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Abstract: Wheat is the most important plant that always has suffered from drought stress ( Q������ et al. 1980).
Most research that has been done on drought stress in plant, show that ABA increases in plant cultures after stress
(Q������ et al. 1977). In this research we performed three separate experiments in a randomized complete block
design with three replications. In the first experiment, the effect of PEG on six cultivars (Sardari, Azare2, Kavir,
Tabasi, Gaspard and Meroa) was invested. We measured shoot length, root length, cleoptile length, root/shoot
length ratio, root/cleoptile length ratio, shoot fresh weight, shoot dry weight, root fresh weight, relative water
content, germination rate and germination percentage. Bases on the measured traits, Azare2 and Sardari were the
most resistant and Gaspard was the most susceptible cultivar. In this experiment we used six levels of PEG and
in the second experiment the same cultivars were used in field with and without stress in complete randomized
block design and 4 replications in each condition. After harvesting performance also SSI, TOL, MP, STI, GMP and
HARM were measured and used to introduce the most resistance and sensitive cultivars by cluster analysis. In
third experiment we used six levels of PEG and four levels of ABA on Sardari and Gaspard and measured shoot
length, root length, cleoptile length, root /shoot length ratio, root /cleoptile length ratio, shoot fresh weight, shoot
dry weight, root fresh weight, relative water content, relative water and germination percentage .In third experiment there was significant difference among cultivars for PEG and there were not significant difference for ABA.
Sardari cultivar responded better than Gaspard to PEG levels.
Keywords: ABA; PEG; wheat; drought stress
Abbreviate: ABA – abscisic acid; PEG – polyethylene glycol; RWC – relative water content; RW – relative water;
S.L. – shoot length; R.L. – root length; C.L. – cleoptile length; R/S – root/shoot; R/C – root/cleoptile; S.F.W. – shoot
fresh weight; S.D.W. – shoot dry weight; S.W.P. – shoot water percent; R.F.W. – root fresh weight; R.D.W. – root dry
weight; R.W.P. – root water percent; G.S. – germination speed; G.S./D. – germination speed in day; G.P. – germination
percent; RCBD – randomized complete block design

Wheat as the major crop in Iran and the world
has always underground drought stress. Subjection a crop in critical conditions including drought
stress causes some physiological, morphological
and growth alterations which most of them are
controlled by abscisic acid (S�������� et al. 1999;
Z���� et al. 1990; S������ et al. 1985). In fact that
above alterations is mainly due to changes in transcription level of genes that eventually their final
products response to drought or other environ-

mental stress (P������� et al. 1996; Z������� et al.
1977). Most of researches on the drought resistants
in crops demonstrate that ABA level is increased
in drought conditions, suggestion the essential
role of this plant hormone in response to drought
(Z���� et al. 1989; S������ et al. 1985). Most of genes
which have studied so far are affected by ABA
so that genes which their expression in drought
stress conditions is governed by ABA are called
ABA – dependent genes (D��� et al. 1996; L�����-
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S������� et al. 1976). It seems that cell plasmolysis
and turgor reduction lead to ABA synthesis and
subsequently affects different gene expression
(S�� et al. 2000). Some studies show that there is
no response to external ABA treatment in genes
which are so-called active in plasmolysis (B���� et
al. 1975; H������� et al.1975). Poly Ethylene Glycol
(PEG) is the most used material for drought stress
simulation in vitro (G�� et al. 1979). P���� and
M���� (1968) showed that PEG2000 simulates soil
potential much better than NaCl. In an experiment
on bread wheat cultivars under 5 osmotic level (0,
–0.5, –1, –1.5 and –2 MPa) it was demonstrated that
germination percentage and germination rate is
higher in resistant cultivars in stress conditions that
sensitive cultivars. Also root and shoot weights in
all cultivars were decreased by decreasing osmotic
potential (B������� et al. 1999). N����� and G����
(1990) indicated that in deficit potential conditions,
water entrance and diffusion in to root (radicle) is
decreased. H������ and S������ (1990a) studied
6 cultivars of wheat and 10 varieties of Triticale
using PEG8000 and found that germination percentage and root growth reduction was higher in –6 level rather than –3 level.

In the second experiment the same cultivars were
used in field with and without stress in CRBD and
4 replications. After harvesting performance also
SSI, TOL, MP, STI, GMP and HARM were measured
and used to introduce the most resistance and
sensitive cultivars by cluster analysis.
In the third experiment the aim was to study the
interaction of different level of PEG and ABA (0, 2,
4, 6 µmol/l) on two resistant (Sardari) and sensitive
(Gaspard) cultivars selected from the above two
experiments in addition to the effect of ABA on
resistance induction. The selected cultivars were
tested in triplication a factorial experiment based
on CRBD. All stages were similar but in that here
24 different PEG and ABA solutions were used.
Finally the same traits also relative water content
and relative water were determined. We obtained
RWC and RW so as:

