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The study aimed to harden two grape cultivars, Superior and
Red globe shoots grown in vitro by adding different PEG
concentrations (0, 5, 10, 20, and 40 g L") to the growth medium
(MS + 2 mg L BA) for inducing in vitro drought stress.
Biochemical compounds directly impacted by drought were
assessed 30 days after planting to determine the modifications
of their metabolic pathways to adapt to the drought and shoots
survived. Compared to the control treatment, the addition of
PEG resulted in a significant increase in the antioxidants
produced in the explant (anthocyanin, proline, total sugars, and
catalase enzyme) as well as a significant decrease in the explant
content of malondialdehyde and chlorophyll. The results also

10.33899/mja.2024.146167.13501

demonstrated that the cultivars differed significantly in all the
0 studied traits. Likewise, the interaction coefficients between
the cultivars and the added PEG concentrations achieved
significant differences from the control for each cultivar
separately. The largest anthocyanin concentration for the Red
globe and Superior cultivars (24.46 and 13.30 mg 100 g?)
proline (25.08 and 20.75 mmol g*?), respectively, obtained
from shoots growing in media supplied with 20 g I'* PEG While
the most significant percentage of total sugars (11.17 and
10.58%), respectively, were obtained from shoots grown in
media content 40 gm L-1 PEG, While the highest catalase
enzyme concentration for the two cultivars Red globe and
Superior (9.01 and 8.21 units mg-1) and was obtained from
shoots grown in the presence of 40 and 20 g I-1 PEG,
respectively. The study reveals that the Red Globe variety is
more resilient to droughts than the Superior variety, making it
ideal for water-scarce regions.
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INTRODUCTION

Abiotic stresses, such as drought, salinity, and heat, caused by climate change
and global warming significantly threaten agricultural production, biodiversity, plant
genetic resources, and global food safety (Ahuja et al., 2010; Alalaf and Fekry, 2020).
And as Smith et al., (2009) stated that “stressed environments” provide less than
optimal conditions for plant growth, thus quantitatively and qualitatively reducing
their lifespan and production. Whenever a plant is subjected to environmental
stressors, such as drought stress, it produces intracellular reactive oxygen species
(ROS), active oxygen derivatives with a lack of electrons in their outer orbits so they
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are unstable and more effective at triggering biological molecules' oxidation
processes (catabolism), like proteins, sugars, lipids, and nucleic acids. This leads to a
severe disruption of nutritional metabolism and irreversible functional damage
(Abogadallah, 2010). Drought stress occurs when the percentage of water available
to the plant decreases. Therefore, it becomes difficult for the plant to absorb moisture
(Shashidhar et al., 2013), leading to morphological, physiological, chemical,
biological, and molecular changes that negatively affect plant growth and
productivity (Jiao et al., 2023). Wang-xia et al. (2003) mention that the spread of
drought and salinity in the Mediterranean region could lead to the loss of 50% of the
total arable land by the year 2050. On the other hand, Iraq is on the verge of severe
climate changes during the short term, taking it to the level of dry areas (Al-Maliki et
al., 2022; Walid, 2023).

Many methods have been used to improve plant growth under drought
conditions, which have proven that the most successful approach is implementing
plants hardening programs by exposing them to mild drought stress and selecting the
most resistant to obtain drought-resistant cultivars (Bolat et al., 2016). Previous
studies demonstrated that breeding programs are more effective than other
approaches in producing drought-resistant plants because plants are highly adaptive
to unfavorable environmental conditions; this is achieved by altering their genetic
activity and their functional training to withstand drought by activating specific genes
that produce enzymes or antioxidant chemicals beneficial to the plants to resist active
oxygen derivatives and lessen or stop the harm they cause to the plant (Pourghayoumi
etal., 2017).

Viticulture is an important branch of agriculture worldwide (Al-Atrushy and
Ibrahim, 2023). Therefore, it is expected to be significantly affected by potential
global warming effects and resulting stresses, including drought stress, and thus,
significant changes in the physiological activities of the vine and its yield (Marin et
al., 2021).

Some in vivo studies were conducted to determine the effects of drought stress
on the physiological activities of grapevines (Sabir, 2016; Tangolar et al., 2016; Sucu
etal., 2018), but they were characterized by taking a long time, requiring a large area,
and being greatly affected by the environmental conditions of the region. On the other
hand, tissue culture provides better possibilities for determining the effects of drought
stress and the extent of plant tolerance to it, away from the field cons mentioned
above.

