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ABSTRACT

Water scarcity poses a major environmental challenge affecting plant growth and productivity, especially
in arid and semi-arid regions like Egypt. This study evaluates the response of loquat (Eriobotrya japonica)
seedlings to water deficit stress under three irrigation regimes [100%, 66% and 33% of full irrigation
requirements (FIR)] and six foliar treatments, including tap water (  control ), ascorbic acid, salicylic acid,
glutathione, potassium silicate and kaolin aiming to enhance the plant’s stress tolerance. Growth parameters (i.e.,
plant height and leaf area), photosynthetic pigments (chlorophyll a and b) and leaf nutrient content (N, P, K)
were measured 60 days after treatment initiation. Also, biochemical analyses were conducted to assess
antioxidant activity, including enzymatic antioxidants [Superoxide Dismutase, (SOD), catalase (CAT) and
Ascorbate Peroxidase (APX)], non-enzymatic antioxidants (total phenol) and malondialdehyde (MDA) levels as a
marker of lipid peroxidation and cellular damage. Antioxidant enzyme activities and malondialdehyde (MDA)
levels were re-evaluated after two months to monitor adaptive responses to prolonged stress conditions.
Preliminary results indicate that reducing irrigation levels to 66% and 33% of FIR notably decreased vegetative
growth, while specific foliar treatments mitigated oxidative stress damage by enhancing antioxidant activity, with
glutathione being the most effective followed by potassium silicate, ascorbic acid, salicylic acid and letely kaolin.
Overall, the findings demonstrate the potential of targeted foliar treatments to improve drought tolerance in loquat
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seedlings, offering valuable insights for sustainable crop management in water-limited environment conditions.

Keywords: Drought, Malondialdehyde, Oxidative stress, Sustainable agriculture

INTRODUCTION

Loquat trees (Eriobotrya japonica) are valuable fruit
trees with notable nutritional and economic importance,
particularly in Egypt. Their fruits are rich in essential
nutrients such as vitamins, minerals and fiber, making them
highly sought after in local markets due to their nutritional
benefits (Ali et al. 2021). Loquat cultivation plays an
important role in boosting food security and agricultural
diversity in the country, thereby enhancing the value of fruit
production (Sagar et al. 2020).

However, loquat trees are significantly challenged by
drought, a growing concern for agriculture in Egypt,
especially in arid and semi-arid regions. Water scarcity
severely impacts tree productivity and fruit quality, often
triggering an increase in the production of free radicals and
reactive oxygen species (ROS) within plant tissues, such as
hydrogen peroxide and superoxide radicals. This oxidative
stress can cause lipid peroxidation, protein denaturation, and
damage to nucleic acids, ultimately compromising the health
and productivity of the plant (Wang et al. 2021&2023).

To mitigate the adverse effects of water stress, foliar
applications of various substances have shown potential for
enhancing plant tolerance. Ascorbic acid (vitamin C) is a natural
antioxidant that can effectively reduce free radical levels and
improve stress resilience (Penella et al. 2017). Salicylic acid
plays an important role in stimulating plant defense mechanisms
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and enhancing drought tolerance (Farhan and Rehman, 2023).
Glutathione, another vital compound, aids in reducing oxidative
stress, thereby enhancing plant resilience (Doklega et al. 2024).
Potassium silicate strengthens cell walls and enhances water
retention capacity (Mosa et al. 2022), while kaolin forms a
protective layer on the leaf surface, reducing water loss and
alleviating stress (Mahmoudian et al. 2021).

Therefore, this study aims to evaluate the impact of
water deficit on growth and leaf composition in loquat trees
and to investigate the effectiveness of foliar treatments in
alleviating drought-induced damage, improving drought
tolerance and recommending the best foliar application.

MATERIALS AND METHODS

Plant Material and Experimental Location: One-year-old
loquat seedlings (Eriobotrya japonica. Cv. Gold Nugget),
grafted on quince rootstock, were obtained from a private
nursery. The seedlings were selected for uniformity in size
and health to ensure consistent experimental conditions. The
trial was executed at a private farm located in Met Antar
village, Talkha district, El-Dakahlia Governorate, Egypt
during two successive seasons (2022 and 2023).

Experimental Design and Treatments: The experimental
design was a split plot with 5 replicates. The seedlings were
subjected to three irrigation regimes, representing different
levels of water deficit as the main factor: 100% (control), 66%
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and 33% of the Full Irrigation Requirement (FIR). In addition,

six foliar treatments were applied as a sub-main factor: tap water

(control), ascorbic acid (100 mgL™?), salicylic acid(100 mgL?,

glutathione (50 mgL™), potassium silicate (0.5%) and kaolin

(2%). All foliar treatment solutions were prepared according to

concentrations recommended in previous literature, ensuring

optimal effectiveness, and the required chemicals were sourced

from the Egyptian commercial market.

Irrigation Treatments: Three irrigation treatments were

applied to the loquat seedlings to simulate different levels of

water deficit stress. The treatments included:

© 100% Full Irrigation Requirement (FIR): This served as
the control and provided the full water requirement for
optimal growth conditions.

¢ 66% FIR: This moderate water deficit level provided two-
thirds of the full irrigation requirement to simulate
moderate drought conditions.

® 33% FIR: This severe water deficit treatment provided
only one-third of the full irrigation requirement to create
high-stress conditions.

Irrigation amounts were calculated based on the loquat
seedlings' estimated water requirements, with each treatment
adjusted to match the specified percentage of FIR. The irrigation
schedule was consistently maintained to ensure accurate and
uniform stress levels across all replicates.