MATERIALS AND METHODS

RESULTS AND DISCUSSION

This research was carried out in 3 separate experiments in laboratory and ﬁeld situations in Agricultural College Karaj, University of Tehran. In ﬁrst
experiment was studied the eﬀects of diﬀerent level of
PEG on 6 cultivars of Sardari, Azare 2, Kavir, Tabasi,
Gaspard and Meroa by Using a factorial experiment
base on CRDB in triplicate was studied. PEG level
were 0, –2, –4, –6, –8, –10 bar. A�er proportion of
diﬀerent level of PEG in sterile distilled water under
laminar ﬂow air hood, a sterilized ﬁlter paper was
placed in each Petri dish, then the seed were storied
with an enough amount of hypochlorite Sodium
(1%) for 5–7 min and 30 uniform and right seeds
were placed in each Petri dish and a dose of 5cc PEG
solution was poured in each Petri dish. Finally a�er
coding, Petri dishes were placed in 3 separate racks
as 3 blocks in germinator in 20oC for a week. In each
day the number of germinated seed was recorded
and a�er 7 days other traits such as shoot length,
root length, cleoptile length, root/shoot length ratio,
root/cleoptile length ratio, shoot fresh weight, shoot
dry weight, root fresh weight, relative water content,
germination rate and germination percentage, were
determined and analyzed.

In the first experiment there was a significant
different among cultivars for the major traits suggesting a diversity in these traits (Table 1). Among
different levels of PEG for most traits except root/
shoot and root/coleoptile length ratio was a significant difference indicating the different effect
of different PEG level on the growth and development of the 6 wheat cultivars. As given in this
table, the interaction between different PEG levels
and cultivars in not significant for any traits which
demonstrates a uniform trend in trait alterations in
different drought levels. Mean comparison show
that for the trait shoot length, the cultivars of Gaspsrd and Tabasi are classified in group B and the
other in group A. This trend meets other traits. It
should be noted that the cultivars Azar 2, Sardari
and Kavir from all measured traits stand of view
except germination rate per day are grouped together suggesting a similar response to different
levels of PEG in these cultivars (Table 2). Cluster
analyzing also showed similar results, i.e. cultivars
Azar 2 , Sardari and Kavir nested in one cluster and
Tabasi, Meroa and Gaspard in the other cluster, so
that Sardari and Gaspard were recognized as the
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RWC =
RW =

(fresh weight) – (dry weight)
(saturate weight) – (dry weight)

(fresh weight) (dry weight)
(fresh weight)
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Table 2. Mean comparison for cultivars with diﬀerent traits in ﬁrst experiment

**signiﬁcant for α = 0.01, *signiﬁcant for α = 0.05 and ns= not signiﬁcant

Table 1. Analysis of variance for ﬁrst experiment
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Table 4. Drought stress indexes for diﬀerent cultivars in second experiment

Table 3. Mean comparison for PEG levels with diﬀerent traits in ﬁrst experiment
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signiﬁcant for α =0.01, *signiﬁcant for α = 0.05 and ns = not signiﬁcant

Table 6. Mean comparison for cultivars with diﬀerent traits in third experiment

**

Table 5. Analysis of variance for third experiment
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Table 8. Mean comparison for PEG levels with diﬀerent traits in third experiment

Table 7. Mean comparison for ABA levels with diﬀerent traits in third experiment
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Figure 1. Cluster analysis of six cultivars in ﬁrst experiment

most resistant and sensitive cultivars respectively
(Figure 1). Mean comparison of different PEG levels
for the traits show that with increasing PEG level
(up to –10 bars), a decrease is seemed in all traits
except root/shoot length ratio. Therefore it is concluded that with increasing drought level, the crop
increases its root growth to shoot ratio to survive
the stress conditions (Table 3). Drought indexes
and cluster analysis of the second experiment also
showed that Sardari cultivar was the most resistant
and two cultivars Tabasi and Gaspard were the
most sensitive (Table 4 and Figure 2). Overally
Saedari and Gaspard respectively were selected
as the most resistant and sensitive cultivars.
In the first and second experiment, Sardai and
Gaspard cultivars were selected and entered the
third experiment. For this stage the goal was to
study the inductive effect of ABA on drought stress
in different levels of PEG and the most resistant
and sensitive cultivars. All cultivars regarding all

traits except root/shoot and root/coleoptile length
ratio were significant, suggesting traits diversity.
For the different levels of PEG there was shown
significant difference for all traits except the RWC
and RW of seedlings. For the different levels of
ABA there was no significant difference for any
traits indicating lack of hormonal effect on drought
resistance induction. Hence different level of this
hormone had no significant effect on the traits also
drought resistance induction. The interaction of
cultivar and drought was significant for only such
traits as root length, root/shoot, root/coleoptile
length ratio and root dry weight. The interaction of
cultivar and ABA was not significant for any trait
suggesting uniform alteration in different level of
ABA. Interaction between drought and ABA was
significant only for germination percentage. The
triple interaction that is cultivar, ABA and drought
was not significant for any trait (Table 5). Mean comparison results show that for all traits except RWC
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Figure 2. Cluster analysis of six cultivars in second experiment
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and RW the Sardari cultivar is classified in group
A which indicates its better response to drought
stress than Gasper (Table 6). It was considered that
for different levels of ABA, there was no significant
difference for any traits showing no effect of ABA
on the traits(Table 7). In relation to different levels
of PEG, it was observed that increasing drought
level had a reducing effect on most traits except
root/shoot and root/coleoptile length ratio and for
these two traits a reverse effect, so that these two
traits showed an increase with increasing drought
level showing much more relative growth of root/
shoot in drought condition (Table 8).
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