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Drought, being the most common abiotic stress, is a major factor in crop yields as it 

limits crop production on a global basis. To evaluate the effects of foliar application 

with potassium (K) and zinc (Zn) in the pollination stage on morphological and 

physiological characteristics of wheat under water stress conditions, a split-factorial 

layout based on a randomized complete block design (RCBD) with three replicates 

have been carried out at the experimental farm of the Research, Education and 

Extension Center of Agriculture and Natural Resources of Hamadan during 2017-

2018. The main plot includes irrigation levels (normal and water stress) and the 

subplot, two factors of foliar application of potassium (K) and zinc (Zn) fertilizers. 

Potassium fertilizer from K2O source (40%) includes 2 liters per ha at three levels; I) 

without fertilizer (the control), II) leaf spray at the beginning of booting, and III) leaf 

spray after pollination. Also, zinc fertilizer from water-soluble zinc source (10%) 

includes four liters per ha in three levels: I) without fertilizer (the control), II) leaf 

spray at the beginning of booting, and III) the use of leaf spray after pollination. The 

results of the analysis of variance show a significant difference between treatments in 

all studied traits. Significant differences in all of the traits are observed under stress 

and normal irrigation. Co-application of potassium (K) and zinc (Zn) fertilizers, 

compared to the control, has increased evaluated morphological indices of HI (21%), 

grain yield (52%), total yield (29%), and TKW (25%) under stress conditions. 

Therefore, according to the results, the use of K and Zn fertilizers as a foliar 

application at the beginning of booting reduces the harmful effects of drought stress 

on the plant, increasing the yield and morphological characteristics of wheat. 
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 e_�1-  �f�J� L�
2- !"P+� ��%F$�� �P��� 4��F�� �� �Q�?3- !"P+� ���� 
� �6� �Q�?  57%� 
� 4�� �"2 � ����R�

) d� �� !"P+� 4��10 �� (�o�17� 	2�Q �.��  d�$F��4  e_� �� �� ��FH: �� �F*A1-  �f�J� L�
2- !"P+�-

? ��%F$�� �P��� 4��F�� �� �Q�3- !"P+� Q�? 
� �6� ����� ���R� ���aF�� ��Q �� 	�2 UI &Q X��Q (�2 �: .

 �P.�R20 �F��� �F�  !"8 �� ����H� 
�5  	�2 �F�) ���Q6 5����F� �F�? S� ���c� (�2 �� (�2 �: b*� .(�� ��"%
 

 �FR�� �M� �� 	Q�H� ���/� G2��, .�Q450  �� �,"���F�5��  �� 	�2 XJR !"8 �� ������� b*���*� .�Q �FR�� �M� ��
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 !���)1( Y�I .	�� ��Q ����� X+� &���
� 4���� 	R�� �"A� ��%Q pH ���� 9/6-5/7 � 	���: A�H��F�H ���� 

75/0-81/0 ��� g%9�
 �� �F�  !���) �"�2(.  �:���H, b*� �P.�R2 ��_[ 4��*�� GF$*� 
� .�Q �FR�� �M� �� �F� 4�

�� �"M%�  ���aF�� 4��*�� ��1*� q*[� !�F%2�Q .Q (�J'��*9*��� �� �� ���aF����"� d�*�� !��� �� 4)3(  ��Q �����

.	�� �� �"M%� ���� 
� X7[ � �%F$�� �P���
� g? 4��*�� 5_[ �F�"8� &%, !�9
�(�2 �� ����R� !�9
� �8"��� 4�:

(�2 �� .�Q 4��*�� ��F�"8� &%, �[�R 4�:�� �
�1� 	*R�~ ���� �� Y�I 	�"8� ya� bFR���M��� �� !"96� (�". -

) 4�Field Capacity��"9� .�Q !�9
� Y�I (�� �Q"I �� 
� 4�����  ���*�� �P��� �� (�2 �: 
� �R��J, (�".