Tablel. Measurements during the studied stages

Each irrigation regime was designed to replicate real-
world scenarios with varying water availability, allowing for
an assessment of the loguat seedlings' tolerance to water
stress at different hydration levels. This approach provided
insights into the plant’s response mechanisms under reduced
water availability, as well as the effectiveness of the foliar
treatments in enhancing drought resilience.

Foliar Applications: Foliar applications were performed five
times throughout the experiment, with a 10 days interval. The
spray treatments were carefully applied to ensure complete
coverage of the foliage, avoiding runoff. Applications were
conducted in the early morning to maximize absorption and
minimize evaporation. The first foliar time was after seedlings
transportation immediately (one year old for seedlings).
Sampling Schedule: Samples for measuring vegetative growth
parameters, photosynthitic pigments and leaf nutrient content
were collected 60 days after initiating the treatments. At the
same time, biochemical analyses were conducted to assess
enzymatic antioxidants, non-enzymatic antioxidants, and
malondialdehyde levels, which serve as an indicator of lipid
peroxidation and cellular damage.To monitor changes over
time, enzymatic antioxidant activity and MDA levels were re-
evaluated two months later to observe any adaptive responses to
prolonged water deficit stress (Table 1).

Parameters Methods References
At 60 days after treatment initiation

Plant height (cm), seedling fresh and dry weights (g) Manually e
Leaf area (LA,cm? plantlf LA=Length x Widthx Correction factor [1]
Chlorophyll a & b (mg g* FW) Spectrophotometrically, using acetone [2]
Digestion of leaves Using a mixture of HCIO4 + H2SO4 [3]

. Micro-Kjeldahl (for N), spectrophotometric (for P) and flame
Loquat leaf chemical NPK (%DW) photometer (for K) [4]
At 60 and 120 days after treatment initiation

Malondialdehyde (MDA, nmol.g?h) 5
Phenol, mg GAE/g : 6
Superoxide Dismutase (SOD), catalase (CAT) and Ascorbate Spectrophotometrically 7

Peroxidase (APX), unit mg*

List of refs: [1] Garnier et al. (2001), [2] Wellburn (1994),[3]
Peterburgski (1968),[4] Walinga et al. (2013), [5] Valenzuela
(1991), [6] Robards, (2003), [7] Elavarthi and Martin, (2010)

Statistical Analysis: Data collected in this study were analyzed
using analysis of variance (ANOVA), following procedures
outlined by Gomez and Gomez (1984). The least significant
difference (L.S.D) method was used to determine the
differences between treatment means at the probability of <
0.05. The analysis was performed using the CoStat software
package (CoHort Version 6.303, CoHort, USA, 1998-2004).

RESULTS AND DISCUSSION

Growth Parameters

Tables 2 and 3 present the effects of different irrigation
regimes, with varying levels of full irrigation requirements (FIR)
and foliar spray treatments on the vegetative growth parameters
of loquat seedlings. The parameters measured include plant
height (cm), seedling fresh weight (F.W, g), seedling dry weight
(D.W, g), and leaf area (cm? plant?).
Effect of irrigation regimes: The data reveal a clear trend
of reduced growth with decreasing irrigation levels.
Seedlings irrigated with 100% of FIR exhibited the highest
growth parameters across all measured traits, with
significant differences compared to the 66% and 33% FIR

treatments. For instance, the average plant height under
100% FIR was 84.10 cm, which was significantly greater
than the 77.98 cm recorded under 66% FIR, and 66.35 cm
observed under 33% FIR. Similarly, seedling fresh weight,
dry weight, and leaf area showed the same pattern, with the
33% FIR treatment consistently displaying the lowest values
for all parameters. This decline in growth with reduced
irrigation aligns with previous studies indicating that water
stress limits plant growth by reducing cellular processes and
nutrient uptake (Wang et al. 2021&2023). The same trend
was found during both studied seasons.

Effect of foliar treatments: In terms of foliar treatments,
glutathione showed the most positive impact on growth
parameters, leading to the highest values for plant height (81.23
cm), fresh weight (104.53 g), dry weight (23.64 g), and leaf area
(115.10 cm?). This suggests that glutathione’s role as a powerful
antioxidant may play a crucial role in mitigating the oxidative
damage caused by water deficit stress (Doklega et al. 2024).
Following glutathione, potassium silicate and ascorbic acid also
had significant positive effects on growth, likely due to their
roles in improving cellular integrity and enhancing stress
tolerance through antioxidant mechanisms (Mosa et al. 2022).
The salicylic acid treatment came in the fourth order due to its
role as antioxidant (Farhan and Rehman, 2023). The kaolin
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treatment, while beneficial, was less effective compared to these
antioxidants, reflecting its primary role in reducing water loss
through its physical properties rather than directly enhancing
cellular protection (Mahmoudian et al. 2021). The control (tap
water) treatment exhibited the lowest growth across all
parameters, supporting the notion that water stress without any
additional treatments negatively affects the plant’s ability to
grow and develop. The same trend was found during both
studied seasons.

