
Advances in Environmental Biology, 8(1) January 2014, Pages: 115-119 

 

AENSI Journals 

Advances in Environmental Biology 
 

Journal home page: http://www.aensiweb.com/aeb.html 

 
 

Corresponding Author: Esmaeil Nabizadeh, Department of Agronomy, College of Agriculture, Mahabad Branch, Islamic 
Azad University, Mahabad, Iran.  

   E-mail: esmaeil_nabizadeh@yahoo.com, Tel: +98 914442 3089 

 
Response of Wheat Genotypes to Artificial Water Stress at Germination and Seedling 
Growth Stages 
 
Esmail Nabizadeh  
 
Department of Agronomy, College of Agriculture, Mahabad Branch, Islamic Azad University, Mahabad, Iran 
 
A R T I C L E  I N F O  A B S T R A C T 
Article history: 
Received 12 October 2013 
Received in revised form 18 
December 2013 
Accepted 29 December  2013 
Available online 25 February 2014 

 
Key words: 
Pure lines Double Haploid Wheat, 
 Seedling Traits, Water Stress,  
Poly-Ethylene Glycol (PEG) 

 Background: As many as nine genotypes of pure wheat double haploid lines and the 
bred line of Azar2 were studied in an experiment using Completely Randomized Blocks 
Design with five treatments and three replications in 2010 . The analysis of data from 
four different water treatments (Poly-ethylene Glycol; PEG) compared with the check 
(distilled water) showed that they had a significant effect on the germination 
percentage, shoot length, root length, shoot dry weight, root dry weight and (shoot/root) 
ratio. There was a significant difference among the genotypes in response to water 
stress. There was also a significant difference among the treatments. In Azar2 the 
values of germination percentage, germination index, shoot length, root length, shoot 
dry weight and (shoot/root) ratio were high under all four water stress levels. Azar2 and 
the line no. 1 showed the greatest and the lowest resistance to water stress, respectively. 
The line no. 6 had a better response to the four water stress levels at the seedling growth 
stage. 

 
 

© 2014 AENSI Publisher All rights reserved. 
To Cite This Article: Esmail Nabizadeh., Response of Wheat Genotypes to Artificial Water Stress at Germination and Seedling Growth 
Stages. Adv. Environ. Biol., 8(1), 115-119, 2014 

 
INTRODUCTION 

 
 Wheat is one of important cereal crops of the world. In most areas of the world, wheat is a principal food 
[1]. In Iran, wheat supplies most of food requirement. It also provides about 47% of daily per capita 
consumption. Thus, it occupies central position in farming and agriculture policies. According to climatic 
indices, Iran has 8 different climates of which 58% are in arid and semi-arid regions which wheat is the major 
production. During 2009-10 wheat was cultivated on an area of 6.6 million hectares of which near to 36% is 
under irrigation system and 64% under dry farming. Wheat faces irrigation limits and deficit moisture in the 
areas mentioned above. Water is the predominant resource limiting seedling survival and crop production in 
semiarid regions. Major constraints for dry land farming in such regions are lack of sufficient water in the seed 
zone at planting. Drought conditions near the soil surface reduce seed germination emergence and survival of 
seedling [2].Therefore seed germination and vigor are prerequisites for success of stand establishment of crop 
plants. Stand establishment is especially difficult in this agricultural environment. Water stress firstly affects the 
process of seedling establishment and then results in the potentiality of decrease in production. 
 Seed germination and vigor are prerequisites for the success of stand establishment of crop plants. Under 
rainfed conditions of arid and semiarid regions, low moisture is limiting factor during germination. The rate and 
degree of seedling establishment are extremely important factors in determining both yield and time of maturity 
[3]. Seed germination is major problem of wheat (Triticum aestivum L.) production. It is influenced by many 
environmental factors, but the availability of soil moisture has a major effect on germination and subsequent 
emergence. Besides the reduction in total germination, comparatively low soil moisture availability results in 
delayed emergence, a criterion of particular importance in the vigor and subsequent yielding ability of many 
crops [4]. Germination rate and seedling growth have been reported to decrease at low moisture levels. The rate 
of decline was found to be obvious, varying with crop species and cultivars [5].The objectives of this study were 
to compare the response of wheat double haploid pure lines and a locally bred variety to water stress at the 
germination, seedling elongation, seedling dry weight and emergence of whole establishment period and to 
explore the relationship among water stress level and drought tolerance mechanism.  This will provide a 
theoretical basis on improving seedling drought resistance abilities of dry land farming in the semiarid regions. 
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MATERIALS AND METHODS 

