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Drought stress is the most important environmental factor limiting the growth, development and yield of
crop plants and horticulture. In this study, the induction of drought resistance in commercial cultivars (as
scion) by the Chl rootstock was evaluated based on physiological and biochemical responses. Factorial
experiment was performed in a completely randomised design (CRD) with three replications in the
greenhouse. Plant materials consisted of five commercial grapevine cultivars (own-rooted plants of Black
seedless, Flame seedless, Turkman seedless, Sultana and Shahani, and the scion of these cultivars grafted
onto Chl rootstock). Drought stress treatment comprised stopping irrigation for 30 days from July to
August, and not stopping irrigation was the control. Drought stress significantly reduced the membrane
stability index (MSI) and the relative water content (RWC), and increased electrolyte leakage (EL), catalase,
hydrogen peroxide, proline, ascorbic acid, guaiacol peroxidase, protein, sodium and potassium levels (P
< 0.05). The EL and MSI in the Chl rootstock under drought stress decreased by 18.38% and 14.86%
respectively. The Chl rootstock significantly increased the amount of proline, total protein and enzyme
activity of guaiacol peroxidase and catalase in cultivars in a drought stress environment. The amount of
hydrogen peroxide decreased in all cultivars grafted on Chl in both drought stress and non-drought stress
environments, by 14.3% and 18.9% respectively. Sultana cultivar grafted on Chl rootstock showed the
highest drought resistance. Therefore, it can be concluded that the Chl rootstock is recommended as a

rootstock for inducing drought resistance in grapevine cultivar scions.

INTRODUCTION

Iran is one of the major producers of grapes, with 3.02 million
tons of production, and is ranked 10th in the world after
China, Italy, the United States of America, Spain, France,
Turkey, India, Argentina and Chile (FAO, 2020). In most
parts of Iran, as in other parts of the world, drought is the
most important environmental limiting factor of the growth,
development and yield of crop plants and horticulture
(Chaves et al., 2002; Rasoli et al., 2015).

Being one of the centres of origin of grapevine in the
world, Iran has a high genetic diversity of grapes. Iranian
grapevine cultivars and genotypes are very diverse in
tolerating all kinds of biotic and abiotic stresses. Studies
conducted to evaluate the drought resistance of commercial
Iranian grapevine cultivars show that they have moderate
resistance (Rasoli et al., 2015). Therefore, the use of
drought-resistant rootstocks to reduce the effects of drought
stress has greater importance in the country (Rasoli et al.,
2015). Identifying or establishing biotic and abiotic stress-
resistant rootstocks is one of the important strategies of fruit
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tree breeding programmes (Rasoli ez al., 2015). Furthermore,
the rootstocks directly affect the resistance, adaptability,
tolerance and quality of grape production and indirectly
affect control of the growth, ripening time and berry size
(Shaffer ez al., 2004).

Although grapevines are relatively drought-tolerant, a
lack of rainfall in the spring and summer causes the growth
cycle of grapevines to be negatively affected by high
temperatures, increasing evapotranspiration, and finally
causing drought stress. Since the response to drought stress
varies according to the genetic background of the plant,
using drought-resistant genotypes and rootstocks is the one
of appropriate strategies to improve fruit trees growing in
drought conditions (Cattivelli et al., 2008; Lovisolo et al.,
2010; Liu et al., 2012).

In a study of the effect of drought-resistant rootstocks on
the Cabernet Sauvignon cultivar, it was reported that 110R,
140Rug, 1103P and 44-53M rootstocks had the highest
inducible effect on leaf water potential and the photosynthesis
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2 Rootstock and Scion Response in Grapevine

rate of scions in drought stress conditions (Nikolaou et al.,
2003).

Grapevine rootstocks of 110R and SO4 have increased
drought stress tolerance in Cardinal and Superior seedless
scions; of which Cardinal with SO4 and Superior seedless
with 110R were the best grafting combinations. In addition,
drought tolerance was positively and significantly associated
with the accumulation of soluble sugars and proline, as well
as the balance of K* and Na* in the leaves (Toumi et al.,
2007). In addition, Tramontini et al. (2013) reported that
there was an effective rootstock-scion interaction to water
absorption from the soil and the susceptibility of stomatal
control in drought conditions.

