
 dÌ�Z�u �Ì·Z¿MÃ{ZÆ¿ÉZÅ  É��¿Y µZ¼� �{ ZËÂ� d�Y�� �{ Ê°Ë�f»Â¿Â¯Y µ|» �Y Ã{Z¨f�Y Z]

½Y�ËY  

  

 ÊeY�q É�|À°�Y ×Y ¶�§1  É��{�Z^eZ]Z] ½Z�»� ,2  É�Zzf§Y µZÌ¿Y{ ,2  É�Ì�Ì³ ¾Ì��Y� ÊÌvË Á2 . 

  
1 �YÂÅY ½Y�¼q |ÌÆ� É��ÁZ�¯ Ã|°�¿Y{ É��ÁZ�¯ ½ÂÌ�Y�Ì¿Z°» É�f¯{ ÉÂn�¿Y{ .ÃÁ�³ É��ÁZ�¯ ½ÂÌ�Y�Ì¿Z°» Á ZÆÀÌ�Z» )cherati@phdstu.scu.ac.ir-f .(  

2 ½Y�Æe cZ¬Ì¬ve ¹Â¸� |uYÁ Ê»Ô�Y {Y�M ÃZ´�¿Y{ É��ÁZ�¯ ½ÂÌ�Y�Ì¿Z°» |��Y Ê�ZÀ��Z¯ ÉÂn�¿Y{ 

  

 Ã|Ì°q:  

�{  |Ì·Âe �{ É{Á�Á É��¿Y dÌ�Z�u Ê]ZË��Y Á ÊmÁ�y É��¿Y ¦¸fz» ÉZÆf·Zu Á É{Á�Á ÉZÆË��¿Y �ÌiZe Ä ·Z�» ¾ËY ZËÂ�  ½Zf�Y �{

 ½Y�|¿�Z»d§�³ �Y�« Ê���] {�Â» .Ã�Æ] �Y Ã{Z¨f�Y Z] É{Á�Á É��¿Y dÌ�Z�u �Ì·Z¿MÊ°Ë�Ì§ ÊËZÆ¿ É�Á)MPP ( Z] ½ÂÌ��³� \Ë�� �Á� Á

 {�°¸¼� �] ÊW�m cZ¬f�»eZËÂ� |Ì·Â d�Y Äf§�³ ¹Zn¿Y . �Y ZÅ Ã{Y{43 ZËÂ� �´f�Y��  µZ� �{1391  Ã|� É�ÁM �¼m Á ºnu ¾ÌÀr¼Å ,|¿Y

Ä¿Â¼¿ �Á� �Y Ã{Z¨f�Y Z] Ä¿Â¼¿ Ã�Y|¿Yd�Y Äf§�³ c�Â� Ê§{Z�e É�Ì³ .v» Ä] ÄmÂe Z] É{Á�Á É��¿Y ¶¯ -Ã|� ¹Zn¿Y cZ^�Z21384 )Mj 

ha-1 ( |Ì·Âe �{ ÊmÁ�y É��¿Y ¶¯ ÁZËÂ� 34891.83 )Mj ha-1 (Ê»|�Z] . |Ì·Âe �{ É{Á�Á É��¿Y ¥��» ¾Ë�f�Ì]ZËÂ�  Ä] �Â]�»

dyÂ� 8653.45 )Mj ha-1 ( Ä¯ �Ë~aZ¿|Ë|ne É��¿Y {Á|u �{95 % É��¿Y ¶¯ �Yd�Y Ã{Y{ �Z�fyY {Ây Ä] Y� É{Á�Á.  ,É��¿Y ½Z»|¿Y�

Ã�Æ]\Ìe�f] É��¿Y �·Zy Ã{Á�§Y Á É��¿Y É�Á :1.63  ,0.11 kg Mj-1  Á13408 Mj ha-1 |�Z] Ê» . Ê°Ë�f»Â¿Â¯Y µ|» Ê]ZË��Y) µ|»

ÊnÀ� {Z�f«Y ( É��¿Y Ä¯ d�Y Ã{Y{ ½Z�¿ dyÂ� cÓM ¾Ì�Z» Ã{Z¨f�Y {�Â»ºÆ»�ÌiZe É{Á�Á É��¿Y ¾Ë�e É��¿Y t�� �] �Y~³

ÊmÁ�y)µÂ�v» {�°¸¼� (d�Y Ã{Â] .¿�Y Ã{Z¨f�Y Z] Ä¯ |Å{ Ê» ½Z�¿ É��¿Y dÌ�Z�u ¶Ì¸ve Á ÄË�ne lËZf 1 Mj  É{Á�Á É��¿Y , ¹Â¼�

