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ABSTRACT

The worsening water crisis in Egypt,aggravated by climate change, has necessitated the exploration of
innovative strategies by agricultural scientists. These efforts aim to enhance productivity and optimize of this study
was to evaluate the growth, yield, water-use efficiency and grain quality of the Giza 179 rice cultivar under different
irrigation treatment,supplemented with anti-transpirants application and amino acids, in order to improve tolerance
to water deficiency. A strip-plot experimental design with three replications was utilized for this study.Three
irrigation treatments were applied in the vertical plots of 100% AOWU, 90% AOWU,and 80%A0WU. Horizontal
plots represented anti-transpirants spray treatments:Control(without spraying), Kaolin, Amino acids and Kaolin+
amino acids. The study demonstrated a significant positive correlation between growth, grain yield and its attributes
under well-watered conditions 100% AOWU and moderately reduced irrigation 90% AOWU in compared to the
reduced water treatment 80% AOWU. Furthermore, the combination of anti-transpirants spray and amino acid
treatment(Kaolin+ amino acids)led to enhanced growth and grain yield compared to the other
treatments.Meanwhile, the Al treatment required the highest amount of irrigation water, and the 80% AOWU
treatment utilized the least amount. The 90% AOWU treatment exhibited superior water use efficiency compared
to the other treatments. The combined application of kaolin and amino acids and amount irrigation 90% AOWU
irrigation level resulted in the highest water use efficiency. Based on the results, the Kaolin+ amino acids and
90%AO0OWU irrigation regime were identified as the most effective in optimizing growth, yield, grain quality, and

water use efficiency of the Giza 179 rice cultivar.
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INTRODUCTION

Rice (Oryza sativa L.) is a semi-aquatic crop that
thrives in environments with high humidity (Gao etal., 2021).
As a result, rice cultivation requires substantially higher
irrigation water inputs than other crops. Rice serves as a
primary dietary staple for nearly half of the global population,
accounting for 21% of the world's food supply (Meus et al.,
2022). Irrigation management is a critical factor in ensuring
optimal productivity and crop quality within the agricultural
sector. In arid regions such as Egypt, where water resources
are limited and the majority of water supply comes from the
Nile River, agricultural production is constrained more by
water availability than by land resources (Abdelhafez et al.,
2020). As a result, the focus of agricultural production
strategies among researchers is shifting from maximizing
land productivity to optimizing water productivity. Under
Egyptian conditions, implementing effective water
management through irrigation scheduling based on weather
factors to determine irrigation water requirements has become
a crucial task. Timely and sufficient water application, with
minimal losses, is essential for enhancing water productivity
and mitigating the ongoing water scarcity issues (Muroyiwa
et al., 2022). Rice is a high-water-demand crop, which has
resulted in irrigation practices that involve frequent and
excessive water application. Therefore, it is essential to study
water-saving techniques to assess their potential in improving
water use efficiency and addressing the challenge of water
scarcity in Egypt. (Mallareddy et al., 2023). Improving plant
resistance to stress represents the most cost-effective
approach for maintaining agricultural productivity in regions
frequently affected by water scarcity. (Liu et al., 2023). It is
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necessary to combine various methods, some of which must
focus on water conservation with minimal negative impact.
Stomatal control is the primary and most crucial response to
stress, as reducing stomatal conductance lowers water loss
rates, slows the onset of stress, and mitigates its severity (Arve
et al., 2011). The potential to reduce transpiration water loss
without significantly affecting the photosynthetic rate relies
on the assumption that the resistance to carbon dioxide
movement within the mesophyll exceeds the stomatal
resistance that restricts water loss to the atmosphere (Jeber
and Khaeim, 2019). Anti-transpirants, which can be either
natural or synthetic materials, have been suggested to reduce
water loss and improve the water status of plants. These
substances work by reflecting leaf radiation, lowering leaf
temperature, and decreasing the transpiration rate (e.g.,
Titanium dioxide, aluminosilicate (Kaolin)) (EI-Din and
Mokhtar, 2020). One potential solution to address water
scarcity is the use of anti-transpirants, which are applied to
plant surfaces to decrease water consumption. This is
achieved by reducing transpiration through mechanisms such
as stomatal closure, the formation of a film on the leaf surface,
or the reflection of sunlight. Anti-transpirants exhibit several
desirable characteristics, including stability, non-toxicity,
affordability, and long-lasting effectiveness, and they should
offer various benefits (Kandi et al., 2016). Several studies
have indicated that anti-transpirants not only reduce water
loss but also enhance plant physiology, thereby improving
both the quality and yield of the crops (Patel et al., 2019).
Anti-transpirants such as kaolin (a non-toxic aluminosilicate
clay mineral) However, limited research has been conducted
on the combined effects of water-absorbent anti-transpirants,
applied foliar during the growth period of plants, under
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conditions of restricted irrigation water availability. Amino
acids play a vital role in various biological processes, both in
their free form and as constituents of proteins. Amino acids
function as the primary building blocks required for protein
synthesis. Structurally, they are organic molecules consisting
of an amino group (NH-), a carboxyl group (COOH), and a
distinctive side chain (R group) specific to each amino acid.
This side chain is bonded to the central (&) carbon atom,
which serves as the core structural component. Proteins are
composed of 21 distinct types of amino acids, which are
broadly categorized into two groups based on their molecular
structure and size: peptides and proteins. (Lopez and
Mohiuddin, 2024). The importance and functional efficacy of
amino acids are manifested across multiple stages of plant
development. Amino acids enhance cellular capacity for the
uptake of water and nutrient solutions from the growth
medium, thereby facilitating vegetative growth. Amino acids
also function as precursors in the biosynthesis of various
essential compounds, including vitamins, nucleotides, and
plant growth regulators, thereby constituting vital
components of living tissues and protoplasm. Furthermore,
amino acids are integral to the synthesis of enzymes and
contribute to the facilitation of enzymatic reactions within
plant cells. (Bagir and Al-Nageeb, 2019). The aim of this
study is to examine the effects of irrigation treatments and
anti-transpirants, as well as their interactions, on growth,
yield, and water relations under Egyptian conditions of.

