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HIS experiment was conducted with the wheat cultivar Sakha 93 (Triticum aestivum L.)

throughout the two growing winters of the 2022—-2023 and 2023-2024 seasons. The experiment
tried to increase wheat growth and yield under varying levels of water stress (100, 75, and 50% of
evapotranspiration ETc) by spraying licorice extract at varied concentrations (0, 5, and 10 g/l) under a
sprinkler irrigation system. These treatments represented optimal water stress, moderate water supply,
and severe water supply circumstances, respectively. In the Belbeis area of the ElI Sharkia
Governorate, Egypt, a private orchard grows wheat on sandy loam soil under water stress. According
to the results, it was found that the best results were always in favor of the interaction between 100%
of evapotranspiration and spraying with 10 grams of licorice extract, except for the water productivity
trait, where the best results were with irrigation with 75% of ETc and spraying application with 10
grams of licorice extract. Therefore, we recommend irrigation with 75% of evapotranspiration and
spraying with 10 grams of licorice extract, as it achieves commercial growth, yield characteristics and
water productivity of the wheat cultivar Sakha 93, while saving 25% of irrigation water, this is very

important and necessary because of the scarcity of water nowadays.

Keywords: Wheat cultivar Sakha 93, Water stress, Sprinkler irrigation, Licorice extract.

Introduction

Drought stress is one of the abiotic environmental
factors that could negatively impact wheat plants'
ability to produce and lower crop efficiency. On the
other hand, wheat plants are extremely vulnerable to
situations where there is a shortage of water. In
semi-arid and rain-fed regions, drought stress lowers
agricultural production, availability, and output.
Drought stress affects many physiological and
biochemical processes, to differing degrees
depending on the growth stage and exposed area.
Transport,  respiration,  photosynthesis, ion
absorption, stem growth, root propagation,
disruptions of solute accumulation and ionic
imbalances, changes in metabolic activity,
suppression of enzyme activity, and the interaction
of all these components are among them. It is
believed to differ from other common ecological
stresses (Ghazi, 2017; Youssef and Hozayen, 2019a;
Youssef and Hozayen, 2019b; Soroori and Danaee,
2023; Youssef, 2023 and Youssef and Abdelaal,
2023).

70% of crop zones, sometimes referred to as
hardiness zones, are semiarid or arid regions where
wheat is cultivated. As a result, the demand for
agricultural resources is rising. (Zeng and Luo,
2012). Egypt produces 8 million tons of wheat

annually, but this amount is insufficient to feed the
nation's growing population of over 100 million
people (Hassan et al., 2017). Wheat is one of Egypt's
most significant grain crops.

According to Kahlown et al. (2003), depending on
the weather, growth season length, soil, and
irrigation sources, wheat needs 400-650 mm of
water. Ideally, 650 mm of water is applied. Elevated
levels of water stress in plants can negatively impact
their growth and morphological characteristics, such
as a noticeable decrease in their total biomass yield,
shoot and root lengths, and leaf area. (Aldesuquy et
al., 2012).

Furthermore, Zareian et al. (2014) discovered that
reducing water stress at the ear reduced grain
production as well as every component of the wheat
plant, such as emergence and grain filling.
Therefore, it is crucial to maximize the yield of
wheat cultivated under water stress because varied
soil water statuses generate varying degrees of
biochemical changes in wheat grains.

Glycyrrhizin acid and Glabridin are found in the
aqueous extract of the licorice plant. Glycyrrhizin,
the most significant ingredient in licorice, functions
similarly to hormones. Along with its acid, it is
thought to be a type of plant hormone that
accelerates plant growth rates and encourages the
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production of proteins in the plant (Zagier et al.,
2021) .

The current study used licorice extract foliar
application to enhance wheat development and yield
characteristics under water stress conditions.

Materials and Methods

This experiment was conducted with the wheat
cultivar Sakha 93 (Triticum aestivum L.) throughout
the winters of 2022-2023 and 2023-2024. The
experiment tried to increase wheat growth and yield
under varying levels of water stress (100, 75, and
50% of evapotranspiration ETc) by spraying licorice
extract at varied concentrations (0, 5, and 10 g/l)
under a sprinkler irrigation system. In the Belbeis
area of the El Sharkia Governorate, Egypt, a private
orchard grows wheat on sandy loam soil under water
stress.

Every wheat plant in this study was exposed to the
same relevant agricultural practices, with the
exception of the experimental treatments. With three
repetitions and a replication size of 10.50 m2
(3.00x3.50 m), the experiment employed a split plot
arrangement of a full randomized block design
(factorial experiment-split plot design). The main
plot contained 100, 75, and 50% of ETc, and three
licorice extract (0, 5, and 10 g/l) subplots as shown
in Figure (1). Each feddan was manually sown with
80 kg of wheat seeds in the middle of November.
Treatments with licorice extract were applied three
times at the required rates in mid-December, mid-
January, and mid-February (thirty, sixty, and ninety
days after planting). The trial lasted until the end of
April, but the irrigation stopped at the end of March.
Water was sprayed at short intervals until
germination, which took place twice a week, ten
days before harvest.