A high molecular weight, water-soluble polyethylene glycol (PEG 6000) has
been frequently used to induce in vitro drought conditions as a simulation of field
drought conditions so that plants tolerance to drought can be assessed in vitro, and
the most resistant one selected (Lawlor, 1970).

Polyethylene glycol is a safer agent for inducing drought stress in vitro than
soluble mannitol and other sugars that are commonly used for this purpose because
the doses used in the tests have no adverse effects on the plant and do not interfere
with other vital processes in the plant (Hohl and Schopfer, 1991; Verslues et al.,
1998). Furthermore, it does not affect the path of water entry into the cell via the
apoplast, so it simulates drought conditions similar to soil drought conditions
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compared to mannitol and other sugars commonly used previously (Nepomuceno et
al., 1998).

Many previous studies have been conducted in vitro using polyethylene glycol
to evaluate the efficiency of some grape cultivars in tolerating water stress conditions
(Cui et al., 2016; Saygac et al., 2019; Alebidi et al., 2024). However, no studies are
available to evaluate the drought tolerance of the two grape cultivars, Superior and
Red Globe, which are valuable and desired locally. Therefore, this study aimed to
verify the resistance of these two cultivars to in vitro drought stress and study its
effect on metabolic pathway changes in the plant by estimating some traits directly
related to drought, such as chlorophyll pigment content, anthocyanin pigment,
protein, the amino acid proline, total sugars, catalase enzyme activity and
malondialdehyde concentration (MDA) in order to harden plants and determine the
most effective concentration for hardening and the most tolerant variety to
recommend its application in future breeding initiatives aimed at producing drought-
tolerant cultivars suitable for the permaculture or water shortage environments that
prevail in most of Iraq's regions.

MATERIALS AND METHODS

The study was conducted in the Plant Cell and Tissue Culture Lab /
Horticulture Department/ Agricultural Engineering Sciences College / Dohuk
University. Superior and Red Globe grape vines were selected from a private
vineyard in the Bagirat area, north of Dohuk/lraq. from 1/4/2023 until 5/9/2023.
Newly young shoot tips containing 5-7 buds growing in the spring were collected and
placed under running tap water for an hour. Shoots were sterilized under the Laminar
by immersing them for ten seconds in 96.6% ethyl alcohol, followed by immersing
for 10 minutes in a 20% commercial bleach solution containing 5.25% sodium
hypochlorite (NaOCI), and three times in sterile distilled water for 15 minutes each.
Once, the shoots were divided into stem segments approximately 1 cm long
containing at least one bud (Single node).

The two cultivars' shoots were planted on the MS basal medium (Murashige
and Skoog, 1962) enriched with 1 mg L benzyl adenine (BA). pH was adjusted to
5.7-5.8 before adding agar. The medium was distributed in (250 ml) vessels and
autoclaved at 121°C for 20 minutes. The cultures have been preserved at 23 + 1°C
and 16-h photoperiod, equipped with white fluorescent tubes in a growth chamber.
After three weeks, the formed shoots were separated into sections one node size and
replanted on fresh media for another three weeks to obtain uniform shoots in length
(2-3 cm) and leave number (2-3 leaves shoot™).

The newly formed shoots from the second subculture were planted in fresh MS
medium supplemented with 2 mg Lt BA (6-benzyl adenine), 30 g L-* sucrose, 7 g L
1 agar, and different levels of polyethylene glycol (0, 10.5, 20 and 40 g L) (PEG
6000) as a simulation of inducing water stress conditions in vitro. At the end of the
stress exposure period (30 days), shoots were removed from the culture medium and
gently washed with running tap water to estimate stress-related biochemical
indicators. Including the total chlorophyll pigment concentration, mg g* fresh weight
(Knudson et al. 1977), anthocyanin pigment (Ranganna, 1986), total protein (Lowyer
etal., 1951), proline (Bates, 1973). Total sugars (carbohydrates) (Ibrahim, 2010). The
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activity of the catalase enzyme (Beers and Sizer, 1952). Peroxidation of lipids in plant
tissue samples by estimating the amount of malondialdehyde (MDA) (Li etal., 2011).
Also, the Damaged shoots Percentage (%) 30 and 60 days after exposure to drought
conditions was measured.

Statistical analysis

The experiment was conducted with completely randomized design (CRD).
The means were then compared using Duncan's multiple range test at the 0.05
confidence level for all parameters studied (Al-Rawi and Khalfallah, 1980). SAS
(V.9) computer software was used for statistical analysis.

