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INTRODUCTION

Barley (Hordeum vulgare L.) is the most important cereal in worldwide which production in severely limited by moisture 
deficit in many production areas, and Iran don’t exception from this rule [1]. Moisture deficit represents a complex quantitative trait 
determined by a multitude of genes which depends on the composition of a given population, plant growth stage, environmental 
conditions and other factors [2]. There several definitions of drought depending on different points of view. From a meteorological 
point, drought means lack of precipitation with respect to average values at a given time period. From a physiological point, 
drought means an imbalance in the plant water regime resulting in an excessive evapo-transpiration by aerial organs over water 
uptake by root [3]. According to the plant phonological phase affected by drought, three types of drought stress can occur: (1) pre-
flowering water deficit (2) grain-filling water deficit (3) continuous water deficit with suited on 37 durum wheat landraces of Iran 
and Azerbaijan reported that under drought stress conditions there were positive significant correlations between grain yield and 
fertile tiller number at per plant, spike length, awn length and number of grains at per spike [4]. Revaluating twenty bread wheat 
genotypes reported that genotypes have higher genetic diversities for grain yield, spike number at per square meter, number of 
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ABSTRACT
An experiment was carried for evaluating the effects of moisture deficit at 

different growth stages in spring barley landraces under field conditions. A split 
plot experiment was conducted based on randomized complete blocks design 
with three replications. Three irrigation levels including optimal and disruption 
irrigations at stem elongation and heading were arranged as main plots and barely 
landraces with names of Abdolalikandy, Bastam, Sefid, Seyah, Shin, Hashtpar and 
Bayramghalasi were in subplots. Different irrigation levels and barley landraces 
for measured traits showed statistically significant differences. Grain yield under 
optimal, disruption irrigations at stem elongation and heading were 161.14 g/m2, 
99.8 g/m2 and 128.0 g/m2, respectively. Shin and Hashtpar landraces with the 
lowest grain yield 88.75 g/m2 and 95.91 g/m2 and amounts of the least TOL 12.5, 
0.59 and SSI 5.0, 0.75 at both stresses were tolerant to moisture deficit. Spike/
m2 remained at final models in regression analysis at two moisture deficits. In 
principal components analysis, three first components explained more than 91% of 
total variance which they were named grain yield, physiological and morphological 
components, respectively. Grain yield was positively significant correlated with 
spike/m2 under optimal and disruption irrigations at stem elongation and heading 
with 0.94**, 0.90** and 0.94**, respectively. In both stresses, STI, MP, GMP and 
HAR indices had significant positive correlation with grain yield. In addition, spike/
m2 and plant height had the most direct effects on grain yield 0.84 and 0.29, 
respectively.
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grain at per spike, spike density and awn length [5]. Adverse effects of moisture deficit on growth and grain yield depend on time of 
tension, intensity stress, developmental stage and type of genotype in evaluating twenty-four durum wheat lines under moisture 
stress and non-stress conditions concluded that grain yield from indirect selection based on drought tolerance indices could 
improve grain yield than selection from non-moisture stress conditions [6,7]. Severity stress at the end-season of growth stage may 
be resulted to escape from harmful effects of water deficit at earlier genotypes [8,9]. The amount of grain yield reduction as a result 
of moisture deficit is affected by the stage of grain development where early grain development stage is more injury than latter 
grain development stage [10].

In study of barley varieties to drought imposed at different developmental stages showed that some genotypes could as a 
potential source of genes to drought tolerance stress [11]. Clarke used SSI to assess drought tolerance in wheat genotypes and found 
year-to-year variations in SSI for genotypes and could rank their pattern [12]. Crops expose to various unfavorable environmental 
conditions during their lives which is a significant effect on the growth [13]. It is a difficult challenge to achieve genetic improvement 
in the yield under these environments while progress in productivity has been much higher in favorable environments [14]. Thus, 
drought indicators which provide a measure of drought based on yield loss under drought stress conditions in comparison to 
normal conditions have been used to identify tolerant genotypes [15]. Barley especially its landraces is rather well-tolerant to 
moisture stress, therefore the objectives of this study were (I) to determine the most tolerant of barley landraces with the highest 
grain yield in the climate of the West Azerbaijan province, (II) identify of the endemic genetic resources compatible to region, (III) 
investigate the effect of moisture deficit on grain yield and its components under three conditions of optimal irrigation, disrupting 
of irrigation at stem elongation and heading stages. 

