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ABSTRACT

Environmental stresses can play an important role in the reduction of the plant growth stage, especially
drought and osmotic stresses during germination in arid and semi arid regions in Iran. In order to study of
osmotic stress on germination indices in Durum wheat landraces, factorial combined of 37 genotype and tree
level osmotic conditions (osmotic potential of 0, -0.6 and -0.8 MPa) were used, on base of the completely
randomized design at three replications. In this study, median germination time (MGT), Coefficient of Velocity
of Germination (CVG), Germination Rate Index (GRI), Final Germination Percent (FGP) and Germination
Index (GI), germination stress index (GSI), root length, and shoot length were measured. Significant differences
between genotypes, osmotic stress levels and the genotype × environment interaction among all traits were
identified. Osmotic potential increased median germination time (MGT) and decreased other traits. The mean
comparison showed that the landraces; Germi-langin (18), Ardabil-sari boghda (19), Chakmak and Naxcevan
(28) in most indices in both of stressed conditions had height amount and these landrace identify as superior
genotype for germination traits. Additionally, in discriminate analysis, grouping of genotypes in 3 tolerant,
Semi-tolerant and Susceptible groups were done based on drought tolerance, susceptibility indices, and
germination characters. Therefore, we should use in vitro experiments for improve the tolerant of cultivars to
drought, this way will decrease both cost and time. 
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Introduction

Seedling emergence is one of the stages of
growth that is sensitive to water deficit. Therefore,
seeds germination, are prerequisites for the success of
stand establishment of crop plants. Under semiarid
regions, low moisture is limiting factor during
germination. The rate and degree of seedling
establishment are extremely important factors in
determination of both yield and time of maturity
[31,7,19]. Crop establishment depends on an
interaction between seedbed environment and seed
quality [11,22,19]. One of the screening techniques

based on physiological traits is the use of various
osmotica to induce stress in plant tissues.
Germination in polyethylene glycol (PEG),
measurements of root length or rooting depth and the
survival or growth of seedlings which is subjected to
osmotica, have been suggested for drought screening
[24,16]. Polyethylene Glycols (PEGs) are a group of
neutral osmotical active polymers with a certain
molecular weight[39]. The uniform establishment
seedling in stress condition is conducted to higher
yields[20]. New variety selection is difficult due to
the wide range of plant stress responses with
overlapping functions between their components

Corresponding Author
Mostafa Ahmadizadeh, Islamic Azad University, Ardabil branch, Iran.
E-mail: ahmadizadeh.mostafa@yahoo.com



552Adv. Environ. Biol., 5(4): 551-558, 2011

which is creating complex mechanisms of resistance
[38,6,17,26]. One of the prerequisites to successful
breeding for drought tolerance is availability of
reliable methods for screening of desirable genotypes.
Classical breeding may be complemented with
laboratory method which is created models for
simulation of water deficiency and drought
conditions. In this respect ,one of the most popular
approach is to use high molecular weight osmotic
substances, like polyethylene glycol (PEG), added to
the medium for seed germination or plant/cell
development[19,24,37,27]. Coefficient of velocity of
germination (CVG) indices evaluates drought stress
tolerance. Genotype with height Coefficient of
velocity of germination (CVG) is in stress condition
.There are significant differences between laboratory
data and drought stress tolerance, such as growth
seedling[13,30], root length, root/shoot[13] and
Coefficient of velocity of germination (CVG) [29].
We considered these things to indirect criteria
selection in wheat. 

The aim of the presented work was to study the
effect of water deficiency on seed development in ex
vitro conditions (simulating osmotic stress) and on
plant performance in the searching field of criteria
for development of laboratory tests for screening of
genotypes with higher drought tolerance and this
study was conducted to determine the effect of PEG
on seedling growth and germination. 

Materials and Methods

The Experiments were undertaken on 37 durum
wheat (Triticum durum Desf.) landraces with
different levels of drought resistance (tolerant, semi-
tolerant and Susceptible), this is attained in
experiments of greenhouse on field by tolerance and
susceptivity indices[18] (non-report ahmadizadeh,
2010), in the laboratory of Azad University Ardabil
(Iran). Seed samples are representing a single plant
collected from Northwest Iran and the Azerbaijan
Republic (Table 1). 

