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AB  ����1 (Deficit Irrigation) �C�D��E �CB *CF�+F� -%!C+G �C�

 >H!ICJ3 	�!C3 �	 �C'%�%	 %� 01 K�IC3 -�3($%� L�%M�%

 ��CB �� 4*�1 5��$ �N$ 5% OE!��� >H!IJ3 P!IQ �� 4RD.S3

 �'% 6() �.��T .�+F� U�% �C�VB �C� ACW / �C�X�B �C� AW Y

�C'% �%�T��Z[� >H!IJ3.�C\!T YC� -%!C+G �C� MC�$ *C8$��

 *C]�Q �C�VW% 5% 4�%!$�CQ (:C' �	 K�IC3 �� �̂.:=$ ?!IJ3

 �C� _�C:��% �	 *XD.S3 >�`�`J� 	�%	 >�/�a / 6	!� �%	�!Q��

 A�b� ��Z[� AB ?�VG% �/� /  ����1 RD.S3  �W -1  /�  ����1

	!) c�"$%.

AB ���1 ����(C3 d!C$ Y� �FD� 4�=�$  ����1 �/� Y�  �

 6�2�  ��!� / %��B *3 ��V) ��  �%	�� �CB 	/� ��Z[C� 6eC�/ �	  %

 	�%	  5�/�#B 	�I.E% �	 �̂.��2$ / 01 O��+3 ����(3)9f(.

*#CS�  ��C��1 Y�+F� �	(Partial Rootzone Drying, PRD) 

*C3 A�=C`� �V=E /	 �� 6��T �#�� A.=�' �CW �	 / 	!C) ��C� 
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 *3 *E�� Y#Q 0/�C+� *Ch 6(C)  ��C��1 �V=CE / ($�3  �CW

 ���\ *<�VG% ����(3 �� �.=� RD.S3 *3 �\ 	!) .K(W OE%/ �	

 5% *#CS� gC`� -�C35 �W �	 �B 4�'% 01 iXj 4 ����1 U�% 5%

 *3 0!h�3 �#�� ��j�$ 	!) ./	 UC�% 4?�j �W �� ?�CVG% �/�

 (C$�%	 >/�CX� ACW ��  (�DB �:+\ /	 5%  ����1 .ACB �C�  ��C��1

 *C3 -�C35 6�%	% / ����(3 ?�VG% OE%/ �	 *.+' �/� �	 (C)��

*<�j -�CF3  /�  ��F.C'	 / ����(3 ?�VG% *#S�  ����1 �B

�'%.
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 6(C) 01 K�I3 *�%��B -() AB lG�� 401 �.#�� LW�B *</

�'% .LW�CB M�$ ?!IJ3 (�<!� 4*��I3 01 -%M�3 -() AB ��

 �'% �.��� .m�J< �� �3%U�% �,_!��3 LW�B 5% �.VB LW�B U�% 

6	!� 01 	!:VB ��4�C'% 6(C) ��	�C�5 01 K�I3 *�%��B %�< .

`�`J� n��.$C/ U�� >� /�	 )9o(#C$ MC�$C*C3 -� CW	C�C� �CB (

*C3 L�%M�% 01 K�I3 *�%��B401 K�I3 LW�B (C��� .-���C)

 	%e$)f(�C� %� -�C�3 �	 YC�  ���C)  ��C��1 ��Z[C� *`�`J� �	

 ��' 01 K�I3 -�3($%� �CB 	%	 -�#C$ / 	�CB *C'��� *C+�35

 *+k3 �!h �� �!B�3 �/� L�%MC�% %� 01 K�I3 -�3($%�  �%	

*3 (W	.