Table 2. Effect of different irrigation regimes [various
levels of full irrigation requirements (FIR)] and
spraying different stimulants on vegetative
growth parameters of loquat seedlings during
the first season

Plant Seedlin Seedlin  Leaf

Treatments height, g F.W, g D.W, area, cm?
cm g g plant?!
Main factor
1009 0f FIR 84.10a 108.83a 24.93a 118.40a
669, of FIR 77.98b 101.75b 23.18b 114.30b
33%0f FIR 66.35c 81.26c 16.88c 99.78c
LSD at 5% 353 325 005 112
Sub main factor
Control (Tap water) 68.99e 84.83e 18.75f 104.27d
Kaolin (2%) 73.83d 94.77d 20.76e 109.24c
Salicylicacid (100 mgL™%) 7564cd 97.74c 21.42d 110.54c
Ascorbic acid (100 mgL™) 7741bc 9984bc 22.42c 112.05b
Potassium silicate (0.5%) 79.76ab 101.96ab 22.99b 113.74a
Glutathione (50 mgL?) 81.23a 104.53a 23.64a 115.10a
LSD at 5% 323 290 027 1.36
Interaction

Control (Tap water) 72.78 90.69 2129 11051

Kaolin 8229 11094 2471 119.20

1004 0f Salicylic acid 84.60 11117 2482 119.36
FIR Ascorbic acid 86.59 11156 2564 119.70
Potassium silicate 8790 11265 26.16 120.24
Glutathione 9043 11596 2696 121.37

Control (Tap water) 7253 90.19 2033 107.28

Kaolin 7643 9749 2224 11174

66 o,0f  Salicylic acid 7713 101.69 2321 11399
FIR Ascorbic acid 79.03 10424 2419 116.33
Potassium silicate 81.06 10750 24.47 117.43
Glutathione 8172 109.37 24.65 119.03

Control (Tap water) 61.66 73.60 1463 95.03

Kaolin 62.78 7589 1532 96.77

33yo0f Salicylic acid 65.18 80.36 1623 98.27
FIR Ascorbic acid 66.60 83.73 1744 100.13
Potassium silicate 7033 8572 1834 10356
Glutathione 7154 8827 1932 10491

LSD at 5% 559 502 047 2.37

Means within the same column followed by a different letter (s) are
statistically different at the probability of 0.05 level

Interaction effect: When analyzing the interaction between
irrigation levels and foliar treatments, interesting trends
emerge. In the case of the 66% FIR treatment, seedlings that
received the studied substances exhibited significantly
higher growth than those receiving the control (tap water),
even surpassing the 100% FIR treatment with water alone.
This suggests that foliar applications, particularly those
enhancing antioxidant systems, can partially alleviate the
growth limitations imposed by reduced irrigation. These
findings align with research by Mahmoudian et al. (2021),
Mosa et al. (2022), Farhan and Rehman, (2023) and
Doklega et al. (2024), which highlighted the role of
antioxidants in enhancing water stress tolerance by reducing
oxidative damage. These results indicate that foliar sprays
not only support growth under reduced irrigation conditions
but can also be more effective than full irrigation alone when

coupled with appropriate treatments. The same trend was
found during both studied seasons.

Table 3. Effect of different irrigation regimes [various
levels of full irrigation requirements (FIR)] and
spraying different stimulants on vegetative
growth parameters of loquat seedlings during
the second season

Plant Seedlin Seedlin  Leaf

Treatments height, g F.W, gD.W, area, cm?
cm g g plant?
Main factor
1004 0f FIR 87.13a 112.15a 25.99a 123.95a
669 0f FIR 79.64b 104.29b 24.09b 119.93b
33%0f FIR 67.65c 83.14c 17.58c 104.84c
LSD at 5% 054 021 016 117
Sub main factor
Control (Tap water) 71.01f 87.82f 19.51f 109.4%
Kaolin (2%) 76.18e 97.52e 21.62e 114.73d
Salicylicacid (100 mgL™) 77.92d 99.80d 22.29d 115.93cd
Ascorbic acid (100 mgL™) 79.39¢ 101.77¢ 23.33c 117.26¢
Potassium silicate (0.5%) 81.36b 104.08b 23.91b 119.20b
Glutathione (50 mgL™) 82.97a 108.17a 24.64a 120.85a
LSD at 5% 071 124 030 143
Interaction

Control (Tap water) 76.12 94.68 2217 116.22

Kaolin 86.24 11563 2577 125.09

1009 0f Salicylic acid 88.76 11334 2587 125.16
FIR Ascorbic acid 89.61 11373 2673 12395
Potassium silicate 89.68 11515 27.19 126.11
Glutathione 92.34 12037 2820 127.21

Control (Tap water) 7406 92.09 21.16 11248

Kaolin 7831 9953 2314 11731

66 w0f Salicylic acid 7856 10418 24.09 119.82
FIR Ascorbic acid 80.61 10624 2509 12217
Potassium silicate 82.78 10955 2543 123.07
Glutathione 8353 11416 2564 124.75

Control (Tap water) 62.85 76.69 1521 99.78

Kaolin 6398 7740 1595 101.79

330f Salicylic acid 6643 8189 1693 10281
FIR Ascorbic acid 6794 8533 1818 105.65
Potassium silicate 7162 8754 19.12 10843
Glutathione 7305 89.98 2007 110.60

