
Copyright © 2015, American-Eurasian Network for Scientific Information publisher 

 

 

JOURNAL OF APPLIED SCIENCES RESEARCH 

 

ISSN: 1819-544X       EISSN: 1816-157X 

 
 
JOURNAL home page: http://www.aensiweb.com/JASR                                                                                      2015  Special; 11(16):  pages 1-5.                                                                 

Published Online 19 September 2015                                                                                                       Research Article 

 

Corresponding Author:  Mehrnaz Riasat, Scientific Board Member of Agriculture and Natural Researches Center of Fars 

Province, Agricultural Research, Education & Extension Organization, Iran.  

 E-mail: riasat49@yahoo.com 

Drought Tolerance of Some Elymus Pertenuis Accessions under Controlled 
Conditions  
 

Mehrnaz Riasat 
 
Scientific Board Member of Agriculture and Natural Researches Center of Fars Province, Agricultural Research, Education & Extension Organization, Iran.  

 
Received: 25 July 2015; Accepted: 1 September 2015 

 

© 2015 AENSI PUBLISHER All rights reserved 
 

ABSTRACT 

 

 This study was carried out to examine the effects of water deficit stress on growth characteristics of seedlings for the accessions of 

Elymus pertenuis. Accessions of Elymus pertenuis species (#9) were selected and planted in a factorial experiment in a completely 

randomized design with three replications. Drought stress levels were 100, 75, 50 and 25% of field capacity and the measured 

characteristics were length of the root and shoot, fresh and dry weight of them. There were significant differences between drought 

treatments, genotypes and interaction effects of accessions with land, in all of the above characteristics. Analysis of the principal 

components indicated that the special amounts of components 1 and 2 were 3.87 and 1.42 respectively, which in whole it considered 88% 

of total variance of variable parameters. Cluster analysis in Ward model showed that by cutting of Dendrogram in 5.20 Euclidean 

distances, the accessions were divided into two clusters.  
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INTRODUCTION 

 

 Drought stress is the main limiting factor of 

products in agricultural systems in the arid and semi-

arid region (Debaeke and abdellah, 2004). More 

programs which will be done by cultivating forage 

plants in order to reform and revitalize rangeland, are 

without knowing the exact water need and drought 

resistance of the plants and it runs with hoping to the 

plant's used of rainfall. Therefore, these programs 

have been limited success. Thus, research to identify 

and investigate the resistant of forage plant species 

seems to be necessary, which besides being able to 

endure water shortage, provides forage requirement 

for livestock and also has a role in soil conservation 

(Tavili et al., 2000). Many of the native grasses in 

different parts of Iran have a high resistance to 

drought (Gazanchian et al., 2006). In the 

conventional investigation methods of drought 

resistance, the different species are usually studied in 

the farm conditions, by controlling the period and the 

amount of irrigated water. In such circumstances, 

factors such as atmospheric phenomenon can affect 

the data and so researcher will be forced to repeat the 

experiments, also due to soil heterogeneity of the 

field and inability to control environmental factors 

under farm conditions, such as drought stress, 

laboratory investigations about stress has been 

regarded. Such studies conducted at the laboratory in 

order to understand the reaction and seedlings status 

prevent the high labor costs and spend too much 

time. 

 Zehtabian et al., (2002) conducted some 

researches in the greenhouse to study the effect of 

salinity and drought stress on three forage plant 

species; Agropyronintermedium, Avenabarbata and 

Panicumantidotale, that drought and salinity stress 

caused a drastic decline in dry matter (stems, leaves 
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and roots), relative humidity and water potential of 

leaf species. Tavili et al., (2000) conducted some 

experiments in a greenhouse with three irrigation 

period treatments (3, 6 and 12 days) to investigate 

drought resistance in three forage plant species; 

Agropyroncristatum, Agropyrondesertorum and 

Stipabarbata. The results showed that with 

increasing tension time, dry weight of shoots and 

total dry weight of all species decreased, and dry 

weight of roots and root to shoot ratio of species 

were increased. The means of shoot's dry weight, 

total dry weight, dry weight of root and root to shoot 

ratio in Stipabarbataspecies were significantly lower 

than the two other species; Agropyrondesertorum and 

Agropyroncristatum. Agropyron species in compare 

with Stipabarbata, showed greater adaptability in 

cope with drought stress. According to the above and 

due to the lack of precise knowledge about the 

resistance to drought stress for the drought tolerance 

forage plant species; extensive researches should be 

done in this area, to allow a better understanding of 

drought resistant species, and therefore, vegetation in 

arid and semi-arid regions can be selected effectively. 