RESULTS AND DISCUSSION

Total chlorophyll pigment concentration (mg 100g* Fresh Weight)

The results in Table (1) After 30 days of two grape cultivars, Superior and
Rose Globe shoots, planted in MS medium prepared with different PEG
concentrations showed a significant difference in the total chlorophyll content in both
cultivar's shoots, as well as between the studied PEG concentration. The Superior
cultivar outperformed the red globe cultivar in its total chlorophyll content (0.28 and
0.15) mg.100g* Fw, respectively, while the control treatment (PEG-free)
significantly outperformed the rest of the treatments. It was noted that adding PEG
led to a significant decrease in the shoot's chlorophyll content.

As for the interaction of cultivar with PEG concentrations, an apparent
decrease was recorded in the total chlorophyll shoot content as a comparison with the
control treatment, which recorded high values (0.60 and 0.32 mg 100 g* FW,
respectively) for both cultivars (Superior and Red globe), while the lowest values
were recorded for the two interference treatments with 40 mg L (0.08 and 0.06 mg.
100 gt FW, respectively).

Table (1): Effect of cultivar, PEG concentration, and their interaction in total
chlorophyll content in explant 30 days after exposure to drought conditions.

Total chlorophyll (mg 100 g FW)

Cultivars PEG concentration g L.
Zero 5 10 20 40
Superior 0.60 a 0.37b 0.20c | 0.17cd | 0.08d 0.28 a

Red globe 0.32b | 0.15cd | 0.12cd | 0.09d 0.06d 0.15Db

Concentration 0.46 a 0.26 b 0.16¢c | 0.13cd | 0.069d
effect

*Numbers with similar letters are not significantly different within each factor and interaction
according to Duncan's multiple range test at the 0.05 probability level.

Effect of
cultivars

Anthocyanin pigment Concentration (mg 100 g* fresh weight)

The results in Table (2) after 30 days of two grape cultivars, Superior and Rose
Globe shoots, planted in MS medium enriched with different PEG concentrations
showed the superiority of Red Globe over the Superior cultivar in its shoot's
anthocyanin pigment content with an amounted of 17.41 and 10.16 mg 100g* FW
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respectively. The results also showed an increase in the explant content of the
anthocyanin pigment with the increase of The PEG concentrations from 0 to 20 gm
liter?, and it ranged between (10.31 and 18.88 mg 100 g* FW, respectively). Then,
the value decreased at the high PEG concentration (40 g L) to give 13.25 mg 100g -
L FW. The results also refer to significant differences between the cultivar interaction
treatments with PEG concentrations, as the treatment of the Red globe and the
Superior cultivar with 20 g It PEG achieved the highest accumulation of anthocyanin
pigment, 24.46 and 13.30 mg 100 g* FW, respectively, with significant superiority
over all other studied interference treatments, while the lowest values reached 7.36
mg 100g* FW obtained from shoots of the Superior cultivar grown on a PEG-free
medium (control).

Table (2): Effect of cultivar, PEG, and their interaction on the anthocyanin explant
content 30 days after exposure to drought conditions.

Anthocyanin pigment (mg 100 g -1 FW)
Cultivars PEG concentration g L

Zero 5 10 20 40
Superior 7.369 9.16f | 11.94e | 13.30d | 9.06f | 10.16b

Red globe 13.26d | 15.09c | 16.84b | 24.46a | 17.43Db 1741 a

Concentration 1031e | 12.12d | 1439b | 1888a | 13.25¢
effect

* Numbers with similar letters are not significantly different within each factor and interaction
according to Duncan's multiple range test at the 0.05 probability level.

Effect of
cultivars

Protein percentage (%)

Table (3) shows the effect of adding different PEG concentrations to the
medium on the protein percentage shoot content of the Red globe and Superior grape
cultivar 30 days after planting. It is noted that the Red globe cultivar is significantly
superior in its protein percentage content (0.403%) over the Superior cultivar
(0.392%). It is also noted that adding PEG caused a significant reduction in the
percentage of protein in the shoots, as the highest values reached (0.424%) and were
obtained from the control treatment. While the lowest percentage (0.374%) was
obtained from the treatment of adding 40 g L™ PEG.