The use of 5SBB and 99R rootstocks increased drought
stress tolerance in Italian grape cultivars compared to own-
root seedlings (Sabir, 2016). The effect of the rootstock on
yield, vegetative growth rate, yield, pruning weight and
berry weight has been demonstrated in the Chardonnay and
Cabernet Sauvignon cultivars (Migicovsky et al., 2021).
Rootstocks also play an essential role in metabolites in the
scion. It has been reported that grapevine scions grafted
on 101.14 and M4 rootstocks had different responses in
terms of oxidative stress, proteins, secondary metabolism,
energy metabolism, hormones, modulation of C metabolism,
osmotic responses, levels of ABA, stomatal control and
mitochondrial function in the drought stress environment
(Prinsi et al., 2018, 2021).

From a physiological point of view, stomatal closure
in response to a decline in water status is one of the first
responses to water stress to prevent hydraulic failure
(Charrier et al., 2018; Cardone et al., 2019). Many
scientists have described variation in stomatal control and
have proposed a physiological classification of plants as
isohydric or anisohydric. Isohydric species can maintain
a constant midday leaf water potential (¥ leaf) by closing
their stomata, regardless of soil water availability; whereas
anisohydric species maintain a higher stomatal aperture to
optimise photosynthetic activity, but their ¥ leaf declines
significantly as the soil water deficit increases (Charrier
et al.,2018; Cardone et al., 2019). However, this framework
is still debated, considering that grapevine cultivars can
exhibit, for instance, both near iso- or anisohydric behaviours
depending on the environmental conditions (Chaves et al.,
2010; Dal Santo et al., 2016). In particular, a key role in the
determination of the degree of iso/anisohydricity is played
by the hydraulic properties of the soil (Domec & Johnson,
2012; Tramontini et al., 2014; Cardone et al., 2019) and by
the rootstock (Merli ef al., 2016; Cardone ef al., 2019).

Ch1 is one of the Iranian rootstocks of grapevine that is
resistant to drought stress, salinity and limey soil (Rasoli &
Golmohammadi, 2010). In this study, the inducible effects
of Chl were evaluated in relation to the physiological and
biochemical behaviours of some grapevine cultivars under
drought stress.

MATERIALS AND METHODS

Plant materials

Plant materials included Chl (as drought-tolerant rootstock)
and five commercial grapevine cultivars (Black seedless,
Flame seedless, Turkman seedless, Sultana and Shahani).
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Ch1 was used as a rootstock and scions of the five cultivars
were grafted on it. Own-rooted plants of commercial
cultivars also were prepared.

Experimental conditions

Experimental treatments included three factors: a) five
cultivars, b) own-rooted plant and grafted on Chl rootstock,
and c) drought stress (with and without drought stress). All
grafted and own-rooted cultivars were planted in 20 litre
pots. Each pot was filled with cocopeat and perlite (3:1).
A factorial experiment was conducted in a completely
randomised design (CRD) with three replications (three pots
and two plants in each pot for each treatment). Therefore,
there were 60 pots, as follows:

5 (cultivars) % 2 (own-rooted and grafted plant) x 2 (with &
without drought stress) % 3 (rep.) = 60

All pots were divided into two groups. The first group
was exposed to drought and the second group was without
drought stress. The drought stress treatment was performed
by stopping irrigation for 30 days, from 15 July to 15 August
2021. The whole experiment lasted eights months — from
February to the end of September. Each pot was irrigated
with two litres of water every five days. All experiments were
carried out in a greenhouse (with a temperature of 32 + 2°C,
humidity of 60%, and natural light).

Traits

Samples were taken from the leaves of each treatment
separately on 2021-8-15 and physiological and biochemical
studies were performed.

To measure the relative water content (RWC) of the
leaves, 0.5 g of leaf disc (fresh weight — FW) was taken from
each treatment and replication and kept immersed in distilled
water for four hours and the weight was measured again
(turgid weight — TW). The leaf specimens were then stored
in a 70°C oven for 48 hours to dry completely. After this
time, the weight of the samples was measured (dry weight —
DW). The RWC was calculated using the following formula
(Dhanda & Sethi, 1998).

