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Ã|Ì°q   
Â] [M {Â^¼¯ ËÃ�  µZ� �{ZÅÉ yYÌ,� Y�mY Ä] �Â^n» Y� ½Y��ÁZ�¯É  �Á�ZÅÉ  ]M �{ Â¿Ì�ZÉ   Ä¸¼m �Y .d�Y Ã{Â¼¿

Y Ë¾ �Á�» ZÅÊ½YÂe  ]M �Á� Ä]Ì�ZÉ Ã��«ÉY  � Ëv���Ê  �Â¿ Ä¯Ê  ]MÌ�ZÉ  �Â» �Z�§ dveÊ Y�§Y \mÂ» Á Ã{Â] Ë �  
Ã�Æ]�ÁÉ  » [MÊ  .{Â¼¿ Ã�Z/�Y ,{Â/� Ë°Ê  Ó{ �Y Ë¸Ê  ¸� ½Y��ÁZ/�¯ Ä¯Ìº£� ÅZ³MÊ  �Y½Z»|¿Y� �ËY�§Y    �{ [M {�]�Z¯

�Ìºf�  ]MÌ�ZÉ  � Ëv���ÊZ] Ä�ËZ¬» �{ �Á� ¾ËY �Y ,  �Á� �ËZ�  ÉZÅ�Z�§ dve É�ZÌ]M   É�f¼¯ Ã{Z¨f�Y»Ê,|ÀÀ¯ �Å ËÄÀ 
� Ë {Z  ·ÁYÌÄ dz/� .d/�Y ½M�e Ë¾  ]M {�]�Z¯ �{ �·ZqÌ�ZÉ  � Ëv�/��Ê,  �Y~³�Z¯É ªÌ«{  Ä·Â·� ��¿ {�Â» ª¼� �{ ZÅ Ë �  

a ½Á|] Á  ­Zy t�/�Ì p ³{�ÂyÊ Zn¿M �Y .d/�YÊË �Å Ä¯ ËÄÀ  �Z¯�³É Ä·Â· \/�¿ t�/� |uYÁ �{ ZÅ Ë�Z  {Ê»  |/�Z]
Y ¹Zn¿Y �Y ¥|Å ,Y~· Ë¾   dyZ/� ,�ÅÁ�a  Ê]ZË��Y Á ÃZ´f/�{]M �{ �Y~³ Ä·Â·Ì�ZÉ � Ëv�/��Ê uY�� �Z/�Y �] .d/�YÊ 

·Âe Á dyZ/� ÃZ³�Z¯ �{ ÃZ´f/�{ ,Äf§�³ c�Â/�Ì|  ¿Z°» �z]Ì®  ]Ì/�ÂÌºf/�  ��ÁZ/�¯ Ã|°/�¿Y{É  /� ÃZ´/�¿Y{Ì�Y�   ÄfyZ/�
 .|/� lËZf¿Z»�M Ë�ÉZÅ Ä���»YÉ  {Y{ ½Z/�¿ ª¼� cY�ÌÌ¤e \Ë�/� Ä¯  ª¼� Á{ ÉY�] É�Y~³�Z¯20   Á30   É�f» Êf¿Z/�

\Ìe�e Ä]4/1    Á3/1 d/�YY�]ZÀ] . Ë¾,  ³�Z°] Z]Ì�É  ]M �Y~³ Ä·Â· ÃZ´f/�{Ì�ZÉ � Ëv�/��Ê uY��Ê /�Z¿ ¶°/�» Ã|/�Ê  �Y
Æne {Â^¼¯ÌcY� Â¿ �Á� Ë¾ ]MÌ�ZÉ Ã��«  ÉY� Ëv�/��Ê  �Y~³�Z¯ Á Ã|/� �§�É ½Z°q Ã��« Ä·Â·  \/�ZÀ» ª¼� �{ �Y{

[Â¸�» d«{ Z]  ÄÀË�Å Á d//�Y �Ë~a ½Z°»YÄ·Â· \//�¿ dÆm Y� ½Y��ÁZ//�¯ Ä] Ã|//� ¶Ì¼ve ÉZÅ �ÅZ¯ c|//� Ä] ZÅ
Ê».|Å{  
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Ä»|¬»  
 Z]�ËY�§Y  ¼mÌd,   Ze d/�Y ¹�Ó·ÂeÌ| ��ÁZ/�¯ cÓÂ/�v»É ¿ Z] \/�ZÀf»ÌZÅ�ZÉ Y~£ÊË Y�§Y Ë�   Ë|]Z �Z/�Y �] .