MATERIALS AND METHODS
A field experiment was performed in the spring of 2015 at 500 m2 in fallow land with geographical coordinates 36°, 44', 

26" northern and 46°, 29', 17.2" eastern from 9.5 km of North West of Shahindezh. A split plot experiment based on complete 
blocks design was carried out with 4 replications. The main plots include 3 levels of the optimum irrigation and moisture deficit 
in the stem elongation and heading stages growth and sub plots include 7 spring barley landraces with names of Abdolalikandi, 
Bastam, White, Black, Shin, Hashtpar and Bayramghalasi. Each block includes 21 plots with 3 m2 at four rows. Plant density was 
in 400 seed/m2. Seeds were sown in mid of March and then irrigated. Weeds were controlled with hand by removing them. The 
husbandry operations were done separately for each plot. For measuring traits of total dry mater and grain yield total plots were 
harvested at the end season. 

Evaluated traits were chlorophyll content, spike length, spike number per square meter, number of grains per spike, 
1000-kernal weight, grain yield, flag leaf area, total dry matter, plant height, relative water content and harvest index. 

Chlorophyll content: Six leaves were collected from each plot measured by chlorophyll meter [16]. 

Plant height, spike length, number of grains at per spike: Five plants were randomly selected from each plot and their 
lengths were measured and averaged [17]. 

Spike number at per square meter: The produced spikes in each sample were counted per unit area. 1000-kernal weight: 
after harvesting, 250 grains were counted and weighted then calculated based on 1000 ratio. Harvest index: is the ratio of grain 
yield to total dry matter [17]. 

Relative water content: The wet weight of 6 leaves were measured and placed in distilled water. After 12 hours, the turgor 
weight and dry weight of samples obtained and calculated based on following formula:

The relative water content (%)=(wet weight- dry weight)/(turgor weight–dry weight) × 100

Flag leaf area: is calculated with measuring length and width of leaf according to the following formula [18]. 

The flag leaf area=length of flag leaf × width of flag leaf × 0.7

Statistical Analysis 

Analysis of variance for traits which was recorded under field conditions was done with Mstat-C soft-ware. Means were 
compared with Duncan's multiple range tests at 0.05 probability level. Also, simple correlation coefficient, regression analysis, 
path analysis and principal component analysis was done with SPSS soft-ware. Stress tolerance indices were calculated as 
below formulas:

GMP= √ (Ys)(Yp), 

SSI=1-[Ys-Yp]/SI and SI=1-[Ys/Yp],

STI=(Ys)(Yp)/(Yp)2, 

TOL=Yp-Ys,

HAR=2(Yp.Ys)/(Ys+Yp),
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MP=(Yp+Ys)/2,

Yp and Ys were aerial organ weight at control and stress conditions, respectively [19-22].

RESULTS AND DISCUSSION

Results analysis of variance showed that there were significant differences for traits of spike length, spike number per 
square meter, number of grains at per spike, 1000-kernal weight, grain yield and total dry matter under moisture deficit (P ≤ 
0.01). For except of relative water content, genotypes had showed significantly difference at all traits. In addition, spike length was 
significant difference at interaction between moisture deficit and genotype (Table 1). The success of any selection or hybridization 
breeding program for developing drought tolerant varieties depends on precise estimates of genetic the variation components for 
traits [23,24]. In our experiment were seen variations between genotypes under stress which could be used in breeding programs. 
By evaluating 20 bread wheat genotypes reports that genotypes have higher genetic diversities for grain yield, spike number per 
square meter, number of grain per spike, spike density and awn length in comparison with other traits.

Table 1. means squares for traits of barley landraces under field conditions.