 ����1 ��8V#p LW�, -/(� %� 01 	����B -�3($%� 4*#S� 

*C3 	!:2� 	�FDVG �	 (#CS�)fq.(5% *#CS� YC�+F� UC�% �	

 *C3 -(C) r#CQ s�k3 �	 �#�� A.=�' *<�Cj �	 (C)�� �C,

 *E�� �V=E *3  ����1 ?!Vk3 �!h �� 6($�3 	!) .r#CQ LCS�

 6�C�T *�1 5��$ / t�Q -() r#Q �G�' &��u3 0/�+� �� �� /

���\ �\3*($!) .�C�5  �!C@� /	 v�C'% �C�  ����1 A.=�' U�%

*3 �%!.'% ()�� :

R<% (�$5/� 5% *k�'/ *T() 5�� Ĥ!Vk3 -�W��T w3�,  ����1 �CW
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*3 c��� -	�.'�� �� ($%!� c%(C$% �V' �� *��W 4*�%!CW  �CW

 z7G *7#Q �� �:=$ �.=C� lCG�� / (CW	 -�#C$ wVk<%

�$5/� -() 	!) �W)o.(

*3 *#S�  ����1 �	!C) c�C"$% �C��Z / 0/�+.3 >�!] �� ($%!�

 / �� �V�$ /	 *+k� (C+p �W �	 �� ��� �W �	 �'% UFV3 Y#Q
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01 	����CCB -�3(CC$%� / Y#CCQ (CC$	!V+$ 	�CC"�% )f{.(/ MCC�/H
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*3 %(�� 	!:2� 6!�3 ��X�B �C$5/� ��%(CW 4M.+'!.� *</ (+B /  %

*3 LW�B 6��T ()� (���.

-%��CC7VW / *CC:W/){f( �CCW��V�� ��Z[CC�PRD   /� %� 

 �W��V�� �, (+.��T �"�.$ / ($	�, *'��� -!.�5 -�.Q�	 PRD 

�$5/� �3/�`3 L�%M�% 4|�� 01 �:=$ �� �k.3 /  % w�=C$�.� �̂:E

 ($�%	  ��8V#p �Z% |�� 01.?	�k� �	 6��T 01 w�=$�.� -!p

 �'% y�Q 0!h�3 LS� ��)f}( ��C��1 �J� -�W��T U�%���+�

PRD  ��C��1 *�!CQ �C� �CB *$�CW��T w~3 4%� 6��T 01 w�=$�.� 

6() *3 �8$ H�� 4($% ($�%	 )9�/{q.(-%��CFVW / ?!.C'%)9�(

$�.� �	 ($	%	 -�#$ M�$ �J� |�� 01 w�= PRD (C�(�  �C����

*V$ -/(C+�� /  %�	 *C</ (�1)fx(*#CS�  ��C��1 *C'��� �	

(CC$	�B 6(W�#CC3 %� w�=CC$�.� �	 LW�CCB 4�!CC8$%  /� ./ !CC8+�3

 -%��FVW)9�(-%��FVW / �+�/!T /)fo(�C� �CB (C$	�B -�C��

 �#�� 5% *V�$  %�� 01 -	�B AW%�� ?!D' v�31 4�W 5% �.#C�� �W

 �'% *.E/*3 c�"$% w3�B  ����1 �B	!).

*3 *#S�  ����1 �%(C`3 / (C+B Y��J� %� �#�� ()� ($%!�

 c%($%  b!<!�M�� A�N+�  %�� ?�+8�' *.��Z (+B 	�"�% *�%!W  �W.

*<�j �	 AB �J� -�W��T �	 �B�#�� 5% *�k� *.+'  ����1 �CW

 *3 �%�E Y#Q y�Q �	 *$H!h >(3  %�� �B($��T4*3(C$��3 

8�' /?�+ *3 LW�B %� �W �	 01 	!C:VB lCG�� �C3% U�% / (+W	

 *3 *�%!W c%($% 	!) )}.(?�+8�' U�% �k�:h 6(C���� ���=C� �CW

 ?�+8�' �� >H�`3 5% *�k� �	 4�'% 6(C) 6��C)% *���V�)  �W

)�4fo/9�(?�+8�CC' *�CCk� �	 4*F�</�(CC�W  �CCW){�(/

6(G 6	�B 	�� d!$ /	 �W 5% AW  % ($%)�/{x(.