MATERIALS AND METHODS

The study was carried out at the Experimental Farm of the
Sakha Research Station, under the jurisdiction of the Agricultural
Research Center in Kafr EI-Sheikh, Egypt, during the 2023 and 2024
growing seasons. The objective of the study was to evaluate the
effects of different amounts of irrigation water application, the use of
foliar anti-transpirants, and their interactions on the performance of
rice. The experimental plots were previously cultivated with barley
(Hordeum wulgare). Data on monthly mean temperatures and
relative humidity (RH) for the study area during the experimental
period were obtained from Egypt. www.weather.com

The mechanical and chemical properties of the soil, as
determined through laboratory analyses, are summarized in Table 2.

The experiment was designed using a strip plot layout
with three replications conducted for each growing season. The
vertical plots included three irrigation treatments: 100% AOWU
amount of water use of 10.800 m¥ha, 90% AOWU of 9.720
m¥ha, and 80% AOWU of 8.640 m3/ha. The horizontal plots
consisted of four fertilization treatments: a control, kaolin, amino
acid, and a combination of kaolin and amino acids. Source of
kaolin from kaolinite clay (Al203.2Si02.2H20) applications
were administered at two periods: 20 and 40 days after
transplanting. Foliar sprays of kaolin rate 2/L. A foliar spray
containing free amino acids, each with a purity of 98%, was
prepared using amino acid reference standards. The amino acids
included: L-aspartic acid (Asp), L-serine (Ser), L-glutamic acid
(Glu), L-glutamine (GIn), glycine (Gly), L-histidine (His), L-
asparagine (Asn), L-arginine (Arg), L-threonine (Thr), L-alanine
(Ala), L-tyrosine (Tyr), L-valine (Val), L-methionine (Met), L-
isoleucine (lle), L-ryptophan (Trp), L-leucine (Leu), L-
phenylalanine (Phe), L-hydroxyproline (Hyp), L-lysine (Lys), L-
proline (Pro), and L-norleucine (Nor). Foliar applications of
amino acids at a concentration of 100 mg/L were administered at
two intervals: 20 and 40 days after transplanting. The nursery was
thoroughly plowed and leveled. Treatments other cultural
practices were applied according to standard recommendations
for the nursery. Seeds of the Giza 179 rice cultivar, at a rate of 143
kg/ha, were soaked in water for 24 hours and then incubated for
an additional 48 hours to promote germination. The pre-

germinated seeds were subsequently broadcast into the nursery
after puddling on May 14" and 16" for the first and second
seasons, respectively.

Table 1. Average monthly temperature and relative
humidity (RH) values recorded at the study site
during the 2023 and 2024 growing season.

2023 2024
Month  7235C Min°C RA% Max°C Min°C _RH%
May 3 17 763 365 315 775
June 34 205 824 373 335 826
July 356 223 81 385 349 8L7
August 375 262 835 388 352 842
September 34 24 80 37 324 814

Table 2. Mechanical and chemical characterization of the
experimental soil.

Soil chemical season
properties 2023 2024
pH (1:2.5) 8.3 84
Ec (dsm?) 31 33
Organic matter% 1.35 1.36
Auvailable P, mg/kg 124 13.0
Available Ammonium (ppm) 193 199
Auvailable Nitrate (ppm) 16.6 16.0
Available Potassium (ppm) 300 305
Anions(meg/L)

CO3- - -
HCO3 54 55
SO4- 113 115
Cations(meg/L)

Ca+Mg 132 14.6
Na+ 16.6 17.1
K+ 0.8 0.95

For the permanent field, N P K treatments were
applied according to standard recommendations. The plot size
for each treatment was 20 m2 (4 x 5 m). Each plot was
transplanted with 30-day-old seedlings, 3 to 4 plants per hill,
spaced 20 cm apart within rows. To minimize lateral
movement of irrigation water and improve water
management, each main plot was separated by two-meter-
wide ditches. Forty days after transplanting, five randomly
selected hills per horizontal plot were sampled to assess dry
matter accumulation and leaf area index (LAI). At harvest,
plant height and the total number of panicles were determined
using ten randomly selected hills. Additionally, ten panicles
were randomly collected from each plot to evaluate number
of grains per panicle, number of unfilled grains, panicle
weight(g), 1000-grain weight(g), and grain yield(t/ha). Grain
yield was recorded from a randomly selected 12 m? area (3 x
4 m) within each plot and standardized to 14% moisture
content before being converted to tons per hectare. Available
soil moisture was then determined using soil moisture
sensors, which measure the amount of water available to
plants in the soil. Plants were harvested at maturity to ensure
accurate measurements. To evaluate grain quality,
approximately 150 grams of grain were sampled from each
treatment, pooled, and submitted to the Grain Quality
Laboratory at the Rice Research and Training Center (RRTC)
for analysis. The assessment of grain quality parameters was
conducted in accordance with the procedures described by
Bautista and Siebenmorgen (2002).

Water Management and Use Efficiency:

A calibrated water meter was integrated into the water
pumping system to accurately measure water application
throughout the experimental period. Water use efficiency was
calculated as the grain yield per unit volume of water consumed
(kg of grains per m? of water). Additionally, water savings were
determined using the following formula; Water savings as a
percentage were calculated by determining the difference
between the total water applied under amount of water use 10800
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m¥ha (Tn) and the total water applied under intermittent
irrigation treatments (Ts), then dividing this difference by the total
water applied under continuous flooding, and multiplying the
result by 100. The formula is as follows:

Water saved (%) = ((Tn - Ts) / Tn) x 100.
Statistical Analysis: Statistical analysis of the collected data
was conducted using analysis of variance (ANOVA),
following the methodology described by Gomez and Gomez
(1984). Treatment means were compared using Duncan’s
Multiple Range Test (DMRT) as outlined by Duncan (1957).
All statistical computations were carried out using the
"COSTAT" software package.