 Á �~]¾Ì�Z» µÂ�v» {�°¸¼� �ËY�§Y Ä] �nÀ» -�e Ä§Z�Y cÓMZËÂ�  ½Y�Ì» Ä] \Ìe�f]8.694 , 3.57  Á0.75 Ê» ¹�³Â¸Ì¯{Â� .Ã�Æ] É�Á

Ê°Ë�Ì§ ÊËZÆ¿)MPP (Ê¨À» �Z¯ ÉÁ�Ì¿ ÉY�] )17.102( Ê»Y Ã|ÀÅ{ ½Z�¿ Ä¯ ,|�Z]ZË Á Ã{ZÆ¿ ¾ËY |u �Y �Ì] Ã{Z¨f�  ¾ËY d��{Z¿ µZ¼�Y

 d�Y�� �{ ZÅ Ã{ZÆ¿ZËÂ� Ã�Æ] Ä¯ ÉZÅ Ã{ZÆ¿ ÉÁ� �] �fÆ] dË�Ë|» |À»�ZÌ¿ Ä¯ -|�Z] Ê» d�Y�� �{ Ê¨À» É�Á ZËÂ�Ê»|�Z].  

É|Ì¸¯ cZ¼¸¯ :ZËÂ�Ã�Æ] ,Ê°Ë�f»Â¿Â Ȳ µ|» ,É��¿Y dÌ�Z�u �Ì·Z¿M ,É�Á ½Y�|¿�Z» Á É��¿Y.  
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Ä»|¬»:  

ZËÂ� )Glycine max (L.) Merrill (. Ã{YÂ¿Zy �YÄÀÌ»Â´· Ê» Ã{Z¨f�Y Ê¿Z�¿Y ¥�Z�» ÉY�] ¾£Á� |Ì·Âe ÉY�] Ä¯ Ä·Z�°Ë,{Â�  c�Z^ ]

 {�Â» ½M ÉZËZ¬] Á ZÆ¿Z�¿Y ÉY�] ¾ÌXeÁ�a �^À» ½YÂÀ ] �´Ë{Z¿YÂÌu Ã{Z¨f�Y ¾Ì]Z» ½M ÊÀÌeÁ�a ÉYÂfv» l¿� Á |�Z] Ê» c41 % Ze50 ) %

®�y ½�Á �Z�Y�] (Ê»|�Z] )Liener, 1994; Balat and Balat H, 2010 .( �Y{ ¾£Á� ÉY Ä¿Y{ cÓÂ�v» ¾Ë�f¼Æ» �Y Ê°Ë ZËÂ�

|�Z] Ê» ½Y�ËY �{ Ã|� d�¯ , {Á|u �{ Ä¿ÓZ� ½Y�ËY209000  �Y µÂ�v» ¾e115000 Ê» d�Y{�] {Ây ZËÂ� ��Y�» �Y �Zf°Å|À¯ 

)FAO, 2012   .( ,µZu ¾ËY Z] ½Y�ËY �{ ZËÂ� |Ì·Âe Ê¸�Y �¯Y�» �Y Ê°Ë ½Y�|¿�Z» ½Zf�Y¹{Á|u Á -|�Z] 20%  ½Y�ËY �{ ZËÂ� |Ì·Âe �Y

 |�Z] Ê» ½Y�|¿�Z» ½Zf�Y Ä] �fz») Ä»Z¿�Z»M{ZÆm É��ÁZ�¯ ½Zf�Y ½Y�|¿�Z»,1390 .(  

d�Y �Y|ËZa É��ÁZ�¯ Ê¸�Y cZ»Y�·Y �Y Ê°Ë ,É��¿Y �Y ÄÀÌÆ] Ã{Z¨f�Y.  ¥�� ®Ë �Y dÌ ¼m �ËY�§Y Á {Á|v» Ê�Y�� ¾Ì»� Ä] ÄmÂe Z]

 ÉZÅ{�Y|¿Zf�Y Ád�Y Ã|� É��ÁZ�¯ �z] �{ É��¿Y �f�Ì] Ã{Z¨f�Y Ä] �nÀ» �´Ë{ ¥�� �Y Ê³|¿� �eÓZ] . |Ì·Âe �ËY�§Y �{ ¹ÁY|» ÉZ�Z¬e

