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G1 AFTAB 

G2 BABAX/LR42//BABAX*2/3/KUKUNA/4/BACEU #1/5/BECARDCMSS07Y00885T-099TOPM-

099Y-099M-099Y-10M-0RGY 

G3 BABAX/LR42//BABAX*2/3/KUKUNA/4/CROSBILL #1/5/BECARDCMSS 07Y01006 T- 

099TOPM-099Y-099M-099NJ-099NJ-7RGY-0B 

G4 BABAX/LR42//BABAX*2/3/KUKUNA/4/CROSBILL #1/5/BECARD 

G5 BLOUK #1/5/FRET2*2/4/SNI/TRAP#1/3/ KAUZ*2/ TRAP//KAUZCMSS06B01047T-099TOPY-

099Y-11M-0Y-5B-0Y 

G6 KIRITATI//PRL/2*PASTOR/5/OASIS/SKAUZ//4*BCN/3/PASTOR/4/KAUZ*2/YACO//KAUZ/6/

KIRITATI//PRL/2*PASTORCMSS07Y00718T-099TOPM-099Y-099M-099Y-22M-0RGY 

G7 BAJ #1/3/KIRITATI//ATTILA*2/PASTOR CMSS07Y 00288S-0B-099Y-099M-099NJ-099NJ-

10WGY-0B 

G8 WBLL1*2/VIVITSI//MESIA/3/KIRITATI/WBLL1CMSS07Y00841T-099TOPM-099Y-099M-

099Y-12M-0WGY 

G9 SUP152/BAJ #1CMSS08Y00185S-099Y-099M-099NJ-099NJ-28WGY-0B 

G10 MUNAL*2/WESTONIACMSS08Y00871T-099TOPM-099Y-099M-099NJ-099NJ-66WGY-0B 

G11 CHEWINK #1/MUTUSCMSS08Y00485S-099Y-099M-099Y-5M-0WGY 

G12 MUNAL*2/WESTONIACMSS08Y00833T-099TOPM-099Y-099M-099NJ-099NJ-8WGY-0B 

G13 BABAX/LR42//BABAX*2/3/PAVON 7S3, +LR47/4/ND643/2*WBLL1 /5/BABAX /LR42// 

BABAX*2/3/PAVON 7S3, +LR47CMSS08B00634T-099TOPY-099M-099NJ-099NJ-24WGY-0B 

G14 QUAIU #1/5/KIRITATI/4/2*SERI.1B*2/3/ KAUZ*2/ BOW//KAUZ/6/ BECARD 

CMSS08B00645T-099TOPY-099M-099NJ-099NJ-6WGY-0B 

G15 KACHU/BECARD//WBLL1*2/BRAMBLINGCMSS07B00580T-099TOPY-099M-099NJ-099NJ-

10WGY-0B 

G16 KIRITATI//2*PRL/2*PASTOR/3/CHONTE/5/PRL/2*PASTOR/4/CHOIX/STAR/3/HE1/3*CNO79

//2*SERICMSS08B00732T-099TOPY-099M-099Y-6M-0WGY 

  

36  



                                                                                              U�/j�    
 />?k >�9�9'0*� 3�$�/  3��/2 ��D" /%$ 1399 

  

 V;21- 1,��(  !���*�( ���" $ �(� UQ U= �. %�,) Z��(.[ ) �E  %�, $�98-1396(  
Figure 1. Average temperature and rainfall in two cropping seasons (2017-2019) 

 !" !E�
 �"5�  >�:B !G $ #j $ ) � � !\R�m( ���(

 H��9(
$�:�(U �" 7#��5� �"�K" �� #���,   #�" 3� � ).�, �*

#j $ I��" 5�" .  ) �".���L >��B �*  ).�,�� #���, 

3� �) !m" � .  3��:�,  �" �*1:#2 J�n�  (  

)1            (                                
j

jij

ij
S

TT
P

−
=  

 7I[ �� !GijP  ��
��� 3#2�� #���,  �#=i  F�G�
 ) �"

��;</=-  �:Bj  7ijT  ��
��� !�R$  3� �i  F�G�
 ) �"

��;</=-  �:Bj  7jT ��
��� !/* 5�X���( F�G�
 ) �" �*

��;</=-  �:Bj  ��;</= F�G�
 ���\( 6 �'�   $-  �:Bj  

��
��� !/* �� .�,  �*  

)�"� >?GYT  J$� $ %$  U<B  !:R�( $� )�K_( �"