�/�Âe Ã|/� �/�fÀ»  ��Y�³  Ê¿ZÆm �Z] Á �YÂy ½Z»�Z/�(FAO)   ,�ËY�§Y ½Z°»Y  10   §�� |/��{Ìd   d/�Y{�]Ê]M �]ZÀ» �Y 
  �/�Âe �z]��ÁZ/�¯É   ,{�Y{ {ÂmÁ  Ze d/�Y ¹�Ó ½ZÆm dÌ ¼m ÉY~£ ¾Ì»Ze dÆm Ä°Ì·Zu�{50 |/��{   ËY�§Y�   �{

·ÂeÌ|  Y~£ {YÂ»ÊË    [ZË�Z§ É��ÁZ/�¯ ªË�� �YZa Ze Ë½Z   µZ/�2050    ¶/�Zu {Â/�[1] . ��ÁZ/�¯É  Za Ë�Y|  Ë®  Y�] ¶u ÃY�É  
Y ½Y�^m Ë¾  �� �Y µ{Z e ¹|� Ëª ]M [M ¥�/�» �{ �ÅZ¯Ì�ZÉ Y�§Y Á Ë�  Ã�Æ]�ÁÉ  [M �� �Y Ëª ��f/�³ /�Ìºf/�ZÅÉ 

]M/Ì�ZÉ  ¾ËÂ¿  d///�Y¼Å Ä/] .Ì¾  ]M ,�Â�À»/Ì�ZÉ  Ã��«YÉ  � Ë�  v�//�Ê    Ä/̄ Ë°Ê  �eÓZ/] �Y Ë¾  ]M Ã{�Z/]/Ì�ZÉ  ] �{ Y�Ì¾ 
�Á�ZÅÉ »¹Â��  {�Y{ Á »Ê |¿YÂe Ë® |�Z] �iÂ» �Z°ÅY�[2] .   

 ¾Ì»Ze Ä] �ZÌ¿ Á dÌ ¼m �ËY�§Y Á Â/� ®Ë �Y ½Y�ËY É�¯�» ª�ZÀ» Ä¸¼m �Y ½ZÆm ª�ZÀ» �Y É�ZÌ/�] �{ [M {Â^¼¯
 �Â^n» Y� ½Y��ÁZ/�¯ ,�´Ë{ ÉÂ/� �Y dÌ ¼m ¾ËY ÉY~£  Ä] {�]�Z¯  �Á�ÉZÅ  Â¿¾Ë .d/�Y Ã{Â¼¿ É�ZÌ]M �{ ºf/�Ì/� ÉZÅ

®^//� �{ �Z//�§ dve É�ZÌ]M½Y�ËY Ä¸¼m �Y Á ¦¸fz» ÉZÅ�Â//�¯ �{ �Z]�Ë{ �Y ¦¸fz» ÉZÅ  Ã�Æ] Á Y�mYÃ|//� É�Y{�]  
  Ã�Á�a �Zy �ËY�/� Z] \/�ZÀf» Ê·Á¸¼m �Y-Ä  �ËY�/� YÂÅ Á [MÊË ,  �Â¿Á ÃZÌ³­Zy  �·Zq Z]  .d/�Y Ã{Â] ÄmYÂ» ÊËZÅ

d/�¯ Ã{Z¨f/�Y {�Â» �Z/�§ dve É�ZÌ]M lËY� �Á� Äf/�~³ ½ZÌ·Z/� �{Ã��« Á Ê¿Y�Z] É�ZÌ]M ,Ê�Y�� ÉZÅÉY Êv�/� 
 Á ¾Ì¬¬v» �Ìz^e cZ¨¸e Á É�ZÌ]M [M \/�ZÀ»Z¿ dÌ¨Ì¯ ,Ä¬�À» ½{Â] �Ìy {Z] ,{Á|v» Ê]M �]ZÀ» Ä] ÄmÂe Z] .d/�Y Ã{Â]

Ã�Æ]�Á� Ä/] ½Y�Y{�] ¾°¼» ¶/«Y|/u Ä/] cZ/̈¸e Ä/̄  ÊÀËÂ¿ ÉZ/ÅÃ{�ÁM ÉÁ� |//��]�Á� ¾ËY Ä/̧¼m �Y .|/¿YÊ» Z/Å Ä/] ½YÂe
  É�ZÌ]M �Á�Ã��«  ÉYÉ�ZÌ]M �{ .{Â¼¿ Ã�Z//�Y d//�Y Ê //�Â» �Z//�§ dve É�ZÌ]M Ê�Â¿ Ä¯ Êv�//��Ë�  Ã��«ÉY 

 Á Ä/�Ë� ÄÌuZ¿ �{ ºÌ¬f/�» �Â�] ÊËY~£ {YÂ» Á d]Â�� ¾Ì»Ze dÆm \/�ZÀ» �ËY�/� ½|/� ºÅY�§ ¶Ì·{ Ä] Êv�/��Ë�
  [M �Ìz^e ¹|� ¾ÌÀr¼Å [M ÉY�Y Ä] µÂ//�v» |Ì·Âe Á É�ZÌ]M ½Z»|¿Y� �{ �Ì´¼//�q �ËY�§Y |ÅZ//� Ä���» t�//� �{

Ê» �Á� ¾ËY .{Â] ºÌÅYÂy Ê§�/�» d·ÂÆ� Á µÂ/�v» dÌ¨Ì¯ Á dÌ¼¯ ,[M ¥�/�» ÄmÂe ¶]Z« �ÅZ¯ dÆm �{ |¿YÂe
 {Â� Äf§�³ �Z°] Ä���» dË�Ë|» �{[3]–[7] .  

