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Ä] �Â�À» µ|» ,¥��» ÉÂ´·Y ¾ÌÌ e ��¿ Ê���] Á Ê§��» É��¿Y É�Z�¾]�¯ É{ |Ì�¯Y  µZ� �{ Ê�ÅÁ�a ,Ä¿YÁ|ÀÅ |Ì·Âe ÉY�]

1392 d§�Ë~a ¹Zn¿Y ,½ÔÌ³ ½Zf�Y {Á�´À· ½Zf��Æ� �{ . \Ìe�e Ä] Ä¿YÁ|ÀÅ {�°¸¼� Á Ê§��» É��¿Y ¶¯ ½Y�Ì»98/40228 

 Á µÁ�Z´»75/27348  ¹�³Â¸Ì¯�Zf°Å �] Ä]|»M d�{ . lËZf¿ ¾ÌÀr¼Å|¿{Y{ ½Z�¿  ¾Ë�eÓZ] ÄfÌ�Ë�f°·Y Á dyÂ� ,½�Á�fÌ¿ Ä¯ ºÆ�

 Y� Ä¬�À» �{ Ä¿YÁ|ÀÅ |Ì·Âe ÉY�] É��¿Y ¥��» �{|Àf�Y{ �]�{ .µ|» �ÅÁ�a ¾ËY �{[Z¯ �]Ze �Y Ã{Z¨f�Y Z] Ê§��» É��¿Y É�Z�� 

Ã{ZÆ¿ ½ZÌ» �Y Ä¯ {Y{ ½Z�¿ ½M lËZf¿ Á |� ¹Zn¿Y �Ô³Y{½M Ê»Z¼e �iY ,É��¿Y ÉZÅ�m Ä] {�°¸¼� �] ZÅL ¾Ì�Z» �{ Ê»Y{ {Â¯ Á cÓM

 t��1 %ÊÀ »|Ë{�³ �Y{ . �Á� �Y Ã{Z¨f�Y Z] ¾ËY �] ÃÁÔ�Ã�Æ]�ÁÉ §Ê°Ë�Ì ËZÆ¿ Ê)MPP(, {ZÆ¿ dÌ�Z�u ¶Ì¸veÃ �] É��¿Y ÉZÅ

|� Ä^�Zv» Ä¿YÁ|ÀÅ {�°¸¼� . Ê¯Zu dÌ�Z�u ¶Ì¸ve lËZf¿½M �] É��¿Y Ä¯ {Â] ¾Ë�eÓZ] \Ìe�e Ä] �~] Á É�³�Z¯ ÉÁ�Ì¿ ÉZÅiPe�Ì 

 Y� Ä¿YÁ|ÀÅ {�°¸¼� �{|Àf�Y{�] �{ . �{Ä¿Zz¸³ ÉZÅ�Z³ ��¿ ½Y�Ì» dËZÆ¿ ÉY�Z�Y �]  |Ì�¯Y É{ ¾]�¯ �Z�f¿Y�Zf°Å �{  Á |� d§ZË

 ��¿ ¶¯ ½Y�Ì» {Y{ ½Z�¿ ½M lËZf¿¾]�¯ É{  |Ì�¯YÄ¿YÁ|ÀÅ |Ì·Âe ÉY�] 96/1014  Ä¯ Ã{Â] �Zf°Å �] |Ì�¯Y É{ ¾]�¯ ¹�³Â¸Ì¯

 ½�Á�fÌ¿)23/54(% dyÂ� ,)73/16 (% ÄfÌ�Ë�f°·Y Á)45/15 (%¶¯ ½ZÌ» �{ Ã{ZÆ¿ |¿{Y{ �Z�fyY {Ây Ä] Y� ��¿ ºÆ� ¾Ë�eÓZ] ZÅ.  

Ã�YÁ É|Ì¸¯ ÉZÅ: ¸ve¶Ì �Z�u ,dÌ|Ì�¯Y É{ ¾]�¯µ|» , É�Z���¿YÉ Á Ä¿YÁ|ÀÅ  

  
Ä»|¬» 

��¿Y �Y |»M�Z¯ Ã{Z¨f�YÉ Ã{ZÆ¿Ã�Æ] �ËY�§Y Ä] Ê]ZÌf�{ h�Z] ZÅ �»YÂm �Y|ËZa d]Z«� Á É�ÁM{Â� ,{Z�f«Y Ä] ®¼¯ ,É�Á

Ê» ÊËZf�Á� {Â�)Canakci et al., 2006 .( É��ÁZ�¯ �{ t�� |uYÁ �{ Ê§��» É��¿Y¬f�» �{ É�Â·ÂÀ°e {Â^Æ] Ä] Äf�]YÁ 0Z¼Ì

d�Y |Ì·Âe t�� Á ��Y�» .{Á�ÁÉ ÊÀ » ºÆ� ¹Â¼� Á {Â¯ ,�~] ,¾Ì�Z» ,ÄfÌ�Ë�f°·Y ,dyÂ� ¶Ì^« �Y ÊËZÅ �{ É��¿Y �]ZÀ» �Y É�Y{

|¿�Y{ ½�|» É��ÁZ�¯ |Ì·Âe ºf�Ì� .Ê] Ã{Z¨f�YËÁ�Ã{ZÆ¿ �Y Ä ¾f§� ÓZ] d¸� Ä] ½YÁY�§ Ê¸Ì�§ É��¿Y Ä] Ê��f�{ Á É��ÁZ�¯ �{ ZÅ

d�Y Ã|� {ZnËY Ê³|¿� ÉZÅ{�Y|¿Zf�Y Á Y~£ |Ì·Âe .Ä] µZu�Å  É��ÁZ�¯ cY|Ì·Âe �{ cÔ°�» �Y É�ZÌ�]0Ze|¼�  ÉÓZ] t�� ÄnÌf¿ �{

d�Y Ê¸Ì�§ É��¿Y Ä] Ê´f�]YÁ. dyÂ� �Y Ã{Z¨f�Y �ËY�§Y �ÌyY ½�« �{ÉZÅ  �] ZÆ¿M ��» cY�iY �ËY�§Y ½M �^e Ä] Á Ê¸Ì�§
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v»�Ì Ã|Ë|� cÔ°�» ,d�Ë�½M Ä¸¼m �Y Ä¯ ,Ã{Â¼¿ {ZnËY ��] ÉY�] Y� ÉY ZÅ»Ê Ä¿Zz¸³ ÉZÅ�Z³ ��¿ Ä] ½YÂe �ËZ»�³ Ã|Ë|a ,ÉY

{Â¼¿ Ã�Z�Y Ê¸Ì�§ �]ZÀ» ¹Z¼eY Á ¾Ì»� Ê¿ZÆm . Ä¯ Ã{Â] |Ì�¯Y É{ ¾]�¯ ��¿ ¾Ì»� ÉZ»�³ �ËY�§Y Ê¸�Y ¶¸�dyÂ� µÂ�v» ÉZÅ

 {YÂ» �ËZ� Á Ê·M� d�Y ÊËZÌ¼Ì)Houghton, 1989 .( �Â�Â» ¾ËY �Y �Ì¿ É��ÁZ�¯ZÀjf�» dyÂ� Á ÊËZÌ¼Ì� {YÂ» Y�Ë� ,Ã{Â^¿ ÉZÅ

Äf§�³ �]�{ Ê�Y�� cZÌ¸¼� ¹Zn¿Y �{ Y� ÊËY�� Ä] �¬¿ �ÌyY cYÂÀ� �{ Ê¸Ì�§|¿Y .YÃ{ZÆ¿ ¾Ì] µ|» ®Ë {ZnË ÊmÁ�y Á É��¿Y ÉZÅ

|Ì¨» cZ�Ô�Y �Y ÉiPeÃ{ZÆ¿ �Y ®Ë �Å �Ì {Y{ |ÅYÂy �Y�« Z» �ZÌfyY �{ cÓÂ�v» {�°¸¼� �] ZÅ)Mousavi-Avval et al., 2011.(  