)PC1  $PC2) ��:K( ����9( !" !�^n
 .  VB�j (SVD (

3� � )�* 3#2�� #���, J�n�   7��:K( ����9( !" !�^n
 .#2

3� � )�*GYT  34�$ ����9( 7��
��� 34�$ ����9( !"  �

��;</= F�G�
- U( !�^n
 ��:K( ����9( $ �:B %#( .#KG

!" �$� 5�  )��([) !m" � >��B2) �,  (Yan and 

Fregeau-Reid, 2018:(   

)2(              

ij

2j

α1

2

i2

α

2

1j

α1

1

i1

α

1ij

ε
d

τλ
)ζ(dλ

d

τλ
)ζ(dλP

+













+














=

−

−

  

 !G ��I[ 7i1ζ  $i2ζ !"34�$ ����9( F�
�
 !:R�( )�*

J$� $ %$  U<B  )1PC  $2PC ( ��
��� ) �"i  71jτ  $2jτ 
!" 34�$ ����9( F�
�
PC1  $PC2 ��;</= F�G�
 ) �"- 

 �:Bj  71λ  $2λ !"!:R�( ��:K( ����9( F�
�
 U<B  )�*

J$� $ %$  7ijε  7%#( 3#��/�S�" ��l[α 0�W9
 ���G�� )#K"

 7��:K( ����9( !G U
��B ��α=1  %�b( ) �")SVD=1  ��

GGE-Biplot)�" 7(��
��� �" >?� ) �" $ 3#2 ^G�/�( �*

��
��� !W��9(U
��B �� 7�,  #K(��, �* !Gα=0 

)SVD=2)�" 7(��;</= F�G�
 �" >?�-  ^G�/�( �:B

��;</= >�_�G�
 5�" UX�W_/* Z��/� ) �" $ 3#2-  �:B

 1" $� .�,  #K(��, ��
���× ��;</= F�G�
-  .  �:B

 ����� α  H��9( .�,  !���X� ��l�
d !"!��L �����  ) 

��
��� 5�" �� � ��" 5��
#K<" %�Q !G �,  3#2 %�Q �" �*

 5�" �� I[��;</= F�G�
- �:B  .#2�" �" �"  

)�" >?�GYT  >?� �" 711 i

α
ζdλ  V"�9( ��22 i

α
ζdλ 

��
��� ) �" $ �*
d

j1

1

1 τλ α−

  V"�9( ��
d

j2

1

2 τλ α−

  ) �"

F�G�
 ��;</=- !" �:B)�" !�^n
 .#([ �,� >?�GYT 

J�� .  3��:�,  �" � ^� GGEBiplot  .#2 J�n�  

  

  

  

  

0

5

10

15

20

25

30

0

50

100

150

200

250

300

350

A
v
er

ag
e 

te
m

p
er

at
u
re

 (
o
C

)

R
ai

n
fa

ll
 (

m
m

)

 UL#���"-  U= �. %�,97-1396  U= �. %�, UL#���"98-1397
�(� 1,��(-  U= �. %�,97-1396 �(� 1,��(-  U= �. %�,98-1397

   Oct.      Nov.       Dec.       Jan.       Feb.       Mar.       Apr.      May       Jun. 

Rainfall (2017-18)  

Average temperature (2017-18) 

Rainfall (2018-19)  

Average temperature (2018-19) 

46  



�����  ��
��� )�*�
�" .  3��:�,  �" I�� J#KL �$�)�">?� GYT                         />?k >�9�9'
�$�0*� 3/  3��/2 ��D" /%$ 1399  

H�� � I%�)*  

+�	,*- C*�� �/78�9$%�,� � 'E #%�/� � �� ��0 .��

D%�>&E .�/J�  

��
��� !� � ��;</= U,��" UQ !\R�m( ���( J#KL )�*

 !G � � I�Y� Z��(.[ ) �E  %�, $���
��� !� � ��;</=* �

  .1939  ��
��� ) �" ���;* �� J�L�<�GG3  J$� %�, ��

 �
4261  ��
��� ) �" ���;* �� J�L�<�GG1  %$  %�, ��

��" ��p�( Z��(.[ ) �E   %$#E)2( $ � #9( �� >$�:
 .

%�, �� UL#���" g�.�
Z��(.[ ) �E  )�* U(!" #� �
 I �K=

 �" � �L��l�
 V( �= .  U;� !� � ��;</= !K( � )f�" > ���p


��
����" ��([ >$�:
 .#2�" �* �� UL#�� $� ) �E  %�,

� UL#���" g�.�
 >$�:�( )�XR  7Z��(.[ V;2) � � I�Y�  

1(7 !")��Q  U= �. %�, !G97-1396 7��E$ �" ^����) 

