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Abstract: This study was carried out at the tissue culture lab, Horticulture Department,
Faculty of Agriculture, Minia University, Minia, Egypt. under in vitro condition to screening
the response of four potato varieties (Diamond; Burren; Maritiema and Lady Balfour) to
water stress induced by adding sorbitol in the culture medium. Four concentrations of sorbitol
(0.0, 0.1, 0.2 and 0.3 mole /liter), in Murashige-Skoog (MS) medium were used for exerting
the water deficiency stress on the plantlets with three replications, in completely randomized
design. Data revealed that the potato cultivars were significant differed for plantlet height,
number of leaves per plantlet, number of nodes per plantlet, number of roots per plantlet and
plantlet weight in the medium without sorbitol. Moreover, different response of potato
cultivars was observed to various levels of sorbitol concentrations. Increasing the
concentration of sorbitol lead to significant decreased in all studied traits, as compared with
control treatment (sorbitol free). However, the most reduction of morphological parameters
was observed in Maritiema and Lady Balfour cultivars, and considered as susceptible
cultivars for water deficit. These results indicated also that the Diamond variety is a drought-
tolerant than the other potato cultivars which used in the current study. These results
indicated that the simulation of drought stress under in vitro conditions during the
regeneration process constitutes a convenient way to study the effects of drought on potato
responses. In-vitro this technique was shown to be useful in identifying relatively drought-
tolerant genotypes at early stages of development and this can be a very useful tool for
screening large number of varieties or breeding lines of genotypes within a short time.
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is associated with an increase in
temperature of the planet and a decrease in
precipitation (Lobell et al., 2011 and Barra
et al., 2013). Therefore, the sustainability
of production will depend on the
identification and development of new
drought tolerant varieties (Cochard et al.,
2008, Rukundo, 2012). Moreover, Taiz
and Zeiger (2006) reported that it is
necessity to identify potato genotypes
adapted to drought, which has become

Introduction

Potato (Solanum tuberosum L.) is one of
the most important vegetables in the world
(Albiski et al., 2012). Potato is very
sensitive to water-stress because of its
shallower root system (lwama and
Yamaguchi, 2006). The identification of
potato genotypes tolerant to abiotic stress
is currently needed, since climate change
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Gopal and Iwama (2007) reported that
Potato genotypes differ in their tolerance
to drought. Also, Levy (1986); Susnoschi
and Shimshi (1985) found that there are
differences in potato cultivars
susceptibility to drought. Moreover, (Tican
et al., 2016) showed also, that the
sensitivity to drought was not uniform on
potato varieties.

Drought is known to adversely effect on
potato plant height (Lahlou and Ledent,
2005). Drought in potato lead to reduce the
rate and duration of growth (Hang and
Miller, 1986) and the number of leaves
produced (Jefferies, 1993). Moreover, the
major effects of water stress on potato
plant are decreases in number of leaves,
plant height, tuber growth, quality and
yield as reported by (Arvin and Donnelly,
2008; Hassanpanah, 2009). Also,
Tourneux et al. (2003) and Lahlou and
Ledent (2005) mentioned that water-stress
under potato field conditions is adversely
affect plant growth including stem height.
A growth inhibition is a common response
to drought and osmotic stress in plants
(Skirycz and Inzé, 2010). Drought leads to
decreased tissue water content resulting in
inhibited cell elongation (Taiz and Zeiger,
2006). Same conclusion was reported by
Alfredo et al., (2004) who mentioned that
the reduction in potato growth may be due
to inhibition of plant cell division which
results from water stress. Because a
selection for drought tolerant genotypes in
the field is time consuming, cost intensive
and difficult to reproduce, it was proposed
that Screening genotypes for their response
to stress conditions in vitro might be an
alternative to efficiently check material for
its reaction to osmotic stress (Gopal and
Iwama, 2007). Various in vitro methods to
induce water stress in plants have been
described, which use chemical agents that
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reduce water potential in the culture
medium (Barra et al., 2013) such as
sorbitol.

