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Abstract 

Water stress is one of the most prominent environmental factors neg-

atively impacting plant growth and represents a significant challenge 

in areas with limited water resources. Therefore, this study aimed to 

explore the impact of water stress on the growth of coastal hibiscus 

seedlings and the role of zeolite and glutamine in mitigating it. A pot 

experiment was conducted during the spring season of 2024 accord-

ing to a split-split-plot design with three replicates. The study includ-

ed two levels of water stress (50% and 100% of field capacity), add-

ing zeolite (0, 500, and 1000 g pot-1) and spraying with glutamine (0, 

150, and 300 mg L-1). The results showed an apparent decrease in the 

studied traits (percentage increase in plant height, percentage in-

crease in stem diameter, percentage increase in number of leaves, 

leaf area, percentage of dry matter) in plants stressed by (50% of 

field capacity) with decreased percentages of (6.33%, 2.80%, 7.10%, 

2.68%, and 11.69%), respectively, compared to non-stressed plants. 

The results also demonstrated the effective role of the studied factors 

in mitigating the effects of water stress. Both zeolite and glutamine, 

either individually or in combination, contributed to reducing the re-

sulting damage when applied to plants exposed to water stress at 

50% of the field capacity. The results showed that growth rates were 

higher or similar to those recorded in non-stressed plants, which rein-

forces the role of these vital factors in improving the ability of plants 

to withstand water stress conditions. 

Keywords amino acids, Malvaceae, natural mineral, field capacity,  

Introduction  

     Hibiscus tiliaceus L. is a shrubby plant belonging to the Malvaceae family [1]. It is 

an evergreen tree that grows 3–10 m tall and is native to tropical, coastal, and subtrop-

ical regions such as the Americas, Australia, Africa, Asia, and all Pacific islands. Its 

leaves are heart-shaped and spirally arranged on the stem [2]. In addition to its use as 

an ornamental plant in landscaping, this plant has significant medicinal importance 

due to its content of a group of active chemical compounds that contribute to exerting 

antimicrobial effects, enhancing its vital role in both agriculture and public health [3, 

4]. The plant's leaves have been used in Indonesian and Malaysian folk medicine to 
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remove phlegm, cleanse the respiratory system, and treat fever, cough, and bronchitis 

in Asian and African countries [5]. 

 Water stress is one of the most important obstacles affecting plant growth, as it 

leads to an increase in the ratio of roots to the vegetative part, an increase in the 

amount of lignin and cutin, and a decrease in leaf area [6]. It also leads to the closure 

of stomata, which leads to a decrease in the rate of photosynthesis and an increase in 

respiration, which reduces the net biosynthesis [7]. This calls for the search for sus-

tainable solutions to mitigate the effects of water stress. Among these solutions, the 

role of zeolite stone stands out as an effective natural medium in improving soil 

properties, enhancing its water retention capacity, and enhancing the efficiency of 

water resource use. Zeolite is a unique natural mineral, consisting of crystalline alu-

minum silicates with a distinctive oxide structure. These minerals are formed from 

tetrahedral units, with the oxide bonded to the tetragonal faces of AlO4 and SiO4, 

creating unique voids containing channels that play a key role in chemical and water 

processes. Therefore, studies have shown that adding zeolite to dry and stressed areas 

improves the physical properties of the soil, increasing its water and nutrient reten-

tion, as its water absorption capacity reaches 100% with slow nutrient release [8,9]. 

 Glutamine is one of the essential amino acids in plants and plays a pivotal role 

in the biosynthetic pathways of proline, which contributes to enhancing plant re-

sistance to water stress by regulating osmotic balance and maintaining plant cell sta-

bility. This reinforces the importance of glutamine in supporting the physiological 

adaptation mechanisms of plants under drought conditions [10], as proline is an im-

portant amino acid that acts as an antioxidant, removing reactive oxygen species 

(ROS), reducing oxidative damage in plants, and protecting cellular components from 

damage caused by stress [11]. Several studies have indicated the positive effect of 

adding glutamic acid on photosynthetic activity and leaf function, as assessed by 

measuring chlorophyll content [12]. This effect is likely attributed to the close rela-

tionship between photosynthetic capacity and nitrogen concentration in leaves. Some 

studies have also shown that glutamic acid contributes to the stimulation of transcrip-

tion factors that activate genes responsible for protein expression, helping plants sur-

vive under abiotic stress conditions [13]. 