0G) I ��"39 U<�( �YD_���  $ 5���$�� 7(UL#���" ��(

� ��"��U �2 � $  {�_��9
 55 ���" VG .  #B�� )�*  � %�,

V(�2 #27 UR�j �� %�, �� !G U= �.98-1397 ��E$ �" 7

309 U<�(5��$�� %$  !/�� �� UL#���" ��( UL#���" 73�(

) UG#�  ���W"6 U<�( �YD_���  �� (��(!"�,��� x�S$  $

��
��� !� � ��;</= Z*�G !" �(  5�  U= �. %�, 5�  �� �*

.#2 �nK(  � �( )�Y�W2 ^�� $ �(� 1,��( Z*�G !�_R 

!" O�- U� �kUL#���" �<=5���$�� �� #�#2 )�* %�, 3�(

U( ^�� Z��(.[ %$  %�, !" �_W� Z��(.[ ) �E  J$� #� �


��
��� !� � ��;</= Z*�G �" �l�( V( �= . .#2�" �*   

 !� � ��;</= 1,��( 7Z��(.[ ) �E  %�, $� ��

��
��� 5�" �*3433-2731  %$#E) ��" ���;* �� J�L�<�G

2Z�" .(�� .  !� � ��;</= 5��
��
� )�*G1  7(����[ 0S�)

G15  $G8 !" 5�X���( �" F�
�
3433 73269  $3232 

!" ���;* �� J�L�<�G .#([ �,���
��� )�*G4  $G13  ^��

!" ��;</= 5�X���( �" F�
�
2732  $2800  �� J�L�<�G

0G 7���;*.#���G #�R�
  � !� � ��;</= 5��
   

 %$#EGYT  �" $ �:B �* F�G�
 H�,  !� � ��;</=

) ����L�� $ I�� �$� 8_QYan and Fregeau-Reid, 

2018" (! %$#E) #([ �,�3" .( ) � 5� 7��NK(  ����9(

:B� !a<_K, � #\
 7`Y�� %�Q 7!<_K, %�Q 7!
�" x�:
�  >

.$ 7!<_K, �� !� � � #\
 7!<_K, �� I.$ $ !<_K, �� !� � I

!� � � ^* �:B F�G�
 $ #2 ��] !� � ��;</= ��-  ��;</=

" !� �! �
 .$� � #\
 >�:B ) �" 5�Ka/* .#([ �,�

!<_K,I[ )f�" ����9( !G UL#�,� �
 .$� � #\
 $ U*� �*

 .#2 0�W9
 !� � ��;</= �" �:B �* � #9( 7�,  ��<m(��

 d-�2GYT  �* >�_�G�
 5�X���( !_,�'( .  ^�� ��
���

�:B - ��;</= I[ !� � H�,  �"  %$#EGYT � #���,  3#2

"!) #([ �,�Yan et al., 2019.(  

  

 %$#E2-  >�:B 5�X���(3. #�  �� 3#2 )��L16 J#KL ��
��� I�� $� UQ �,) �E  % Z��(.[ 

Table 2. Average of measured traits in 16 bread wheat genotypes in two experimental years 
GY  

(kg/ha) 
DM DH 

TKW 

(g) 

GWPS 

(g) 
NGPS NSPS 

AL 

(cm) 

SL 

(cm) 

PH 

(cm) 
Genotype

†
 

3433.3 182.9 139.8 39.8 1.7 39.9 15.7 6.4 9.0 74.2 G1 

3069.8 184.6 139.0 46.5 2.0 42.2 16.1 5.6 9.2 74.6 G2 

3098.6 185.1 139.8 44.5 1.9 42.0 16.0 6.2 9.8 80.3 G3 

2731.6 185.0 139.9 43.2 1.8 39.2 15.5 5.9 8.7 73.3 G4 

3059.7 185.4 140.4 45.2 1.8 40.1 15.7 6.1 8.3 74.9 G5 

2884.7 183.5 138.5 41.4 1.7 38.7 15.5 5.6 8.5 80.9 G6 

2761.8 183.6 140.1 40.5 1.7 39.9 16.5 5.5 8.4 79.7 G7 

3231.6 185.3 143.5 42.9 2.1 47.5 17.0 6.0 9.2 81.0 G8 

3021.2 185.8 144.5 39.5 1.7 40.7 16.5 6.2 9.1 83.7 G9 

3249.7 185.0 143.3 41.9 1.6 37.7 15.6 5.9 8.5 80.7 G10 

3105.2 185.8 144.3 37.1 1.6 39.0 16.4 5.8 8.6 85.3 G11 

3161.8 185.1 141.6 38.0 1.7 39.6 15.8 5.7 8.5 80.1 G12 

2800.3 183.9 138.9 33.7 1.5 40.5 14.3 4.6 7.4 73.5 G13 

2760.4 185.5 142.1 37.8 1.7 43.4 16.6 5.6 8.4 76.2 G14 

3268.8 185.0 140.1 43.4 2.0 41.2 17.0 6.2 9.1 82.1 G15 

3046.5 185.6 141.0 42.1 1.9 41.4 15.9 6.7 8.9 80.9 G16 
†:  

Trait abbreviations are: PH, plant height; SL, spike length; AL, awn length; NSPS, number of spikelet per spike; 

NGPS, number of grain per spike; GWPS, grain weight per spike; TKW, 1000-kernel weight; DH, days to heading; 

DM, days to maturity; Y, grain yield. 
  

