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parameters and physio-hormonal attributes. In the current work, we study the

adverse effects of induced PEG drought stress in Trigonella foenum-graecum L. in
the presence of calcium and magnesium concentration. The experiment was conducted in the
botanical garden of Abdul Wali Khan University Mardan in a completely random design.
There are eight treatments and one control having each of the trees replicated. The nutrients
of calcium and magnesium ratio (4, 2, and 0.18) were added to the plant after 30 days adding
the polyethylene glycol of concentration of (0.6 Mpa and 0.2 MPa) for 8 days. The results
show that drought stress induced by PEG had a significant effect on the growth and physio-
hormonal indices of the plant. It was found that calcium and magnesium both reduce the
adverse effects of polyethylene glycol. All treatments helped ascorbic acid, salicylic acid, and
auxins to give plant possible growth and development in due time reducing the effects of
PEG. Similarly in enzymatic activities, the maximum lipid peroxidase contents at p >0.05 are
found in calcium and magnesium ratio 0.18 and polyethylene glycol 0.2 Mpa. The maximum
ascorbic acid peroxidase was found at p>0.05 in Ca/Mg ratio 4. It is concluded from the study
that the calcium and magnesium ratio mitigated the adverse effects of polyethylene glycol on
Trigonella foenum-graecum L. growth by promoting hormones and enzymatic activities under
PEG-induced drought stress.
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Introduction:

Trigonella foenum-graecum (Fabaceae), which contains calcium, proteins, lipids, dietary
fiber, vitamins A and C, and minerals, has commercial value as a spice and green leafy vegetable
[1]. It is a medicinal plant that has been utilized for its numerous therapeutic properties as well
as a food condiment since ancient times [2]. Additionally, it is applied as organic manure to help
fix nitrogen [3]. The seeds have been discovered to be useful against cancer, inflammation,
diabetes, and hypercholesterolemia in addition to their nutritional benefits [4].

Drought is a significant abiotic stress that inhibits plant development and productivity [5][6].
Drought severity is unpredictable since it depends on a variety of variables, including the amount and
distribution of rainfall, evaporative needs, and the soil's ability to store moisture [7].

According to estimates, 4.9 million acres, or one-fourth of Pakistan's entire arable land
are susceptible to drought as things continue to deteriorate [8]. Since the previous few decades,
all of Pakistan's provinces, particulatly the largest portions of Sindh and Baluchistan, have been
suffering from water shortages due to irregular rainfall and declining river flows [9]. The main
causes of desertification in vast areas are a lack of water and inadequate rainfall [10]. Water levels
in reservoirs have also fallen to dead levels, and the capacity of the reservoirs has decreased
owing to siltation. Pakistan is also sucking out groundwater at a rate that is alarmingly higher
than what is necessary to replace "fossil" groundwater, which could result in a catastrophe [11].
Drought reduced transpiration rate and stomatal conductance [12]. The accumulation of soluble
carbohydrates, sucrose, glucose, and fructose in leaf tissues under water stress during the
vegetative and reproductive stages [13].

Ca is a necessary mineral that affects plant development and metabolism via a variety of
physiological and biochemical processes. Ca is necessary for plant growth, cell wall thickness,
restoration, and plant tissue formation [14][15]. Ca** supplementation improved tomato growth,
fruit production, and quality. Under acidic soil conditions, calcium, as an essential element, plays
a critical role in regulating the transport of other nutrients into the plant system [14]. Calcium is
a secondary cationic element that serves many functions in the plant system. Its primary function
is to maintain cell structure, integrity, and polarity. It is essential for plant growth and
development, as well as numerous cellular metabolism and transcription factors [16].

Mg is also essential for plant growth due to its direct involvement in physiological and
biochemical systems. It promotes root development, improves water and nutrient absorption,
enhances carbohydrate export, and reduces ROS generation and photo-oxidative cell damage
under stress conditions [17]. Mg is a necessary nutrient that participates in a variety of metabolic
processes during plant development and growth [18]. Mg is the most abundant component in
chlorophyll and is responsible for photosynthesis [19]. Mg deficiency may cause programmed
cell death in chloroplasts due to oxidative damage [20]. The morphology of the leaves revealed
a thylakoid disorder caused by Mg deficiency [21].