 Coastal hibiscus shrubs are newly cultivated and widespread in Iraq. Due to the 

lack of studies on this plant, this study aims to identify the nature of seedling growth 

under water stress and to study the effect of adding zeolite and spraying glutamine on 

vegetative growth characteristics under the same stress conditions. 

 

Materials and Methods 

       The experiment was conducted on 6-month-old coastal hibiscus seedlings, ob-

tained by cuttings, during the period from 15/3/2024 to 15/10/2024 in the green Saran 

shade of the Horticulture and Landscape Department at the College of Agriculture / 

University of Kerbala in Al-Hussainiya District/ Kerbala/ Iraq. The study was carried 

out according to a split-split plot design with three replicates, where the water stress 
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treatment was placed in the main plots, while the secondary plots included the zeolite 

and glutamine treatments. Each replicate contained 18 treatments resulting from three 

levels of zeolite (0, 500, and 1000 g pot-1), three concentrations of the amino acid 

glutamine (0, 150, and 300 mg L-1), and two levels of water stress (50% and 100% of 

field capacity). The experiment included 54 experimental units, which contained five 

observations (seedlings), so the number of seedlings used in the study was 270. Zeo-

lite was added to the soil when the seedlings were transferred from the planting bags 

to pots containing 10 kg of soil. The amino acid glutamine was sprayed six times, 

two weeks after the transfer, with 15 days between each spray. Water stress was ap-

plied one month after the seedlings were transferred. After the experiment was com-

pleted, the following vegetative characteristics were taken average increase in plant 

height (cm), stem diameter (mm), number of leaves (leaf plant-1), as well as leaf area 

(cm2 leaf-1) (using the Image J program in Windows 7 operating system) [14], and 

percentage of dry matter. 

Table (1): The effect of zeolite and glutamine on the percentage of increase in the height 

of coastal hibiscus seedlings under water stress (cm) 

Stress 

level 

(Field ca-

pacity %) 

Zeolite 

level 

(g pot-1) 

Glutamine concentration 

(mg L-1) 
Stress and 

Zeolite interac-

tion 0 150 300 

50 

0 68.88 70.88 73.41 75.39 

500 76.68 80.35 82.15 77.84 

1000 80.61 82.28 84.41 79.99 

100 

0 72.48 74.41 76.08 77.92 

500 82.68 87.18 89.48 84.36 

1000 78.61 91.48 94.61 86.72 

L.S.D 0.05 2.687 1.881 

Glutamine averages 72.69 83.09 85.34 

Stress averages L.S.D 0.05 0.741 

Stress and Glutamine Interaction 

50 % 71.06 79.72 82.44 77.74 

100 % 74.32 86.45 88.24 83.00 

L.S.D 0.05 1.802 2.325 

Zeolite and Glutamine Interaction Zeolite averages 

0 70.68 72.65 74.75 76.66 

500 79.68 83.76 85.81 81.10 

1000 79.61 86.88 89.51 83.36 

L.S.D 0.05 1.759 1.166 
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Results and Discussion 

Average increase in seedling height (cm) 

     Table (1) shows that the percentage of plant height increase in non-stressed plants 

(100% of field capacity) reached 83.00 cm, while it decreased to 77.74 cm in stressed 

plants (50% of field capacity), with a decrease of 6.33%. The same table shows that 

not adding zeolite recorded the lowest average increase in height, amounting to 

(76.66 cm), while adding (1000 g pot-1) zeolite gave the highest increase, amounting 

to (83.36 cm), with an increase rate of (8.73%). The results also indicate a significant 

effect of glutamine, as the treatment (300 mg  L-1) had the highest average increase in 

length, reaching (85.34 cm), with an increase rate of (17.40%), compared to the com-

parison treatment, which gave the lowest average, reaching (72.69 cm). 

     It is noted from the same table that the two-way interaction between the studied 

factors was significant, as the unstressed seedlings with the addition of (1000 g pot-1) 

of zeolite achieved the highest values for the percentage of increase in plant height, 

which amounted to (86.72 cm) compared to the interaction treatment between 

stressed plants at a rate of (50% of the field capacity) without adding zeolite, which 

gave the lowest value, which amounted to (75.39 cm). It is also noted from the same 

table that the treatment of plants that were not exposed to stress with spraying (300 

mg L-1) of glutamine achieved an average increase of (88.24 cm), while the lowest 

value was at a concentration of (0 mg L-1) with stressed plants at a rate of (50% of the 

field capacity) of (71.06 cm). As for the binary interaction between zeolite and  glu-

tamine, the zeolite treatment at the level of (1000 g pot-1) and glutamine at a concen-

tration of (300 mg L-1) achieved the highest average of (89.51 cm) compared to the 

comparison treatment, which recorded an average of (70.68 cm). 