The interactions of the cultivar with the studied PEG levels also recorded
significant differences. Still, none recorded higher values than the comparison
treatment for each cultivar individually, noting that the highest percentage of protein
reached 0.431%. It was achieved from the interaction treatment of the Red Globe
cultivar with no addition of PEG, with significant superiority. On all other
interference treatments, it was followed by the interference treatment of the Superior
cultivar with no addition of PEG, which amounted to 0.417%. while the lowest values
(0.386% and 0.362%) were recorded for the Red Globe and the Superior cultivar
grown in media containing 40 mg. L* PEG.
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Table (3): The effect of cultivar, PEG, and their interaction on the Total protein (%)
explant content 30 days after exposure to drought conditions.

Total Protein%

Cultivars PEG concentration g L™

Zero 5 10 20 40
Superior 0417b | 0.395c | 0.408b | 0.378d | 0.362e | 0.392b

Red globe 0431a | 0411b | 0.397c | 0.390c | 0.386cd | 0.403a

Concentration |4 4544 | 0.403b | 0.402b | 0.384c | 03744
effect

* Numbers with similar letters are not significantly different within each factor and interaction
according to Duncan's multiple range test at the 0.05 probability level.

Effect of
cultivars

Amino acid Proline concentration (mg 100g fresh weight)

Data in Table (4) shows the significant superiority of the Red Globe cultivar
shoots in the content of the amino acid proline (15.83 mg 100 g* FW) compared to
the Superior cultivar (13.38 mg 100 gt FW). The levels of PEG added to the nutrient
medium had significant differences in this characteristic, as the concentration of 20 g
L 1 achieved the highest values (22.91 mg. 100 g-1 FW), significantly superior to rest
treatments. In contrast, the lowest values were 4.84 mg 100 g-* FW was achieved in
the control treatment (PEG-free).

As for the interaction coefficients between the cultivar and PEG
concentrations, the data indicated that the highest proline accumulation reached 25.08
mg 100 gt FW, was obtained from the interaction treatment of the Red Globe cultivar
with 20 g L* of PEG, which was significantly superior to all other studied
interference treatments, followed by the treatment of the Superior cultivar with the
same concentration of PEG, which amounted to 20.75 mg. 100 g FW, while the
lowest values were recorded in the control treatment (PEG-free) for both Red Globe
and Superior cultivars (4.08 and 5.61 mg 100 g FW, respectively).

Table (4): Effect of cultivar, PEG concentration, and their interaction on the
explant amino acid proline content 30 days after exposure to drought conditions.

Determination of proline (mg 100 g* FW)

Effect of

Cultivars PEG concentration g L™ :
cultivars

Zero 5 10 20 40
Superior 561¢ 9.07f | 14.73d | 20.75b | 16.76 cd | 13.38Db

Red globe 408g | 11.45e | 17.12c | 25.08a | 2141D 15.83 a

Concentration 484e | 1026d | 1594¢c | 2291a | 19.09b
effect

* Numbers with similar letters are not significantly different within each factor and interaction
according to Duncan's multiple range test at the 0.05 probability level.
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Total Soluble sugars percentage (%0)

The data in Table (5) indicate the superiority of the Superior cultivar shoots
over the Red Globe cultivar in its total sugars containing (7.35%), compared to
(6.75%) for the Red Globe cultivar. As for the effect of the studied PEG levels, it was
noted that There was a significant increase in the total sugars in shoots in association
with an increase in the stress levels, and the highest percentage of total sugars
(10.87%) was recorded in shoots grown in medium enriched with a high
concentration of PEG (40 g L). The lowest values (4.42%) were recorded in the
control treatment.

The interaction coefficients between the cultivar and the PEG concentrations
showed a significant increase in the shoot's total sugar content simultaneously with
the rise in PEG concentrations added to the medium to reach their highest value
(11.17 and 10.58%) in the interaction coefficients of the two cultivar Red Globe and
Superior with the concentration of 40 g L2, respectively. Meanwhile, the lowest value
of total sugars was recorded in the control treatment (PEG-free).

Table (5): The effect of cultivar, PEG, and their interaction on the explant total sugars
(carbohydrate) (%) content 30 days after exposure to drought conditions.

Total Soluble sugars percentage (%)
Cultivars PEG concentration g L™! Effe_ct of
cultivars
Zero 5 10 20 40
Superior 4.72e | 5.19de | 7.26¢c | 9.02b | 10.58 a 7.35a
Red globe 4.13e | 485de | 6.14cd | 7.46¢c | 11.17a 6.75b
Concentration
effect 4.42d 5.02d 6.70c | 824b | 10.87a

* Numbers with similar letters are not significantly different within each factor and interaction
according to Duncan's multiple range test at the 0.05 probability level.