RESULTS AND DISCUSSION

1.Growth characteristics:

Table 3 demonstrates that a reduction in irrigation water
application led to a statistically significant decrease in Leaf area index
(LAI), dry matter (DM), and plant height when compared to the
control treatment, which received 100% AOWU of the amount of
water use.

Table 3. Means of LAI, dry matter at 40 days after
transplanting and plant height at harvest t of
Giza 179 rice cultivar as affected by irrigation
treatments and anti-transpirants treatments.

LAI Dry matter (g/m2) Plant height (cm)

Treatment 5553 2004 2003 2004 2023 2004
Irrigation treatments (A)
100% AOWU 5.61a6.02a 1142a 1211a 99.00a 102.1la
90% AOWU 5.21b5.34b 1100b  1164b 95.76a 99.50b
80% AOWU 3.79c3.90c  875¢c 933c 86.92b 88.60c
f. test ** ** ** ** ** **
Anti-transpirants treatments (K)
Control 3.64d3.80d 1037d 1101d 89.39d 95.72d
Kaolin 431c454c 1038c  1102c 92.55¢c 96.36¢C
Aminoacids 5.35b559b 1039  1103b 95.56b 97.01b
Kaoi+aminoadcs6.16a 6.40a  1040a 1104a  98.06a 97.85a
f. test ** **k ** ** ** **
Interactions

A XK rxO* NS NS * *

* = Significant at 0.05 level, ** = Significant at 0.01 level and NS= Not
significant. Means having the same letter (s) are not significantly different
according to Duncan’s multiple range tests. A1= (100% AOWU) amount
of water use 10800 m¥%ha,A2= (90% AOWU) of amount of water use
and A3= (80% AOWU) of amount of water use .

The observed decline in growth parameters can primarily be
attributed to a reduction in tiller number, total leaf area, and an
increase in leaf senescence. It is well-established that restricted water

availability, as seen in the 80% AOWU treatment, significantly

impedes plant growth. These results align with the findings of
previous studies conducted by Toscano and Romano (2021).

The observed enhancement in Leaf area index, dry
matter, and plant height can be attributed to the positive
influence of increased water availability on cellular processes
such as cell division and elongation. The observed increase in
vegetative growth, total dry matter production, and plant
height within the 100% AOWU treatment can be partially
attributed to enhanced nitrogen availability. This
phenomenon is hypothesized to be a result of the treatment
stimulating enhanced root development, consequently
facilitating improved nitrogen mobility within the soil
solution and leading to increased nitrogen uptake by plant
roots. These findings corroborate the previous research
conducted by Wahab et al. (2022).

The combined application of kaolin and amino acids led
to significantly higher values for Leaf Area Index (LAI), dry
matter (DM), and plant height compared to the individual
applications of either kaolin or amino acids. The lowest values
were observed in the control treatment. Kaolin sprays foliar have
been demonstrated to enhance plant water status, water use
efficiency (WUE), and photosynthetic activity, particularly under
water-limited conditions. Elevated temperatures and high solar
radiation significantly increase plant water loss, frequently
resulting in leaf burn or wilting due to excessive transpiration and
respiration (Sadok et al., 2021). Also, reduced leaf water content
has been shown to negatively impact leaf area, CO2 assimilation
rates, stomatal conductance, dry matter accumulation, plant
height, and ultimately, crop yield (Martinez-Gofii et al., 2024).
Exogenous application of amino acids has been shown to
significantly enhance rice growth and yield (Bagir and Al-
Nageeb, 2019). Specifically, certain amino acids, such as
tryptophan, serve as precursors for the biosynthesis of natural
auxins, key plant hormones that stimulate root development. This
enhanced root system subsequently contributes to increased leaf
area index (LAI), dry matter (DM), and plant height.

Conversely, the combination of the 80% AOWU
treatment with the control consistently resulted in the lowest
LAl values in both seasons.

Fig2. Demonstrates that the combination of irrigation
and foliar application of anti-transpirants treatments resulted
in the greatest plant height in both growing seasons.

Conversely, the combination of 80% AOWU with the
control treatments consistently resulted in the lowest plant
height values in both seasons.
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Figure 1 Effect of interaction between water treatments and ant transpiration substances on Leaf Area Index (LAI) in

both growing seasons.
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Fig 2. Plant height of Giza 179 rice cultivar as affected by the interaction between the studied factors.

2. Grain yield and its attributes:

Table 4 presents the impact of irrigation treatments on
key yield attributes, including number of panicle per hill,
number of filled and unfilled grain per panicle, across the
2023 and 2024 growing seasons. Notably, the 80% AOWU
treatment resulted in a significant reduction in all measured
yield components, with the exception of unfilled grains per
panicle, which exhibited a significant increase. Data
presented in (Table 4) demonstrate that the 100% AOWU
treatment consistently yielded the highest values for number
of panicle per hill and number of filled grains per panicle in
both growing seasons.

Table 4. Effect of Number of panicle/hill, No. of filled
grains/panicle and No. of unfilled grains/panicle
of Giza 179 rice cultivar as affected by irrigation
treatments and anti-transpirant treatmentss.