LSD at 5% 123 216 052 248

Means within the same column followed by a different letter (s) are
statistically different at the probability of 0.05 level
Photosynthetic pigments and chemical constituents in leaves
Tables 4 and 5 illustrate the effects of various irrigation
regimes (different levels of Full irrigation requirements, FIR)
and foliar stimulant treatments on the photosynthetic pigments
(chlorophyll a & b, mg g*) and chemical constituents in the
leaves (N, P, K, %) of loguat seedlings.
Effect of irrigation regimes: Data from Tables 4 and 5 clearly
show a trend of declining photosynthetic pigment and chemical
constituent content as the irrigation levels decrease. In the first
season, seedlings receiving 100% of FIR exhibited the highest
values for chlorophyll a (0.617 mg g%, chlorophyll b (0.444 mg
g?), nitrogen (2.67%), phosphorus (0.376%) and potassium
(2.33%), significantly outperforming the 66% and 33% FIR
treatments. This suggests that full irrigation ensures optimal
plant water status, which is critical for maintaining high levels of
photosynthetic pigments and nutrients essential for plant growth
and metabolism. As water availability decreases, photosynthetic
efficiency and nutrient uptake are likely restricted, leading to
reduced chlorophyll content and nutrient levels, as seen in the
33% FIR treatment where chlorophyll a and b levels were
significantly lower (0.537 mg g™ and 0.369 mg g, respectively).
Similar results were also found in the second season.
Effect of foliar treatments: Among the foliar treatments,
glutathione consistently promoted the highest levels of
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chlorophyll a, chlorophyll b, nitrogen, phosphorus, and
potassium. This treatment, known for its antioxidant properties,
appears to effectively mitigate oxidative stress induced by water
scarcity, thereby enhancing photosynthetic capacity and nutrient
assimilation. Following glutathione, potassium silicate also
showed considerable benefits, particularly in improving
potassium content (2.15% in 1% season) and chlorophyll levels
(0.597 mg g* for chlorophyll a and 0.420 mg g for chlorophyll
b in 1% season). This is in line with research suggesting that
potassium silicate strengthens plant cell walls, increases water
use efficiency, and may enhance photosynthetic efficiency
under stress conditions. On the other hand, kaolin, a reflective
agent used to reduce water loss, improved the chlorophyil
content and nutrients moderately but was less effective than
glutathione and potassium silicate. Ascorbic acid and salicylic
acid treatments showed intermediate improvements in pigment
and nutrient levels, with both treatments contributing to
enhanced chlorophyll content. Similar results were also
observed in the second season.

Table 4. Effect of different irrigation regimes [various levels
of fullirrigation requirements (FIR)] and spraying
different stimulants on photosynthetic pigments
and chemical constituents in leaves of loquat
seedlings in the first season

s 2
2% 2 ° o o
Treatments §-§ §-§ ; i. i
c <
@) (@)
Main factor
100s0f FIR 0617a 0444a 2.67a 0.376a 2.33a
6690f FIR 0593b 0401b 2.38b 0.340b 2.09b
33%0f FIR 0537c 0.369c 197c 0.287c 1.72¢c
LSD at5% 0007 0008 004 0001 0.05
Sub main factor
Control (Tap water) 0551d 0.374f 2.02f 0.299f 1.82d
Kaolin (2%) 0574c 0.396e 2.28e 0.328e 2.00c
Salicylicacid (100 mgL%) 0580c 0.403d 2.35d 0.336d 2.03bc
Ascorbic acid (100 mgL™) 0589% 0410c 242c 0.341c 2.08b
Potassium silicate (0.5%) 0597a 0420b 2.46b 0.347b 2.15a

Glutathione (50 mgL™) 0604a 0425a 252a 0.354a 2.20a
LSD at5% 0008 0004 003 0003 0.06
Interaction

Control (Tapwater) 0572 0381 210 0313 195
Kaolin 0617 0440 270 0380 233
10090f Salicylic acid 0620 0455 274 038 236
FIR  Ascorbic acid 0624 0460 280 0389 240
Potassium silicate 0632 0462 282 0392 247
Glutathione 0641 0468 283 0395 250
Control (Tapwater) 0563 0379 205 0304 192
Kaolin 0581 0383 220 0320 202
66 0f Salicylic acid 0589 0386 235 0338 204
FIR  Ascorbic acid 0603 0400 249 0347 210
Potassium silicate 0610 0425 257 0360 219
Glutathione 0615 0432 265 0373 225
Control (Tapwater) 0520 0363 192 0280 160
Kaolin 0524 0365 194 0283 164
33y0f Salicylic acid 0532 0368 197 0284 171
FIR  Ascorbicacid 0541 0369 198 0288 174
Potassium silicate 0550 0373 200 0290 180
Glutathione 0555 0375 203 0295 186
LSD at5% 0012 0008 005 0006 0.10

Means within the same column followed by a different letter (s) are
statistically different at the probability of 0.05 level

Table 5. Effect of different irrigation regimes [various
levels of full irrigation requirements (FIR)] and
spraying different stimulants on photosynthetic
pigments and chemical constituents in leaves of
loguat seedlings in the second season