��>�� � �Q L�c�� 	$�
 ��,"� u�a,�� X��Q ��HP9
 4�1�� � ��HP9
 �� U7,�� 4�: � ��Q"I �
� �X2 ��", ��Q"I u�a,�


� 	Q���� iI�Q � ���� ��HP9
 �������1: �
� ��Q"I �� ���� ���6, ��Q"I �� ���� �
� ��[�� u�a,�� ��[�� �
� q��8 

�
����4�*� b�� ��"9��: L�c�� 	R��0? .�7��+�4�: 4���� �� ���aF�� 
� L�� ��1R� )�'$� 1/9(SAS  L�c�� �Q .G:  b*%k

b*���*� �$��)� �"�
� 
� ���aF�� �� �:Lsmeans  !�9F�� e_� ��5 �� .���Q L�c�� �.�� �"M%� G�� ���"9� 1*� 
� 

L��  ��1R�Excel ���aF�� �Q.  

  
?;,� 1"#4��#� . M�C,���5 %��� (���� ; 350+� ��N� O�,
< �� �+ PQ� ,A� R,�C �� ?�� 1397-1398  

����I  	�/7���� b�����R �%a�� b9/� 4� �o� ���� �/� b*���*� 
���!�� 4�:  

        iI�Q�: 

9/19 6/12 9/7 1/3 0/2 5/1 7/4 7/8 0/16 48/8  97  
 ��� )˚C(  

5/20  2/14 9/7 5/6 3/0 4/0 5/2 7/6 6/16 4/8  98  

9/0  6  6/115  3/96  6/11  4/11  6/54  9/40  2/13  94/38  97  
) �������mm( 

4  3/41  2/187  9/44  6/39  2/49  8/89  4/72  1/16  5/60  98  

97/68 85/65 14/53 61/63 25/49 30/43 73/55 92/55 97/68 30/58  97  
) �7$� 	�"8�%(  

60/67 05/79 78/62 98/59 03/55 49/56 71/69 87/65 60/67 90/64  98  

���9: ���%Q�": ���F$�� :57%�  

  
?;,� 2�CD�; . �< ��#�-� ; ���#
#A �
U %)��� ������V �� W
) ��X �1 30 ����� ���  

!��  q9
  	R��  EC  pH   u�7Q� �.��  S:�  `�  	P*�  bQ  �A� b��2  �a$R  G*��F?  

  )cm(    (ds/m)    )%(  )ppm(  

97  30-0  ��"A-�%Q  75/0  5/7    45  16  5/5  34  5/60  66/0  6/27  400  

98  30-0  ��"A-�%Q  81/0  9/6    48  16  6  33  61  65/0  1/25  365  

  
 ?;,�3�� ���������0� ZV ���#
#A (�Q[�� .  ��#5V 

(�*."JI  pH �H��FHA� 	���:    �P2 (�%��2  (�aA"�  G*$P2  G�1*%�  G���  

    (ds/m)   )ppm(  

  3/7  750    2  0  4/1  4/4  1/3  3/2  

 

3 .5�� � 6!���  

;��F� ��1c, g������ �*NO, !"P+�4�� � G*��F? �Q�? (�a. �� �F�"8� &%, 	+, L�%� rPF'� �� !��� )3( ����� 

��Q 	��.  
� �2�� ;��F��*NO, �%6� ���)01/0P≤( :��9*,�u�a,�� �� rPF'� 4� !"8 ��P7%� �
� ��P7%�  �� ���� ���6,

�
� ��P7%� �� ���� �
� ��P7%� ������1:� �
� �X2 ��HP9
 ���� � iI�Q  !���) �"� L�%� �� 	Q����4 .(&*� �, b�

 (�a. ��1*� !���) ��� 	��� L�� !�� �� ����
����"�5�� `��� b�� �� .( ) L�� !��98���� ��HP9
 ( 8/19 �.��  �
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iI�Q 	Q���� 75/14  �.��&*� �, ) !�� !�� 
�1397 !���) �"� (5 .(G: b*%k &*� �,) ��*� u�a,�� ��1*� b�37/70 

�F��� �F�!"8 �( �P7%� )08/7 �F��� �F�(� �
� �P7%� )9/23 L��(� ) �P7%� �� ���� ���6,38  �
� �(��
 �P7%� �� ����

)59/20 5����F� �� L�� �(TKW )35/44 L��(� �
� X2 )14/137 5����F� �� L��(� ���� ��HP9
 )3/6962  �� L��"P*2

��FH: (iI�Q � 	Q���� )75/14 �.��( �� L�� !�� ��  !���) ��� 	��5 �� ������� b*���*� �� (��a, �� ��", �� .(