 
 The experiment was conducted in laboratory of Agriculture Faculty Islamic Azad University branch of 
Mahabad, Iran. As many as 9 pure wheat lines obtained from doubled haploid method and a locally bred variety 
(Azar2) in comparison with the check line were evaluated in order to study their reaction against water stress at 
germination stage in 2010. The experimental design used in this study was RCB including three replications. 
The factors applied in the trial were factor a (genotype) and factor b (different levels of water potential: 
0.0(distilled water, control -0.4, -0.8, -1.2 and -1.6 MP) with the use of poly-ethylene glycol (PEG6000) [6]. In a 
9cm diameter Petri dish, two Watman sterile filter papers and as many as 25 seeds were placed and they were 
treated with poly-ethylene glycol osmotic solution. Then the treatments were preserved in a germinator under 
25°C in darkness for 7 days. The number of the germinated seeds was recorded once every 12 hours and 
germination speed was calculated by the use of Steiner’s suggested formula [7]: 
 

1( )Xi ni xi ni= =∑           (1) 
 
 The number of germinated seeds in the ith numeration, ti: the numeration time of the ith, n: times of seed 
numeration until the seeds become fixed). To evaluate seed and seedling vigor the following indices were 
determined: 1) final germination percent FGP = (G/n) 100 where G is the number of germinated seeds along the 
performance of the test and n is the number of seeds; 2) seedling vigor index 1SVI = (MPSL + MPRL) × FGP, 
where MPSL is mean primary stem length and MPRL is mean length of primary root. The stemlets and rootlets 
of each treatment were separately placed under 75°C for 48 hours and then their dry weights were measured. 
 

