosphorus 8.10
Amino acids 106.20 Potassium 25.10
Proline 21.00 Calcium 28.00
Ash 102.00 Magnesium 6.70
Soluble phenols 6.20 Zinc 0.27
Ascorbic acid (mg/100 g FW) 242.4 Na* 0.75
Phytohormones (ug/g DW) Copper 0.14
Gibberellins 0.74 Iron 0.75
Zeatin 0.96 Manganese 0.84
Abscisic acid 0.29 Total carotenoids 3.10
Indole-3-acetic acid 0.83 Total chlorophyll 3.96
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Phosphorus fertilizer was added at a rate of
22.5 kg P,Os/fed as calcium super phosphate
(15.5% P,0s) during land preparation. Nitrogen
fertilizer was applied at a rate of 60 kg N/fed in
the form of ammonium nitrate (33.5%) in two
equal doses before the 1% and 2™ irrigation,
respectively. Potassium fertilizer (in the form of
Potassein P, contains 32% K,O and 5% P,Os)
was applied at a rate of 1 liter/fed as foliar spray
twice (at the beginning of flowering and 15 days
later). Preceding crop was Egyptian clover
(Trifolium alexandrinum L.) “berseem” in both
seasons. The irrigation treatments were start after
the second irrigation.

All agricultural practices, except for the
experimental treatments under study, were kept
similar in each sub-plot and implemented as
recommended (CRI, ARC, Egypt).

Representative soil samples were taken from
the surface layer (0-30 cm) before sowing. Soil
analysis for the two sites was done according to
Jackson (1973) as shown in Table 2.

Meteorological data: The meteorological data
during the two growing seasons at the
experimental ~ site  were obtained from

Meteorological Station at Sakha and presented in
Table 3.

Studied characters

Samples of twenty leaves (4™ upper leaf)
were randomly taken from plants of each sub-
plot after 15 days from the last spraying time (at
80 days old) to determine the following traits:

I. Chemical constituents

Photosynthetic pigments: chlorophyll a, b,
and carotenoids (mg/g d.wt.) were determined as
described by Vernon and Selly (1966). Total
carbohydrates (mg/g d.wt) were determined
using the phenol sulfuric acid method as
described by AOAC (2005). Antioxidant
enzymes activities such as peroxidase (O.D./g
f.wt. after 2 min.) and phenol oxidase (O.D./g
f.wt. after 45 min.) were determined according to
Fehrman and Dimond (1967) and Broesh (1954).
Proline concentration (ug lucine/g f.wt.) was
measured according to the ninhydrin method of
Bates et al. (1973). Percentages of N, P, and K
were determined as described by AOAC (2005).

Table 2. The properties of the experimental soil in the two seasons.

Particulars Season
2021 | 2022
Mechanical analysis
Clay% 47.67 46.64
Silt% 24.11 24.60
Sand% 28.22 28.76
Texture Clayey Clayey
Chemical analysis
pH 8.22 8.18
EC ds/m 3.33 3.41
Organic matter % 1.56 1.65
Soluble cations (meg/l)
Ca* 7.32 8.11
Mg*? 5.12 5.38
K* 0.38 0.34
Na* 24.22 23.67
Soluble anions (meg/l)
CO;?
HCO,; 4.01 3.98
CI 20.00 21.13
S0,* 13.03 12.39
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Table 3. Mean values of some climatological data in the experimental site during the growth period
of the two growing seasons 2021 and 2022.

AT (c°) RH%
(Air temperature) (Relative humidity)
Months 2021 season 2022 season 2021 season at 2022 season at
Max Min Max Min 7:30 13:30 7:30 13:30
April 1-10 24.0 18.3 29.2 19.6 65.2 55.3 78.3 44.4
(days) | 11-20 | 25.6 19.5 22.6 19.0 70.5 50.8 74.2 54.2
21-30 21.5 19.9 28.3 20.5 66.4 447 76.0 42.1
May 1-10 30.6 22.3 27.5 20.7 73.0 55.0 75.8 441
(days) 11-20 28.9 235 29.8 21.7 71.3 58.4 80.2 44.9
21-31 315 24.6 323 23.1 78.6 60.5 81.3 44.1
June 1-10 334 24.3 33.6 25.2 65.2 69.0 83.1 49.1
(days) 11-20 35.6 23.1 32.6 22.9 63.5 68.6 75.4 50.0
21-30 31.4 24.8 32.9 26.2 64.9 68.4 81.2 52.2
July 1-10 35.6 28.6 30.1 26.3 70.9 68.2 86.5 55.0
(days) 11-20 33.4 30.5 32.6 26.3 73.6 68.5 57.3 85.7
21-31 36.2 33.6 34.1 25.1 735 67.5 52.1 90.0
August 1-10 335 26.7 334 255 84.2 66.4 89.2 57.8
(days) | 11-20 | 36.0 | 275 336 | 256 81.4 75.4 90.4 55.2
21-31 35.6 29.2 36.1 27.3 82.6 76.3 53.7 89.8
September | 1-10 34.8 26.4 33.0 29.7 80.5 71.4 85.1 54.2
(days) 11-20 34.9 25.0 32.2 25.3 75.8 70.4 81.5 56.3
21-30 335 22.6 33.8 255 70.5 69.8 84.1 55.1
October | 1-10 30.5 20.5 30.6 21.9 64.0 59.4 82.5 58.1
(days) 11-20 28.6 18.3 28.7 26.2 56.4 57.8 90.0 72.0
21-31 26.2 19.2 29.9 25.9 54.3 55.6 101.6 70.3
Il. Water relations: Total water content (TWC, V. Fiber quality: The following fiber properties

%) (Gosev, 1960) and (Kreeb, 1990), relative
water content (RWC, %) (Barrs and
Weatherley, 1962), and plasma membrane
permeability (PMP, %) (Yan et al., 1996)
were determined.

I. Growth: Plant height at harvest from the

cotyledonary node to the apex of the main
stem (cm) and fruiting branches number
plant™ were recorded.

IVV. Seed cotton yield, yield components and

earliness%: Open bolls number plant?, boll
weight (g) and seed index (g) were recorded.
The yield of seed cotton fed® was also
estimated as the weight of seed cotton in
kilograms picked twice from each-sub plot
and converted to kentars fed™ (one kentar -
157.5 kg and one feddan = 4200.83 m?).
Earliness was estimated as percentage of the
first pick to the total yield.

were determined at the laboratories of Cotton
Research Institute, ARC, Giza, Egypt under
the standard conditions of test as reported by
ASTM (2012): Upper half mean length
(UHML) in mm and length uniformity index
(%) were determined by fibrograph
instrument, fiber fineness was tested by
micronaire apparatus (micronaire reading),
and fiber strength was measured by Pressley
tester (Pressley index).