 !�� �� �81397  �1398  !���)1 � (&*� ������� b*���*� �"�� ��  !�� �� �,98�� �b�� ��",  �2 ��2 ��
o� ��"�

iI�Q � ��HP9
 &��1R� 	P
4�: �
���� rPF'�4�*� `�F�� �� ���Q  ��"�&*� �, �� L�� !�� �� d� !���) �Q��

1 !�� �� L�%� ��HP9
 .( L��5/19 &*� �.�� �� !�� !�� 
� �,  !���) ��� 	��5�N� .( 9*,�� 5_[ 4��*�� �� 4�� 

iI�Q����
����"� 4�: �%6���� )01/0P≤( ��"�  !���) 	��4( .�� Z*,�, b�� ��2 !�9
� ��9*, 5_[ 4��*�� �� �P��� 

���� 
� X7[ ����R� t
��  &:�222 �.�� ��  ���*� u�a,��32 �.�� �� !"8 ��P7%� 32 �.�� �� �
� ��P7%� 13 �.�� 

�� �������1: �
� 5/23 �.�� �� �
� X2  �5/34 �.�� �� ��HP9
 ���� 	7$� �� 4��*�� ��9*, !����  !���) �Q5( .

|n�9F�� �� ��", �� b�� �2 �� b�� &���
� ���� 
� �6� � �%*,"� 4��F�� �� 4��*�� 5_[��*� ����R� (�". � 	�� �FR�� 

�� �A�� �2 �, �,�� �6� 
� �� ��H�� �Q� ����� �"�� �FQ�� �	�� 5_[ ��*��4 t
�� r[", �Q� � &:�2 iI�Q 4�:

��HP9
 	��/� �� � �H�T"A"R�"� L�%� ��Q 	�� .&:�>? 4�: ���� G: ���� ���� 	�� �2 �"792 d� g? 
� �P��� 

���� ���R�� �2 �� ��*$�4 
� q8�%� ��/� 5��Q �	�� �� -"x� ���� "9� �� ��,"2 � ���*�� �H�T"A"�1*R �� "P� 

�� ��
���� �� 	)*)� ��,"2 ��Q ���� "9� G$*��H� 4���� 4��� ���R 
� �H�I �� ��HP9
 &:�2 �� �c%� �2 	��  �"Q

)Debilo et al., 2001.(  
�P7[ (�6A�_� ���� ���:� �2 �"792 d� �� X���� X7[ 
� ���� ����R� ��HP9
 ���� �� 58 �, 94 �.�� 	7$� 

�� �:�Q )4��*�� X��2 (&:�2 ���� 	�� )Rengel & Graham, 1995.( ;��F� X.�� 
� ��:�>? �� �?"*,� 

���� ���:� �2 �"792 d� (��N� �%6�4��� 4�� &:�2 ��HP9
 ���� 
� �"I �� 4�� �FQ�0� ) 	��Debilo et 

al., 2001�� XF'� Y�I 	�"8� &:�2 �N� �� 40K� ��"� d0� ��A�$H�I U���Q �� .( �c%� 	��/� �� �2 �"Q

��Q�%2 �� �� ���� e_� �� Y�I 
� ���6� ��"� ���F�� ���� 	
�� �� b�� 
� � �"Q w�� �� ���� &:�2 1*� �:

���F$� t
�� �A�$H�I .���� ��
�� L��%:��
 ��Q�� &:�2 �� v�6, 	
�� �c*F� �� ��Q �:G: � �:�  b*%k

�� ���+� 1*� �� ���": L���� �� ���� 
� 40K� ��"� !�)F��:�2 	P
 .�%2 �� �H�I &%, U���Q �� ��HP9
 &

��) 	$��� �:�*� 	R�� � Y�I �� ���6� ��"� � d� !�)F�� � ���F�� &:�2 ��",Da Silva et al., 2011 .(

;��F� �� 	�� ���� X.�� 
� ��1c, g������ �� !�� L�c�� &���
� ���� ���:� �2 5_[ 4��*�� �� e_� 1 �.�� 

�� 4�� iI�Q 	Q���� ��0��N� ��"�  !���) 	��3( .��%k �2 �M��� ���"Q �� �N� ��9*, 5_[ 4��*�� �� �P��� 