Ê°Ë �e{�]�Z¯�a �Y¾Ë �Á�ZÅÉ �Z»MÉ Y�mY ,¦¸fz» ¹Â¸� �{É  �Á�µ|» ��³�Ê¿ÂÌ Y�]É  e¾ÌÌ Ä�]Y�É ]¾Ì ®Ë ¤f»�Ì 

Äf�]YÁ )ÊmÁ�y(  Z]®Ë ZË ¤f» |Àq�Ì ¶¬f�» )É{Á�ÁZÅ( »Ê|�Z] .¤f»�Ì ¤f» Á x�Za ,Äf�]YÁÉZÅ�Ì ¤f» ,¶¬f�»ÉZÅ�Ì �ÂeÊvÌ ¿�Ì 

»Z¿Ã|Ì »Ê |¿Â�. É{Á�Á ¾Ì] Êe�Z^� Ä]Ê» �Y�«�] |Ì·Âe �]Ze Ê�Â¿ ÊmÁ�y Á ZÅ ,{Â�� ¶°�Ê�ZË ·Âe �]Ze|Ì Ä]c�Â� ��Ë d�Y:  

)1( ,...),( 21 XXfY 

Ä�]Y� Ä¯ É)1(, Y »½Y�Ì ��¿YÉ mÁ�yÊ  Á(X1, X2, …) ½Y�Ì» ·Âe ¶»YÂ� Á �]ZÀ»|Ì » ½Z�¿ Y�Ê   |ÀÅ{)Mobtaker et al., 

2012.(  

ÄÀÌ»� �{ Äq�³Ä¿Zz¸³ ÉZÅ�Z³ ��¿ ÉZÅ�ÅÁ�a ,cÓÂ�v» d�¯ �{ ÉY Z»Y ,Ã{Â^¿ Ã{�f�³ ½Y|Àq Äf§�³ c�Â� ÉZÅ

µ|» Á É��¿Y ¥��» |¿Á� Ê���] ÉÁ� �] É�ZÌ�] cZ ·Z�»£Z] �ÂÀf» cÓÂ�v» ÉY�] ½M É�Z� ¦¸fz» �Z¬¿ Á ½Y�ËY �{ Ê�Y�� Á Ê

d�Y Äf§�Ë~a c�Â� ZÌ¿{ .½M �Y Êy�] Ä] ¶Ë} �{ Ä¯{�¯ ºÌÅYÂy Ã�Z�Y ZÅ:  

µ|» Ä] ½Zf�Á|ÀÅ [ZnÀa d·ZËY �{ ½Z¬¬v» Á É�Z�¸ve¶Ì �Z�udÌ ��¿YÉZÅÉ {Á�ÁÉ ÉY�] ·Âe|Ì ¹|À³ |ÀfyY{�a , ¾Ë|]

[Z¯ �]Ze �Y �Â�À»� Á �Ô³Y{ �Á� MPP1 |� Ã{Z¨f�Y .Ä¯ ½M lËZf¿ ¹Â¼� Á µ�Ë{ dyÂ� ,ÊËZÌ¼Ì� ÉZÅ{Â¯ {Y{ ½Z�¿ ZÅ

�Z�u Á ¾Ë�e�iÂ» ÊËZÌ¼Ì� Ã{ZÆ¿ ¾Ë�e |¿|� Ê§� » ¹|À³ |Ì·Âe ÉY�] ZÅ)Singh et al., 2004.(  

Ê�ÅÁ�a �{ Ã{ZÆ¿ Ê§��» É��¿Y �Y�« Ê���] {�Â» ½Y|¼Å ½Zf�Y �{ Ä¿YÁ|ÀÅ |Ì·Âe ÉY�] ZÅÃ{Y{ Ã|�  �] dÌ°·Z» �iY �b� Á

 ÉÁ�Ã�Æ] d§�³ �Y�« Ê]ZË��Y {�Â» ½M �{ Ê§��» É��¿Y É�Á)Banaeian and Namdari, 2011.( 

Ä ·Z�» �{Y Éµ|»�Z�É Ã{ZÆ¿ZÅÉ ��¿YÁ É  ��¿¾]�¯ É{ |Ì�¯Y ÉY�] ·Âe|Ì �\ÌÊÀÌ»�  ½Zf�Y½ZÆ¨�Y d§�Ë~a c�Â� .

Zf¿lË ��³� �]Ze ��Y�]Ê¿ÂÌ ��¿Y �iY Ä¯ {Y{ ½Z�¿ �Ô³Y{ [Z¯ÉZÅÉ Ä] �Â]�» Ã{ZÆ¿ t��  �{ ÊËZÌ¼Ì� {Â¯ Á µ�Ë{ dyÂ� ÉZÅ

1 %À »Ê �Y{ Z] �]Y�] Ê¿ÂÌ��³� µ|» ÉY�] �Ì¿ ½Â�eYÁ ¾Ì]�Á{ ½Â»�M �Y|¬» Á Ã{Â]18/2  ��¿ ¶¯ ½Y�Ì» ¾ÌÀr¼Å ,|� {�ÁM�]¾]�¯ 

É{  |Ì�¯Y Z] �]Y�]88/992  ¾]�¯ ¹�³Â¸Ì¯�Zf°Å �] |Ì�¯Y É{  Z] ÊËZÌ¼Ì� ÉZÅ{Â¯ Ä¯ |� Ä^�Zv»27/37 ��{ Y� ºÆ� ¾Ë�eÓZ] |

 |¿{Y{ �Z�fyY {Ây Ä] ��¿ ¾ËY �{)Pishgar-Komleh et al., 2012.(  

                                                           
١ Marginal Physical Productivity  
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½Y�´�ÅÁ�a ¾ÌÀr¼Å µ|» Ä] Ê�y ½ÂÌ��³� µ|» �Y Ã{Z¨f�Y Z] Ã{ZÆ¿ dÌ�Z�u ¶Ì¸ve Á É�Z� ��¿ Ê���] Á É��¿Y ÉZÅ

¾]�¯ É{ |Ì� Ȳ |ÀfyY{�a ½ZÆ¨�Y ½Zf�Y ¹|À³ |Ì·Âe �{ . Ê¿ÂÌ��³� µ|» lËZf¿É��¿Y �iY Ä¯ {Â] ½M �´¿ZÌ]¾Ì�Z» ÉZÅ  [M Á cÓM

 t�� �{ É�ZÌ]M1 %ÊÀ »  ��¿ ½Y�Ì» Á Ã{Â] �Y{¾]�¯ É{  |Ì� Ȳ {Á|u �{11/756  ¹�³Â¸Ì¯ ¾]�¯ Ã{� ¾Ì¼ze �Zf°Å �] |Ì�¯Y É{

 |�)Ghahderijani et al., 2013.( 

ºÆ» ¾Ë�e  dÌ�Z�u ¶Ì¸ve Á É�f»Y�Za µ|» ®Ë ÄWY�Y ,Ä¿YÁ|ÀÅ |Ì·Âe ÉY�] Ê§��» É��¿Y ÉÂ´·Y ¾ÌÌ e ªÌ¬ve ¾ËY ¥Y|ÅY

Ã{ZÆ¿ ¾Ì] �Z^e�Y ½ZÌ] ÉY�] Á Ä¿YÁ|ÀÅ {�°¸¼� ½Y�Ì» Á É��¿Y ÉZÅZÆ¿ �Z�f¿Y ½Y�Ì» Ê���] 0ZfË¾]�¯ É{  |Ì� Ȳ |Ì·Âe |ÀËM�§ ¾ËY ÉY�]

Ê» ½ÔÌ³ ½Zf�Y �{ |�Z].  

