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Key Message: This study was performed to evaluate the
drought resistant peach rootstock for arid and semi-arid
areas of Pakistan. It was confirmed that out of three
rootstocks used, exotic rootstock (GF-677) proved to be
superior against all the levels of drought.

Abstract: Climate change is affecting the peach growing
areas of Pakistan, especially semi-arid areas of Pothwar
pleatue which has great potential for peach production.
Drought is one of the major effects of climate change.
Therefore, the present study was conducted to evaluate the
response of peach rootstocks (GF- 677, Peshawar Local
and Swat Local) under in-vitro drought stress condition,
provided by polyethylene glycol (PEG) at various osmotic
potential levels. Least leaf osmotic potential (-11.25 bars)
was obtained in GF- 677 at stress level of -6 bars, while
Peshawar Local and Swat Local exhibited higher values
i.e. -2.73 and -2.17 bars, respectively. Relative water

contents at osmotic potential -10 bar was lower in Swat Local
(77.33%) followed by GF-677 (81.55 %) and Peshawar Local
(80.22%). Chlorophyll contents, K contents and membrane
stability index (MSI) of the rootstocks were found to have
inverse relation with the levels of stress. On contrary, proline
contents were found to be positively correlated with the
increasing level of drought stress. The interaction between
stress levels and rootstocks is elaborated in the present article.
From the results, it is clear that GF-677 has greater potential to
withstand the water shortage as compared to the local
rootstocks being used in the peach industry. So, it can be
concluded that GF-677 can be a better rootstock for peach
especially in the arid to semi-arid areas of Pakistan which have
water shortage as a major problem for fruit production. © 2020
Department of Agricultural Sciences, AIOU
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Introduction

Peach (Prunus persica), owing to its high medicinal and
nutritional value, is considered as one of important stone
fruit crops of subtropical to temperate regions worldwide
(Khushk & Laghari, 2007). Increasing demand of the
quality peach fruit throughout the world needs innovative
and modern approaches in peach fruit industry. Keeping in
view, the selection of proper rootstock is one of the most
significant approaches as far as adaptability to soil, vigor
of the plants, production life and stresses are concerned
(Younas et al., 2008). Swat Local (SL) and Peshawar Local
(PL) are the rootstocks being used by the peach industry in
Pakistan (Rahman et al., 2000). Due to better anchorage
and adaption to local soils and environment, PL is a
popular rootstock in Baluchistan and KPK provinces of
Pakistan (Ullah et al., 2000). Due to better girth at early
stages, it is considered as a better option for vegetative
propagation i.e. budding (Khan et al., 1996). SL is a
potential rootstock to get higher yield, vigor, and scion-
stock compatibility (Ahad et al., 1987). Though well
adapted to local conditions, these rootstocks have certain
limitations and cannot meet the demand of international
fruit market. Another rootstock i.e. GF-677 (almond and

peach hybrid) is also under the use of a few progressive
farmers. It is considered as a vigorous rootstock and is
considered as a better choice for normal density orchards.
Furthermore, it can withstand the problems related to nutrient
deficiencies especially iron chlorosis and is considered as a
better option for particularly poor and calcareous soils
(Monticelli et al., 2000).

Peach cultivation is gaining momentum in subtropical areas
of the country due to improved and low chilling peach
cultivars. Yet there are certain issues which are creating
hindrance to developing peach industry in the region.
Deficiency of irrigation water is one of the major issues for
peach industry in the region (Wu & Cosgrove, 2000), which is
considered as the striking features of the arid areas of the
country. Due to erratic and uneven seasonal rainfall, the crop
yield varies year by year (Specht et al., 2001). Furthermore,
shortage of water for irrigation is increasing day by day due to
urbanization and population rise (Boretti & Rosa, 2019).
Hence, any knowledge regarding plant drought relationship
will help to elucidate the harmful effect of drought stress
during water shortage (Nadeem et al., 2019). Furthermore, this
knowledge may be helpful for the research to develop new
drought resistant rootstocks and to screen the existing
rootstocks for drought resistance (Nehra et al., 2005). Plants
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response to various biotic and abiotic stresses by adopting
the alteration in physiological processes i.e. root
elongation, reduction in leaf area, leaf drop, decrease in the
photosynthesis and closure of stomata (Galovic et al.,
2005). So keeping in view the present climate change
scenario, the screening of the available root-stocks for
drought resistance is a dire need to exploit the genetic
potential of the germplasm (Sivritepe et al., 2008).