It was laid out in factorial experiments based on
a completely randomized design (CRD) with three
replications and two factors. The first factor of
studying was osmotic stress at three levels, i.e. 0.0
MPa (D1, distilled water, control), -0.6 MPa (D2)
and -0.8 MPa (D3). The second factor was the
durum wheat (Triticum durum Desf.) landraces
genotypes. Osmotic potentials (-0.6 and -0.8 MPa)
were produced using different concentrations of
polyethylene glycol 6000 (PEG) at 20 °C according
to the method of Michel and Kaufmann [28].

The papers were replaced the seeds were
germinated by using the paper method, in 9 cm
diameter Petri dishes on the top of filter papers.
Twenty healthy seeds of each genotype were selected
and then sterilized with 5% sodium hypochlorite

solution for three seconds before the seeds were put
in covered sterilized Petri dishes containing
germination paper moistened with 8 ml of the
different solutions of PEG-6000. The Petri dishes
were kept in an incubator for 10 days at 20 ± 0.5 °C
Rehman et al.[32]. Data were recorded daily for 10
days. For germination purposes, only those seeds that
presented approximately 2mm of root length were
considered to have germinated and were used for
germination percentage and rate calculations, Sapra
et al. [35] and Afzal et al. [1]. The numbers of seeds
germinated were counted daily and the germination
percentage and rate were estimated. In this
experiment, Coefficient of Velocity of Germination
(CVG), Germination Rate Index (GRI), Final
Germination Percent (FGP) and Germination Index
(GI) were calculated for method of AL-Mudaris [3]. 
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Where n is the number of germinated seed at
each enumeration interval, and Nt is the number of
seeds in each experimental unit.

Median germination time (MGT) was calculated
to assess the rate of germination [14] as follows:
MGT = (fx) / f where f is the number of newly
germinated seeds on each day and x is the day of
counting.

According to the Bouslama and Schapaugh[10]
formula, the germination stress index (GSI) was
calculated as follows: 

 % 100
PIs

GSI
PIn
    

In this formula, PIS is the promptness index of
stressed seed while the PIn is the promptness index
of control seed. The promptness index (PI) was
calculated as:
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Table 1: Origin and taxonomy of durum wheat landraces is tested.
NO. Landraces Origin Tolerance level NO. Landraces Origin Tolerance level
1 Korifla Control Semi-tolerant 20 Ardabil-samrein Iran Semi-tolerant
2 chakmak Control Tolerant 21 Ardabil Iran Susceptible
3 Zardak Control Semi-tolerant 22 Germi-moghoan Iran Semi-tolerant
4 Haurani-1 Control Susceptible 23 Germi-langin Iran Susceptible
5 Omrabi-5 Control Susceptible 24 Naxcevan Azerbaijan Tolerant
6 Germi-langin Iran Semi-tolerant 25 Naxcevan Azerbaijan Semi-tolerant
7 Ardabil-samrein Iran Semi-tolerant 26 Naxcevan Azerbaijan Tolerant
8 Germi-langin Iran Susceptible 27 lerik Azerbaijan Tolerant
9 Germi-langin Iran Tolerant 28 Naxcevan Azerbaijan Tolerant
10 Germi-moghoan Iran Tolerant 29 xanlar Azerbaijan Tolerant
11 Ardabil-kordgheshlaghi Iran Susceptible 30 Guba Azerbaijan Tolerant
12 Germi-langin Iran Semi-tolerant 31 xatmaz Azerbaijan Semi-tolerant
13 Germi-langin Iran Semi-tolerant 32 Naxcevan Azerbaijan Tolerant
14 Ahar Iran Semi-tolerant 33 Gux Azerbaijan Tolerant
15 Ardabil-bagh oliya Iran Tolerant 34 Ardabil Iran Susceptible
16 Germi-boldash Iran Susceptible 35 Ardabil Iran Semi-tolerant
17 Germi-langin Iran Susceptible 36 Shamaxi Azerbaijan Semi-tolerant
18 Germi-langin Iran Susceptible 37 Naxcevan Azerbaijan Semi-tolerant
19 Ardabil-sari boghda Iran Semi-tolerant

PI = nd2 (1.00) + nd4 (0.80) + nd6 (0.60) + nd8
(0.40)

Where, nd2, nd4, nd6 and nd8 are germination
percentages on the second, fourth, sixth and tenth
day, consecutively. 