*���5�% *3 -�#$ �W �#�� �B (W	 y�CQ *.�!h� g�%�) �� �W

v�=j %c��� -	�.'�� �� / ($ 	�C"�% lCG�� *�%!CW c%($% �� *��W


'�� �C$5/� -(C) �.=C� wC~3 *G��	  �W -	�CB 	/(CJ3 / �CW

 |�� �k'!� / ()� �G�' �(CW LW�CB �C\!3 �"�.$ �	 / �W

 *3 01 ��� ($!))o4fo4f�49q/{q.(%̂�C�Q% 5!.$�C' v/	 

-%��CCFVW /)ff(�CCJ� -�CCW��T 	�!CC3 �	  �.#CC�� >�CCG�h%

 *#S�  ����1 �'	 ��*3 -�#$ �B ($	�/1  ��C��1 d!$ U�% (W	

 �$5/� ��%(W  	 ��:~� �	 ��Z[� -/(� %�  % (�=B% LW�CB U��CB

*3 01 K�I3 -�3($%� L�%M�% lG�� / 6	%	 	!) .

?�+8�' *`�`J� �	 Z% �	 6() 6	�.'��  �W Y�+F� �PRD 5% 

c%($% �� �#�� () *���5�% ��' �	 *�%!W  �W .g�%�) U�% �J�

 (�'% Y�=�=�1 6��T 4()�(ABA)*3 	%51 LW�CB lG�� �B 	�B

 |�� ()� 5�� / �W �$5/� *T() *C3 �W �G�C' �C"�.$ �	 / (C)

 *3 LW�B %� ��k� 	%	 .*</ -�3(C$%� 4	�CFDVG �	 �C���� -/(C� 

%� 01 	����B *3 	!:2� (�#S� .?�+8�' U�% ��H�C� �!uC' �	 �W

 ($����8V#p 4L+�)9{.(Y�=C�=�1 *'�'% L`$ Y� OE%/ �	

 �C$5/� *T(C) 5�� ?�.+B (�'% �C'�W){{(�C\%!3 -�C35 �	 /

�$5/� -() �.=� �\!3 01 	!:VB �� -() *3 �W 	!C) .UC�% �	

 / >�C:B�3 4�!8$%  /� ��<%�.'% ?�V) �	  	��5 >�`�`J� �+�35

 *��T �'% 6() c�"$% .�C� %� �#C�� �V' Y� �B *3�8+W �2$1

 *3  ����1 ��� Y� �.XW /	 �W 0/�+.3 �!h �CB (C+.����	 4($	�B

 �CJ� -�W��T �� �=��`3 �	 -�W��T U�% �	 (�'% Y�=�=�1 �u'

 �$5/� *T() 5�� / �'% ��H�� *.+'  ����1 LW�CB �C2$1 �	 �CW

*3 (���)9�/9�(.

`3 K(CW �� �a�j LW/e� d!C$ /	 ��Z[C� *��C�5�% / �=C��

 AB ����(3 *+k� �����1PRD �/� 5% *7� -%!+G ��U�!$  �W

A, A, /  ����1 -%!C+G �C� wC3�,  ����1 �� v��E �	 *.+'  ����1

 *CCQ�� MCC�$ / 01 K�ICC3 -�3(CC$%� / 	�CCFDVG �CC� (W�CC)

 �\!T 6��T Y�b!<!+� / Y�b!<!�M�� >��]!IQ c�C"$% *C8$��

�'% 6().

� �  ;��u�	#

 5�/�#CB 6(F#C$%	 *��C`�`J� �$�SDT >�/�"3 �	 &�`J� U�%

 () c�"$% 	�B�2) 6�8#$%	 .�	 L��C351 �`u+3ox/ �C\�	 of

/ *E�) ?!h �`�E	{9/ �\�	 f��	 / *<�VC) s�CG �`�E	 

d�X��%9xqf �CV�$ A�CDE%  %�%	 / 6(C) OCE%/ ���	 �u' 5% �.3 

r#Q)U���3/	 �/� �� (�'%.

6�/	 ?!h �	 �`u+3 �~B%(j / wE%(j  �3	 *'��� �/{�

*.$�' �\�	 U�� *:=$ ��!h� / 	%�T�����	!� (]�	 . %�C�

 %(.�% L��351 c�"$%�#$ �C\!T 6�C�T *C8$�� �C$%MQ �	 �̂:CE �CB

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

50
.1

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-0

5-
17

 ]
 

                             3 / 11

https://dorl.net/dor/20.1001.1.24763594.1388.13.50.1.5
https://jstnar.iut.ac.ir/article-1-1182-en.html


����� ��	
� � ���	�� ��
� � ���� �	� � �� ���� �/�	� !��"#/$�	%& "#	'
( /�	)*�� +,-- 

�

	!� 6() �#B / w`.+3 ��h wJ3 ��	%(k� �	9x�:k\ �#C, 

() .�:k\ z+\ *�!p �W d�X��% / s�G 4?!h �� / 	!� qx4{o

/�x*.$�' (�	�T 0�S.$% �.3($.�:k\ �W �	 �C' �#C$ �#CB

() .�:k\ y�Q 	!� *'� c!< g'!.3 ����  %�%	�W.