Plants response to various abiatic stresses (salinity and
drought) has been studied in the numerous studies. These
trials were based on field study such as deficit irrigation
practices and osmotica use in soil (Kaya et al., 2006).
These methods have certain limitations such as
environmental effects and time intensiveness. Furthermore,
plants also response very slow towards these methods. On
the other hand, tissue culture method has a great advantage
over the traditional approaches of screening by reducing
environmental effects. Moreover, this is a rapid method of
screening in which large number of samples can be
handled in a smaller area (Gomez et al., 2005). In-vitro
trials for the evaluation of drought tolerance by the use of
various osmotica have also been carried out with great
success for many plants (Molassiotis et al., 2006). The
selection varies for osmotic agent owing to its advantage
for specific plant species and certain benefits over one
another. Polyethylene glycol (PEG) is reported to be a
suitable chemical for in vitro drought-stress trial by
lowering water potential of media without being taken up,
hence being safe (Sakthivelu et al., 2008). Keeping in
view, the present research was carried out to evaluate the
performance of various rootstocks (SL, PL and GF-677) in
vitro against drought stress. This study will be helpful for
rising fruit industry of arid and semi arid areas with better
economic returns to the farming community.

Materials and Methods

Shoot tips from the plants (PL, SL and GF-677) were used
as explants, established already in PTC (Plant Tissue
Culture Laboratory) Laboratory of Hort. Deptt.
PMASAAUR. Explants were set in culture jars in which
medium of growth was MS (Murashige & Skoog, 1962),
having pH 5.8, modified according to Ahmad et al. (2003).
Media were autoclaved (15 minutes at 121 °C). Incubation
of cultures was carried out at 25 °C + 1 °C under 16/8 hour
light (2000 lux). After every 4 weeks, the sub-culturing
was done for plant material propagation. To study the level
of tolerance of given rootstocks following parameters were
noted.

Osmotic potential

Frozen leaves in liquid nitrogen were crushed using mortar
and pestle. This crushed sample was centrifuged @ 5000
rpm for ten minutes. Osmometer was used to measure the
osmotic potential.

Relative water contents (RWC)

Relative water contents of fully expended leaves were recorded
by the method followed by Barrs & Weatherley (1962).

Chlorophyll contents

Leaf chlorophyll contents (LCC) were noted by the method
described by Makeen et al. (2007) and the calculation was
done by the formula provided by Arnon (1949).

Potassium contents

One gram ground dried sample was taken in hundred milliliter
flask. The flask was rinsed with 1 normal hydrochloric acid
(HCI). Twenty-five milliliter of 1 normal hydrochloric acid
was poured in flask having samples, further it was left for 24
hours. Filtration of the sample was done using filter paper
(Whatman No.1) and the potassium contents were estimated by
using filtrate on flame photometer by the method explained by
Yoshida et al. (1972).

Membrane stability index and proline contents

Membrane stability index (MSI) was analyzed by the method
adopted by Chandrasekar et al. (2000) with slight modification.
While, proline contents were calculated following the method
explained by Bates et al. (1973).

Statistical analysis

The trial was laid out according to two factor factorial
(Drought x Rootstock) CRD (completely randomized design).
The data were analyzed statistically by ANOVA and means
were compared by LSD method at p level 5% (Steel et al.,
1997).

