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3763  �1268  ��"Q�  ���9) �	 <�J�('-2340589  �

1173692  u�&W� �	 � ��3514280  H��0� ��� +� ��
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) 2���9&) � %#'��Amini et al., 2010 %*��5 �&d (

67�� %X�Y7&)!���$ �'5 �� � ���"��� {(�B� ��)

67�� ���������4 ���  	�9(&S �� g4�- ��'E� � �"#5

a'��4b G#�3J ���5 %7*�#� ��)��'E��� ��) � H��0�

) 2���9&) � %��* ."4	�- %��E� ��"���Soughi et al., 

2016a'��4b G#�3J �	 3'4 (��� +� <"#J ��) ��)

 ���"��� � 	�9(&S ���5 2��3&) G#�3J � ���������4

 ���3J � !	�Z�*��- ���������4 ��)��'E� ^�*� �5 6- "4	
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) ���"���iYSa'��4b (G'5 	�9(&S �5 %��) �'X4�'� +� ��

;- �� %��*�#K �- .	) 2���9&) � %#'��Amini et al., 

2021 ( +� ��X�	 G���+$ �	���%4�'*�J� ��) � 

!���$�#�  2�) � ���4 ��)�� l�� c4/��-�  >-�K  �+ �

 ���AMMI  �MD 64�	 	�9(&S ���"��� %*��5
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 ^�*� ���a'��4b ��"��� � H��0��� ��)G1  G2  G3  
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 O*�#� ��X1� �5 O*�#�� � �	����� %1��0� �D

�*� %5�#D 2�*��: 2��*� �	 �,- .�� �5 	�7&- 65 6D
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G'5 	�9(&SK�5 6�K�	 	�D�� <���� +� ���#"  �'&)� 

!y�� ��	��	 .+� z") ���D�   G���+$ ��� %*��59(&S 	�

 %9,: G#� 65 ;&0�  l�b�1�#������ .�Z?  64�	

\:�K ^�*� �5 ;�� ��M�4� � ;&0� � �'*�Y] ��)

��/ 	�9(&S ���"��� %5��+�� �D GB5"'�� ��)	�5.  
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;���"E�   	19 6��4�5 +� ;?�] GB5"'�� ��/�) �

65	�y4�  H"�E� L'(�� �D �5 !��&) L�� ")�K65 2��)�J 

) %S��+ H�* �	 ."�1399 -1398  �1400 -1399 ( �	

 ;�� ��M�4� %9,: G#� � H���4 I���K �	 �	 3-��

 2�*��: %E'7N R5�#� � �+���,- �+��$ � .�Q'Q0�

 �	 R��� %5�#D %��'���rD |�S32 �	 � 6D52  6Q'�	

 %��'���rD H�N  %1�&K58  � 6D�	59  %��K 6Q'�	�5 

 u�Z���1491 ���	 t_* +� ��� "#���J ���� %5��+�� 	��� .