Licorice extract, the water extraction process was
used to extract the active components in the plant's
roots. One liter of warm water was used to dissolve
five or ten grams of the plant's dry, well-ground
roots for three hours after they were weighed. After
filtering the filtrate, the mixture was kept in a dark,
airtight bottle until it was required.

The tested irrigation levels were based on several
rates of irrigation water, namely 1154, 866, and 577
m? /fed./season 2022/2023 and 1189, 892, and 595
m3 /fed./season 2023/2024, as shown in Tables 1
and 2. These figures were generated by the
CROPWAT (2012) wversion 8.0.1.1 computer
program using the region's meteorological data
(2022/2023-2023/2024 seasons). Additionally, the
reference evapotranspiration (ETo) is multiplied by
the specific crop coefficient (Kc) to determine the
estimated crop water demand (ETc), which is equal
to ETo x Kc.
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Growth, yield parameters and water productivity

The tested treatments were evaluated through the
following parameters

Plant height, plant numbers per m2, number of tillers
per plant, number of leaves per plant, leaf area m2,
shoot dry weight, root dry weight, spike weight,
spike length, number of grains per spike, and grain
yield ton per feddan were measured and recorded at
the conclusion of each experimental season (harvest
time). Moreover, water productivity (WP) values
were calculated according to the following equation
(Jensen, 1983): WP = Yield (kg per feddan) /
Seasonal ETc (m® per feddan).

Leaf photosynthetic pigments and proline
contents

The photosynthetic pigments Photopigments were
measured in fresh leaf samples using a SPAD
device. Additionally, fresh leaves' proline content (u
moles/g fresh weight) was determined using the
Bates et al., 1973 approach.

Leaf chemical composition

The micro-Kjeldahl device was used to digest and
finely ground the dried leaves. In accordance with
Naguib (1969), the percentage of nitrogen content
was calculated. The proportion of phosphorus was
calculated using AOAC, 1985. The proportion of
potassium was calculated using Brown and
Lilliland's 1964 methodology.

Physicochemical parameters

Physicochemical characteristics, including protein,
gluten, fat, and ash, were measured using the
techniques outlined in Anonymous (2000).

Statistical analysis

Three replicates, each measuring 10.5 m2 (3 x 3.5),
were used in the experimental split plot design of the
full randomized block design. Three licorice extracts
(0, 5, and 10 g/l) were included in the sub-plot,
while the main plot contained 100, 75, and 50% of
ETc. According to Snedecor and Cochran (1980),
The gathered data was statistically examined using
the analysis of variance approach. Duncan's range
test was used to distinguish between the mean
differences (Duncan, 1955).

Results

Plant height, plant numbers per m? and number of
tillers per plant

According to the data in Table (3), plant height
dropped dramatically from 85.06 and 86.63 cm to
68.46 and 70.49 cm in the first and second seasons,
respectively, when the irrigation water volume was
reduced from 100% to 50% of ETc. Furthermore,
the highest values were obtained by spraying 10 g of
licorice extract per liter, reaching 89.66 and 90.32
cm, as opposed to 66.69 and 68.39 cm for licorice
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extract 0 g per liter in the first and second seasons,
respectively.

The highest results were simultaneously obtained by
spraying 10 g of licorice extract per liter with
ETo0100% of water irrigation, reaching 98.84 and

respectively. Additionally, in the first and second
seasons, respectively, licorice extract 10 g per | with
75% ETc of water irrigation achieved 93.47 and
93.73 cm, surpassing the control licorice extract 0 g
per | with 100% ETc of water irrigation (72.36 and
74.44 cm).

99.77 cm in the first and second seasons,
R Rl R3 Rl Rl R3 Rl R3 R2
100% ETe
licorice extract (0 g/l) T licorice extract (10 g/l 1 licorice extract (3 g/l)
R2 R3 Rl R3 R2 Rl Rl R R3
75% ETe
? licorice extract (5 g/l) ? licorice extract ( 10 g/l) ? licorice extract (0 /)
50% ETc R3 Rl R? Rl R3 R2 R2 R3 Rl
1

licorice extract (0 ¢/}

? licorice extract (5 g/l)

? licorice extract ( 10 g/l)

I-o-(i:

Fig. 1. The experiment layout.

Table 1. The rate of reference crop evapotranspiration (ETo) determined by Ndulue & Ramanathan,
2021; Youssef et al., 2023; and Mahmoud et al., 2024 method (season 2022/2023) using computer
program (CROPWAT V.8.00) by climatic data under Belbeis region — El Sharkia Governorate.