Sairam’s (1994) method was used to measure electrolyte
leakage (EL) and the membrane stability index (MSI).
According to this method, 0.1 g of leaves of each treatment
were placed in 10 ml of twice-distilled water. The samples
were immersed in 40°C water in a water bath (Vinteb
Co., Ltd, Iran) for 30 minutes, after which their electrical
conductivity (EC) was read using an EC meter (C)). The
samples were then placed in a water bath at 100°C for 15
minutes and their electrical conductivity was recorded for
the second time (C,). EL and MSI were calculated as follows:

MSI = (1 - C,/C,) x 100
EL=C,/C,

The method of Bradford (1976) was used to determine
the protein concentration. Bates et al.’s (1973) method was
used to measure the proline concentration using a hydrate
solution of 3% sulfosalicylic acid. L-proline was used to
draw the standard curve of proline at concentrations of 100,
50, 25, 12.5 and 0 uM, and toluene was used as a control
(0 Ievel). To measure the amount of hydrogen peroxide,
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the Alexieva et al. (2001) 0.1% trichloroacetic acid (TCA)
method was used. To measure the quantitative concentration
of the guaiacol peroxidase enzyme, the method proposed by
Chance and Mahli (1995) was used. Nakano and Asada’s
(1981) method was used to measure the ascorbic peroxidase
activity, while Dhindsa et al. (1981) was followed to
measure the quantitative concentration of catalase activity.
Leaf sodium and potassium were measured as suggested
by Hamada and El-Enany (1994), based on leaf ash using a
flame photometer (Jenwey Co. Ltd., England).

Statistical analysis

Analysis of variance (ANOVA) was performed using
factorial completely randomised design (CRD). An error
level of 5% was used for the accuracy of the test. The means
were compared using Duncan’s multiple range test (DMRT).
Statistical analysis was performed by Gen-Stat ver. 12
statistical software. The graphs were drawn using Microsoft
Excel software, ver. 2013.

RESULTS AND DISCUSSION

The independent effect means for comparing drought stress
are shown in Table 1. Drought stress significantly reduced
MSI and RWS, and increased EL, catalase, hydrogen
peroxide, proline, ascorbic acid, guaiacol peroxidase,
protein, leaf sodium and potassium (P < 0.05).

In the independent comparison of effect means of
rootstock types on the studied traits, the mean of RWC,
ascorbic acid and potassium in the grafted and own-root
treatments was not significantly different (P > 0.05), while
there were significant differences (P < 0.05) in the means of
EL, MSI, catalase, hydrogen peroxide, guaiacol peroxidase,
proline and sodium. The Chl rootstock significantly
decreased EL, hydrogen peroxide and proline, and
significantly increased catalase, MSI, protein and sodium
compared to the own-root treatment (P < 0.05, Table 2).

The comparison of the means of the triple interaction
(cultivar x rootstock x drought stress) of physiological traits

is shown in Fig. 1. The Ch1 rootstock reduced the value of EL
to 18.38% in the drought stress treatment and to 20.69% in the
treatment without drought stress. The lowest EL was in the
Black seedless cultivar grafted on Chl in the without-stress
environment, and the highest was in the own-rooted Black
seedless, Shahani and Turkmen cultivars in the drought stress
environment (Fig, 1a). The Ch1 rootstock increased the MSI
of cultivars with and without drought stress by 14.86% and
13.48%, respectively. The lowest MSI was in the own-rooted
Black seedless cultivar in the drought stress environment,
and the highest was in grafted Black seedless and Sultana
cultivars on Ch1 without drought stress (Fig. 1b). As drought
stress increases, the amount of EL increases. Electrolyte
leakage is associated with the preservation and integration of
cell membranes under drought stress. A significant increase
in electrolyte leakage in cultivars is most likely due to the
high sensitivity of these cultivars to water deficiency and leaf
water loss.

Similar studies have reported that it is more common to
find preservation and integration of cell membranes in the
leaves of drought-tolerant plants (Bajji & Kinet, 2002). Cell
membranes are very sensitive to dehydration and are rapidly
damaged in trees exposed to water stress. This damage varies
in different cultivars (Karimi et al., 2015). Drought stress,
like other abiotic stresses, leads to secondary oxidative
stress by increasing the formation of reactive oxygen species
(ROS). The accumulation of reactive oxygen species leads
to peroxidation of the membrane lipids, destruction of the
membranes and photosynthetic apparatus, and finally to
the decomposition of chlorophyll (Noctor et al., 2014).
A reduction of MSI in the leaves of Black seedless and
Turkman seedless cultivars occurs simultancously with a
reduction in leaf RWC and cell dehydration under drought
stress conditions. Previously, Sivritepe et al. (2008) and
Karimi et al. (2015) reported the reduction of MSI due to
drought stress in almonds and cherries.