���� ����R� G2 b��, ���)� iI�Q ) 	Q����2/12 (�.�� �� 	�� ����  !���) 	��5( . &:�218  4�.��

�� !���� 4��*�� ��9*, �� �$��)� �� &%, ��9*, �� 	Q���� iI�Q ���", �� �*NO, X*A� �a%� 5_[ 4��*�� �� �P��� 

���� ����R� �� 	*R�~ �1'� � G: b*%k 	*R�~ 57%� 	$��� �2 	��/��� �� �c%� 2&:� iI�Q 	Q���� 

�� ���� ��*� �� .�"Q !�9
� &%, �F�"8� t
�� &:�2 ���� !"8 ���� ����R� �, ���*�� � 	��/��� &:�2 

iI�Q 	Q���� ���"Q .3��1� �: �2�� 
� �� 	�� �2 &%, �"792 d� �� �P��� ���� �����R� ���6, ���� �� 

�P7%� �� ���� 50 &:�2 �.�� ���� �	�� ��� &%, �� X���� �6� 
� ���� ����R� 4�*NO, �� ���6, ���� �� �P7%� 

�FQ��� 	�� .b�� ��� |n�9F�� �� X*A� &:�2 4�)� ��P�4�: ��Q�*A", � &:�2 4����� ��  �:�� �P��� ���� ����R� 

�� U���Q &%, ���Q�� )Rengel & Graham, 1995; Debilo et al., 2001(.  
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?;,� 4%��	1 . \�����; (��X ]9�[� R,�C �5 ?09@�B#���7 ;  ;� �A�7 �� F���A  ��#5V Z09^� ; G�1 �
-�  