 +� �3W� .��? 65 H�* �) �	 %9,: � H���4 G���+$

P�(5 =�N O1�� �	 � �X�"9� �5 %�	��� ;��- ��)6* 

 ."K <�W4� ���9� 

 !�WK � <���� %��*�/��D ��) �	 %*��5 	��� �

 H�"D1  .�*� !"K 6���� 2�3'� � %J"4��5 �'X4�'� 6D�	

�* �	 �	 64�)�� .���]���D� H  G���+$ 3'4;9K �	 1  �

%Jy����)  P�:6S�3� ,���+$%  H�"D �	2 ����!"K 6 

�*�. 	�5 G�$ ;7� H�* �	 �C4 	��� �'�+ . �K�- ��5

65��-��5 !�X�*	 l&-  �X���K��#�� H"�!y�� 

��+$G���) .>8  �	6  {�	�6 ���� 5� 6(?�� {�	� 20 

%�4�* �]�Y� � ���2/7 R5�� ��� 6�,� � ��D ��� 65 

 <�W4�"K.  H�� H�* ���5 � %�,4 .��? 65 ���'5$ ���

 ;��K6*  � 2��Y�+ � 3'}�� �	 ���'5$ ��"�6*  ��"�

 ;��K <�	 H�* ���5 � ��M5 �	 ���'5$ ���'5$ ��"� ��Mj

��� �	3'  � 2��Y�+ �6* ^�*� �5 .	�5 ��M5 �	 ���'5$ ��"� 

 .�ZY� � L'*��� .�Z1�*  !��� 	�-  P�: 2��+$

	�<�'4��$ 65 �K�- +� ;7�65 O'��� 2�3'�50  100  �

200  � "K z��� ���9) �	 <�J�('-!"4�&'��5  !��� 	�-

65P�* .��? �5�4 �	 �	 �  �5�4 �)100  �	 <�J�('-

�� � "#Z*� I*��� �	 �K�- 
���� ."'*� z��� 65 ��	��

 2�5$ <�	 6&'4 �	 H�* �	 �) �K�- ���5 ��5 2�3'� �
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 �5 !+��7� 6(]�� l�{(S�)�  +�)�M�{(S �5 x�5 G-

6(]�� l� � �	����� ��$ �5 6�K ��$ �5 !+��7� G-

2�#�+��	 <�W4� H�* �) �	 "K .65� ��C#� G#� H�&S

6(]�� �	 6S�3� �	 �) ���'5$  ;�� �:$ %9,: 50 

K R_� 6(7#* ��M~ "?�	 ."�K�	�5 �	 !�� �'� H�� 6&'4 

"K <�W4� H�* �).�Z? . !+�"4�J��' ;��K !"K  	�"E�

E�  6(7#* ��M~ �� +��l�b�1��3'� %J"'*� �� +�� 	�"  

 64�	 2"K �� !��	 H�N  u�Z���6��5�   � 64�	 ��3) 2+

 64�	 	�9(&S�5!+�"4� ���5 ."4	J��'  u�Z���  6��5 	�"E�

[#�  %�	��� 6��5 ;��- %J"'*� +� "E5 � A�B�4�

!+�"4�J��'  <�W4� %(?� 6��* ���K �''E� �MD ."
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 H�"D1 - ��/ !�WK ��)�D G���+$ ��� �	 !"K %5��+��  
Table 1. Pedigree of barley lines evaluated in this experiment 

No. Pedigree No. Pedigree 
1 Goharan 11 Lignee 527/NK1272//JLB 70-63/3/Yousef*2 

2 
(Salt-4)LB.Iran/Una 8271//Gloria"S"/Come"s"-
11M/3/Kavir/4/Lignee 527/NK1272//JLB 70-63 

12 

Cr115/Por//Bc/3/Api/CM67/4/Giza120/5/H27
2/Bgs/3/Mzq/Gva//...Alanda-
01/6/Sahra/7/(D10)Rhn-03//L.527/NK1272 

3 
CLN-B/80.5138//GLORIA-
BAR/COPAL/3/ALISO/4/CABUYA/5/Yousef 

13 
Comp.Cr229//As46/Pro/3/Srs/4/Express/5/D1
0*2 

4 
(D-13)Bgs/Dajia//L.1242/3/(L.B.IRAN/Una8271 
//Gloria'S'/3/Alm/Una80//....)/4/Yousef 

14 
(D10)Rhn-03//L.527/NK1272/ /(D-16)Bda/Rhn-
03//ICB-107766 

5 (D-16)Bda/Rhn-03//ICB-107766/3/Kavir 15 (D-16)Bda/Rhn-03//ICB-107766/3/Yousef 
6 (D-16)Bda/Rhn-03//ICB-107766/3/Nosrat 16 (D-16)Bda/Rhn-03//ICB-107766/3/Nosrat 

7 
CABUYA/PETUNIA 1/CIRU/3/ 
MALOUH//Aths/Lignee686 

17 Dz-38-2/3 /(D10)Rhn-03//L.527/NK1272 

8 
D10*2/5/CLN-B/80.5138//GLORIA-
BAR/COPAL/3/ALISO/4/CABUYA 

18 
LIGNEE527/GERBEL/3/BOY-
B*2/SURB//... 

9 Lignee 527/NK1272//JLB 70-63/3/Zarjou/4/Yousef 19 CANELA//E.ACACIA/DEFRA 

10 Lignee 527/NK1272//JLB 70-63/3/Karoon/4/Rhn03 20 
MB-96-10(Ashar/Victoria//CWB117-5-9-
5/3/Lignee 527/NK1272//JLB 70-63) 