The effective concentration of catalase enzyme: (1U mg™)

Data in Table (6) 30 days after the Red Globe and Superior grape shoots
planting shows that the Red Globe cultivar was significantly superior to the Superior
cultivar in its content of the active catalase enzyme (5.88 and 5.45 units mg™)
respectively. Adding PEG concentrations to the medium also caused significant
Increases in the content of the shoots of the active catalase enzyme simultaneously,
with its concentration rising to 40 g L (7.89 units mg). At the same time, the control
treatment recorded the lowest values (2.04 units mg?). Also, all interaction
coefficients between the variety and the levels of PEG recorded a significant
superiority over the comparison treatment for both cultivars, Red Globe and Superior,
which recorded the lowest values (2.40 and 1.69 units mg1), respectively. On the
other hand, the highest effective concentration of the active catalase enzyme reached
9.01 unit Mg! was achieved in treating the Red Globe cultivar with 40 g L™ of PEG,
significantly superior to all other studied interference treatments except for the
treatment of the Superior variety with 20 g L PEG (8.21 units mg™).
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Table (6): The effect of cultivar, PEG, and their interaction on the catalase enzyme
content in explant after four weeks of exposure to Drought stress conditions.

Catalase IU mg!

Effect of

Cultivars PEG concentration g L :
cultivars

Zero 5 10 20 40

Superior 1.69f 465e | 593cd | 82la |6.78bc 545D

Red globe 240 f 4.86 e 5.88d 7.28b | 9.01a 5.88 a

Concentration |, o4 4 | 475¢ | 590b | 7.75a | 7.89a
effect

* Numbers with similar letters are not significantly different within each factor and interaction
according to Duncan's multiple range test at the 0.05 probability level.

Lipid oxidation (malondialdehyde, MDA) (umol g?)

Results presented in Table (7) show the significant effect of cultivars on grape
explant's MDA content when grown under different drought stress conditions
Induced by PEG, as the Superior cultivar explant was significantly preferable in their
content of MDA than the Red Globe cultivar (1.09 and 0.85 nmol g1), respectively.
It was also noted that increasing PEG concentrations from zero to 40 gm L caused
a significant increase in the content of the MDA as the highest value reached (1.445
nmol g1) obtained from the treatment of adding 40 g L PEG. In contrast, the lowest
values (0.585 nmol g*) were recorded in the control. As for the interaction effect of
cultivars with the PEG levels added to the medium, it is noted from the results of the
same table that there is a significant increase in MDA accumulated in shoots of both
Superior and Red Globe cultivars, with an increase in the stress substance level, as it
reached its highest values in the interaction of the two cultivars with 40 gm |-t PEG
(1.58 and 1.31 nmol g), respectively, while the lowest values (0.59 and 0.58 nmol
g1), respectively, were obtained from the control treatments for both cultivar.

Table (7): The effect of cultivar, PEG, and their interaction on the malondialdehyde
content in explant after four weeks of exposure to Drought stress conditions.

Malondialdehyde (MDA) pumol g
Cultivars PEG concentration g L™!

Zero 5 10 20 40
Superior 059f | 0.96¢cd | 1.27b 1.05c¢ 1.58 a 1.09a

Red globe 0.58f | 0.79de | 0.88cd | 0.69ef | 131b 0.85hb

Concentration
effect

Effect of
cultivars

0.585d | 0.875¢c | 1.075b | 0.87c | 1445a

Damaged shoots Percentage 30 days after exposure to drought conditions (%0):
After 30 days of exposing both cultivars' shoots to drought conditions, the

percentage of damaged shoots varied Table (8). The results indicated that the

conditions of drought stress achieved by adding different concentrations of PEG to

106



Mesopotamia Journal of Agriculture, Vol. 52, No. 2, 2024 (99-117)

the medium had a considerable effect on shoot damage, as all PEG concentrations
used caused a significant damage percentage that was higher than the control
treatment, which showed no damage shoots, it was noted that the damage percentage
increased directly with increasing PEG concentrations in the medium.

Regarding the interference coefficients, it is observed that the shoots weren't
affected by the interaction coefficients when PEG was not added to the mediums. In
contrast to the control, the shoots suffered considerable harm from the interference
coefficients of the PEG concentration with the cultivars.

