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Abstract: Intra-specific variation in water-soluble carbohydrates (W SC), reducing sugar (RS), photosynthetic
pigments and free proline were determined in sixth leaves and roots of two cultivars salt-tolerant (Karchia) and
salt-sensitive (Ghods) of wheat (Triticum aestivunt) grown n a greenhouse under controlled condition. Plants
were trigated with various levels of salt (0, 75, 150 and 225 mM NaCl) and sprayed with 0, 30, 60 and 90 ppm
of paclobutrazol (PBZ) solution. WSC and RS in leaves and RS in roots mcreased in line with elevating of
salinity from 75 to 225 mM of NaCl in both cultivars. A highly significant increase in RS was observed in leaves
of cultivar Ghods at level 225 mM NaCl. PBZ. treatment increased WSC and RS in leaves and RS in roots n both
cultivars, but reduced RS in leaves in cultivar Ghods. Salt stress decreased photosynthesis pigments,
significantly in cultivar Ghods, but PBZ treatment increased photosynthesis pigments in plants wrigated with
NaCl solution or without. Salt stress and PBZ treatment increased free proline content, but the most significant
increase was observed at level 225 mM of NaCl m cultivar Ghods. It may be concluded that PBZ could enhance
salt tolerance with increasing osmoprotectants especially in salt-sensitive cultivar.
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INTRODUCTION

Undoubtedly salinity 15 a world-wide problem which
affecting plant’s growth, yield and its composition. About
25% of world’s total area (including 15% of Iran’s land) 1s
saline. This area contains about 33% of world’s and 50%
of Iran’s wrigated lands, respectively (Kamkar ef ai., 2004).
Attempts have been made to overcome the adverse
effect of salinity, one of them is application of growth
regulators. Paclobutrazol (PBZ) [(2ZRS, 3RS)-1-(4-
chlorophenyl)-4, 4-dimethyl-2-(1, 2, 4-triazol)-pentan-3-ol]
is a plant growth regulator and PBZ mediated stress
protection 1s often explained mn terms of hormonal
changes. Studies showed that PBZ could inhibit
gibberellin  synthesis, mcrease cytokimns content,
transient rise in ABA and decrease ethylene content
(Asare-Boamah and Fletcher, 1986; Fletcher and Hofstra,
1988; Mackay et al., 1990). Some researchers indicated
that PBZ reduced the effect of salt stress on guava and
grapes (Abou El1 Khashab 1991, Elaidy et al., 1992,
Salama et al., 1992). Numerous studies showed that PBZ
has a biochemical effect on plants, such as
detoxification of active oxygen (Upadhyaya et al., 1990,
Kraus and Fletcher, 1994) and increased levels of proline
(Mackay et al.,1990), antioxidants (Senaratna ef al., 1988)
and chlorophyll content (Fletcher and Hofstra, 1988). In

spite of the increasing number of studies on PBZ-induced
stress protection, a little is known about its effect on the
physiological state of salt-stressed wheat plants. Thus we
attempt to characterize of the water-soluble carbohydrates
(WSC), reducing sugar (RS), photosynthetic pigments
and free proline contents under salt stress and PBZ
treatment.

MATERIALS AND METHODS

Plant materials and treatment: The experiment was
conducted at Azzahra University, Tehran, Tran. Plants
were grown 1n a greenhouse in November 2005, with
supplementary light to extend the photoperiod to 16 h per
day. Two salt-tolerance (cv. Karchia) and salt-sensitive
(cv. Ghods) cultivars of wheat (Pustini, 2001) seeds
(provided from the biotechnology and storage of
agricultural products center, Karaj, Tran) were sown in
1.5 lit pots contaming vermiculite. During the experiment
mean temperatures were 2442°C and 18+2°C, day and
night, respectively. The plants were urigated every 4 days
and fertilized every week with the standard Hoagland
nutrient solution adjusted to pH 6.0. When two leaves of
the plants emerged, they were sprayed with 0, 30, 60 and
90 ppm of PBZ solution. PBZ treatment continued weekly
during three consecutive weeks. Two days after the first
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PBZ treatment, the plants were irrigated with 0, 75, 150 and
225 mM of NaCl solution. Salt stress continued for one
month and the plants were leached with tap water after
every three iurigations to prevent salt accumulation.
Control plants were grown in Hoagland solution and
sprayed by water throughout the experiment. All
measurements were performed two days after the last day
of the salt treatment.