Drought stress can be increased by treating grains with a polyethylene glycol (PEG)
solution for several days (PEG). In many cases, different concentrations of PEG are present.
As a result, testing at various concentrations is critical [22]. The high molecular weight of PEG
(6000 or 8000 g/mol) prevents water from penetrating the cell wall. In germination experiments,
polyethylene glycol solution is used to control the water potential. It is suggested that in future
experiments, the most tolerant genotypes that can germinate at this concentration be used as
drought-tolerant genotypes [23]. A variety of molecular weights of the polymer polyethylene
glycol (PEG) are created. According to research that appeared in the journal "Science" [24] PEG
can be used to alter the osmotic potential of nutrient solution cultures and thereby cause plants
to experience water deficits in a manner that is relatively controlled and appropriate for
experimental protocols. Large-molecular-weight PEG was thought to be the optimum
osmoticum for use in hydroponics root medium because it did not permeate the plant [25]. An
increase in human number compels them to grow more food to fulfill their needs, keeping this
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matter in mind, we studied the collective effects of different Ca/Mg quotients and osmotic stress
produced by polyethylene glycol (PEG) on Trigonella foenum-graccum L. growth. The present
study was undertaken to check the role of calcium and magnesium in polyethylene glycol-
induced drought.

Objectives And Novelty Statement of The Study:

There is little study available about the plant Trigonella foenum-graecum L. drought
stress, therefore the objective of the proposed study is to assess the;

. The effects of different levels of Polyethylene glycol (PEG) in Trigonella foenum-
graecum L.

. The effect of Calcium and magnesium different concentrations in Trigonella foenum-
graccum L. towards drought stress.

. To study the physio-hormonal attributes of Trigonella foenum-graecum L. under PEG-
induced drought stress.

Materials And Methods:

To study the effect of calcium and magnesium concentrations on Trigonella foenum-
graccum under PEG-induced drought stress, an experiment was conducted in the garden of
AWKUM. Seeds were collected from the market and sterilized before sowing. The study
included eight treatments and one control, each with three replicates, arranged in a completely
randomized design. The treatment details are as follows: The Ca/Mg ratio was prepared for the
experiment in three different forms, with effective values of 4, 2, and 0.18. We prepared a
solution using 1000ml of water, 90mg of MgSO4, and 429mg of Ca (NO3)2. To create a solution
for the 0.18 ratio, we dissolved 90 mg of MgSO4, 62 mg of Ca (NO3)2, and 260 mg of Mg
(NO3)2 in 1000 ml of water. After the plants had received the Ca/Mg ratio for two weeks and
one week of PEG stress, the plants were then ready for harvesting after three days. Plants were
exposed to the PEG-induced osmotic stress (along with different Ca/Mg treatments) for 8 days
in the experiment, with the solutions being renewed every 4 days.

To create the desired osmotic potentials, 26 mg of PEG was dissolved in 1000 mL of
distilled water to achieve -0.6 MPa, while 8.6 mg of PEG was dissolved in 1000 mL of distilled
water to achieve -0.2 MPa. The experiment was carried out in natural climatic conditions of the
temperature range (e.g., 25°C £ 1°C), relative humidity percentage (e.g., 50% RH), and light
intensity.

Table 1. Detail of Experimental Treatments
No Treatment detail No Treatment detail
To Control T4 Ca/Mg2 ratio+PEG(0.2 MPa)
T1 | Ca/Mg4 ratio+ PEG(0.6 MPa) | T5 Ca/Mg0.18 ratio+PEG(0.6 MPa)
T2 Ca/Mg4 ratio+ PEG(0.2 T6 Ca/Mg0.18 ratio+PEG(0.2 MPa)
MPa)
T3 Ca/Mg2 ratio+ PEG(0.6 T7 Ca/Mg0 ratio+PEG(0.6 MPa)
MPa)
T8 | Ca/Mg0 ratio+PEG(0.2 MPa)
Flow Diagram of Methodology: The Plant growth-promoting hormones such as Ascorbic
acid, Salicylic acid Indole-3-Acetic acid, and enzymatic activities can be observed under PEG-
induced drought stress in the presence of calcium and magnesium concentration. For hormones
and enzymatic activities, the fresh Leaf samples from all treatments were collected for the
analysis, Ascorbic acid was measured using the spectrophotometric method [26], and Salicylic
acid was measured using UV detection at 240nm to identify the specific wavelength of salicylic
acid [27]. Using the spectrophotometric method auxin was determined by assaying 1 ml of the
supernatant with 2 ml of Salkowski reagent and letting them stand for 30 minutes in a dark room
before measuring the absorbance at 540 nm.
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Figure 1. Flow of Study Diagram

The  procedure for measuring ascorbate  peroxidase  (APX)  activity
involves homogenizing fresh plant tissue, extracting the crude enzyme, and then initiating a
reaction. The reaction is monitored for a decrease in absorbance at a specific wavelength [28].
The activity of ascorbate peroxidase was measured from fresh leaves. The method used a Thio
barbituric acid (TBARS) assay to determine lipid peroxidase activity. Malondialdehyde (MDA),
a byproduct of lipid peroxidation, is used to assess oxidative damage [29].