 Ã|� É��ÁZ�¯ cÓÂ�v» |Ì·Âe �{ Ã{ZÆ¿ �´Ë{ Á ,É��ÁZ�¯ cÓM ¾Ì�Z» ,¹Â¼� ,ÊËZÌ¼Ì� ÉZÅ{Â¯ |Ë|� Ã{Z¨f�Y Ä] �nÀ» ,ÊËY~£ {YÂ»

d�Y.  �Y |Ë|� Ã{Z¨f�Y ,µZu ¾ËY Z]Ê» h�Z] É��¿Y{Â� ÄmYÂ» Ê³��] ��y Z] d�Ë� �Ìv» Á Ê»Â¼� d�Y|Æ] Ä¯ {Â�.  �Y ÄÀÌÆ] Ã{Z¨f�Y

Ê» ¶«Y|u Ä] Y� Ê�Ìv» d�Ë� cÔ°�» ,É��ÁZ�¯ �z] �{ É��¿Y|¿Z�� É�Ì³Â¸m Ê Ì^� �]ZÀ» \Ë�ze �Y Á lËÁ�e Ä] �nÀ» Á ,

Ê» Ä§�� Ä] ½Á�¬» |Ì·Âe ºf�Ì� ®Ë ½YÂÀ� Ä] �Y|ËZa É��ÁZ�¯ {Â�(Erdal et al., 2007) .  

É��¿Y É��ÁZ�¯ Ä] ¶Ë|^e ½�|» É��ÁZ�¯�¿Y �Y Ã{Z¨f�Y �{ ½�YÂe Ä] �ZÌ¿ ¾ËY�]ZÀ] ,d�Y Ã|� �]É��ÁZ�¯ cY|Ì·Âe �{ �ZÌ¿ {�Â» É� 

Ê» Ê§� » ¹Y�·Y ®Ë ½YÂÀ ]{Â�¯ �Ì�ze ¾ÌÌ e ÉY�] É|Ì·Âe �]YÂe -Z�MÊ» ºf�Ì� �ZÌ¿ Ä] ÄmÂe Z] �]ZÀ» É|»�ZÀ» �Á� |¿YÂe ÉY�] Ê^

{Â� É��ÁZ�¯ �{ É��¿Y �eÓZ] ½Z»|¿Y�(Singh et al., 2000).  

 ½Z¬¬v» �Y É�ZÌ�],  Y� É��ÁZ�¯ cY|Ì·Âe �{ É��¿Y É�Á Ã�Æ] ¾ÌÌ e �Â�À¼] {�°¸¼� Z] ZÅ Ã{ZÆ¿ ¾Ì] �Z^e�Y Á É��¿Y ¶Ì¸ve Á ÄË�ne

|¿{Y{ �Y�« Ê���] {�Â» . ½Y�Z°¼Å Á ²ÀÌ�)2000 ({ZnËY ÉY�] Y� Ê�ZË� �]YÂe  ÉY�] É��¿Y É{Á�Á Á Ä^Àa µÂ�v» {�°¸¼� ¾Ì] Ä�]Y�

½Y�Ì» Ä] ½YÂe Ê» Y� Ä^Àa {�°¸¼� ��Âf» Ä¯ {Y{ ½Z�¿ ZÆ¿M �ÅÁ�a ÄnÌf¿ ,|¿{Y{ �Y�« Ê���] {�Â» Y� µÂ�v» ¾ËY |Ì·Âe6 ± 8٪  Z]

½Y�Ì» Ä] ,Ê§Z�Y É��¿Y É{Á�Á 3±1٪{Y{ �ËY�§Y Ê�Zb¼� Á É�ZÌ]M ,ºz� ªË�� �Y Ã|¼� �Â� Ä] ,. ÀÌ� ½Y�Z°¼Å Á ²(2004) ,

{ ¹|À³ µÂ�v» ÉY�] É��¿Y �Y Ã{Z¨f�Y �iÂ» ÉZÆ�Á� Ê���],|¿{Y{�Y�« Ä ·Z�» {�Â» Y� |ÀÅ �  ÉY�] �Ô³Y{ [Z¯ �]Ze �Y Ã{Z¨f�Y Z] ZÆ¿M

 É��¿Y ÉZÅ É{Á�Á ¾Ì] �Z^e�Y É�Y�«�] ,ZÅ Ã{ZÆ¿ Ê°Ë�Ì§ É�Á Ã�Æ] Á ½ÂÌ��³� \Ë�� Z] {�°¸¼� Á{Á�Á Ã{ZÆ¿ �Y ®Ë �Å ÉY�] É��¿Y É

|¿{Y{ �Y�« Ê���] {�Â» Y�.   

