
Introduction

Salinization and soil erosion, which are among the

major causes of desertification, have degraded about

fifteen percent of the total area of the World (Mariangela

and Montemurro, 2015). Drought and salinity as major

abiotic stresses are responsible for significant decreased

performance in barley on a worldwide scale, and yet

under severe stress conditions, barley remains to be an

important crop used as feed for animals, malt and human

food (Katerji et al., 2006). Establishment stages of the

crop such as Germination, Emergence and Early Seedling

growth are sensitive to substrate salinity (Saboora

et al., 2006). Genotypes assessment under salt stress

conditions in early growth stages, such as germination

and seedling growth, is widely used and it is known as

screening criterion for selection the salt tolerance

genotype (Nasser et al., 2001). However, the effec-

tiveness of such techniques varies but controlled

environmental conditions can be the main their

advantage, therefore these screening techniques are

reliable, against the uncertainty of variation in natural

conditions in the field (Bernardo et al., 2006). Adverse

effects of salinity on seed germination, nodule formation,

plant development and crop yield have been reported

by several researchers (Muhammad et al., 2006).

Selection of barley genotypes under favourable

conditions has been reported in several studies by Betran

et al. (2003). Selection by the aim of stress condition

has been highly suggested too and the number of

researchers have preferred the mid-way and believe in

selection under both stress and normal environments

(Ashraf et al., 2015). Several selection criteria, such as

stress tolerance (TOL) and mean productivity (MP)

(Rosielle and Hambling, 1981), stress susceptibility

index (SSI) (Fisher and Maurer, 1978), geometric mean

productivity (GMP) and stress tolerance index (STI)

(Fernandez, 1992) have been proposed as indicators to

identify genotypes with better stress tolerance. Giancarla

et al. (2012) in evaluating the ability of drought tolerance

indices to identify tolerant barley genotypes under

laboratory conditions stated these indices may be

screened for indirect selection of drought tolerance in

the initial stage of the crop growth. As a result,

specialization, generalization and phenotypic plasticity

are three main methods which have been recognized in

plants that are used in dealing with stress. In the first

system the genotype is adapted to the specific condition,

while in the second method the genotypes have moderate

suitability in most environments, and in phenotypic

plasticity strategy signals from the environment interact

with the genotype and stimulate the production of

alternative phenotypes (Fritsche and Borém, 2005).

The development of cultivars, which can be adapted to

a wide range of diversified environments (widely

adapted) is the final objective of plant breeders. Cultivars
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showing wide adaptation have to be stable for yield in

dynamic sense across a range of environments and also

their mean performance has to be relatively high (Khalili

and Pour-Aboughadareh, 2016). Stability analysis is a

good technique for measuring the adaptability of different

crop varieties to varying environments and to increase

the efficiency of the selection of the superior cultivars

by altering their relative productiveness in different

environments (Biswas et al., 2012). Environmental

variance (Sxi2) (Roemer, 1917), Ecovalence (wi
2)

(Wricke, 1962), Shukla stability variance (s i
2) (Shukla,

1972), Eberhart and Russell Method by Eberhart and

Russell (1966) are some of the parametric stability

methods that provide a general summary of the response

patterns of genotypes to environmental change (Mahtabi

et al., 2014). The purpose of this study was to assessment

the tolerance and phenotypic stability barley genotypes

at early growth stage, based on dry matter production,

which provides a quick and simple screening tool for

evaluation of genotypic variation in salinity tolerance.

Material and Methods

The material used for this study comprised 9 barley

promising lines and cultivars i.e. STW82153(A),

MBS8712(B), ESBYTM8910(C), 4 Shori (D), 5 Shori

(E), WB7910(F), Valfajr(G), MBS8715(H) and Jo

torsh(I). Germination tests were carried out at 5 levels

of electrical conductivities (ds/m) (S1 (control) =4.5,

S2=7.5, S3=10.5, S4=13.5 and S5=16.5). The

experiment was arranged in a factorial design with 3

replications on the base of a Completely Randomized

Design (CRD). Salinity solutions were prepared by

dissolving NaCl in distilled water at the required

concentrations. First, seeds of each genotype were

surface sterilized with 5% sodium hypochlorite solution

for 10 min and then rinsed with sterile distilled water

three times, to finally be placed on filter paper into 9

cm diameter petri dishes (25 seeds per Petri dish). In

each petri dish, 5 mL of specific solution was added on

alternate days. In order to avoid salt accumulation,

filters were replaced in the same interval of time. Seeds

were germinated in an incubator at 25 °C and after 10

days, the effects of salinity levels were studied by

sampling on dry weight of plants as biomass production

for each treatment. The dry weights were measured by

drying the plants at 75 °C for 48 h, to give a constant

weight. Tolerance indices and stability parameters were

calculated with this difference that biomass production

was replaced with yield. Tolerance indices of SSI

(Fischer and Maurer 1978), STI and GMP (Fernandez,

1992), MP and TOL (Rosielle and Hamblin, 1981) were

calculated. Then six stability parameters were measured

in accordance with Eberhart and Russell,s slop value

(bi) and deviation from regression (S2
di) (1966), Roemer,s

environmental variance (S2
xi) (1917), Wricke,s ecova-

lance (W2
i) (1962), Shukla,s stability variance (s2

i)

(1972) and Verma model slop values (Verma et al.,1978).