   É�ZÌ]M ÉY�] �Á� ¾ËY Äq�³Y�{   É�Y~³�Z¯ ¥�/� É{ZË� �ZÌ/�] ÄÀË�Å Z»Y -d/�Y \/�ZÀ» [M {Â^¼¯ �ËY�/�
Ä·Â·Ê» ZÅÄÀË�Å �ÅZ¯ dÆm ÊËZÅ�Z°ÅY� µZ^¿{ Ä] ½ÂÌ/�Y�Ì¿Z°» ¾Ì/�/�zf» Á� ¾ËY �Y .{Â/�Ä·Â· É�Y~³�Z¯ ÉZÅ Á ZÅ

¾Ì/�Z» �Y Ã{Z¨f/�YÄ·Â· É�Y~³�Z¯ dÆm cÓMÃ{Â] ­Zy ¾Ì » ª¼� �{ ZÅ Ê¨¸fz» ÉZÅ�Y�]Y �Y�¿Z¯ ÃZ´/�¿Y{ �{ .|¿Y
Ä·Â· \/�¿ dÆmd§�³ �Y�« Ã{Z¨f/�Y {�Â» ZÅ[6]  ½M  �] ZÅ �{ Ä·Â· É�Y~³�Z¯ ª¼� cY�ÌÌ¤e ½|¿Z�� ¶«Y|u Ä] dÌ¼ÅY

|ÀËM�§ �ËZ/� ÉY�] Ä¯ Ê¬¼� �{ \/�¿ Á Ê��§ Ä·Â· µÂ�  .|¿{Â¼¿ |Ì¯Ze ,|À°¿ {ZnËY ¶°/�» ºz/� |À¿Z» É��Â¯Zy ÉZÅ
Ê�ËY�/� �{ Ê¸¯ �Â�] Á�]Á� ÊeÔ°/�» Z] ºf/�Ì/� �ËZa Á É�Y|Æ´¿ Á Y�mY {�Y{ �Y�« ­Zy �Ë� �{ É�ZÌ]M ºf/�Ì/� Ä¯ 

Yd/�,   Ê§Z�Y d�¿ ¶v» ÊËZ�ZÀ� |À¿Z» ÊeÔ°/�» Y�Ë� Ä·Â· Ê³|Ë{ \Ì�M dÆm Ä] Êfz� Ä] ÊmÁ�y ~§ZÀ» Ê´f§�³ ZË
d/�Y sÔ/�Y ¶]Z«[6] .   Á� ¾ËY �YÊ]ZË��Y Á dyZ/�  ÃZ´f/�{ ®Ë Ä·Â·  {�Â» ª¼� �{ Ä·Â· ªÌ«{ \/�¿ Z] |¿YÂf] Ä¯ �Y~³

  �{ Ä·Â· É�Y~³�Z¯ ª¼� cY�ÌÌ¤e ,��¿.{�Y{ ½YÁY�§ dÌ¼ÅY -|¿Z/��] ¶«Y|u Ä] Y� �Ì/�» µÂ�   Á dyYÂÀ°Ë É�Ì³�Y�« Z]
Ä·Â· ªÌ«{½Z°q Ã��« \//�ZÀ» dÆm Á ZÅÊ» ,|//�Z] ÓZ] Ä] Á� Ä¿�Á� Ä°Ë�Â� Ä] ZÅ ÄÌuZ¿ �{ [M �za ÊfyYÂÀ°Ë ½YÂe

Â� �{ ½Z°q Ã��« Ê]{ cY�ÌÌ¤e ¾ÌÀr¼Å .{Y{ �ËY�§Y Ã�Ì¿Z°» �Ì£ \/�¿ �Á� Ä] d^/�¿ Y� Ä/�Ë� ÄmÂe Z] Ê��§ Ä·Â· µ
 �ËY�§Y \mÂ» Êf/�{ É�Y~³�Z¯ �Á� Ä] d^/�¿ É�Y~³�Z¯ ª¼� cY�ÌÌ¤e ½|Ì/�� ¶«Y|u Ä]Ã�Æ]É�Á  Á ÊfyYÂÀ°Ë