‘Water soluble carbohydrate (WSC) and reducing sugar
(RS): WSC determination was based on the phenol-
sulfuric acid method (DuBois et al., 1956). The amount of
total RS was measured by Smogyi (1952) method.

Photosynthetic pigments: The photosynthetic pigments
were determined by Lichtentaler (1994) method and
calculated according to the Lichtentaler and Wellburn
(1983) formula.

Proline: Proline was measured in the fresh sixth leaf of
plants and measured according to Bates et al. (1973).

Statistical analysis: The experimental design was a
random complete block, with three replications. The
data were analyzed by the Tukey and Duncan
tests’SPSS statistical package to assess significant
differences (at p>5% level) among means.

RESULTS

Carbohydrate: The levels of the WSC and RS m the
leaves increased in line with the elevating level of salinity
in both cultivars under investigation. But the WSC
content 1n salt wurigated plants was less than control in
cultivar Ghods (Fig. 1 and 3). A high significant increase
was observed in the RS content in the leaves of cultivar
Ghods. The RS content in the leaves was correlated with
the salt sensitivity. The PBZ treatment decreased the RS
level close to a sunilar level in control plant in cultivar
Ghods (Fig. 3). The PBZ treatment increased the WSC
content in the leaves at an elevating level of salinity
(Fig. 1). The salt stress decreased the W3C accumulation
in the roots of both cultivars. The decrease mn the WSC
content in cultivar Karchia was lighly sigmficant. The
PBZ treatment enhanced the WSC content in the roots
except at level 30 ppm of PBZ, which showed no
considerable difference between levels 75 and 225 mM
NaCl solution (Fig. 2). The RS content in the roots of both
cultivars grew with increasing salinity. But this increase
in all salinity levels was less than in the control plant of
cultivar Ghods (Fig. 4). The PBZ treatment without salt
stress significantly mcreased the measured RS inthe
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Fig. 1: Effects of salt stress and PBZ treatments on the
water soluble carbohydrates (WSC) content in the
leaves of two cultivars Karchia and Ghods

8001 B0 mM NaCl B75 mM NaCl B150 mM NaCl 225 mM NaC'

700- =

WSC rate (mg/100 g DW)
%3 © - W (=)
(=3 (=3 (=3 (=3 =3
S ° ° <2 9
H
H
H

=
<

Karchia Karchia Karchia Karchia Ghods Ghods Ghods Ghods
(control) (30) (60) (90)  (control) (30) (60) (90)
PBZ concentration (ppm)

Fig. 2: Effects of salt stress and PBZ treatments on
the  water soluble carbohydrates (WSC)
content in the roots of two cultivars Karchia and
Ghods
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Fig. 3: Effects of salt stress and PBZ treatments on the
reducing sugar (RS3) content in the leaves of two
cultivars Karchia and Ghods
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Fig. 4: Effects of salt stress and PBZ treatments on the
reducing sugar (RS) content in the roots of two
cultivars Karclia and Ghods
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Fig. 5: Effects of salt stress and PBZ treatments on the
total chlorophyll content in two cultivars Karchia
and Ghods

roots of cultivar Karchia. The WSC level in the roots was
greater than in the leaves, but the RS content in the leaves
was higher than in the roots. The result suggests the most
effective level of PBZ treatment was level 60 ppm of
paclobutrazol solution.