SOV df Plant 
height Chlorophyll Flag leaf 

area
Spike 
length Spike/m2 Grain/

Spike
1000-kernal 

weight
Grain 
yield

Total dry 
matter

Harvest 
Index

Replication 3 15.1 143.3 1168.8 0.1 16955.1 2.7 32.7 15072.2 21904.7 746.6
Stress 2 3.3ns 35.9ns 8856.1ns 4.5** 56174.2** 61.0** 422.9** 26630.6** 110442.4** 39.8ns

Error 6 28.5 12.9 4495.0 0.1 898.3 3.0 30.8 1019.5 1636.9 94.4
Genotype 6 136.9 135.5** 8829.0* 12.4** 30660.9** 6.6** 130.3** 15972.1** 35684.5** 636.4**

Effective 12 9.2ns 28.5ns 1603.3ns 2.9** 3305.8ns 1.2ns 9.3ns 1423.0ns 3883.9ns 62.4ns

Error -- 9.1 39.9 3454.7 0.1 1956.2 1.9 17.2 1028.5 3253.9 132.7
CV(%) 54 5.2 17.1 36.9 2.5 21.1 11.1 8.0 24.7 19.9 25.1

ns, * and **: don’t significant differences, significant at 0.05 and 0.01 probability levels, respectively.

The Chlorophyll Content

White barley had the most chlorophyll content of 41.56% (Table 2). Black barley, Shin, Hashtpar and Abdolalikandi were 
arranged at the next group, respectively. Also, Bastami (32.6%) and Byramghlasi (33.8%) had the least chlorophyll content. 
Amount of variation range between the most and least chlorophyll content of genotypes was 8.95%. Important physiological 
parameters such as chlorophyll content associated with moisture deficit tolerance. Researchers proved varieties which had high 
amounts of this trait had better grain yield, and higher total dry matter under drought stress conditions in genetic analyzing of 
barley genotypes under moisture deficit observed significant difference for trait of leaf chlorophyll content between genotypes and 
two quantitative trait loci were detected for leaf chlorophyll content [25]. 

Table 2. Mean comparison for traits of barley landraces under field conditions.

Genotype Grain yield 
(gr/m2)

1000-
kernal weight (gr) Grain/spike Spike/m2 Chlorophyll (%) Plant height 

(cm)
Total dry matter 

(gr/m2)

Bayramghalasi. 148.3b 53.4ab 11.8b 264.8a 33.8cd 55.7b 291.6c

Abdolalikandi 150.0b 48.53cd 13.0ab 225.2b 35.3bcd 57.1b 300.0bc

White 180.0a 51.5bc 12.5b 254.4ab 41.5a 65.1a 341.6ab

Black 95.8c 50.5bcd 12.7ab 165.1c 40.4ab 58.1b 287.5c

Shin 88.7c 56.7a 11.8b 139.9c 38.6abc 56.5b 204.1d

Bastam 152.5b 47.2d 13.8a 248.3ab 32.6d 56.0b 350.0a

Hashtpar 92.9c 53.7ab 11.9b 168.4c 36.2abcd 55.4b 225.0d

Means with the same letter(s) don’t have significant differences with multiple range test at 0.05 probability level.

The Spike Number at Per Square Meter

Bayramghalasi (246.8) and Shin (139.9) had the most and the least spike number at per square meter (Table 2). Abdolalikandi 
characterized at the second group. White and Bastam located in the same group. Spike number at per square meter was affected 
by different levels of moisture deficit. With increasing severity of stress amount of this trait decreased consequently. Regardless 
of genotype, spike number at per square meter in optimal conditions, stem elongation and heading stage stresses were obtained 
252.6, 212.5 and 163.2, respectively (Table 3). Reported that cereal crops produce the highest grain yield by applying irrigation 
at all definable growth stages. Because irrigation is an expensive input and need to know the response of yield to irrigation. The 
reactions of plants to water stress differ significantly at various organizational levels depending upon intensity and duration of 
stress as well as plant species and its stage of growth [26,27].
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Table 3. Mean comparison for traits of barley landraces under different moisture deficits.

Stress Grain
yield(gr/m2)

1000-kernal
weight(gr) Grain/spike Spike/m2 Spike

length(cm)
Total dry

matter(gr/m2)

Normal 161.4a 55.1a 14.1a 252.6a 16.2a 344.6a

Heading 128.0b 52.6b 12.3b 212.5b 15.4c 292.8b

Stem elongation 99.8c 47.5c 11.1c 163.2c 16.0b 219.6c

Means with the same letter(s) don’t have significant differences with multiple range test at 0.05  probability level.