Ê» Ä���» �{ [M �Ë�Âe�Y ÊÅZ³M º£�Ì¸� ½Y��ÁZ//�¯ Ä¯ Ê¸ËÓ{ �Y Ê°Ë ,|//� Ã�Z//�Y Ä¯ �Â� ½Z¼Å .{{�³  ¾ËY Ä°¿M
  h/�Z/] �Á�Ã�Æ] �ËY�§YÊ» É�Z/Ì]M [M É�Á {{�³,  Ê» Ã{Z/̈f//�Y ½M �Y �f¼¯  Ä/ÀË�Å ,|/ÀÀ¯  Ä/Ì·ÁY  Á {Z/Ë� �{ cÔ°//�»

Ã�Æ]dz/� .d/�Y ½M É�Y{�]Ä·Â· É�Y~³�Z¯ ,Êv�/��Ë� É�ZÌ]M {�]�Z¯ �{ �·Zq ¾Ë�e  ½Á|] Á ��¿ {�Â» ª¼� �{ ZÅ
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Ê³{�Ây pÌa |�� ¶�§ ÉY|f]Y �{ ­Zy t�� �Ë�  Ä·Â· \�¿ É�³�Z¯ ÄÀË�Å Ä¯ Zn¿M �Y .d�YÓZ] t�� |uYÁ �{ ZÅ 

ÊnÀ� �ZÌ¿ Á �Â�Â» dÌ¼ÅY Ä] ÄmÂe Z] ¶°�» ¾ËY ¶u ÉY�] ,d�Y ¾ËY ¹Zn¿Y �Y ¥|Å Ã|� ¹Zn¿Y ÉZÅªÌ¬vedyZ� , 
ÃZ´f�{ Ê]ZË��Y Á .d�Y Êv���Ë� É�ZÌ]M �Y~³ Ä·Â·  

  
  

 �Á� Á {YÂ»ZÅ  
Ã�Æ] Z] Y|f]Y �{��Â¯Zy �Y É�Ì³  Ã�Y|¿Y Á {Z ]Y ,Ä¨Ë{� ®Ë µ�Ìq kY�zf�Y �Y~³ Ä·Â· ÊuY�� ÉY�] �ZÌ¿ {�Â» ÉZÅ

 Ä/Ì·ÁY µ|/» ®/Ë ,ÊuY�� �{ �Y~/³ �ÌiZ/e ¶/»YÂ� �´Ë{ Á É�Y~/³ Ä/·Â· cZ/Ì¸¼� ÉY�] �Z/Ì¿ {�Â» cY�ÌÆne Ä/] Ä/mÂe Z/] .|//�
 �Y�§Y ¹�¿ �{Solidworks   �{ �ZÌ/� ¦¯ �{ �Y|¿Z°q Ã��« Ä·Â· É�Z/� ZÅ� ¶v» ¶»Z/� �Y~³ �ÌiZe �ËY�/� .|/� ºÌ/��e

Â¿ ÉZf/�Y� Ê/�rÌa Ä¯ É�Â� Ä] Ä·Â· ¥Ô¯ �Á{ �Y ½|/� {Y�M ½Z»� �{ Ä·Â· ºÌ�Àe ¾ÌÀr¼Å ,|/� Ê/���] µ�Ìq Ä¤Ìe ­
 µ|» ,Ã|� ºÌ��e ÄÌ·ÁY µ|» �{ �iÂ» �ËY�� Ê»Z¼e ¾f§�³ ��¿ �{ Z] .d§�³ �Y�« ÄmÂe {�Â» �Ì¿ |ËZÌ¿ {ÂmÁ Ä] ½M �{

Ä/�¬¿ �Z/�Y �] .|/� ÊuY�� ÊËZÆ¿�m ÉZÅÄ]|ÀËM�§ ,ÃZ´f/�{ �mZÅ¶»Z/� dyZ/� É-  Á É�Z°/�Y�e ,É�Z°yY�Â/� ,��]
 ¶»Z/� Ä¨Ë{� ®Ë Êv�/� �Ë� É�ZÌ]M �Y~³ Ä·Â· ÃZ´f/�{ .|/� ¹Zn¿Y É�Z°/�Âm �z] Ä/� |uYÁ ,ÃZ´f/�{ Ê¸/�Y Ê/�Z/� :

­Zy ª¼� Ze Ã�«�« �Y Ä·Â· dËY|Å |uYÁ Á ��Â¯Zy |/� ÊuY��» �z] |Ì·Âe Á dyZ/� ÃZ³�Z¯ �{ ÃZ´f/�{ .Ê/�|ÀÆ 
��ÁZ/�¯ Ã|°/�¿Y{ ºf/�Ì/�ÂÌ]�ËZ»�M ¹Zn¿Y �Y �a Á ÄfyZ/� �Y�Ì/� ÃZ´/�¿Y{ É Ã{Z»M Ä���» �ËZ»�M ÉY�] ÊÅZ³�Z¯ ÉZÅ

 ¶°/� ª^� .|/� É�Z/�1   Ã{Z¨f/�Y Ã|/� ºy É�¸§ Ä·Â· ®Ë �Y Ä¤Ìe d/�a �{ Ä¯ d/�Y µ�Ìq Ä¤Ìe ®Ë ¶»Z/� �Y~³ Ä·Â·
|/Ë{�³ Ã|//� {Z/nËY Ä//�¿Y�e �{ Ä/·Â· É�Y~/³Z/m ª¼� �ÌÌ¤e �Â�À» Ä/] �Z/̈e�Y ºÌ�Àe d/Ì¸]Z/« Ä/̄  Y{ Y� {� �Y~/³ Ä/·Â· {Z/ ]Y .