No. of No. of filled  No. of unfilled
Treatment panicle/hill  grains/panicle _grains/panicle
2023 2024 2023 2024 2023 2024
Irrigation treatment ( A)
100%A0OWU  22.31a 23.11a 135.36a137.66a 8.05c 10.37c
90% AOWU 20.53b 21.08b 131.08a133.08a 10.77b 12.83b
80% AOWU

18.17c 1857c 120.37b121.93b 16.57a 21.96a
**

f test ** ** ** ** **

Anti-transpirants treatments ( K)

Control 18.40d 19.00d 119.56¢ 121.51c 15.63a 17.17a

Kaolin 20.01c 20.60c 126.63b128.58b 12.07b 15.96b

Amino acids 21.06b 21.64b 132.34a134.29a 10.37c 14.32c

Kaolin+aminoacids 21.87a 22.45a 137.22a139.18a 9.11d 12.77d

f. test ** ** ** *%x *%x *%x
Interactions

AX K NS * * * NS NS

* = Significant at 0.05 level, ** = Significant at 0.01 level and NS= Not
significant. Means having the same letter (s) are not significantly different
according to Duncan’s multiple range tests. (100% AOWU) amount of
water use 10800 m¥ha, (90% AOWU) of amount of water use and (80%
AOWU) of amount of water use.

No significant difference was observed between the
100% AOWU and 90% AOWU treatments. This increase in
unfilled grains under stress with findings reported by
Chakraborty and Sakagami (2024). Conversely, adequate
water availability likely facilitated enhanced dry matter
production and translocation to the panicles, supporting grain
development. This may explain the higher number of panicles
per hill and filled grains per panicle observed in well-watered
treatments. These findings align with previous research by
Gharib et al., (2011) which also demonstrated the positive
effects of adequate water availability on key grain yield
components. These findings can be attributed to increased soil
moisture content during the vegetative growth stage of rice.

Enhanced soil moisture is well-documented to positively
influence cellular processes such as cell division and
elongation within plants (Hu et al., 2024).

Furthermore, adequate water availability may have
stimulated various physiological processes, including
photosynthesis and enzymatic activity, ultimately enhancing
the translocation of dry matter to the developing grains
(Hossain et al., 2020). This study demonstrates a positive
synergistic effect of the combined application of Kaolin and
amino acids on rice growth traits (Table 4). Treatments
incorporating both Kaolin and amino acids resulted in the
highest values for number of panicle per hill and number of
filled grains per panicle in both growing seasons. No
statistically significant difference was observed between
treatments involving amino acids alone and combined
application of Kaolin and amino acids for these parameters
(Tabled) as compared to control treatment. Conversely, the
combined application of Kaolin and amino acids resulted in
the lowest number of unfilled grains per panicle. The
observed increase in filled grains with the application of
Kaolin and amino acids can be attributed to a synergistic
enhancement of photosynthetic activity and efficient
translocation of photosynthesis to the developing grains.
These findings corroborate those reported by De Souza Junior
et al. (2021). The combined application of Kaolin amino
acids likely enhanced rice vyield. Firstly, it may have
stimulated carbohydrate assimilation, leading to an increase
in filled grains. The supplementation of amino acids and
kaolin significantly enhanced number of panicle by 21.87%
and 22.45%, respectively. Concurrently, number of filled
grain increased by 137.22% and 139.18%, respectively.
These findings suggest that the treatments stimulated
photosynthesis, ultimately leading to a substantial increase in
panicle production. Adequate water availability likely
facilitated the efficient transportation of photosynthates to the
developing panicles, contributing to increased biomass
accumulation. This may account for the observed increase in
panicle number per hill and grain fill percentage in plants
treated with amino acids. These findings corroborate the
observations reported by Mahmoud et al., (2021). The control
treatment exhibited the lowest values for both panicle number
and the number of filled grains, with the exception of unfilled
grains per panicle. Conversely, the control treatment
displayed the highest values for the number of unfilled grains
per panicle.

As depicted in Figure 3, the concurrent application of
100% AOWU irrigation and a combination of Kaolin and
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amino acids resulted in the highest number of panicle per hill.
In contrast, the combination of 80% AOWU irrigation and the
control treatment consistently exhibited the lowest number of
panicle per hill during the second season.

As illustrated in Figure 4, the simultaneous application of
100% AOWU irrigation and a combination of Kaolin and amino
acids resulted in the highest number of filled grains. Conversely,
the combination of 80% AOWU irrigation and the control
treatment consistently exhibited the lowest number of filled
grains during both the first and second seasons.

As presented in Table 5, the irrigation treatment at 100%
AOWU consistently yielded the highest values across all
measured yield components during both growing seasons. These
components encompass panicle weight (3.44 and 3.82 g), 1000-
grain weight (24.68 and 25.31 @), and grain yield (10.37 and
1066 tha). The 90% AOWU treatment exhibited yield
comparable to that of the 100% AOWU treatment. In contrast,
stress induced by the 80% AOWU treatment resulted in a

significant decline in yield components. These findings are
consistent with those reported by Patel et al., (2019).

No. of panicle hill 2024

Control Amino acids Kaolint amino

Kaolin

H100%A0WU H90%A0WU «80%AOWU

(1009% AOWU) amount of water use 10800 m¥ha, (90% AOWU) of
amount of water use and (80% AOWU) of amount of water use.

Fig 3. Number of panicle /hill of Giza 179 rice cultivar as

affected by the interaction between the studied factors.
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Fig 4. Number of filled grain of Giza 179 rice cultivar as affected by the interaction between the study factors.