Results and Discussion
Osmotic potential

Results pertaining to osmotic potential (OP) reveal that
different PEG concentrations significantly interacted with the
rootstocks (PL, SL and GF-677) (Fig. 1). Least OP values were
exhibited by GF-677 at stress level -6 bar, whereas PL and SL
produced greater values of OP at the same level of stress.
Decrease in OP values (negative) is a common response of
drought-resistant plant species/cultivars which proved to be
very helpful in mitigating the negative effects of drought
(Guarnaschelli et al., 2003). Lower water potential and changes
in turgidity under drought stimulate certain physiological
mechanisms which help plants to adapt stressful conditions and
continuation of growth to some extent (Chaitanya et al., 2009).
In order to lower OP, osmotic adjustment is a key mechanism
helping plants to withstand drought (Merchant et al., 2007).
The osmolytic compounds like aspartic acid, glutamic acid,
proline alanine, glycine betaine, sucrose, fructans and mannitol
are noted to be built up inside the plant cells hence lowering
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the water potential (Sakamoto & Murata, 2002). Decrease
in OP due to accumulation of such compounds helps to
maintain turgidity of cells by absorption of water. This
phenomenon also protects metabolic apparatus of the cell
in lack of moisture conditions (Chaves et al. 2003). Lower
OP allows leaf cells to endure higher evaporative
conditions without losing turgidity (Dichio et al., 2006).
On contrary to that rise in OP values were observed for SL
at -6 and -10 bar drought stress levels. An observation of
the means at different stress levels shows a rise in OP
values with increased PEG suggesting a negative effect on
peach rootstocks by drought. This rise in OP might be
ascribed because membrane leakage resulting in loss of
osmolytes hence lowering osmotic adjustments (Bajji et
al., 2001). On the other hand, rootstock means as affected
by stress levels indicate that GF-677 had least OP value (-
9.8375 bar) with increase in drought followed by Peshawar
Local and Swat Local (Fig. 1). Hence, GF-677 could be a
better option under drought conditions.

Relative water contents (%)

The values of relative water contents (RWC) (%) for all the
used rootstocks were noted to be inversely proportional to
PEG levels as evidenced in Fig. 2. Least value was shown
for Swat Local under stress level where 77% decrease in
water contents was observed when stress level at -10 bar
was applied. Contrary to that GF-677 and Peshawar Local
had maximum water contents (81 and 80%, respectively).
In order to assess the plant drought response, RWC is
considered as one of the basic indices related to other
physiological processes i.e. transpiration, stomatal
conductance, photosynthesis and turgidity (Kramer &
Boyer, 1995), reflecting balance between supply and loss
of water through evapotranspiration (Dhanda & Sethi,
2002). This allows stress recovery consequently, affecting
the yield (Jones & Ritchie, 1990). Significantly variable
behavior of rootstocks was observed against varying stress
levels (Fig. 2). Significantly higher values for RWC were
exhibited by GF-677 (88.613 %), while least was recorded
in SL i.e. 81.223 %. Intermediate result was observed for
PL (84.78 %). The finding of the present work is in
accordance with the report of Alarcon et al. (2002) who
concluded GF-677 to be more resistant against drought
stress when compared to other rootstocks (seedlings), as it
avoids water loss due to transpiration, hence maintaining
higher water potential of the leaves under drought. It is
obvious from the results that the level of moderate drought
(-6 bar) did not affect RWC, yet higher level of stress (-10
bar) significantly decreased RWC. Lopez et al. (2009)
reported a continued decline in RWC in Pinus with
increased water stress under hydroponic conditions.
Polyethylene glycol with higher molecular weight could be
ascribed to hinder the water transport system of the root,
hence lowering RWC caused dehydration (Fan & Blake,
1997).