< o

s =

So £ X g X
Treatments S5 g5 S S S

SE 5 g Z o X

< e

(@) O

Main factor

100 of FIR 0.642a 0.455a

2.77a 0.382a 2.42a

669, 0f FIR 0.606b 0.409b 2.47b 0.345b 2.16b

33%0f FIR 0.554c  0.379c 2.05c 0.295c 1.79c

LSD at 5% 0.007 0.008 0.06 0.006 0.10
Sub main factor

Control (Tap water) 0.566e 0.384f 2.10e 0.305f 1.89d

Kaolin (2%) 0.589d 0.407e 2.37d 0.331e 2.07c

0.412d 2.45c 0.342d 2.13c
0.419c 2.52bc 0.349¢ 2.16bc

Salicylic acid (100 mgL%) 0.602c
Ascorbic acid (100 mgL™) 0.608bc

Potassium silicate (0.5%) 0.615ab 0.429b 2.55ab 0.356b 2.23ab
Glutathione (50 mgL™) 0.622a 0.434a 2.59a 0.361a 2.27a
LSD at 5% 0.007 0.004 0.07 0.004 0.05
Interaction
Control (Tap water) 0595 0395 221 0.325 2.04
1004, Kaolin 0.641 0457 283 0376 243
of Salicylic acid 0.643 0464 286 0.388 248
FIR Ascorbic acid 0.648 0468 290 0.397 249
Potassium silicate 0.658 0471 288 0400 252
Glutathione 0.667 0478 294 0.404 255
Control (Tap water) 0573 0.388 210 0.309 1.97
66 % Kaolin 0594 0391 226 0.326 2.08
of Salicylic acid 0.603 0394 245 0344 212
FIR Ascorbic acid 0.615 0408 259 0354 218
Potassium silicate 0622 0434 268 0366 229
Glutathione 0.627 0440 276 0372 234
Control (Tap water) 0531 0.370 200 0.281 1.65
334, Kaolin 0533 0373 202 0291 1.70
of Salicylic acid 0559 0379 204 0293 1.78
FIR Ascorbic acid 0563 0381 206 0298 1.80
Potassium silicate 0567 0382 208 0301 187
Glutathione 0573 0386 2.09 0.307 1.93
LSD at 5% 0.012 0.008 0.12 0.008 0.15

Means within the same column followed by a different letter (s) are
statistically different at the probability of 0.05 level

Interaction effect: The interaction between irrigation levels and
foliar treatments revealed that foliar sprays, particularly
glutathione and potassium silicate, had a more pronounced
effect under moderate (66% FIR) and low (33% FIR) irrigation
conditions. For instance, in the 66% FIR treatment during the 1%
season, glutathione significantly increased chlorophyll a (0.615
mg g), chlorophyll b (0.432 mg g™), nitrogen (2.65%) and
potassium (2.25%) levels compared to the control, even
surpassing the 100% FIR treatment with tap water. This
suggests that foliar treatments can alleviate some of the negative
effects of reduced irrigation on photosynthetic efficiency and
nutrient content. In contrast, the 33% FIR treatment exhibited
the lowest values for all parameters, with chlorophyll a (0.520
mg g™, chlorophyll b (0.363 mg g™) and the nutrients nitrogen
(1.92%), phosphorus (0.280%), and potassium (1.60%)
showing significant reductions. However, foliar treatments such
as glutathione still led to improvements in these parameters,
underscoring the importance of antioxidant and nutrient-
supporting compounds in mitigating the effects of water stress.
The obtained results are in harmony with those of Mahmoudian
et al. (2021), Mosa et al. (2022), Farhan and Rehman, (2023)
and Doklega et al. (2024). Similar trends were also found
during the second season.
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Oxidative indicators (Malondialdehyde and phenol)
Tables 6 and 7 display the effects of different
irrigation regimes and foliar stimulant treatments on
oxidative indicators, specifically Malondialdehyde (MDA)
and phenol content in the leaves of loquat seedlings. MDA is

a product of lipid peroxidation, indicating oxidative stress,

while phenols are compounds associated with plant defense

and antioxidative capacity.

Table 6. Effect of different irrigation regimes [various
levels of full irrigation requirements (FIR)] and
spraying different stimulants on oxidative
indicators (Malondialdehyde and phenol) in
leaves of loquat seedlings during the first season

At60daysafter At 120 days after
treatment initiation treatment initiation
Treatments MD. A|1 Phrtre]réol, MD. A’1 Phrtre]réol,
nmol g GAElg nmol g GAE/g
Main factor
100¢ 0f FIR 1394c 4593b 10.60c 42.81b
669, 0f FIR 15.10b 47.04b 1251b 43.76b
33%0f FIR 17.76a 50.8la 1554a 45.96a
LSD at 5% 0.14 2.35 0.17 0.97
Sub main factor
Control (Tap water) 17.14a 4948a 14.65a 45.36a
Kaolin (2%) 15.94b 4846ab 13.45b 44.46b
Salicylicacid (100 mgLY) 1559c 47.97ab 12.80c 44.21bc
Ascorbic acid (100 mgL™) 15.30d 47.54ab 12.43d 43.92cd
Potassium silicate (0.5%)  14.98e 47.21b 12.18¢ 43.67d
Glutathione (50 mgL™) 1465f 46.89b 11.80f 43.43d
LSD at 5% 0.20 2.18 0.18 0.50
Interaction
Control (Tap water) 1620 4753 1355 4449
100+ Kaolin 1365 4574 1092 4290
of * Salicylic acid 1353 4590 994 42.72
FIR Ascorbic acid 1354 4576 9.83 42.45
Potassium silicate 1343  45.46 9.76 42.09
Glutathione 1331 4517 961 42.18
Control (Tap water) 1658 4871 1389  44.76
66 94 Kaolin 1581 4780 1322 4405
of * Salicylic acid 1535 4665 1258 4379
FIR Ascorbic acid 1480 4654 1223 4348
Potassium silicate 1426 4634 1191 43.43
Glutathione 1379 4622 1125 4304
Control (Tap water) 1865 5219 1653  46.83
330, Kaolin 1835 5183 1621 4644
of > Salicylic acid 1789 5137 1587 46.12
FIR Ascorbic acid 1755 5033 1522 4583
Potassium silicate 1726 4983 14.88 45.49
Glutathione 16.84 4930 1454 4507
LSD at 5% 0.34 3.76 0.31 0.87

Means within the same column followed by a different letter (s) are
statistically different at the probability of 0.05 level