Grain Per Spike

The most and lowest grain per spike were allocated for Bastam and Bayramghalasi, Shin with 13.8 and 11.8, respectively 
(Table 2). Different levels of moisture deficit reduced grains at per spikes, so that moisture deficit at stem elongation stage had 
the least amount (11) (Table 3). In evaluating durum wheat landraces demonstrated that grain yield had positive and significant 
correlation with number of grains at per spike. Several researchers reported that the yield components like grain number were 
decreased at pre-anthesis drought stress in wheat [28,29].

1000-Kernal Weight

Shin and Bastam showed the highest and lowest 1000-kernal weight with 56.7 g and 47.2 g respectively (Table 2). 

1000-kernal weight at optimal irrigation and heading stage stress was more than 50 g and at stem elongation stage stress 
was less than 50 g. Stated that the 1000-kernal weight of wheat and barley was decreased due to the moisture deficit. Agro-
morphological traits have a special role to determine the importance of each trait on increasing yield, as well as to use those traits 
at the breeding programs, which at least lead to improving yield and introducing commercial varieties under end seasonal drought 
stress conditions [30-33].

Grain Yield

Average grain yield of genotypes at moisture deficit in heading and stem elongation stages were less than 150 g/m2 and 
100 g/m2, respectively (Table 3). Researches reported that drought stress reduced grain yield and was estimated average yield 
loss was between 17% to 70%. Stress severity in moisture deficit at stem elongation stage was 38.16%. Response of plants to 
moisture deficit depends on several factors, such as developmental stage, intensity and duration of stress and cultivar genetics.

The maximum and the minimum grain yield were produced by white barley and Shin with 180 g/m2 and 88.75 g/m2 

respectively. The grain yield is a function of the number of spike at per unit area, number of grain at per spike and 1000-kernal 
weight and they affected by different levels of irrigation regimes. Spike at per square meter was the most important between main 
grain yield components. Therefore, grain yield could be increased by increasing spike and fertile tillering at per square meter.

Flag Leaf Area

Shin due to has the most flag leaf area (204.3 mm2) is suitable for fodder production and Bayramghalasi has the least flag 
leaf area (115.6 mm2) is unsuitable for animal nutrition (Table 2).

Total Dry Matter

Bastam barley and Shin have assigned the most and the least total dry matter of 350 g/m2 and 204.16 g/m2, respectively 
(Table 2). The total dry matter for all landraces was decreased under the moisture deficit. Put on stress was more severity in the stem 
elongation stage and trend of it was more sensible. Range of variations between genotypes was 125 g/m2 (Table 3). Decreasing 
amounts of aerial organs during irrigation disruption has the effect on grain yield and total dry matter and consequently harvest 
index. The plant response is complex because it reflects over space and time the integration of stress effects and responses at all 
underlying levels of organization [34]. 

The Plant Height

White, Black and Hashtpar genotypes were the highest, average and the shortest values with 56.1 cm, 58.1 cm and 55.4 
cm, respectively. Drought stress is a very important limiting factor at the initial phase of plant growth and establishment. It affects 
both elongation and expansion growth. Morphological characters such as number of tillers, grain per spike number, 1000 grain 
weight, plant height, spike length, kernel number per spike, grain weight per spike affect the wheat tolerance to the moisture 
shortage in the soil [35-38].

Harvest Index

White and Black barleys, had the maximum and minimum harvest index of 54.3% and 33.2%, respectively. Bayramghalasi, 
Abdolalikandi and Shin barleys were in the same group lower than white barley. Bastam and Hashtpar barleys with 42.5% and 
41.0% were in the third group and higher than Black barley. The variety range was 21.0%. Considering the spike as the place of 
grain accumulation and the important removable part and also regarding to heading and plant entrance to reproductive stage and 
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need to water, a higher stress severity compared with stem elongation step is justifiable. Since the stage of pollen production and 
formation of ovule and finally pollination and grain production were the new evolutionary steps of plant, so the internal reactions 
of plant revealed more need to water and more damage to the plant which will affect the performance completely.