  

 Á {YÂ»�Á� ZÅ   

 d�¯ t�� Z] ½ÔÌ³ ½Zf�Y1554  ¶Ì·{ ¾Ì¼Å Ä] ,Ã|� [Â�v» �Â�¯ µZ¼� �{ Ä¿YÁ|ÀÅ |Ì·Âe Ã|¼� � Ȳ�» �Y Ê°Ë �Zf°Å

{�Â» cZ�Ô�Y �Y ªÌ¬ve ¾ËY �ZÌ¿  ¶Ì¼°e Á É�Â�u Ä mY�» ªË��120 Ä¿YÁ|ÀÅ �Y Ä»ZÀ���a{Á�´À· ½Zf��Æ� ¦¸fz» ½Y�Z¯  �{

 Ê�Y�� µZ�92 �1391 �¼m �ÁMd�Y Ã|� É.  �Y �Ì] ½ÔÌ³ ½Zf�Y �{ {Á�´À· ½Zf��Æ� d�Y �¯} Ä] ¹�Ó90  cY|Ì·Âe |��{

{�Y{ �] �{ Y� ½Zf�Y Ä¿YÁ|ÀÅ .)Ministry of Jihad-e-Agriculture of Iran, 2012 .(  �{ �Ì¿ Ä»ZÀ���a ¶Ì¼°e �Y | ] Á ¾Ìu ,¶^«

{�Â»  dÌ¨Ì¯cÓYR�  Áx�Za Å{ Z] ½Y��ÁZ�¯ Ê\uZ� ½Y��¿ Ã�Y{Y �{ Ä¬�À»  ¾ÌÀr¼Å Á É��ÁZ�¯ cZ»|y �¯Y�» ,É��ÁZ�¯ {ZÆm

Ê¿ÁZ eÃ�ÁZ�» É��ÁZ�¯ cZ»|y ÉZÅÃZ³|Ë{ Á |� ¹Zn¿Y ÊËZÅ ÄWY�Y ÃÂÌ� ,½ZÅZÌ³ d�¯ ¶WZ�» Á dÌ �Á {�Â» �{ ½Z¿M cY��¿ Á ZÅ

d§�³ �Y�« ���a {�Â» ¶WZ�» �ËZ� Á �Y�Z] ,cZ»|y .�Á� �Y Ã{Z¨f�Y Z] Ä»ZÀ���a ÊËZËZa d�Y �¯} Ä] ¹�Ó  �]Y�] Á ¾ÌÌ e wZ] ½Á�¯

91 {Â] |��{.  

�{ ¾ËY Ä ·Z�» �Y �Á� Ä¿Â¼¿ É�Ì³ Ê§{Z�e Ã{Z� Á{ Ä¸u�»Ã{Z¨f�Y ÉY Ã|� d�Y. ½Y�Y|£Z] �Â� Ä] Ê§{Z�e �Y ¾Ì] ÉZÅZf�Á� 

{�Â» Ä¬�À» Ä ·Z�» [Zzf¿Y |¿|�. ÉY�] Y|Ìa ½{�¯ ºnu Ä¿Â¼¿ �Y Ã{Z¨f�Y ½Y�¯Â¯ �Á� Ã|� d�Y. ½Y�¯Â¯ ÉY�] Ä^�Zv» {Y| e 

Ä¿Â¼¿ ¹�Ó �Á� �{ Ä¿Â¼¿É�Ì³ Ê§{Z�e µÂ»�§ �Ë� Y� ÄWY�Y Ã{�¯ d�Y:   

)2( 
22

2

)()1(

)(

tsdN

tsN
n 

 ½M �{ Ä¯NÃ�Y|¿Y , Ä »Zm É�Z»M ZË  ½Y��ÁZ�¯ {Y| e)Ä¿ÁY|ÀÅ½Y�Z¯( ,t \Ë�� ½ZÀÌ¼�Y ¶]Z« µÂ^« Ä¯ Z] ��§ µZ»�¿ ½{Â]  �Ë�Âe

d¨� {�Â» �Y ��¿ µÁ|m t  d¿{ÂÌf�YÄ] d�{ |ËZÌ» .S2�¿ZË�YÁ {�ÁM�] , d¨� Ä ·Z�» {�Â» �{ Ä »Zm Ä¯ �{ ZnÀËY �¿ZË�YÁ 

�yZ�ÉZÅ É��¿Y �{ Ä¬�À» Ä ·Z�» {�Â»  ,d�Yd  [Â¸�» Ê·Z¼fuY d«{)½ZÀÌ¼�Y Ä¸�Z§ ¦�¿ ( Án ºnu Ê» Ä¿Â¼¿ �{ Ä¯ |�Z]

 �ÅÁ�a ¾ËY112 �Y Z] Á �e�iÂ» �Â� Ä] |¿YÂf] Ä¿Â¼¿  Ä°ÀËY ÉY�] Z»Y ,|� {�ÁM�]Ê³�ËÁ �´¿ZÌ] É�f�Ì] ½ZÀÌ¼ �Y |�Z] Ä »Zm ÉZÅ120 

Ã{ZÆ¿ {�Â» �{ ��ÁZ�¯���a ,Ä¿YÁ|ÀÅ |Ì·Âe É{Z�f«Y ¶WZ�» Á Ê§��» ÉZÅ ÊËZÅ¶¼� Ä] |»M.  
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Ã{ZÆ¿¾Ì�Z» ,É�³�Z¯ ÉÁ�Ì¿ ¶»Z� Ä¬�À» �{ Ä¿YÁ|ÀÅ |Ì·Âe ÉY�] É��¿Y ÉZÅ ÊËZÌ¼Ì� ÉZÅ{Â¯ ,dyÂ� ,cÓM) ,½�Á�fÌ¿

ºÌ�Zfa Á �¨�§( ,¹Â¼� ,Ê»Y{ {Â¯ ,�f°·YÊ» Ä¿YÁ|ÀÅ µÂ�v» É��¿Y Ã|¿Zf� ZÆÀe Á Ã{Â] �~] Á ÄfÌ�Ë|�Z] . É��¿Y Ä] Ê]ZÌf�{ ÉY�]

Ã{ZÆ¿ ZÅ  É��¿Y {�Y|¿Zf�Y \ËY�� �Y Ã|¿Zf� ÁÃ{Z¨f�Y Ã|�  µÁ|m �{ Ä¯1 Z^�Zv» ,|¿�Y{ �Y�« �ËZ¼¿ �� » Ä] c�Â� \Ìe�e ¾Ë|] c

 [�� ,d�Y Ã{ZÆ¿ |uYÁ \�u�] Ä¯ ½M É��¿Y µ{Z » �{ �b� Á Ã|� {�ÁM�] �Zf°Å |uYÁ �{ Ã{ZÆ¿ �Å ¥��» �Y|¬» Y|f]Y Ä¯ Äf§�³

Ã|�|¿Y.  

 µÁ|m1. \ËY�� ��¿YÉ Ã{ZÆ¿ÉZÅ §��»Ê ÉY�] ·Âe½ÔÌ³ ½Zf�Y {Á�´À· ½Zf��Æ� �{ Ä¿YÁ|ÀÅ |Ì.  

