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Identification of drought tolerant barley genotypes
(Hordeum vulgare 1.) using drought tolerance indices
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Table 1. Physicochemical properties of soil at the experimental site
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Table 2. Pedigree of the studied barley genotypes

o SF )
Pedigree Genotype

TWWd85-37/Kavir (EC82-6) (check) 1
L.527/Hortland//ICNB93-328 2
L.527/MB2367//Alger/3/AS46/Athsza 3
L.527/MB2367//(C17117-9/DeirAllal06)/3/Bahtim 7DL(Mza-Gva) 4
Ceres//W12192/Emir/3/Karoon/4/Rojo 5
YEA 38903/YEA475.4//73M4-30/3/Ceres//W12192/Emir/3/Karoon 6
Sadik-02//GEO-ICB-123239/Cetin2000 7
Sadik-02*2//Radical/PA8444-78 8
NC86/INTseg07 9
Grecale//Sonata/Arta 10
Sutter/Alanda 11
Afzal/3/Torsh/9cr.279//Bgs 12
Beecher /NACC4001-59-80 13
L.1242/Hesk//Alger(CI10117/Choyo...) 14
Makouee/C.C89//Rihane"s"/3/Roho/Mazurka 15
Comp89-9Cr-279-07/Atem//(Alpha/HC1905//Robur)/3/.../(Mola/Sllo//Cino)CMB92-392 16
Alger/(C110117/Choyo...)//ICNB93-328 17
L.527/MB2367//(C17117-9/DeirAlla106)/3/Beecher 18
Robur/WA2196-68//DoNor/3/Rhn-03//L.527/NK1272/5/L.527/Chn-01/4/.../(As46/Aths//SIb-100) 19
(Rhn-03//L.527/NK1272 —( EDBYT82-9) 20
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Table 2. Combined analysis of variance for grain yield in two years and two environments

Slas o s

@337 4o

Ol s C..n
MS df S.0.V
Jl
12.67** 1 Year (Y)
Lo
255.2™ 1 Environment (E)
Il X Ja s
4.52%%* 1 YxE
(o x L) 151,55
1.34 8 Rep/(YXE)
S
1.89** 19 Genotype
Lo 55
0.865%* 19 GxE
Jox 53
1.47 19 GxY
Jlo x be x Guigi
0.463%* 19 GXExY
o
0.495 152 Error

Ssme b s M);@,&J\“b-lcjkdﬁ)b@ O g e

ns: non —significant, *, ** significant at 0=0.05and 0=0.01, respectively

&.’.}'Q)-\.{j&ﬁ%\ﬁ)})}h%)}j#6%?&)4}‘3)&90@}}@%@—?J}Jq-

Table 3. Two-year means for yield and tolerance indices of genotypes under stress and non-stress

conditions
oS8 oSl i Sle GRke GRke el el els et el gl
Genotype o Ys ot el Jo Jo Sl s sfls s Sles
Yp 3y GMP e TOL SSI s YI YSI
MP STI RDI

1 5.977 > 3.883 * 4931 4.819 0.67 2.094 1.065 0.968 0.983 0.65
2 6.163 %4 4.341 % 5.253 5.173 0.772  1.823 0.899 1.05 1.099  0.704
3 6.090 *4 3.805 *¢ 4.948 4.814 0.669  2.286 1.14 0.931 0.963  0.625
4 5.406 3.872 % 4.64 4.576 0.604  1.533 0.862 1.068 0.98 0.716
5 5.432¢¢ 3.684 b 4.558 4.473 0.577 1.748 0.978 1.011 0.933  0.678
6 6.648 ©® 4,581 @ 5.616 5.52 0.879  2.067 0.945 1.027 1.16 0.689
7 5.767 **¢ 4.055 =4 4911 4.836 0.675 1.712 0.902 1.048 1.027  0.703
8 5.759 b 3.273 ¢ 4.517 4.342 0.544 2485 1.311 0.847 0.829 0.568
9 6.432 *¢ 4.178 %4 5.306 5.185 0.775  2.253 1.065 0.968 1.058 0.65
10 6.203 *4 4279 *¢ 5.241 5.152 0.766  1.924 0.943 1.028 1.083 0.69
11 5319 % 4030% 4675 463 0618 1289 0736  1.129  1.02 0.758
12 5.520 ¢ 3.824 * 4.673 4.595 0.609  1.695 0.933 1.033 0.968 0.693
13 5.357% 4,599 4.978 4.964 0.711  0.758 0.43 1.28 1.164 0.858
14 6.112*¢ 4010* 5062 4952 0707 2102 1.045 0978 1.015 0.656
15 6.686 ° 4.145%4 5.416 5.265 0.8 2.54 1.155 0.924 1.049 0.62
16 5.850 > 4.357*¢ 5.104 5.049 0.735 1.494 0.776 1.11 1.103  0.745
17 5.018° 34737 4246 4175 0503  1.544 0935  1.032  0.879 0.692
18 6.012 *° 2.785¢ 4.4 4.093 0.483  3.227 1.631 0.691 0.705 0.463
19 5.644 3.150 <f 4.398 4217 0.513 2493 1.343 0.832  0.798 0.558
20 6.348 >4 4.669 * 5.51 5.445 0.855 1.679 0.804 1.096 1.182  0.736