Year 2022 2023
Month November December January February March Total
No. of days/month 15.00 31.00 31.00 28.00 31.00
Crop coefficient 0.35 0.75 1.05 1.20 0.67
ETo-100% 2.48 1.89 1.93 2.50 3.42
ETc-100% 0.87 1.42 2.03 3.00 2.29
W.R (m?®/fed./Day) 3.65 5.95 8.51 12.60 9.62
W.R (m?/ fed. Month) 54.68 184.56 263.85 352.80 298.34 1154
ETo-75% 1.86 1.42 145 1.88 2.57
ETc-75% 0.65 1.06 1.52 2.25 1.72
W.R (m?/fed./Day) 2.73 4.47 6.38 9.45 7.22
W.R (m?/ fed. Month) 41.01 138.42 197.89 264.60 223.76 866
ETo-50% 1.24 0.95 0.97 1.25 171
ETc-50% 0.43 0.71 1.01 1.50 1.15
W.R (m?®/fed./Day) 1.82 2.98 4.26 6.30 4.81
W.R (m?¥/ fed. Month) 27.34 92.28 131.93 176.40 149.17 577
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Table 2. The rate of reference crop evapotranspiration (ETo) determined by Ndulue & Ramanathan,
2021; Youssef et al., 2023; and Mahmoud et al., 2024 method (season 2023/2024) using computer
program (CROPWAT V.8.00) by climatic data under Belbeis region — El Sharkia Governorate.

Year 2023 2024
Month November December January February March Total
No. of days/month 15.00 31.00 31.00 28.00 31.00
Crop coefficient 0.35 0.75 1.05 1.20 0.67
ETo0-100% 248 1.89 1.93 25 3.82
ETc-100% 0.87 1.42 2.03 3.00 2.56
W.R (m?/fed./Day) 3.65 5.95 8.51 12.60 10.75
W.R (m?/ fed. Month) 54.68 184.56 263.85 352.80 333.23 1189
ETo-75% 1.86 1.42 1.45 1.88 2.87
ETc-75% 0.65 1.06 1.52 2.25 192
W.R (m3/fed./Day) 2.73 4.47 6.38 9.45 8.06
W.R (m? fed. Month) 41.01 138.42 197.89 264.60 249.93 892
ETo0-50% 1.24 0.95 0.97 1.25 191
ETc-50% 0.43 0.71 1.01 1.50 1.28
W.R (m3/fed./Day) 1.82 2.98 4.26 6.30 5.37
W.R (m? fed. Month) 27.34 92.28 131.93 176.40 166.62 595

Table 3. Effect of irrigation water levels and spraying with different concentrations of licorice extract on plant
height, plant numbers per m? and numbers of tillers per plant of wheat c.v. Sakha 93.

rameters Plant height Plant numbers Number of tillers per plant
Treatments (cm) per m?

First season (2022/2023)

ETc-00% 85.06A 506.97A 5.98A
ETc-75% 79.91B 474.29B 5.56B
ETc-50% 68.46C 409.75C 4.70C
L.EOgperl 66.69C 397.59C 461C
L.ES5gperl 77.07B 457.89B 5.38B
L.E.10 g per | 89.66A 535.53A 6.25A
ETc-10096XL.E.0 g per | 72.36f 434.44f 5.16f
ETc-100%XL.E.5 g per | 83.98c 493.59¢ 5.87c
ETc-100%XL.E.10 g per | 98.84a 592.87a 6.90a
ETc-75%XL.E.O g per | 66.869 393.20h 4.53h
ETc-75%XL.E.5 g per | 79.41d 472.09d 5.58d
ETc-75%XL.E.10 g per | 93.47b 557.58h 6.57b
ETc-50%XL.E.O g per | 60.86h 365.12i 4.12i
ETc-50%XL.E.5 g per | 67.83g 407.98g 4.699
ETc-50%XL.E.10 g per | 76.69e 456.13e 5.28e
Second season (2023/2024)
ETc-00% 86.63A 517.27A 6.00A
ETc-75% 81.08B 485.81B 5.63B
ETc-50% 70.49C 419.80C 471C
L.E.Og per| 68.39C 404.38C 453C
L.E5gperl 79.49B 476.98B 5.46B
L.E.10 g per | 90.32A 541.52A 6.35A
ETc-100%XL.E.0 g per | 74.44f 443 55f 5.05f
ETc-1009%XL.E.5 g per | 85.68¢ 516.86C 6.02c
ETc-100%XL.E.10 g per | 99.77a 591.40a 6.95a
ETc-75%XL.E.0 g per | 68.71h 401.47h 4.46h
ETc-75%XL.E.5 g per | 80.79d 491.66d 5.71d
ETc-75%XL.E.10 g per | 93.73b 564.29b 6.71b
ETc-50%XL.E.0 g per | 62.03i 368.12i 4.09i
ETc-50%XL.E.5 g per | 71.98¢g 422.42q 4,649
ETc-50%XL.E.10 g per | 77.46¢ 468.87e 5.3%

ETc = Evapotranspiration, L. E.= licorice extract
Mean followed by the same letter\s within each column are not significantly different from each other at 0.5% level.
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In keeping with this pattern, the number of plants
per m? decreased to minimum values of 409.75 and
419.80 with 50% ETc, respectively, from 506.97 and
517.27 with 100% ETc in the first and second
seasons. Furthermore, compared to licorice extract 0
g per I, which recorded 397.59 and 404.38 in the
first and second seasons, respectively, spraying 10 g
per | of licorice extract produced the greatest values,
reaching 535.53 and 541.52. In contrast, the highest
values were obtained in the first and second seasons,
respectively, when licorice extract (0 g per I) was
sprayed in conjunction with 100% ETc water
irrigation. Additionally, the (control) licorice extract
0 g per | with 100% ETc of water irrigation recorded
434.44 and 443.55 in the first and second seasons,
respectively, but the licorice extract 0 g per | with
75% ETc of water irrigation acquired 557.58 and
564.29.