 
�z] 

 

|uYÁ 
 

ºÅÉ��¿Y ��Y  
(MJ/unit) 

�m�» 

 ¦·Y– Ã{ZÆ¿     
1� É�³�Z¯ ÉÁ�Ì¿  h 1/96 (Pishgar-Komleh et al., 2012) 
2� ¾Ì�Z»cÓM  h 62/70 (Banaeian and Namdari, 2011) 
3� dyÂ�  l 56/31 (Mobtaker et al., 2012) 
4� ÊËZÌ¼Ì� ÉZÅ{Â¯  kg   

½�Á�fÌ¿  66/14 (Mousavi-Avval et al., 2011) 
�¨�§  12/44 (Mobtaker et al., 2012) 
ºÌ�Zfa  11/15 (Mousavi-Avval et al., 2011) 

5� »Y{ {Â¯Ê  kg 3/0  (Pishgar-Komleh et al., 2012) 

6� ¹Â¼�  kg 120 (Nabavi-Pelesaraei et al., 2013a) 
7� ÄfÌ�Ë�f°·Y  kg 93/11  (Banaeian and Namdari, 2011) 
8� �~]  kg 9/1  (Kitani, 1999) 

 [– Ã|¿Zf�     
1� Ä¿YÁ|ÀÅ  kg 1/9 (Kitani, 1999) 

  

É��¿Y \·Z« �{ É��¿Y µZ°�Y ¾ÌÀr¼Å ,ºÌ¬f�»�Ì£ ,ºÌ¬f�» ÉZÅ|neË| ~aË�  Á|neË| ~aZ¿Ë� �¬eÌº |À]|¿|� Ä^�Zv» Á É .

É��¿Y ¶»Z� Ä¿YÁ|ÀÅ |Ì·Âe �{ ºÌ¬f�» É��¿Y d�Y �¯} Ä] ¹�Ó Ã{Â] ÄfÌ�Ë�f°·Y Á dyÂ� ,É�³�Z¯ ÉÁ�Ì¿ ÉZÅ·Zu�{Ê Ä¯  É��¿Y

É��¿Y ¶»Z� ºÌ¬f�»�Ì£¾Ì�Z» ÉZÅ �~] Á ¹Â¼� ,Ê»Y{ {Â¯ ,ÊËZÌ¼Ì� ÉZÅ{Â¯ ,cÓM»Ê |À�Z] . É��¿Y ¾ÌÀr¼Å|neË| ~aË�  ¶»Z�

É��¿Y Ã{Â] �~] Á Ê»Y{ {Â¯ ,É�³�Z¯ ÉÁ�Ì¿ ÉZÅ·Zu�{Ê Ä¯  É��¿Y|neË| ~aZ¿Ë� É��¿Y �] ¶¼f�»¾Ì�Z» ÉZÅ ,dyÂ� ,cÓM

 ,ÊËZÌ¼Ì� ÉZÅ{Â¯|¿{Â] ÄfÌ�Ë�f°·Y Á ¹Â¼�.  

 �Z^e�Y ½ZÌ] ÉY�] \�ZÀ» Ê·|» ¾f§ZË Ä ·Z�» ¾ËY É| ] ¹Z³]¾Ì {Á�ÁÉ ZÅ)��¿YÉ Ã{ZÆ¿ZÅ (mÁ�y Á Ê)ÊmÁ�y É��¿Y 

Ä¿YÁ|ÀÅ(  �Â�À» ¾Ì¼Å Ä] ,{Â]·Âe �]YÂe|Ì ¦¸fz»  ZÅ�Ì¤f» ¾Ì] ��Y�] Ã{Y{Zf¿ Ä] ÄmÂe Z] ÁlË ½Â»�MZÅÉ ¸yY{ Ê)¼ze¾Ì ÀvÀ»Ê ( Á

 �Y|¬»^e \ËY�� ¾ÌÌ·Âe �]Ze |� �z�»|Ì [Z¯ �» �Ô³Y{Ê�fÆ] |¿YÂe¾Ë ¼ze¾Ì Y�] Y�É Ã{Y{ZÅÉ |�Z] Äf�Y{ {ÂmÂ» . �]Ze ¶°�

Ä] �Ô³Y{ [Z¯ � c�Â��Ë d�Y:  

Page 92

-٩٢-



 

)exp()( uXfY  )3(  

�y �]ZeÊ [Z¯� » �Ô³Y{Ê� ¶°� Ä] |¿YÂe�Ë ½ZÌ] �Ì¿ �Â{:  

i

n

j ijii eXaY ∑ 1
)ln(ln

 
ni ,...,2,1  )4(  

  

�{ Ä�]Y� É)4( ,Yi mÁ�y �Y|¬»Ê �]Ze )��¿YÉ mÁ�yÊ (Xij Ã{ZÆ¿ �Y{�] Á�§ �{ ZÅ|ÀËM ·Âe,|Ì a  ,d]Zi �Y|¬»iα Ã{ZÆ¿ \ËY�� ZÅ

Ä] Ä¯ �ÁÌÄ¸ ¼ze µ|»¾Ì Ã{�  Á Ã|�ei Z�y �Y|¬»É » µ|»Ê|�Z] . ¹|� c�Â� �{ Ä¯ d�Y Ã|� ��§ ¾ËY Ä ·Z�» ¾ËY �{ ¾ÌÀr¼Å

 �Ìa �{ Ä¯ ,d�Y �¨� �Ì¿ ÊmÁ�y ,É{Á�ÁÄ] �ÁÄ¸Ìs��» �Ì¿ É�´Ë{ {Y�§Y É  |¿{Â] Ã|�)Mobtaker et al., 2012( . ¾ËY�]ZÀ] �{ Z]

Y ¾f§�³ ��¿Ä°ÀË  µÂ�v»Ä¿YÁ|ÀÅ ]Ze ,Ê ��¿Y �YÉ ZÅÉ {Á�ÁÉ |Àf�Å» ,Ê e ½YÂeÂ [Z¯ �]YY�] Y� �Ô³Y{É Y cZ�Ô�Y¾Ë ¬veªÌ 

Ä] � c�Â��Ë {Y{ ½Z�¿:  

)5(  ii eXXXXXXXXY 8877665544332211 lnlnlnlnlnlnlnlnln  

�{ Ä�]Y�É )5({Z¬» ,�Ë Xi (i=1, 2, … , n) ½Z�¿ Ã|ÀÅ{  É É�³�Z¯ ÉÁ�Ì¿)X1( ,¾Ì�Z»cÓM )X2( dyÂ� ,)X3( , ÉZÅ{Â¯

ÊËZÌ¼Ì� )X4({Â¯ ,  Ê»Y{)X5( ¹Â¼� ,)X6(ÄfÌ�Ë�f°·Y , )X7(  �~] Á)X8(  Ä¯ Ã{Â]» �Zf°Å �] µÁ�Z´» \�u �]Ê|�Z] . ¾ÌÀr¼Å

Y�]É ���]Ê ¤ecY�ÌÌ ^�¿Ê {� mÁ�yÊ ¤e �Y ¶�ZucY�ÌÌ ^�¿Ê {Á�Á �{ÉZÅ )Ä¯ Ê»Z´ÀÅ {Á�Á ¹Z¼eÉ Z] ZÅ®Ë Y�§Y d]Zi ¶»Z��Ë 

aY|Ì »Ê|ÀÀ¯ (�ZÌ¬» Ä] d�³�Z] �yZ� �Y2 |� Ã{Z¨f�Y . �Y Ã{Z¨f�Y Z] Ä¯Y�]ZÀ]¾Ë Y�� �Â¼n»\Ë ��³�Ê¿ÂÌ ·Âe �]Ze|Ì  [Z¯

 �Ô³Y{Ä]|»M d�{ . {Â¼¿ �¯} Êf�ËZ] �yZ� ¾ËY ¶Ì¸ve �{Y �Y|¬» �³Y¾Ë ] �yZ��f�Ì  �Y,®Ë ÁZ�»É ZË  �Y �f¼¯®Ë  ,|�Z]Ä] 

e�e\Ì ½Z�¿ ¬» Ä] d�³�Z] Ã|ÀÅ{�ZÌ Y�§YÊ�Ë d]Zi ,ZË �ÅZ¯Ê d�Y .¬» Ä] d�³�Z]�ZÌ Y�§YÊ�Ë �ÅZ¯ ÁÊ e�e Ä]\Ì ½Z�¿  Ã|ÀÅ{

Y¾Ë Y�§Y Z] Ä¯ d�Y�Ë �f»Y�Za ��¿Y �Y|¬»ÉZÅÉ {Á�ÁÉ ,ÊmÁ�y ]�f�Ì ZË �Y|¬» �Y �f¼¯  �f»Y�Za ½MY�§Y�Ë »Ê|]ZË. (Mobtaker et 

al., 2010).  