The Spike Length

Interaction between growth conditions and genotype for trait of spike length was statistical and significantly difference (p ≤ 
0.01). Drought tolerance consists of ability of crop to growth and production under water deficit conditions. A long-term drought 
stress effects on plant metabolic reactions associates with, plant growth stage, water storage capacity of soil and physiological 
aspects of plant. Achieving a genetic increase in grain yield under these environments has been recognized to be a difficult 
challenge for plant breeders while progress in yield grain has been much higher in favorable environments. Also, the results of 
this research represented that moisture deficit causes low grain yield and in moisture deficit conditions chlorophyll content, length 
spike, spike number per square meter, number grains per spike, 1000-kernal weight, grain yield, harvest index, flag leaf area, total 
dry matter, plant height had more susceptibility [39].

Correlation Coefficients of Traits

Under optimal growth conditions grain yield showed the highest positive significantly correlation with traits of spike number 
per square meter (r=0.94**), total dry matter (r=0.95**) and harvest index (r=0.82**). Moisture deficit under heading stage, only 
spike number per square meter (r=0.94**) had positively significant correlation with grain yield. Moisture deficit under stem 
elongation conditions grain yield displayed positively significant correlation (r=0.90**) with spike number per square meter (Table 4). 
It should be noted that under three conditions of growth stages spike number per square meter was the most important trait 
Therefore it was revealed that this trait in all the studied spring barley land races can be the appropriate factor to select the best 
genotypes.

Table 4. Simple correlation coefficient of barley traits under three field conditions.

Traits Chlorophyll Spike 
length

Spike/ 
m2

Grain/ 
Spike

1000-
kernal 
weight

Grain 
yield

Flag leaf 
area

Total dry 
matter

Plant 
height

N
or

m
al

Spike length(cm) 0.20
Spike/ m2 0.18- 0.29
Grain/Spike -0.27 0.64 0.59
1000-kernal weight 0.70 -0.29 -0.43 -0.65
Grain yield (gr/m2) -0.03 0.49 0.94** 0.75 -0.43
Flag leaf area (mm) -.022 0.15 -0.36 .038 -0.50 -0.17
gr/m2 Total dry -0.12 0.50 0.93** 0.71 -0.59 0.95** -0.10
Plant height (cm) 0.55 0.88** 0.24 0.57 0.00 0.51 0.12 0.43
Harvest index (%) 0.19 0.40 0.76* 0.63 -0.05 0.87** -0.25 0.69 0.57

H
ea

di
ng

Spike length (cm) 0.62*
Spike/ m2 0.11 -0.21
Grain/Spike -0.04 0.02 -0.12
1000-kernal weight 0.12- -0.13 -0.22 -
Grain yield (gr/m2) 0. 10 -0.01 0.94** -0.09 -0.17
Flag leaf area (mm) 0.09 0.23 - -.022 0.56 -0.83*
gr/m2 Total dry 0.27 0.27 0.67 0.25 -0.72 .067 -
Plant height (cm) 0.69 0.73 0.28 -0.26 0.10 0.54 -0.09 0.040
Harvest index (%) -0.19 -0.37 0.60 0.27 0.43 0.66 -0.36 -0.10 0.22

St
em

 e
lo

ng
at

io
n

Spike length (cm) 0.33
Spike/ m2 -0.62 -0.05
Grain/Spike -0.40 0.51 0.31
1000kernalweight(gr) Grain 
yield (gr/m2)

0.36 -0.62 -0.60 -0.74
-0.40 0.10 0.90** 0.22 -0.70

Flag leaf area (mm) 0.63 -0.03 0.86** -0.36 0.61 -0.71
gr/m2 Total dry -0.21 0.54 0.58 0.81* - 0.64 -0.47
Plant height (cm) 0.42 0.17 0.28 -0.11 -0.26 0.47 -0.30 0.36

Harvest index (%) -0.30 -0.42 0.63 -0.48 -0.53 0.69 -0.46 -0.09 0.30

The Sensitivity Indices

The indices of sensitivity regarding to the grain yield were SI=0.39 and S=0.21 stress severity under moisture deficit in the 
heading and stem elongation stages, respectively. In both stress, the trend changes and the order of genotypes were the same. 
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For TOL index, White and Bastam genotypes with the values of 70.0 and 67.5 had the most and genotypes of Shin and Hashtpar 
with the values of 12.5 and 5.0 had the least amounts. Abdolalikandi and Bayramghalasi with 51.2 and 18.7 for TOL index 
showed the average sensitivity in this index and other tolerance indices. The genotypes of Shin and Hashtpar with the lowest yield 
but with the minimum and desired TOL and SSI, are the most tolerant genotypes to the moisture deficit (Table 5). Tolerance to 
abiotic stresses is very complex, due to the impact of interactions between stress factors and various molecular, biochemical and 
physiological phenomena affecting plant growth and development. 

