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Abstract 
It is expected that due to the value of water in the agricultural sector and the reduction of water resources in recent years, methods of adaptation to the 
conditions ahead will be investigated. A study was carried out to investigate the effects of deficit irrigation on yield components of rice (Binam 
variety). The experiment was run in the form of a randomized complete block design with nine treatments and three replications in the Babolsar city of 
Mazandaran province in year 2020. The treatments were regulated deficit irrigation (RDI) and partial root zone drying (PRD) in three drought stresses 
of 10, 30 and 60 kPa (RDI10, RDI30, RDI60, PRD10, PRD30 and PRD60) and full irrigation (FID). Drip tape irrigation system was used as irrigation 
method. Flood irrigation system was used as an irrigation (FI1) and weed (FI2) control treatment. Soil water deficit was measured by a tensiometer and 
Volumetric meter was used to calculate water consumption. Flood irrigation treatment had the highest yield of rough rice and water consumption 
(6442 kg / ha and 10886 m3 / ha). The lowest rice yield was for RDI60 treatment with 2998 kg / ha and the lowest water consumption was 
corresponded to PRD60 treatment with 2111 m3 / ha. According to the results, the applying of PRD method in addition to higher yield than RDI, saved 
76.33% in water consumption. The PRD method could be recommended for the region.  
 
Keywords: Partial root zone drying, Tape irrigation, Water deficit stress, Water storage, Weed. 
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Table 1. Soil physical and chemical properties 

EC 
(ds/m) 

pH 

Organic 

Carbon 

(%) 

Organic 

matter 

(%) 

Total 

Neutralizing 

Value (%) 

Total 

Nitrogen 

(%) 

P 
(mg/kg) 

K 
(mg/kg) 

Clay Loam Sand 
Soil 

texture 

1.66 7.48 3.01 5.19 13.5 0.3 42.7 351 55 28 17 Clay 
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Table 2. Meteorological parameters for 2020 growth season 
Month Mean Temp (℃) Rainfall (mm) Mean humidity (%) Evaporation (mm) 

May 21.7 4.2 72.7 120.8 
June 26 11.8 69.9 178.9 

July 28 20 74 161.7 

August 25.9 81.6 75.7 123.2 
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Table 3. Analysis of variance of the effect of different deficit irrigation treatments on rice traits 

Mean Square 
df Sources of 

variation Harvest 
Index 

Total 
tillers 

Cluster 
Length 

1000 grains 
weight 

Plant 
height 

Total 
water use Yield 

2.26 0.914 0.052 6.39 1.29 97001.6 29039.3 2 Block 
55.87** 30.3** 14.96** 0.173ns 106.05** 25504070.25** 3700127.8** 7 Treatment 

7.29 3.2 5.19 3.26 3.22 142238 52471.5 14 Error 
6.4 1.56 9.31 5.6 1.56 6.53 5.13 --- C.V (%) 

**, *, ns: Significant different at 1% and 5% probability levels and non-significant difference, respectively. 

  
Table 4. Effects of deficit irrigation treatments on different rice traits 

Chlorophyll 
Leaf  

Area  

Index 

Harvest  

Index  

(%) 
Total  
tillers 

Cluster  

Length  

(cm) 

1000 grains  

weight 

(gr) 

Plant  

height  

(cm) 

Total 
water use  

(m3/ha) 
Yield  

(kg/ha) 
Treatment 

45.93a 5.14a 46.44a 26.25a 27.94a 32.58a 125.53a 10886a 6442a FI1 

44.41a 4.43b 46a 23.74ab 26.61ab 32.57a 121.24b 7122b 5183b FID 

43.18a 3.5cd 45.04a 22.06bc 24.66abc 32.39a 114.56cd 6212c 4896b RDI10 
44.36a 3.86bc 45.18a 21.8bcd 25.18abc 32.41a 117.25c 5857c 4945b PRD10 

42.9a 3.06de 36.35c 18.81cde 23.82abc 32.06a 113.36d 3992d 3712cd RDI30 

43.95a 2.85de 39.97bc 19.55cde 24.24 32.32a 114.46cd 3531d 3988c PRD30 
36.1b 2.41e 35.76c 16.41e 20.85c 31.92a 103.86e 2738e 2998e RDI60 

40.2b 2.69e 42.69ab 18.56de 22.43bc 32.11a 105.31e 2557e 3543d PRD60 
For a given variable, mean values not sharing common letters are significantly different (P≤0.05), Duncan test. 
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Figure 1. The trend of plant height during growing season in the different deficit irrigation treatments 
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Figure 2. Interaction of rice plant height on yield 
  

  

  

  

  

55

60

65

70

75

80

85

90

95

100

105

110

115

120

125

130

30 37 44 51 58 65 72 79 86

FI

FID

RDI10

PRD10

RDI30

PRD30

RDI60

PRD60

y = 140.1x - 11576

R² = 0.8553

0

1000

2000

3000

4000

5000

6000

7000

100 105 110 115 120 125 130

Y
ie

ld
 (

k
g

/h
a

)
 