 ½Y�Z°¼Å Á É|¼v» (2010) |¿{�¯ {�ÁM�] Y� ÉÂÌ¯ ÃÂÌ» |Ì·Âe �]Ze.  ¾Ì] Ä�]Y� ¶Ì¸ve Á ÄË�ne �Â�À» Ä] Y� ¦¸fz» �]YÂe ZÆ¿M

,|� [Zzf¿Y \�ZÀ» �]Ze ½YÂÀ� Ä] �Ô³Y{ [Z¯ �]Ze ZÆf¿Y �{ Ä°Ë�Â�] |¿{Y{ �Y�« Ê���] {�Â» ÊmÁ�y Á É{Á�Á É��¿Y  {Y{ ½Z�¿ lËZf¿
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É��¿Y Ä¯ Á ÉZÅÊ¿Z�¿Y ÉÁ�Ì¿ É��¿Y ¶Ì^« �Y É{Á�mÂe ¶]Z« �ÌiZe cÓM ¾Ì�Z» Á ÊËZÌ¼Ì� ÉZÅ{Â¯ �Â¼n» Á ÊËZÌ¼Ì� {Â¯ ,É�ZÌ]M , ÊÆ

 �]É��¿Y �ÌiZe ÁY ,{�Y{ ÉÂÌ¯ µÂ�v» {�°¸¼� ½Y�Ì» ¾Ë�eÓZ] Y� É�³�Z¯ ÉÁ�Ì¿Ã{ZÆ¿ �´Ë{ Ä] d^�¿ ,d�|] ÉÂÌ¯ |Ì·Âe �{ É{Á�Á ÉZÅ 

{�ÁM . |Ì»Y Á É|¼v»(2010)Ä¿Zz¸³ �ZÌy |Ì·Âe Z] É{Á�Á É��¿Y Ã{�Z] ¾Ì] �]YÁ� ,|¿{Y{ �Y�« Ä ·Z�» {�Â» Y� ½Y�ËY �{ ÉY.  ½ÂÌ��³� lËZf¿

 {�°¸¼� �] É{Á�Á É��¿Y ºÆ� Ä¯ {Y{ ½Z�¿)�~] Á {Â¯ É��¿Y ÉY�] �m Ä]( {Â] �Y{ ÊÀ ».   

 ½Y�Z°¼Å Á �°f^»(2010)   dÌ�Z�u Á É��¿Y ¥��»½Y�ËY �{ Y� Âm µÂ�v» |Ì·Âe ÉY�] É{Á�Á ÉZÅ Ã{ZÆ¿. �Y�« Ê���] {�Â»

,|¿{Y{  �Y~³ �ÌiZe ÊmÁ�y É��¿Y t�� �] É{Á�Á Ã{ZÆ¿ ¾Ë�e ºÆ» ½YÂÀ ] cÓM ¾Ì�Z» É��¿Y Ä¯ {Y{ ½Z�¿ ÊnÀ�{Z�f«Y ÉÂ´·Y Ê]ZË��Y

-{Â] Ã�Æ] Ä¯ |Å{ Ê» ½Z�¿ É��¿Y dÌ�Z�u ¶Ì¸ve Á ÄË�ne ,¾ÌÀr¼Å�Ì§ ÊËZÆ¿ É�Á Ê°Ë)MPP (d§M É��¿Y�¯d�Y Ã{Â] Ê¨À» ZÅ .

½Y�Z°¼Å Á Ê Ì§� (2010)  -|¿{Y{ �Y�« Ê���] {�Â» Y� ½Y�ËY �{ \Ì� |Ì·Âe ÉY�] {�°¸¼� Á É{Á�Á É��¿Y ¾Ì] É��¿Y µ{Z e ¾ÌÌ e ,  lËZf¿

�Y{ Y� É{Á�Á É��¿Y ¶¯ �Y ºÆ� ¾Ë�f�Ì] dyÂ� É{Á�Á É��¿Y  Ä¯ {Y{ ½Z�¿ É{Á�Á ÉZÆË��¿Y Á Ã{Â] Y¶Ì^« �Y : {Â¯ ,É�³�Z¯ ÉÁ�Ì¿

ÊËZÌ¼Ì� {Â¯ Á ©�] ,É�ZÌ]M ,Ê»Y{|Àf�Y{ ÊÆmÂe ¶]Z« Á d^j» �ÌiZe µÂ�v» {�°¸¼� �] \Ìe�f] , .  