Table 5. Values of drought tolerance indices of barley land races.

Stress Genotype STI MP GMP SSI TOL HAR

H
ea

di
ng

Bayramghalasi 1.0 169.3 169.1 0.5 18.7 168.8
Abdolalikandi 1.0 166.8 164.8 1.2 51.2 162.9
White 1.5 202.5 199.4 1.4 70..0 196.4
Black 0.4 106.8 106.4 0.8 18.7 106.0
Shin 0.3 93.5 93.5 0.5 12.5 93.3
Bastam 1.0 172.5 169.1 1.5 67.5 165.8
Hashtpar 0.3 101.2 101.2 0.7 5.0 101.1

St
em

 e
lo

ng
at

io
n

Bayramghalasi 0.7 142.5 137.8 1.0 72.5 133.2
Abdolalikandi 0.8 154.3 149.5 1.0 76.2 144.9
White 1.2 186.2 179.0 1.1 102.5 172.1
Black 0.3 95.0 92.5 0.9 42.5 90.2
Shin 0.30 89.37 88.74 0.56 21.24 88.11
Bastam 0.89 159.37 152.32 1.17 93.75 145.58
Hashtpar 0.28 87.50 86.77 0.58 22.50 86.05

Correlation Coefficients of Indices 

Indices of STI, MP, GMP and HAR had the positive and significant with grain yield under moisture deficit in heading stage. So, 
these indices can be used as direct factor for screening tolerant genotypes. The highest correlation coefficient of grain yield under 
moisture deficit in the heading stage is related to Harmonic index (HAR) of 0.92 and the lowest positive and significantly index is 
related to Mean Production index (MP) of 0.85. Correlation coefficients of traits under moisture deficit in stem elongation stage 
showed that all sensitivity indices except SSI had the positive and significantly with grain yield. The main point is that TOL index 
under stress conditions in heading stage didn’t have significantly correlation with grain yield and it seems that with increase of 
stress severity in the stem elongation stage the value of this index is important and this index could be used in the screening of 
tolerant genotypes to moisture deficit in the stem elongation stage (Table 6). Also, reported that under moisture deficit, indices of 
MP, GMP, STI and HAR were positively significant correlations with grain yield and it was similar results of this study [40]. 

Table 6. Simple correlation coefficient of indices heading and stem elongation stages stresses.
Index STI MP GMP SSI TOL HAR Yn

MP 0.99**

he
ad

in
g

GMP 0.99** 1.00**
SSI 0.50 0.60 0.60
TOL 0.89* 0.90** 0.90** 0.77*
HAR 0.99** 0.96** 0.96** 0.39 0.81*
Yn 0.90** 0.92** 0.92** 0.71 0.99** 0.85*
Ys 0.99** 0.85* 0.85* 0.28 0.68 0.92** 0.75

St
em

 e
lo

ng
at

io
n MP 1.00**

GMP 1.00** 1.00**
SSI 0.89** 0.89** 0.89**
TOL 0.96** 0.96** 0.96** 0.96**
HAR 1.00** 1.00** 1.00** 0.89** 0.96**
Yn 1.00** 1.00** 1.00** 0.89** 0.96** 1.00**
Ys 0.85* 0.85* 0.85* 0.67 0.82* 0.85* 0.85*

Multivariate Analysis

In the regression analysis under optimal growth conditions traits of total dry matter, the harvest index and chlorophyll 
content had the highest coefficient with grain yield and remained in the final model [41,42]. The detection coefficient is R2=0.93 
which indicates good justification grain yield with above traits. Under moisture deficit in the heading stage, traits of spike number 
per square meter and plant height with 0.85 and 0.24 coefficients were remained in the final model. Under stress in the stem 
elongation stage, the spike numbers per square meter was the most important trait. In this study, spike number per square meter 
displayed the most positive and significantly coefficient under three growth conditions (Table 7).