The Chl rootstock only increased RWC by 1.5% in
Flame secedless without drought stress. In other words,

?}?eB i;)lini)arison of the means of the drought stress effect on the physiological and biochemical traits.

Variables Drought stress No stress Difference P-value
EL (%) 73.5+3.55 58.3+3.39 3.9 0.01
MSI (%) 26.5+0.035 41.7£0.033 0.039 0.01
RWC (%) 84.27 +4.09 90.43 £4.18 6.15 0.01
Catalase (mM/min) 2.33+0.154 2.17+0.15 0.16 0.01
Peroxide hydrogen (uM) 0.81£0.19 0.66 £0.17 0.14 0.01
Proline (uM /g leaf) 0.31£0.15 0.21+£0.13 0.09 0.02
Ascorbic peroxidase (mM/min) 1.86 +0.38 1.4+0.33 0.42 0.008
Guaiacol peroxidase (mM/min) 0.75+£0.395 0.38 £0.25 0.36 0.01
Protein (uM /ml) 1.23£0.12 1.1 +0.15 0.1 0.01
Sodium (mg/kg leaf) 37.7+£5.03 30.7+4.3 7.04 0.001
Potassium (mg/kg leaf) 88.9£8.5 99.35+8.9 10.4 0.01
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FIGURE 1
Comparison of the means of the triple interaction (cultivar X rootstock % drought stress) of physiological traits using the
DMRT method.

the Chl rootstock had no significant effect on the RWC of
cultivars in different environments compared to own-rooted
cultivars, but there was a significant difference between the
cultivars. The highest and lowest RWC were observed in
own-rooted Turkman seedless in a non-stress environment,
and Turkman seedless grafted on Chl in a drought stress
environment respectively (Fig. 1c). RWC is one of the
most important, reliable and widely used indicators to
identify drought-tolerant or sensitive cultivars. Grapevine
plants with a strong stomatal control system are among the
isohydric plants (Arve et al., 2011). This group of plants, in
a deficiency of soil water, quickly close their stomata and
prevent a further reduction in leaf water potential (Hugalde
& Vila, 2014). Relatively high values of leaf RWC in Flame
seedless and Turkman seedless cultivars can be attributed to
the isohydric nature of the grapevine. The lack of effect of the
Chl rootstock on RWC is probably due to the dependence
of this index on the anatomical structure of the leaf. A high
RWC means that the leaf has the ability to retain more water
under stress (Chakraborty & Pradhan, 2011). Drought-
tolerant cultivars maintain the water content of their cells at
a higher level (Kafi et al., 2009).

Flexas and Medrano (2002) report that the RWC does
not decrease significantly until the plant is exposed to severe
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drought stress, so cultivars that are able to maintain a relative
amount of water at higher levels of drought stress can be
introduced as tolerant cultivars. The amount of RWC in
the leaves may be due to osmotic regulation or the roots’
ability to absorb water (Arve et al., 2011). In a similar study,
involving a 17-day stress period in grapevine cultivars, it
was found that the RWC of one South Korean cultivar was
less affected by drought stress than two commercial cultivars
(Choi et al., 2013).

The Chl rootstock significantly increased the leaf
sodium content of cultivars in both environments, which an
increase in the stress and non-stress environments of 9.9%
and 10.1%, respectively. The highest and lowest sodium
levels were observed in Sultana grafted on Chl and in own-
rooted Turkmen seedless, respectively (Fig. 1d). However,
the Ch1 rootstock did not have a significant effect on the leaf
potassium of cultivars in both environments compared to
own-rooted cultivars (Fig. 1e). However, all concentrations
of sodium and potassium in the leaves were within the
normal range (Giértel, 1996). This confirms the potential of
the Ch1 rootstock to obtain balanced sodium to survive water
stress, as previously reported by Tramontini et al. (2013).
The effects of drought stress on grapevine nutrient uptake
have been investigated in several independent studies, while
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TABLE 2
The mean of the comparison of the effect of rootstock type on the studied traits.