Statistical analysis

The data obtained were subjected to the

proper statistical analysis of split plot design
according to the procedure outlined by Gomez
and Gomez (1984). For comparison between
means, LSD values at 5% level of probability
was used.
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RESULTS AND DISCUSSION
I-Chemical constituents

1.1. Effect of irrigation intervals

Results in Tables (4 and 5) cleared that,
cotton plants irrigated every 15 days significantly
increased the content of chlorophyll a, b,
carotenoids, total carbohydrates, nitrogen,
phosphorus, and potassium in the leaves. On the
other hand, irrigation every 15 days significantly
decreased the activities of peroxidase and phenol
oxidase enzymes and the concentration of
proline. These results are true at the same period
compared to increasing the irrigation period to
30 and 45 days in both seasons. In conditions of
water stress, it was found that cotton plants
increase  phenolic  compound  production
(Sanchez-Rodriguez and Rubio-Wilhelmi, 2010).
Phenolic compounds prohibit the oxidative burst
of plant cells and consequently save the plants
from injury to proteins, lipids, RNA, and DNA
structures (Apel and Hirt, 2004).

1.2. Effect of antioxidants

Tables 4 and 5 showed that, spraying
moringa leaves extract twice at the high rate
(15%) significantly increased chlorophyll a, b,
carotenoids, total carbohydrates, N, P, and K
concentrations in the treated cotton leaves.
Meanwhile, there was a significant decrease in
the enzyme’s activities of peroxidase and phenol
oxidase and concentration of proline. The
positive effect resulting from the application of
moringa leaves extract (MLE) can be mainly
attributed to its components of several nutrients,
vitamins,  phytohormones, and secondary
metabolites (Rehman etal., 2017; Khan etal.,
2020). MLE obtained from a fresh leaf also
contains a high concentration of antioxidants and
osmoprotectants, including proline, amino acid,
soluble sugar, o-tocopherol, and glutathione
(Zaki and Rady, 2015; Desoky etal., 2019).
Aqueous MLE is consists of phytohormones,
mineral nutrients, proteins, vitamins, phenolics,
etc (Sardar et al., 2021; El Sheikha et al., 2022).
The presence of gibberellin, auxin, and cytokinin
has been reported in MLE (El Sheikha et al.,
2022). In addition, many necessary and

unnecessary nutrients are found in MLE,
including nitrogen, phosphorus, potassium,
calcium, magnesium, copper, iron, zinc,
manganese, selenium, and sulfur (Arif et al.,
2022). Arif et al. (2019) indicated that MLE is
rich in amino acids and ascorbate. Regarding
bioactive compounds, the moringa leaf extract
has been reported to contain phenolic, flavonoid,
and saponin compounds (Garcia-Beltran et al.
2020).

As for the effect of foliar spraying of salicylic
acid (SA), it was found that treated cotton plants
with SA at 200 ppm significantly increased leaf
concentration of chlorophyll a, b, carotenoids,
total carbohydrates, N, P, and K. Whereas
decreased peroxidase and phenol oxidase
activities and the concentration of proline. These
results are true during the two growing seasons.
The increments of MLE concentrations were
followed by an increase in chlorophyll content.
This may be related to the role of magnesium in
the extract as a component of chlorophyll.
Moreover, MLE improved the content of
carotenoid and chlorophyll which may be due to
the roles of hormones, minerals, and vitamins in
MLE, delaying leaf senescence (Aslam etal.,
2016). As MLE contains large amounts of
minerals, it increases the absorption of nutrients
and ameliorates the nutritional status and
production quality of the plant (Hoque etal.,
2020). Toscano et al. (2021) assured that the
amelioration in chlorophyll and carotenoid
contents was closely related to the higher amount
of carotenoids (xanthin, alpha-carotene, beta-
carotene, and lutein) and chlorophyll in MLE.
Data in the present investigation indicated that
foliar spray with MLE or salicylic acid in water-
stressed cotton plants significantly increased the
production of antioxidant enzymes. In this
regard, it was found that foliar spraying with
salicylic acid on water-stressed plants
significantly resulted in a significant reduction in
the relative cell injury percentage and
ameliorated the activities of antioxidants enzyme
(SOD, POD, CAT, and phenolic contents) thus
increasing the ability to withstand stressed
conditions (Hayat and Ahmad, 2007).
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Table 4. Effect of irrigation intervals and some antioxidants as well as their interactions on
photosynthetic pigments in leaves of Egyptian cotton Super Giza 97 grown during the two
growing seasons of 2021 and 2022.

Traits Season 2021 Season 2022
Chiorophyl Carotenoids Chiorophyl Carotenoids
a | b a ‘ b
Treatments (Mg /g d. wt.) (Mg /g d. wt.)
A-Irrigation intervals:
a;.15 day 4.34 1.38 2.76 4.64 1.67 2.39
a,- 30 day 3.89 1.33 2.48 3.64 1.30 1.81
as- 45 day 3.32 1.23 2.13 2.84 1.07 1.45
LSD at 5% 0.26 0.03 0.55 1.16 0.24 0.02
B- Antioxidants treatments:
b,.Control 3.63 1.29 2.32 3.38 1.25 1.71
b,- Moringa extract 5% 3.73 1.29 2.37 3.48 1.29 1.80
bs- Moringa extract 10% 3.98 1.32 2.53 3.91 1.40 1.99
bs-Moringa extract 15% 4.00 1.35 2.58 4.03 1.50 2.05
bs- Salicylic acid 200 ppm 3.93 1.33 2.50 3.85 1.36 1.97
be-Salicylic acid 300 ppm 3.83 1.31 2.44 3.64 1.30 1.82
b,-Salicylic acid 400 ppm 3.85 131 2.47 3.66 1.32 1.85
LSD at 5% 0.09 0.04 0.04 0.10 0.05 0.02
A B Interaction:
by 4.21 1.35 2.69 4.14 1.55 2.15
b, 4.35 1.38 2.76 471 1.59 2.45
bs 4.42 1.39 2.80 4.84 1.77 2.49
a b, 4.49 1.40 2.86 4.92 1.99 2.62
bs 4.37 1.38 2.78 4.79 1.65 2.46
be 4.32 1.38 2.75 4.66 1.57 2.36
b, 4.22 1.36 2.71 4.45 1.55 2.22
b, 3.51 131 2.24 3.23 1.20 1.63
b, 3.77 1.31 2.38 3.26 1.28 1.67
bs 4.21 1.35 2.67 4.08 1.38 2.05
a, b, 4.03 1.35 2.63 3.97 1.37 1.91
bs 3.95 1.35 2.49 3.85 1.29 1.90
be 3.87 1.33 2.47 3.46 1.29 1.73
b, 3.89 1.33 2.48 3.64 1.29 1.80
b, 3.16 121 2.02 2.77 1.00 1.34
b, 3.07 1.17 1.97 2.48 1.00 1.29
bs 3.30 1.22 2.11 2.80 1.06 1.43
as bs 3.49 1.30 2.24 3.20 1.14 1.62
bs 347 1.27 2.23 2.92 1.14 1.56
be 3.30 1.22 2.10 2.79 1.04 1.37
b, 3.45 1.23 2.22 2.89 1.13 1.53
LSD at 5% 0.16 0.07 0.06 0.17 0.08 0.03
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Table 5. Effect of irrigation intervals and some antioxidants as well as their interactions on N, P, K,
total carbohydrates, proline, peroxidase, and phenol oxidase content in leaves of Egyptian

cotton Super Giza 97 (as the average of 2021 and 2022 seasons).