In a similar vein, data showed that in the first and
second seasons, respectively, fewer tillers per plant
(4.70 and 4.71) were produced when irrigation water
levels were reduced to 50% ETc as opposed to 5.98
and 6.00 when 100% ETc was used. Furthermore,
the highest values were obtained by spraying 10 g of
licorice extract per liter, reaching 6.25 and 6.35, in
contrast to licorice extract 0 g per liter, which
recorded 4.61 and 4.53 in the first and second
seasons, respectively. Moreover, the highest values-
6.90 and 6.95 in the first and second seasons,
respectively-were obtained by combining 100% ETc
water irrigation with 10 g of licorice extract per liter.
Additionally, the (control) licorice extract 0 g per |
with 100% ETc of water irrigation recorded 5.16 and
5.05 in the first and second seasons, respectively,
while licorice extract 10 g per | with 75% ETc of
water irrigation gained 6.57 and 6.71.

Number of leaves per plant, leaf area, shoot and
root dry weight

Table (4)'s values demonstrated that there was a
significant decrease in the number of leaves per
plant, leaf area, shoot, and root dry weight when the
irrigation water was reduced from 100% to 50%
ETc. The number of leaves per plant dropped
dramatically from 4.67 and 4.72 to 3.77 and 3.79 in
the first and second seasons, respectively, when the
irrigation water supply was reduced from 100% to
50% of ETc. Furthermore, the greatest values were
obtained by spraying 10 g of licorice extract per
liter, reaching 4.97 and 4.97 in comparison to 3.59
and 3.68 for licorice extract 0 g per liter in the first
and second seasons, respectively. Furthermore, the
highest values were obtained by spraying 10 g of
licorice extract per liter along with 100% ETc of
water irrigation; these values reached 5.41 in the
first season and 5.41 in the second. In the first and
second seasons, respectively, licorice extract 10 g

per | with 75% ETc of water irrigation gained 5.24
and 5.16, surpassing the (control) licorice extract 0 g
per | with 100% ETc of water irrigation (3.86 and
4.09). Nevertheless, in the first and second seasons,
respectively, the leaf area cm? reached low values of
32.76 and 33.79 cm? with 50% ETc, as opposed to
39.23 and 40.13 cm? with 100% ETc. Furthermore,
compared to licorice extract 0 g per I, which
recorded 31.96 and 33.14 cm? in the first and second
seasons, respectively, spraying 10 g per | of licorice
extract produced the greatest results, reaching 41.28
and 41.37 cm?. Additionally, the highest values were
obtained in the first and second seasons, reaching
44.81 and 44.66 cm?, respectively, when licorice
extract (10 g per I) was sprayed in conjunction with
100% ETc water irrigation. The (control) licorice
extract 0 g per | with 100% ETc of water irrigation
recorded 33.86 and 35.55 cm? in the first and second
seasons, respectively, while licorice extract 10 g per
I with 75% ETc of water irrigation acquired 43.62
and 42.76 cm?. Simultaneously, data showed that in
the first and second seasons, respectively, lowering
the amount of irrigation water (50% ETc) reduced
shoot dry weight (4.67 and 4.66 g) in comparison to
5.76 and 5.88 g with 100% ETc. Furthermore, in
comparison to licorice extract 0 g per I in the first
and second seasons, respectively, spraying 10 g per |
of licorice extract produced the greatest results,
reaching 6.01 and 6.09 g. Additionally, the highest
values—6.69 and 6.74 g in the first and second
seasons, respectively—were obtained by spraying 10
g of licorice extract per liter in conjunction with
100% ETc water irrigation. The (control) licorice
extract O g per | with 100% ETc of water irrigation
recorded 4.91 and 4.95 g in the first and second
seasons, respectively, while licorice extract 10 g per
I with 75% ETc of water irrigation gained 6.29 and
6.33 g. Additionally, data showed that in the first
and second seasons, respectively, reducing the
amount of irrigation water (50% ETc) resulted in
lower root dry weights (5.67 and 5.70 g) as opposed
to 6.84 and 6.94 g) with 100% ETc. Furthermore, in
comparison to licorice extract 0 g per | in the first
and second seasons, respectively, spraying 10 g per |
of licorice extract produced the greatest results,
reaching 7.09 and 7.33 g. Furthermore, the highest
results (7.83 and 7.96 g) were obtained in the first
and second seasons, respectively, when licorice
extract (10 g per 1) was sprayed in conjunction with
100% ETc water irrigation. The (control) licorice
extract O g per | with 100% ETc of water irrigation
recorded 6.01 and 5.91 g in the first and second
seasons, respectively, while licorice extract 10 g per
I with 75% ETc of water irrigation gained 7.30 and
7.71g.
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Table 4. Effect of irrigation water levels and spraying with different concentrations of licorice extract
on number of leaves per plant, leaf area, shoot and root dry weight of wheat c.v. Sakha 93.

arameters Number of leaves per
Treatments plant

Leaf area cm? Shoot dry Root dry

weight (g) weight (g)

First season (2022/2023)