 Ä ·Z�» dÌ�Z�u ¶Ì¸veiPeÊ» É�Z»M µ|» ®Ë É{Á�Á ÉZÅ�Ì¤f» �Y ÊmÁ�y ÉZÅ�Ì¤f» É�Ë~a�Ì|�Z] .Ä] c�Z^� { Ê�Á� �´Ë

�Á �{ ½{Y{ �ÌÌ¤e ÉY�]É{Á  É�Z»M µ|» ®Ë ÉZÅÄ] c�Â� ½Z»�Z�  ½YÂf] Ä¯ d�Y Äf§ZËiPe µ|» ÊmÁ�y �{ Y� ZÅ�ÌÌ¤e ¾ËY cY�Ì

�Ìa{�¯ ÊÀÌ]. �Á� �Y ¶Ì¸ve ÉY�] Ê¨¸fz» ÉZÅ�Z�uÊ» Ã{Z¨f�Y dÌ Ä¯ ,{Â��{ Y¾Ë  �Y Ä ·Z�»Ã�Æ] �Á��ÁÉ §Ê°Ë�Ì ËZÆ¿ Ê

)MPP( Ä] �Â�À» Ã{ZÆ¿ dÌ�Z�u ¶Ì¸ve |� Ã{Z¨f�Y Ä¿YÁ|ÀÅ {�°¸¼� �] É��¿Y ÉZÅ . �Á� ¾ËY �{Y��\Ë Ä]  µ|» �Y Ã|»M d�{

��³�Ê¿ÂÌ ÄËZacZ^�Zv» É ¸ve¶Ì �Z�udÌ d§�³ �Y�«. .{Z¬»�Ë  d^j»MPP Y�]É {Á�Á �ÅÉ » ½Z�¿Ê|Å{ mÁ�y ¶¯ �Y|¬»Ê  Z]

Y�§Y�Ë Y�§Y Ã{ZÆ¿ ½M�Ë »Ê,|]ZË Y�]ZÀ]¾Ë Y�§Y�Ë Z] Ã{ZÆ¿ ½M �Y|¬»|Ë a Ä»Y{YY|Ì |À¯ .{Z¬»�Ë MPP Y�]É Ã{ZÆ¿ZÅÉ  ,¦¸fz»

Ä] �ÁÌÄ¸ � Ä�]Y��Ë » Ä^�Zv»Ê {Â� )Nabavi-Pelesaraei et al., 2013a:(  
                                                           
2 Return To Scale 
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j
j

xj XGM

YGM
MPP

)(

)(
 

)6(  

�{ Ä�]Y�É )6( ,MPPxj Ã�Æ] �Y|¬»�ÁÉ §Ê°Ë�Ì ËZÆ¿Ê Y�Y Ä]É  Ã{ZÆ¿j ,¹Yjα ��\Ë ��³�½ÂÌ  Ã{ZÆ¿j ,¹YGM(Y) »¾Ì´¿ZÌ 

�|ÀÅÊ  ÊmÁ�y ÁGM(Xj) »¾Ì ¿́ZÌ �|ÀÅÊ ��¿Y Ã{ZÆ¿ �ÅÉ ·Âe �{|Ì  Ä¿YÁ|ÀÅ» �Zf°Å |uYÁ �]Ê|�Z].  

 ��¿ ½Y�Ì» Ä ·Z�» ¾ËY �Y d¼�« ¾Ë�yM �{¾]�¯ É{ |Ì� Ȳ  �Y �Â�À» ¾Ë|] ,d§�³ �Y�« Ê���] {�Â» Ä¿YÁ|ÀÅ |Ì·Âe �{

 ��¿ ½Y�Ì» ¾f§ZË ÉY�] {�Y|¿Zf�Y \ËY��¾]�¯ É{ |Ì� Ȳ  Ã{ZÆ¿ �Å ÉY�]Ã{Z¨f�Y  |�) µÁ|m2 .(Âv¿ ¾Ë|] cZ^�Zv» µÂ�Y  Ä¯ {Â]

 Ã{ZÆ¿ �Å �Y|¬») |uYÁ �{� e¦Ë Ã|� ( µÁ|m �{ Ä¯ ½M {�Y|¿Zf�Y µ{Z » Ä]2 Ê» [�� ,Ã|»M|¿Â�. Äf^·Y  �¬§ Ä¯ d�Y �¯} Ä] ¹�Ó

Ã{ZÆ¿ �Y Êy�] ��¿ �{ ZÅ¾]�¯ É{ |Ì�¯Y |ÀÅ |Ì·Âe ÉY�]. Ä¯ d�Y �iÂ» Ä¿YÁc�Z^� |¿Y ¾Ì�Z» �Y ,ÊËZÌ¼Ì� ÉZÅ{Â¯ ,dyÂ� ,cÓM

ÄfÌ�Ë�f°·Y Á ¹Â¼�.  

 µÁ|m2.  ��¿ {�Y|¿Zf�Y \ËY��¾]�¯ É{ |Ì�¯Y Ã{ZÆ¿ ÉY�]É��ÁZ�¯ ÉZÅ.  

�z] 
 

|uYÁ ºÅÉ��¿Y ��Y  
(kgCO2eq.ha-1) 

�m�» 

1� ¾Ì�Z»cÓM  MJ 0/071 (Pishgar-Komleh et al., 2012) 

2� dyÂ�  l 2/76 (Ghahderijani et al., 2013) 

3� ÊËZÌ¼Ì� ÉZÅ{Â¯  kg   

½�Á�fÌ¿  3/1  (Pishgar-Komleh et al., 2012) 

�¨�§  2/0  (Pishgar-Komleh et al., 2012) 

ºÌ�Zfa  2/0  (Ghahderijani et al., 2013) 

4� ¹Â¼�  kg 1/5  (Nabavi-Pelesaraei et al., 2013b) 

5� ÄfÌ�Ë�f°·Y  kWh 608/0  (Nabavi-Pelesaraei et al., 2013b) 

  

¹Z¼e cZ^�Zv» ¾ËY Ä ·Z�» Z] Ã{Z¨f�Y �Y ¹�¿ �Y�§Y Äv¨� Ã{�f�³ Excel Äz�¿ 2010 Á SPSS Äz�¿ 20 ¹Zn¿Y |Ë{�³.  