  \Ìe�e Ä] �Z¨e�Y Á ��� ,µÂ� ¶»Z/�3000   ,500   Á2200  Ê¸Ì» ¹�Ó ,É�Y~³�Z¯ cZÌ¸¼� �Á�/� ½Z»� �{ .d/�Y �f»
Ã|/ÀÀ¯ d/ËY|/Å ¾Ì] �Y Á Ã{�¯ �Z/] Ã�«�« ÉÁ� �Y Y� Ä/·Â· �³�Z/̄  d//�Y  pÌÅ Ä/̄  {Â//� d/«{ d//�Y ¹�Ó .|/Å{ �Â^� Z/Å

 �{ Á |/�Z^¿ Ä·Â· �{ Ê/�rÌa Ä·Â· �Y �f» |Àq Á Ã{�¯ �Â^� {�Y{ �Y�« ��Â¯Zy |uYÁ Ä«Z/� d/�a Ä¯ É�¸§ Ä·Â· �Y ZÆf¿Y
Ä·Â· É�Y~³�Z¯ .|À¯ �ZÆ» ­Zy ¶yY{ �{ ,Ã|¿�Y|Æ´¿ ®Ë �/�Âe Á Ã|Ì/�¯ ¾Ì»� ÉÁ��] Ä/�Ë� ÄÌuZ¿ �{ É�ZÌ]M ÉZÅ

 {Á|u)25  Êf¿Z�Â» ÃZ´f�{ .{�Y{ É{ZË� dÌ¼ÅY ÃZÌ³ �ZÌ¿ {�Â» [M ¾Ì»Ze dÆm (É�f»  ��¿ {�c�Â� Ä]   �YÂ�Ã{Â]   Á
Ê»  ª¼� ºÌ�Àe  w�q Á{ ªË�� �Yw�q ½{�]  ÓZ/] Z/] ,�«YÁ  �{ .{Y{ �ÌÌ¤e Y�  Ä/·Â· É�Y~/³�Z/̄  ª¼� ½YÂe ª¼� Z/Å

Ê» �ËY�§Y É�Y~³�Z¯Ä«Z/� ¾f§� Á�§ ª¼� �j¯Y|u .|]ZË  ­Zy �{ ÃZ´f/�{ É30 Êf¿Z/�  ,��¿ {�Â» ÃZ´f/�{ .d/�Y �f»
�Å �{ d�Y �{Z« Á Ã{Â] Ã|uYÁ ®e .|À¯ É�Y~³�Z¯ Y� Ä·Â· �y ®Ë {{�e �Z]   
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¶°�1- Ã��« É�ZÌ]M �Y~³ Ä·Â· ÃZ´f�{ Ã|ÀÅ{ ¶Ì°�e ÉY�mYÊv���Ë� ÉY.  

  
É�ZÌ]M Ä·Â· Ê³�Za �Y É�Ì³Â¸m dÆm \�ZÀ» d���  Ã��«ÉY  d�e ªË�� �Y Êv�� �Ë�ÄÌ·ÁY ÉZÅ�Àm É ÉZÅ

½M Ê/�/�¯ d»ÁZ¬» Á �Y�Z] �{ {ÂmÂ» Ä·Â· ¦¸fz» Ê]�ne c�Â/� Ä] ZÅ  �]Y�]2  d�Z/� �] �f»Â¸Ì¯|/� [Zzf¿Y.  Ä] ¹�Ó
  ½Z°»Y ÉÁ�//�Ìa d��//� �ËY�§Y Ä¯ d//�Y �¯} Ã��« Ä·Â· �{ Ê³�Za ¾ÌÀr¼Å Á É�Y~³ �Z¯ ª¼� �{ ÊfyYÂÀ°Ë ¹|�

.{Y{ |ÅYÂy �ËY�§Y Y� �Y|¿Z°q   Ä·Â· cZÌ¸¼� d//�Y ¹�Ó ,ÉÁ�//�Ìa �f» |Àq �Y �a Á ¾Ì»� �{ �Âf¯Y�e d¯�u �Y �a
³ ­Zy Á Ã|/� ¦«Âf» É�Y~  �Y/� Ã{� �ZÀ¯ Ä·Â· ÉÁ� {Â   É�Y~³�Z¯ tÌv/� ª¼� Á �Ì/�» �{ Ä·Â· Ê³|ÌrÌa ¹|� �Y Á