�̂3�, ��h �<�E �	 L��351 �� *�	�I� o/ ��CV�� ��%�C7� 

() c�"$% .w3�B  ����1 ��V�� �	(FI) 4fxx 6�C�T *�1 5��$ (]�	 

���T �%�E -1 ���.Q% �	 .AB  �W��V�� �	 1*.+'  ����)DI75 /
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 AB  �W��V�� �C� Ĥ�CV.j% d!a!3 U�% / ($	!� �.=� *.+'  ����1

 �W��V�� U�% �	 (�'% Y�=�=�1 �)�� L�%M�% w�<	 �'%)wFC)

o.(�C\!3 *#S�  ����1  �W��V�� �	 (�'% Y�=�=�1 L�%M�%

*CC3�CC$5/� *T(CC)5�� ?�CC.+B �CC� 6�CC�T 	!CC) LW�CCB -/(CC� �CCW

 	!CQ 5%  �.#C�� wCVJ� L+C� ��%�� �	 M.+'!.� �	  ��8V#p

 (+W	 -�#$ .n��.$ �� �"�.$ U�% �'	 ��M�/H/  %�	 g'!� 6(31 

)�(-%��CCFVW / Y�F�.CC'% /)9}(�CC`��u3	�%	 ./ !CC�	%��

 z�!�	){x(�$%b / z�!�	 /)o((C��[� %� d!Ca!3 UC�% M�$

($	�B.

5�� �uE �$5/� *T() ACB / wC3�B  ��C��1  �W��V�� �	 �W-

	!� *#S�  ����1  �W��V�� 5% �.#�� *.+'  ����1)wF)q(.�	

*#CCS�  ��CC��1  �CCW��V�� �	 *T(CC)5�� �CCuE LW�CCB OCCE%/

 � �	 6��T �B �'% *V=�$�F3 �C� (�'% Y�=�=�1 L�%M�% �� 
'�

 *3 ��B *3 6��T �	 01 iXj / ��k� LW�B �\!3 / 	�� 	!C) .

c%(C$% 01 U.C)%	 �8$ ���Z 01 w�=C$�.� iCXj / *�%!CW  �CW

 �C�VW% ?!ICJ3 �C�X�B 	!C:2�/ ()� �N$ 5% 6��T �	 0!Du3

 	�%	 ���=� .-%��CFVW / 5!.$�C' v/	 n��C.$ �� �"�.$ U�%)ff(

	�%	 �`��u3 .C</*�C"�.$ �C'	 �C� / 5(C$�$�� �CN$ �C� 6(C31 

-%��FVW)f9(	�%(C$ �C`��u3 .-�C.Q�	  /� *C'��� �C� �C2$1

  �W��V�� �B ($(�'� �"�.$ U�% �� -!.�5PRD /DI �C� /	 �W 

�$5/� *T()5�� 65%($% Y� *3 LW�B %� �W(+W	 .*CDB �!Ch �C�

*3 �$5/� ��.�� �XT -%!� U��k� �	 *'�'% L`$ �W��Z1 C� L+� �

	�%	 6��T .�C$5/� *T(C)5�� -(C) 	/(J3 lG�� *�1 L+� / �CW

 �C�!h� iCXj U�%���C+� / U��B 0�\ / 01 ��� �(W LW�B

 ���� �	 *3 6��T  �W 	!))f�( �W��V�� /PRD �uE LW�B �� 

�$5/� 	%(k� /-%MC�3 *.+'  ����1  �W��V�� �� �:=$ 	!Q  �W

c%($% 01*3 �8$ ���Z %� 	!Q *�%!W($�%	.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

50
.1

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-0

5-
17

 ]
 

                             7 / 11

https://dorl.net/dor/20.1001.1.24763594.1388.13.50.1.5
https://jstnar.iut.ac.ir/article-1-1182-en.html