  

 hv] Á lËZf¿  

¶Ì¸ve É��¿Y É{Á�Á ÊmÁ�y �{ |Ì·Âe Ä¿YÁ|ÀÅ  

�{ ,lËZf¿ �Z�Y �] �Å �Zf°Å  {Á|u �{ Ä¿YÁ|ÀÅ Ê�Y�� ¾Ì»�712  Á É�³�Z¯ ÉÁ�Ì¿ d�Z�18 d�Z� ½YÂe ÊÀÌ�Z» �ZÌ¿ {�Â» 

d�Y .­Zy Ä] �Â]�» ÊÀÌ�Z» cZÌ¸¼� ¾Ë�f�Ì] Á d�Y{�] cZÌ¸¼� Ä] �Â]�» É�³�Z¯ ÉÁ�Ì¿ �Y Ã{Z¨f�Y ¾Ë�f�Ì] ¾ÌÀr¼Å ,{Â] É��Á

�{ �Å  �Zf°Å51/61 �fÌ· cZÌ¸¼� ÉY�] dyÂ� |¿|� ¥��» ¦¸fz»  . {Á|u �{ É{Á�Á É��¿Y ¶¯ �Y|¬»40229  �Zf°Å �] µÁ�Z´»

 �Zf°Å |uYÁ �{ Ä¿YÁ|ÀÅ {�°¸¼� ¾ÌÀr¼Å ,|� Ä^�Zv»75/27348  ¹�³Â¸Ì¯Ã|� {�ÁM�]Ä] ÊmÁ�y É��¿Y Ä¯ , �{ ½M �Y Ã|»M d�{

 {Á|u51963 Ê» �Zf°Å �] µÁ�Z´»|�Z] .ÓZ] ½�Á�fÌ¿ {Â¯ Ä] �Â]�» Ê§��» É��¿Y �{ �ZÌ » ¥Y�v¿Y �Y|¬» ¾Ë�e)89/13538 
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�Zf°Å �] µÁ�Z´» (Ê» Ä¬�À» �{ {Â¯ ¾ËY ¥��» �Ì�Á �ÂÀe �´¿Z�¿ Ä¯ ,{Â] �Y Ê°Ë ,|�Z]ºÆ» �e �Ë�Âe ¹|� ,�Â�Â» ¾ËY ¶ËÓ{ ¾Ë

{ {Â¯ ÄÌÆe ÉY�] ¾Ì��Y� Ê·Z» ½YÂe ©Y�f§Y Á ¾Ì��Y� ¾Ì] �{ Ã{ZÆ¿ Ä¿Z¨�À»{Â] Ä¬�À» � . µÁ|m �Y ½Âf� ¾Ë�yM �{3 ºÆ� , �Å ®Ë

Ã{ZÆ¿ �Y É{Á�Á É��¿Y ¶¯ �{ ZÅÄ] c�Â� d�Y Ã|� ½ZÌ] |��{ . Z] ½�Á�fÌ¿ \Ìe�e Ä] �Z�Y ¾Ì¼Å �]61/69% Z] dyÂ� ,61/8 % Á

 Z] ÄfÌ�Ë�f°·Y65/7 %Ã{ZÆ¿ ¾Ë�e�iÂ»|¿{Â] ½ÔÌ³ ½Zf�Y �{ Ä¿YÁ|ÀÅ |Ì·Âe É{Á�Á É��¿Y �{ ZÅ.  

 �{Ä ·Z�» �{ \Ìe�e Ä] Ä¿YÁ|ÀÅ {�°¸¼� Á É{Á�Á É��¿Y ¶¯ ¾Ì´¿ZÌ» ,½Y|¼Å ½Zf��Æ� �{ Ä¿YÁ|ÀÅ É��¿Y ÉÁ� �] �´Ë{ ÉY

 {Á|u46349  Á �Zf°Å �] µÁ�Z´»49100  |� ¾ÌÌ e �Zf°Å �] ¹�³Â¸Ì¯)Banaeian and Namdari, 2011.( 

 µÁ|m3. É��¿Y ,Ã|¿Zf� Á Ã{ZÆ¿ ½Y�Ì» ,ºÌ¬f�»�Ì£ ,ºÌ¬f�» ,ÊmÁ�y ,É{Á�Á ÉZÅ|ne|Ë ~a Á �Ë|ne|Ë ~aZ¿Ä¿YÁ|ÀÅ |Ì·Âe �{ �Ë.  

�z] |uYÁ ¥��» ½Y�Ì» ¾Ì´¿ZÌ» 
(Unit) 

Ê§��» É��¿Y ½Y�Ì» 
(MJ/ha) 

¥Y�v¿Y �ZÌ »  
(MJ/ha) 

 É��¿Y |��{
Ê§��» 

 ¦·Y� Ã{ZÆ¿       
1� �Z¯ ÉÁ�Ì¿  h 05/712  62/1395  396/37 3/47 
2� �Z»Ì¾ cÓM  h 17/68 1108/37 472/78 2/76 

3� dyÂ�  l 61/51 3463/40 1754/13 8/61 

4� ÊËZÌ¼Ì� ÉZÅ{Â¯  kg     
½�Á�fÌ¿  423/40 28003/70 13538/89 69/61 
�¨�§  123/69 1538/66 595/12 3/82 

ºÌ�Zfa  110/40 1230/93 743/89 3/06 
5�     Ê»Y{ {Â¯  kg 53/384  36/115  91/18 0/29 

6� ¹Â¼�  kg 44/2  61/292  169/53 0/73 
7� ÄfÌ�Ë�f°·Y  kWh 257/95 3077/33 1487/79 7/65 

8� �~]  kg 1/58 3/01 0/69 0/01 

[ � Ã|¿Zf�       

1� Ä¿YÁ|ÀÅ  kg 75/27348  63/51962  20/13724  � 
 É{Á�Á É��¿Y ¶¯ MJ � 98/40228  48/16912  100 
ÊmÁ�y É��¿Y ¶¯ MJ � 63/51962  20/13724  - 

ºÌ¬f�» É��¿Y MJ � 34/7936  52/2747  19/73 

ºÌ¬f�»�Ì£ É��¿Y MJ � 32292/64 96/14970  80/27 

 É��¿Y|neË| ~aË�  MJ � 1513/98 85/392  3/76 

 É��¿Y|neË| ~aZ¿Ë�  MJ � 38715/00 03/16875  96/24 
 

 µÁ|m �{ É��¿Y ¦¸fz» µZ°�Y cZ^�Zv» ¾ËY �] ÃÁÔ�3  ½Z�¿ �Ì¿Ã{Y{ Ã|� |¿Y . �] ºÌ¬f�» É��¿Y ,lËZf¿ �Z�Y34/7936 

 �Zf°Å �] µÁ�Z´»)73/19 (% ºÌ¬f�»�Ì£ É��¿Y ,64/32292  �Zf°Å �] µÁ�Z´»)27/80(% �Ë~a |Ë|ne É��¿Y ,98/1513  �] µÁ�Z´»

 �Zf°Å)76/3 (% �Ë~aZ¿ |Ë|ne É��¿Y Á00/38715  �Zf°Å �] µÁ�Z´»)24/96 (%Ä]|¿|»M d�{ .Ê] Ã{Z¨f�Y� ÉZÅ{Â¯ �Y ÄËÁ� ÊËZÌ¼Ì

 �ËY�§Y h�Z] dyÂ� Á½YÁY�§ Ã|� �Ë~a |Ë|ne �]ZÀ» Ä] d^�¿ �Ë~aZ¿ |Ë|ne �]ZÀ» �Y Ã{Z¨f�Y|¿Y.  