�³Y d�Y Äf§�³ ¹Zn¿Y ¦¸fz» É��ÁZ�¯ cÓÂ�v» �{ É��¿Y ¥��» ÉÁ� �] É�ZÌ�] cZ ·Z�» Äq.  (Tsatsarelis, 1993; Mandal 

et al., 2002; Yilmaz et al., 2005; Jianbo, 2006; Strapatsa et al., 2006; Cetin and Vardar, 2008; Mohammadi et 

al., 2008)  
 Z»Y½Âq  ·Z�»ZÊ¼¯ c  |Ì·Âe ÉY�] dÌ�Z�u ¶Ì¸ve Á ÄË�ne Á É��¿Y ¥��» ÉÁ� �] c�Â� ½Y�ËY �{ ZËÂ� Y� Z» , d�Y Äf§�³�]  ½M

 |Ì·Âe {�°¸¼� Á É{Á�Á É��¿Y ¾Ì] Ä�]Y� Á É��¿Y �Y Ã{Z¨f�Y ÄÀÌÆ] ½Y�Ì» ¾ÌÌ e Ä ·Z�» ¥|Å Z] Ê¬Ì¬ve Ze Äf�Y{ZËÂ� ½Y�ËY �{. µZ¼� �{

,ºÌÅ{ ¹Zn¿Y �Â�¯  µÂ�v» |Ì·Âe ÉY�] É{Á�Á ÉZÅ Ã{ZÆ¿ É��¿Y ÉÁ� �] dÌ�Z�u ¶Ì¸ve Á ÄË�ne ªÌ¬ve ¾ËY �{ ¾ÌÀr¼ÅZËÂ�  {�Â»

�Y�« Ê���] Ã�Æ] �Y ¾ÌÀr¼Å Á d§�³Ê°Ë�Ì§ ÊËZÆ¿ É�Á)MPP ( {�°¸¼� �] ½M �ÌiZe Á É{Á�Á É��¿Y dÌ�Z�u ¶Ì¸ve Á ÄË�ne ÉY�]

ZËÂ� d§�³ �Y�« Ã{Z¨f�Y {�Â».  

ZÆ�Á� Á {YÂ» : 

 Ã{Y{�Y ªÌ¬ve ¾ËY ÉZÅ 43 ��ÁZ�¯ ZËÂ� Ã|ÀÀ¯|Ì·Âe  µZ� �{ ½Y�|¿�Z» ½Zf�Y �{1391 |»M d�{ Ä] .Ã{Y{ Z] ZÅÄ¿Â¼¿ �Á� �Y Ã{Z¨f�Y-

Ä»ZÀ���a c�Â�] É�Â�u Ä^uZ�» �Á� Á Ê§{Z�e É�Ì³d�Y Ã|»M d�{ Ä] ÉY . ¾Ì] ½Y�|¿�Z» ½Zf�Y35  Á Äm�{47  Ze Ä¬Ì«{36 

 Á Äm�{35 Z¼� ��� Ä¬Ì«{ Ê· Á50  Á Äm�{34  d�Y Äf§�³ �Y�« pËÂÀË�³ �ZÆÀ·Y ¦�¿ �Y Ê«�� µÂ� Ä¬Ì«{ . d¼�« �{ ½Zf�Y ¾ËY

 µZ¼�¯ É�¯�» duZ�» Z] �«YÁ �Â�23756 d �Á �]�» �f»Â¸Ì¯ ,46.1 d�Y Ã{Y{ �Z�fyY {Ây Ä] Y� �Â�¯ ¶¯ duZ�» �Y |��{.  

 Ä�]Y� �Y Ã{Z¨f�Y Z] Ä¿Â¼¿ Ã�Y|¿Y)1 ( |»M d�{ Ä](Yamane, 1967) :  
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n = ሺ∑N୦S୦ሻ ሺNଶDଶ + ∑N୦S୦ଶሻ⁄                                                                    Ä·{Z »)1(  
 Ä°ËZn¿M �Y:  

n �ZÌ¿ {�Â» Ä¿Â¼¿ Ã�Y|¿Y  ܵ୦ଶ   Ä¬^� �¿ZË�YÁh   
N Ã�Æ] {Y| eÊ���] {�Â» Ä »Zm �{ �Y{�]  d Ã�Y|¿Y d«{ É�Ì³)x- തܺ(  

Nh ¬^� �{ Ä »Zm {Y�§Y {Y| e Äh  Z  ½ZÀÌ¼�Y dÌ¸]Z«)95(%  
Sh  Ä¬^� �{ {�Y|¿Zf�Y �ZÌ » ¥Y�v¿Yh  ܦଶ = dଶ zଶ⁄    