Total

Traits N P K carboh- Proline Ffer- Ph.enol-
ydrates oxidase oxidase
o0 |99 uahery QDT 0P,
Treatments ' f. wt.) ' '
A-Irrigation intervals:
a;.15 day 2.07 | 0534 | 3.40 0.912 265.99 110.87 51.09
a,- 30 day 199 | 0512 | 3.24 0.829 289.07 122.73 56.62
as- 45 day 1.85 | 0.438 | 2.70 0.742 335.79 141.27 64.00
LSD at 5% 0.65 | 0.090 | 0.23 0.820 3.92 0.31 0.29
B- Antioxidants treatments:
b,.Control 195 | 0.463 | 2.91 0.778 314.22 131.17 60.08
b,- Moringa extract 5% 1.96 | 0.471 | 3.18 0.793 303.53 128.74 59.61
bs- Moringa extract 10% 1.97 | 0.510 | 3.23 0.853 290.02 124.27 57.13
bs-Moringa extract 15% 2.00 | 0523 | 3.28 0.868 285.13 116.50 53.72
bs- Salicylic acid 200 ppm | 1.98 | 0.515 | 3.24 0.851 287.64 120.28 55.29
be-Salicylic acid 300 ppm 197 | 0510 | 2.98 0.825 297.13 128.19 57.98
b;-Salicylic acid 400 ppm 196 | 0.470 | 2.96 0.827 300.98 125.58 56.85
LSD at 5% 0.02 | 0.063 | 0.20 0.020 2.81 0.46 0.58
A B Interaction:
b, 2.07 | 0.524 | 3.30 0.875 270.76 118.15 54.50
b, 202 | 0523 | 34 0.914 266.33 110.81 51.39
bs 2.08 | 0.539 | 3.45 0.94 260.95 105.61 50.09
a; b, 211 | 0555 | 351 0.948 261.28 103.44 46.82
bs 2.06 | 0537 | 3.44 0.93 266.39 109.81 50.16
be 2.04 | 0532 | 3.37 0.893 267.53 114.14 52.30
b, 2.08 | 0.528 | 3.33 0.887 268.71 114.16 52.36
b, 1.95 | 0.500 | 3.15 0.796 318.77 126.46 58.97
b, 196 | 0.508 | 3.19 0.806 301.50 124.45 57.88
b3 198 | 0.514 | 3.27 0.864 272.08 118.53 55.76
a, b4 202 | 0521 | 3.29 0.865 271.31 118.47 55.09
bs 2 0.516 | 3.27 0.838 272.73 122.96 55.80
be 2 0.513 | 3.25 0.814 290.44 124.22 56.73
b, 201 | 0509 | 3.23 0.820 296.63 124.05 56.11
b, 1.82 | 0.365 | 2.29 0.663 353.13 148.91 66.76
b, 19 |0.381 | 294 0.658 342.76 150.95 69.55
b3 1.84 | 0.477 | 2.96 0.754 337.02 148.66 65.55
as by 1.86 | 0.493 | 3.04 0.790 322.81 127.58 59.25
bs 1.88 | 0.492 | 3.02 0.786 323.79 128.07 59.90
be 1.87 | 0.485 | 2.33 0.767 333.43 146.20 64.90
b, 1.8 | 0374 | 231 0.773 337.61 138.53 62.08
LSD at 5% 0.04 | 0.109 | 0.35 0.034 4.87 0.80 1.01
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In addition, MLE being a rich source of
growth-promoting  hormones improved the
production of antioxidant activities. Activation of
the self-defence system by external application
of MLE is also linked to the high mineral
contents found in moringa leaves making it an
excellent plant growth promoter (Yasmeen et al.,
2013). MLE is an important source of natural
antioxidants that positively improves antioxidant
compounds in the product (Aslam et al., 2016)
and influences the plant defence system versus
oxidative stress (Hassan et al., 2021).

High contents of these pigments could be
interpreted by the fact that SA was inhibiting
chloroplast degradation. It has been reported that
SA induced an increase in the rate of
photosynthesis and carboxylation enzymes
(Khodary, 2004). The exogenous application of
salicylic acid (SA) has reduced the passive
impact of water stress (Khan et al., 2015) and
spraying SA encourages the plant growth (Hayat
et al., 2010). SA is an important regulator of
photosynthesis because it influences structure of
leaf and chloroplast, stomatal closure, contents of
chlorophyll and carotenoid (Fariduddin et al.,
2003), and the efficiency of enzymes like
carbonic anhydrase and RuBisCO (ribulose-1,5-
bisphosphate carboxylase/oxygenase) (Pancheva
and Popova, 1997). The reduction in RuBisCO
activity was due to a 50% reduction in levels of
protein compared to untreated plants, while total
soluble protein was reduced by 68%. Thus, the
decrease in photosynthetic activity at high SA
concentrations is due to its effects on the
thylakoid membranes and light-associated
reactions (Pancheva and Popova, 1997). Plants
treated with MLE or SA showed higher
membrane stability under water stress through
inhibition of oxidative stress by generating
proline as well as other antioxidants. Exogenous
application of MLE or SA can prevent the
oxidative injury and consequently save the cell
membranes by scavenging ROS (Rady and
Mohamed, 2015; Hassan etal.,, 2017). In
addition, MLE or SA has been shown to reduce
ion leakage, preserve membrane functions, and
work as an antioxidant (Yasmeen etal.,
2013; Hassan et al., 2017).

1.3. Effect of the interaction

The results in Tables 4 and 5 showed that, in
leaves of cotton plants irrigated every 15 days
and received moringa extract two times at the
high rate (15%) or at the medium rate (10%) in
respective  orders  significantly  increased
chlorophyll a, b, carotenoids, total carbohydrates,
N, P, and K concentrations. Meanwhile, there
was a significant decrease in enzyme activity as
peroxidase and phenol oxidase and proline
content at these two interaction treatments.