ETc-00% 4.67A 39.23A 5.76A 6.84A
ETc-75% 4.42B 37.21B 5.42B 6.39B
ETc-50% 3.77C 32.76C 4.67C 5.67C
L.E.Og perl 3.59C 31.96C 4.58C 5.56C
L.E.5g perl 4.29B 35.96B 5.25B 6.25B
L.E.10 g per | 4.97A 41.28A 6.01A 7.09A
ETc-100%XL.E.0 g per 3.86f 33.86f 4.91f 6.01f
ETc-100%XL.E.5 g per 4.74c 39.01c 5.67c 6.67cC
ETc-100%XL.E.10 g 5.41a 44.81a 6.69a 7.83a
ETc-75%XL.E.0 g per | 3.59h 31.65h 4.60g 5.45h
ETc-75%XL.E.5 g per | 4.43d 36.37d 5.37d 6.42d
ETc-75%XL.E.10 g per 5.24h 43.62b 6.29b 7.30b
ETc-50%XL.E.O g per | 3.32i 30.38i 4.23h 5.21i
ETc-50%XL.E.5 g per | 3.71g 32.50g 4.729 5.679
ETc-50%XL.E.10 g per 4.27e 35.42¢ 5.06e 6.14e
Second season (2023/2024)
ETc-00% 4.72A 40.13A 5.88A 6.94A
ETc-75% 4.41B 38.28B 5.49B 6.63B
ETc-50% 3.79C 33.79C 4.66C 5.70C
L.E.Og per 3.68C 33.14C 4.54C 5.52C
L.E.5g perl 4.26B 37.69B 5.40B 6.42B
L.E.10 g per | 4.97A 41.37A 6.09A 7.33A
ETc-100%XL.E.0 g per 4.09f 35.55f 4.95f 5.91f
ETc-100%XL.E.5 g per 4.66¢ 40.18c 5.95¢c 6.97c
ETc-100%XL.E.10 g 5.41a 44.66a 6.74a 7.96a
ETc-75%XL.E.O g per | 3.61g 33.33h 4.54¢ 5.45h
ETc-75%XL.E.5 g per | 4.44d 38.73d 5.61d 6.71d
ETc-75%XL.E.10 g per 5.16b 42.76b 6.33b 7.71b
ETc-50%XL.E.0 g per | 3.35h 30.55i 4.14h 5.20i
ETc-50%XL.E.5 g per | 3.699 34.15¢g 4.64q 5.58¢g
ETc-50%XL.E.10 g per 4.33e 36.68e 5.20e 6.30e

ETc = Evapotranspiration, L. E.= licorice extract

Mean followed by the same letter\s within each column are not significantly different from each other at 0.5%

level.

Spike weight, spike length, number of grains per
spike and grain yield ton per feddan

According to the results in Table (5), spike weight
decreased dramatically from 3.10 and 3.09 g to 2.69
and 2.65 g in the first and second seasons,
respectively, when the amount of irrigation water
was reduced from 100% to 50% of ETc.
Furthermore, the greatest results were obtained by
spraying 10 g of licorice extract per liter, reaching
3.20 and 3.19 g, as opposed to 2.61 and 2.61 g for
licorice extract O g per liter in the first and second
seasons, respectively. Furthermore, the highest
values were obtained by spraying 10 g of licorice
extract per liter together with 100% ETc of water
irrigation; these values reached 3.44 and 3.45 g in
the first and second seasons, respectively. In the first
and second seasons, respectively, licorice extract 10
g per | ppm with 75% ETc of water irrigation gained
3.28 and 3.32 g, surpassing the (control) licorice
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extract O g per | with 100% ETc of water irrigation
(2.77 and 2.74 g). Additionally, spike length (cm)
decreased to minimal values of 9.57 and 9.63 cm
with 50% ETc, while in the first and second
seasons, it was 11.38 and 11.34 cm with 100% ETc,
respectively. Furthermore, the highest values were
obtained by spraying 10 g of licorice extract per
liter, reaching 11.80 and 11.78 cm, in contrast to
licorice extract 0 g per liter, which recorded 9.36
and 9.30 cm in the first and second seasons,
respectively. Additionally, the highest values were
achieved in the first and second seasons, reaching
12.70 and 12.76 cm, respectively, when licorice
extract (10 g per I) was sprayed in conjunction with
100% ETc water irrigation. The (control) licorice
extract 0 g per | with 100% ETc of water irrigation
recorded 10.19 and 10.00 cm in the first and second
seasons, respectively, while licorice extract 10 g per
I with 75% ETc of water irrigation acquired 12.25
and 12.22 cm. Data showed that in the first and
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second seasons, respectively, the number of grains
per spike fell when the amount of irrigation water
was reduced to 50% ETc (41.99 and 46.07) as
opposed to 54.08% and 56.40% with 100% ETc.
Furthermore, in comparison to licorice extract 0 g
per | in the first and second seasons, respectively,
spraying 10 g per | of licorice extract produced the
greatest results, reaching 57.37 and 59.40.
Additionally, the highest values-64.53 and 64.26 in
the first and second seasons, respectively were
obtained by spraying 10 g of licorice extract per liter
in conjunction with 100% ETc water irrigation. The
(control) licorice extract 0 g per | with 100% ETc of
water irrigation recorded 43.37 and 49.20 in the first
and second seasons, respectively, while licorice
extract 10 g per | with 75% ETc of water irrigation
gained 61.86 and 62.46. According to the same
pattern, data showed that in the first and second
seasons, respectively, grain yield ton per feddan
(1.00 and 1.11 tons) was lower when irrigation
water levels were reduced to 50% ETc than when
100% ETc was used. Furthermore, compared to
licorice extract O g per | in the first and second
seasons, respectively, spraying 10 g per | of licorice
extract produced the highest results, reaching 2.02
and 2.20 tons. Furthermore, the highest values of
2.62 and 2.67 tons were obtained in the first and
second seasons, respectively, when licorice extract
(10 g per ) was sprayed in conjunction with 100%
ETc water irrigation. The (control) licorice extract 0
g per | with 100% ETc of water irrigation recorded
1.17 and 1.35 tons in the first and second seasons,
respectively, while licorice extract 10 g per | with
75% ETc of water irrigation gained 2.14 and 2.42
tons. Contrary to the yield results, the data showed
that the trait water productivity was the largest in
the first and second seasons, respectively, when
irrigation water levels were reduced to 75% and
50% ETc which recorded 1.74 and 1.73 compared to
using 100% ETc which recorded 1.59. the same
trend was achieved in both seasons. Moreover,
compared to licorice extract 0 g per | in the first and
second seasons, respectively, spraying 10 g per | of
licorice extract produced the highest results,
reaching 2.34 and 2.50 of water productivity. In
addition, the highest values of water productivity
reached 2.47 and 2.71 in the first and second
seasons, respectively, when licorice extract (10 g
per 1) was sprayed in conjunction with 75% ETc
water irrigation.

