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Figure 1. Map of the studied area (Amlash in the east of Guilan province, north of Iran)  
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[Y�� . �=*8 �> &s�-� 7> !
�(IC2 7# �UY- !). �


H(# �%� . O�9">!  &�
) �"UIAO�9"> $�(IC2 (6�,�

H(# ��(Y# 8�*�� $�(IC2 �� &��(Y# �"-�  3�� . ��� �


7#�%�A �I2&s�-� $�(IC2 D�,# ����6�,�8 � 7��_ &��f9%

H(#DX 6/(-�'  J�0-� �� �
 !-� � ���.�T  �,�. /(- . �1

H(#DX J�0-� &��# �
�1 �6�* P�,  7> �� ���  J�0-�

DX) �,* ���F�. 3(*�  7# �1Almassi et al., 2006.(  

 3�� �� !���# ��,  D,(��/(-�'  y��* 3( .�

 �� !U(>�
 y��* 3�� .�,# D,(��/(-�'  �(��d 8R(ST


�(C> !  D�<- �� D,(��/(-�'  ��> �(K(> . p%�. �� . �1�

 D�(# �� rh� �L�. �� 6�* g�f  !'(-�'  &s�-� ���S 

! 6���-� �L�. . �"> rh� �L�. �# &s�-� �,- �� 8DX &�(F

7# �̀ ,C?  7> ���) ��9'1 �# �2�� ��=# P�� $�,_hp-

1-ha.h!  D�(# (,* .� 3��y��* p �� �� �
y��*&�1 

� .��� J,�K  .� �1 6�-�(F�#�� . D,(��/(-�'  rh� . 7��

7# 7h#�� �� y��* 3�� 7U��T  �,:" )2(  �* 6��K9��

)Firouzi et al., 2015; Sharifi and Taki, 2016(:   

)2                                       (MC =
∑�
×��×�


∑�

 

 �� 7> 8DXMC ) D,(��/(-�'  �(��d1-ha.h-hp( 8  

iP ) 3(*�  �1 ��T  ! �- &�,
,  D�,
hp( 8iT  D� �

#7) &�,
,  D�,
 &�(F��>h( 8TC  D�,
 N��U
 P��+

&�,
,   .iA  (��9'1) 72�/  �1 �<>��� rh� .��� 

D�,
 N��U
 P��+ 87?)�h  3�� �� &�,
,  &�175/0 

) �* 79��F �:- ��Almassi et al., 2006 .(6��� &�1

 &�,
,  D�,
 7# a,#� 3(*�  . �1�,9>��
 ! �- &�1

 &��'()�* D���F�,��# 7V�9�� 7# 7?���  &�C"1�� &�1

 �1 &��# rh� �L�. �# &s�-� ��� .�-�* ���=9�� 7A,#� 
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 D,(��/(-�'  �(��d �(YS
 �� /(- !2��� $�(IC2 �� [�

7# N> D,(��/(-�'  �(��d �# 7A,#� ��� .� X   

7(+�� &�1 R(ST
 /(- �-�,# $��U2:��  

 �*���# . �*�� 8�*�> $�(IC2 D,(��/(-�'  7��� (x)�

 !+��� �� DE(F D�9�� 6�*/(�0
 &�1��/()�* �� 5-�#

H(# 6�<-/(�0
��� �
.   

 &�1��/()�* �� 5-�# �<> D,(��/(-�'  �(��d (W

 6�<-/(�0
 !+��� �� 6�*/(�0
H(#�
 .���  

6��� N(IT
 . 7�/0
 &��#J�- �� �1 ��/��Excel 2013 

��C* R��A �� /(- R(ST
 &�1�(~9  !-�.��� .�* 6��K9�� �

 �1�(~9  �� 7SUA �1 &��# NY>� N��� �� 7A,#�  &�1�>

y��* 7U��T  ��� .�-�* 3((?
 �(��d . 7��� &�1

 x���?
 M��� �# /(- D,(��/(-�' `�#J�- �� 8>� ��/�� NY

O, ��7# .���F J�0-� J�` $�U��T  . �* !Y�,-:"  �,

6��� 7Y��S  @,h� �� D,(��/(-�'  �(��d . 7��� &�1

. 6�<-/(�0
) 5-�# �<> J�:- . �1��/()�* 6���-� xI9=  

�* 6��K9�� ����-�9�� &�h� �� 8(6�*/(�0
 7> ��  ���
 3�

!  W,YT   �h�  a,h� ��,-� �,*)Payton et al., 

2003; Cumming et al., 2007 .( &�h� 7U��T  &��#

 7h#�� �� ��(? )3(  :�* 6��K9��  

)3                                                   (SE =
�

√�
  

7h#�� 3�� ��8 SE ����-�9�� &�h�8 S ��(?  g��T-� . 