I1-Water relations

I1.1. Effect of irrigation intervals

Data in Table 6 cleared that, the cotton plants
irrigated every 15 days increased leaves total
water content, and relative water content and
decreased plasma membrane permeability that
supports the plasma membrane integrity
compared to increasing irrigation period to 30
and 45 days in both seasons. Despite cotton's
ability to maintain leaf turgor under conditions of
water stress through osmotic adjustment
(Nepomuceno et al., 1998), leaf water potential
of water-stressed plants was significantly lower
compared to the control in accordance with da
Costa and Cothren (2011). Sibet and Birol (2007)
indicated that the plasma membrane is generally
saved from desiccation-induced damage by
existence of membrane-compatible solutes, such
as sugars and amino acid. Thus, a connection
may occur between the ability for osmotic
modulation and degree of membrane integrity.
The water stress-caused decrease in membrane
stability indicates the extent of lipid peroxidation
induced by active oxygen species.

11.2. Effect of antioxidants

The results in Table 6 showed that spraying
twice moringa leaf extract at the high rate (15%)
significantly increased TWC and RWC and
significantly decreased PMP in both seasons. As
for the effect of foliar spraying of salicylic acid
(SA), experimental results depicted that the
application of 200 ppm SA increased TWC,
RWC and decreased PMP than the control plants
(without promoters’ application) or the
application of 300 and 400 ppm of SA. A reason
for improvement is explained as an increase in
leaf diffusive resistance that reduced the
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Table 6. Effect of irrigation intervals and some antioxidants as well as their interactions on water
relations (TWC, RWC, and PMP) in leaves of Egyptian cotton Super Giza 97 grown
during the two growing seasons of 2021 and 2022.

Traits Season 2021 Season 2022
Twc | Rwc | pPwmp Twc | Rwc | pPwmP
Treatments % %
A-Irrigation intervals:
a;.15 day 96.12 85.05 41.69 80.13 76.97 43.47
a,.30 day 89.01 81.32 31.73 77.74 72.75 28.32
as. 45 day 81.53 73.88 24.27 74.30 54.59 19.84
LSD at 5% 0.30 0.03 1.74 1.30 0.27 0.02
B- Antioxidants treatments:
b, .Control 86.81 78.25 36.35 76.20 60.83 34.54
b,- Moringa extract 5% 86.30 79.29 30.11 76.08 61.69 28.08
bs- Moringa extract 10% 90.48 80.83 35.02 77.94 72.79 34.58
bs-Moringa extract 15% 91.78 81.47 29.37 78.86 74.46 25.19
bs- Salicylic acid 200 ppm 89.95 81.02 33.31 77.96 73.38 33.75
be-Salicylic acid 300 ppm 88.07 79.78 31.25 77.11 61.98 28.88
b,-Salicylic acid 400 ppm 88.82 79.95 32.53 77.59 71.61 28.76
LSD at 5% 0.10 0.27 0.60 1.12 0.05 0.03
A B Interaction:
b, 94.00 82.69 45.55 79.25 74.68 49.15
b, 96.00 85.40 41.46 79.86 76.61 43.66
bs 98.00 86.13 42.60 80.37 78.21 48.62
ay b, 98.73 86.43 39.19 82.36 80.90 35.78
bs 97.00 85.99 42.16 80.12 77.83 47.88
be 95.00 84.88 40.53 79.71 75.68 42.16
b, 94.12 83.82 40.33 79.26 74.87 37.02
b, 85.39 79.29 36.66 76.44 70.71 31.06
b, 86.34 79.90 29.17 77.19 72.17 25.73
bs 92.00 82.38 37.53 78.97 74.31 34.01
a, by 92.00 82.29 27.12 78.30 73.34 23.48
bs 90.02 82.26 31.12 77.99 73.33 30.87
be 87.76 81.28 29.57 77.42 72.41 25.78
b, 89.54 81.85 30.96 77.87 72.99 27.28
b, 81.03 72.76 26.84 72.91 37.09 23.40
b, 76.55 72.57 19.71 71.19 36.28 14.84
bs 81.45 73.98 24.93 74.47 65.84 21.10
az b, 84.60 75.69 21.80 75.93 69.14 16.31
bs 82.82 74.80 26.65 75.78 68.97 22.51
be 81.45 73.19 23.64 74.21 37.85 18.71
b, 82.80 74.18 26.31 75.64 66.96 21.98
LSD at 5% 0.18 0.47 1.04 1.94 0.09 0.05
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rates of transpiration (Szepesi et al., 2005).
Hussain et al. (2009) also found that foliar
application of SA augmented the water status in
plant bodies by osmotic adjustment, which
occurred due to the deposit of compatible solutes
that resulted in increased of osmoregulation
proficiency in crops. Exogenous application of
MLE or SA can prevent the oxidative damage
and thus rescue the cell membranes by
scavenging ROS (Rady and Mohamed, 2015;
Hassan et al. 2017). In addition, MLE or SA has
been shown to decrease ion leakage, maintain
membrane functions, and act as an antioxidant
(Yasmeen etal., 2013; Hassan etal., 2017).
Because MLE includes many phytohormones,
flavonoids, amino acids, antioxidants, and
necessary nutrients (Hassan and Fetouh,
2019; Taiz and Zeiger, 2010). It can be used as a
biostimulant and plant growth enhancer.
Likewise, SA application-maintained plant
growth, RWC, and chlorophyll under water
stress. This attenuating effect may be a result of
the action of SA as a signalling molecule that
modulates plant response to environmental
stresses, maintains the membrane integrity,
accumulates more osmolytes, and preserves
photosynthetic pigments (Rady and Mohamed,
2015). Also, foliar spraying of MLEor SA
improved the deleterious effects of water stress
on plant growth, relative water content, and
chlorophyll, which could be related to the
additional roles of each treatment.

11.3. Effect of the interaction

The effect of the interaction between
irrigation interval and antioxidant treatments (A
x b) for relative water content, total water
content, and plasma membrane permeability was
significant in both seasons. The highest values of
RWC and TWC were recorded from plants
which irrigated every 15 days and received
moringa extract two times at the high rate (15 %)
or at the medium rate (10%) in respective order.
Also, these two interaction treatments recorded
the lowest values of PMP as compared with the
control (irrigation at each interval without
antioxidants application). In water-stressed
plants, antioxidant enzymes activities were
increased by foliar spraying with MLE or SA. It
is clear that enzymatic and non-enzymatic
antioxidants have a major role as ROS

scavengers, and therefore they are important in
plant defence mechanisms under various stresses
(Hassan etal.,, 2020). Thus, enhancement
antioxidant defence systems in response to
application of MLE or SA, therefore, enhanced
ROS scavenging process, thus improved
membrane stability which in turn increased
water stress tolerance.