       As for the triple interaction of the studied factors, it was found that the interac-

tion of the field capacity value (100%) with the level (1000 g pot-1) of zeolite and the 

concentration (300 mg L-1) of glutamine achieved the highest significant increase in 

this trait with an average of (94.61 cm), while the lowest increase in plant height was 

in the treatment (50% of the field capacity value) with the level (0 g pot-1) of zeolite 

and the concentration (0 mg L-1) of glutamine, which reached (68.88 cm). 

Average increase in primary stem diameter (mm) 

   Table (2) shows significant differences in the stem diameter of coastal hibiscus 

seedlings as a result of the study factors. Plants that were not exposed to stress (100% 

of the field capacity) recorded an average increase in the primary stem diameter of 

5.558 mm, while stressed plants (50% of the field capacity) recorded the lowest aver-

age increase of 5.402 mm with a decrease rate of 2.80%. Also, the zeolite treatment 

at the level (1000 g pot-1) achieved the highest average of (5.677 mm), while it was 

noted that not adding zeolite led to recording the lowest average of (5.267 mm) with 

an increase rate of (7.78%). As for the glutamine treatment, spraying the concentra-

tion (300 mg L-1) gave the highest average increase in stem diameter of (6.047 mm) 

with an increase rate of (27.09%), compared to the control treatment, which recorded 

the lowest average of (4.758 mm). 
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   The results also showed that the two-way interaction between the studied factors 

was significant, as the best average increase in seedling stem diameter was achieved 

when the treatment of non-stressed plants was interacted with the zeolite treatment at 

a level of (1000 g pot-1) which gave (5.761 mm) compared to the treatment of 

stressed plants with a level of (0 g pot-1) zeolite which gave an average increase of 

(5.222 mm) (Table 2). The same table also shows that the treatment of non-stressed 

plants with a concentration of (300 mg L-1) glutamine gave the highest stem diameter 

of (6.112 mm), while the lowest diameter was achieved in the water stress treatment 

(50% of field capacity) with a concentration of (0 mg L-1), which reached (4.710 

mm). 

  The data of the same table showed that the interaction between zeolite and gluta-

mine had a significant effect on the stem diameter trait, as the interaction treatment 

between zeolite at a level of (1000 g pot-1) and glutamine at a concentration of (300 

mg L⁻¹) achieved the highest average of (6.148 mm) compared to the comparison 

treatment, which gave the lowest average of (4.616 mm). 

    From the results of the triple interaction of the studied factors, a significant differ-

ence was observed in the stem diameter trait. The triple interaction treatment between 

water stress, zeolite and glutamine recorded the highest average of (6.251 mm) when 

treating non-stressed plants from the field capacity with the level (1000 g pot-1) of 

zeolite and the concentration (300 mg L-1) of glutamine, while the lowest average 

was achieved when plants exposed to stress were not treated with zeolite and gluta-

mine, as it reached (4.599 mm). 

Table (2): Effect of zeolite and glutamine on the average increase in the diameter of the 

main stem (mm) of coastal hibiscus seedlings under water stress 

Stress level 

(Field capacity 

%) 

Zeolite 

level 

(g pot-1) 

Glutamine concentration 

(mg L-1) 

Stress and Zeo-

lite interaction 

0 150 300 

 

50 

0 4.599 4.661 4.871 5.222 

500 5.083 5.591 5.866 5.388 

1000 5.985 5.913 6.045 5.594 

 

100 

0 4.634 4.981 4.802 5.312 

500 5.312 5.911 6.050 5.603 

1000 5.989 6.096 6.251 5.761 

L.S.D 0.05 0.202 0.123 

Glutamine averages 4.758 5.635 6.047  

Stress averages 
L.S.D 0.05 0.060 

Stress and Glutamine Interaction 

50 % 4.710 5.514 5.981 5.402 

100 % 4.806 5.757 6.112 5.558 

L.S.D 0.05 0.097 0.121 



Journal of Kerbala for Agricultural Sciences Issue (3), Volume (12), (2025) 

  

297 

 

Zeolite and Glutamine Interaction Zeolite averages 

0 4.616 4.731 4.926 5.267 

500 5.197 5.751 5.958 5.496 

1000 5.987 6.004 6.148 5.677 

L.S.D 0.05 0.140 0.093 

Average increase in the number of leaves (leaves plant-1) 