56  



                                                                                              U�/j�    
 />?k >�9�9'0*� 3�$�/  3��/2 ��D" /%$ 1399 

 %$#E3- � #9(  �� ��
�����;</= ×  �:B)GYT (�� 16  J#KL ��
���$� UQ Z��(.[ ) �E  %�,  
Table 3. Genotype by yield×trait (GYT) data in 16 wheat genotypes in two experimental years 

Y×DM Y×DH Y×TKW Y×GWPS Y×NGPS Y×NSPS Y×AL Y×SL Y×PH Genotype 

18.8 24.6 136519.5 5667.7 136901.4 53930.9 22100.2 31013.8 254691.0 G1 

16.6 22.1 142756.8 6201.0 129442.9 49500.4 17266.3 28165.3 229006.5 G2 

16.7 22.2 137770.7 5948.0 130270.8 49448.7 19069.4 30340.6 248779.7 G3 

14.8 19.5 117912.8 4911.2 107101.4 42453.6 16167.6 23890.1 200180.5 G4 

16.5 21.8 138163.8 5590.4 122771.4 48063.1 18680.9 25281.0 229224.2 G5 

15.7 20.8 119366.3 4887.2 111542.6 44833.4 16206.1 24640.3 233458.2 G6 

15.0 19.7 111916.7 4727.3 110305.4 45569.8 15280.8 23061.1 220208.0 G7 

17.4 22.5 138691.7 6758.1 153366.2 54802.5 19470.4 29824.9 261705.5 G8 

16.3 20.9 119247.0 5069.3 122987.2 49723.6 18693.6 27480.2 252734.3 G9 

17.6 22.7 136030.2 5156.1 122539.0 50775.8 19068.7 27459.6 262179.3 G10 

16.7 21.5 115164.9 5069.3 121103.1 50847.8 18161.6 26717.7 264926.0 G11 

17.1 22.3 120224.0 5525.3 125286.5 50061.9 18121.1 26875.3 253207.9 G12 

15.2 20.2 94339.8 4246.0 113297.4 39904.9 12753.2 20792.6 205767.2 G13 

14.9 19.4 104385.6 4782.4 119848.1 45891.9 15338.7 23107.0 210286.2 G14 

17.7 23.3 141729.5 6387.7 134699.7 55568.8 20172.3 29745.6 268337.1 G15 

16.4 21.6 128333.8 5648.8 126050.1 48490.6 20449.8 27037.9 246553.0 G16 
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Figure 2. Which-won-where view of the genotype by yield×trait biplot: a. 2017-18, b. 2018-19, c. average two years. 
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Figure 3. The vector view of the genotype by yield×trait biplot. a. 2017-18, b. 2018-19, c. average two years. 
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Abstract 
Selection of high yielding and stable genotypes is especially important for rainfed conditions. The 

objective of this study was to use the genotype by yield × trait (GYT) biplot method to select superior 

bread wheat genotypes based on yield-trait combinations under rain-fed conditions. To this end, 16 

bread wheat genotypes were assessed in a randomized complete block design with four replications in 

two cropping seasons, 2017-2019. Comparison of average grain yield of genotypes in the experimental 

years showed that genotypes G1 (Aftab), G15 and G8 had the highest grain yield with an average yield 

3433, 3269 and 3233 kg/ha, respectively. The result of polygon view of GYT biplot showed that G8 

was the best genotype in combining grain yield with 1000-kernel weight, number of grain per spike and 

spike length. Similarity, G1 also had a relative superiority in combining grain yield with number of 

spikelet per spike, awn length and early maturity. Average tester coordinate (ATC) view of GYT biplot 

indentified genotypes G8, G1 and G15 with all positive yield-trait combinations as the best genotypes 

and genotypes G14, G4, G13 and G7 as the weakest genotypes. Genotypes G15 and G16 were also 

balanced for yield- trait combinations. Ranking of the genotypes based on GYT index showed that 

genotypes G8, G1 and G15 had the best genotypes in combining grain yield with the evaluated traits in 

the experimental years. Based on the results of this study, high correlations were observed between 

1000-kernel weight, number of grain per spike and grain weight per spike in combination with grain 

yield, indicating high efficiency of combining these traits with grain yield to improve productivity of 

bread wheat genotypes under rainfed conditions. 
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