7RRJBS| Volume 6 | Issue 3 | July-September, 2017

Research & Reviews: Journal of Botanical Sciences e-ISSN:2320-0189 
p-ISSN:2347-2308

Table 7. Regression co-efficient of related traits of barley landraces under field conditions.

Conditions Model Standard Coe Un-standard Coe Standard div Probability level

Normal

Total dry matter 0.638 0.446 0.008 0.000
Harvest Index 0.445 3.291 0.087 0.000

Chlorophyll -0.047 -0.933 0.169 0.012
Constant R2=0.93

Heading
Spike/m2 0.859 0.554 0.058 0.001

Plant height 0.249 2.346 0.717 0.031
Constant R2=0.97

Stem
elongation

Spike/m2 0.908 0.781 0.162 0.005
Constant R2=0.82

Grain yield= -109.356+0.638 (Total dry matter)+0.445 (Harvest index)+(-0.047) (Chlorophyll)
Grain yield= -124.739+0.859 (Spike/m2)+0.249 (Plant height) Grain yield= -27.72+0.908 (Spike/m2)

Based on principal components analysis, at first component, traits of total dry matter, grain yield and spike number per 
square meter had the most coefficients of eigen values. White, Bastam were the highest and Shin, Hashtpar were the lowest 
coefficients in this component. In the second component, spike length, chlorophyll content and relative water content had 
the highest coefficients and White, Black genotypes had the highest amount. In third component plant height was the most 
coefficients which White genotype had the highest value. Totally, names of three main components can be knew grain 
yield, physiological and morphological traits, respectively. Also, each variance component was 45.12, 27.79 and 18.75, 
percentage, respectively (Figure 1). And total cumulative variance percentage was 92.67% (Table 8).

Table 8. Principal component analysis for stress tolerance indices of barley land races.

Component Eigen values % Variance Cumulative Proportion
1 4.96 45.12 45.12
2 3.05 27.79 72.91
3 2.06 18.75 92.67

Figure 1. Schematic of three main components based on traits of barley genotypes.

Path analysis showed that two traits spike number per unit area and the plant height had the direct effects of 0.84 and 0.29. 
Trait of spike number per unit area had the relatively more correlation (0.93**) with the grain yield (Table 9). 

Table 9. Path analysis of based on the mean of traits.

Traits Direct
effects

Indirect effect
Spike/m2 (X1) X1

Indirect effect plant
height (X2) X2

Simple
correlation with grain yield

Spike/m2)X1) 0.84 - 0.08 0.93**
Plant height) X2) 0.29 0.25 - 0.54ns
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CONCLUSION
The white and Bastam barleys had the most and Shin and Hashtpar had the least sensitivity to the moisture deficit. Black 

barley only was more sensitive than the least values and this trend was constant in all indices. Bayramghalasi and Abdolalikandi 
were intermediate. Shin and Hashtpar with the lowest grain yield but were the most tolerant landraces under moisture deficit (with 
the tolerant genes to moisture deficit) and they are recommended for regions with severe and longtime moisture deficit. White 
and Bastam with the most grain yield and most SSI and TOL were grouped as a sensitive and less tolerant to the moisture deficit 
and were appropriate for the regions with the mild stress. It can be noted that although Shin and Black barleys had the lowest 
grain yield, but due to having pigment in the grains displayed significant tolerance under three growth conditions. It seems that 
pigments can be considered as a genetic marker for screening tolerant genotypes to moisture deficit in breeding programs. In 
contrast, White barley with bright color had the highest grain yield and the most sensitivity to the moisture deficit. Number of spike 
at per square meter had the highest correlation with grain yield under three growth conditions. Therefore, it was the most direct 
effect on increasing grain yield, so this trait was important for selecting genotypes with high grain yield. One of the most important 
strategies in barley breeding program is introducing of new alleles from landraces such as our genotypes in to the promising lines. 
Shin and Hashtpar barley landraces from Shhindezh, Iran could be used in crossing programs due to have high moisture deficit tol-
erance based on seven indices. Breeding for moisture deficit stress remains a great challenge due to complex nature of the trait. 
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