����� ��	
� � ���	�� ��
� � ���� �	� � �� ���� �/�	� !��"#/$�	%& "#	'
( /�	)*�� +,-- 

�

��1= z.<:��� <� {��0� 6	s7 o:	/�;� </!'4<=�> $	�> 	# �B:0� 

>%����� O��+3  	%51 �\�	 �$5/� �uE �$5/� *T() 5�� �uE 
*.$�' Y� �	 �$5/� 	%(k� �.3

|�� �u' 5% O��3 

�$5/��.=�  �W 

��V�� �*�/� **��/���� **��/������ **��/��� 

�uQ ���/����/���/������ ��/��

>%����� ���a ���/���/���/���/��

P���/�����/�<����/�<����/�<

*/**:��*+k3 ����� ?�V.j% �!u' �	 �%	o/f(]�	 

O\&,.�):	� 0# �  <:���  ;1�4 n0� pR� �; ��0� 0)� O\&|.n0� <:��� 0RH 

O\&w.<:��� 17�  	#<)*� O\&}.<:��� �>1&�	� 0RH 	#

 (<=� r1&� ��� 

�C)�B -�35 5%  ����1 ��V�� �W  %�� 5��$ 	�!3 ()� 5/� �\�	

�#$ 6!�3 �� �=C��`3 �8�(F� �� / �:'�J3 �)%	�� -�35 �� / *W	

() .*3 -�#$ n��.$ 5/� �C\�	 �N$ 5%  ����1  �W��V�� U�� (W	

 -�35 �� 5��$ 	�!3 6!�3 �C� 5�C�$ 	�!C3 5/� �C\�	 �CN$ 5% / *W	

 �u' �	 �)%	�� -�35o	�%(C$ 	!C\/ *�/�X� (]�	 )?/(C\ 

�.(�\�	 U��.#�� �.:<%�-�35 5% ()� 5/� �#$ 6!C�3 �C� / *CW	

 �)%	�� -�35 ��)Y�b!<!�M�� *T(�'� ( ��C��1 ��V�� �	 wC3�B 

0

3000

6000

9000

12000

FI PRD75 PRD50 DI75 DI50

�����

a

b
c

a
bc

*
.$�
'
r
��
	
�$
5/
�
	%(
k�

|
��
�
u'
5%
O�
�3
�.
3

-10

10

30

50

70

FI PRD75 PRD50 DI75 DI50

�����

a

b b
ab b

�$
5/
�
�u
E

)
-/
�7
�3

(

0
10
20
30
40
50
60
70

FI PRD75 PRD50 DI75 DI50

�����

���
��
���
��
��
��
�

c

b

a

c
c

0
10
20
30
40
50
60

FI PRD75 PRD50 DI75 DI50

�����

(
�
��
�	)�
��
� 
!�
"�
���
#$

a

d
d

b
c

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

50
.1

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-0

5-
17

 ]
 

                             8 / 11

https://dorl.net/dor/20.1001.1.24763594.1388.13.50.1.5
https://jstnar.iut.ac.ir/article-1-1182-en.html


./0/1� 0�234 ���0� "5 	# 6	�7�8� ��0� � �� 908� �	�1:;� 0� �	��� ... 