 �Y ÊeÓYÂ� ¶»Z� Ä»ZÀ���a¶Ì^« :{�°¸¼� ½�Á Á ¦¸fz» �]ZÀ» �Y É{Á�Á É��¿Y ¶¯. µÂ�v»ZËÂ� |¿{Â] Ã�Ì£ Á.  {�Â» ÉZÅ É{Á�Á

 |Ì·Âe �{ Ã{Z¨f�YZËÂ� |¿|� �z�» Ä ·Z�» ¾ËY �{ É��¿Y ¦¸fz» ÉZÆ·Â»�§ ÉY�] Ä^�Zv» �Â�À» Ä] . |Ì·Âe �{ É{Á�Á ÉZÅ Ã{ZÆ¿

 µÂ�v»ZËÂ��Y |¿{Â] c�Z^� ,: ,cÓM ¾Ì�Z» ,É�³�Z¯ ÉÁ�Ì¿ �~] Á ¹Â¼� ,ÊËZÌ¼Ì� ÉZÅ{Â¯ ,µ�Ë{ dyÂ� . Ä¯ d�Y �¯} Ä] ¹�Ó) �^À»

É��¿Y �fÀ�Âf§ ÉY�] É|Ì��Ây É��¿Y ,É{Á�Á( d�Y Äf§�´¿ �Y�« Ä^�Zv» {�Â», Ã{Y{ �Z�fyY {Ây Ä] Y� . Á É{Á�Á É��¿Y Ä^�Zv» dÆm

�yZ� �ËZ� Á ÊmÁ�yºÅ �Y É��¿Y ÉZÅÃ{ZÆ¿ É��¿Y ��Y|Ë{�³ Ã{Z¨f�Y ZÅ .ºÅ�YÃ{ZÆ¿ É��¿Y � µÁ|m �{ ZÅ)1 (d�Y Ã|� Ã{Y{ ½Z�¿ .  

Ã{ZÆ¿ ¾Ì] Ä�]Y� ®Ë ½{�ÁM d�{ Ä] �Â�À» Ä]  �Â�À» ¾ËY ÉY�] ,d�Y Ã|� Ã{Z¨f�Y �z�» Ê�ZË� �]Ze ®Ë �Y ,{�°¸¼� Á É{Á�Á ÉZÅ

 Ä] ÄmÂe Z] É�fÆ] ¾Ì¼ze Ä] lfÀ» ½Âq ,d�Y Ã|� [Zzf¿Y �Ô³Y{ [Z¯ |Ì·Âe �]Ze dËZÆ¿ �{ Á |Àf§�³ �Y�« Ê���] {�Â» ¦¸fz» �]YÂe

 |Ì·Âe ÄÀÌÆ] �ËY��ZËÂ�  |Ì�� Ä¬�À» �{ .£ ,�Ô³Y{ [Z¯ |Ì·Âe �]Ze ¾Ì] Ä�]Y� ½{Y{ ½Z�¿ ÉY�] É{Z�f«Y Á É��¿Y cZ ·Z�» �{ Z^·Z

{ZÆ¿ ¶»YÂ� Ã|Ì·Âe t�� Á É{Á�Á ÉZÅ){�°¸¼� (Ê» �Y�« Ã{Z¨f�Y {�Â» {�Ì³(Singh et al., 2000; Singh et al., 2004; 

Mohammadi and Omid, 2010; Mobtaker et al., 2010)..  

d�Y Ê¼fË�Z´· �]Ze �m �]Ze ¾ËY . �]YÂeÊ» ½Z�¿ µ|»  Z] Y� ZÅ�Ì¤f» cY�ÌÌ¤e ½M �{ Ä¯ Ê¼fË�Z´·ºf�Ì� ¾Ì] Ä�ËZ¬» ÉY�] |Å{  ÉZÅ

Ê» Ã{Z¨f�Y |Ì·Âe ¦¸fz»{Â� .��¯ Ã|ÀÅ{ ½Z�¿ �Ì¿ �]Ze ¾ËY �{ �Ì¤f» \Ë��)|Ì·Âe (Ê» É��¿Y |�Z]) ,|Ì»Y Á É|¼v»2010 .( ,¾ÌÀr¼Å

 µÁ|m1 � ºÅÃ{ZÆ¿ É��¿Y ��YÃ|¿Zf� Á ZÅZÅ  

Ã{ZÆ¿ |uYÁ 
 É��¿Y µ{Z »

)MJ/unit(  
�¿�§� 

É{Á�Á     

dyÂ� L 31.56  (cherati et al., 2011; Erdal et al., 
2007) 

Ê¿Z�¿Y ÉÁ�Ì¿ H 31.2  (Yaldiz et al., 1993) 

¾Ì�Z» ÉZÅÉ��ÁZ�¯  Kg 8.64  Singh (2002); Hatirli et al. (2006) 

ÊËZÌ¼Ì� {Â¯ 
Äe�Y kg 6.60  (Esengun et al., 2007) 

ÄeZ¨�§ kg 93.11  (Esengun et al., 2007) 