 {Â¼¿ ¶/�Zu ½ZÀÌ¼�Y.   Ä·Â· É�¸§ ÊaÂ°/�¸e c�Â/� Ä] ,Ê¸/�Y Ê/�Z/� Ä] d^/�¿ ½M ½{Â] ¦� À» �Â�À» Ä] É�Z/� ZÅ�
|� ÄfyZ�Ã �Z¨e�Y �{ ½YÂf] ¹Á�· c�Â� �{ Ä¯�¸§ Ä·Â· �ZÌ¿ {�Â» ÉZÅ {Y{ �Y�« Y� É.  

  ¶/°//� �{2   ÃZ/́ f//�{ Ê¸¯ ÉZ/¼¿,  �Ì//�» µÂ� �{ ­Zy ¶yY{ Ä·Â· É�Y~³�Z¯ ÃÂv¿ Á �Âf¯Y�e Ä] ½M µZ//�eY
.d�Y Ã|� ÄWY�Y Ä���» �{ É�Y~³�Z¯  
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 ¶°�2- �Âf¯Y�e Ä] Ã|� ¶�f» Êv�� �Ë� É�ZÌ]M �Y~³ Ä·Â· ÃZ´f�{ �Y ÊËZ¼¿ .  

  
 ®Ë �{ ,Ã|/� ÄfyZ/� ÃZ´f/�{ Ê]ZË��Y �Â�» Ä]¾Ì»� Ä �«   duZ/�» Ä]200  ]�» �f»,�  �Z¯ ª¼� Á{ ¾f§�³ ��¿ �{ Z]

) É�Y~³20   Á30 Êf¿Z/�(�f»  ¶/�YÂ§ Z] �Y�°e Ä/� �{75 Êf¿Z/�  µÂ� Ä] Ä·Â· �Â�y �´Ë|°Ë �Y �f»30   É�Y~³ �Z¯ �f»
|Ë{�³ .  �]Y�] ­Zy d]Â�� �ËZ»�M ¹Zn¿Y ¹Z´ÀÅ �{ Ä¯ d//�Y �¯} Ä] ¹�Ó33 �//� Ä]Z//�» Ä¯ {Â] Ê¼nu |//��{ �ËY

a Á Ã�ÌËZa d/�¯ Y|f]Y �{ ­Zy Êf]Â���Ì ­Zy .d/�Y ºz/� �Y   ­Zy ,��¿ {�Â» Ä���»"Ã|°/�¿Y{ É�/�" d§Z] Z] 
¹Â·Êf¸Ì� Ê�� )silty clay loam( Y|f]Y É�Y~³ Ä·Â· �Á�� �Y ¶^« .d�Y  Ä·Â·   |Àq Á Ã{Y{ �Â^� ÃZ´f�{ �Y �Y|¿Z°q Ã��«

¸v» �{ Á Ã|Ì/�¯ ½Á�Ì] �f»Ê   ÃZ´f/�{ d/�a ­Zy �{ xÌ» ®Ë �/�Âe|/� d]Zi    �b/� Á �Âf¯Y�eZ]   ÉÁ�/�Ìa d��/�2 
d�Z/� �] �f»Â¸Ì¯  {�¯ ÉÁ�/�Ìa Ä] �Á�/� ��¿ {�Â» ª¼� Ze ­Zy �{ Á Ã{�¯ d¯�u ¾ÌËZa d¼/� Ä] Ê»Y�M Ä] ÃZ´f/�{ .

Ê» Á�§ {Á�/̧¼u Ä/ËÁY� .  Ä/¤Ìe Ä20    Ä/m�{[8]   {Â]Á Ã    ½M �Y |/ ] Á {�¯ {�Ây�] ­Z/y Z/] Ä/¤Ìe ­Â¿ Y|/f]Y ¶/Ì·{ ¾Ì¼Å Ä/]
 .|//� ­Z/y {�YÁ �Y~/³ Ä/·Â· |/uYÁ �Â�À» Ä/]�Z/̈e�Y ¾Ì»Z/ew�q ��¿ {�Â» ÉZ/Å \//�Z/À» d/Ì «Â» �{ ª¼� ºÌ�Àe ÉZ/Å

  ºÌ�Àe|Ë{�³ . §{Z/�e c�Â/� Ä] ÃZ´f/�{ �Z¯ ª¼� dv/� �Y ½ZÀÌ¼�Y ÉY�] Ä] ­Zy �{ Ã|/� É�Y~³ �Z¯ Ä·Â· ª¼� Ê
  Êf/�{ c�Â/� �{ Ä¯ �Â� ½Z¼Å¶°/�3   d/�Y Ã|/� Ã{Y{ ½Z/�¿  .|/� É�Ì³ Ã�Y|¿Y �Y ¶^« Ä¯ d/�Y tÌ/�Âe Ä] ¹�Ó Äf^·Y