�

��1= |.<=�  o:	/�;� </!'4 r<=�> 1&� ��� �; �B:0�	�: .&	5 �	�� 

ns :*+k3 >/�X� c(G�%	 

O\&~.<=�  r1&� ��� 	#�	%�4 �  

)(W�) (*#CS�  ����1 ��V�� �	 -1 U��.VB /C�	C6(C)C(.�	

�\�	 �%(`3 �p �W OE%/�3	 �� 6��T 4()�� �.#�� ()� 5/� CC/ �

35 �"�.$ �	 /  b�$%C.#�� -�CC)� wj%�3 -	�B *h  %��  �C(

V$ /CQ !C	�%	 5�C�$ 	! .C��1 ��CV�� U�%���C+�CC3�B  ��C-�C35 w

.#��C�� / �CW��VCC35 *#CS�  ��C��1  �C �C.VB -�)�	 �C.:<%

 #3 g�%�)C��CN$ 5% �C�3	 �(6!C�3  %�� CW	CC� / *Cc5H �)%	�

$�%	C()wF)�.(

<'�):0�> 

�/� /  ����1 01 �%(`3  ����1 ����(3  �W ��CZ1 5% *�/�CX.3 

-�W��T �	 Y�b!<!+� / Y�b!<!�M�� >��]!IQ / 	�FDVG �N$

 *3 	�"�%(+B . H�� �!u' L+C�)ox(C]�	 (LW�CB �C\!3

 �\!T 6!�3 �	 	�FDVG (�() *3 *8$��	!)4*</ 9o%�	 L+C�

 *CV$ 	�"�%  (�<!� ?!IJ3 �	  	��5 ��% 6��T U�% *C</ 4(C+B

 *3 01 K�I3 -�3($%� �	 	!:2� �\!3	!) . ��C��1  �W��V��

 �u' �	 *#S��o-%MC�3 U���H�C� U.C)%	 �C� *C�1 5��$ (]�	 

� 01 K�I3 -�3($%� �C\!T �#CB �	 	����B w�=$�. %� *C8$��

 �uC' �	 YC�+F� UC�% ?�VG% �p �T% 4($�%	ox�C"�.$ (C]�	 

�C)%($ 01 K�I3 -�3($%� �N$ 5% %� *�!Du3 .UC�% �C� 6/�CG

 Y�+F� ?�VG%PRD �8$ ���Z �\!3 |�C� *:=C$ v�31 U.)%	

() . �W��V��PRD �C$5/� 	%(Ck� / �CuE LW�B �� 	!CQ  �CW

  �W��V�� �� �:=$ %� 	!CQ *�%!W c%($% 01 -%M�3 *.+'  ����1 

*3 �8$ ���Z($�%	 .*3 OE%/ �	  ��C��1 �CJ� -�W��T �XT -%!�

 �$5/� ��%(W *#S� K�IC3 -�3($%� �	 *X+3 ��Z[� -/(� %�  %

*3 LW�B 01(+W	.

�\�	�w3�B *T(�'� -�35 �� 5/� �\�	�6!�3 -�35 �� 5/� *W	  	%51 �\�	 >%����� O��+3 
ns ��/���� ns �/���� � ��V�� 

�/���� ��/���� �� �uQ 

�/�� ��/� � >%����� ���a 

���/� ��/� � P

0
200
400
600
800
1000
1200

FI PRD75 PRD50 DI75 DI50

�����

��
��

 !
��

 %�� &'�	 �� ��� (�)�� *%	�+ ,!��-� �� ��� (�)��
a

a a a a

a
b

b

ab ab

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

50
.1

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-0

5-
17

 ]
 

                             9 / 11

https://dorl.net/dor/20.1001.1.24763594.1388.13.50.1.5
https://jstnar.iut.ac.ir/article-1-1182-en.html


����� ��	
� � ���	�� ��
� � ���� �	� � �� ���� �/�	� !��"#/$�	%& "#	'
( /�	)*�� +,-- 

�� 

��	
�  ��� $ 	s)�; 

f.c 4	%e$ -���) .f{}o .�C2p -�.C'% �	 *+�35 ��' 01 K�I3 -�3($%� *'���  ��C��1 �/� �C� -1 �=C��`3 /  ��C�.S� / ?�CJ3 �

-��3 �	 Y�  ���) .6�2� L��VW U�</% �a!j 01 O��+3 5% �+�2�  �%	��6(+�%5 / -/��B  �W	�B�2) 6�8#$%	 4	/�.

9.� 4*k�%�).d 4.c / *$�J:' .�.-��V�j� .f{}o .3 �C�X�B / 01 K�I3 *�1��B �� A�'�.� 	!B /  ����1 RD.S3 �!u'��Z[� 6!C�

�\!T�% *' *<�% !.� AE� *8$�� . 5�/�#B *'(+23 >�`�`J��)9�:(�o�}q.

{.% 4!\�!$.� 4.d /  	�35 .*3�3% .f{}x.�C\!T �CG%�5 �	  ����1 RD.S3 �!u' >%�Z% *'��� *C8$�� .�CD3 z$%�CX+B U�C</%

w�%5 6�8#$%	 401 -%�J� �� �D��`3  �W��FW%� *'��� .