  

  

  

  

 ;9K1- u�&W�  %J"4��5H�* %N 64�)�� .���] 6D�	 �'X4�'� � ��)1398  ��1400 

Figure 1. Monthly precipitation and average temperature during 2019 - 2021  

H�"D2- %Jy����) �'&'K � %9�3'��� P�: %6S�3 ,���+$%  

Table 2. Physico-chemical characteristics of the experimental field soil 
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Month-Year

Rainfall (mm) Temperature (°C)

Year Sand (%) Silt (%) Clay (%) Soil texture pH EC (ds.m-1) 

2020 40.5 36 23.5 Loam 7.82 4.27 
2021 44.4 31.4 24.2 Loam 8.22 4.15 
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Yp  �Ys 654�'� O'�����/ � <���� 6'(- 	�9(&S �'X �)

 � G#� � H���4 I���K �	Ypi  �Ysi  �) 	�9(&S �'X4�'�

2$ +� l�.�*� I���K �	 �	 �)   
  

)1( ."K G#�  SI= 1− (Ys /Yp) (Fischer and Maurer, 1978) 

)2(  \:�K �'*�Y] 65 G#�  SSI= (1 − (Ysi /Ypi))/ SI (Fischer and Maurer, 1978) 

)3(  �K\: ;&0�  TOL= Ypi - Ysi (Rosielle and Hamblin, 1981) 

)4(  \:�K G#� 65 ;&0�  STI= (Ypi ×Ysi)/(Yp)2 (Fernandez, 1992) 

)5(  \:�K �'X4�'� !�M5���  MP= (Ypi + Ysi)/2 (Rosielle and Hamblin, 1981) 

)6(  !�M5 %*"#) �'X4�'����  GMP= (Ypi ×Ysi)0.5 (Fernandez, 1992) 

)7(  �'X4�'� l'4����) !�M5���  HARM= (2×(Ypi × Ysi))/(Ypi + Ysi) (Bidinger et al., 1987) 

)8(  	�9(&S \:�K  YI= Ysi / Ys (Gavuzzi et al., 1997) 

)9(  	�9(&S .�7� \:�K  YSI= Ysi / Ypi (Bouslama and Schapaugh, 1984) 

)10(  %7Y4 G#� \:�K  RSI= (Ysi / Ypi) / (Ys + Yp) (Fischer and Wood, 1979) 
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Table 3. Analysis of variance for agronomic traits of barley promising lines under normal and drought stress 
conditions during two cropping years (2019-2021) 

Source of variation df 

Mean squares 

Days to heading Days to maturity Grain filling period 

2019-20 2020-21 1st year 2nd year 1st year 2nd year 

Stress 1 9.07 ns 12.67 ns 1050.2** 48.13 ns 1254.5** 11.41 ns 
Replication / (Stress) 4 5.97 50.67 33.53 27.42 12.13 24.26 

Line 19 48.36** 6.65** 9.00** 6.40 ns 26.45** 15.16** 
Line× Stress 19 7.85** 4.66 ns 3.52 ns 2.36 ns 6.87 ns 2.86 ns 

Error 76 2.56 2.85 3.43 4.09 4.15 2.34 

CV (%) - 1.76 1.96 1.36 1.63 4.52 4.04 
ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively. 

  

 H�"D3 -                                                                     6��	�                                                     Table 3. Continued  

Source of variation df 

Mean squares 

Plant height 1000 grain weight Grain yield 

2019-20 2020-21 1st year 2nd year 1st year 2nd year 

Stress 1 529.20 ns 106.41 ns 360.53** 63.66 ns 42.17* 75.60 ns 
Replication / (Stress) 4 762.79 19.01 4.97 233.92 2.42 13.22 

Line 19 160.79** 132.71** 50.11** 49.20** 2.38** 0.96 ns 
Line× Stress 19 18.76 ns 31.71 ns 6.80* 4.31 ns 0.62 ns 0.56 ns 

Error 76 28.64 32.61 3.32 4.83 0.39 0.78 

CV (%) - 5.74 8.07 4.57 5.78 8.37 16.96 
ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively. 
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Table 4. Mean comparison for agronomic traits of barley promising lines under drought stress and normal 
condition in two years 