Effect of irrigation regimes: The data indicate a significant
increase in both MDA and phenol content as irrigation levels
decrease. In the first season, seedlings irrigated with 100% of
FIR had the lowest MDA (13.94 nmol g™) and phenol (45.93
mg GAE/g) content at 60 days after treatment, and similar
trends were observed at 120 days (10.60 nmol g MDA, 42.81
mg GAE/g phenol). This suggests that full irrigation helps
maintain cellular integrity and reduces oxidative stress in loquat
seedlings. On the other hand, plants subjected to 66% FIR
showed increased oxidative stress, as evidenced by higher
MDA (15.10 nmol g in 1% season) and phenol (47.04 mg
GAE/g in 1% season) content compared to the full irrigation
treatment. The 33% FIR treatment resulted in the highest MDA
(17.76 nmol g in 1% season) and phenol (50.81 mg GAE/g in
1% season) levels, both at 60 and 120 days, which indicates a
higher degree of oxidative stress due to water deficit. These

findings suggest that reduced irrigation negatively impacts the
plant’s antioxidant defense mechanisms, leading to increased
lipid peroxidation and phenolic accumulation. The same trend
was achieved during the second season.

Table 7. Effect of different irrigation regimes [various levels
of full irrigation requirements (FIR)] and spraying
different stimulants on oxidative indicators
(Malondialdehyde and phenol) in leaves of loquat
seedlings during the second season

At60daysafter At 120 days after
treatment initiation treatment initiation
Treatments MD. A’1 Phr%réol, MD. A’1 Phrzre]rglol,
nmol g GAE/g nmol g GAElg
Main factor
100¢0f FIR 1294c 4691c  9.82c 44.10c
669 0f FIR 13.92b 4820b 11.54b 45.10b
33%0f FIR 16.38a 51.89a 14.36a 47.57a
LSD at 5% 0.17 0.12 0.15 0.86
Sub main factor
Control (Tap water) 1580a 50.69a 13.62a 46.77a
Kaolin (2%) 1469b 4952b 12.40b 45.90b
Salicylicacid (100 mgL?t) 14.39c 49.11bc  11.79c  45.62bc
Ascorbic acid (100 mgL™) 14.18d 4856cd 11.42d 45.28cd
Potassium silicate (0.5%) 13.93e 48.22de 11.25e 44.99d
Glutathione (50 mgL™)  13.50f 4791e  10.94f 44.98d
LSD at 5% 0.18 0.60 0.16 0.60
Interaction
Control (Tap water) 15.00  48.62 1276  45.88
1004, Kaolin 1264  46.62 1005 4419
of Salicylic acid 1248  46.98 9.14 43.94
FIR Ascorbic acid 1263  46.66 9.02 43.69
Potassium silicate 1265 46.56 9.04 4322
Glutathione 1226  46.03 8.87 43.68
Control (Tap water) 1524  50.07 1280  46.25
66 9 Kaolin 1456  48.99 1220 4530
of * Salicylic acid 1421  47.88 1159 4499
FIR Ascorbic acid 1365 47.60 1123 4474
Potassium silicate 1316 47.27 10.98 44.85
Glutathione 1273 47.39 1042 4448
Control (Tap water) 17.16  53.38 1530 48.19
330, Kaolin 16.88  52.96 1493 4821
of > Salicylic acid 1649 5247 1464 4792
FIR Ascorbic acid 1626 51.41 1402 4740
Potassium silicate 1599 50.84 13.72 46.90
Glutathione 1550 5030 1353 46.79
LSD at 5% 0.31 1.02 0.28 1.04

Means within the same column followed by a different letter (s) are
statistically different at the probability of 0.05 level

Effect of foliar treatments: Among the foliar treatments, tap
water (control) resulted in the highest MDA (17.14 nmol g™* at 60
days in 1% season) and phenol (49.48 mg GAE/g in 1% season)
content at 60 days after treatment. This could be due to the
inherent stress of water application alone without additional
stimulants. Kaolin, a reflective foliar spray, reduced oxidative
stress, as it showed significantly lower MDA levels compared to
the control at both 60 and 120 days. Similarly, salicylic acid and
ascorbic acid, both known for their role in enhancing plant
defense systems, helped reduce MDA and phenol levels relative
to the control. Specifically, salicylic acid showed moderate
improvements in oxidative stress markers, particularly at 60 days
(MDA: 15.59 nmol g™, phenol: 47.97 mg GAE/g in 1% season).
Ascorbic acid also performed well, lowering MDA and phenol
content at both sampling times. Potassium silicate and glutathione
treatments were more effective in reducing MDA and phenol
content at 60 days but showed less pronounced effects at 120
days, suggesting a temporary boost in oxidative stress protection.
At 60 days, glutathione was particularly effective in reducing
MDA (14.65 nmol g in 1% season) and phenol (46.89 mg
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GAE/g in 1% season) compared to other treatments. Similar
findings were achieved during the second season.