¹Â¼� �¯ d§M kg 2.101  (Yaldiz et al., 1993) 

�~] kg 21.7  ( Singh and Mital., 1992) 

ÊmÁ�y     

µÂ�v» kg 21.7  ( Singh and Mital., 1992) 
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Ë ½YÂÀ� Ä] |�� Ê» ��¿ Ä] ,�f¿Z�M ¶Ì¸ve Á ÄË�ne ¶Ì·|] Ê» Ê§��» É��¿Y Z] �Z^e�Y �{ |Ì·Âe Ê «YÁ ½Y�Ì» ¾ÌÌ e ÉY�] [Ây \Ë�¬e ® -

 |�Z](Singh et al., 2000) .  

Ê» ½ZÌ] �Ë� c�Â�] �Ô³Y{ [Z¯ |Ì·Âe �]Ze {Â� :  

)exp()( uxfY   Ä·{Z »)2(  

 Ä·{Z »)2 (Ê» Y�d�Â¿ �Ë� c�Â�] �f�Ì] Ê¿YÁY�§ Z] {�YÂ» ÉY�] ½YÂe:  

iij

n

j ji eXaaY ∑ )ln(ln
1

 i =1,2,…..,n  (3) Ä·{Z » 

 �{ Ä¯Yi ��ÁZ�¯ µÂ�v» {�°¸¼� ½Y�Ì» ith   ÁXij  Ã{ZÆ¿ ,µÂ�v» |Ì·Âe �{ É��¿Y µ{Z » Ä¯ ,É{Á�Á ÉZÅa  , d]Zi {|�αj  \Ë��

 Á Ã|� Ã{� ¾Ì¼ze µ|» ÉÁ� �Y Ä¯ É{Á�Á ÉZÅ Ã{ZÆ¿ei Ê» µ|» ÉZ�y ½Y�Ì»|�Z] . Ä°Ì¿Z»� ��§ Z] |Ì·Âe ,d�Y �¨� É{Á�Á É��¿Y

 Ä·{Z » , {Â] |ÅYÂy �¨� ºÅ µÂ�v»)3 (|� |ÅYÂy ¶Ë|^e  �Ë� d·Zu Ä] Á Ã{Y{ ¹�§ �ÌÌ¤e(Singh et al., 2003; Hatirli et al., 

2006; Mohammadi and Omid, 2010)::  

iij

n

j ji eXaY ∑ )ln(ln
1

 
 

(4) Ä·{Z » 

½Âq, ªÌ¬ve ¾ËY {�Â» �{n=7Ä·{Z » ¾ËY�]ZÀ] -. (4) Ê» Y�d�Â¿ �Ë� ¹�§ Ä] ½YÂe:   

i ieXXXXXaXaY 665544332211 lnlnlnlnlnlnln          (5) Ä·{Z » 

 �Ì¤f» Ä¯Xi  ÉZÅ Ã{ZÆ¿ ¶»Z� :X1  -É�³�Z¯ ÉÁ�Ì¿,X2  -dyÂ�,X3 ,  ÊËZÌ¼Ì� {Â¯ -X4  , ¹Â¼� -X5 , ¾Ì�Z»Á cÓM X6  ,�~] Ê»|�Z].  

¬eÊ» Y� É��ÁZ�¯ �z] �{ É��¿Y ÉZ�Z ºÌ¬f�» É��¿Y Ä] ½YÂe(DE) ºÌ¬f�» �Ì£ É��¿Y ,(IDE) �Ë~a|Ë|ne ÉZÅ É��¿Y ,(RE)  Á

�Ë~aZ¿ |Ë|ne É��¿Y(NRE)  {�¯ ºÌ�¬e. Ì¬f�» �Â� Ä] ºÌ¬f�» É��¿YÊ» Ã{Z¨f�Y ¾Ì»� �{ Á ��Y�» �{ º{Â� .,�´Ë{ ÉÂ� �Y  É��¿Y

 {�Â» É��¿Y ¶»Z� ,ºÌ¬f�»�Ì£|Ì·Âe �{ Ã{Z¨f�Y ¶¼u Á É|À] Äf�] ,{Â¯ ¶¬¿ Á ¾Ì�Z» Á ZÅ �¯ d§M ,ÊËZÌ¼Ì� ÉZÅ É��ÁZ�¯ cÓM

Ê» |�Z](Ozkan et al., 2004) .¶»Z� ºÌ¬f�» É��¿Y :ºÌ¬f�» �Ì£ É��¿Y Ä¯ Ê·Zu �{ µ�Ë{ dyÂ� ,É�³�Z¯ ÉÁ�Ì¿ Â¯ ¶»Z� ÉZÅ{

cÓM ¾Ì�Z» , ¹Â¼� ,ÊËZÌ¼Ì�  |Ì·Âe �{ Ã{Z¨f�Y {�Â» �~] ÁZËÂ� |�Z] Ê». �Ë~a |Ë|ne ÉZÅ É��¿Y ¶»Z� : É��¿Y Á �~] ,É�³�Z¯ ÉÁ�Ì¿