   It is clear from Table (3) that the water stress treatment (50% of the field capacity) 

caused a significant decrease in the average increase in the number of leaves in the 

plant, with a decrease rate of (7.10%), as the non-stressed plants (100% of the field 

capacity) gave an average of (33.77 leaves plant-1), while the average decreased to 

(31.37 leaves plant-1) in the stressed plants. As for the zeolite treatment, it led to a 

significant increase in the above trait, as the seedlings treated at the level (1000 g pot -

1) achieved the highest average number of leaves, which amounted to (34.80 leaves 

plant-1) and an increase rate of (18.16%), while the treatment without addition 

achieved (29.45 leaves plant-1). The results also indicated the effect of glutamine, as 

the treatment with a concentration of (300 mg L-1) was superior and gave the highest 

average, which amounted to (35.07 leaves plant-1) and an increase rate of (19.04%) 

compared to the comparison treatment, which recorded the lowest average, which 

amounted to (29.46 leaves plant-1). 

   From the same table, it is noted that the two-way interaction between the studied 

factors was significant and that the best seedlings in terms of the increase in the num-

ber of leaves were when the treatment of unstressed plants was interacted with the 

treatment (1000 g pot-1) zeolite, which gave the highest values in the studied trait, 

reaching (36.51 leaves plant-1), while the interaction treatment between (50% of the 

field capacity) with the level (0 g pot-1) zeolite recorded a low value with an average 

of (28.98 leaves plant-1). It is also noted from the same table that the treatment of un-

stressed plants with a concentration of (300 mg L-1) glutamine was superior, with an 

average of (35.33 leaves plant-1) in the above trait, while the plants that were treated 

with a ratio of (50% of the field capacity) with a concentration of (0 mg L-1) gluta-

mine gave an average of (28.00 leaves plant-1). The same table also indicates that the 

two-way interaction between zeolite and glutamine led to the presence of significant 

effects, as the zeolite treatment at the level (1000 g pot-1) with the glutamine treat-

ment at a concentration of (300 mg L-1) achieved the highest average number of 

leaves, amounting to (37.37 leaves plant-1) compared to the comparison treatment, 

which gave a low percentage increase in the number of leaves, amounting to (26.88 

leaves plant-1). 

   As for the triple interaction of the studied factors, it was shown that the interaction 

treatment of non-stressed plants with the level (1000 g pot-1) of zeolite and the con-

centration (300 mg L-1) of glutamine gave a significant increase in this trait with an 

average of (39.53 leaves plant-1) compared to the treatment (50% of the field capacity 

value) with the level (0 g pot-1) of zeolite and the concentration (0 mg L-1) of gluta-

mine, which gave an average of (25.60 leaves plant-1) (Table 3). 
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Table (3): The effect of zeolite and glutamine on the average increase in the number of 

leaves (leaf plant-1) for coastal hibiscus seedlings under water stress 

Stress level 

(Field capacity 

%) 

Zeolite 

level 

(g pot-1) 

Glutamine concentration 

(mg L-1) 

Stress and Zeo-

lite interaction 

0 150 300 

 

50 

0 25.60 28.80 29.60 28.98 

500 27.87 31.57 34.47 32.03 

1000 33.47 35.73 35.20 33.09 

 

100 

0 28.17 32.00 32.60 29.92 

500 32.60 35.20 37.40 34.89 

1000 29.00 37.47 39.53 36.51 

L.S.D 0.05 3.057 1.840 

Glutamine averages 29.46 33.18 35.07  

Stress averages L.S.D 0.05 1.197 

Stress and Glutamine Interaction 

50 % 28.00 31.30 34.80 31.37 

100 % 30.92 35.07 35.33 33.77 

L.S.D 0.05 1.700 1.920 

Zeolite and Glutamine Interaction Zeolite averages 

0 26.88 30.40 31.10 29.45 

500 30.23 33.38 35.93 33.46 

1000 31.23 36.60 37.37 34.80 

L.S.D 0.05 2.154 1.344 

 

Leaf area (cm2) 

     The results of Table (4) confirm the presence of significant differences in leaf area 

of coastal hibiscus seedlings, as the average leaf area of unstressed plants reached 

46.95 cm2, while it decreased to 45.69 cm2 in stressed plants, and the percentage of 

decrease was 2.68%. The same table also shows the superiority of the zeolite treat-

ment at the level of (1000 g pot-1), as it recorded the highest average of (49.31 cm2) 

with an increase rate of (14.09%) compared to the comparison treatment, which gave 

the lowest average of (43.22 cm2). As for glutamine, the results showed that the 

treatment (300 mg L⁻¹) recorded the highest average leaf area of  (50.64 cm2) with an 

increase rate of (20.42%), while the comparison recorded the lowest leaf area of  

(42.05 cm2). 