Table 5. Influence of irrigation regimes and anti-
transpirants applications on panicle weight,
1000-grain weight, and grain yield of the Giza

179 rice cultivar.
Panicle  1000-grain Grainyield Straw yield

Treatment  weight (g) weight (g) (t/ha) (t/ha)

2023 2024 2023 2024 2023 2024 2023 2024
Irrigation treatments (A)

100% AOWU 344a 38a 2463 253la 1037a 1066a 1270a 1333

90%A0OWU 30/ 345 2417 245 9%a 1026 1252a 1297

80%AOWU  216c 241c 2300c 233¢ 842c 8%0c 1104 1137c

Anti-transpirants treatments (K )

Control 180 213d 2245d 2310d 856d 882 1077d 1128d

Kaolin 251c 28ic 2366c 238 921c 958c 1155c 1206c

Aminoacids 318 355 243% 249 98 1022h 1260b 1310b

Kadlimamino. s 438a 2508 2573 1070 1114a 1341a 13780

Interactions
A X K * * **k ** * ** NS NS

* = Significant at 0.05 level, ** = Significant at 0.01 level and NS= Not
significant. Means having the same letter (s) are not significantly different
according to Duncan’s multiple range tests. (100% AOWU) amount of
water use 10800 m¥ha, (90% AOWU) of amount of water use and (80%
AOWU) of amount of water use.

This reduction in yield can be attributed to tiller mortality
under stress, consequently diminishing the number of panicles
per unit area. Conversely, the well-watered 100% AOWU
treatment ensured adequate nutrient availability, fostering tiller
development and ultimately resulting in a higher number of

panicles with filled grains. These results are in agreement with the
findings reported by Jarin et al., (2024).

The combined application of kaolin and amino acids
likely played a role in enhancing rice yield. Specifically, the
supplementation with amino acids and kaolin resulted in
significant increases in panicle weight (4.01 and 4.38 g),
1000-grain weight (25.28 and 25.73 g), and grain yield (10.70
and 11.14 t/ha) during the two respective growing seasons.
Kaolin application has been employed as a strategy to
alleviate the detrimental effects of water and heat stress on
plant physiological functions and productivity. This
intervention has led to various outcomes, including
improvements in yield and alterations in photosynthetic
activity. While an increase in albedo results in a reduction of
leaf temperature and alleviates heat stress, potentially
counteracting the beneficial effects of lower temperatures.
These findings are consistent with those reported by Rosati et
al., (2006). The application of amino acids led to an increase
in chlorophyll content, which enhanced photosynthetic
efficiency and subsequently resulted in a significant
improvement in grain yield. These results are in agreement
with those reported by Guo et al., (2021).

As illustrated in Figure 5, the simultaneous
application of 100% AOWU irrigation and a combination of
Kaolin and amino acids resulted in the highest panicle weight.
In contrast, the combination of 80% AOWU irrigation and the
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control treatment consistently exhibited the lowest panicle
weight during both seasons.

Figure 6 demonstrates that the concurrent application
of 100% AOWU irrigation in conjunction with a combination

of Kaolin and amino acids resulted in the highest 1000-grain
weight. Conversely, the combination of 80% AOWU
irrigation and the control treatment consistently yielded the
lowest 1000-grain weight in both growing seasons.
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Fig 5. Panicle weight(g) of Giza 179 rice cultivar as affected by the interaction between the study factors.
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Fig 6. 1000-grain weight(g) of Giza 179 rice cultivar as affected by the interaction between the study factors.

Figure 7 demonstrates that the highest grain yield was
achieved through the concurrent application of 100% AOWU
irrigation in conjunction with a combination of Kaolin and
amino acids. Conversely, the combination of 80% AOWU
irrigation and the control treatment consistently resulted in the
lowest grain yield across both growing seasons. Shows water

availability likely enhanced the efficiency of dry matter
production and its subsequent translocation to the developing
panicles, thereby optimizing grain development. These
findings suggest that adequate water availability likely
contributed to increased panicle number per hill, filled grains
per panicle, and grain yield in well-watered treatments.

Grain yield (tha) 2023

Kaolin  Aminoacids  Kaolint

Control

H100%A0WU H90%A0WU HB0%A0WU

aming acids

Grain yield (tha) 2024

Kaolin+
aming

Aming
acids

Control Kaolin

acids
100 A0WU LI90%A0WY wIBDSAOWL

(100% AOWU) amount of water use 10800 m¥ha, (90% AOWU) of amount of water use and (80% AOWU) of amount of water use.
Fig 7. Grain yield(t/ha) of Giza 179 rice cultivar as affected by the interaction between the study factors.

The application of kaolin effectively mitigates the
adverse effects of extreme heat and ultraviolet radiation by
increasing leaf reflectance and reducing transpiration rates,
thereby facilitating the cooling of plant tissues. Additionally,

the application of amino acids led to an increase in
chlorophyll content, which enhanced photosynthetic activity
and subsequently contributed to a significant improvement in
grain yield.
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The data presented in Table 5 demonstrate that
irrigation treatments significantly influenced straw yield in
both growing seasons. Specifically, the 100% AOWU
irrigation treatment consistently resulted in the highest values
for all evaluated yield components across both seasons,
including straw yield, although the differences between 100%
AOWU and 90% AOWU were not statistically significant. In
contrast, the 80% AOWU treatment induced stress
conditions, leading to a marked reduction in the measured
yield components. The reduction in yield is primarily
attributed to tiller mortality induced by stress, which
consequently decreased the number of tillers per unit area. In
contrast, the well-irrigated treatment receiving 100% of the
applied optimal water use (AOWU) ensured adequate
nutrient availability, thereby supporting tiller development
and resulting in a higher number of panicles and increased
straw yield. These findings are consistent with those reported
by Jarin et al., (2024).

Kaolin application has been utilized to alleviate the
adverse effects of water stress on plant physiological processes
and overall productivity, resulting in a range of outcomes such as
both increases and decreases in yield, along with modifications in
photosynthetic activity. These results are consistent with the
findings of Sotelo et al. (2011). Moreover, the application of
amino acids enhanced chlorophyll content, which in turn
improved photosynthetic efficiency and resulted in a significant
increase in straw yield. These outcomes are consistent with the
findings of Popko et al. (2018).