Treatment 
Days to heading Days to maturity  Grain filling  period (day) 

2019-20 2020-21 2019-20 2020-21 2019-20 2020-21 
Environment       

Normal 90.6 a 86.4 a 138.9 a 124.5 a 48.3 a 38.1 a 
Drought stress 91.2 a 85.7 a 133.0 b 123.2 a 41.8 b 37.5 a 

Barley line       
1 94.5 ab 87.0 ab 137.5 ab 123.5 abc 43.0 efg 36.5 efg 
2 92.8 a-d 86.8 b 136.7 a-e 123.0 bc 43.8 d-g 36.2 fg 
3 92.8 a-d 86.0 bc 137.3 ab 124.5 abc 44.5 c-g 38.5 b-e 
4 93.7 abc 86.7 bc 137.7 a 123.3 abc 44.0 d-g 36.7 efg 
5 89.8 gh 84.8 bc 136.8 a-d 124.0 abc 47.0 bc 39.2 bcd 
6 91.7 c-g 86.2 bc 137.5 ab 126.0 a 45.8 cd 39.8 b 
7 90.0 gh 87.0 ab 134.2 e 123.2 bc 44.2 d-e 36.2 fg 
8 92.5 bcd 86.3 bc 136.3 a-e 123.5 abc 43.8 d-g 37.2 d-g 
9 90.2 fgh 86.5 bc 134.5 cde 124.0 abc 44.3 c-g 37.5 d-g 

10 92.2 c-f 84.3 c 136.5 a-e 126.0 a 44.3 c-g 41.7 a 
11 90.3 e-h 85.5 bc 136.3 a-e 124.3 abc 46.0 cd 38.8 bcd 
12 94.8 a 89.0 a 137.0 abc 124.7 abc 42.2 g 35.7 g 
13 92.3 cde 86.3 bc 136.2 a-e 124.0 abc 43.8 d-g 37.7 c-g 
14 85.3 ij 84.7 bc 134.2 e 123.8 abc 48.8 ab 39.2 bcd 
15 88.7 h 85.5 bc 134.3 de 123.5 abc 45.7 cde 38.0 b-f 
16 91.0 d-g 85.0 bc 136.2 a-e 123.3 abc 45.2 c-f 38.3 b-e 
17 91.8 c-g 85.3 bc 135.5 a-e 122.7 bc 43.7 d-g 37.3 d-g 
18 84.3 j 86.3 bc 134.2 e 122.0 c 49.8 a 35.7 g 
19 92.3 cde 86.2 bc 135.0 b-e 122.7 bc 42.7 fg 36.5 efg 
20 86.7 i 85.3 bc 135.3 a-e 125.0 ab 48.7 ab 39.7 bc 

Means followed by similar letter in each column are not significantly different at 5% probability level by  Duncan Test. 
 

 H�"D4 -                                                                                                                         6��	� Table 4. Continued  

Treatment 
Plant height 1000 grain weight Grain yield 

2019-20 2020-21 2019-20 2020-21 2019-20 2020-21 
Environment       

Normal a 91.1 a 71.7 a 41.6 a 38.7 a 8.05 a 6.00 
Drought stress a 95.3 a 69.8 b 38.1 a 37.3 b 6.86 a 4.42 

Barley line       
1 d-a 93.3 cde 65.5 cde 41.4 e-a 39.6 f-c 7.31 ab 5.43 
2 ab 97.0 ab 76.3 def 40.3 e-b 39.2 e-b 7.60 ab 4.82 
3 d-a 92.8 ab 74.5 cde 41.1 d-a 40.1 fg 6.63 b 4.68 
4 a 98.8 abc 71.5 f-c 40.7 e-b 39.0 abc 8.06 ab 5.33 
5 d-a 94.7 d-a 69.8 ab 44.6 a 42.2 abc 8.08 b 4.60 
6 bcd 90.8 cde 65.3 hi 36.3 g 34.8 e-b 7.51 ab 5.41 
7 e 84.0 de 62.5 i 35.3 h 31.3 f-c 7.35 ab 24.9 
8 d-a 93.8 abc 70.3 hi 36.7 fg 35.6 e-a 7.91 ab 5.56 
9 cde 89.2 e-b 68.7 fgh 38.5 efg 36.7 f-c 7.31 ab 5.18 