Sorbitol, a six-carbon sugar alcohol, is one
of the most frequently found polyols in
plants. It is a direct product of
photosynthesis in mature leaves, in parallel
with sucrose, whereas both serve similar
functions, such as translocation of carbon
skeletons and energy between sources and
sink organs (Jain et al., 2010). Previous
studies by Gopal and Iwama (2007) and
Gopal et al. (2008) simulated drought
stress condition in vitro by the addition of
sorbitol to solid MS medium. This resulted
in the identification of 0.2 M sorbitol to
give the best response of the potato
genotypes to distinguish more tolerant
ones among the test set. Osmotic stress
was chosen as it is one of the factors
contributing to drought stress. Tican et al.
(2016) reported that sorbitol has been used
by several workers as osmotic stress
agents for in vitro selection. They
mentioned also that the increasing amount
of sorbitol, water absorption becomes
difficult for plantlets from nutrient
medium and thus was simulate the effect
of drought over microplants. They added
that with the increasing amount of sorbitol
into the growth medium, the drought
intensity was bigger that lead to decrease
the number of internodes on potato
plantlets. They found that potato
genotypes were differed in their response
to water stress by applying sorbitol on
nutritive medium.

Gopal and Iwama (2007) mentioned that
some researchers reported that addition of
sorbitol on Murashige-Skoog medium
decreased water potential, inducing
drought stress affecting shoot and root
growth. They added that these similarities
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in the effects of water-stress under in vitro
and in vivo conditions suggest that the in
vitro system can be used as an alternative
to field evaluations for studying the
general effect of water-stress on plant
growth and development. They mentioned
that the addition of sorbitol to the MS
medium decreased the water potential of
the media inducing water-stress that
adversely affected both shoot and root
growth of the plantlets. Also, under
extreme water-stress conditions as induced
by 0.4 M sorbitol, all genotypes had little
shoot as well as root growth. Albiski et al.
(2012) reported that sorbitol inducing
water stress in morphological parameters
in potato. They mentioned that the drought
induced by addition of sorbitol on MS
medium led to decrease in the potato stem
length, number of leaves and number of
roots per plant according to potato
genotypes and drought.

The objective of this study is to determine
the response of four potato genotypes to
water  stress, by  measuring the
morphological characteristics associated
with the vegetative growth of potato
plantlets in vitro using sorbitol as a water
stress inductor. In order to develop a
practical and effective method in vitro
screening of potato, which may provide a
system for effectively differentiating the
genotypes for their expected root mass
production under field conditions.

Materials and Methods

The present study was performed at
Laboratory of Horticulture Department,
Faculty of Agriculture, EI- Minia
University, EI-Minia, Egypt from 2016 to
2019.

Plant material Four potato (Solanum
tuberosum L.) cultivars; Burren, Diamond,
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Lady Balfour and Maritiema were used for
this study. Tuber seeds of all genotypes
were obtained from Agricultural Research
Center, Horticulture Department, Mallawi,
El-Minia, Egypt.

Treatment of sorbitol

Three levels of sorbitol (0.1, 0.2 and 0.3
mole /liter) as a water-stress were added to
the MS medium and compared with
control (sorbitol free or 0.0 mole/l).

In Vitro propagation

A tissue culture method was used for the
rapid micropropagation of the previously
mentioned potato cultivars. About 50
plantlets were regenerated, in a sequential
procedure, from a single isolated shoot tip.
Shoot tips were surface sterilized with
0.25% calcium hypochlorite for 5 minutes
and rinsed thoroughly with sterile distilled
water. Thereafter, the surface sterilized
shoot tips were cultured Murashige and
Skoog (MS) basic medium as reported by
Murashige and Skooge (1962). The pH
was adjusted to 5.7+0.1 before the addition
of Agar and subsequent autoclaving at
121°C and 15 psi for 20 min. Tissue
excision, implantation and transfer
procedure were carried out under sterile
conditions. The cultured shoot tips were
incubated for four weeks in the incubation
room at 25+20C with 16:8 h photoperiod
and 2000 — 4000 lux, as a light intensity.

Drought treatment

Individual stem nodes were transferred to
jars containing 20 ml of MS growth
medium, 30 g.I"! sucrose and 30 g.I"* Agar
supplemented with sorbitol, as a water-
stress, of 0, 0.1, 0.2 or 0.3 mole/liter at pH
5.7 and allowed to grow for 4 weeks to test
their tolerance or sensitivity to drought.
Hundred plantlets per cultivar were
evaluated for each of the four drought
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treatments and the experiment was
repeated at approximately  monthly
intervals three times. All subcultures were
maintained under 25+20° C with 16:8 h
photoperiod and 2000-4000 lux, as a light
intensity.  Growth and morphological
changes due to drought stress in culture
were observed and recorded.