 

1. Objective: 

 The objective of this study was determination of 

drought resistance in accessions of Elymus pertenuis 

at seedling stage and recognition of the more resistant 

accession in this regard in terms of greenhouse. It 

could be noted that the reason of choosing these 

species, was the ability of creating the vegetation and 

producing the livestock feed in the arid and semi-arid 

regions. 

 

MATERIALS AND METHODS 

 

 The plant material used in this study was the 

seeds of nine accessions from Elymus pertenuis 

species, which their origin is showed in table 1. 

These accessions were selected from Research 

Institute of Forests and rangelands' Gene Bank. 

 This experiment was performed in the 

greenhouse of Agricultural Research Center and 

Natural Resources of Fars (Shiraz, Iran). Plastic pots 

of 20 cm diameter and height were selected. After 

preparation, these pots were weighed and the weight 

of all was uniform and then, they were brought to 

field capacity. For this purpose, seven pots were 

selected and their means were chosen as field 

capacity, then about six healthy and uniform seeds 

were planted in each pot. In this experiment, nine 

accessions in four drought treatments were analyzed 

in three replications. After transferring the pots to the 

greenhouse, they were placed in 25±1° C during 

night and in 22.5±1° C during day. After germination 

of seeds, one plant was randomly selected within 

each pot and others were removed, and they have 

been grown to reach a stage where their canopy 

crown formed and then different levels of drought 

stress were applied.   

 
Table 1: The origin and characteristic of various Elymuspertenuis species. 

ID code accession origin 

1 11-14 Vihe Semirom 

2 3-12 Asadabad Hamedan 

3 2391 Damaneh Fereidon 

4 3996 Fereidon Fereidon 

5 5-43 Darreh-bid Darreh-bid 

6 9-2 Ashtian Arak 

7 7-1 Pashalki Eghlid 

8 7-4 Dormaleh Eghlid 

9 N2 (AG.Elg) Toreh Arak 

 

 The drought stress continued until the end of 

growing period and then, all plants were harvested. 

After harvesting, roots of plants were washed with 

distilled water. Weight and length of roots and shoots 

from plants were measured with sensitive balance 

(0.001 g) and ruler, respectively. Separated samples 

were placed in the oven by 70°C, for 48 hours, to 

evaporate water of tissues. Then, dry weight of roots 

and shoots of plants in each pot was determined. The 

data were statistically analyzed by using SAS9 

software, in a factorial experiment with a completely 

randomized design. The means comparison was 

carried out by Duncan's multiple range tests. 

Principal component analysis was computed between 

the average characteristics. In order to classifying the 

studied accessions, cluster analysis by Ward's method 

and Euclidean distance scale by using standardized 

variables. MINITAB16 was used for charting and 

clusters. 

 

RESULTS AND DISCUSSION 

 

 The results of variance analysis among the nine 

accessions in Elymuspertenuis species indicated that 

the effect of accession, drought treatment and 

interaction effects of accessions with land for all 

traits were significantly different (P<%1) (table 2). 

Increased drought tension reduced the average of all 

traits except root length. Root length in FC 100% 

treatment had the lowest value (table 3). The root's 

fresh weight wasn't identical in nine accessions. The 

highest fresh weight of roots was 32.33 mg for 

Asadabad accession and the lowest root's fresh 

weight was 8.17 mg for Dormaleh accession which 

its difference with the fresh weight of root in 
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accession of Pashalki (9.08 mg) was not significant 