n 6��� ���?
�1 ! �*�# 6��K9�� ��,  D�"(CA� �.�L .-/( 

rh� �� 95 �* 3((?
!
�,_ �� 8�.� 3�� �� . 7>

6��� R��K
 . pC� �� N_�L &�1)±( 3(l-�(  6��� �# �1

��(?  &�h� 6��� �� R��K
 . pC� �� N_�L &�1

3(l-�(  8�*�# 79*�� !-�*,jC1 ��(?  &�h� �# �l�� &�1

) �-���- &�� X $.�K
 �1 �# 6.�F .�Cumming et al., 

2007; Sharifi, 2013.( 

  

J�� � :'��1  

� �&0	 K��?5 !1&�&$@ L���5.(���"G .��  

D�C1�� 7> �,A  O.��1 8��� 6�* 6��� D�<-  H(#

 ��99  �_�� �� 6�<-/(�0
 &��'()�* !+��� �� D���'()�*

 87?)�h  ��,  7Sh"  ���<- &��> �� !9�� �.� 7# J�0-�

�-���  .\S� 96/0  �_��DX �� �13(*�  ���<- &�1 ��) ��>

 6��K9�� (6��(� 7K��� ���V �,-�-��> �� H(# .92  �� �_��

 (!<(#,Y9(  . �
,#,>) �I(
 �� ��V.� �,9>��
 �� D���'()�*

��� $�(IC2 &��# �1��/()�* (!#��=IF . 7().� �=*) &��.

 �.�L ��"
  . �-��> 6��K9��8 DX �� �_�� $�(IC2 8�1

����,9>��
 �� 6��K9�� �# �� &��. J�0-� ��V���V &�1

��� .�-��� �� &��.100  �� &��'()�* !+��� �� �_��

(�0
 H=#!  ���� 6/(-�'  N'* 7# 6�<-/,* 83("iC1 .�

100 xI2 !*�jC� $�(IC2 �� �_��H> &�1��/()�* �� �1

!  ���� !9�� �.� 7# 87?)�h  ��,  3�� 5��9- 86.E?# .�,*

!  D�<- O.���*���# $�(IC2 7> �1�  �� H(# �� 5-�#

91  !9�� �.� 7# 86�<-/(�0
 H=# &�1��/()�* �� �_��

6�,#  �.�L ��"
 . ���9  �_�� ��DX 5-�# 3��UC> �� �1

DX 7�,
 N#�% 79'- .�-��> 6��K9�� O,fT  �*���# &��# 

 ��� 7> �,�. �#5���7C(- �*���# D�,# !"?� 5-�# 6/(-�' 

����,
,  &�1�F.�� ��,-� �# �*���#  D�9�� a�S- PIo� ��

 7-,C- �� 6�<-/(�0
 !+��� D���'()�* �� [� z(1 8DE(F

 6��K9�� 5-�# �*���# �.� 3�� �� 8HI � 7Sh"  �� R(ST


 7-,C- �� �1��/()�* 7(I> 3(�. $�(IC2 83("iC1 .�-��'-

7# 8R(ST
 6�<-/(�0
 !+��� �.�.�,# !9��  

 O.�� 5��9- M��� �#2 �.�L �� 866 �_��  ��

�<- 86�*/(�0
 H=# D���'()�* 7# �� 5-�# J�0-� !9�� �.�

 ���.�L . �-���34 �<- 3(*�  �� �_����> 6��K9�� ��> .�-

�<- .�,# 6��(� 7K������V �,- �� /(- 6��K9�� ��,  ��>

6��� 83("iC1z(1 7> �,# DX �l-�(# R(ST
 &�1 �� [�

()�*- ��,  �<- 86�*/(�0
 H=# �� p%�. D���' �� �,� ��(

�<- [-�# �� ��'- 3( �
- .�  

7#(IC2 �,:" $�  �.�L �� 8�=*58  D���.�<> �� �_��

 �I(
 ��. 32  �� 6�*/(�0
 !+��� 6.�F D���'()�* �� �_��

 �� H(# .�-��> 6��K9�� �,9>��
67  &��# D���.�<> �� �_��

3(*�  ��,-� �� 85-�# �*���#&�1 6��K9�� �*���#  �� .