Table (8): The effect of cultivar, PEG, and their interaction on the percentage of
damaged explant after 30 days of exposure to Drought stress.

Damaged explant percentage (%)
Cultivars PEG concentration g L Effe_ct of
cultivars
Zero 5 10 20 40
Superior 0.0c 80 ab 90 ab 100 a 100 a 74 a
Red globe 00c 70b 80 ab 90 ab 100 a 68 a
Concentration | ¢ | 755 | g5ab | 95a | 100a
effect

*Numbers with similar letters are not significantly different within each factor and interaction
according to Duncan's multiple range test at the 0.05 probability level.

Damaged shoots Percentage 60 days after exposure to drought conditions (%0):

The findings in Table (9), after 60 days of exposing both cultivars' shoots to
drought conditions, demonstrated that the Superior cultivar outperformed the Red
Globe variety in terms of damaged shoots by 55% and 35%, respectively. Regarding
the PEG concentrations effect, the same table demonstrates that no damage was
observed in the shoots that grew in the control treatment (the survival rate was 100%).
In contrast, the shoots grown in the media enriched with PEG were damaged in
different proportions directly proportional to the increasing concentration of PEG
added to the medium.

Table (9): The effect of cultivar, PEG, and their interaction on the percentage of
damaged explant after 60 days of exposure to Drought stress.

Damaged explant percentage (%)
Cultivars : 1 Effect of
PEG concentration g L cultivars
Zero 5 10 20 40
Superior 0.00 e 50b-d | 625a-c| 75ab 87.5a 55a
Red globe 0.00e | 375cd | 375¢cd | 25de 75 ab 35b
Concentration | 4 5¢ | 4375h | 50b | 50b | 8L25a
effect

*Numbers with similar letters are not significantly different within each factor and interaction
according to Duncan's multiple range test at the 0.05 probability level.
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As for the interaction effect of the cultivars and PEG concentrations, it is noted
that the highest percentage of affected shoots for both the Superior and Red Globe
cultivars was obtained from the treatment of adding 40 g L-* PEG to the medium and
reached 5.87% and 75%, respectively.

The comparison of Table (8) with Table (9) results demonstrated that the
percentage of affected shoots for the two cultivars Superior and Red Globe decreased
from 74% and 68% after 30 days to 55% and 35% after 60 days, respectively, and
from 75% and 100% after 30 days of growth in media containing PEG. to 43.75%
and 81.25% after 60 days, respectively, while the interference treatments caused a
decrease in the percentage of affected shoots from 70% and 100% after 30 days to
25% and 87.5% respectively, after 60 days.

1 P SRR il
| MR = RN A k.
." \1 f R 18 e e | 0

Figure (1): Aland A2 Red globe cultivar shoots during the first 30 days of exposure
to drought stress. A3-A5, Red globe cultivar shoots during the second 30 days of
exposure to drought stress. BlandB2 Superior cultivar shoots during the first 30 days
of exposure to drought stress. B3-B5, Red globe cultivar shoots during the second 30
days of exposure to drought stress.

In this study, an in vitro hardening program was implemented for the two grape
cultivars, Superior and Globe Red, which provided an opportunity to obtain more
accurate results from the field because the study took place under controlled
conditions inside the growth room and helped to conduct early detection of the extent
of the plant’s tolerance to stress by following the nature of the change in the behavior
of the metabolism of the essential substances affected by drought, including the total
chlorophyll concentration, the percentage of total sugars (carbohydrates), the
percentage of protein, the concentration of the amino acid proline, and the
concentration of malondialdehyde.
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The study revealed a significant difference between the cultivars in the values
(effectiveness) of the studied parameters, as the Red Globe outperformed the Superior
cultivar in the anthocyanins, proline, protein, catalase enzyme, and MDA (Tables 2,
4, 3, 6, and 7) Indicators. In contrast, the Superior outperformed the Red Globe
cultivar in total chlorophyll and total sugars (carbohydrates) content (Tables 1 and 5).
The significant differences between the cultivars in the values of the studied
parameters can be attributed to the difference in the genetic construction of each
cultivar, as the growth rate of any plant represents the result of growth factors effect
(genes, hormones, enzymes, and environmental conditions) (Muhammad, 1985).