3. Grain quality
Milling characteristics:

The results presented in Table 6 indicate that irrigation
treatments had a significant effect on milling characteristics
across both growing seasons. Extending the irrigation interval
from 100% AOWU to 80% AOWU led to notable
improvements in these characteristics. The 100% AOWU
treatment consistently produced the highest values for hulling,
milling, and head rice percentages during both seasons. In
contrast, the 80% AOWU treatment yielded the lowest values for
all milling characteristics across both growing seasons. This
decline in milling recovery is likely due to the increased water
deficit associated with this treatment, which tends to shorten the
grain-filling duration and reduce grain weight. These results are
in agreement with those reported by. Gewaily et al. (2019).

Table 6. Means of hulling, milling and head rice of Giza
179 rice cultivar as affected by irrigation
treatments and anti-transpirants treatments.

Hulling (%) Milling (%) Head rice (%)

Treatment 2023 2024 2023 2004 2023 2024
Irrigation treatments (A)

100% AOWU 7724a 78463 69.68a 7086a 6275 6380a

90% AOWU 76460 7760 6852 70220 61860 62340

80% AOWU 7502¢ 7623 6643¢ 67.74c 6049 6127c

f. test ** ** ** ** ** **

Anti-transpirants treatments ( K)

Control 7493d 7648d 66.90d 68.29d 60.39d 61.16d

Kaolin 75.71c 76.90c 67.68c 69.07c 61.17c 61.94c

Amino acids 76.75b 7794b 68.72b 70.12b 62.21b 62.98b

Kaolin+aminoacids 7756a 78.3% 6953a 70.93a 6303a 63.79a

f. test ** ** ** ** ** **
Interactions

A XK ol NS NS NS ** NS

* = Significant at 0.05 level, ** = Significant at 0.01 level and NS= Not
significant. Means having the same letter (s) are not significantly different
according to Duncan’s multiple range tests. (100% AOWU) amount of
water use 10800 m¥ha, (90% AOWU) of amount of water use and (80%
AOWU) of amount of water use.

The data presented in Table 7 demonstrate that anti-

transpirants treatments had a significant effect on hulling,

milling, and head rice percentages during both growing
seasons. Notably, the combined application of kaolin and
amino acids substantially improved these parameters,
indicating a favorable influence on rice yield relative to the
control treatment. Kaolin application has been employed as a
strategy to mitigate the detrimental effects of water and heat
stress on plant physiological functions and productivity,
leading to a range of outcomes such as enhanced yield and
improved grain quality. These results are consistent with
those reported by Sotelo et al. (2011). The application of
amino acids has been shown to enhance chlorophyll content,
thereby increasing photosynthetic activity and resulting in a
significant rise in grain yield. These findings are consistent
with those reported by Popko et al. (2018).

The data depicted in Figure 8 demonstrate that the
interaction of irrigation treatments significantly influenced the
hulling percentage during the first growing season. This
finding research indicating that varying irrigation intervals
can significantly affect hulling percentages in rice.

hulling% 2023

80 T
781
76+
747

71
0~k B

Control Kaolin

Kaolint amino
acids

Amino acids

B100%A0WU  ~50%A0WU  =80%AOWU

(100% AOWU) amount of water use 10800 m¥ha, (90% AOWU) of
amount of water use and (80% AOWU) of amount of water use.

Fig 8. Hulling % of Giza 179 rice cultivar as affected by
the interaction between the study factors.
Specifically, the concurrent application of 100%

AOUWU irrigation, in conjunction with a combination of

kaolin and amino acids, resulted in the highest hulling

percentage. Conversely, the combination of 80% AOUWU
irrigation and the control treatment consistently yielded the
lowest hulling percentage across the first growing season.
The data presented in Figure 9 indicate that the interaction of
irrigation treatments significantly influenced the head rice percentage
during the first growing season. Specifically, the combination of

100% AOWU irrigation with kaolin and amino acids resulted in the

highest head rice percentage.

headrice% 2023

85

B0 T

55 =

Aminoacids  Kaolint amino

Control Kaolin

acids

S10FAOWU  -90%ACWU  rBO%AOWU

(100% AOWU) amount of water use 10800 m*¥ha, (90% AOWU) of

amount of water use and (80% AOWU) of amount of water use.

Fig 9. Head rice percentage of Giza 179 rice cultivar as
affected by the interaction between the study factors.
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In contrast, the 80% AOWU irrigation coupled with
the control treatment consistently produced the lowest head
rice percentage. These findings are consistent with previous
research demonstrating that varying irrigation intervals can
significantly affect head rice percentages in rice.

4. Effective water management strategies are essential for
reducing water input in agricultural practices.

Table 7 presents data on total water consumption,
water savings, and water use efficiency for the 2023 and 2024
growing seasons. The 100% AOWU irrigation treatment
recorded the highest total water usage, amounting to 10,800
m3/ha per season, whereas the 80% AOWU treatment applied
the lowest amount, totaling 8,640 m3/ha per season.

Table 7.Total water used, water saved, and water use

efficiency as affected by irrigation treatments.
Totalwater Grainyield Watersaved — water ue

prgaton  _ee(mhe)  (tha) _(96) _effidency(gm)

20230r2024 2023 2024 20230r2024 2023 2024
10A0WU 10800  10.37 10.66 - 09 0987
90%A0WU 9720 99 10.26 9.25 1016 1046
80%A0OWU 8640 842 890 1851 0956 1011

The percentage of water savings achieved with the
90% AOWU treatment was 9.25% in the first season and
18.51% in the second season, followed by the 80% AOWU
treatment. The 90% RAOW irrigation treatment recorded the
highest water use efficiency, followed by the 80% AOWU
treatment in both growing seasons. Although the 100%
AOWU treatment resulted in high grain yield, it was
associated with increased water input compared to other
treatments. These findings are consistent with those reported
by El-Refaee et al., (2021).