Along with the several germination characteristics observed in this study, including the
number and percent of germination, the length of roots and shoots, the root: shoot ratio, fresh
and dry weights, and water content. At the end of the study (after 8 weeks), when plants were
harvested the determination of plant growth-promoting hormones such as Ascorbic acid,
Salicylic acid Indole-3-Acetic acid, and enzymatic activities lipid and ascorbic acid peroxidase
were carried out. The data collected from the results was analyzed using one-way (ANOVA).
Results:

Growth Promoting Hormones:
Ascorbic acid of Trigonella Foenium-Graecium L:
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Figure 2. Effect of calcium and magnesium ratio on total Ascorbic acid content mg/g F.W
under PEG (polyethylene glycol) induced drought stress.
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Figure 2 illustrates that the highest ascorbic acid content was observed in the control
group, while the lowest was recorded in the treatment lacking calcium and magnesium ratio
under 0.6 MPa polyethylene glycol-induced stress.

Salicylic Acid Contents of Trigonella Foenium-Graecium L:
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Figure 3. Effect of calcium and magnesium ratio on total Salicylic acid content mg/g F.W
under PEG (polyethylene glycol) induced drought stress.

The highest salicylic acid content in Trigonella foenum-graecum L. was observed in the
Ca/Mg ratio of 4 under 0.2 MPa PEG stress, while the lowest was recorded in the treatment
lacking calcium and magnesium ratio under 0.6 MPa polyethylene glycol stress (Figure 3). The
results showed dose-dependent activity, where a high dose of Ca/Mg produces a high content
of salicylic acid in the selected plant.

TAA Content of Trigonella Foenium-Graecium L:
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Figure 4. Effect of calcium and magnesium ratio on total IAA content mg/g F.W under PEG
(polyethylene glycol) induced drought stress.
Figure 4 shows that the highest IAA levels were measured in the control group without
any treatment, while the lowest levels were detected in the treatment lacking calcium and
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magnesium ratio and subjected to 0.6 MPa polyethylene glycol (PEG) stress. It shows that the
presence of Ca/Mg is important to alleviate the effect of PEG-induced drought stress in the
selected plant.

Enzymatic Activity:

Lipid peroxidase content of Trigonella frenum-francium L:
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Figure 5. Effect of calcium and magnesium ratio on total Lipid peroxidase content mg/g F.\W
under PEG (polyethylene glycol) induced drought stress.

Figure 5 illustrates that the highest lipid peroxidase content was observed in the
treatment with a Ca/Mg ratio of 0.18 and 0.2 MPa polyethylene glycol (PEG) stress. This
indicates that Ca/Mg has positive effects on the growth and development of plants reducing the
effect of PEG. However, the lowest content was recorded in the treatment lacking calcium and
magnesium and subjected to 0.6 MPa PEG stress.

Ascorbic acid peroxidase content of Trigonella frenum-francium L:
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Figure 6 Effect of calcium and magnesium ratio on total Ascorbic acid peroxidase content
mg/g F.W under PEG (polyethylene glycol) induced drought stress.
The maximum ascorbic acid peroxidase of Trigonella frenum-francium L. was found at
least p>0.05 in Ca/Mg ratio 4 and at 0.2 MPa PEG stress and the minimum was noted in
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treatment which had no calcium and magnesium ratio and polyethylene glycol of 0.6 MPa stress
(Figure 0).

The code utilized for estimation of the Effects of Exogenous Calcium and Magnesium
on Physio-Hormonal Attributes of Trigonella Foenum-Graecum 1 using Al is as under:

import pandas as PD

import numpy as np

import matplotlib.pyplot as plt

import seaborn as sns

From Scipy import stats

from sklearn.preprocessing import MinMaxScaler

from sklearn.ensemble import RandomForestRegressor

From sklearn.model_selection import train_test_split

from sklearn.metrics import r2_score

# Load dataset

df = pd.read_csv("fenugreek_data.csv")

# Handle missing values

df = df.drop ()

# Normalize data

scaler = MinMaxScaler()

df.iloc[:, 1:] = scaler.fit_transform(df.iloc]:, 1:])

# ANOVA test for significant differences

f stat, p_value = stats.f_oneway(df["Control"], df["Low_Ca"], df["High_Ca"],
df["Low_Mg"], df["High_Mg"])

print(f"F-statistic: {f_stat}, P-value: {p_value}")

if p_value < 0.05:

print("Significant effect of treatment on attributes.")

Else:

print("No significant effect of treatment.")