4. Auge, R.M. and J.L. Moore. 2002. Stomatal response to nonhydraulic root-to-shoot communication of partial soil 
drying in relation to foliar dehydration tolerance. Environ. Exp. Bot. 47: 217- 229. 

5. Davies, W.J. and J. Zhang. 1991. Root signals and the regulation of growth and development of plants in drying 
soil. Ann. Rev. Plant Physiol. and Plant Mol. Biol. 42: 55- 76. 

6. Davies, W.J., M.A. Bacon, D.S. Thompson, W. Sobeih and L. Gonzalez Rodriguez. 2000. Regulation of leaf and 
fruit growth on plants in drying soil: exploitation of the plants chemical signaling system and hydraulic 
architecture to increase the effciency of water use in agriculture. J. Exp. Bot. 51: 1617- 1637. 

7. Davies, W.J., S. Wilkinson and B. Loveys. 2001. Stomatal control by chemical signaling and the exploitation of this 
mechanism to increase water use efficiency in agriculture. New Phytol. 153: 449- 460. 

8. Davies, W.J. and W. Hartung. 2004. Has extrapolation from biochemistry to crop functioning worked to sustain 
plant production under water scarcity? In: Proceedings of the 4th International Crop Science Congress, Brisbane, 
Australia. Published on CDROM. Web site www.cropscience.org.au 

9. Dry, P.R. and B.R. Loveys. 1998. Factors influencing grapevine vigour and the potential for control with partial 
rootzone drying. Aust. J. Grape and Wine Res. 4: 140- 148. 

10. Dry P. and K. Bindon. 2004. Optimising winegrape quality with partial rootzone drying. Grape and Wine Research 
and Development Corporation, Cooperative Research Centre for Viticulture, Adelaide.  

11. Dos Santos, T.P., C.M. Lopes, M.L. Rodrigues, C.R. de Souza, J.P. Maroco, J.S. Pereira, J.R. Silva and M.M. 
Chaves. 2003. Partial root-zone drying: effects on fruit growth and quality of field grown grapevines (Vitis 
vinifera). Funct. Plant Biol. 30: 663- 671. 

12. Fernandez , J. E., A. Dıaz-Espejo, J. M. Infante, P. Duran, M. J. Palomo, V. Chamorro, I. F. Giron and L. 
Villagarcıa. 2006. Water relations and gas exchange in olive trees under regulated deficit irrigation and partial 
rootzone drying. Plant Soil 284: 273- 291.  

13. Fulai, L., A. Shahnazari, M.N. Andersen, S.E. Jacobsen and C. R. Jensen. 2006. Effects of deficit irrigation (DI) and 
partial root drying (PRD) on gas exchange, biomass partitioning, and water use efficiency in potato. Scientia 
Horticulturae 109: 113- 117. 

14. Goldhamer, D.A. 2007. Regulated deficit irrigation in trees and vines. Agricultural Water Management. Proceedings 
of a Workshop in Tunisia, The National Academies Press., USA.  

15. Gowing, D.J.G., W.J. Davies and H.G. Jones. 1990. A positive rootsourced signal as an indicator of soil drying in 
apple, Malus domestica Borkh. Experim. Bot. 41: 1535-1540.  

16. Han, Y.L. and S.Z. Kang. 2002. Effects of the controlled partial rootzone irrigation on root nutrition uptake of maize 
(Zea mays). Trans. of Chinese Soc. Agric. Eng. (in Chinese) 18(1): 57- 59.  

17. Holbrook, M.N., V.R. Shashidar, R.A. James, R. Munns. 2002. Stomatal control in tomato with ABA-deficient 
roots: response of grafted plants to soil drying. J. Exp. Bot. 53: 1503-1514. 

18. Hsiao, T. C. 1990. Plant–atmosphere interaction, evapotranspiration, and irrigation scheduling. Acta Hort. 278: 55-66. 
19. Jackson, M. B. 1993. Are plant hormones involved in root-to-shoot communication. Adv. Bot. Res. 19: 103-187. 
20. Jones, H.G. 1992. Plants and Microclimate: A Quantitative Approach to Environmental Plant Physiology. 2nd ed., 

Cambridge Univ. Press., UK. 
21. Kipis, T., I. Vais man and I. Granoth. 1989. Drought stress and alfalfa production in Mediterranean environment. 