I11-Growth traits

I11.1. Effect of irrigation intervals

Results in Tables 7 and 8 showed that
compared to the control (the recommended
irrigation period, every 15 days), increasing the
irrigation period to 30 and 40 days resulted in
significantly shorter plants (125.36 and 115.47
cm; 137.06 and 130.29 cm) with a small number
of fruiting branches (14.19 and 12.62; 15.43 and
12.33) in 2021 and 2022 seasons, respectively.
While taller plants (144.22 and 155.34 cm) with
the higher number of fruiting branches (16.67
and 17.05) were obtained from plants which
watered every 15 days. In the present study, a
maximum number of fruiting branches plant™
was observed in well-irrigated conditions against
the minimum noted under water stress
conditions. Significant variation in number of
sympodia per cotton plant due to water stress
was also obtained by Sahito et al. (2015). Under
El-Matattana ~ Agricultural ~ Station,  Luxor
Governorate, Hamoda (2010) reported that
irrigation every 15 days led to an increase in the
height of plants and the number of sympodia.
Emara et al. (2015) found that increasing
irrigation periods to 4 weeks caused a significant
decrease in the height of the plant at harvesting
and its number of sympodia.

These results indicated that irrigation every
15 days is proper period for cotton cultivar Super
Giza 97, when irrigation water is applied less or
more than the optimum requirement of the crop,
it negatively affects the physiological and
biochemical processes and leads to limited
absorption of the inorganic nutrients. Drought is
a limiting factor for root growth leads to
decreased soil nitrate mobility, root-to-shoot
mineral transfer, and altered membrane transfer
function and soil physical and chemical
properties (Ahanger et al., 2016). In addition, it
was found that drought led to early closure of
stomata, resulting in decreased rate of
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transpiration and reduced availability and
transport of nutrients in the soil matrix and plant
tissues (Silva etal., 2011). The soil texture is
clayey with pH varied from 8.18 to 8.22 (Table
2), which indicated that soil is slightly alkaline
but within the optimum range for cotton crop.

EC values indicating normal soil and belong to
low salinity class. The tallest plants due to
irrigation every 15 days compared to the
irrigation every 30 or 45 days could be explained
increasing length of the internodes and number
of nodes.

Table 7. Effect of irrigation intervals and some antioxidants as well as their interactions on the

growth, earliness, yield, and yield components of Egyptian cotton Super Giza 97 grown in

2021 season.

; No. of Seed
Traits r|]3 I_a nt fruiting No. of _Seed B.O I cotton |Earliness
eight b open bolls | index | weight | . 1 o
ranches %) yield fed %
Treatments (cm) p|ant-1 plant (9 C); (kentar)
A-Irrigation intervals:
a,.15 day 144.22 16.67 13.61 13.19 2.39 8.40 43.88
a,- 30 day 125.36 14.19 11.60 11.43 2.32 6.96 49.75
as- 45 day 115.47 12.62 10.20 11.48 2.25 5.97 60.95
LSD at 5% 3.05 0.78 0.78 0.62 0.10 0.09 1.62
B- Antioxidants treatments:
b;.Control 124.83 13.11 10.78 10.89 2.26 6.33 47.59
b,-Moringa extract 5% 127.34 14.00 11.16 11.44 2.28 6.59 48.82
bz-Moringa extract 10% 130.18 15.22 12.58 12.44 2.34 7.64 53.98
b,-Moringa extract 15% 132.28 15.78 13.21 13.22 2.37 8.12 55.46
bs-Salicylic acid 200 ppm | 128.74 14.78 11.92 12.56 2.34 7.24 52.52
be-Salicylic acid 300 ppm | 127.61 14.22 11.69 11.89 2.33 7.07 52.50
b,-Salicylic acid 400 ppm | 127.46 14.33 11.26 11.78 2.32 6.77 49.81
LSD at 5% 2.45 0.53 0.63 0.87 0.09 0.27 1.02
A B Interaction:
b, 136.57 15.33 12.02 12.00 2.36 7.33 41.40
b, 143.50 16.00 12.67 12.33 2.31 7.57 42.07
bs 147.33 18.00 15.04 14.00 2.41 9.33 45.40
a b, 153.37 18.00 15.36 15.00 2.46 9.73 47.13
bs 144.10 17.33 13.74 13.67 2.42 8.57 45.03
be 143.17 16.33 13.69 12.33 2.40 8.47 43.97
b, 141.50 15.67 12.75 13.00 2.37 7.80 42.13
b, 122.87 12.67 10.71 10.33 2.22 6.17 45.47
b, 124.23 14.00 11.05 11.00 2.31 6.60 47.93
bs 127.90 14.33 12.36 12.00 2.34 7.47 52.00
a, b, 127.07 15.67 13.02 12.33 2.36 7.93 52.63
bs 126.03 14.00 11.78 12.00 2.34 7.13 49.53
be 124.37 13.67 11.16 11.33 2.33 6.73 52.20
b, 125.03 15.00 11.11 11.00 2.33 6.70 48.47
b, 114.30 11.33 9.60 10.33 2.20 5.50 55.90
b, 115.07 12.00 9.75 11.00 2.21 5.60 56.47
bs 115.30 13.33 10.35 11.33 2.28 6.13 64.53
as b, 116.40 13.67 11.25 12.33 2.30 6.70 66.60
bs 116.10 13.00 10.25 12.00 2.27 6.03 63.00
be 115.30 12.67 10.23 12.00 2.26 6.00 61.33
b, 115.83 12.33 9.93 11.33 2.25 5.80 58.83
LSD at 5% 4.24 0.93 1.09 NS 0.16 0.47 1.77

NS= not significant at 5% level of probability.
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Table 8. Effect of irrigation intervals and some antioxidants as well as their interactions on the
growth, earliness, yield, and yield components of Egyptian cotton Super Giza 97 grown in

2022 season.