At the end of ten days, 5 seedlings were selected
randomly and also measured the root length and
shoot length. The data were statistically analyzed by
Excel, MSTATC and SPSS software and comparative
analyses of the means were performed by Duncan's
Multiple Range Test (P < 0.05).
 
Results and Discussion

The analysis of variance revealed highly
significant (P < 0.001) genotypes differences in all
the traits. That demonstrates genetic diversity
between genotypes. This subject consists of height
potential value in breeding wheat. The analysis of
variance germination indices and seedling growth
traits marked differences among the osmotic stress
treatments for all the traits were highly significant
(Table 2). Differences in all the traits were observed
among the three environments. There was decreasing
in germination indices and seedling growth with
increasing in concentration of PEG (Table 2). 

Mean comparison among 3 levels osmotic stress
in studies traits showed that all of traits between 3
levels have different significance. By consideration to
the decreasing percentage of traits, we could observe
the affect of osmotic stress (-0.6 and -0.8 Mpa) on
genotype. We could express shoot length, root length
and GRI in sequence 85.34, 64.9 and 52.32 so they
had height decreasing percentage and CVG, GRI had
lowest decreasing percentage (Table 3). In addition,
the interaction between genotypes and conditions was
different (Table 2), indicating that the 37 durum
wheat genotypes responded differently to osmotic
stress at three levels (0.0 MPa, -0.6 MPa and -0.8
MPa). 

The highest Root length was determined in
genotype 20 and the lowest Root length was in
genotype 26 in non stress. Under osmotic stress -0.6
Mpa, genotypes 18, 11, 17, 29, 28, 36, 13, 20, 22,
33, 14, 1, 12, 19, 7, 16 and 10 had the highest Root
length and the lowest root length was specified in
genotypes 25, 24, 34, 35, 32, 26, 37, 6, 31, 5 and 9.
Under osmotic stress -0.8 Mpa genotypes 11, 1, 7, 2,
3, 14, 4, 15, 35 and 18 had maximum in this trait
(figure. 1). Normal condition lead to the highest FGP
but in the 24, 34, 5, 26, 28 and 29 had the lowest
FGP. Under osmotic stress -0.6 Mpa in the genotypes
19, 2, 3, 13, 23, 6, 7, 30, 9, 18 and 31 had the
highest FGP. Also genotype 19 had the highest FGP
in osmotic stress -0.8 Mpa condition figure. 2). The
highest Shoot length was determined in genotypes
27,21,18, 22, 37, 20, 13, 33 and 6 and the lowest
Shoot length was in genotype 26 in non stress.
Under osmotic stress -0.6 Mpa, genotypes 2, 26, 11,
28, 22, 24, 5, 31, 36 and 15 had the highest Shoot
length and the lowest Shoot length was specified in
genotype 17. Under osmotic stress -0.8 Mpa
genotypes 11, 15, 1 and 4 had maximum in this trait
(figure. 3). The highest CVG was defined in
genotypes 23, 6, 12, 13, 18, 14, 7, 8, 16, 19, 30, 22,
17, 10, 15, 31, 3 and 2 in non stress. Under osmotic
stress -0.6 Mpa, genotypes 28, 15 and 26, also under
osmotic stress -0.8 Mpa, genotypes 26, 1, 15, 18,
24,10,9, 14, 13, 16 and 31 had the highest CVG
(figure. 4). 

Genotypes 18, 19, 9, 16, 31, 7, 30, 25, 17 10
14, 13, 23 and 12 had the highest GI in non-
stressed condition. Genotypes 19, 7, 16, 18, 13, 31,
12, 14, 9, 6, 1, 10, 3 and 17 had the highest GI in
osmotic stress -0.6 Mpa condition (figure. 5).
Genotypes 14, 6, 12, 13, 18, 8 and 7 had the highest
GRI in non- stressed condition. Genotypes 19, 16,
18, 9 and 31 had the highest GRI in osmotic stress
-0.6 Mpa condition. Genotypes 19, 7, 18, 11, 1, 9,
12,  13,  16, 10, 14 and 31 had the highest GRI in 
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Table 2: Factorial analysis of variance, showing the means square of the condition and genotypes and the interaction genotype ×
condition for the germination traits.