Recorded data

When subcultures were 30 days old
(without sub culturing) and fully-grown
having stout stems and broad leaves in the
control treatment (i.e., MS medium
without sorbitol) or medium with sorbitol
as a water stress, data were recorded for
various shoot and root characteristics as
the following:

a) Plantlet height (cm): this was
determined at measured as the length of
the main stem from base to the shoot tip.

b) Number of plantlet leaves.
¢) Number of plantlet roots.
d) Plantlet fresh weight (g).
Statistical analysis

The experimental design was a 4x4
(cultivars x  Sorbitol concentrations)
factorial experiment in a randomized
complete block with three replications.

The data were statistically analyzed using
ANOVA analysis to determine the level of
significant differences between treatments
means as compared to the control at P<
0.05 level of significance Gomez and
Gomez (1984).

Results and Discussion
Plantlet height

The effects of drought on the plantlet
height grown in vitro from shoot apices are
shown in in Table 1. drought decreased
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plantlet height in all potato cultivars, the
most reduction obtained by Maritiema and
Lady Balfour (52.6 and 38.34%),
respectively. drought decreased plantlet
height in all potato cultivars, the most
reduction obtained by Maritiema and
Lady Balfour (52.6 and 38.34%),
respectively. In general, all of potato
cultivars showed more plantlet height at
the control level (sorbitol free), all of the
cultivars significantly decreased expect
Diamond  cultivar did not differ
significantly and had the higher plantlets
height (11.67 cm). Similar conclusions
were reported by Gopal and Iwama (2007)
and Albiski et al. (2012) who reported that
addition of sorbitol on MS medium
decreased the water potential and inducing
drought stress affecting shoot growth. The
reduction in plantlet height may be due to
that with increasing amount of sorbitol,
water absorption becomes difficult for
plantlets from nutrient medium and thus
simulates the effect of drought on
microplants pointed out Tican et al.
(2016). Similar conclusions were reported
by (Tourneux et al.,2003; Lahlou and
Ledent, 2005; Arvin and Donnelly, 2008;
Hassanpanah, 2009; Albiski et al., 2012)
their studies revealed that the water stress
decreased plant height of potato plants.
Also, drought decreased water content in
tissues of plants, resulting in inhibited cell
elongation as reported by (Alfredo et
al.,2004; Taiz and Zeiger,2006). Same
conclusion was reported by Alves and
Setter (2004) who mentioned that the
reduction in potato growth may be due to
inhibition of plant cell division which
results from water stress.

The result indicated also that Diamond
cultivar is a drought tolerant cultivar.
These results agree with (Susnoschi and
Shimshi, 1985; Levy,1986; Gopal and
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lwama, 2007; Albiski et al., 2012; Tican et
al., 2016).

Number of plantlet leaves

Data in (Table 1) revealed that the potato
Cultivars (Burren, Diamond, Lady Balfour
and Maritiema) were significant differed
for number of leaves per plantlet in the
medium  without sorbitol.  Significant
decrease in number of leaves for potato
Cultivars used are observed with
increasing sorbitol concentration from 0.2
to 0.3 mole / liter in MS medium than
those in without or lower sorbitol
concentrations. Also, the decrease in
number of leaves for potato Cultivars are
more pronounced in Maritiema and Lady
Balfour varieties with no significant
between them at 0.3 mole / liter sorbitol as
compare to Diamond and Burren cultivars.
The reduction in number of leaves may be
due to increasing amount of sorbitol, water
absorption becomes difficult for plantlets
from nutrient medium and thus simulates
the effect of drought on microplants as
reported by Andreea et al. (2016).
Moreover, the effect of sorbitol is reported