Chemical composition, pigments and proline leaf
content According to Table (6), 50% ETc had an
impact on the chemical composition of leaves,
reaching 0.737, 0.058, and 1.453 percent, while

100% ETc had an impact on N, P, and K, reaching
1.141, 0.076, and 1.856 percent, respectively.
Furthermore, a 10 g per | application of licorice
extract changed the chemical composition of the
leaves, reaching 1.237, 0.079, and 1.943 percent N,
P, and K, respectively. It is evident that the highest
values for N, P, and K were obtained by spraying 10
g of licorice extract per liter with 100% ETc of
irrigation water; these values were 1.466, 0.090, and
2.12%, respectively. Additionally, applying 10 g of
licorice extract per liter with 75% ETc of irrigation
water resulted in gains of 1.323, 0.083, and 2.032%
for N, P, and K, respectively, which were
statistically greater than or equal to (control). In
contrast, applying 0 g of licorice extract per liter
with 100% ETc of irrigation water produced gains
of 0.833, 0.062, and 1.574 % for N, P, and K,
respectively. The pigments in the leaves followed
the same pattern. In both seasons, this was accurate.
Conversely, proline leaf content rose as irrigation
water level decreased from ETc 100% to ETc 50%
of water irrigation. It's worth noting that proline
content rose as irrigation water quantity decreased.
At 50% ETc, the proline concentration rose to 12.60
pg/moles of fresh leaf, while at 100% ETc, it was
8.77 pg/moles of fresh leaf. Furthermore, when 10 g
of licorice extract per liter was applied, the proline
level decreased to 7.72 pg/moles of fresh leaf. As a
result, the lowest proline concentration values (5.41
K g/moles of fresh leaf) were obtained when licorice
extract (10 g per I) was sprayed with 100% ETc of
irrigation water. Additionally, 10.96 pg/moles of
fresh leaf were obtained using 10 g of licorice
extract per liter with 50% ETc of irrigation water. In
both seasons, this was accurate.

Discussion

According to the data in Table (3 and 4), the plant
height, number of plants per m2, numbers of tillers
per plant, number of leaves per plant, leaf area m2,
shoot dry weight and root dry weight were dropped
dramatically, when the irrigation water volume was
reduced from 100% to 50% of ETc for irrigation
water quantities factor. As for the spray factor with
licorice extract, these qualities obtained the highest
values by spraying 10 g of licorice extract per liter,
as opposed to licorice extract 0 g per liter. As for the
interaction between the two factors, the highest
results were obtained by spraying 10 g of licorice
extract per liter with ETc 100% of water irrigation,
but licorice extract 10 g per | with 75% ETc of water
irrigation surpassing the control licorice extract 0 g
per | with 100% ETc of water irrigation.
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Table 5. Effect of irrigation water levels and spraying with different concentrations of licorice extract on
spike weight, spike length, number of grains per spike and grain yield ton per feddan of wheat c.v.
Sakha 93.

arameters Spike Spike Number of Grain yield ton Water
Treatments weight length  grains per spike per feddan productivity
(@) (cm)

First season (2022/2023)