(P>%5). The highest dry weight of roots was 14.83 

mg for Damaneh accession which its difference with 

the dry weight of root in accession of Asadabad 

(14.25 mg) was not significant (P>%5) and the 

lowest root's dry weight was 4.50 mg for Fereidon 

accession which its difference with dry weight of 

roots in Pashalki and Dormaleh was not significant 

(P>%5). The highest root's length was 12.50 cm for 

Damaneh accession and the lowest one was 9.50 cm 

for Dormaleh accession. The character of shoot's 

fresh weight Asadabad accession (55.25 mg) and 

Pashalki (20.33 mg) had the maximum and minimum 

value, respectively. Shoot's dry weight of Asadabad 

accession (10.58 mg) and Pashalki (3.50 mg) had the 

most and the least means, respectively. The 

maximum and minimum length of stem was 29.08 cm 

for Asadabad accession and 18.58 cm for Pashalki, 

respectively (table 4). Results of three-dimensional 

graphs (fig. 1) in the base of root length, root fresh 

weight and dry weight in all accessions indicated that 

accessions of Asadabad and Damaneh had the 

strongest root system and accessions of Pashalki and 

Dormaleh had the weakest root system in the drought 

conditions among accessions. 

  
Table 2: Variance analysis and mean squares for traits measured in nine accession of Elymus pertenuis species in four treatment of drought 

       stress. 

S.O.V DF 
root fresh 

weight (mg) 

root dry weight 

(mg) 

root length 

(cm) 

shoot fresh 

weight (mg) 

shoot dry 

weight (mg) 

shoot length 

(cm) 

Population 8 9.13** 1.85** 12.41** 12.33** 0.48** 113.56** 

Treat 3 18.03** 1.63** 12.10** 5.63** 0.62** 114.40** 

Population×Treat 42 2.87** 1.03** 8.77** 1.01** 0.08** 11.95** 

Error 72 0.20 0.04 2.69 0.47 0.02 5.59 

Coefficient variation 
 

21.76 24.36 15.76 18.23 22.76 10.37 
**= significant at P<%1. 

 
Table 3: Comparison of measured traits in four drought treatments. 

Treat 
root fresh weight 

(mg) 

root dry weight 

(mg) 

root length 

(cm) 

shoot fresh weight 

(mg) 

shoot dry weight 

(mg) 

shoot length 

(cm) 

%100 FC 29.78a 10.93a 9.48b 43.30a 8.15a 24.83a 

%75 FC 23.82b 10.22a 10.59a 39.22b 6.63b 23.87a 

%50 FC 17.67c 7.37b 11.07a 36.37b 5.78c 22.35b 

%25 FC 10.74d 5.67c 10.50a 32.48c 4.54d 20.11c 

Means of treatments with the same letter, were not statistically significant differences (P>%5). 

 
Table 4: Comparison of main effects in the measured traits from nine accessions of Elymus pertenuis specie. 

Population 
root fresh 

weight (mg) 

root dry 

weight (mg) 

root length 

(cm) 

shoot fresh weight 

(mg) 

shoot dry weight 

(mg) 

shoot length 

(cm) 

1 21.08c 10.83b 9.92bcd 32.00d 4.67e 21.96cd 

2 32.33a 14.25a 11.17abc 55.25a 10.58a 29.08a 

3 24.83b 14.83a 12.50a 32.08d 5.83cde 21.21cd 

4 17.92cd 4.50e 9.75cd 40.08bc 5.58de 23.00c 

5 15.00d 6.33de 9.83cd 45.08b 6.93bc 21.92cd 

6 30.92a 7.83cd 9.96bcd 32.58d 5.67cde 20.38de 

7 9.08e 4.75e 9.75cd 20.33e 3.50f 18.58e 

8 8.17e 5.42e 9.50d 37.58cd 6.04cd 23.33c 

9 25.17b 8.17c 11.33ab 45.58b 7.67b 25.67b 

Means with the same letters, are not significantly different (P>%5). Accessions number is according to given number in table 1. 