Traits

No. of

Seed

Plgnt fruiting No. of _Seed Bpll cotton Earline
height openbolls | index | weight . 1 SS
(cm) branchfzs plant™ @) @ yield fed %
Treatments plant (kentar)
A-Irrigation intervals:
a;.15 day 155.34 17.05 15.29 11.77 2.65 10.20 46.38
a,- 30 day 137.06 15.43 13.34 10.90 2.52 8.46 51.84
as- 45 day 130.29 12.33 10.63 10.33 2.38 6.42 61.56
LSD at 5% 0.61 0.60 0.31 0.14 0.13 0.19 1.13
B- Antioxidants treatments:
b;.Control 138.79 14.00 12.37 10.80 2.47 7.86 50.79
b,-Moringa extract 5% 140.01 14.56 12.63 10.84 251 8.03 51.72
bs-Moringa extract 10% 141.20 15.33 13.34 11.10 2.56 8.73 54.92
b,-Moringa extract 15% 142.70 16.11 14.20 11.37 2.60 9.21 56.02
bs-Salicylic acid 200 ppm | 141.04 15.22 13.30 11.06 251 8.37 53.71
be-Salicylic acid 300 ppm | 141.57 14.78 13.00 10.94 2.49 8.20 53.04
b;-Salicylic acid 400 ppm | 140.98 14.56 12.77 10.89 2.50 8.12 52.60
LSD at 5% 2.04 0.49 0.61 0.19 0.12 0.21 0.75
A B Interaction:
b; 151.60 16.33 14.00 11.50 2.60 9.27 45.20
b, 152.67 16.67 14.60 11.60 2.62 9.60 45.43
bs 157.97 17.33 16.03 11.77 2.68 10.77 47.13
ay b, 158.03 18.33 17.00 12.20 2.70 11.30 47.60
bs 157.60 17.33 15.60 11.90 2.63 10.33 46.67
be 154.97 17.00 15.00 11.77 2.65 10.10 46.77
b, 154.57 16.33 14.80 11.63 2.70 10.00 45.83
b, 135.87 14.67 12.70 10.70 2.50 8.13 47.60
b, 137.33 15.33 12.90 10.70 2.55 8.33 49.07
b3 137.40 15.67 13.30 11.10 2.60 8.80 54.83
a, b, 142.40 16.33 14.20 11.33 2.60 9.17 56.67
bs 135.30 15.67 13.80 10.90 2.45 8.40 52.77
be 136.27 15.00 13.50 10.73 2.47 8.23 51.07
b, 134.87 15.33 13.00 10.83 2.50 8.17 50.90
b, 128.90 11.00 10.40 10.20 2.30 6.17 59.57
b, 130.03 11.67 10.40 10.23 2.35 6.17 60.67
b3 128.23 13.00 10.70 10.43 2.40 6.63 62.80
as b4 127.67 13.67 11.40 10.57 2.50 7.17 63.80
bs 130.23 12.67 10.50 10.37 2.45 6.37 61.70
be 133.47 12.33 10.50 10.33 2.35 6.27 61.30
b, 133.50 12.00 10.52 10.20 2.30 6.20 61.07
LSD at 5% 3.53 NS 1.05 NS NS 0.37 1.34

NS= not significant at 5% level of probability.

Drought stress decreases plant growth by
affecting processes of photosynthesis and cell

expansion (Zahoor et al., 2017). Similarly, under
drought stress, photosynthesis rate, leaf area, rate
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of transpiration and total dry matter
accumulation are reduced due to stomatal
restriction and/or lack of stomata, shedding of
leaves and fruiting structures leading to reduced
final yield (Pettigrew, 2004). Limited carbon
fixation resulting from stomatal closure and
reduced photosynthesis under drought stress
obstructs the metabolism of carbohydrates and
processes of dry matter partitioning (Chaves et
al., 2002). Drought can affect fruiting and boll
abscission in several ways. Water deficiency
reduces photosynthesis by reducing leaf size
(photosynthetic area) and thus reducing
photophosphorylation (Boyer, 1973), causing
stomatal closure (Cutler and Rains, 1977),
decreasing the synthesis and activity of
photosynthetic enzymes (Jones, 1973), Hill
reaction activity (Fry, 1970), increasing
photorespiration (Lawlor, 1976), leaves may
become senescent and abscise (McMichael et al.,
1973). Other effects of prolonged stress can limit
photosynthesis as a result of decreased uptake of
nitrate (Shaner and Boyer, 1976) and phosphate
(Greenway et al., 1969); decreased nitrate
reductase activity (Ackerson et al., 1977);
increased IAA oxidase activity (Darbyshire,
1971); decreased cytokinin content (Vaadia,
1976); increased ethylene production
(McMichael et al., 1972); increased ribonuclease
activity (Arad et al, 1973); decreased
polyribosome content and decreased protein
synthesis (Boyer, 1973). Drought may also
decrease the translocation of assimilates, but
photosynthesis is  affected more than
translocation in cotton (Ackerson and Herbert,
1981). Water deficit can alter the hormonal
balance in bolls. Loss of water causes bolls to
produce increasing amounts of ethylene, both
when plants are stressed and when detached bolls
are subjected to partial desiccation (Guinn,
1998). Further, the ABA content of young bolls
on field-grown plants increases as stress
develops between irrigations, and the increase in
ABA content parallels an increase in the rate of
boll shedding (Guinn, 1998). Thus, both

abscission-promoting hormones (ethylene and
ABA) increase with increasing stress. Water
deficit may also affect boll abscission through an
effect on IAA transport to the abscission zone.
Cell growth is one of the most drought-sensitive
physiological processes due to the reduction in
turgor pressure (Taiz and Zeiger, 2010). Under
severe water deficiency, cell elongation of higher
plants can be inhibited by interruption of water
flow from the xylem to the surrounding
elongating cells (Nonami, 1998)

11.2. Effect of antioxidants

Results in the same Tables show that,
antioxidant treatments exhibited significant
differences in plant height at harvest and number
of fruiting branches/plant in both seasons.
Compared to the control (untreated plants), the
plants that received moringa leaf extract at the
high rate (15%) two times significantly increased
plant height and the number of fruiting
branches/plant at harvest followed by the plants
that received moringa extract at the medium rate
(10%) two times. The positive effect in plant
height and number of fruiting branches/plant at
harvest due to moringa leaf extract application
may be attributed mainly to the positive role of
higher N, P, and K concentration in leaves
(Tables 4 and 5) on average inter-node length
and/or number of main stem internodes. MLE
application provides higher photosynthetic
pigment and a photosynthesis rate that
contributes to the leaf area increment and plant
growth enhancement (Khan etal. 2022). In
addition, the amino acids present in
biostimulants also play vital roles in increasing
the direction and rate of metabolic processes
(Kocira et al., 2021). The presence of
phytohormones in  MLE influences the
physiological process in a plant (Rodrigues et al.,
2020). MLE possesses phytohormones, such as
auxin and GAs;, with special attention to
cytokinin (Latif and Mohamed, 2016). Cytokinin
also improves sink capacity and photosynthate
assimilation because of more extended green
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areas in the leaf (Zwack and Rashotte, 2013).
The presence of zeatin, the most common
cytokinin in MLE (Nasir etal., 2020). Zeatin
accelerates cell division and cell enlargement
during fruit development (Teribia et al., 2016).

Application of 200 ppm SA produced taller
plants with higher fruiting branches than the
control. Application of 200 ppm SA produced
more leaves photosynthesis pigments
(chlorophyll a, b, and carotenoids), total
carbohydrates, N, P, and K concentration than
the control. Foliar spraying with salicylic acid
resulted in the production of a significantly
higher number of sympodia per plant indicating
the role of salicylic acid in improving the
reproductive growth of cotton under water stress
conditions (Noreen et al., 2015).

111.3. Effect of the interaction

The interaction between irrigation interval
and antioxidant treatments (A x b) for plant
height at harvest was significant in both seasons
and for number of fruiting branches/plant was
significant in the first season only (Tables 7 and
8). The highest significant values of plant height
and number of fruiting branches were obtained
by normal interval of irrigation (15 days) with
spraying moringa leaf extract at the high rate
(15%) two times. Plants irrigated every 45 days
without antioxidant application produced the
shortest plants with the lower number of fruiting
branches.