µ|» É�Z�Ã{ZÆ¿ÉZÅ ��¿YÉ  ÉY�]·Âe|Ì Ä¿YÁ|ÀÅ  
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[Z¯ |Ì·Âe �]Ze � Ä] �Ô³Y{µ|» �Â�À»É{Á�Á ¾Ì] É�Z� ÊmÁ�y Á É��¿Y ÉZÅ)Ä¿YÁ|ÀÅ {�°¸¼� (Ä]|� Äf§�³ �Z¯ .�{  ¾ËY

 µ|»Ä] {�°¸¼� Ã{ZÆ¿ Á Äf�]YÁ �Ì¤f» ½YÂÀ�É��¿Y ÉZÅ Ä] ½YÂÀ�|� Äf§�³ ��¿ �{ ¶¬f�» ÉZÅ�Ì¤f»|¿.  µ|» lËZf¿½M �]  �iY Ä¯ {Â]

Ã{ZÆ¿ Ê»Z¼e¾Ì�Z» ,Ê»Y{ {Â¯ L�m Ä] ZÅ t�� �{ ¹Â¼� Á cÓM1 %ÊÀ »  �Y|¬» ¾ÌÀr¼Å ,|¿|� �Y{´f�^¼Å{Ây �Y Ã{Z¨f�Y Z] Ê

] {�Â» ½Â�eYÁ ¾Ì]�Á{ ½Â»�MÁ d§�³ �Y�« Ê���  ½Â»�M ¾ËY �Y|¬»193/2 |� Ä^�Zv» .½Z�¿ �Y|¬» ¾ËY{Ây Ä¯ d�Y ½M Ã|ÀÅ{-

 t�� �{ Ê´f�^¼Å5 %ÊÀ »d�Ì¿ �Y{ . w�¿R2  ÊÀÌ¼ze µ|» �{ �Ì¿99/0 |� {�ÁM�] .Ã{ZÆ¿ �iY ¾ÌÌ e ÉY�] |Ì·Âe ÉÁ� �] ZÅ

 �Y Ä¿YÁ|ÀÅ¬» Ä] d�³�Z] w�¿» �{ ½M �Y|¬» Ä¯ |� Ã{�] Ã�Æ] �ZÌµ| 737/1 |� ¾ÌÌ e.  �´¿ZÌ] �Y|¬» ¾ËY½Z�¿ Ã|ÀÅ{ É  d^j» �iY

Y�§Y�Ë Ã{ZÆ¿|Ì·Âe �] ZÅ Ä¿YÁ|ÀÅ »Ê|�Z].  

¸ve¶Ì �Z�udÌ Ã{ZÆ¿ÉZÅ ��¿YÉ  

Zf¿lË ¸ve¶Ì �Z�udÌ ��¿YÉÉZÅ {Á�ÁÉ �{  µÁ|m �yM ½Âf�4, d�Y Ã|� Ã{Y{ ½Z�¿.  �Á� lËZf¿MPP  ¶Ì¸ve ÉY�]

 É�³�Z¯ ÉÁ�Ì¿ {Y{ ½Z�¿ dÌ�Z�u)21/36 ( �~] Á)24/35 ( dÌ�Z�u ½Y�Ì» ¾Ë�eÓZ] �WZu» �Y½ZÌ Ã{ZÆ¿ Ê»Z¼e {�°¸¼� ÉÁ� �] ZÅ

|Àf�Å ½ÔÌ³ ½Zf�Y �{ Ä¿YÁ|ÀÅ . Ä¯ |Àf�Å ½M �´¿ZÌ] �Â¯~» lËZf¿ Z]1 Y�§Y µÁ�Z´»�Ë ��¿YÉ Ã{ZÆ¿ �{ �~] Á É�³�Z¯ ÉÁ�Ì¿ ÉZÅ

Ä]Z� \Ìe�e |Å21/36 ¯¹�³Â¸Ì  Á24/35 �ËY�§Y ¹�³Â¸Ì¯ ºÌf�Å Ä¬�À» ÉY�] �Zf°Å |uYÁ �{ Ä¿YÁ|ÀÅ {�°¸¼�.  

 µÁ|m4. ½ÔÌ³ ½Zf�Y �{ Ä¿YÁ|ÀÅ |Ì·Âe ÉY�] Ê§��» É��¿Y dÌ�Z�u ¶Ì¸ve Á É�f»Y�Za µ|» lËZf¿.  

Ê¿Á�Ì] ÉZÅ�Ì¤f»  \ËY�� t d^�¿ MPP 

ii eXXXXXXXaY 776655443322110 lnlnlnlnlnlnlnln  

1� É�³�Z¯ ÉÁ�Ì¿  845/1  378/16  * 21/36  
2� ¾Ì�Z»cÓM  057/0  699/0  ns 60/1  
3� dyÂ�  591/0�  895/5�  * 22/5�  
4� ÊËZÌ¼Ì� ÉZÅ{Â¯  186/0�  481/9�  * 19/0�  
5� Ê»Y{ {Â¯  047/0  669/1  ns 60/16  
6� ¹Â¼�  048/0  986/0  ns 44/6  
7� ÄfÌ�Ë�f°·Y  126/0  128/3  * 28/1  
8� �~]  391/0  119/3  * 24/35  

½Â�eYÁ ¾Ì]�Á{ ½Â»�M 193/2    
R2 99/0    

 �ZÌ¬» Ä] d�³�Z] 737/1    
ÊÀ » ¹|� µZ¼fuY t�� �{ É�Y{5 |��{  ns * ÊÀ » µZ¼fuY t�� �{ É�Y{1 |��{  

  

¸ve¶Ì  ��¿¾]�¯ É{ |Ì�¯Y ·Âe �{|Ì Ä¿YÁ|ÀÅ  
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 ��¿ lËZf¿¾]�¯ É{  |Ì� Ȳ µÁ|m �{ Ä¿YÁ|ÀÅ |Ì·Âe ÉY�]5 ]½ZÌ Ã|� |¿Y .lËZf¿ ¾ËY  É{ ¾]�¯ ��¿ Á Ê�Y�� µZ� ®Ë ÉZÀ^» �]

Ã{ZÆ¿ µZ¼�Y �Y ¶�Zu |Ì�¯Y|Àf�Å ZÅ . ,�Z�Y ¾Ì¼Å �]»½Y�Ì  ¶¯ ��¿¾]�¯ É{ |Ì�¯Y ·Âe �{|Ì Ä¿YÁ|ÀÅ  Z] �]Y�]96/1014 

¯|Ì�¯Y É{ ¾]�¯ ¹�³Â¸Ì » �Zf°Å �]Ê|�Z] . Z] ½�Á�fÌ¿ {Â¯23/54% Z] µ�Ë{ dyÂ� ,73/16 % Z] ÄfÌ�Ë�f°·Y Á45/15 % \Ìe�e Ä]

Æ�ºÌ Ã{ZÆ¿ ¾Ë�e �Z�f¿Y �{ ZÅ¾]�¯ É{  |Ì�¯Y d�¯ ÉY�]Ä¿YÁ|ÀÅ |Àf�Å Ä¬�À» �{. Ä] �Z�f¿Y ÄÀÌ�Ì] Á ÄÀÌ¼¯ \Ìe�e02/424  Á

46/1791 ¯|Ì�¯Y É{ ¾]�¯ ¹�³Â¸Ì �Zf°Å �] v¿Y |À¿Z¼Å �Ë{Z¬» ¾ËY ,{Â] É��¿Y �Ë{Z¬» �{ ÓZ] �ZÌ » ¥Y�·{ Ä]cÁZ¨e ¶Ì ÉZÅ

 �Y Ê°Ë �«YÁ �{ {Â] ½�Á�fÌ¿ {Â¯ Ä] �Â]�» Ã{ZÆ¿ ¥��» �{ ¥ÔfyY ¾Ë�f�Ì] ,{Â] Ä¬�À» ¾Ì��Y� ¾Ì] �{ ¥��» ÉÂ´·Y �Ì´¼�q

Ê¸�YYÁ|ÀÅ d�Y�� �{ Ã{ZÆ¿ ¥��» ÉY�] {�Y|¿Zf�Y Äf^·Y Á dyYÂÀ°Ë ÉÂ´·Y dËZ�� ¹|� Ä¬�À» cÔ� » ¾Ë�e h�Z] Ä¯ ,{Â] Ä¿

Ê] �ËY�§Y ��¿ ÄËÁ�¾]�¯ É{ |Ì� Ȳ d�Y Ã|� Ä¬�À» �{ .  