 

 Also, the study of three-dimensional diagram 

(fig. 2) in the base of stem length, fresh weight and 

dry weight of stem between accessions showed that 

the accessions of Asadabad and Toreh and Pashalki 

accession produced the maximum and the minimum 

amount of shoots, respectively. In order to study the 

relationships between all characters in four levels of 

drought stress, drawing of Biplot was performed 

based on two main components. According to the 

data from analysis of the principal component, 

special values of components 1 and 2 were 3.87 and 

1.42, respectively, which explained overall, 88% of 

total variations (table 5). In this study, the first 

principal component had high positive correlation 

with root fresh weight, shoot dry weight and shoot 

length. So, the first component can be called the 

component of stem resistance. Second component 

had a high, positive and negative correlation with 

shoot fresh weight and length and dry weight of root, 

respectively, and so, this component can be named 

root sensitivity. In term of first component, as can be 

seen in fig. 3, accessions of Asadabad, Toreh and 

Damaneh had the highest amount and in contrast, 

accession of Pashalkihad had the lowest amount. In 

order to grouping of accession based on all attributes, 

it was performed by using a cluster analysis and 

Ward method. The results showed that by cutting the 

dendrogram in Euclidean distance at 5.20, accessions 

were placed in two different clusters: Accessions of 

Vihe, Ashtian, Pashalki, Fereidon, Darreh-bid and 

Dormaleh in the first cluster and accessions of 

Asadabad, Toreh and Damaneh in the second cluster. 
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Fig. 1: Three-dimensional diagram based on root length (cm) and root dry and fresh weight (g) in Elymus 

pertenuis accessions. Accessions number is according to given number in table 1. 
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Fig. 2: Three-dimensional diagram based on shoot length (cm) and shoot dry and fresh weight (g) in Elymus 

pertenuis accessions. Accessions number is according to given number in table 1. 

Table 5: Special values, percent of variance and the coefficient of special vector in principal component analysis. 
Variable PC1 PC2 

root fresh weight (mg) 0.39 -0.29 

root dry weight (mg) 0.38 -0.49 

root length (cm) 0.34 -0.52 

shoot fresh weight (mg) 0.42 0.44 

shoot dry weight (mg) 0.47 0.28 

shoot length (cm) 0.44 0.35 

special vector 3.87 1.42 

Proportion 0.65 0.24 

Cumulative 0.65 0.88 

Underlying numbers are more valuable in the main component. 

 

 The obtained results in this study, demonstrated 

that dry and fresh weight of shoots and roots 

decreased with increasing drought, that were in 

agreement with the result of Kazempur (2008) 

experiment  in Elymus genus. Drought tension 

affected root length and reduced it. This conclusion 

was consistent with reports of Zehtabian et al., 

(2002). Declining effects of drought stress on shoot 

length may be related to the impression of drought on 

meristematic cells of shoot and interfere with the 

process of cell division and elongation. It seems that 

cell elongation rather than cell division has been 

affected by drought, because of dehydration and 

potential negative environment influenced on cells 

water absorption and consequently, the torjesans 

pressure necessary for enlargement of the cells 

decreased and accelerated the suspension or slowed 

growth (Kazempur, 2008). Preventing the 

development of leaves and defoliation and reduction 

of shoot during the water deficit will reduce the 

amount of carbon and energy consumption in shoots 

and so, the greater part of absorbed materials 

distribute and cause more growth of roots (Saab et 

al., 1990). This could be lead to the increasing of 

roots' length in drought conditions. 

 One of the advanced statistical methods, through 

which one can study a large number of continuous 

variables, simultaneously, is principal components 

analysis. This method can summarize a lot of 

variation in the original variables in a small number 

of components, so that graphically depict of them 

gives critical information about the observations and 

their relationships by original variables (Johnson and 

Wichern, 2007). 
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Fig. 3: Biplot chart based on first and second component of seven tolerance indicators in Elymus pertenuis 

accessions. Accession number is according to given number in table 1. 
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Fig. 4: Cluster chart by Ward method for Elymus pertenuis accessions. Accession number is according to given 

number in table 1. 

 

2. Conclusion: 

 In this study, 88% of variation in the data was 

explained by the first two components, and indicates 

that this method entirely capable of summarizing the 

data dimensions related to tolerance parameters. The 

overall results of this study showed that Asadabad as 

the most resistant and Pashalki as the most sensitive 

accessions against drought condition was recognized 

among other tested accessions. 
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