10 ab 96.8 ab 76.2 ghi 37.4 g 34.5 cde 7.46 ab 5.19 
11 abc 96.5 abc 71.3 bc 43.1 abc 41.4 ab 8.33 ab 5.35 
12 ab 97.0 abc 71.0 efg 39.3 e-a 539. def 7.13 ab 4.83 
13 d-a 95.7 ab 74.2 i 35.7 e-a 35.4 f-c 7.28 ab 5.03 
14 d-a 93.5 a 77.7 cd 42.0 fg 38.5 d-a 7.95 ab 5.64 
15 d-a 95.3 abc 70.8 bc 42.8 cde 39.3 e-b 7.66 ab 4.98 
16 a 98.3 a 77.0 def 39.9 e-a 38.6 e-b 7.53 ab 5.55 
17 d-a 96.2 ab 74.8 a 45.3 cde 41.8 ef 7.08 a 5.96 
18 f 77.3 e 62.0 hi 36.9 g 34.5 g 6.22 ab 4.85 
19 d-a 93.2 e-b 69.0 def 40.3 d-a 40.1 g 6.13 ab 4.91 
20 de 89.0 cde 66.3 g-d 39.6 def 38.1 a 8.54 a 5.99 

Means followed by similar letter in each column are not significantly different at 5% probability level by  Duncan Test. 
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 H�"D5 -  64�	 	�9(&S �'X4�'�20  �D GB5"'�� ��/65!��&) \:�K67�� � G#� 65 ;&0� � �'*�Y] ��)2$ �"#5�)  
Table 5. Average grain yield of 20 elite barley genotypes and tolerance and susceptibility indices and their ranking 

Barley line Yp R Ys R TOL R MP R GMP R HM R SSI R STI R YI R YSI R RDI R SR AR SD 

1 6.69 17 6.04 5 0.64 2 6.37 9 6.36 9 6.35 9 0.49 2 0.82 9 1.07 5 0.90 2 1.13 2 71 6.45 4.70 

2 6.90 14 5.52 12 1.38 10 6.21 14 6.17 13 6.13 13 1.01 10 0.77 13 0.98 12 0.80 10 1.00 10 131 11.91 1.64 

3 6.54 18 4.76 20 1.78 16 5.65 18 5.58 18 5.51 19 1.38 18 0.63 18 0.84 20 0.73 18 0.91 18 201 18.27 1.10 

4 7.74 2 5.65 10 2.09 18 6.70 5 6.61 5 6.53 5 1.37 17 0.89 5 1.00 10 0.73 17 0.91 17 111 10.09 6.12 

5 6.95 13 5.73 9 1.22 8 6.34 10 6.31 10 6.28 10 0.89 8 0.81 10 1.02 9 0.82 8 1.03 8 103 9.36 1.50 

6 7.18 10 5.74 8 1.44 11 6.46 8 6.42 8 6.38 8 1.02 11 0.84 8 1.02 8 0.80 11 1.00 11 102 9.27 1.49 

7 7.31 7 4.96 19 2.35 20 6.13 16 6.02 16 5.91 16 1.63 20 0.73 16 0.88 19 0.68 20 0.85 20 189 17.18 3.84 

8 7.50 3 5.96 6 1.54 14 6.73 4 6.69 4 6.64 4 1.04 13 0.91 4 1.06 6 0.79 13 0.99 13 84 7.64 4.54 

9 7.34 5 5.14 17 2.20 19 6.24 13 6.15 14 6.05 15 1.52 19 0.77 14 0.91 17 0.70 19 0.87 19 171 15.55 4.18 

10 7.22 9 5.44 14 1.78 16 6.33 11 6.26 12 6.20 12 1.25 16 0.80 12 0.96 14 0.75 16 0.94 16 148 13.45 2.42 

11 7.32 6 6.36 2 0.96 5 6.84 2 6.82 2 6.80 2 0.67 5 0.94 2 1.13 2 0.87 5 1.08 5 38 3.45 1.69 