The division of favourable and unfavorable environments

was made based on the environmental index that

represents the deviation of each environmental mean

from the overall mean. Unfavourable environment is

that with negative or zero index and favourable

environment has positive index, so third level of salinity

treatments was determined as middle point of tow

environments. Statistical analysis was performed using

the R Program. Spearman's Correlation Test was used

to determine relationships among variables, and graphs

were created using STATISTICA software.

Results and Discussion

Data of variance analysis (DVA) showed that effec-

tiveness of different levels of salinity and genotypes on

seedling growth were significant (p<0.01). Also, there

was significant difference amongst the genotype × salt

stress interaction for the biomass production trait

(p<0.01) (Table 1). Overall, 68.4% of the total sum of

squares (SS) was attributed to salinity effects, 14.2%

to genotype and 17.4% was attributed to genotypes salt

interaction effects, respectively. It means that there is

a great salinity effect of total variance on genotypes

and different genotypes reactions to salinity. Result

indicates that biomass production decrease with

increasing in salt concentration almost in all barley

varieties except the genotype E that showed unchanged

biomass production in second level of salinity and even

more amount of that in third level of salt concentrations

although their differences were not significant (Table 2).

Reverse effects of salinity stress on seedling growth in

different crops that was observed in the present study

Table 1. Analysis of variance of biomass production

data

S.O.V df MS

Treatment 44 68.87**

Genotype(G) 8 53.8**

Salt(S) 4 518**

G×S 32 16.5**

Error 90 2.5

** = significant at the 1% levels of probability.
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are consistent findings by other researchers (Asfaw,

2011). These results indicate that there is genetic variation

among barley genotypes in response to salt stress based

on early seedling growth rate. Due to significant statis-

tical difference of genotype × salt stress interaction, a

selection of genotypes with best performance in a level

of salinity based on their production in other levels of

salinity will not be possible because a genotype might

not have the same rank in all levels of salinity stress.

Tolerant genotypes to salinity stress show high values

of STI, GMP and MP. In the highest level of salinity,

the best results based on stress tolerance indices (STI,

TOL, SSI, MP, GMP) belonged to C, H, E and D

genotypes (Table 3). Correlation coefficient tests of

tolerance indices with biomass production under stress

(Ys) and non-stress (Yp) conditions showed various

results in different levels of salinity (Table 4). Yp and

Ys did not have significant positive correlation in all

Table 2. Statistical comparison of means for genotype biomass production (mg/plant) by Duncan's Multiple Range

Test (a = 0.01)

Genotype   Salt

S1 S2 S3 S4 S5

STW82153 27ab 17.67h-k 15.33jk-o 11.67o-r 12.67m-q 16.8c

MBS8712 24.33a-e 19g-j 15.67jk-n 13.33l-q 11.67o-r 16.9c

ESBYTM8910 27ab 18.33g-k 17.33h-k 15.67jk-n 17h-l 19.1ab

4 Shori 22c-g 21d-h 20.67e-h 14.67k-p 15.67j-n 18.9ab

5 Shori 18.33g-k 18.33g-k 20f-i 12.67m-q 11.33pqr 16.4c

WB7910 24.67a-d 23.33b-f 21d-h 20f-i 11.33pqr 20.1a

Valfajr 28a 20.33f-i 18.33g-k 13m-q 12.33n-q 18.4b

MBS8715 25.33abc 18g-k 18.67g-k 20f-i 16.33i-m 19.6ab

Jo torsh 20.67e-h 17.67h-k 15jk-p 9.67qr 8.33r 14.1d

24.2a 19.3b 18.1c 14.5d 13e

Value followed by different letter(s) differs significantly.