Figure 10 illustrates that water use efficiency was
highest under the 90% AOWU irrigation treatment combined
with kaolin and amino acids in both growing seasons. This
was followed by the 80% AOWU treatment with kaolin and
amino acids. Conversely, the lowest water use efficiency was
observed with the 80% AOWU treatment combined with the
control in both seasons.

water use efficiency
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038
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0 £
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(100% AOWU) amount of water use 10800 m*¥ha, (90% AOWU) of
amount of water use and (80% AOWU) of amount of water use.

Fig 10. Water use efficiency of Giza 179 rice cultivar as
affected by the interaction between the study factors.

CONCLUSION

The irrigation of 100% amount of water use (AOWU)
treatment combined with kaolin and amino acids has a high
grain yield and low water inputs with 80% AOWU irrigation
treatment. A combination of kaolin and amino acids spraying
increases the ability to tolerate high- water shortage.

REFERENCES

Abdelhafez, A. A., Metwalley, S. M., and Abbas, H. H. (2020).
Irrigation: Water resources, types and common problems
in Egypt. Technological and modern irrigation
environment in Egypt: best management practices and
evaluation, 15-34.

Arve, L.E. Torre,S.,Olsen, J. E.,and Tanino, K. K. (2011). Stomatal
responses to stress stress and air humidity. In Abiotic stress
in plants-Mechanisms and adaptations. IntechOpen.

Bagir, H. A., and Al-Nageeb, M. A. S. (2019). Effect of some
amino acids on tillering and yield of three bread wheat
cultivars. Iragi J. Agric. Sci, 50, 20-30.

Bautista, R. C. and Siebenmorgen, T. J. (2002). Evaluation of
laboratory mills for milling small samples of rice.
Applied Engineering in Agriculture, 18(5), 577.

Chakraborty, R., Roy, T.S., and Sakagami, J. I. (2024). Influence
of y-Aminobutyric Acid (GABA) Application on
Aromatic Rice Under Shading and Stress Stress
Conditions: Effects on Crop Yield, Grain Quality, and 2-
Acetyl-1-Pyrroline  Biosynthesis. Journal of  Plant
Growth Regulation, 1-9.

De Souza Junior, J. P., de Mello Prado, R., Soares, M. B., da
Silva, J. L. F., de Farias Guedes, V. H., dos Santos Sarah,
M. M., and Cazetta, J. O. (2021). Effect of different foliar
silicon sources on cotton plants. Journal of Soil Science
and Plant Nutrition, 21, 95-103.

Duncan, D.B., (1957). Multiple range tests for correlated and
heteroscedastic means. Biometrics, 13(2), pp.164-176.

EI-Din, W. M. S., and Mokhtar, N. A. Y. O. (2020). Effect of
irrigation scheduling and some antitranspirants on water
relations and productivity of Mentha varidis L. Am.-
Euras. J. Agric. Environ. Sci, 20, 367-390.

El-Refaee, I. S., Ghazy, H. A,, and Sheta, I. A. (2021). Effect of
nitrogen anti-transpirant treatments splitting and water
management on productivity and grain quality of Giza
179 rice cultivar. Menoufia Journal of Plant
Production, 6(10), 465-477.

Gao, Y., Xu, X, Sun, C,, Ding, S., Huo, Z., and Huang, G.
(2021). Parameterization and modeling of paddy rice
(Oryza sativa L. ssp. japonica) growth and water use in
cold regions: Yield and watersaving analysis.
Agricultural Water Management, 250, 106864.

Gewaily, E. E., Mohammed, A. T., and Abd El-Rahem, W. T.
(2019). Effect of different irrigation treatments on
productivity and cooking quality of some rice
varieties. World Journal of Agricultural Sciences, 15(5),
341-354.

Gharib, H. S., Metwally, T. F., Naeem, S. S., and Gewalily, E. E.
(2011). Influence of some stimulating compounds and
nitrogen anti-transpirant treatments levels on growth and
yield of hybrid rice. Zagazig J. Agric. Res, 38(1), 1-21.

Gomez, K.A. and Gomez, A.A., (1984). Statistical procedures
for agricultural research.

Guo, N., Zhang, S., Gu, M., and Xu, G. (2021). Function,
transport, and regulation of amino acids: What is missing
in rice?. The Crop Journal, 9(3), 530-542.

Hossain, M. Z., Sikder, S., Husna, A., Sultana, S., Akhter, S.,
Alim, A., and Joardar, J. C. (2020). Influence of water
stress on morphology, physiology and yield contributing
characteristics  of  rice. SAARC  Journal  of
Agriculture, 18(1), 61-71.

442



J. of Plant Production, Mansoura Univ., Vol. 16 (7), July, 2025

Hu, X, Liu, Y., Zhong, X., Hu, R., Li, M., Peng, B., and Huang,
N. (2024). Optimized nitrogen management improves
grain yield of rice by regulating panicle architecture in
South China. Heliyon, 10(14).

Jarin, A. S., Islam, M. M., Rahat, A., Ahmed, S., Ghosh, P., and
Murata, Y. (2024). Stress stress tolerance in rice;
Physiological and Biochemical Insights. International
Journal of Plant Biology, 15(3), 692-718.

Jeber, B. A, and Khaeim, H. M. (2019). Effect of foliar
application of amino acids, organic acids, and
naphthalene acetic acid on growth and yield traits of
wheat. Plant archives, 19(2), 824-826.

Kandi, A. A.; A. E.M. Sharief; SE. Seadh and D. S. K. Altai.
(2016). Role of humic acid and amino acids in limiting
loss of nitrogen anti-transpirant treatments and increasing
productivity of some wheat cultivars grown under newly
reclaimed sandy soil .Int. J. Adv. Res. Biol. Sci. 3(4):
123-136

Liu, S., Wang, H., and Qin, F. (2023). Genetic dissection of stress
resistance for trait improvement in crops. The Crop
Journal, 11(4), 975-985.