Photosynthetic pigments: The total chlorophylls and
carotenoids m both cultivars decreased agamst mcreasing
salinity levels, but this reduction in cultivar Ghods was
more significant than in cultivar Karchia (Fig. 5 and 6).
The PBZ treatment with or without salt stress enhanced
these parameters, sigmficantly in 60 ppm of PBZ treated
plants (Fig. 5 and 6). Under salt stress the chlorophyll a/b
ratio increased in cultivar Karchia but no significant
difference was observed in cultivar Ghods. Results
showed that PBZ treatment at level 225 mM NaCl
Increased this ratio in both cultivars, with the greatest
increase was observed in level of 90 ppm PBZ with a
225 mM NaCl solution.
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Fig. 6: Effects of salt stress and PBZ treatments on the
carotenoids content in two cultivars Karchia and

Ghods
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Fig. 7: Effects of salt stress and PBZ treatments on the
free proline content in the leaves in two cultivars
Karchia and Ghods

Proline: Salt stress and PBZ treatment enhanced free
proline. The most sigmficant increase in free proline
achieved in cultivar Ghods at level 225 mM of NaCl
solution. PBZ treatment had no significant effect in
cultivar Karchia, but a significant decrease was observed
in cultivar Ghods at level 225 mM of NaCl solution (Fig. 7).
DISCUSSION

The results from this study suggested that under
salt stress the WSC content increased in the leaves of
cultivar Karchia. But this was less than control plants in
the leaves and roots of cultivar and the roots of cultivar
Karchia. The PBZ treatment increased this in the leaves
and root 1n both cultivars. Under salt stress, the levels of
RS increased in the leaves in both cultivars. This increase
was significant in the leaves of cultivar Ghods. The RS
content decreased in the leaves of cultivar Ghods at levels
near to the control plant. The RS content n the leaves
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might be used as an indicator in screening wheat
genotypes for salinity tolerance. Also it may be the
indicate how PBZ treatment increase stress tolerance in
plants. High carbohydrate concentration, besides its role
in decreasing water potential, contributes both to the
prevention of oxidative damage and to the maintenance of
the structure of proteins and membrane under moderate
dehydration during salt stress. During the course of salt
and drought stresses, active solute accumulation of
compatible solutes such as amino acids, polyamines and
carbohydrates 1s claimed to be an effective stress
tolerance mechamsm (Martine et al., 1993; Galiba, 1994,
Mckersie and Leshem, 1994; Colmer et al., 1995; Rosa-
Tbarra and Maiti, 1995). Carbohydrates also serve as
signaling molecules for sugar-responsive genes, leading
to different physiological responses, such as defense
responses and turgor-driven cell expansion (Koch, 1996;
Strum and Tang, 1999). This suggests that increased
carbohydrates in PBZ-treated plants increases plant
stress tolerance. Photosynthesis, one of the most
important metabolic pathways in plants, is a target of salt
stress. Decreased the total chlorophyll and carotenoid
under salt stress, which in cultivar Ghods was more
significant, increased in PBZ- treated plants. It has been
reported that several environmental factors, such as
drought and low and high temperature can cause an
excess amount of toxic oxygen-free radicals (Scandalios,
1993). Carotenoids are known to act as efficient quenchers
of triplet chlorophyll (Noguchi et al., 1990) and singlet
oxygen (Demmig-Adams, 1990). Elevated amounts of
these accessory pigments in PBZ-treated plants should
also enhance the capacity to limit the damage caused by
species of active oxygen. PBZ enhances the free radical
scavenging capacity of treated plants, including the levels
of carotenoid, ascorbate and ascorbate peroxidase
(Senaratna ef al., 1988; Kraus ef al., 1995).The highest
level of proline in cultivar Ghods at level of 225 mM NaCl
may be a suitable indicator for recognizing a salt sensitive
cultivar. In addition, PBZ reduced proline content to a
level close to cultivar Karchia. Proline acts as an
osmoprote- ctant and reduces salt stress damage. Tt is
suggested that the protection and increasing salt
tolerance caused by PBZ, especially in salt-sensitive
cultivar, was due to mechanisms similar to that of
enhanced free-radical scavenging systems and reduced
osmotic stress.

Our results suggest that the level of 60 ppm PBZ,
15 the most effective level in moderating the harmful
effect of salt stress. More studies on proteins and
how paclobutrazol can
protect wheat plants from harmful effect of salt stress.

enzymes need to indicate
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