Variables Own root Grafted on Chl Difference P-value
EL (%) 73 £3.18 58.9+£4.26 2.6 0.005
MSI (%) 27+0.03 41.1 +£0.04 0.03 0.005
RWC (%) 88.30£4.71 86.02 +5.32 2.28 0.07
Catalase (mM/min) 2.23+0.17 2.91+0.18 0.05 0.044
Peroxide hydrogen (uM) 0.79+£0.18 0.66 +0.20 0.1 0.023
Proline (uM /g leaf) 0.27+£0.17 0.35+0.11 0.11 0.001
Ascorbic peroxidase (mM/min) 1.68 +0.48 1.67 +£0.35 0.01 0.88
Guaiacol peroxidase (mM/min) 0.51 £0.30 0.65+0.43 0.14 0.04
Protein (UM /ml) 1.04+0.13 1.29+0.13 0.08 0.006
Sodium (mg/kg leaf) 32.96 +£5.29 35.94 +6.05 2.97 0.031
Potassium (mg/kg leaf) 95.08 + 12.27 92.48 +7.66 2.59 0.28

the interaction between genotype and water deficiency
is less well known (Kuster et al., 2013). In this study, the
relatively higher mineral uptake by Sultana grafted on Chl
may indicate a competitive uptake of sodium and potassium
minerals under water scarcity.

The comparison of the mean of the triple interaction
(cultivar X rootstock x drought stress) in biochemical traits
is shown in Fig. 2. The Chl1 rootstock significantly increased
the leaf catalase of cultivars in both environments, which
an increase of 30.4% and 22.3% in the stress and non-
stress environments respectively. The highest and lowest
leaf catalase levels were observed in all cultivars grafted on
Chl and in own-rooted Shahani, respectively (Fig. 2a). The
amount of ascorbic peroxidase was significantly different in
the cultivars, but the rootstock type had no significant effect
on the amount of ascorbic peroxidase in the grapevines with
and without drought stress (Fig. 2d). The amount of guaiacol
peroxidase in cultivars grafted on Chl was significantly
higher than in own-rooted cultivars in the drought stress
environment, with 44.8% and 33.3% of guaiacol peroxidase
in cultivars grafted on Chl in the drought (stress) and non-
drought environments, respectively (Fig. 2e). The increased
activity of antioxidants during drought stress indicates
plant tolerance to drought stress (Noctor et al., 2014).
The induction of antioxidant enzyme activity is a general
adaptation strategy that plants use to overcome damage
caused by oxidative stress (Noctor et al., 2014). Catalase,
ascorbic peroxidase and guaiacol peroxidase are antioxidant
enzymes that increase their activity under stress (Sharma &
Dubey, 2005; Wang et al., 2005; Chakraborty & Pradhan,
2011).

The coordinated activity of these enzymes may act
as an effective antioxidant defence against the effects of
reactive oxygen species under drought stress conditions. The
enzymes of a number of plants regulate the intracellular level
of hydrogen peroxide, in which catalase, guaiacol peroxidase
and ascorbic peroxidase are the most important (Noctor &
Foyer, 1998). In the present study, the higher activity of

S. Afr. J. Enol. Vitic., Vol. 44, No. 1, 2023

antioxidant enzymes in cultivars grafted on Chl could help
protect cell membranes and photosynthetic apparatus against
oxidative damage and give these cultivars greater tolerance
of drought stress. Lower values of oxidative stress indexes
such as EL and hydrogen peroxide in Flame seedless grafted
on Chl can also be attributed to the higher activity and better
efficiency of the antioxidant enzymes. Higher activity of
antioxidant enzymes in drought-resistant cultivars has been
reported in relation to other types of environmental stresses,
such as cold and salinity (Wang et al., 2009b).