The study demonstrated that adding PEG to the growth medium significantly
decreases the total chlorophyll concentration in shoots and, inversely, with increasing
PEG concentrations Table (1). The significant reduction in total chlorophyll
concentration in plants that grew under drought conditions can be explained based on
the fact that active oxygen derivatives resulting from drought stress attacked the
chloroplast membranes and caused rapid decomposition of chlorophyll molecules
(Liu et al. 2011), Kaiser et al., (1981) noted swelling and deformation of carina
lamellae in plants grown under drought stress. As well as, Tuna et al. (2008)
suggested that the decrease in chlorophyll concentration in plants growing under
drought conditions is due to the increased activity of proteolytic enzymes, including
chlorophyllase, which breaks down the chlorophyll pigment. This result is consistent
with what Alebidi et al. (2024) indicated, a decrease in the total chlorophyll content
in grape shoots when they studied the performance of some grape rootstocks grown
under drought stress induced by PEG in vitro. Many studies have recorded decreased
chlorophyll levels under water stress conditions (Pavlousek, 2011; Haider et al.,
2017).

The high accumulation of anthocyanin pigment in plant segments growing in
a medium prepared with different PEG concentrations Table (2) could be because
anthocyanin is one of the most critical elements of the plant’s defense systems, as the
plant increases its production under drought conditions to protect against oxidative
damage and restore balance to it (Menezes-Benavente et al. 2004). Hatier and Gould
(2008) stated that anthocyanins are non-enzymatic antioxidants that plants produce
under stress conditions to scavenge active oxygen derivatives formed under drought
stress, including hydrogen peroxide H.O>, which has a toxic effect on the plant. In
addition, Hughes et al. (2013) mentioned that anthocyanins play a role in adjusting
cell osmosis. Current study results agree with what was found by Pourghayoumi et
al. (2017) in their study on the response of pomegranate cultivar to water stress, as
well as with Bolat et al. (2016) in their study on the effect of drought stress on some
morphological, physiological, and biochemical traits of the myrobolan 29 ¢ plum
rootstock, who indicated that a significant increase occurrence in the content of
anthocyanins and phenols in plants grown under drought conditions compared to the
control treatment.

The decrease in the protein percentage Table (3) and the increase in the amino
acid proline concentration Table (4) in shoots exposed to drought stress induced by
PEG can be due to forcing the plant to change its nutritional metabolism through
activating genes for breaking down proteins, especially proteinase, and inhibiting the
enzymes responsible for building proteins, especially Nitrate Reductase
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(Abogadallah, 2010), and increasing the activity of enzymes that manufacture some
amino acids, especially proline and glutamine, which facilitate the water entry into
the plant by preserving dissolved materials in the cell and achieving osmotic balance
(Yancey et al., 1982). Proline is one of the amino acids that records an immediate and
significant increase in its quantity in many plants when exposed to drought conditions
by activating its constructing genes and inhibiting the activity of the enzyme that
oxidizes it (proline dehydrogenase) (Abogadallah, 2010).Proline maintains osmosis
in plants and thus increases their tolerance to drought stress by protecting protein and
the cell membrane structure and regulating the oxidation and reduction state by
scavenging active oxygen derivatives (Kocsy et al., 2005).

The decrease in the percentage of proteins in shoots exposed to drought stress
in vitro by adding different PEG concentrations is consistent with what was found by
Munir and Aftab (2009) in Sugarcane, Singh and Kumar (2020) in eucalyptus trees.
As for the increase in proline concentration in plants exposed to in vitro drought
stress, our results agree with the results of Alebidi et al., (2024) on different grape
cultivars as a gradual response to the increase in PEG concentration.

Regarding total sugars, the results showed that raising the levels of PEG in the
nutrient medium led to a significant increase in the accumulation of total sugars in
the branches of the two grape cultivars grown on media containing different
concentrations of PEG Table (5). Sugars are one of the essential components of
nutritional metabolism that the plant uses to resist drought conditions by converting
them into forms that can retain water and protect cell membranes, thus achieving an
osmotic balance in favor of water entering the plant. Among the sugars the plant
maintains under stress conditions are mannitol, penton, and sucrose, the latter of
which is the most accumulated in the plant under drought conditions. Bian and Jiang
(2009) stated that the high concentration of total sugars in the plant can be explained
based on the decomposition of starches and polysaccharides present in the plant into
mono- or disaccharides in cases of water deficiency, which in turn work with proline
to regulate the osmotic potential in the cells and regulate metabolic processes in plants
(Xu and Huang., 2010), thus making it more adaptable to stress conditions. These
findings align with earlier reports, which indicated that plants exposed to drought
conditions have significantly higher soluble sugar contents (Singh and Kumar, 2020).