 �.�L33  �_�� ��DX 5-�# �*���# &��# !9�� �.� �� �1

 8D�(  3�� �� .�-��> 6��K9��65  �*���# $�(IC2 �� �_��

 J�0-� 5-�# 3��UC> �# 5-�#6�*  �.�L ��"
 . ���31  �_��

 ��DX# �� &�I(
 �� ����,
,  &�1�F.�� 8�1779��F ��> .�-�

3("iC18  H(# ��98 xI2 $�(IC2 �� �_�� �� !<>

7# 6�*/(�0
 H=# &�1��/()�* . 6�* J�0-� !9�� $�,_

\S�  �.�L[� 7# �_�� $�(IC2 .��� 6�,# !"(*�  $�,_

��X !<> /(- �.�L ��77 7# �1��/()�* 3�� �� �_��'* N

 �.�L �� \S� . 6�* J�0-� !9��_�� [� 8�(IC2 3�� $�

3(*�  [C> �# ��  J�0-�6����-�3("iC1 .8  �,C0  ��

1��/()�*6�*/(�0
 H=# �� R(ST
 7-,C- &�8 \S�  ��.� 

 ��/()�*)25/1 �_�� 3(�. �� 8(N> 3(�. &��# !'(-�'  3>

�* 6��K9�� O,fT ��� 6.  

719  
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 O.��1- DE(F D�9�� 8HI � 7Sh"  �� 6�<-/(�0
 &�1��/()�* D,(��/(-�'  �(?+. 

Table 1. The status of mechanization of traditional paddy fields in Amlash region, Guilan province, Iran 

Characteristics Classification   / Level Frequency Percentage 

Method of planting Mechanized 1 0.96 

Manual 104 99.04 

Type of transplanter 4-rows walking type 1 0.96 

6-rows riding type 0 0 

Type of tractor 

    (for tillage) 

Power tiller Kubota 

Mitsubishi 

95 

2 

90.47 

1.91 

Tractor Darvana 8 7.61 

Kubota 0 0 

Method of weeding Manual 105 100 

Mechanized 0 0 

Herbicide application Manual 105 100 

Mechanized 0 0 

Pesticide application No spraying 0 4.77 

Manual 100 95.23 

Mechanized 0 0 

Method of harvesting Manual 96 91.43 

Mechanized 9 8.57 

Harvester type Gasoline engine ripper 0 0 

Disel engine ripper 0 0 

Combine harvester 9 8.57 

Others 0 0 

Thresher type Power tiller theresher 0 0 

Tractor thresher 96 91.43 

Paddy fields ˂0.5 ha 46 43.81 

0.5-1 ha 44 41.90 

˃1 ha 15 25.00 

  

 O.��2- DE(F D�9�� 8HI � 7Sh"  �� 6�*/(�0
 &�1��/()�* D,(��/(-�'  �(?+.  
Table 2. The status of mechanization of consolidated paddy fields in Amlash region, Guilan province, Iran 

Characteristics Classification / Level Frequency Percentage 

Method of planting Mechanized 55 34.37 

Manual 105 65.63 

Type of transplanter 4-rows walking type 55 34.37 

6-rows riding type 0 0 

Type of tractor  

    for tillage) 