Chlorophyll contents

The data presented in Fig. 3 revealed that interaction of
rootstock with drought levels significantly affected leaf
chlorophyll contents. Greater values for chlorophyll contents
were calculated in all the three rootstocks in all control
treatments (without PEC i.e. T,). Nevertheless, increasing
levels of stress significantly decreased chlorophyll contents of
the leaves. GF-677 at -10 bar stress level had least value for the
chlorophyll contents. Decrease in leaf chlorophyll contents
occurs predominantly under drought because of decline in
chlorophyll production or enhanced chlorophyll destruction
due to instability of cell membrane (Ashraf & Foolad, 2007).
Chlorophyll degradation under drought is influenced in many
ways. Closing of stomata in this regard is the major factor
causing chlorophyll reduction (Kawasaki et al., 2001).
Furthermore, stress conditions inhibit the assimilation and
translocation of photosynthates which could be ascribed as the
second most important factor in this regard (Demural et al.,
2005). Likewise, an imbalance between light utilization and
capture causes losses in photosynthetic apparatus (Chaves et
al., 2003). Loss in viability and leaf necrosis was also noted in
explants due to drought as the level of stress increased. Alike
results were reported by Molassiotis et al. (2006) where
progressive increase in the drought caused a decrease in
chlorophyll contents in many plants during in vitro studies.
Higher chlorophyll contents at initial stress levels could be
ascribed as coupling with photo-respiration and moderate
stress does not damage chlorophyll contents (Brestic et al.,
1995). On the other hand, rise in the drought levels, where OP
falls below threshold level, chlorophyll gets damaged hence
affects the photosynthetic activity negatively (Brodribb, 1996).

Though, chlorophyll contents were affected by the drought
conditions in all the rootstocks yet the comparison among them
was found to be statistically non-significant (Fig. 3).
Photosynthesis is a physiologically ideal activity to predict
vitality and health of plant, hence, knowledge about
chlorophyll contents can be a key marker to assess the drought
effects (Taiz & Zieger, 2002).

Potassium contents

K contents of all the studied rootstocks were significantly
influenced by raising stress level in vitro. Both, PL and GF-
677, achieved the highest K contents (18.50 mg g*) at To.
Statistically a significant reduction for K was noted for the
rootstocks used, Swat Local producing least K values i.e.13.70
mg g™ when provided the stress level -10 bar (Fig. 4). This
could be explained because of negative influences of drought
on transmission of potassium into plant cells. K concentration
in the cells is one of main attributes by which plant stress
tolerance can be judged (El-Hadi et al., 1997). Moreover,
raised levels of K in plants during drought is reported to have a
protective function against the damage caused by photo-
oxidation. Furthermore, higher K contents play a key role in
timely closing and opening of stomata, hence counteracting the
drought stress by regulating the stomatal movements (Egilla et
al., 2001). Loss of water from chloroplasts during drought
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makes the release of large amounts of K that could be
another reason of making the K contents to be counted less
during the rising levels of drought stress (Gupta et al.,
1989). From the comparison of rootstocks, it was noted
that GF-677 produced significantly higher K contents i.e.
16.60 mg g, afterward Peshawar Local (15.80 mg g™) and
SL (15.20 mg g%, proving the exotic rootstock (GF-677)
better to tolerate drought as compared to other rootstocks
used in the study. Significant amount of K contents in
plants impacts cellular solute contents ultimately affects
osmoregulation of the cells (Verslues & Bray, 2004), and
hence it is considered as a facilitator in reducing OP by
maintaining cellular turgidity (Majid et al., 2007). K
reduction during drought has been reported already in
many plants (Sivritepe et al., 2008).