Ä·Â· É�Y~³ �Z¯ ZÅÔe ��¿ {�Â» ¾Ì»� Ä �« �{ Êv�/� tÌ�/�e cZÌ¸¼� ¹Zn¿Y Z]É|À¸] Êf/�a cY�iY |/� � ¾Ì»� ÉZÅ
.|��] ¶«Y|u Ä]   
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¶°�3- Ã�Y|¿Y É�Y~³�Z¯ ª¼� �Y ÊËZ¼¿ .Êv���Ë� É�ZÌ]M �Y~³ Ä·Â· ��Âe Ã|� É�Ì³

 
 lËZf¿  hv] Á:  
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 ª¼� Á{ �Å �{ ÃZ´f/�{ �/�Âe Ã|/� ºÌ�Àe ª¼� Ä] d^/�¿20   Á30  Êf¿Z/� �j¯Y|u É�f»3  �Å �{ .d/�Y Ã{Â] �f» Êf¿Z/�
  ¶°/� ª^� ,¾ËY�]ZÀ]4  �» Ê� �Y �a ÃZ´f�{ ��Âe É�Y~³�Z¯ ª¼� Á{ �Å �{ d§Z5  ª¼� �{ ��Âf» �Â� Ä] Ä·Â· �f»

 ª¼� ¾Ì´¿ZÌ» Ä] �ZÌ » ¥Y�v¿Y d^//�¿ \//�u �] É�Y~³�Z¯ ª¼� cY�ÌÌ¤e \Ë�//� ¾ÌÀr¼Å .d//�Y Äf§�³ �Y�« ��¿ |»
 ª¼� Á{ �Å ÉY�] �Ì¿ É�Y~³�Z¯20   Á30  Êf¿Z/�\Ìe�e Ä] É�f»4/1    Á3/1  É�Y~³�Z¯ ª¼� Á{ �Å �{ ,Y~· .|/� Ä^/�Zv»

Ã|/� Ê]ZË��Y,    .d/�Y Ã{�¯ ¶¼� [Â¸�» |u �{ ÃZ´f/�{ Ä¯ d/�Y É�Á�/� Äf°¿ ¾ËY Ä] ¾fyY{�a �{ �{ Ä·Â· É�Y~³�Z¯
­Zy,  |/�Z] ¾ÌËZa Ê¸Ìy ­Zy d]Â�� �³Y Ä°Ë�Â� Ä] d/�Y dÌ¼ÅY �WZu Á ºÆ» ­Zy Ê¼nu d]Â�� |/��{ ÃÁÔ�

ÄyÂ¸¯ ­Zy �{ ,Ê/�/�¯ d»ÁZ¬» �ËY�§Y �]Â¿Zi É��Â¯Zy Ä] �ZÌ¿ Á Ã|/� ¶Ì°/�e ±��] ÉZÅ |ÅYÂy ½Y|Àq Á{ Y� ÄË
Ä¯ Êe�Â/� �{ .{�¯ Ê�Y�� dÌ§�� |u �{ ­Zy d]Â��  ÄyÂ¸¯ {ZnËY ½Á|] É�Y~³ �Z¯ cZÌ¸¼� �Y �a ,|/�Z] ÉZÅ

Ê» �Z] Ã|/� {ZnËY �ZÌ/� ¶yY{ Ä] ­Zy Ä¯ d/�Y ÉÂv¿ Ä] ­Zy Ê¿Z¼fyZ/� �ËY�/� ,­Zy ¾Ì´À/� Y� Ä·Â· ÉÁ� Á {{�³
Z/y cZ/Ì¸¼� Á ®//�Ë{ �Y Ã{Z/̈f//�Y Á |/¿Z//�Âa |/ÅYÂy  |/Ì//�� |/ÅYÂy {Ây Ä/ÀÌ¼¯ Ä/] Z/Ë Á ¥~/u Ä/ËÂ¿Z/i É��Â¯ Ä/f^·Y

�ËZ»�MÄ���» ÉZÅÊ» {ZÆÀ�Ìa ÃZ´f�{ �Z¯ ½Z»� �{ ­Zy ÄÀÌÆ] d]Â�� ¾ÌÌ e dÆm ÉY.{{�³  
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 {ÂmÁ �Y|¿Z°q Ã��« Ä·Â· �Â¿ ®Ë �Y Ã{Z¨f/�Y dË{Á|v» ,Ä·Â· Ã|ÀÀ¯ dËY|Å Ä �« dyZ/� Á ÊuY�� Ä] ÄmÂe Z]
Ê» Á {�Y|/¿  �Y ½YÂeÄ/·Â· �YÂ¿Y Ê»Z/¼e (`/Ìe �YÂ¿ Z/Ë ¾¸ÌeY Ê¸a Ä/·Â·) Êv�//��Ë� É�Z/Ì]M \//�Z/À» �Y|/¿Z/°q Ã��« ÉZ/Å