Power tiller Kubota 

Mitsubishi 

83 

10 

51.87 

6.25 

Tractor Darvana 28 17.5 

Kubota 39 24.38 

Method of weeding Manual 158 98.75 

Mechanized 2 1.25 

Herbicide application No spraying 1 0.63 

Manual 157 98.12 

Mechanized 2 1.25 

Pesticide application No spraying 34 21.25 

Manual 124 77.5 

Mechanized 2 1.25 

Method of harvesting Manual 52 32.5 

Mechanized 108 67.5 

Harvester type Gasoline engine ripper 3 1.87 

Diesel engine ripper 3 1.87 

Combine harvester 104 65 

Others 0 0 

Thresher type Power tiller theresher 50 100 

Tractor thresher 0 0 

Paddy fields sizes ˂0.5 ha 49 30.63 

0.5-1 ha 77 48.13 

˃1 ha 34 21.25 
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:1$� 8"G �0�/&+�1�35 6M�
  

 O.�� 5��9- M��� �#3 87��� D,(��/(-�'  $�(IC2 

����� &��.  �� 7?)�h  ��,  7Sh"  &��'()�* !+���

H=#@�A . 6�<-/(�0
 &�1&���,- . /(�0
 &�1 100 

�_�� �,# .$�(IC2 !2��� N �* .� 79�� $�(IC2 &s�-��# 

. O�9">6�,� ��� .�=* �� 6�� X&��� 3( � [� $�(IC2 

&s�-��# ��� 7> J�0-� 7#p%,  DX �� &���� 7#p%,  ���� 

$�(IC2 !2��� ��(Y# ���F�(;�
 ��� )Almassi et al., 

2006 .(g�_�:- �� &���� @�A /(�0
 . &���,- �� !+��� 

7��� 8&��'()�* D,(��/(-�'  ��� $�(IC2&��. �� 7(I> 

a�S- D�9��  DE(F100 ��� �_�� )Firouzi, 2015.( 

D���F�# 31X.�F �# �=* D,(��/(-�'  7���7Sh"  �� ��� 

5-�# D��K_� &��>100 $�(IC2 D,(��/(-�'  7��� . �_�� 

 �),) . �,
�,(
.� . �)��� 8�,
�,(9),> �# 7�,-�; �=*#7 P(
�


41 845  .96 �* ���/F �_�� )Shrifi and Taki, 

2016 .(D���'C1 . �L�. )Vahedi et al., 2019 ( /(-

�D,(��/(-�'  7�� ��� $�(IC2 �� 7�,-�; . 7().� &��.

!+��� 7# �� D����-��  D�9�� &��'()�* P(
�
7/99  .3/99 

.�-��> ���/F �_��  

D�C1�� 7> �,A  O.��3 8��� 6�* 6��� D�<-  ��

!)�L�> �� 5-�# &��>�<- $�(IC2 7> �� �
[�  �� �_��

()�*�/��1H=# &7# 6�<-/(�0
 &�1 J�0-� 6/(-�'  N'*

� 79��F�<- $�(IC2 D,(��/(-�'  7��� 8�� !+��� �� &��>

 ^�/# . \�,9  8[V,> &�1��/()�* &��# 6�*/(�0
  

7# P(
�
86/22 852/40  .91/38  �_���,# �� ����S  3�� .