# Data visualization

plt.figure(figsize=(10, 6))

sns.boxplot(data=df)

plt.title("Effect of Calcium and Magnesium on Fenugreek Attributes')

plt. label("Treatment")

plt. label("Normalized Values")

plt.show()

# Machine learning model

X = df.iloc];, 1:]

y = df["Growth"] # Target variable

X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.2, random_state=42)

model = RandomForestRegressor(n_estimators=100, random_state=42)

model.fit(X_train, y_train)

y_pred = model.predict(X_test)

print(f"R? Score: {r2_score(y_test, y_pred)}")

# Correlation analysis

corr_matrix = df.corr()

plt.figure(figsize=(8,0))

sns.heatmap(corr_matrix, annot=True, cmap

plt.title("Correlation Between Attributes")

plt.show()

cool warm")
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Discussion:

According to Xu et al., [30] the endogenous levels of ABA, IAA, and JA in wheat plants
were interestingly regulated differentially by Si application during water-deficit stress compared
to PEG treatment alone. According to this study, exogenous Si enhances plant development by
regulating phytohormone levels and nutrient (Na, Mg, and Si) uptake in wheat under water-
deficit stress. A similar result was also obtained by authors in [31], where the ascorbic acid levels
were found to be improved by minerals under PEG stress. Our results also indicate that the
maximum ascorbic acid contents were found in the control and the minimum are observed in
treatment which has no calcium and magnesium ratio and polyethylene glycol stress. The same
trend was observed for auxin levels in our study. The findings of [32] demonstrated that ascorbic
acid and its immediate precursor helped shield plants from oxidative damage caused by various
stresses. Additionally, increases in endogenous jasmonic acid (JA), salicylic acid (SA), and
abscisic acid (ABA) concentrations during drought stress suggest that these hormones play a
role in conferring resistance to drought-induced stress, as noted in [33]. According to these
findings, endogenous SA levels and signaling played a protective function in the Arabidopsis
plant's reaction to the PEG-simulated drought [34]. Drought stress brought on by polyethylene
glycol (PEG). The P. simonii seedlings showed reduced growth, reduced aquaporin expression
levels, activated auxin (IAA) and abscisic acid (ABA) signaling pathways, and decreased net
photosynthetic rate as they adapted to drought [35].

A crucial enzyme controlling ROS levels, ascorbate peroxidase acts in various cellular
components. Varying abiotic stressors have different effects on the expression of the APX-
coding genes in different plant species [36]. The high concentration of Na+ in the nutrient
solution had a significant impact on the nutritional needs of the plant, particularly on the uptake
of Ca2+ and K+, which were constrained due to competition. By increasing NaCl stress levels,
a rise in proline accumulation, ascorbic peroxidase activity, and lipid peroxidase activity were
observed. However, the addition of PEG 6000 to NaCl treatment had a more significant effect
on enhancing these enzyme activities. These findings imply that maize plants may need to have
more proline to sustain osmotic adjustment and more antioxidant enzyme activity to better
combat active oxygen species (AOS) when exposed to salt and water stress [37].

The results of this study illustrate that high lipid peroxidase contents were present in
calcium and magnesium with a ratio of 0.18 and polyethylene glycol, while the minimum is
observed in treatments that have no calcium and magnesium ratio and polyethylene glycol stress.
Similar results were observed for ascorbic acid peroxidase levels.

Two wheat genotypes subjected to mild water deficit conditions showed significant
alterations in the relative levels of APX (ascorbate peroxidase) transcripts. While cytosolic APX2
was solely up-regulated in the drought-tolerant genotype, cytosolic APX1 expression levels are
increased in both genotypes. Thylakoid APX transcript levels rose in the drought-tolerant
genotype, whereas stromal APX2 expression levels were higher in the drought-sensitive cultivar
[38]. The same results also indicated an increase in ascorbic peroxidase levels in the leaves of P.
acutifolius under stress conditions. Furthermore, P. acutifolius showed greater constitutive levels
of Ascorbic peroxidase activity [39].

Consistent with our findings, [40] observed that in drought-adapted wheat genotypes,
lower levels of lipid peroxidation were associated with elevated constitutive and induced APOX
activity. In P. acutifolius, it appears that greater levels of constitutive CAT activity and both
constitutive and induced levels of APOX activity largely removed the result of the SOD reaction,
H>O,, under osmotic stress conditions [41][42].

Conclusion:

It is concluded from the present study that the calcium and magnesium ratio alleviated
the adverse effects of polyethylene glycol on Trigonella foenum-graccum L. growth-promoting
hormones and enzymatic activities parameters such as ascorbic acid, salicylic acid, and auxin
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under PEG induced drought stress. The present study suggests that calcium and magnesium are
very crucial for proper growth and development of plants. The study examining the effects of
exogenous calcium and magnesium on fenugreek (Trigonella foenum-graecum L.) under PEG-
induced drought stress could have limitations related to the artificial nature of PEG-induced
stress, potential inconsistencies in application methods, needs open field validation, and it needs
for further exploration of specific hormonal pathways and genetic factors involved in the plant's
response to drought stress on a molecular level.
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