12 6.75 16 5.21 16 1.53 13 5.98 17 5.93 17 5.88 17 1.15 15 0.71 17 0.92 16 0.77 15 0.96 15 174 15.82 1.25 

13 6.82 15 5.49 13 1.33 9 6.15 15 6.12 15 6.08 14 0.99 9 0.76 15 0.97 13 0.80 9 1.00 9 136 12.36 2.77 

14 7.34 4 6.24 3 1.11 7 6.79 3 6.77 3 6.75 3 0.76 6 0.93 3 1.11 3 0.85 6 1.06 6 47 4.27 1.62 

15 7.10 11 5.54 11 1.57 15 6.32 12 6.27 11 6.22 11 1.12 14 0.80 11 0.98 11 0.78 14 0.97 14 135 12.27 1.62 

16 6.98 12 6.10 4 0.88 3 6.54 6 6.52 6 6.51 6 0.64 3 0.86 6 1.08 4 0.87 3 1.09 3 56 5.09 2.66 

17 7.26 8 5.77 7 1.49 12 6.52 7 6.47 7 6.43 7 1.04 12 0.85 7 1.02 7 0.79 12 0.99 12 98 8.91 2.47 

18 5.78 20 5.29 15 0.49 1 5.53 19 5.53 19 5.52 18 0.43 1 0.62 19 0.94 15 0.92 1 1.14 1 129 11.73 8.65 

19 5.99 19 5.05 18 0.94 4 5.52 20 5.50 20 5.48 20 0.80 7 0.61 20 0.90 18 0.84 7 1.05 7 160 14.55 6.67 

20 7.78 1 6.76 1 1.01 6 7.27 1 7.25 1 7.23 1 0.66 4 1.07 1 1.20 1 0.87 4 1.08 4 25 2.27 1.85 
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 ;9K2-  ��	�&4#-���G ��/�)�D �  ^�*� �5\:�K��) Ys  

Yp  �STI  
Figure 2. Scatter plot of barley lines based on Ys, Yp 

and STI indices 

 ;9K3-  6�3W�6K�:�� 20 �D L�� � ��/ 6E1�_� 	���  
Figure 3. Cluster analysis of 20 studied barley lines 

and cultivars 
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Figure 4. Correlation coefficients between stress tolerance and sensitivity indices with grain yield under normal and 
stress conditions 
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Table 6. Mean grain yield and parametric and non-parametric stability statistics of the 20 elite barley lines 

Genotype GY S⁽¹⁾ S⁽²⁾ S⁽³⁾ S⁽⁶⁾ NP⁽¹⁾ NP⁽²⁾ NP⁽³⁾ NP⁽⁴⁾ Wᵢ² σ²ᵢ s²dᵢ bᵢ CVi θ₍ᵢ₎ θᵢ �R 