 7Sh"  �� 5-�# &��>�<- $�(IC2 D,(��/(-�'  7��� ��.X�#

) DE(F HI �71/17  O�� �� (�_��2015 H(#�
 ��� 

)Firouzi, 2015 .(# �+�L R(ST
 5��9- 86.E?# DX �l-�(

(IC2 D,(��/(-�'  7��� 7> ��� !+��� �� 3(�. $�

()�*��# 6�<-/(�0
 &��' 8[V,> ��/()�* 6.�F 7� �1 &

 � 8�,# �K_ ^�/# . \�,9  3�� 3(l-�(  � !+��� �� y��*

&���� 6�*/(�0
 &��'()�*  /(V�- �%� �� �.�L�K1  �_��

3(�. 7# 7> �,#3>T  !'(-�'  &�1 �.�6��K9�� �� 6�* 

!  a,#�  ^�/# 6�*/(�0
 &��'()�* !+��� �"V �1 .�,*

 ^�/# &��'()�* !+��� ���?
 D�,# �.�T  7# 7�,
 �# 7>

^�/#) �� �
5/1 (��9'18  D,(��/(-�'  7��� �(YK
 �� ���#

3((?
 .�,* a�(9L� 5-�# 3(�. $�(IC2 &��# 6�* �1�� X

!  D�<- 7> �"1� !9�� 3(�. �� �.�L12  �� �_��

7"�/1 �� DE(F D�9�� �� 5-�# �(),
 $�(IC2 !����� &�1

7# e�f9�� �,�! ) �1�Agriculture-Jahad 

Organization of Guilan Province, 2018 .( 83���#�"#

7#7# 5-�# �(),
 &��f9%� &������ �,:"  &��o 3( .� D�,"2

 3�� 3(�. D,(��/(-�'  7?�,
 7# 7�,
 8D���� J��  !I_�

O,fT   6B�. $E(�Y
 y(f=
 R��A �� [�B
��9��

 3(�. �(I#�% J�2 79U)� .��� &�.�+ &� � D,(��/(-�' 

 3(�. �� !I(C'
 !9�� 3(�. 7# ��(- . �*�> x��� &.�

 7IC� �� !
����. $�/(�0
 3(��� �(K(> . !'(-�' 

6�-�����#7# !'(-�'  3(�. 7?�,
 &�1!  ��C* 3�� �� .�-.�

 �� ���CL 8�9���@�A7# !I��� &�1 ���� . !L��A �,:" 

3(�.3>7IC� �� �(K(> �# 5-�# !'(-�'  &�1 �1��'1�� &

!  W,YT  �;, ,* 7# !'(-�'  3(�. 7?�,
 86.E?# .�-

 �*�> R��A �� 7> ���� !l9Y# �*�> �:"  &,l)� ���2�

D�' � 6/(-�' ���� ���. 83���#�"# 7?�,
 3(�. !'(-�'  7# 

7?�,
 �<-&��> 6/(-�'  79Y#�. ��� )Yousefzadeh 

and Firouzi, 2016 .(6��/(I2 )Alizadeh, 2011D�<- ( 

��� 7> ��#��> 3(�.3>&�1 &�,
,  . !A.�=  7K���.� 

�� 7Y��S  3(�. �#3>&�1 [� !A.�= 6�� . 7K��� ��.� &�

7#7# P(
�
 D�/( 7/48  .5/38 �_�� 7"�/1 �> �UY- &�


7# �.� 3(�. !9�� �"9*��.  

  
  

 O.��3- /(�0
 . 6�<-/(�0
 &��'()�* !+��� �� xI9=  !2��� $�(IC2 D,(��/(-�'  7���6�* 

Table 3. Degree of mechanization of different agricultural operations in traditional and consolidated paddy fields 

Harvesting Weeding Transplanting Tillage 
Paddy field 

size 

Consol. Trad. Consol. Trad. Consol. Trad. Consol.
† 

 Trad.
† 

  

56.43±2.24 2.98±0.87 0 0 22.86±1.86 2.98±0.87 100 100 Small 

73.53±3.91 6.39±2.21 0 0 40.52±4.24 0 100 100 Medium 

72.62±10.92 23.53±7.33 10.29±6.60 0 38.91±10.58 0 100 100 Large 

71.13±5.29 10.70±2.49 6.84±2.53 0 37.59±4.54 0.70±0.38 100 100 Total 
†
: Trad. and Consol. are traditional and consolidated paddy fields, respectively.  
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 !+���&��'()�* */(�0
6� ) \�,9 53/73  . (�_��

) ^�/#62/72 (�_�� (��/(-�'  7��� �� 5-�# �*���# D,

�� +���) [V,> !43/56 _��H(# (� �� 8N#�S  �� .�,# �


()�* !+��� $�(IC2 D,(��/(-�'  7��� 86�<-/(�0
 &��'

�*���# /�� �#8�1��/()�* 6���-� H��  H��/������ )98/2 8

39/6  .53/23 7# �_�� \�,9  8[V,> !+��� &��# P(
�


 �� 5-�# �*���# D,(��/(-�'  7��� 3(l-�(  .(^�/# .