    The same table shows a significant two-way interaction between water stress and 

zeolite, as the results showed that the treatment of plants that were not exposed to 

stress with the treatment (1000 g pot-1) zeolite gave the highest average of (49.77 

cm2) compared to the control treatment, which gave the lowest average of (42.61 

cm2), while the two-way interaction treatment between water stress and glutamine 

gave significant differences in this trait, as spraying glutamine at a concentration of 

(300 mg L⁻¹) under the conditions of non-stressed plants recorded the highest average 
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leaf area of (51.54 cm2), while the lowest average was recorded in the absence of glu-

tamine with stressed plants at a rate of (50% of the field capacity), which gave an av-

erage of (41.77 cm2). The same table indicates that the interaction between zeolite 

and glutamine has a significant effect on the leaf area trait, as it was shown that the 

highest average leaf area was achieved in the treatment (1000 g pot-1) of zeolite with 

a concentration of (300 mg L⁻¹) of glutamine, which reached (55.48 cm2), compared 

to the treatment (0 g pot-1) of zeolite with a concentration of (0 mg L-1) of glutamine, 

which gave an average of (40.45 cm2). 

    The same table showed the triple interaction between water stress, zeolite and glu-

tamine, as the highest average leaf area (56.06 cm2) was recorded when treating non-

stressed plants with the level (1000 g pot-1) of zeolite and the concentration (300 mg 

L⁻¹) of glutamine, while the lowest average was recorded in the comparison treatment 

(water stress at 50% of the field capacity with (0 g pot-1) zeolite and (0 mg L-1) glu-

tamine) reaching (40.18 cm2). 

 

Table (4):  The effect of zeolite and glutamine on leaf area (cm2) of coastal hibiscus 

seedlings under water stress 

Stress level 

(Field capacity 

%) 

Zeolite 

level 

(g pot-1) 

Glutamine concentration 

(mg L-1) 

Stress and Zeo-

lite interaction 

0 150 300 

 

50 

0 40.18 42.37 42.75 42.61 

500 42.97 44.86 48.87 45.62 

1000 44.69 49.63 54.91 48.85 

 

100 

0 40.71 42.65 43.66 43.82 

500 44.76 46.56 49.59 47.26 

1000 45.98 52.57 56.06 49.77 

L.S.D 0.05 2.379 1.279 

Glutamine averages 42.05 46.27 50.64 

Stress averages L.S.D 0.05 0.922 

Stress and Glutamine Interaction 

50 % 41.77 45.57 49.74 45.69 

100 % 42.34 46.97 51.54 46.95 

L.S.D 0.05 1.067 0.263 

Zeolite and Glutamine Interaction Zeolite averages 

0 40.45 42.51 43.21 43.22 

500 43.87 45.71 49.23 46.44 

1000 45.34 51.10 55.48 49.31 

L.S.D 0.05 1.742 1.103 
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Percentage of dry matter in leaves (%) 

   The results showed significant effects of the study factors on the percentage of dry 

matter in the leaves of coastal hibiscus seedlings, as the unstressed plants (100% of 

the field capacity) excelled and gave the highest percentage of dry matter amounting 

to (30.475%), while it decreased in stressed plants (50% of the field capacity) to 

(26.910%) with a decrease rate of (11.69%) (Table 5). The highest average for the 

above trait was also achieved, which amounted to (29.346%) at the level (1000 g pot-

1) of zeolite with an increase rate of (4.36%) compared to the lowest average of 

(28.119%) when zeolite was not added. As for glutamine, the concentration (300 mg 

L-1) achieved the highest average of (29.698%) with an increase rate of (6.88%) com-

pared to the concentration (0 mg L-1), which gave the lowest average of (27.785%) 

(Table 5). 

   It is noted from the same table that the two-way interaction between water stress 

and zeolite was significant, as the plants that were not exposed to stress with the level 

(1000 g pot-1) of zeolite gave the highest percentage of dry matter, reaching 

(30.919%) compared to the stressed plants with the level (0 g pot-1) of zeolite, which 

gave the lowest percentage, reaching (26.358%). Also, the treatment of the unstressed 

plants with the glutamine treatment at a concentration of (300 mg L-1) achieved the 

highest percentage of dry matter, reaching (31.488%), compared to the stressed plants 

with (0 mg L-1) glutamine, which gave the lowest average, reaching (26.043%). The 

interaction treatment between zeolite and glutamine also achieved a significant effect, 

as the level (1000 g pot-1) of zeolite with the concentration (300 mg L-1) of glutamine 

gave the highest percentage of dry matter, reaching (30.212%), compared to the 

comparison treatment, which gave the lowest percentage, reaching (26.890%). 