ÊËZÌ¼Ì� ÉZÅ{Â¯ , dyÂ� ,cÓM ¾Ì�Z» ¶»Z� �Ë~aZ¿ |Ë|ne Á Ê»  ¹Â¼�|�Z] .É��¿Y �iY  Á �Ë~a |Ë|ne ,ºÌ¬f�» �Ì£ Á ºÌ¬f�» ÉZÅ

d§�³ |ÅYÂy �Y�« Ê���] {�Â» �Ì¿ |Ì·Âe �{ �Ë~aZ¿ |Ë|ne . Ä·{Z » c�Â�] �Ô³Y{ [Z¯ �]Ze ,�Â�À» ¾ËY ÉY�])6 ( Á)7 ( ¦Ë� e �Ë� �{

Ã|�|¿Y:  

ii eIDEDEL lnlnln 21   (6) Ä·{Z » 
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ii eNREREL lnlnln 21
 

 (7)   Ä·{Z »  

 ½M �{ Ä¯Li  É��¿Y ÊmÁ�yi É��¿Y -d�Y ¹Y  |Ì·Âe ÉY�] �Ë~aZ¿ |Ë|ne Á �Ë~a |Ë|ne ,ºÌ¬f�»�Ì£ ,ºÌ¬f�» ÉZÅZËÂ�  ,{Â� Ê» Ã{Z¨f�Y

βi  Áγi |Àf�Å Ê¿Á�Ì] ÉZÅ�Ì¤f» \Ë�� .  

 Ä·{Z »)5 ( Ze)7 (Z] YÃ|� Ã{� ¾Ì¼ze Ê·Â¼ » cZ ]�» ¶«Y|u �Á� �Y Ã{Z¨f�Ã�Æ] ®ÌÀ°e �Y Á |¿Y |Ì·Âe Ê°Ë�Ì§ ÊËZÆ¿ É�Á)MPP ( �]

 {�°¸¼� �] É{Á�Á É��¿Y dÌ�Z�u ¶Ì¸ve Á ÄË�ne ÉY�] ,É{Á�Á �Y x�Za \ËY�� �Z�YZËÂ� Ã�Æ] ¶»Z� Ä¯ ,d�Y Ã|Ë{�³ Ã{Z¨f�Y É�Á

|Ì·Âe Ê°Ë�Ì§ ÊËZÆ¿ )MPP (Ã|ÀÅ{ ½Z�¿ ÊmÁ�y t�� �] É�ÌiZe Äq É{Á�Á �{ �ÌÌ¤e |uYÁ ®Ë Ä¯ d�Y ¾ËY)Ã�Ì£ Á {�°¸¼� ÊÀ Ë (..

Ê» d�|] Ê�|ÀÅ ¾Ì´¿ZÌ» ��Âe �´Ë{ ¶»YÂ� ¹Z¼e ¾f�Y{ Ä´¿ d]Zi ��§ Z] Äf^·Y ,{�Y{|ËM .Ã�Æ]  Ê°Ë�Ì§ ÊËZÆ¿ É�Á)MPP ( Ã{Z¨f�Y Z]

É{�Á �Y  ¦¸fz» ÉZÅαj Ê» d�|]|ËM  

j
j

xj a
XGM

YGM
MPP

)(

)(   (8) Ä·{Z » 

 Ä¯MPPxj Ã�Æ] É{Á�Á Ã{ZÆ¿ ,Ê°Ë�Ì§ ÊËZÆ¿ É�Áj Ê» ¹Y|�Z] .αj  É{Á�Á Ã{ZÆ¿ ½ÂÌ��³� \Ë��j  ¹Y ,GM (Y)  Ê�|ÀÅ ¾Ì´¿ZÌ»

 Á µÂ�v»GM (Xj)  É{Á�Á É��¿Y Ã{ZÆ¿ , Ê�|ÀÅ ¾Ì´¿ZÌ»j Ê» �Zf°Å |uYÁ �] ¹Y|�Z].  

Ã�Æ] d^j» �Y|¬» ÊËZÆ¿ É�Á |Ì·Âe Ê°Ë�Ì§)MPP ( |]ZË Ê» �