) 6�*/(�0
 !+���13/71 N#�% N'* 7# /(- (�_�� !��,


 6�<-/(�0
 !+��� �� �*���# D,(��/(-�'  7��� ��

)70/10  �
`�# (�_��@�A 83���#�"# .�,# . /(�0
 &�1

 7Sh"  �� 5-�# �<> D,(��/(-�'  7?�,
 �:- �� &���,-

��,  7?)�h 8 6�,# R�,   .���D,(�/(-�'  7?�,
  &��.�<>

��  �� �� . 6�">��� . [V,> $�?h% p(C0
 g��1� 3��


) ��� &��.�<> !����> �,U�# 70(9-Jürgenson, 2016; 

Li et al., 2018( . �*���# D,(��/(-�'  7��� 3(l-�( 

 3(l-�(  �� R(ST
 3�� �� 7?)�h  ��,  6.�F .� �1 &��# 5-�#

&�.�(� \�,
 6�* ���/F )Firouzi, 2015 ( G�* &��#

) DE(F D�9��57/27  3(l-�(  83("iC1 .��� �
`�# (�_��

 6�*/(�0
 &��'()�* !+��� �� �*���# D,(��/(-�'  7���

7?)�h  3�� �� )13/71 �_��(  |�U��S
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Table 4. Mechanization capacity of different agronomic operations in traditional paddy fields (hp-h.ha-1) 
Paddy field size Tillage Transplanting Weeding Harvesting 

Small 284.27±11.81 0.61±0.02 0 21.40±10.17 

Medium 247.39±16.14 0 0 44.93±14.26 

Large 263.05±28.29 0 0 60.00±22.23 

Mean 265.79±9.48 0.27±0.02 0 36.77±12.18 
1-ah h-Total= 302.83 hp 
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Figure 2. Contribution of mechanization energy or capacity of various agronomic operations in traditional paddy 

fields (%) 
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Table 5. Mechanization capacity of different agricultural operations in consolidated paddy fields (hp-h ha-1) 
Paddy field size Tillage Transplanting Weeding Harvesting 

Small 340.98±40.79 7.77±2.26 0 515.63±63.97 

Medium 246.71±33.22 10.77±2.11 0 409.43±38.63 

Large 227.48±16.76 6.99±1.83 2.27±1.25 337.44±25.14 

Mean 268.37±17.85 8.43±1.07 0.85±0.47 414.95±25.49 
1-ah h-hp  692.96  =Total                                           
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Figure 3. Contribution of mechanization capacity of various agronomic operations in consolidated paddy fields 
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Abstract 
Equipping and renovation of paddy field projects are known as an important infrastructure provisions 

in the development of mechanization of rice cultivation. In this regard, a survey study was conducted to 

evaluate the impact of equipping and renovation projects of paddy fields on the development of 

mechanization of rice cultivation in Amlash County, Guilan Province. Accordingly, using the Bartlett 

minimum sample size table, the sample sizes for two groups of farmers employed in traditional and 

equipped paddy fields were determined to be as 105 and 160, respectively. The research samples were 

selected using multi-stage stratified sampling method. The research data were gathered using a self-

structured questionnaire as the data collection tool. Results showed that the degree of mechanization of 

rice transplanting and harvesting operations in equipped paddy fields were higher than those of 

traditional paddy fields, in all three groups of small (<0.5 ha), medium (0.5-1 ha) and large (˃1 ha) 

fields. Mean value of the degree of mechanization of mechanical weeding operation in equipped large 

paddy fields was 10.29% and in other cases it was zero. Among the agronomic operations in equipped 

paddy fields, the highest degree of mechanization after tillage (100%) was related to rice harvest (56.43, 

73.53 and 72.62 in small, medium and large paddy fields, respectively). The main share of the total 

mechanization capacity in traditional paddy fields was related to tillage operation, while the main share 

of mechanization capacity in equipped paddy fields was contributed to the harvest stage. Thus, 

irrespective of the nil value of mechanization degree of rice for mechanical weeding, the degree of 

mechanization of the other agronomic operations have been evaluated to be satisfactory for equipped 

paddy fields in the study region. Therefore, it is recommended that the Agriculture-Jahad Organization 

of Guilan Province enhances the degree of mechanization of mechanical weeding and transplanting 

operations by applying the practical solutions. Also, in order to improve the mechanization capacity of 

equipped and renovated paddy fields, special attention should be paid to the exact determination of the 

required farm machinery size, especially for rice harvesting machinery, in order to reduce the 

mechanization capacity as much as possible.  
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