.(Ji;tao,am.u,t.uwug#;),uswpcgJWtcla.ﬁ,wuﬁgjf

ns: non —significant, *, ** significant at a=0.05and a=0.01, respectively
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Introduction: Drought stress affects 40-60% of agricultural lands all over the
world (Bray, 2002). With a precipitation of 240 mm/year, Iran is located in arid and
semi-arid region of the Earth. Due to the shortage of rainfall in Iran, a considerable
part of crop breeding programs is devoted to research concerning drought
tolerance. These efforts have resulted in the introduction of stable and drought
tolerant varieties. Although barley is more tolerant to drought stress compared
to other cereals, it is susceptible to moisture shortage during tillering and grain
formation stages, which will result in yield losses. Yield provides the most direct
index for evaluating response of crops to environmental stresses. Although grain
yield is affected by environmental factors, it is an index to evaluate response of
cereals to environmental stress. The objective of drought tolerance research is to
provide relatively tolerant varieties that exhibit less yield losses compared to other
genotypes under water-deficit growing conditions. To select plants based on their
yield performance, various indices have been proposed. All these indices consider
yield under two conditions of stress and non-stress

Material and Methods: This study was carried out in two separate experiments
(normal and cut irrigation after 50% flowering) with 20 barley genotypes, which
were compared in a randomized completed block design with three replications
at Mashhad agricultural research station during two succeeding years. Each
genotype was planted on two parallel ridges (six rows) with a length of six meters.
Besides, all the cultural practices treatments were applied to the experimental
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plots according to the conventional farming methods used in other experimental
farms. Soil fertilization was based on the soil nutrient analysis. Barely seed
density was maintained at 350 seeds per meter square. No effective rainfall was
recorded between irrigation cut off and physiological ripening of the genotypes
during two years of the experiment. Under normal condition, 3-4 rounds of
irrigation were applied according to crop water demand, while under water deficit
condition, irrigation was cut after ear had emerged on 50 % of the plants. Stress
tolerance indices were calculated based on two-year means, which included mean
productivity (MP), geometrical mean productivity (GMP), stress tolerance index
(STI), stress susceptibility index (SSI), tolerance index (TI), yield stability index
(YSI), and relative drought index (RDI). Data were analyzed and Duncan mean’s
comparison was applied by SAS statistical software (SAS 9.1.3.). Biplot analysis
was adopted by GEA-R software.

Result and Discussion: The combined analysis of data conducted by Bartlett
analysis showed uniformity among the collected data during two years of the
experiment. The use of GGEBiplot analysis to evaluate the investigated indices
made it easy to compare the genotypes. The correlation between yield under stress
and non-stress conditions was not significant. Genotypexenvironment interaction
was significant over two years of the experiment, which showed high intensity of
drought stress. Blum (1999) and Panthuwan et al., (2002) believed that potential
yield could only affect yield under normal or moderate stress conditions but under
high-level stress, genotypexenvironment interaction would have a significant
impact on crop yield. Biplot correlation could show the relation between grain yield
and the calculated indices where GMP, MP and STI were the most suitable drought
tolerance criteria under the both experimental conditions. Lines 6, 20 and 15 were
identified as superior genotypes based on GIBplot polygon. Keeping in view both
yield and stability, adopting GGEBiplot method produced the same results as were
obtained from the other methods. The biplot results showed that Line 6 was the
ideal genotype. The results indicated that GIBplot and GGEBiplot were suitable
methods to identify superior genotypes according to biplot of different drought
tolerance indices considering both yield and stability.

Conclusion: Based on the findings of this study, STI, MP and GMP were
the best indices for identifying superior genotypes under the two experimental
environments. Lines 6, 20 and 15 were identified as superior genotypes. Line 6
was also considered as an ideal genotype.

Keywords: Barley, genotype-environment interaction, GGEBiplot, GIBiplot,
stress indices
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