Membrane stability index
Interactive effects of rootstocks with drought show

significant differences (p<0.05) regarding membrane
stability index (MSI) as evident from Fig. 5. Under control

conditions i.e. Ty, both SL and PL rootstocks produced
significantly higher wvalues for MSI i.e. 56 and 55.6,
respectively, being statistically at par with each other. Yet,
increase in drought levels markedly reduced in MSI increasing
membrane leakage in all rootstocks, SL producing least values
at -6 and -10 bar i.e. 35.5 and 35.42, respectively. Maintaing
cellular integrity is a key mechanism of drought tolerant
species (Bajji et al., 2001). Drought causes tonoplast to be
loosened consequently leaking the vacuolar material, resulting
in bursting of the chloroplast. These distractions in cellular
chambers release hydrolases (lipases) that digest the
membrane. Moreover, oxidative stress caused by drought can
be attributed as the second most important factor causing
membrane rupture. Variation in behavior of rootstocks at
different levels of stress might be because of variation in the
commencement of mechanism responsible for drought-
resistance which might be an uplift superoxide dismutase
(SOD) activity and scavenging free radicals (Joyce et al.,
2003).
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Proline contents

It is clear from the analyzed data that interaction between
rootstocks and drought was found to be significant
regarding proline contents (Fig. 6). It was revealed that
GF-677 achieved maximum levels of proline contents i.e.
56.70 pmoles g when applied stress treatment of -10 bar.
On the contrary, SL and PL proved to be statistically
inferior to GF-677 with 46.9 and 44.8 umoles g™ of proline
values, respectively. Least values were noted in PL and SL
(6.50 and 6.60 pmoles g™, respectively) when no PEG was
applied i.e. To. While GF-677 produced significantly
higher levels of proline i.e. 13.50 umoles g™ in the same
treatment. Abiotic stress like drought affects plant’s
physiological processes in numerous ways. Proline is
considered to have a key role in mitigating the abiotic
stress and it is thought to be accumulated during stressful
conditions in plants. Higher proline concentrations is
linked with plant organs which usually have lower osmotic
potential i.e. inflorescence and seeds (Khan et al., 2009)
suggesting its role in mitigating abiotic  stress.
Accumulation of proline is one of the initial responses of
plants facing stress to reduce the cellular injury (Ashraf &
Foolad, 2007). It one of the most commonly present
osmolytes having many roles in plants other than osmotic
adjustments within the cells including scavenging of free
radicals, regulation of cytosolic pH, osmolyte balancing
and stabilizing proteins, maintenance of membrane
integrity, working as sink of energy and source for nitrogen
and carbon to the plant (Matysik et al., 2002). Observations
regarding proline contents exhibited a direct relationship of
proline contents with drought levels (Fig. 6). Proline
accumulation in plant cells during drought is generally
thought to be due to its enhanced biosynthesis and
reduction degradation of this biomolecule. Furthermore,
equilibrium between biosynthesis and degradation of this
compound is also necessary for functioning as osmo-
protectant. Osmoregulation by the proline buildup has been
identified as one of the possible means for mitigating water
stress in plants (Al-Khayri & Al-Bahrany, 2004). Data

regarding mean comparison of rootstock regarding proline
contents suggest that GF-677 had significantly better levels of
proline i.e.32.60 umole g™ followed by SL (28.20 pmoles g™)
and PL 26.30 pmoles g™, later two were statistically at par.
The genotype effect on accumulation of proline is well
documented which could be due to growth habit of the
genotypes. At higher growth, the intensity may be higher at a
given growth stage in plants. Moreover, genotypes with longer
biological cycles exhibited higher accumulation of proline
(Karamanos, 1995). Similarly, genotypes that were found to be
more tolerant to drought had more proline accumulation
(Verbruggen & Herman, 2008), which was even confirmed by
the transgenic approaches (Roosens et al., 2002).

Conclusion

Climate change is becoming a serious threat to agriculture in
the future. Shortage of water is one of the major features of
climate change and is a major constraint to plant productivity.
Hence, drought tolerant rootstock for fruit production will be
of utmost importance. Peach is an emerging fruit crop which is
economically very important especially for arid and semi arid
areas of Pakistan. Suitable rootstock selection for these areas is
essential for better adaptability and successful peach orchard
management. From the results, it was noted that rootstocks
responded significantly to different drought stress levels. GF-
677 proved to be superior as compared to the local rootstocks
used and can be used as a successful alternative as peach
rootstock instead of Swat Local and Peshawar Local.
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