1 6.37 7.83 37.58 10.02 1.69 5.50 0.45 0.54 0.70 0.80 0.28 0.04 0.73 18.06 0.24 0.27 23 
2 6.21 7.17 32.92 11.29 1.94 4.25 0.45 0.65 0.82 0.77 0.27 0.09 1.15 29.20 0.24 0.26 26 
3 5.65 1.50 1.58 1.73 1.27 3.75 3.42 1.88 0.55 0.32 0.10 0.04 0.98 26.96 0.25 0.18 26 
4 6.70 5.67 20.33 4.21 0.83 5.75 0.48 0.45 0.39 0.77 0.27 0.03 1.29 29.65 0.24 0.26 18 
5 6.34 9.33 57.67 18.21 2.74 8.00 0.68 0.85 0.98 1.56 0.56 0.09 1.36 33.64 0.23 0.40 29 
6 6.46 1.17 0.92 0.23 0.26 2.75 0.07 0.28 0.10 0.05 0.00 0.01 0.96 22.79 0.25 0.14 11 
7 6.13 8.83 47.58 17.30 2.55 6.25 0.83 0.82 1.07 1.16 0.42 0.10 1.26 32.38 0.23 0.33 32 
8 6.73 2.00 2.67 0.53 0.27 3.00 0.40 0.22 0.13 0.12 0.03 0.01 1.06 24.10 0.25 0.15 8 
9 6.24 8.83 50.92 16.51 2.11 4.50 0.59 0.70 0.95 1.10 0.39 0.14 1.14 29.39 0.23 0.32 28 
10 6.33 3.00 6.00 1.80 0.80 4.25 0.19 0.43 0.30 0.16 0.04 0.01 1.09 26.43 0.25 0.16 17 
11 6.84 5.17 20.92 3.98 0.86 6.25 0.34 0.43 0.33 0.76 0.27 0.09 1.15 26.41 0.24 0.26 13 
12 5.98 2.67 4.33 2.36 1.09 1.00 0.73 0.20 0.48 0.05 0.00 0.00 1.04 26.65 0.25 0.14 19 
13 6.15 2.17 2.92 1.00 0.57 1.75 0.21 0.28 0.25 0.01 -0.01 0.00 0.99 24.63 0.26 0.13 16 
14 6.79 2.50 4.25 0.81 0.35 2.50 0.45 0.21 0.16 0.14 0.04 0.02 0.97 22.09 0.25 0.15 8 
15 6.32 5.67 20.33 5.81 1.14 4.75 0.36 0.51 0.54 0.47 0.16 0.04 1.16 28.55 0.25 0.21 21 
16 6.54 6.00 29.33 7.33 1.33 4.25 0.23 0.46 0.50 0.51 0.17 0.04 0.83 19.97 0.25 0.22 16 
17 6.52 10.00 66.67 16.67 2.33 8.00 0.58 0.67 0.83 1.28 0.46 0.07 0.66 16.63 0.23 0.35 25 
18 5.53 2.50 6.25 3.95 1.58 4.25 2.04 1.49 0.53 2.32 0.85 0.14 0.57 18.80 0.21 0.54 39 
19 5.52 4.17 14.92 10.53 2.71 7.50 2.20 1.78 0.98 1.25 0.45 0.01 0.59 16.32 0.23 0.35 37 
20 7.27 1.17 0.92 0.14 0.16 3.75 0.47 0.22 0.06 0.24 0.08 0.03 1.02 21.81 0.25 0.17 8 

GY, grain yield; S(1– 6), Nassar and Huehn’s and Huehn’s stability statistics; NP(1–4), Thennarasu’s stability statistics; Wᵢ², Wricke’s ecovalence; σ²ᵢ, Shukla’s stability variance; bi, 
regression coefficient; S²dᵢ, deviation from regression; CV, coefficient of variance; θ(i), GE variance component; θᵢ, mean variance component; KR, Kang’s sum of ranks; SD, standard 
deviation. 
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Figure 5. Correlation coefficients between grain yield with parametric and non-parametric stability statistics in 20 
studied barley lines 
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Abstract 
To overcome the increasing requirement of agricultural production in the future climate scenarios, 

the most effective and economic approach is to breed cultivars with high drought tolerance. To select 
drought tolerant lines in barley, 19 promising barley lines along with a check variety, Goharan, were 
evaluated under two environmental conditions, normal and terminal drought stress. The experiment 
was conducted in a randomized complete block design with three replications at the South Khorasan 
Agricultural and Natural Resources Research and Education Centre, during two cropping years, 2019-
2021. Comparison of the environmental means showed that days to maturity, grain filling period, 
1000-grain weight and grain yield of the studied lines in the first year were significantly reduced by 
drought stress. The results of the drought sensitivity and tolerane indices indicated that YI, HM, STI 
and GMP indices can be used to select barley cultivars and lines in the areas that are exposed to 
terminal drought stress, but in other areas, MP, STI, GMP and HM indices are suggested. Based on 
this result, lines number 20, 11 and 14 were respectively determined as the most tolerant lines to 
terminal drought stress in this experiment. Evaluation of stability indices and estimation of their 
correlation with grain yield of the studied lines also showed that grain yield had a positive and 
significant correlation with the variance of genotype and environment interaction (θ₍ᵢ₎) and regression 
coefficient (b) and a negative and significant correlation with the Kang (KR) and Thennarasu (NP(2,3)) 
statistics. In total, the results of most stability statistics investigated in this experiment showed that 
lines number 20, 14 and 8 were high-yielding and stable lines for cultivation under both normal and 
terminal drought stress conditions. 
 
Keywords: Agronomic traits, Cluster analysis, Correlation, Parametric and non-parametric statistics, 
Productivity  
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