by several authors who stated that the
sorbitol has been used as osmotic stress
agents for in vitro to inducing drought
stress that affecting on shoot growth Gopal
and Iwama (2007). These results are in
agreement with those reported by
(Jefferies, 1993; Arvin and Donnelly,
2008; Hassanpanah, 2009) who found that
the major effects of water stress on potato
plant growth such as decreasing number of
leaves. Data revealed also that the
Diamond potato variety have high drought
tolerant cultivar than the other potato
cultivar used due to have forming higher
number of leaves while, Maritiema and
Lady Balfour cultivar are considered as a
drought sensitive cultivar by forming
lower number of leaves. This result
indicates different response of potato
genotypes to various levels of sorbitol
concentrations or drought stress. These
results are agreed with those obtained by
(Susnoschi and Shimshi, 1985; Levy,
1986; Gopal and Iwama, 2007; Albiski et
al., 2012; Tican et al., 2016) who reported
that potato genotypes differed in their
tolerance to drought stress.

Table 1. Performance of potato genotypes at different concentrations of Sorbitol for various

characters in vitro

Sorbitol Concentration (mole / liter)

Character Genotype
0.0 0.1 0.2 0.3
Plantlet height (cm) Diamond 11.67° 11.67° 11.33° 11.33°
Burren 9.00° 9.00° 8.33° 8.00°
Maritiema 6.33° 6.33° 4.33° 3.001
Lady Balfour 4.33° 4.00° 4.00° 2,67
LSD 5% 0.59
Number of plantlet leaves Diamond 12.67° 12.00° 11.00°  10.67"
Burren 10.00% 10.00% 9.67° 8.67°
Maritiema 8.67° 7.67" 7.33 433"
Lady Balfour 6.33° 6.33¢ 5.67° 367"
LSD5% 0.77

Different letters between cultivars indicate significant differences on a global significance

level of 5 %.
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Number of plantlet node

Data revealed that the number of nodes per
plantlet in the medium without sorbitol
was significantly decreased for all potato
cultivars under study conditions (Table 2).
Increasing sorbitol concentration from 0.2
to 0.3 mole / liter in MS medium,
decreased number of nods per plantlet than
those in lower sorbitol concentrations.
Also, the decrease in number of nodes for
potato are more pronounce in Maritiema
and Lady Balfour cultivars. With
significant between them at 0.3 mole / liter
sorbitol as compare to Diamond and
Burren. This result is agreed with Tican
et al. (2016) who found that with the
increasing amount of sorbitol into the
growth medium, the drought intensity was
bigger that lead to decreasing the number
of internodes on potato plantlets. The
reduction of nodes number may be due to
the drought as reported by (Arvin and
Donnelly, 2008; Hassanpanah, 2009)
which lead to decrease tissue water content
resulting in inhibited of cell elongation
(Taiz and Zeiger, 2006). The use of
sorbitol as chemical agents to reduce water
potential in the culture medium was
reported by (Noiraud et al., 2001; Barra et
al., 2013: Tican et al., 2016) which
affecting on plant growth of potato.
Moreover, data revealed that Diamond is a
drought-tolerant cultivar than the other
potato cultivars which used, due to have
forming higher number of nodes while,
Maritiema and Lady Balfour cultivars are
considered as a drought sensitive cultivars
by forming lower number of nodes. This
result revealed different response of potato
to various levels of sorbitol concentrations.
These results are similar obtained by
(Susnoschi and Shimshi, 1985; Levy,
1986; Gopal and Iwama, 2007; Albiski et
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al., 2012; Tican et al., 2016) who reported
that potato genotypes differed in their
tolerance to drought stress.

The effects of sorbitol were reported by
several authors, they stated that the
sorbitol has been used as osmotic stress
agents for in vitro to inducing drought
stress that affecting on shoot growth
(Gopal and Iwama, 2007) or
morphological parameters (Albiski et al.,
2012).

Number of plantlet roots

Data that the potato are significant differ
for number of roots per plantlet in the
medium without sorbitol (Table 2). Roots
number of Burren, Maritiema and Lady
Balfour are significant decrease with
increasing  sorbitol  concentration in
medium than those in without sorbitol.
However, the decrease in roots number are
more pronounce in Maritiema and Lady
Balfour with significant between them at
0.3 mole / liter sorbitol as compared to
Diamond and Burren.