Z¬e�Y dÌ¸]Z«  Ã|/� ÄfyZ/� ÃZ´f/�{ .{�¯ Ã{Z¨f/�YL  Ã�Æ] cZÌ¸¼� Á Ê�Y�� dË�Ë|» ��¿ �Y µZj» ½YÂÀ ] .{�Y{ Y� É�Y{�]
Ê»¿Y ½Z»�¼Å Y� É�Y~³ Ä·Â· Á ºz/� �Z¯ ,É��Â¯Zy cYÁ{Y µZ/�eY Z] ½YÂe ­Zy �ËZ/��§ �ÅZ¯ \mÂ» Ä¯ {Y{ ¹Zn

¾Ì//�Z» {{�e �ÅZ¯ ªË�� �YÉZÅÊ» É��ÁZ//�¯Ê» ¾ÌÀr¼Å .{{�³|uYÁ {Y| e ½YÂe  �//�Âe Ä·Â· É�Y~³�Z¯ ÉZÅ
 ÉZn] ,�Ì�» �{ {{�e �Z] �Å Z] Ä¯ {Y{ �ËY�§Y Y� ÃZ´f�{1  ,Ä·Â· �y2 ZË3 .{Â� \�¿ ­Zy �Ë� �{ Ä·Â· �y  

  
:É�Ì³ ÄnÌf¿  

 Ä·Â· ÃZ´f/�{ Ä·Â· É�Y~³�Z¯ ½Z°»Y �Y�Ì/� ÃZ´/�¿Y{ É��ÁZ/�¯ Ã|°/�¿Y{ �{ Ã|/� ÄfyZ/� Êv�/��Ë� É�ZÌ]M �Y~³
Y� [Â¸�» d/«{ Z/] \//�Z/À» ª¼� �{ �Y|/¿Z/°q Ã��«  ª¼� ÉY�] É�Y~/³�Z/̄  ª¼� cY�ÌÌ¤e \/Ë�//� Ä/] Ä/mÂe Z/]20  Á30 

\Ìe�e Ä] É�f» Êf¿Z�    �]Y�]4/1   Á3/1   {�Y{  Ã|� Ê]ZË��Y É�Y~³�Z¯ ª¼� Á{ �Å �{ ,Y~· . ¶¼� [Â¸�» |u �{ ÃZ´f�{

  

  
¶°�4-  ª¼� Á{ �{ �Ì�» Y|f]Y �Y Ä¸�Z§ Ä] d^�¿ Êv�� �Ë� É�ZÌ]M Ä·Â· É�Y~³�Z¯ ª¼� cY�ÌÌ¤e
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Â¿ �Á� Ë¾  ]MÌ�ZÉ Ã��« ÉY� Ëv�/��Ê �Y~³�Z¯ Á Ã|/� �§�É ½Z°q Ã��« Ä·Â·  d«{ Z] \/�ZÀ» ª¼� �{ �Y{[Â¸�»  
ÄÀË�Å Á d�Y �Ë~a ½Z°»YÄ·Â· \�¿ dÆm Y� ½Y��ÁZ�¯ Ä] Ã|� ¶Ì¼ve ÉZÅÊ» �ÅZ¯ c|� Ä] ZÅ.|Å{  
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Design, Construction and Performance Evaluation of Subsurface Drip Irrigation 
Pipe Installer Machine 

 
 

Abstract 

Water scarcity, especially in recent years, has forced farmers to adopt new irrigation techniques. Among these methods, 

subsurface drip irrigation is a type of pressured irrigation that increases water productivity. There is not a growing 

tendency among farmers to use subsurface irrigation systems despite being aware of the increasing water application 

efficiency because of the high initial costs of this method. The most difficult challenge in applying subsurface irrigation 

is to install the pipes at the desired depth below the soil surface at the beginning of the growing season without twisting. 

Labor cost per unit area of pipe installation is considerable. Therefore, the purpose of this study is to build and evaluate 

the pipe installer in subsurface drip irrigation. The device was built in the manufacturing and production lab at Biosystems 

Engineering department, Faculty of Agriculture, Shiraz University. Results of field experiments showed that the 

coefficient of variation (CV) of pipe installation for 20 and 30 cm depth were 1.4 and 1.3, respectively. Therefore, by 

using the designed subsurface irrigation pipe installer machine, the problem caused by the lack of equipment of the 

subsurface drip irrigation is solved and it is possible to install the pipe at the appropriate depth with the desired accuracy 

and reduce the costs imposed on farmers. 

 
Key words: Mechanization, Localized irrigation, Depth of installation 
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