RESULTS AND DISCUSION 
 
 The results of analysis of variance show that there was a significance between the experimental treatments 
(table 2).With the increase in osmotic potential (stress level), a remarkable decrease occurred in the traits 
including germination percentage and seedling growth. The greatest values of percentage, germination speed, 
mean daily germination speed, seedling vigor index , rootlet length, shoot  length, dry weights of root and shoot 
were found in the first  four treatments (distilled water = 0 bar) and the least values were found in the fifth 
treatments (1.6 MPa). The difference among the genotypes for all the mentioned traits was significant (table 3). 
Concerning germination percentage the genotypes are divided into three categories: 
Group 1) - the genotypes no: 6, 10, 5 and 7. 
Group 2) - the genotypes no: 4, 2 and 3. 
Group 3) - the genotypes no: 8, 1 and 9. 
 The above categorization coincides with the daily average germination speed. However, from the viewpoint 
of seedling vigor index the genotypes were found very different. So that the genotypes no 10 and no 1 had the 
greatest and the least values, respectively and the rest of the genotypes placed between them. Also genotypes 10 
and 6 had the longest rootlets and the genotype no 1 had the shortest rootlet. Considering rootlet dry weight the 
genotype 6 had the highest value so that it had a significant difference with the genotype 10 and there 
genotypes. The genotypes 10, 5 and 7 placed in group 2, the genotypes 8, 9 and 3 in group 3 and the genotypes 
8, 4 and 1 placed in the fourth group. Considering shoot length the genotypes differed again. The genotype 10 
and 2 had the longest and the shortest shoot, respectively. Considering shoot dry weight the genotypes 5, 10 and 
6 had the highest dry weight, respectively and the genotype no 1 had the least shoot dry weight and the rest of 
the genotypes ranged between them. The results show that the shoot length is more affected by different water 
levels than is root length and these results coincide with the findings of Baalbaki et al. [8] and Hafez et al. [9] in 
wheat. It seems that decrease in shoot growth and seedling dry weight comes from disruption in cell division 
caused by decrease in environmental osmotic potential because in these conditions the seedlings face limits in 
taking up the water. Certainly the seedling needs cell turgidity to grow so as to provide the necessary pressure 
for the cells to divide and swell and this process involves catabolic for the production of energy in cell walls.  
 Mild osmotic potential can make two different effects. First, following the decrease in cell turgidity, the 
swelling and division of cells decrease the result in decrease in growth. Second, it can accelerate the metabolic 
processes or decomposition so that the amount of energy which should be spent on normal and natural activities 
of the plant is spent on the metabolic activities of assimilation or tolerance to stress, instead. ATP is one of the 
important components in forming polyribosome and protein synthesis and its derivatives. Maintenance of 
anabolism and slow growth is highly associated with the level of ATP in cells because the seedling 
establishment involves metabolic reactions. Therefore, osmotic regulation in response to water shortage to 
maintain the seedling is useful during slow growth and accumulation of these substances in cell cytoplasm 
results in high turgidity and active enzymes and makes it possible for the plant to continue its physiological 
activities. The lines which have greater decrease in root an shoot  length and dry weight of seedling root and 
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shoot in low osmotic potential(-1.2  to -1.6 Mp) are likely to change their metabolic pass way by increasing 
transpiration on cell surfaces and spend most of energy on controlling the stress resulting from decreased water 
absorption.  
 Results show that with decrease in available water the growth of shoot decreases more severely than rootlet 
which this decrease can be affected by genetic factors being different in various lines. The damage done by the 
stress may be associated with the endosperm vigor , germination vigor and seedling growth and water deficit 
affects these stages generally, the lines used in this study with longer root and shoot had greater root and shoot 
weight. Since, the increase in root growth results in increased water absorption and this process leads in 
conduction of metabolic stages and more use of nutrients storage and as a result the shoot grows greater. The 
results mentioned above coincide with the findings of Salim et al [10], Abayomy and wright [11], Ashraf and 
Aboo shakra [5] and Ba'albaki et al [12] in wheat.  
 Studies of correlation among different traits: Germination percent had positive and significant correlation 
with root and shoot length, root and shoot dry weight, seedling vigor index and germination speed. The seedling 
vigor (SV) had positive and significant correlation with germination speed , root and shoot length and root and 
shoot dry weight. There was insignificant and negative correlation between germination percent and root length 
/ shoot length ratio, while there was insignificant and negative correlation between mean daily germination 
percent and (root length / shoot length ) ratio. There was positive and significant correlation between mean daily 
germination speed and some traits including root and shoot length, and root and shoot dry weight. The above 
mentioned results confirm the results of khan ea al. [13]. The results of the present study coincide with the 
results of Singh [14], Ambawatia [15], Azam et al. [4], Ba'albaki et al. [12], Rakesh et al. [16] and Khan et al. 
[13]. Similar studies have also been done in this area and it has been announced that germination and growth of 
wheat seedling is affected by different levels of water stress. The reaction of these genotypes can be useful for 
identification and selection of cultivars with high yield under low water conditions including rain fed fields in 
north- eastern Iran and similar areas in the world. At the end it is reminded that for closer selections this study 
should be dome under the conditions of the mentioned areas and the genotypes should be studied and evaluated. 
 
Table 1: List of wheat varieties and their source. 

No. Name of genotype Source 
Genotyp1 DH-4-1557-3 Iran-karaj 
Genotyp2 DH-1102-2 Iran-karaj 
Genotyp3 DH-2006-28 Iran-karaj 
Genotyp4 DH-2006-23 Iran-karaj 
Genotyp5 DH-1102-3 Iran-karaj 
Genotyp6 DH-2008-19 Iran-karaj 
Genotyp7 DH-247-1 Iran-karaj 
Genotyp8 DH-110212 Iran-karaj 
Genotyp9 DH-1102-5 Iran-karaj 

V10 Azar2 Iran-marageh 
 
Table 2: Mean value of various treatments of wheat doubled haploid genotypes under different stress levels tested at laboratory.  