Lopez, M. J, and Mohiuddin, S. S. (2024). Biochemistry,
essential amino acids. In StatPearls Internet. StatPearls
Publishing.

Mahmoud, M. R., Leiby, H. R,, and Khalaf, H. S. (2021). M.
Effect of ethylene gas and Tryptophan amino acid in two
oat varieties under soil stress conditions. Revis Bionatura
2023; 8 (1) 78. Environmental Science.

Mallareddy, M., Thirumalaikumar, R., Balasubramanian, P.,
Naseeruddin, R. Nithya, N., Mariadoss, A. and
Vijayakumar, S. (2023). Maximizing water use
efficiency in rice farming: A comprehensive review of
innovative irrigation management technologies. Water,
15(10), 1802.

Martinez-Gofii, X. S., Miranda-Apodaca, J., and Pérez-L épez, U.
(2024). Enhanced photosynthesis, transpiration
regulation, water use-efficiency and growth in
buckwheat outperforms wheat response to high [CO2],
high temperature and stress. Environmental and
Experimental Botany, 222, 105756.

Meus, L. D., Quintero, C. E., Ribas, G. G., daSilva, M. R., Streck,
N. A, Alberto, C. M., and Zanon, A. J. (2022).
Evaluating crop models to assess rice yield potential in
Argentina. Crop and Environment, 1(3), 182-188.

Muroyiwa, G. S., Mashonjowa, E., Mhizha, T., Muchuweti, M.,
and Raeth, P. G. (2022). Estimating crop water
requirements for irrigation scheduling of tomato using
Aquacrop 5.0 and Cropwat 8.0 models under scarcity
and unreliability of rainfall in Harare. African Journal of
Agricultural Research, 18(12), 1089-1101.

Patel, R., Raha, P., Kundu, P. S. A, and Kundu, A. (2019).
Impact of antitranspirant application on nutrient uptake
and yield of rice (Oryza sativa) grown under water stress
condition in inceptisol of Varanasi, Uttar Pradesh. 1JCS,
7(6), 1327-1331.

Popko, M., Michalak, 1., Wilk, R., Gramza, M., Chojnacka, K.,
and Gérecki, H. (2018). Effect of the new plant growth
biostimulants based on amino acids on yield and grain
quality of winter wheat. Molecules, 23(2), 470.

Rosati, A., Metcalf, S. G., Buchner, R. P., Fulton, A. E., and
Lampinen, B. D. (2006). Physiological effects of kaolin
applications in well-irrigated and water-stressed walnut
and almond trees. Annals of botany, 98(1), 267-275.

Sadok, W., Lopez, J. R., and Smith, K. P. (2021). Transpiration
increases under high-temperature stress: Potential
mechanisms, trade-offs and prospects for crop resilience
in a warming world. Plant, Cell and Environment, 44(7),
2102-2116.

Sotelo-Cuitiva, Y. M., Restrepo-Diaz, H. Garcia-Castro, A,
Ramirez-Godoy, A., and Flérez-Roncancio, V. J. (2011).
Effect of kaolin film particle applications (Surround WP®)
and water deficit on physiological characteristics in rose cut
plants (Rose spp L.). Am. J. Plant Sci, 2, 354-358.

Toscano, S., and Romano, D. (2021). Morphological,
physiological, and biochemical responses of zinnia to
stress stress. Horticulturae, 7(10), 362.

Wahab, A., Abdi, G., Saleem, M. H., Alli, B., Ullah, S., Shah, W.,and
Marc, R. A. (2022). Plants’ physio-biochemical and phyto-
hormonal responses to alleviate the adverse effects of stress
stress: A comprehensive review. Plants, 11(13), 1620.

il Clalaay (M g Aia) palaal) g ol cBlalaa cali g ) el Y1 Al Cppein
gctéj\ Jland 5 adld a) il ¢ Qo Aana rlidllae ¢ o8 Baallae pliva
e — gl S L el ) 1l S e - A Jpaladll g dgra— 55 Y gy
gadlall

(o il 0 seal) o3l ow )l o) Jiays o) 5 31 olalall U8 (h0 5 S il jinsd CHLISEA 3 Sl 5 Ll 385 Canesy yuna b olaall A 3 8l 1 6]
plasind 5 dadll 5 05 deal) dgal pa Jand o 4358y hed gy ol Clilian s Al 5 ) 0ldadd 1V 8 3 Y il ) Al 5 J a5 gl i
(AOWU 7A+ s AOWUZA+ s AOWUZ) « +) (s Shlaa D edand I gl 38 e (g5l cdlalan gudai 5 Al a3l il ) jSa 3D Baaladiall ) 30 asens
smanas sall gu S o 1)) 3sm 5 3l ol & jelal Rgina) Gonbea1 5 S5 ¢ Aina¥) ealaa) s ¢l 901 5 o) 5 S il Balime Dlabra 38N il 01 Jis
@l e s Sle (AOWU 7A+) duaisial) slaall Alelaay 45 Jlia (AOWU 78 +) Qi Sy zmisiall (5 51l s (AOWU 7+ +) 2l (5 gyl Jla 4t S g o gonll
1S S0l AOWU 7+ + Aldrs o s 8 5 AY) CBlbraly &3 i 83 gl 5 o sinll Jsemna s sl 503 ) Aine) (ialaa) e el by (35l Gk (o
i) (mbaa s ol 9 il ey 5 dpansl (el (o g ol a3 e 2l BaeS B Caariiod 2 e IS LS ¢ AOWU 7A + s (fd cadiiusa 5 )l olae
AV 5OV a8 ebaall Al 5 o gaall 83 g g J seanall 5 sl aididl i) 0 AOWU 78+ s ae

443