In the present study, the amount of hydrogen peroxide
was reduced in all the grapevine cultivars grafted on Chl
in both environments, with reductions in the stress and
non-stress environments of 14.3% and 18.9%, respectively.
The highest and lowest levels of hydrogen peroxide
were obtained in own-rooted and Sultana grafted on Chl,
respectively (Fig. 2b). The normal activity of cellular
metabolism undergrowth periods leads to the regular
production of reactive oxygen radicals. Biotic and abiotic
stresses cause an imbalance between the production and
purification of oxygen free radicals and thus increase their
concentration in the cell (Kar, 2011). An increased content
of hydrogen peroxide under drought conditions, especially in
more sensitive cultivars and genotypes, had been confirmed
in many studies (Chakraborty & Pradhan, 2011; Wang et al.,
2012). The low amount of hydrogen peroxide can be due to
the better performance of the antioxidant defence system
(CAT and POD enzymes) in resistant cultivars (Chakraborty
& Pradhan, 2011; Wang ef al., 2012).

Drought stress increased the proline content by 29.6%
compared to levels in the non-stress environment. The
amount of proline in all grapevine cultivars grafted on Chl
increased compared to the amount in own-rooted cultivars,
with an increase of 32.8% in the environment with drought
stress and 27.1% in the environment without drought stress.
The highest and lowest proline levels under drought stress
conditions were observed in Black seedless cultivar grafted
on Chl and own-rooted Black seedless respectively. In
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Comparison of the means of the triple interaction (cultivar X rootstock x drought stress) of biochemical traits using the
DMRT method.

a stress-free environment, the highest and lowest proline
levels were observed in Black seedless grafted on Chl
and own-rooted Turkmen seedless cultivars, respectively
(Fig. 2c). The amount of proline in the grapevine increases
with increasing drought stress. Compatible solvents such
as proline do not interfere with normal cell biochemical
reactions and act as osmotic protectors during osmotic stress.
The physiological action of proline, sugars and other osmotic
compounds maintains the stability of cell membranes due
to their inhibitory effect on bonding between adjacent
membranes during periods of stress. They also store lipids
and ensure the stability of proteins through the formation of
hydrogen bonds with linear proteins, gene regulation, and
osmotic regulation (Shariat & Assareh, 2006). In addition to
the finding in the present study, that there is an increase in
proline content if drought stress is intensified, this situation
has also been observed in studies on other plants such as
cherries (Sivritepe et al., 2008), corn (Helal & Abdolaziz,
2008) and rice (Wang et al., 2009a).

Total protein increased significantly in cultivars grafted
on Chl. The Chl rootstock increased total protein by 22.1%
and 26.4% in environments with and without drought stress,
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respectively. The highest total protein content was observed
in Sultana grafted on the Ch1 cultivar under drought stress and
the lowest was found in own-rooted Flame seedless without
drought stress (Fig. 2f). The soluble protein content is one
of the traits in plants affected by stress, and it decreases with
increasing drought stress (Gill & Tuteia, 2010). The reason
for this decrease is the increase in the activity of protein-
degrading enzymes such as protease and the accumulation
of amino acids such as proline. However, the use of the Chl
rootstock in the present study prevented the reduction in
total protein and subsequently reduced the effect of drought
stress on the grafted cultivars. The reduction protein was
less in cultivars grafted on Chl than in own-rooted cultivars,
which may be due to a reduction in the complex variability
of protein materials under drought stress (Bertamini et al.,
2006), which indicates that cultivars grafted on Chl are
less sensitive than own-rooted cultivars in drought stress
condition.

CONCLUSIONS
The results of this study show that the Chl rootstock
decreased EL and increased MSI by increasing osmotic
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regulation and the proper accumulation of sodium during
drought stress in the studied cultivars. This indicates a high
correlation between the decrease in EL and the increase in
MDI and sodium storage in the cell wall, which prevents cell
wall degradation during drought stress. In addition, when
the level of antioxidant activity and proline content in the
Ch1 rootstock was increased, it increased the tolerance of
grafted cultivars in a drought stress environment, which in
turn reduced hydrogen peroxide content and thus reduced
cell damage during drought stress. In other words, there is
an negative relationship between the increase in antioxidant
activity and proline and the decrease in hydrogen peroxide
content. On the other hand, unlike in other studies, the use
of the Chl rootstock was found to prevent the reduction in
total protein and subsequently reduced the effect of drought
stress on grafted cultivars. Therefore, the Chl rootstock
can be recommended as a rootstock for inducing drought
resistance in grapevine cultivars. Among the grapevine
cultivars, Sultana grafted on Chl rootstock showed the
highest resistance to drought stress.
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