IV. Yield, yield components and
earliness%

IV.1. Effect of irrigation intervals

Regarding the effect of irrigation intervals on
seed cotton vyield, yield components, and
earliness%, results in Tables (7 and 8) showed
that, a significant difference among the three
irrigation intervals for open bolls number plant™,
boll weight, seed index and yield of seed cotton
fed™ was found in the two growing seasons, in
favour of irrigation every 15 days followed in
ranking by irrigation every 30 and 45 days.
Significant increase in earliness% was obtained
from irrigation every 45 days.

The raise in yield of seed cotton fed™
obtained by irrigation every 15 days was about
20.69% and 40.70%: 20.57% and 58.88% over
irrigation every 30 and 45 days in 2021 and 2022
seasons, respectively. Similar results were
obtained by Basal et al. (2009); El-Ashmouny
(2014); Ibrahim et al. (2014); Hassan et al.
(2016). Hamoda (2010) found that extending the
irrigation period to 21 days caused a significant
decrease in number of open bolls plant?, boll
weight, seed index, seed cotton yield fed™, while
earliness% was significantly increased under El-
Matattana ~ Agricultural Station, Luxor
Governorate, Egypt. Emara et al. (2015) found
that increasing irrigation periods to 4 weeks
caused a significant decrease in number of open
bolls plant?, boll weight, and seed cotton yield
fed™. Meanwhile, seed index, and earliness
percentage were not significantly affected.

The positive effect on seed cotton yield fed™
due to irrigation every 15 days may be due
primarily to maximum number of fruiting
branches plant™ under good irrigation conditions
compared to the minimum number noted under
water stress conditions. A significant difference
in fruiting branches in reply to water stress was
also found by Sahito et al. (2015). Application of
irrigation water at 15-day intervals produced
maximum number of open bolls per plant against
the minimum which observed with the
application of irrigation water at 30-day and 45-
day intervals since bolls are greatly dependent on
pre-flowering reserved photo-assimilate and
water stress at flower and boll formation stage
adversely affected the number and size of bolls.
It is also possible that the significant reduction in
bolls per plant under water stress conditions can
be related to reduced assimilation production
during photosynthesis and its disturbance in the
allocation of effluent and conserved photo-
assimilates to bolls (Veesar et al., 2018).
Reduction in average boll weight under water
stress conditions may be related to the minimal
amount of carbohydrates in leaves as shown in
Table 5. Water stress significantly decreased
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cotton productivity. This decrease in productivity
was due to the decrease in sympodial branches,
bolls harvested, and average boll weight that was
related with impaired morphological,
physiological, and biochemical characteristics of
cotton plants. The decrease in the number of
fruiting branches, bolls per plant and average
weight of boll under water-stressed conditions
eventually led to a decrease in cotton
productivity, which may be due to the fact that
the traits contributing to yield dependent on the
availability of soil moisture and antioxidant
enzymes activities (Farooq et al., 2009; Korres et
al., 2016). The data in Table 3 showed that the
prevailing climate elements in the experimental
location are compatible with the thermal and
relative humidity requirements for cotton growth
stages during the both growing seasons.

1V.2. Effect of antioxidants

Results in Tables (7 and 8) showed that,
plants received moringa leaf extract at the high
rate (15%) twice showed a significant increase in
number of open bolls/plant, boll weight, seed
index, earliness% and seed cotton yield/fed in
both seasons. These traits in untreated plants (the
control) recorded the lowest values. As for SA
treatment, data indicated that foliar spraying with
salicylic acid resulted in a significant increase in
bolls retention under water stress situations. It
was observed that foliar spray with MLE
enhanced flowering, bolls setting percentage and
seed cotton yield (Arif et al., 2019). Bolls treated
with growth stimulants had larger photosynthetic
pools for carbohydrates and other metabolites
resulting in improved the percentage of boll
settings and average boll weight (Ren et al.,
2013). The presence of cytokinin in MLE helps
in producing more and superior bolls (Arif et al.,
2019). However, exogenously applied salicylic
acid and MLE resulted in significant
improvement in the yield and its components
which showed the positive effect of these
materials on various physiological processes
(Wutipraditkul et al., 2015). A higher weight and

size of cotton boll might be related to foliar
application of growth stimulants which improves
the photosynthesis rate, contributing to the influx
photo-assimilates towards bolls to increase the
supply carbohydrate during the reproductive
phase and minerals found in MLE, like
potassium and zinc. Potassium regulates the
cumulation of starch and sugar, however zinc, a
precursor of tryptophan, is involved in the
synthesis of IAA, which is necessary for the fruit
growth and development (Nasir etal., 2016).
Calcium (Ca'®) is participating in cell wall
formation and plays a binding role in the
complex polysaccharides as well as proteins. The
role of calcium in the stabilizing cell walls was
also mentioned (Martins et al., 2020).

The stimulatory impact of SA on earliness%,
yield of seed cotton and its components may be
related to its influence on several biochemical
and physiological processes that are reflected in
improving vegetative growth and active
translocation of the photosynthesis products from
source to sink. This amelioration might be
cumulative oxygen ratio and reducing the
abscisic acid in plants (Hayat and Ahmed, 2007).
Salicylic acid caused a significant increase in
photosynthetic ~ pigments (Table 4). The
promoting effects of SA on photosynthetic
capacity could be attributed to its stimulatory
effects on Rubisco activity and pigment contents
(Khodary, 2004), in addition to increasing carbon
dioxide assimilation, rate of photosynthetic and
increasing the plant absorption of minerals
(Szepesi et al., 2005). Furthermore, SA acts as a
concentrated antioxidant substances in the
chloroplasts and protects the photosynthetic
apparatus when a plant is exposed to stress, by
eliminating the highly reactive oxygen species
known as free radicals. These effects may be due
to the protection of the endogenous antioxidant
systems that are often associated with increased
resistance to oxidative stress and/or control of
the level of free radicals within plant tissues (El-
Tayeb and Ahmed 2010). Under drought
conditions, SA has regulatory effects on various
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physiological and biochemical processes within
plants such as ion uptake, cell division, protein
synthesis, differentiation, elongation, sink/source
relation, enzyme activities, photosynthetic
activity, and increasing the plants antioxidant
capacity (El-Tayeb, 2005). External application
of SA has a regulatory effect on growth and
development via  activating  biochemical
pathways, which enhances the tolerance
mechanisms in plants under water deficiency
(Najafian et al., 2009).