Source of Variation d.f. Means Square
----------------------------------------------------------------------------------------------------------------------------------
CVG FGP GRI GI MGT Shoot length Root length GSI a

Condition (C) 2 *** *** *** *** *** *** *** ***
Genotype(G) 36 *** *** *** *** *** *** *** ***
G X C 72 *** *** *** *** *** *** *** ***
Error 222 6.613 56.36 6.735 279.04 0.416 0.014 0.009 122.58
***significantly different at P < 0.0001, a: because GSI didn,t calculate then osmotic stress had 2 levels, so degrees free from Condition,
Genotype, G Χ C and Errors are in sequence 1, 36, 36, 148.

Fig. 1: Root length of durum wheat landraces at different osmotic potentials of PEG.

Fig. 2: Final Germination Percent (FGP) of durum wheat landraces at different osmotic potentials of PEG.

Fig. 3: Shoot length of durum wheat landraces at different osmotic potentials of PEG.

Fig. 4: Coefficient of velocity of germination (CVG) of durum wheat landraces at different osmotic potentials
of PEG.

osmotic stress -0.8 Mpa condition. Under osmotic
stress -0.6 Mpa, genotype37, also under osmotic
stress -0.8 Mpa, genotypes 24, 27 and 26 had the
lowest GRI (figure. 6). The highest MGT was
defined in genotype 24 in non stress .Under osmotic
stress -0.6 Mpa, genotypes 24, 8, 5, 3, 17, 4, 34, 16,
18, 11 and 31, also Under osmotic stress -0.8 Mpa,
genotypes 37, 17 and 34 had the highest MGT
(figure. 7). The highest GSI was determined in

genotypes 11, 36, 18, 16, 19, 24, 35 and 31, and the
lowest GSI was in genotype 22 and 37 in osmotic
stress -0.6 Mpa condition. Under osmotic stress -0.8
Mpa, genotypes 5, 11, 20 and 13 had the highest
GSI (figure. 8). Farshadfar and Mohamadi, [15]
declared that GSI as a quick and primary index in
in-vitro condition has an important role for selection
tolerance genotype. In other hand Sapara et al. [35]
reported  that  in wheat and triticale, genotypes with
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Fig. 5: Germination Index (GI) of durum wheat landraces at different osmotic potentials of PEG.

Fig. 6: Germination Rate Index (GRI) of durum wheat landraces at different osmotic potentials of PEG.

Fig. 7: Median Germination times (MGT) of durum wheat landraces at different osmotic potentials of PEG. 

higher GSI had also higher drought tolerance. This is
in agreement with the result of Mohammadi et al.
[29] and Zarei et al. [39]. Therefore, by considering
suggestive method of Bouslama and Schapaugh [10]
based on ability height, we select drought tolerance
genotype. By considering delivered issues, genotype
18, 19, 2 and 28 in most indices in both of stressed
conditions had the highest amount and these
genotypes identify as superior genotypes for
germination traits. 

The Pearson correlation between germination
indices has been evaluated separately for 3 levels
osmotic stress 0, -0.6 and -0.8 MPa genotypes
because of significant interaction of genotypes and
environment (Table. 4). For non- stress conditions,
that shoot length showed positive and highly
significant correlation with root length, GI and FGP
showed positive and significantly correlation with
CVG and GRI. That root length showed positive and
highly significant correlation with all germination
indices. For osmotic stress -0.6MPa conditions that
shoot length showed positive and highly significant
correlation with CVG, GI and FGP showed positive
and significantly correlation with root length. CVG
showed positive and highly significant correlation
with GRI. 

For osmotic stress -0.8MPa conditions, that shoot
length and root length showed positive and highly
significant correlation with GSI, FGP, GRI and GI,
GI and FGP showed positive and significantly
correlation with GRI. Shoot length showed highly
significant and positive correlation with root length.
Median Germination times (MGT) showed highly
significant and negative correlation with majority
germination indices. These results are also in
agreement whit findings of other workers including
[36,4,5,30,39,23,31,8].

The result of Discriminate analysis in osmotic
stress (-0.6 MPa) showed that two functions justified
100 % Cumulative variance; therefore these two
functions refer genotypes to relative groups.