(��**K, 5��%�  
 ����  

4��
�  

(�a. (�6��� b*���*�  

�P7%� �
�  �P7%� !"8  �P7%� �� ���� ���6,  �P7%� �� ���� �
�  

Year 1  **1134/836  **33333/56  **0023/170  **5208/728  

R )Year(  4  **6365/47  **5000/4  **0648/17  **3032/34  

Irr 1  **835/1870  **3333/161  **6134/3013  **020/1740  

Year*Irr 1  **18750/15  **08333/0  **5578/5  **5578/5  

Year(R*Irr) 4  *27546/0  **33333/9  ns06481/0  *3865/3  

K 2  **9236/199  **58333/30  **1550/533  **2384/222  

Year*K 2  **93280/12  **08333/0  **6273/6  **0625/17  

Irr*K 2  **97453/9  **083333/1  **3217/24  **0486/8  

Year*K*Zn 4  **991898/0  **083333/0  **0648/10  *2881/3  

Zn  2  **5625/55  **33333/9  **8217/96  **3495/55  

Year*Zn 2  **516204/0  **0833333/0  **87731/3  ns34027/0  

K*Zn 4  **3506/3  **333333/0  **00925/24  **72106/5  

Irr*Zn 2  **6906/6  **333333/0  **4050/21  **8958/6  

Irr*K*Zn  4  **58912/3  **58333/0  **3009/20  *3298/2  

Year*Irr*K 2  **5486/12  **0833333/0  **6828/39  **3634/11  

Year*Irr*Zn 2  **423611/0  **0833333/0  **8495/5  ns21064/0  

Year*Irr*K*Zn 4  **92013/3  **0833333/0  **16203/1  ns401620/1  

Error 64  052373/0  51426/1 03356/0  73292/0  

Total 107  -  -  -  -  

F value   41/1579  67/14  82/3427  31/105  

  
 %����?;,� 4%��	1 . \�����; (��X ]9�[� R,�C �5 ?09@�B#���7 ;  ;� �A�7 �� F���A  ��#5V Z09^� ; G�1 �
-�  

 5��%�(��**K,  
 ����  

4��
�  

(�a. (�6��� b*���*�  

��*� u�a,��  ������1: �
�  X2 �
�  ���� ��HP9
  	Q���� iI�Q  

Year 1  **6759/1206  **0092/436  **020/6745  **33600533  **5208/143  

R )Year(  4  **6481/227  **231481/67  **747/596  **3688368  **0287/6  

Irr 1  **6759/7516  **0833/954  **520/31775  **930039/1  **8112/199  

Year*Irr 1  ns03703/0  **0833/420  **2800/69  **1612246  ns3008/0  

Year(R*Irr) 4  ns14814/0  ns36111/0  *33102/0  **16851703  **16212/2  

K 2  **2314/1227  **6203/232  **168/3298  **34541969  **9850/36  

Year*K 2  ns675926/0  **28703/30  **63194/98  **1244617  **41861/2  

Irr*K 2  **34259/57  **02777/50  **637/504  **1954388  **0339/3  

Year*K*Zn 4  **63425/0  **17592/3  **5868/18  **64510111  **9247/1  

Zn  2  **3981/285  **39814/56  **1412/855  **68602097  **3517/10  

Year*Zn 2  **00925/2  **56481/1  **7152/22  **87596444  ns395277/0  

K*Zn 4  **3564/44  **42592/1  **1724/156  **91564777  **8259/3  

Irr*Zn 2  **6759/13  **69444/2  **9652/30  **44385125  **3495/6  

Irr*K*Zn  4  **21759/68  **47222/5  **5451/60  **84508348  ns73064/0  

Year*Irr*K 2  **787037/1  ns02777/0  **8495/106  **106372103  *5508/2  

Year*Irr*Zn 2  ns453704/0  **86111/4  **5300/4  **56856237  ns36861/0  

Year*Irr*K*Zn 4  **078704/1  **8888/9  **2141/16  **25921192  6661/0  

Error 64  14815/0 108796/0  07321/0  52856296  3186921/0  

Total 107  -  -  -  -  -  

F value   65/2081  60/623  16430  46/1531  67/86  
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?;,� 5%N��'� . "#4��#� (��=� ���� M ��#5V B#���7 ;  ;� �5 (��X ]9�[� R,�C 

  u�a,��  �P7%� !"8 �P7%� �
�  �P7%� �� ���� ���6,  �P7%� �� ���� �
�   �
�������1: X2 �
�  ���� ��HP9
  iI�Q	Q����  

  )cm(  )cm(  )g/m2(  )n/plant(  )g/m2( )g/m2(  )g/m2(  )Kg/ha(  )%(  

!��  

97 b69/63  b63/5  b3/18  b36  b39/15 b33/40  b34/121 b4/5584  b44/12  

98  a37/70  a08/7  a9/23  a5/38 a59/20 a35/44  a14/137 a3/6962  a75/14  

4��*��  

!����  a37/75  a58/7  a3/25  a43  a22 a31/45  a3/146  a7741  a9/14  

&%,  b69/58  b13/5  b02/17  b32 b98/13 b37/39  b112  b5067  b2/12  

) G*��F?K(  

�:�Q c94/60  c5/5  c01/19  c34  c77/15 c61/39  c119  c5519  b9/12  

�%F$�� b58/67  b25/6  b8/20  b36 b52/17 b77/42  Ab7/130  b6237 b1/13  

��������R� a58/72 a33/7 a65/23  a5/41 a68/20 a63/44 a9/137 a7456  a7/14 

) 4��Zn(  

�:�Q c58/64 c91/5 c18/20 c38 c01/17 c05/41 c5/124 Ac6007 b26/13 

�%F$�� b41/66 b25/6  b8/20 b37 b58/17  b41/42 b9/128 b6334  b31/13 

��������R� a11/70  a91/6 a5/22 a40 a38/19 a55/43 a2/134 a6872 a21/14 

  

�����2 G*��F? � 4�� �.�%
 �� ��4 iI�QL�%� ��HP9
 � �H�T"A"R�"� 4�:  �N��%6�) 4���01/0P≤(  ��� ����

 !���)4.( ��9*,  ��1*� �� G*��F?2  
� g? ��FH: �� �F*A���� ���R�� ����4 &*� �,b� ��HP9
 ) ����7456 L��"P*2 �� 

 !���) �"� (��FH:5 .(G: b*%k  ��9*,2  
� g? G*��F? ��FH: �� �F*A���� ���R�iI�Q ���� 	$��", � 4�:

�
���� 4�*�  ��9*, �� �$��)� �� ��Q!"P+� L�
) �:�Q !���) �:� &��1R� �� (�Q�?53��1� .( ���: �%7� �� &��1R� 

��HP9
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