Table 3. Stress tolerance indices values for studied genotypes

Tolerance Compare Genotype

index levels A B C D E F G H I

TOL S1 Vs. S2 9.1 5.7 9.1 1 -0.1 1.2 7.6 7.2 3.1
S1 Vs. S3 11.2 8.5 9.7 1.3 -2 3.5 9.9 6.6 5.9
S1 Vs. S4 15.5 10.9 11.3 7.4 5.6 4.7 15.1 5.2 11.3
S1 Vs. S5 14.4 12.6 10.2 6.6 6.8 13.2 15.6 8.9 12.4

MP S1 Vs. S2 22.5 21.7 22.6 21.7 18.5 24 24.3 21.6 19.1
S1 Vs. S3 21.4 20.2 22.3 21.5 19.4 22.9 23.1 21.9 17.6
S1 Vs. S4 19.3 19.1 21.5 18.4 15.6 22.3 20.5 22.6 15
S1 Vs. S5 19.8 18.2 22.1 18.9 15 18.1 20.3 20.7 14.4

GMP S1 Vs. S2 22 21.5 22.2 21.7 18.5 24 24 21.3 19
S1 Vs. S3 20.7 19.8 21.8 21.5 19.4 22.8 22.6 21.6 17.4
S1 Vs. S4 17.6 18.3 20.8 18.1 15.4 22.2 19.1 22.4 13.9
S1 Vs. S5 18.5 1.1 21.5 18.6 14.6 16.8 18.7 20.2 13

SSI S1 Vs. S2 1.6 1.1 1.6 0.2 0 0.2 1.3 1.4 0.7
S1 Vs. S3 1.7 1.4 1.4 0.2 -0.4 0.6 1.4 1 1.1
S1 Vs. S4 1.4 1.1 1 0.8 0.8 0.5 1.3 0.5 1.4
S1 Vs. S5 1.2 1.1 0.8 0.6 0.8 1.2 1.2 0.8 1.3

STI S1 Vs. S2 0.8 0.8 0.9 0.8 0.6 1 1 0.8 0.6
S1 Vs. S3 0.7 0.7 0.8 0.8 0.7 0.9 0.9 0.8 0.5
S1 Vs. S4 0.5 0.6 0.7 0.6 0.4 0.9 0.6 0.9 0.3
S1 Vs. S5 0.6 0.5 0.8 0.6 0.4 0.5 0.6 0.7 0.3
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levels of salinity. This reflects that high potential yield

under optimal environment does not necessarily result

in improved yield in a salinity condition and vice versa.

So, in this case selection based on the results of normal

conditions as an indirect screening tool will not be

efficient. Yp significantly and positively correlated with

MP and this case was for STI and Ys.

According to several reports, a genotype with a highly

appropriate response to a certain salinity level can not

necessarily be considered a tolerant genotype. Instead,

a tolerant genotype shows a low yield difference between

optimum and stress environments. Fernandez (1992),

who studied the yield of genotypes in normal and stress

environments, has divided them into four groups,

genotypes of group A have high performance in both

conditions, genotypes that have a high yield in non-

stress environments only belong to group B and

genotypes that have high yield in stress conditions are

in group C and genotypes that have low yields in stress

and non-stress environments make up group D. As an

appropriate measure to separate the first group from

the other groups, an analysis of the correlation between

responses under stress and non-stress conditions as well

as quantitative stress tolerance indices, superior indices

and consequently genotypes, was used. Generally,

indices having high correlations with plant response in

stress and non-stress conditions are introduced as the

best ones (Ashraf et al., 2015; Ganjeali et al., 2011).

In all of the salinity levels correlation between Yp and

Ys was very weak, so selection based on genotype

response in one of conditions for the anticipation of its

performance in other condition will be powerless. As

is shown in Fig. 1a, in spite of SSI high correlation with

Yp and Ys there is no determined trend for introducing

the genotypes with the best reply in both conditions

based on SSI. Nevertheless, according to Fig. 1b, STI

can be a suitable index for this proposition.

The results of five parametric stability statistics are

given in Fig. 2. According to the Eberhart and Russell

(1966) model, regression coefficient (bi) approximating

1.0 coupled with deviation from regression (S2
d i) of

zero indicate average stability. In this case the genotypes

with high performance have general adaptability and

those which have low mean yield, are adapted to

environments poorly. bi values greater than 1 describe

genotypes with higher sensitivity to environmental

change (below average stability), and greater specificity

of adaptability to high yielding conditions. Regression

coefficient decreasing below 1 provide a measure of

greater resistance to environmental changes (above

average stability) and therefore increasing specificity

of adaptability to low yielding environments. The

Table 4. Correlation coefficient tests of stress tolerance indices with biomass production under stress (Ys) and

control (Yp) (a = 0.05)

     S1 (4.5 ds/m) Vs. S2 (7.5 ds/m)     S1 (4.5 ds/m) Vs. S3 (10.5 ds/m)

Yp Ys TOL MP GMP SSI STI Yp Ys TOL MP GMP SSI STI

Yp 1 1

Ys 0.11 1 -0.22 1

TOL 0.84* -0.46 1 0.85* -0.7* 1

MP 0.87* 0.58 0.46 1 0.76* 0.46 0.31 1

GMP 0.82* 0.65 0.38 1 1 0.67* 0.57 0.19 0.99* 1

SSI 0.8* -0.51 0.99* 0.4 0.32 1 0.79* -0.76* 0.99* 0.22 0.1 1

STI 0.81* 0.64 0.37 0.98* 0.99* 0.31 1 0.56 0.67* 0.05 0.95* 0.98* 0.02 1

    S1 (4.5 ds/m) Vs. S4 (13.5 ds/m)     S1 (4.5 ds/m) Vs. S5 (16.5 ds/m)