For exposition discriminate functions, Rencher,
[33] and Cruz-Castillo, [12] suggested to use
Standardized Canonical Discriminate Function
Coefficients. These Coefficients effects every trait
(variety) which is attained after unaffected other traits
in Discriminate functions. Actually pure effects of
every trait calculated in discriminate functions. By
considering the traits Coefficients in every function
we could find out comparative importance of traits in
difference groups. In the first function, they had
height    Standardized    Coefficients    in  median
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Table 3: Changes in germination traits of durum wheat landraces at different osmotic potentials of PEG.
Osmotic potential (MPa) Mean ± S.E.M

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CVG FGP GRI GI MGT Shoot length Root length GSI

0 43.4±0.80 a 96.75±0.65 a 43.7±0.81 a 256.5±2.7 a 2.43±0.103 c 9.44±0.27 a 12.71±0.4 a ---------
-0.6 33.09±0.72 b 92.43±1.05 b 29.39±0.95 b 210.8±5.1 b 5.44±0.378 a 2.83±0.09 b 6.92±0.12 b 43.51±1.6 a

-0.8 20.93±0.84 c 70.37±3.4 c 20.84±1.15 c 161.1±8.4 c 4.53±0.33 b 1.38±0.09 c 4.46±0.28 c 27.86±1.6 b

decrease % (-0.6 Mpa) 23.74 4.46 32.73 17.28 -123.86 70.02 45.55 ----------
decrease %(-0.8 Mpa) 51.77 27.27 52.32 37.18 -86.5 85.34 64.9 35.97
Values with the same superscript letters are non significantly different at P < 0.05.

Table 4: Correlation between germination indices of durum wheat landraces in 3 level osmotic potential. 
MGT FGP GRI CVG GI Root length Shoot Length condition

0/565** 0MPa
0/166 -0.6MPa Root length
0/819** -0.8MPa

0/444** 0/056 0MPa
0/349* -0/038 -0.6MPa GI
0/780** 0/508** -0.8MPa

0/916** 0/397* -0/053 0MPa
0/286 0/112 0/330* -0.6MPa CVG
0/235 0/122 0/070 -0.8MPa

0/986** 0/967** 0/425** 0/003 0MPa
0/519** 0/827** 0/223 0/043 -0.6MPa GRI
0/222 0/987** 0/812** 0/555** -0.8MPa

0/825** 0/731** 0/940** 0/433** 0/130 0MPa
0/733** 0/257 0/895** 0/325* 0/070 -0.6MPa FGP
0/957** 0/219 0/990** 0/741** 0/470** -0.8MPa

-0.779** -0.987** -0.979** -0.944** -0.395* 0.017 0MPa
-0.474** -0.277 -0.167 -0.451** -0.079 0.000 -0.6MPa MGT
-0.309 -0.384* -0.489** -0.363* -0.347* -0.152 -0.8MPa

0.273 0/085 0/211 0/092 0/016 0/163 0/073 -0.6MPa
-0.155 0/821** 0/811** 0/022 0/816** 0/667** 0/567** -0.8MPa GSI
** and * significant at the 0.01 and 0.05 levels, respectively

Table 5: Evaluation and explanation of percentage variance functions in Discriminate analysis for classification tolerant, Semi-tolerant and
Susceptible genotypes durum wheat in osmotic stress (-0.6 Mpa).

Function Eigenvalue % of Variance Cumulative % Canonical Correlation
1 2.521a 84.6 84.6 0.846
2 .458a 15.4 100.0 0.560
a. First 2 canonical discriminate functions were used in the analysis.

Table 6: Standardized Canonical Discriminant Function Coefficients.
variety Function

---------------------------------------------------------------------------------------------------------------------
1 2

CVG6 -0.663 0.950
MGT6 1.130 0.565
FGP6 -1.748 0.234
GRI6 0.241 -0.727
GI6 2.487 -0.237

Fig. 8: Germination stress index (GSI) of durum wheat landraces at different osmotic potentials of PEG.

germination index (MGT) and germination index
(GI). Also in the second function the Coefficient of
velocity of germination (CVG) and the median
germination index (MGT) were considerable (Table.
5). These result revealed that traits had most effect
in diversity between genotypes. Figure. 9 showed the
position of group’s base on the first and second
function.

Therefore consideration to selection resistant and
tolerance genotypes base on morphological agronomic
traits need to long time and a lot of instruments. And
researcher recommends to use simple and rapid
methods. So diversity is in germination traits and in
agreement whit screen result source of drought
tolerance in two screening in green house and in
vitro.  Based  on  these ideas should express that we 
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Fig. 9: Position of groups (tolerant, Semi-tolerant and Susceptible) based on first and second function.

should use in vitro experiments for improving
tolerant genotypes to drought, this way will decrease
both cost and time. 
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