1VV.3. Effect of the interaction

The effect of the interaction between
irrigation interval and antioxidant treatments (A
x b) for open bolls number/plant and seed cotton
yield/fed was significant in both seasons and for
boll weight was significant in the first season
only (Tables 7 and 8), in favor of normal interval
of irrigation (15 days) with spraying moringa
leaf extract at the high rate (15%) two times.
Plants irrigated every 45 days without
antioxidant application produced the lowest
values of these traits and the highest value of
earliness%. Seed index was insignificantly
affected by the interaction in both seasons.

V-Fiber traits
V.1. Effect of irrigation intervals:

Irrigation intervals significantly affected
upper half mean length in the first season and
fiber strength in the second season (Table 9), in
favor of the cotton plants irrigated every 15 days
compared to increasing irrigation period to 30
and 45 days. Micronaire reading and length
uniformity index were insignificantly affected by
irrigation intervals in the two seasons of the
study. In this concern, Basal et al. (2009)
reported that fiber quality was significantly
affected by irrigation levels. Hamoda (2010)
reported that prolonging the irrigation period to
21 days caused a significant decrease in fiber

length and strength. Moisture stress negatively
affects the actin cytoskeleton formation which
stimulates the secondary cell wall synthesis, a
key component in determining the strength of
fiber (Wang et al., 2010). EI-Ashmouny (2014)
found that cotton plants irrigated every 14 days
gave the highest fineness and strength values as
compared to 21 or 28 days.

Irrigation periods had insignificant effect on
fiber properties (Emara et al., 2015). El-Gabiery
(2016) reported that irrigation intervals did not
exert any significant effect on fiber strength and
fineness. El-Shazly (2017) found that irrigated
cotton plants every 21 days significantly
increased fiber length as compared to 14 or 28
days. Pinnamaneni et al. (2021) found that full
irrigation, half irrigation, and rain-fed had a
significant effect on micronaire, strength, and
upper half mean length (UHML). They added
that irrigation has a significant positive impact
on UHML.

V1.2. Effect of antioxidants

The data in Table (9) showed that fiber
length, uniformity index, fiber strength, and
micronaire reading were insignificantly affected
by antioxidant treatments in both seasons.

V1.2. Effect of the interaction

The interaction had an insignificant effect on
fiber traits under study in both seasons (Table 9).

CONCLUSION

It could be concluded that interaction
treatment (irrigation every 15 days x spray with
moringa leaves extract 15%) recorded the best
results. In addition, spraying cotton plants
irrigated every 30 days with moringa leaf extract
at a high rate (15%) two times can be applied
safely to minimize the negative impact of
drought stress on cotton plants under conditions
like the Sakha location.
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Table 9. Effect of irrigation intervals and some antioxidants as well as their interactions on fiber
properties of Egyptian cotton Super Giza 97 grown during the two growing seasons of

2021 and 2022.

Traits Fibgr finer.less Fiber strength Upper half Length
(Mlcrqnalre (Pressley index) mean length l-JnIfOI’mIty
reading) (mm) index (%)
Treatments 2021 2022 2021 2022 2021 2022 2021 2022
season | season | season | season | season | season | season | season
A-lrrigation intervals:
a,.15 day 4.13 4.15 10.89 | 1052 | 34.24 | 34.07 | 85.81 | 85.69
3,-30 day 4.02 4.17 10.73 | 1044 | 33.62 | 33.79 | 84.96 | 86.23
as-45 day 4.01 4.17 10.72 | 1046 | 33.95 | 33.39 | 85,52 | 86.55
LSD at 5% NS NS 0.09 NS NS 0.23 NS NS
B- Antioxidants treatments:
b,.Control 411 4.14 10.63 | 1049 | 3434 | 3344 | 85.20 | 85.97
b,-Moringa extract 5% 4.07 4.10 10.62 10.54 33.91 34.12 85.50 86.16
bs-Moringa extract 10% 4.06 4.20 10.87 10.50 33.89 33.71 85.56 86.34
b,-Moringa extract 15% 4.04 4.19 10.73 1052 | 33.84 | 34.12 | 85.63 86.41
bs-Salicylic acid 200 ppm | 3.99 4.17 10.86 | 10.43 | 33.76 | 33.06 | 85.38 | 86.04
be-Salicylic acid 300 ppm | 4.18 4.13 10.66 | 10.50 | 34.09 | 33.89 | 85.33 | 85.86
b,-Salicylic acid 400 ppm | 3.94 4.19 11.09 | 10.34 | 33.73 | 3390 | 85.40 | 86.32
LSD at 5% NS NS NS NS NS NS NS NS
A B Interaction:
b, 4.13 4.20 10.87 | 1057 | 3420 | 34.13 | 85,50 | 85.73
b, 4,13 4.17 10.83 | 1050 | 34.13 | 33.73 | 86.17 | 85.83
bs 4.23 4.33 10.83 | 10.67 | 34.37 | 33.77 | 86.37 | 85.73
a by 4.07 4.10 10.63 | 10.50 | 34.07 | 34.33 | 85.43 | 85.90
bs 4.13 3.97 11.17 | 1040 | 34.17 | 33.87 | 86.20 | 85.30
be 4.27 4.00 10.73 | 1040 | 3450 | 34.20 | 85.47 | 85.67
b, 3.93 4.27 11.13 | 10.63 | 34.23 | 34.43 | 85,53 | 85.63
b, 4.00 4.10 10.53 | 10.60 | 34.63 | 3450 | 84.73 | 85.63
b, 4.00 4.10 10.53 | 10.53 | 34.07 | 34.07 | 85.07 | 86.33
b3 4.07 4.07 10.77 | 1053 | 3357 | 34.13 | 84.60 | 86.07
a, by 4.00 4.17 10.93 | 1050 | 33.80 | 34.30 | 85.47 | 86.53
bs 3.97 4.30 10.63 | 10.40 | 32.80 | 32.33 | 84.70 | 86.20
be 4.13 4.30 10.63 | 1050 | 3347 | 3430 | 85.13 | 86.20
b, 4.00 4.13 11.10 | 10.03 | 33.03 | 32.93 | 85.00 | 86.67
b, 4.20 4.13 1050 | 10.30 | 34.20 | 31.70 | 85.37 | 86.53
b, 4.07 4.03 10.50 | 10.60 | 33563 | 34.57 | 85.27 | 86.30
bs 3.867 4.20 11.00 | 10.30 | 33.73 | 33.23 | 85.70 | 87.23
as by 4.067 4.30 10.63 | 10.57 | 33.67 | 33.73 | 86.00 | 86.80
bs 3.87 4.23 10.77 | 1050 | 34.30 | 32.97 | 85.23 | 86.63
be 4.13 4.10 10.60 | 10.60 | 34.30 | 33.17 | 85.40 | 85.70
b, 3.90 4.17 11.03 | 10.37 | 33.93 | 34.33 | 85.67 | 86.67
LSD at 5% NS NS NS NS NS NS NS NS

NS= not significant at 5% level of probability.
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