The results Table (6) showed increased catalase enzyme activity as a natural
mechanism for resistance to drought stress and the resulting active oxygen
derivatives. Hydrogen peroxide (H20-) is one of the most harmful active oxygen
derivatives formed in plants growing under drought stress due to its toxic effect on
the plant. Under drought conditions, the plant increases the production of the enzyme
catalase, which is one of the most important antioxidant enzymes that resist drought,
as it works to decompose the compound hydrogen peroxide into water and oxygen,
thus ending its negative effect on the plant (Das and Roychoudhury, 2014). Our
results in terms of increased catalase enzyme concentration in plants ex vivo under
stress conditions agree with Singh and Kumar (2020) on Eucalyptus trees, Rao and
Jabeen (2013) on sugarcane callus.

Malondialdehyde (MDA) accumulation occurs when ROS attacks cell
membrane lipids and oxidizes them. Thus, the quantity of MDA in plants can be
utilized to assess the oxidative stress level (Farooq et al., 2010). The significant
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increases in the MDA accumulation in both cultivar shoots Table (7) with increasing
concentrations of the stress-causing substance PEG can be attributed to the
Lipoxygenase enzyme that increased under drought stress, which oxidizes (break
down) cell membranes unsaturated fatty acids and thus breaks down cell membranes
(Abu Jadallah, 2010). Our results agree with Zhong et al. (2018) regarding significant
increases in the shoot content of MDA in some grape cultivars in conjunction with
increasing concentrations of PEG added to the growing medium.

The results in Table (8) showed that the two grape cultivars shoot grown on
media prepared with different PEG concentrations were damaged to various degrees;
this can be because PEG stimulates drought stress conditions Similar to field drought
stress conditions, which produce Free radicals that attack Cell components then
oxidizing and destroying them, and this was confirmed by the results of the current
study, as there was a decrease in the concentration of chlorophyll Table (1), a
reduction in the percentage of proteins Table (3), and an increase in the concentration
of lipid peroxidation (MDA) Table (7). The plant is damaged due to the rise in active
oxygen derivatives generated from drought conditions, which prompts the plant to
activate its immune system by increasing antioxidant production, including the
anthocyanins pigment Table (2), the amino acid proline Table (4), the percentage of
total soluble sugars Table (5), and the concentration of the catalase enzyme Table (6).
These results are consistent with what was indicated by (Abu Jadallah, 2010) in that
active oxygen derivatives formed under drought stress conditions attack the
biological molecules that make up the plant, including chlorophyll, proteins, and fats
that make up cell membranes, and stimulate the formation of antioxidants such as
anthocyanins, the catalase enzyme, and compounds that maintain osmosis. Such as
the amino acid proline and sugars.

Results shown in Table (9) demonstrated that the produced antioxidants by the
grape cultivars shoot exposure to drought stresses within thirty days, represented by
anthocyanins, the amino acid proline, sugars, and the catalase enzyme Tables (2, 4,
5, 6), helped it withstand drought stress. Thus, its survival, there was no death of the
shoots after 30 and 60 days of exposure to drought conditions. On the contrary, it
contributed to a significant decrease in the percentage of damaged shoots between
the cultivars and different PEG concentrations in addition to the binary interference
treatments.

The current study Figure (1) proved that the Red Globe cultivar is more
tolerant than the Superior variety to drought conditions and that exposing the shoots
to drought conditions during the first 30 days changed their genetic activity and their
nutritional metabolic pathway toward increasing their content of antioxidants and
substances which have the ability to achieve osmotic balance, which helped the cells
retain water and endure drought and reduced the percentage of damage after 60 days
of Exposure to drought conditions.

CONCLUSIONS
The results of the current study demonstrated a significant decrease in the
shoot content of chlorophyll and total soluble proteins in the PEG treatments
compared to the control. Its content of anthocyanins, proline, soluble sugars
(carbohydrates), the antioxidant enzyme catalase, and malondialdehyde (MDA) also
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increased in response to the increased stress level and increase in free radicals. Based
on the results obtained through this study, we can prove that the Red Globe cultivar
is considered tolerant and well-adapted to drought conditions compared to the
Superior cultivar. Therefore, it can be recommended that this variety be used in future
breeding programs to obtain drought-tolerant grape cultivars to solve the Worsening
water shortage problem, especially in Iraqg.
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