Similar results were reported by Albiski et
al., (2012) who reported that the
increasing of sorbitol concentration in MS
medium decreased the root number of
potato due to the drought. Also, (Tourneux
et al.,2003; Lahlou and Ledent, 2005) who
mentioned that water-stress is adversely
effects on potato root number. The use of
sorbitol as chemical agents to reduce water
potential in the culture medium was
reported by (Noiraud et al., 2001; Barra et
al., 2013; Tican et al., 2016) which
affecting on plant growth of potato. Also,
Gopal and Iwama (2007) who found that
the addition of sorbitol to the MS medium
decreased the water potential of the media
inducing  water-stress  that adversely
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affected both shoot and root growth of the
plantlets.

Data in revealed that Diamond cultivar
does not differ significantly for plantlet
root number, with increasing sorbitol
concentration in  medium. This result
indicates that Diamond is a drought-
tolerant than the other potato varieties
used.  Moreover, the data show that
Maritiema and Lady Balfour are
considered as a drought sensitive by
forming lower number of roots with
increasing  sorbitol  concentration in
medium. Similar results were reported by
(Susnoschi and Shimshi, 1985; Levy,
1986; Gopal and Iwama, 2007; Albiski et
al., 2012; Tican et al., 2016) this result
agree with Albiski et al. (2012).

Plantlet weight

Data revealed that the potato genotypes
are significant differ for plantlet weight in
the medium without sorbitol Significant
decrease in plantlet weight for potato
observed  with  increasing  sorbitol
concentration from 0.2 to 0.3 mole/l in MS
medium than those in lower sorbitol
concentrations. Also, the decrease in
plantlet weight for potato are more
pronounce in Maritiema and Lady Balfour
with significant between them at 0.3 mole
/ liter sorbitol as compare to Diamond and
Burren. The reduction in plantlet weight
may be due to that with increasing amount
of sorbitol in medium which lead to lower
the plantlets height, number of leaves,
number of nodes, as well as the number of
roots. Similar results were reported by
Albiski et al. (2012).

Table 2. Performance of potato genotypes at different concentrations of Sorbitol for various

characters in vitro.

Sorbitol Concentration (mole / liter)

Character Genotype
0.0 0.1 0.2 0.3
Number of plantlet nodes Diamond 10.33° 9.00° 9.00° 8.33°
Burren 8.00 ¢ 8.00 ¢ 8.00° 6.67 ¢
Maritiema 6.67 ¢ 6.00 ¢ 5.67 ° 2.339
Lady Balfour 4.33" 4.33 2.679 1.67"
LSD 5% 0.57
Number of plantlet roots Diamond 18.00a 17.67a 17.67a 17.33a
Burren 15.00a 14.33a 12.00c 11.00de
Maritiema 12.33c 11.67cd 10.33ef 3.67j
Lady Balfour 10.00f 7.679 6.00h 5.00i
LSD 5% 0.71
Plantlet weight (gm) Diamond 0.57° 0.57° 0.49° 0.43™
Burren 0.45° 0.43" 0.37% 0.36"
Maritiema 0.25° 0.24° 0.15 0.15
Lady Balfour 0.21° 0.14' 0.13" 0.06¢
LSD 5% 0.06

Different letters between cultivars indicate significant differences on a global significance

level of 5 %.
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This result revealed different response of
potato to various levels of sorbitol
concentrations. These results are with
(Susnoschi and Shimshi, 1985; Levy,
1986; Gopal and lwama, 2007; Albiski et
al., 2012; Tican et al., 2016) who reported
that potato genotypes differed in their
tolerance to drought stress. The effect of
sorbitol are reported by several authors
who stated that the sorbitol has been used
as osmotic stress agents for in vitro to
inducing drought stress that affecting on
morphological parameters as reported by
(Gopal and Iwama, 2007; Gopal et al.,
2008; Albiski et al., 2012).

Conclusion

These results show significant variations
among the potato for drought tolerance
based on morphological parameters under
in vitro condition. Higher concentration of
sorbitol 0.3 mole/liter severely effect on
plantlet height, number of plantlet leaves,
number of plantlet nodes, number of
plantlet roots and plantlet weight of the
diamond, Burren, Maritiema and lady
Balfour potato. Moreover, these results
indicate that sorbitol can been used to
stimulate drought stress in vitro for
identifying relatively potato drought-
tolerant genotypes at early stages of
development and this can be a very useful
tool for screening large number of
varieties or breeding lines of genotypes in
potato plants.
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