P
la

n
t 

h
e
ig

h
t 

(c
m

) 



1�'*� 678' 9�� ��� :5 *;��� '* +�'<,	- =; *;��� � 3�>3� �'<,	- ?@'* ):B� *C�)( 

  

 ����12 �  ���	
3 �  ����1401 

475

  

  

+� %,- ���.*  

<��& ����) }��
��� �
�H� ���� � ����# 3 (

 ��&���"� �? $)*9M� :� ��&���*�  F
� ��� ���*��

"	\� �N� j
 lm! � )=����(  .[!� ��� ��E*� )� F


 ���*� �� ]��)� $7� �H	( ��\�FI1 )25/26  �� �� (�;

 ���*� ��FID "	\� i��T�  .[?��� ���:� )� ��\� F


 ���*� ��)� $7� �H	(RDI60 )41/16  (�;�� [!  �� ���

 ��&���*� ��RDI30 $PRD30  �PRD60  Sd� j
 �

 $"8�+ E	� E
�� � �� $C
�=� ^�# .�	= )D ��)4 /)=��

"� E&�� 7� �H	( ��\�  ����D S�!�)� .���
Aalaee 

Bazkiaei et al. (2019) :� ���;�  E&�� �� $���*��

���� <�� � [��4� E
�� � � r)� lm! g+�?  $�&

"� 7� �H	( ��\� E&�� 2��� o!�� "�&�'( .�? 

Baghitabar Firuzjaii et al. (2019)  <�=!)>? �

 :h� ��4)O) ���*�� [
)
�� ��*? �! ��� )� �����V�

�u� �� "=��! C	( F=?�  c��?� $F*�� lm! ��� �� )=�

:� � )TN �� c�T��� �� /�+ :h� :*I	� ���*��  �� ��?

"=��! C	( "T	� �� c�T���  A��# :4�) C�)� ��*D ��� ()=�

?�& .�? A�H�� ("�E*� )� �� ^0\=� $7� �H	( ��\� F


) "��4)O ���*�� ���*�93/21 :� ���*� .�� (�;  ���*��

:*I	�  E	� �� ��?60  $��8!�(�0*�:� )� 7� �H	( ��\� F


)18/20  C
�=� F
� �� � � z�6=+� �+ �� �� (�;

 78? S�!�)� .[?� [R��m� E&�'()3(  ���� ��

�H	( �)� "���� �� C  ���;� <��� "# � "u=T& i��N

:� "� <��� ���*��  ��*D $"8�+ E	� E
�� � �� $�&

 7� �H	( ��\� $C�)�:� )�"� �  �
�H� S�!� )� .���

�� }��
���  �H
� 2��� "8�+ E	� $"u=T& ��&

"	\� i��T�  <��� "# � C�)� 7� �H	( ��\� � ��

:� ��U �� $" )# �� .�? ���*�� 40  $��� �� �\� ���

 F
� �� }( � ��� �
� $7� �H	( ��\� E
�� � �)�

 .[!� �= )D ��)4 $/�+ "8�+ E	� )*9M� _V� $<���

�� ���#  E	� ��&���*� ��60 �� ��8!�(�0*� ���*� �'
� 

RDI60  �H	( ��\� E
�� � �)� � �
�? E&�� _;��

 .�? 7�  

 

  
Days after planting 

 

Figure 3. The trend of total tillers during growing season in the different deficit irrigation treatments 
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Table 5. Analysis of variance of the effect of different deficit irrigation treatments on rice traits 

Mean Square 
df Sources of 

variation Weed 

diversity 

Number  

of weeds 

Dry weight  

of weeds 

Fresh weight  

of weeds 
Chlorophyll 

Leaf Area 

Index 

0.292 2.79 2.34 2.09 4.46 0.37 2 Block 
1.95ns 349.3** 128.5** 3765** 29.02* 2.64** 7 Treatment 
0.72 8.88 7.19 16.44 8.65 0.16 14 Error 
0.24 0.12 16.11 3.52 6.9 11.42 --- C.V (%) 

**, *, ns: Significant different at 1% and 5% probability levels and non-significant difference, respectively. 
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Figure 4. The trend of leaf area index during growing season in the different deficit irrigation treatments 
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Figure 5. The trend of Chlorophyll during growing season in the different deficit irrigation treatments 
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Table 6. Effects of deficit irrigation treatments on 

weed different traits 

Weed 

diversity 
Number of 

weeds 
Dry 

weight of 

weeds (gr) 

Fresh 

weight of 

weeds (gr) 

Treatment 

2.33a 8.67f 6.51c 58.61e FI2 

4.67a 39.67a 22.83a 144.18a FID 

4a 33.67b 22.12a 143.67a RDI10 

3.67a 32.33bc 21.93a 141.5a PRD10 

3.67a 28cd 18.61a 136.63ab RDI30 

3a 26.67d 20.34a 132.43b PRD30 

3a 17e 12.23b 93.7c RDI60 

3a 13.67ef 8.64bc 70.23d PRD60 

For a given variable, mean values not sharing common letters are 

significantly different (P ≤ 0.05), Duncan test. 
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