ETc-100% 3.10A 11.38A 54.08A 1.84A 1.59B
ETc-75% 2.96B 10.71B 51.05B 1.50B 1.74A
ETc-50% 2.69C 9.57C 41.99C 1.00C 1.73A
L.E.Og perl 2.61C 9.36C 40.75C 0.90C 1.06C
L.E.5 g per| 2.93B 10.51B 49.00B 1.42B 1.66B
L.E.10 g per| 3.20A 11.80A 57.37A 2.02A 2.34A
ETc-100%XL.E.0 g per 2.77f 10.19f 43.37f 1.17f 1.01f
ETc-100%XL.E.5 a ner 3.10c 11.26¢ 54.33c 1.72¢c 1.49d
ETc-100%XL.E.10 g 3.44a 12.70a 64.53a 2.62a 2.27b
ETc-75%XL.E.O g per | 2.60h 9.09h 40.10h 0.84h 0.97f
ETc-75%XL.E.5 g per | 2.99d 10.80d 51.21d 1.54d 1.77c
ETc-75%XL.E.10 a per 3.28b 12.25b 61.86b 2.14b 2.47a
ETc-50%XL.E.O g per | 2.48i 8.81i 38.78i 0.69i 1.20e
ETc-50%XL.E.5 g per | 2.70g 9.47¢g 41.47¢9 1.00g 1.73c
ETc-50%XL.E.10 g per 2.88e 10.43e 45.73e 1.32¢ 2.28b

Second season (2023/2024)

ETc-00% 3.00A  11.34A 56.40A 1.97A 1.66B
ETc-75% 204B  10.69B 53.20B 1.67B 1.87A
ETc-50% 2.65C 9.63C 46.07C 1.11C 1.87A
L.E.0 g per | 261C  9.30C 44.49C 0.98C 1.09C
L.E5gperl 2.87B 10.58B 51.87B 1.57B 1.80B
L.E.10g per| 3.19A 11.78A 59.40A 2.20A 2.50A
ETc-1009%XL.E.0 g per | 2.74f 10.00f 49.20f 1.35f 1.14g
- [0)
ETc-10096XL.ES5 g per | 3.08¢ 11.27¢ 55.75¢ 1.89¢ 1.59f
ETc-100%XL.E.10 |
oo g per 3452 12.76a 64.26a 2.67a 2.24c
ETC-75%XL.EOgperl  , gqp 9.13h 44.26h 0.93h 1.04h
- 0,
ETc-75%XL.E.5 g per | 293d  10.73d 53.14d 1.65d 1.85¢
FTC'75%X'--E-1O g per 3320 12.22b 62.46b 2.42b 2.71a
ETc-50%XL.E.0 g per | 2 51i 8.77i 40.01i 0.65i 1.09h
ETCS0%XLESgperl 5659 9749 46.73g 1169 1.954
- 0,
ETc-50%XL.E10g per| 28le 1037 51.47¢ 1.5% 2.56b

ETc = Evapotranspiration, L. E.= licorice extract

Mean followed by the same letter\s within each column are not significantly different from each other at 0.5% level.
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Table 6. Effect of irrigation water levels and spraying with different concentrations of licorice extract
chemical composition, pigments and proline leaf contents of wheat c.v. Sakha 93.

Parameters N% P% K% SPAD chll Proline
(um/F.W.9)
Treatments
First season (2022/2023)
ETc-100% 1.141A 0.076A 1.856A 46.26A 8.77C
ETc-75% 1.029B 0.070B 1.735B 43.46B 9.97B
ETc-50% 0.737C 0.058C 1.453C 38.14C 12.60A
L.E.O g per | 0.684C 0.056C 1.410C 36.88C 12.95A
L.E.5 g per| 0.985B 0.069B 1.692B 42.73B 10.66B
L.E.10 g per | 1.237A 0.079A 1.943A 48.24A 7.72C
ETc-100%XL.E.O g per | 0.833f 0.062d 1.574f 39.78f 11.57c
ETc-100%XL.E.5 g per | 1.126¢ 0.077c 1.869c 45.86¢ 9.32¢
ETc-100%XL.E.10 g per | 1.466a 0.090a 2.126a 53.13a 5.41g
ETc-75%XL.E.0 g per | 0.692h 0.055e 1.403h 36.89h 12.78b
ETc-75%XL.E.5 g per | 1.070d 0.074c 1.770d 43.88d 10.33d
ETc-75%XL.E.10 g per | 1.323b 0.083b 2.032b 49.62b 6.80f
ETc-50%XL.E.0 g per | 0.528i 0.052¢ 1.253i 33.98i 14.51a
ETc-50%XL.E.5 g per | 0.760g 0.058¢e 1.438¢ 38.44g 12.33b
ETc-50%XL.E.10 g per | 0.922¢ 0.065d 1.669¢ 41.99% 10.96d
Second season (2023/2024)