    It is also noted that the triple interaction between water stress, zeolite and gluta-

mine was significant in the above trait, as the highest average percentage of dry mat-

ter was in the interaction treatment between non-stressed plants with (1000 g pot-1) 

zeolite and (300 mg L-1) glutamine, reaching (32.142%), while the treatment of 

stressed plants with (0 g pot-1 zeolite and 0 mg L-1 glutamine) recorded the lowest 

percentage, reaching (25.130%) (Table 5). 
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Table (5):  The effect of zeolite and glutamine on the percentage of dry matter (%) of 

coastal hibiscus leaves under water stress 

Stress level 

(Field capacity 

%) 

Zeolite 

level 

(g pot-1) 

Glutamine concentration 

(mg L-1) 

Stress and Zeo-

lite interaction 

0 150 300 

 

50 

0 25.130 25.885 27.113 26.358 

500 26.081 26.329 27.924 26.597 

1000 27.616 27.827 28.282 27.773 

 

100 

0 28.649 29.869 30.064 29.880 

500 30.079 30.550 30.601 30.627 

1000 30.912 31.412 32.142 30.919 

L.S.D 0.05 0.777 0.438 

Glutamine averages 27.785 28.594 29.698 
 

Stress averages 
L.S.D 0.05 0.3026 

Stress and Glutamine Interaction 

50 % 26.043 26.778 27.908 26.910 

100 % 29.528 30.410 31.488 30.475 

L.S.D 0.05 0.382 0.347 

Zeolite and Glutamine Interaction Zeolite averages 

0 26.890 27.877 28.589 28.119 

500 28.204 28.341 29.237 28.612 

1000 29.264 29.619 30.212 29.346 

L.S.D 0.05 0.559 0.352 

 

   Tables (from 1 to 5) showed a significant decrease in the studied vegetative traits 

(average increase in seedling height, average increase in primary stem diameter, 

number of leaves, leaf area, and percentage of dry matter in leaves) of coastal hibis-

cus when seedlings were exposed to water stress at 50% of field capacity. This de-

cline can be attributed to the adverse effect of water stress, which reduces cell expan-

sion and causes a decrease and disruption of vital physiological processes, leading to 

deterioration of cell membranes and proteins, and a decrease in carbohydrate accu-

mulation and dry matter percentage. Stress also leads to the formation of free radicals 

that cause the breakdown of chlorophyll, the green pigment responsible for photosyn-

thesis, causing plant tissue death [15, 16]. Water stress can induce oxidative stress in 

plants by increasing reactive oxygen species (ROS) such as free oxygen O2, hydrogen 

peroxide (H2O2), and hydroxyl radicals (OH), resulting from incomplete reduction 

with oxygen. Since water is essential for photosynthesis and carbon dioxide (CO₂) 

uptake, its deficiency leads to a decline in the production of photosynthetic products, 

which is reflected in a decrease in the accumulation of carbohydrates and proteins in 

plant tissues, resulting in a reduction in plant height, leaf number, and leaf area [17, 

18]. 
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   The study results also demonstrate the role of zeolite in enhancing the traits studied 

in Tables (from 1 to 5). Zeolite plays a key role in improving plant vegetative charac-

teristics by increasing stem growth and thickness, and enhancing leaf number and ar-

ea, even under water-stress conditions. This is due to the natural ability of zeolite to 

retain water and nutrients in the soil, which enhances their uptake by the roots and fa-

cilitates photosynthesis. Furthermore, zeolite reduces nutrient loss, improving the 

growth environment and increasing water availability to the plant [19, 20]. Zeolite al-

so helps improve soil structure and aeration, facilitating the absorption of essential 

water and nutrients, and mitigating the impact of water stress on plant physiological 

processes, such as photosynthesis. As a result of these effects, plant dry matter accu-

mulation increases and vegetative growth is significantly improved [21]. 

    The results in Tables (from 1 to 5) also showed that glutamine spraying resulted in 

a significant increase in all studied traits. This is attributed to its effective role in im-

proving leaf growth, as glutamine is an important amino acid in the synthesis of chlo-

rophyll, proteins, and enzymes necessary for photosynthesis and promoting plant tis-

sue formation [22]. Glutamine acts as a significant source of nitrogen, positively af-

fecting amino acid metabolism and stimulating the accumulation of nitrogen-rich 

amino acids. This enhances plant physiological processes such as cell division, in-

creased leaf growth, thickening of plant tissue, and improved nutrient uptake, leading 

to improved vegetative growth and increased dry matter and leaf area. Glutamine also 

contributes to mitigating the effects of water stress, supporting the overall growth of 

coastal hibiscus [23, 24]. 