Interaction effect: The interaction between irrigation
regimes and foliar treatments showed that at 100% FIR,
foliar treatments like kaolin and glutathione were
particularly effective in reducing oxidative indicators. At
66% FIR, although the levels of MDA and phenol increased,
foliar treatments such as kaolin and salicylic acid still helped
mitigate some oxidative stress. In the most severe water
deficit condition (33% FIR), salicylic acid and glutathione
helped reduce MDA and phenol levels relative to the
untreated control, but oxidative stress remained high. For
example, in the 33% FIR treatment, kaolin reduced phenol
content (51.83 mg GAE/g in 1% season) compared to the
control (52.19 mg GAE/g in 1% season), while glutathione

also exhibited protective effects. However, these treatments
did not fully prevent the increase in MDA and phenol
content, which indicates the overriding influence of water
stress in inducing oxidative damage. The obtained results are
in agreement with those of Wang et al. (2021&2023).
Similar findings were achieved during the second season.
Enzymatic antioxidants (SOD, CAT, APX)

Tables 8 and 9 reflect the effects of varying irrigation
regimes and foliar treatments on enzymatic antioxidants (SOD,
CAT, and APX) in loguat seedlings. At both 60 and 120 days
after treatment initiation, the results demonstrate that reduced
irrigation levels (66% and 33% FIR) as well as foliar
applications led to significant changes in antioxidant enzyme
activities.

Table 8. Effect of different irrigation regimes [various levels of full irrigation requirements (FIR)] and spraying
different stimulants on enzymatic antioxidants (SOD, CAT, APX) in leaves of loquat seedlings during the

first season

At 60 days after treatment initiation

At 120 days after treatment initiation

Treatments SOD CAT APX SOD CAT APX
(unit mg? protein™)
Main factor
100y of FIR 59.77a 6.31a 10.66a 61.18c 7.64c 10.17c
669 0f FIR 56.31b 5.18b 9.76b 66.26b 8.47h 12.02b
33%0f FIR 48.24c 4.04c 8.53c 70.12a 9.22a 14.98a
LSD at 5% 0.46 0.05 0.45 0.20 0.24 0.44
Sub main factor
Control (Tap water) 50.46f 4.36f 8.74d 73.05a 9.02a 14.20a
Kaolin (2%) 53.66e 4.94e 9.45¢ 68.62b 8.67ab 12.76b
Salicylic acid (100 mgL?) 54.61d 5.10d 9.68bc 1741c 8.53bc 12.43bc
Ascorbic acid (100 mgL™1) 55.71c 5.33c 9.84ahc 66.94d 8.32bcd 12.01cd
Potassium silicate (0.5%) 56.68b 5.56b 10.00ab 65.26¢ 8.16¢d 11.65de
Glutathione (50 mgL™) 57.52a 5.77a 10.18a 63.84f 7.96d 11.32¢
LSD at 5% 0.71 0.06 041 0.81 0.39 0.59
Interaction
Control (Tap water) 54.05 4.68 9.08 69.82 8.71 13.25
Kaolin 59.54 6.09 10.64 60.19 8.07 10.04
1005.0f FIR Salicylic acid 60.28 6.38 10.81 60.05 7.78 9.82
° Ascorbic acid 61.02 6.65 11.01 59.70 743 9.49
Potassium silicate 61.56 6.91 11.14 59.06 7.08 9.31
Glutathione 62.14 7.13 11.25 58.27 6.75 9.13
Control (Tap water) 52.85 458 9.10 70.49 8.89 13.65
Kaolin 55.14 4.84 9.40 68.42 8.59 12.75
66 90f FIR Salicylic acid 56.07 5.00 9.60 67.03 8.58 12.24
° Ascorbic acid 57.03 5.28 9.88 66.22 8.35 11.68
Potassium silicate 58.02 5.55 10.16 64.20 8.29 11.17
Glutathione 58.78 5.82 10.42 61.19 8.11 10.65
Control (Tap water) 44.48 3.81 8.05 78.83 9.44 15.71
Kaolin 46.29 3.88 8.32 77.26 9.34 15.48
3390f FIR Salicylic acid 47.49 391 8.62 ve 14 9.23 15.22
° Ascorbic acid 49.07 4.05 8.62 74.89 9.19 14.84
Potassium silicate 50.45 421 8.70 7252 9.10 14.46
Glutathione 51.64 4.37 8.88 72.07 9.02 14.16
LSD at 5% 1.23 0.11 0.72 1.39 69.82 1.02

Means within the same column followed by a different letter (s) are statistically different at the probability of 0.05 level

Effect of irrigation regimes: At the first stage (60 days after
treatment initiation), it was noticed that the highest values for
the enzymatic antioxidants SOD, CAT and APX were
observed in plants receiving 100% of the Full irrigation
requirements. This suggests that this irrigation regime
provides optimal conditions for enhancing antioxidant
enzyme activity, helping the plant combat reactive oxygen
species (ROS) damage. Under the 66% FIR, the values of
SOD, CAT and APX were lower compared to the 100%
FIR treatment but higher than those under the 33% FIR
treatment. This indicates that reducing irrigation may still
stimulate the plant to improve its antioxidant capacity, as it
responds to environmental stress. On the other hand, the

lowest enzymatic antioxidant values were recorded under
the treatment of 33% FIR.

On the contrary, at the second stage (120 days after
treatment initiation), the 33% of FIR treatment consistently
exhibited the highest levels of antioxidant activity, particularly
in SOD and APX, suggesting an adaptive response to drought
stress. This highlights the loquat seedlings' ability to activate
defense mechanisms under water deficit conditions. The same
trend was found during both studied seasons.

Effect of foliar treatments: In terms of foliar treatments,
glutathione and potassium silicate emerged as the most effective
in enhancing antioxidant activity, followed by ascorbic acid then
salicylic acid then kaolin and lately the control (tap water). In the
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1% stage, glutathione treatment showed consistently high levels
of enzymatic antioxidants, particularly SOD, suggesting its
potential to boost the plant’s resistance to oxidative stress under
challenging conditions. While, in 2™ stage, the control treatment

(tap water) had the highest values for antioxidant enzymes
among all treatments, indicating that the plants were needed to
produce more antioxidant defense to face the environmental
stress in this stage.