Yp Ys TOL MP GMP SSI STI Yp Ys TOL MP GMP SSI STI

Yp 1 1

Ys 0.27 1 0.43 1

TOL 0.54 -0.66 1 0.63 -0.43 1

MP 0. 8* 0.82* -0.1 1 0.87* 0.82* 0.16 1

GMP 0.64 0.91* -0.3 0.98* 1 0.77* 0.91* 0.02 0.98* 1

SSI 0.2 -0. 9* 0.92* -0.47 -0.63 1 0.24 -0.76* 0.9* -0.26 -0.43 1

STI 0.52 0.96* -0.44 0.94* 0.98* -0.7* 1 0.73* 0.92* 0.07 0.97* 0.99* -0.46 1
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Fig. 2. Distribution of genotypes on the plot based on stability parameters and biomass production (mg/plant).

STW82153(A), MBS8712(B), ESBYTM8910(C), 4 Shori (D), 5 Shori (E), WB7910(F), Valfajr(G),

MBS8715(H) and Jo torsh(I).
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Fig. 3. Performance of barley genotypes across

salinity levels based on Verma regression

model. STW82153(A), MBS8712(B),

ESBYTM8910(C), 4 Shori (D), 5 Shori

(E), WB7910(F), Valfajr(G), MBS8715(H)

and Jo torsh(I).

genotypes A and G had a higher biomass production

and a coefficient values greater than one. They are

recommended for cultivation under non-stress environ-

ments because they are sensitive to changes in conditions

and their performance are reduced further by increasing

salinity stress. The genotypes with a bi value lower than

one were D and H that had suitable performance under

stress conditions.

According to Wricke,s stability parameter (W2
i),

genotypes with the smallest ecovalance values are

considered stable. The (W2
i) was lowest for genotypes

B, I and highest for F, E and H. The stability variance

(s2
i) indicated that the genotypes B, I and D had the

smallest variance across the salinity levels and were

stable, while the genotypes H, F and E had the largest

(s2
i) and were unstable. Best performance in favourable

environments belonged to A, G and C but with increase

in salt concentration C and H genotypes were appeared

better than others. There are many methods that help

plant breeders for the analyses of genotype yield

adaptability and stability to identify superior cultivars

in the presence of genotype × environment interaction

(GEI). GEI is important source of variation in any crop

and the term stability as an adjective for a genotype,

shows a relatively constant yield, despite environmental

changes. According to this theory, stable genotypes are

those that indicate a minimum variance for yield across

different environments. This idea of stability may be

considered as a biological or static concept of stability

(Becker and Leon, 1988). Most breeders and agronomists

do not accept this concept of stability and prefer an

agronomic or dynamic definition of stability; therefore

they prefer genotypes with high performance that have

the potential to respond to agronomic inputs or better

environment conditions too. In the dynamic definition

of stability, the genotype dose not response to

environmental conditions equally (Becker and Leon,

1988). Most of the stability methods indicated that the

genotype D was the most phenotypically stable with

high mean yield (Fig. 2). Having high performance,

low sensitivity to adverse conditions and being capable

of responding positively when environmental conditions

are improved and the characteristics of a desirable

genotype (Ferreira et al., 2006). On this fact the ideal

genotype has a regression coefficient smaller than 1 for

unfavourable environments and greater 1 for favourable

environments. Desirable genotypes have concave pattern

for regression linear models and C and H genotypes

showed such pattern across the levels of salinity

(Fig. 3).
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In this study, results determined that genotypes with

high STI, MP and GMP values can be considered the

most tolerant and desirable genotypes for both growth

conditions. On the other hand, it revealed that tolerant

genotypes showed the least stability based on mostly

of stability parameters. It can be because of variation

in their potential for biomass production under different

conditions and showed the importance of selection for

genotypes performance in both stress and normal

environments.

Conclusion

The results from this study are very useful for the

planning of further barley breeding programs. Salt stress

significantly affected the performance of barley

genotypes. GMP, MP and STI were more suitable indices

for selecting barley genotypes tolerant to salt stress.

The barley selection using these indices can be useful

for identifying a cultivar with desirable establishment

under both stress and normal environments. The stability

parameters that were used in this study quantified

stability of genotypes with respect to performance,

stability or both. To exploit the useful effects of genotype

× environment interaction and increase the efficiency

of genotype selection, both yield and stability should

be considered simultaneously. Yet, among all genotypes

the WB7910, ESBYTM8910 and MBS8715 showed

the best response in the study.
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