ETc-00% 1.178A 0.076A 1.827A 45.23A 9.01C
ETc-75% 1.029B 0.071B 1.678B 42.35B 10.57B
ETc-50% 0.754C 0.059C 1.417C 36.40C 13.10A
L.E.O g per| 0.682C 0.057C 1.379C 34.94C 13.64A
L.E.5g per| 1.007B 0.068B 1.648B 41.11B 11.13B
L.E.10 g per | 1.271A 0.080A 1.896A 47.93A 7.91C
ETc-100%XL.E.O g per | 0.847f 0.064f 1.524f 38.14f 11.97d
ETc-100%XL.E.5 g per | 1.213c 0.075¢c 1.828¢c 44.45¢ 9.76f
ETc-100%XL.E.10 g per | 1.473a 0.089% 2.128a 53.11a 5.30h
ETc-75%XL.E.0 g per | 0.658h 0.055h 1.364h 34.28h 14.12b
ETc-75%XL.E.5 g per | 1.081d 0.073d 1.704d 42.90d 10.62e
ETc-75%XL.E.10 g per | 1.347b 0.084b 1.965b 49.87b 6.97¢
ETc-50%XL.E.0 g per | 0.541i 0.052i 1.248i 32.40i 14.85a
ETc-50%XL.E.5 g per | 0.727g 0.058¢g 14119 35.98¢g 13.00c
ETc-50%XL.E.10 g per | 0.993e 0.068e 1.593e 40.81e 11.46d

ETc = Evapotranspiration, L. E.= licorice extract

Mean followed by the same letter\s within each column are not significantly different from each other at 0.5% level.

The results presented in Table (5) indicates that, the
spike weight, spike length, number of grains per
spike and grain vyield ton per feddan were
experienced a significant decline when the irrigation
water volume was decreased from 100% to 50% of
ETc, on contrary the water productivity was the
largest, when irrigation water levels were reduced to
75% and 50% ETc for irrigation water amounts
factor. Regarding the spray factor, spraying 10 g of
licorice extract per liter had the best results in terms
of the spray factor. In addition, for the interaction
between the two factors, spraying 10 g of licorice
extract per liter with ETc 100% of water irrigation
had the best results in terms of the spray factor;
however, licorice extract 10 g per liter with 75%

ETc of water irrigation outperformed the control
licorice extract O g per liter with 100% ETc of water
irrigation. Moreover, the water productivity get the
highest values with the interaction between licorice
extract 10 g per liter with 75% ETc of water
irrigation.

According to the results shown in Table (6), when
the irrigation water volume was reduced from 100%
to 50% of ETc, N, P, K and chlorophyll showed a
significant decline; conversely, when irrigation
water levels were decreased to 75% and 50% ETc
for irrigation water amounts factor, proline was the
largest. In addition, the best results in terms of spray
factor were obtained by spraying 10 g of licorice
extract per liter, but proline achieved a different
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trend, as the greatest results were with spraying 0 g
of licorice extract per liter. In addition, for the
interaction between the two factors, spraying 10 g of
licorice extract per liter with ETc 100% of water
irrigation had the best results in terms of the spray
factor; however, licorice extract 10 g per liter with
75% ETc of water irrigation outperformed the
control licorice extract O g per liter with 100% ETc
of water irrigation. Moreover, the proline gets the
highest values with the interaction between licorice
extract 0 g per liter with 50% ETc of water
irrigation.

In this respect, our results are in agreement with
those obtained by other researchers Farouk et al.,
2011, Sheikha and Al-Malki, 2011; Malekpoor et
al., 2016; Mustafa et al., 2017; Astaneh et al., 2018;
Rouphael and Colla, 2018; Taha et al., 2019;
Rouphael and Colla, 2020; EI-Gohary et al., 2021
and Younes et al., 2021.

When compared to the control, licorice root extract
often showed the highest significant results.
Accordingly, the licorice extract has roughly 100
different chemicals, some of which are concentrated
in high concentrations. The most important of these
are phenolic, flavonoid, and triterpene saponins,
including glycyrrhizin (Shibata, 2000; Shabani et al.,
2009 and El-Gohary et al., 2021). Protein, amino
acid (asparagine), monosaccharide, tannins, lignins,
starch, phytosterols, choline, various vitamins
(particularly B1, B2, B3, B6, C, and E), biotin, folic
acid, pantothenic acid, numerous minerals (Al, Ca,
Fe, Mg, Co, Zn, P, Na, Si, K, and Sn), and bitter
principles are also present in licorice extract
(Arystanova et al., 2001 and EI-Gohary et al., 2021).
Furthermore, Sabry et al. (2009) discovered that
licorice root extract has a variety of minerals, amino
acids, vitamins, carbohydrates, and nitrogen, as well
as certain chemicals that function similarly to
growth promoters. Mevalonic acid, which is used in
the manufacture of gibberellin, is also present.

Conclusion

Finally, the results clearly confirm through studying
the quantities of water added to the feddan during
the season that, the best results were always in favor
of the highest irrigation levels ever, 100% of ETc,
except for the water productivity trait, which was in
favor of the lowest irrigation quantities, 50% and
75% of ETc. spraying application with licorice
extract 10 grams per liter, the values of wheat
growth indicators and crop quantity increased in
addition to water productivity. By studying the
interaction between the two factors (irrigation water
quantities and spraying concentrations with licorice
extract), it was found that the best results were
always in favor of the interaction between 100% of
evapotranspiration and spraying with 10 grams of
licorice extract, except for the water productivity
trait, where the best results were with irrigation with
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75% of ETc and spraying application with 10 grams
of licorice extract. Therefore, we recommend
irrigation with 75% of evapotranspiration and
spraying with 10 grams of licorice extract, as it
achieves economic productivity while saving 25% of
irrigation water, this is very important and necessary
because of the scarcity of water nowadays.
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