Table 9. Effect of different irrigation regimes [various levels of full irrigation requirements (FIR)] and spraying
different stimulants on enzymatic antioxidants (SOD, CAT, APX) in leaves of loquat seedlings during the

second season

At 60 days after treatment initiation

At 120 days after treatment initiation

Treatments SOD CAT APX SOD CAT APX
(unit mg™* protein™)
Main factor
100¢ 0f FIR 60.58a 6.53a 10.95a 63.49¢c 7.85¢C 10.34c
669, 0f FIR 57.05b 5.29b 9.95b 68.60b 8.65b 12.23b
33%0f FIR 48.97c 4.14c 8.82c 77.86a 9.42a 15.30a
LSD at 5% 0.87 0.09 0.17 0.81 0.43 0.06
Sub main factor
Control (Tap water) 51.17f 4.49f 8.99f 75.75a 9.27a 14.44a
Kaolin (2%) 54.40e 5.10e 9.69% 71.17b 8.87b 12.94b
Salicylic acid (100 mgL%) 55.32d 5.26d 9.87d 69.83c 8.71hc 12.68¢c
Ascorbic acid (100 mgL™1) 56.51¢c 5.46¢ 10.13c 69.46¢ 8.49bcd 12.26d
Potassium silicate (0.5%) 57.49 5.67b 10.28b 67.65d 8.35cd 11.88e
Glutathione (50 mgL?) 58.29a 5.93a 10.49a 66.03e 8.15d 11.55f
LSD at 5% 0.73 0.07 0.13 0.88 0.40 0.15
Interaction
Control (Tap water) 54.82 491 9.52 73.34 9.10 1344
Kaolin 60.34 6.38 11.02 63.07 8.29 10.20
1004,0f FIR Salicylic acid 61.02 6.68 11.05 62.94 7.94 9.98
° Ascorbic acid 61.96 6.87 11.23 61.82 761 9.66
Potassium silicate 62.45 7.05 11.37 60.25 7.24 9.48
Glutathione 62.88 7.27 11.53 59.49 6.92 9.30
Control (Tap water) 53.50 4.67 9.25 71.99 9.11 13.90
Kaolin 55.91 4.96 9.58 70.16 8.79 1297
66 9 0f FIR Salicylic acid 56.70 5.10 9.79 69.77 8.74 12.44
° Ascorbic acid 57.76 5.39 10.11 68.81 8.53 11.86
Potassium silicate 58.88 5.66 10.34 67.18 8.46 11.36
Glutathione 59.55 5.94 10.63 63.70 8.27 10.85
Control (Tap water) 45.20 3.89 8.20 81.91 9.60 15.99
Kaolin 46.94 3.96 8.48 80.28 9.53 15.65
339 0f FIR Salicylic acid 48.25 3.99 8.77 76.79 9.44 15.60
» Ascorbic acid 49.82 413 9.04 71.74 9.32 15.25
Potassium silicate 51.14 4.28 9.13 75.52 9.35 14.81
Glutathione 52.44 4.59 9.31 74.89 9.26 1451
LSD at 5% 1.27 0.13 0.22 152 0.68 0.26

Means within the same column followed by a different letter (s) are statistically different at the probability of 0.05 level

The direction of the enzymatic antioxidant activity
changed between the two sampling times (60 and 120 days)
due to the dynamic adaptation of loquat seedlings to
prolonged water deficit stress. In the first 60 days, glutathione
and potassium silicate were the most effective treatments,
showing a significant increase in enzymatic antioxidants,
particularly SOD. This suggests that these treatments
effectively enhanced the seedlings' immediate defense against
oxidative stress caused by water deficit. However, after 120
days, a shift in the pattern was observed. While glutathione
continued to promote antioxidant activity, its effect was
slightly reduced compared to the initial stage. This decrease
could reflect the plant's acclimatization to the stress, with a
more balanced antioxidant defense mechanism developed
over time. Other treatments, such as salicylic acid and ascorbic
acid, began to show more prominent effects as the plants
adapted, indicating that these treatments might contribute to
long-term stress tolerance. Thus, while glutathione was highly
effective early on, other foliar treatments displayed a more
balanced impact over time, highlighting the complexity of the
plant's response to prolonged water stress. These findings are
in accordance with those of Wang et al. (2021&2023). The
same trend was found during both studied seasons.

Interaction effect: The interaction between irrigation regimes
and foliar treatments further emphasizes the significance of
combining these strategies. Under full irrigation (100% FIR),
the foliar treatments enhanced antioxidant activity, but at
reduced irrigation levels (66% and 33% FIR), the beneficial
effects of these treatments became more pronounced. This
suggests that foliar applications can be particularly useful in
mitigating the adverse effects of water scarcity, enhancing the
plant's stress tolerance.

CONCLUSION

In conclusion, this study emphasizes the detrimental
effects of reduced irrigation on loguat seedling growth, with
66% and 33% FIR leading to significant decreases in
vegetative growth. However, foliar treatments, particularly
glutathione and potassium silicate, proved effective in
enhancing antioxidant activity, mitigating oxidative stress
and improving drought tolerance. These findings underscore
the potential of using specific foliar treatments to enhance
plant resilience in water-scarce environments. It is
recommended to implement moderate irrigation regimes
(66% FIR) combined with foliar applications of glutathione
or potassium silicate as a sustainable strategy for improving
loquat growth and productivity under drought conditions.
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