Irrig Sci. 10: 113-115. 
22. Loveys, B., J. Grant, M. Stoll, P. Dry and M. McCarthy. 1997. The influence of partial rootzone drying on grape 

quality. University of Adelaide, South Australian Research and Development Institute, SA Viticulture Technical 
Conference.  

23. Maurel, M., C. Robin, T. Simonneau, D. Loustau, E. Dreyer and M.L. Desprez-Loustau. 2004. Stomatal 
conductance and root- to – shoot signaling in chestnut saplings exposed to phytpphthora cinnamomi or partial soil 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

50
.1

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-0

5-
17

 ]
 

                            10 / 11

https://dorl.net/dor/20.1001.1.24763594.1388.13.50.1.5
https://jstnar.iut.ac.ir/article-1-1182-en.html


./0/1� 0�234 ���0� "5 	# 6	�7�8� ��0� � �� 908� �	�1:;� 0� �	��� ... 

�� 

drying. Functional Plant Biol. 31: 41-51. 
24. Mingo, D.M., M.A. Bacon and W.J. Davies. 2003. Non-hydraulic regulation of fruit growth in tomato plants 

(Lycopersicon esculentum cv. Solairo) growing in drying soil. Exp. Bot. 54(385): 1205-1212. 
25. Payne ,W.A. and M.C. Drew. 1992. Soil phosphorous availability and pearl millet water use efficiency. Crop Sci. 

32: 1010-1015. 
26. Saab, I.N. and R.E. Sharp. 1989. Non-hydraulic signals from maize roots in drying soil inhibition of leaf elongation 

but not stomatal conductance. Planta 179: 466-474.  
27. Sobeih, W., I. Dodd, M. Bacon, D. Grierson and WJ. Davies. 2004. Long-distance signals regulating stomatal 

conductance and leaf growth in tomato (Lycopersicon esculentum) plants subjected to partial root-zone drying. J. 
Exp. Bot. 407: 2353-2363. 

28. Stikic, R., S. Popovic, M. Srdic, D. Savic, Z. Jovanovic, Lj. Prokic and J. Zdravkovic. 2003. Partial rootzone drying 
(PRD): A new technique for growing plants that saves water and improves the quality of fruit. J. Plant Physiol. 
Special Issue: 164-171.  

29. Stoll, M., B. Loveys and P. Dry. 2000. Hormonal changes induced by partial rootzone drying of irrigated grapevine. 
J. Exp. Bot. 51: 1627-1634. 

30. Tardieu, F. and W. J. Davies. 1992. Stomatal response to abscisic acid is a function of current plant water status. 
Plant Physiol. 98: 540-545.  

31. Wahbi, S., R. Wakrim, B. Aganchich, H. Tahi and R. Serraj. 2005. Effects of partial rootzone drying (PRD) on adult 
olive tree (Olea europaea) in field conditions under arid climate. I. Physiological and agronomic responses. 
Agric. Ecosys. Environ. 106: 289-301. 

32. Wang, H. and J.M. Clarke. 1993. Relationship between leaf water loss and stomatal frequency and size in wheat. 
Plant Sci.73: 671-678.  

33. Wilkinson, S. and W. J. Davies. 1997. Xylem sap pH increase: a drought signal received at the apoplastic face of the 
guard cell that involves the suppression of saturable abscisic acid uptake by the epidermal symplast. Plant 
Physiol. 113: 559-573. 

34. Yao, C., S. Moreshet and B. Aloni. 2001. Water relations and hydraulic control of stomatal behaviour in bell pepper 
plant in partial soil drying. Plant Cell Environ. 24: 227-235.  

35. Zegbe, J.A., M.H. Behboudian and B.E. Clothier. 2004. Partial rootzone drying is a feasible option for irrigating 
processing tomatoes. Agric. Water Manag. 68: 195-206.  

36. Zhang, J. and W. J. Davies. 1989. Sequential responses of whole plant water relations towards prolonged soil drying 
and the mediation by xylem sap ABA concentrations in the regulation of stomatal behaviour of sunflower plants. 
New Phytol. 113: 167-174.  

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

50
.1

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-0

5-
17

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://dorl.net/dor/20.1001.1.24763594.1388.13.50.1.5
https://jstnar.iut.ac.ir/article-1-1182-en.html
http://www.tcpdf.org