%Germination Germinatio
n Speed 

Mean 
Daily 

Germinati
on Speed 

Seedling 
vigor index 

Rootlet 
length 

Stemlet 
length 
(cm) 

Rootlet 
dry 

weight 
(mg) 

Stemlet 
dry 

weight 

Root/ 
shoot 
ratio 

t0 97 a 14.17 a 13.85 a 24.9 a 15.5 a 10.1 a 0.68 a 0.99 a 1.54 e 
t1 94.3 a 13.65 b 13.46 b 21.1 b 15.4 b 6.7 b 0.57 b 0.72 b 2.41 d 
t2 89 b 11.28 c 12.7 c 11.09 c 9.6 c 2.7 c 0.41 c 0.37 c 4.03 b 
t3 60.3 c 6.83 d 8.6 d 3.6 d 4.5 d 1.1 d 0.24 d 0.14 d 4.49 a 
t4 42 d 3.87 e 5.9 e 0.99 e 1.1 e 0.3 e 0.06 e 0.01 e 3.81 c 

 
Table 3: Mean value of various trits of wheat doubled haploid genotypes under different stress levels tested at laboratory (Duncan). 

Genotype 
variety 

% 
Germination 

Germination 
speed 

Mean Daily 
Germination 

Speed 

Seedling 
vigor 
index 

Rootlet 
length 

Stemlet 
length 
(cm) 

Rootlet 
dry 

weight 
(mg) 

Stemlet dry 
weight 

Root/ 
shoot ratio 

1 65.3 ed 6.4 g 9.3 de 8.11 h 58.8 h 32.2 f 24.4 e 28.2 f 3.02 a 
b 

2 72.6 b 7.5 f 10.3 b 9.14 g 74.3 f 28.8 g 30.3 d 34.6 e 3.3 a 
b 

3 71.3 b 
c 8.7 ce 10.18 b 

c 9.29 g 71.9 f 
g 36.4 e 37.5 c 39.1 cd 3.9 ab 

4 72 b 9.3 d 10.2 b 10.06 f 69.3 g 41.9 d 29.6 d 42.4 c 2.6 b 
5 88 a 11.3 c 10.5 a 15.7 c 107.7 c 42.8 a 57.7 b 64.3 a 2.02 b 
6 88.6 a 13 a 12.9 a 16.8 b 121.2 a 51.1 c 58.9 a 62 a 2.2 b 
7 86.6 a 11.8 b 12.3 a 14.8 d 113.7 b 43.2 d 46 b 46.6 b 3.6 ab 
8 67.3 cd 9.7 d 9.6 d 11.1 e 91.1 e 33.2 f 38.9 c 35 e 3.9 ab 
9 62.6 e 8.7 e 8.9 e 10.6 e 96.6 d 32.8 f 37.7 c 36 e 4.2 ab 
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10 88.6 a 13.8 a 12.6 a 17.6 a 121.5 a 68.8 a 46.7 b 62 a 5.1 a 
Table 4: Correlation coefficient among various traits of wheat doubled haploid genotypes tested at laboratory. 

 Germination 
speed 

Mean Daily 
Germination 

Speed 

Seedling 
vigor 
index 

Rootlet 
length 

Stemlet 
length 
(cm) 

Rootlet 
dry 

weight 
(mg) 

Stemlet 
dry 

weight 

Root/ 
shoot ratio 

% Germination 0.99** 0.78** 0.78** 0.79** 0.7** 0.74** 0.74** -0.1NS 
Germination speed 0.83** 0.9** 0.9** 0.93** 0.83** 0.91** 0.88** -0.21** 

Mean Daily Germination 
Speed 

 0.78** 0.9** 0.79** 0.7** 0.74** 0.74** -0.1NS 

Seedling vigor index   0.788** 0.93** 0.9** 0.9** 0.94** -0.24** 
Rootlet length     0.89** 0.93** 0.96** -0.29** 

Stemlet length (cm)      0.84** 0.87** -0.18* 
Rootlet dry weight (mg)       0.84** -0.28** 

Stemlet dry weight        -0.29** 
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