Ä ·Z�» �{ ��¿ ÉY�] Ä]Z�» Ä^�Zv» �Á� Z] ÉY¾]�¯ É{ |Ì�¯Y  ½ZÆ¨�Y ½Zf�Y �{ ¹|À³ |Ì·Âe ÉY�] �Z�f¿Y ¶¯ �Y|¬» ,

58/2711 ¯|Ì�¯Y É{ ¾]�¯ ¹�³Â¸Ì �Zf°Å �]  Ä¯ ,|� {�ÁM�]Z]  Z] ÄfÌ�Ë�f°·Y74  �Z�f¿Y �{ ºÆ� ¾Ë�eÓZ] |��{¾]�¯ É{ |Ì� Ȳ  �{

 d�Y{�] �{ Y� |Ì·Âe)Khoshnevisan et al., 2013.(  

 µÁ|m5.  ��¿ ½Y�Ì»¾]�¯ É{  |Ì� Ȳ½ÔÌ³ ½Zf�Y {Á�´À· ½Zf��Æ� �{ Ä¿YÁ|ÀÅ |Ì·Âe ÉY�].  

�z]  ½Y�Ì» ��¿¾]�¯ É{ |Ì� Ȳ  
(kgCO2eq.ha-1) 

�ZÌ » ¥Y�v¿Y  ÄÀÌ¼¯�Z�f¿Y  �Z�f¿Y ÄÀÌ�Ì] 

1� ¾Ì�Z»cÓM  78/69 33/57 11/37 138/89 

2� dyÂ�  169/76 85/98 32/07 544/82 

3� ÊËZÌ¼Ì� ÉZÅ{Â¯      
½�Á�fÌ¿ 42/550  11/266  90/102  84/1139  
�¨�§ 74/24  96/11  62/4  23/51  
ºÌ�Zfa 08/22  67/10  13/4  72/45  

4� ¹Â¼�  44/12  21/7  44/0  02/30  
5� ÄfÌ�Ë�f°·Y  83/156  82/75  32/29  78/324  

 ��¿ ¶¯¾]�¯ É{ |Ì�¯Y  96/1014  47/399  02/424  46/1791  

f¿ÄnÌ É�Ì³  

 É��¿Y ¶¯ �ÅÁ�a ¾ËY �{Ã{ZÆ¿ ZÅÄ] ½ÔÌ³ ½Zf�Y �{ Ä¿YÁ|ÀÅ |Ì·Âe ÉY�] ÊmÁ�y Á É{Á�Á É {Á|u �{ \Ìe�e40229  Á

51963  Z] ½�Á�fÌ¿ Ä¯ ,|� ¾ÌÌ e �Zf°Å �] µÁ�Z´»61/69 %Ã{ZÆ¿ ½ZÌ» �Y Y� É��¿Y ¥��» �{ ºÆ� ¾Ë�eÓZ] �Z�fyY {Ây Ä] ZÅ

{Y{ . �Ô³Y{ [Z¯ �]ZeÄ] ½YÂÀ� µ|» ÉY�] �]Ze ¾Ë�fÆ] L�m Ä] ,|� Ã{Z¨f�Y Á [Zzf¿Y {�°¸¼� ÊmÁ�y �Z�Y �] É{Á�Á É��¿Y É�Z�

¾Ì�Z»Ã{ZÆ¿ Ê»Z¼e �iY ¹Â¼� Á Ê»Y{ {Â¯ ,cÓM t�� �{ ZÅ1 %ÊÀ » {�°¸¼� �] �Y|¬» ,Ã{Â] �Y{R2 ,99/0  Ê´f�^¼Å{Ây �Y|¬» Á

 �]Y�] ½Â�eYÁ ¾Ì]�Á{ ½Â»�M ��Âe193/2  ��¿ ¶¯ �Y|¬» ,|� {�ÁM�]¾]�¯ É{  |Ì� Ȳ96/1014  �Zf°Å �] |Ì�¯Y É{ ¾]�¯ ¹�³Â¸Ì¯
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 \Ìe�e Ä] ÄfÌ�Ë�f°·Y Á µ�Ë{ dyÂ� ,½�Á�fÌ¿ Á |� Ä^�Zv»±��] �eË¾  ��¿ ¶»YÂ�¾]�¯ É{  |Ì�¯Y|ÀÅ d�¯ �{ [Â�v» Ä¿YÁ

|¿|� .�Á� �Y ½{�] Ã�Æ] Á Êf�Ë� Á Ê»Y{ ÉZÅ{Â¯ ½{�¯ ¾Ë�´ËZm ��Âe ½�Á�fÌ¿ {Â¯ �Y Ã{Z¨f�Y �ÅZ¯ ®Ì¿Z³�Y ÉZÅ�Y®Ë  ¥��

Ä] Z] Ê§��» ÄfÌ�Ë�f°·Y Á µ�Ë{ dyÂ� �ÅZ¯ Á `¼a ÊÀË�³ �Y Ã{Z¨f�Y ,[M µZ�vf�Y \�ZÀ» ÉZÅ�Z»¾Ì  ª]Z�» Á {�Y|¿Zf�Y cÓM

À» �{ ¾Ì»� �ËY�� Z]�Á� ,Ä¬� Ê] ÉZÅ­Zy ��Á º¯ ,É­Zy ��Á Á É­Zy ��Á ÉÂ´·Y �Y Ã{Z¨f�Y Á ­Zy d§Z] ½Â»�M ,Êf�Z¨u É

Ê» �´Ë{ Ê§�� �Y dyYÂÀ°Ë Á tÌv� Ê§��»Ä§�� |¿YÂe ��¿ Á Ê§��» É��¿Y �{ É�Ì´¼�q ÊËÂm¾]�¯ É{ |Ì�¯Y  |Ì·Âe ÉY�]

¥��» ÉY�] Ã{Z¨f�Y�a Ê·Â�v» Ä¯ Ä¿YÁ|ÀÅ|»M�{ Á ½Z³|ÀÀ¯ Y�|Ì·Âe ÉY�]Ê» [Â�v» ½Z³|ÀÀ¯ Á |�Z] Äf�Y{ ÃY�¼Å Ä] Y� ,{Â�

 �¨u h�Z]]�Ì {Â� �Ë~a |Ë|ne �]ZÀ» �Ìa�Y.  
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Abstract 

A research was carried out in Langroud city of Guilan province in 2013. In order to, 

determine the pattern and modeling of energy consumption and also investigation of 

carbon dioxide emission for watermelon production. Total amount of energy 

consumption and watermelon yield was 40228.98 MJ and 27348.75 kg per hectare 

respectively. The results also revealed that nitrogen, diesel fuel and electricity had the 

highest share of energy consumption for watermelon production in the region. In this 

research, energy consumption modeling was carried out by Cobb–Douglas function and 

the results indicated that the effect of all the energy inputs except machinery and 

manure on yield were significant at 01% level. In addition, the amount of R2 was 

estimated at 0.99. Moreover, sensitivity analysis of energy inputs on watermelon yield 

was calculated using MPP. The results of sensitivity analysis illustrated that the highest 

sensitivity was belonged to human labor and seed in watermelon yield, respectively. 

Finally, the amount of greenhouse gas emissions was found on the base of CO2 

emission and the results showed that the total amount of carbon dioxide emission for 

watermelon production was computed as 1014.96. The share of nitrogen (with 54.23%), 

diesel fuel (with 16.73%) and electricity (with 15.45%) had the highest share in carbon 

dioxide emission, respectively. 

Keywords: Energy modeling, Carbon dioxide,  Sensitivity analysis and Watermelon. 
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