   The results showed a clear negative effect of water stress on the vegetative traits of 

coastal hibiscus seedlings. A significant decrease in all studied traits was observed in 

plants exposed to this stress. However, treating the seedlings by adding 1,000 grams 

of zeolite to each pot and spraying glutamine at a concentration of 300 mg L-1 signifi-

cantly mitigated the negative effects of water stress. This treatment achieved a signif-

icant increase in all vegetative traits, and in some cases, outperformed the perfor-

mance of plants not exposed to stress. Interaction treatments have also proven highly 

effective in improving plant health and enhancing their resistance to water stress, in-

dicating their potential for use in combating various types of stress due to their dis-

tinct properties in supporting plant growth and improving plant performance under 

harsh environmental conditions. 

 

References  

1) Dasuki, U. A. (2001). Hibiscus. In Plant Resources of South-East Asia No. 12(2): 

Medicinal and poisonous plants 2 (pp. 297–303). Leiden: Backhuys Publisher. 

2) Shimokawa, S., Iwashina, T., & Murakami, N. (2015). Flower color changes in 

three Japanese Hibiscus species: Further quantitative variation of anthocyanin 

and flavonols. Natural Product Communications, 10(3), 1934578X1501000319. 

https://doi.org/10.1177/1934578X1501000319 



Journal of Kerbala for Agricultural Sciences Issue (3), Volume (12), (2025) 

  

303 

 

3) Surana, A. R., Kumbhare, M. R., Gunjal, A. R., Goswami, S. S., & Ghuge, D. M. 

(2022). Chemical characterization, thrombolytic and antioxidant activity of Hi-

biscus tiliaceus L. leaves. Natural Product Research, 36(23), 6106–6110. 

https://doi.org/10.1080/14786419.2021.1930153 

4) Lim, W. Y., Chan, E. W. C., Phan, C. W., & Wong, C. W. (2022). Emulsion 

formulated using Hibiscus tiliaceus L. extract and flaxseed oil for topical applica-

tion. Industrial Crops and Products, 188, 115718. 

https://doi.org/10.1016/j.indcrop.2022.115718 

5) Chan, E. W., Wong, S. K., & Chan, H. T. (2016). A review on the phytochemis-

try and pharmacology of two Hibiscus species with spectacular flower colour 

change: H. tiliaceus and H. mutabilis. International Journal of Pharmacognosy 

and Phytochemical Research, 8(7), 1200–1208. 

6) Kumari, S. (2009). Cellular change and their relationship to morphology, abscisic 

acid accumulation, and yield in wheat (Triticum aestivum) cultivars under water 

stress. American Journal of Plant Physiology, 5(6), 5–9. 

https://doi.org/10.3923/ajpp.2009.5.9 

7) Chada, S., Asiedu, S. K., Ofoe, R., & Abbey, L. (2023). An overview of plant 

morpho-physiology, biochemicals, and metabolic pathways under water stress. 

Horticulture International Journal, 7(4), 115–125. 

https://doi.org/10.15406/hij.2023.07.00348 

8) Zahedi, H., Rad, A. H. S., & Moghadam, H. R. T. (2011). Effects of zeolite and 

selenium applications on some agronomic traits of three canola cultivars under 

drought stress. Pesquisa Agropecuária Tropical, 41, 179–185. 

9) Aslan, M. U., & Arslan, H. (2024). The effect of zeolites on soil and plant: A re-

view. Communications in Soil Science and Plant Analysis, 55(14), 2197–2216. 

https://doi.org/10.1080/00103624.2024.918273 

10) Okumoto, S., Funck, D., Trovato, M., & Forlani, G. (2016). Amino acids of 

the glutamate family: Functions beyond primary metabolism. Frontiers in Plant 

Science, 7, 318. https://doi.org/10.3389/fpls.2016.00318 

11) Renzetti, M., Funck, D., & Trovato, M. (2024). Proline and ROS: A unified 

mechanism in plant development and stress response? Plants, 14(1), 2. 

https://doi.org/10.3390/plants14010002 

12) Röder, C., Mógor, Á. F., Szilagyi-Zecchin, V. J., Gemin, L. G., & Mógor, G. 

(2018). Potato yield and metabolic changes by use of biofertilizer containing L-

glutamic acid. Comunicata Scientiae, 9(2), 211–218. 

https://doi.org/10.14295/cs.v9i2.1316 



Journal of Kerbala for Agricultural Sciences Issue (3), Volume (12), (2025) 

  

304 

 

13) Miranda, R. D. S., Alvarez-Pizarro, J. C., Costa, J. H., Paula, S. D. O., Prisco, 

J. T., & Gomes-Filho, E. (2017). Putative role of glutamine in the activation of 

CBL/CIPK signaling pathways during salt stress in sorghum. Plant Signaling & 

Behavior, 12(8), e1356533. https://doi.org/10.1080/15592324.2017.1356533 

14) Easlon, H. M., & Bloom, A. J. (2014). Easy Leaf Area: Automated digital im-

age analysis for rapid and accurate measurement of leaf area. Applications in 

Plant Sciences, 2(7), 1400033. https://doi.org/10.3732/apps.1400033 

15) Alfi, S., & Azizi, F. (2015). Effect of drought stress and using zeolite on some 

quantitative and qualitative traits of three maize varieties. Research Journal of 

Recent Sciences, 4(7), 19–24. 

16) Prayaga, L., Chowdary, B. Y., Reddy, S. N., Eshwar, K. B., Meena, H. P., & 

Srekanth, B. (2023). Effect of water stress on physiological traits of sunflower 

(Helianthus annuus L.) restorer lines. Journal of Oilseeds Research. Advance 

online publication. https://doi.org/10.31774/josr.2023.6.2 

17) Vijayaraghavareddy, P., Lekshmy, S. V., Struik, P. C., Makarla, U., Yin, X., 

& Sreeman, S. (2022). Production and scavenging of reactive oxygen species 

confer to differential sensitivity of rice and wheat to drought stress. Crop and En-

vironment, 1(1), 15–23. https://doi.org/10.26480/ce.01.2022.15.23 

18) Riwad, M. T., & Alag, M. K. (2023). The effect of nano and metallic boron 

spray on some growth traits of sweet corn under water stress conditions. In IOP 

Conference Series: Earth and Environmental Science (Vol. 1262, No. 5, p. 

052013). IOP Publishing. https://doi.org/10.1088/1755-1315/1262/5/052013 

19) Mohammadi Torkashvand, A., Karami, A., & Mahboub Khomami, A. (2013). 

Zeolite: An appropriate alternative for peat in growth medium of Dieffenbachia 

ornamental plant. Journal of Soil and Plant Interactions - Isfahan University of 

Technology, 4(2), 81–97. 

20) Javaid, A., Munir, N., Abideen, Z., Siddiqui, Z. S., & Yong, J. W. H. (2024). 

The role of natural and synthetic zeolites as soil amendments for mitigating the 

harmful impacts of abiotic stresses to improve agricultural resilience. Plant 

Stress, 100627. https://doi.org/10.1016/j.stress.2024.100627 

21) Wu, Q., Chi, D., Xia, G., Chen, T., Sun, Y., & Song, Y. (2019). Effects of ze-

olite on drought resistance and water–nitrogen use efficiency in paddy rice. Jour-

nal of Irrigation and Drainage Engineering, 145(11), 04019024. 

https://doi.org/10.1061/(ASCE)IR.1943-4774.0001460 

22) Ali, B. A., Mahdi, Z. A., & Hilo, B. R. (2024). Impact of water stress and ma-

rine algae spraying on vegetative and biochemical traits of Hibiscus tiliaceus. In-



Journal of Kerbala for Agricultural Sciences Issue (3), Volume (12), (2025) 

  

305 

 

ternational Journal of Design and Nature and Ecodynamics, 19(6), 2015–2021. 

https://doi.org/10.18280/ijdne.190618 

23) Nasircilar, A. G., & Ulukapi, K. (2023). The role of exogenous glutamine as a 

regulator of gene expression under stress conditions in plants. Uluslararası Tarım 

Araştırmalarında Yenilikçi Yaklaşımlar Dergisi, 7(1), 148–156. 

https://doi.org/10.55826/utayyad.1229350 

24) Svietlova, N., Zhyr, L., Reichelt, M., Grabe, V., & Mithöfer, A. (2024). Glu-

tamine as sole nitrogen source prevents induction of nitrate transporter gene 

NRT2.4 and affects amino acid metabolism in Arabidopsis. Frontiers in Plant 

Science, 15, 1369543. https://doi.org/10.3389/fpls.2024.1369543 

 


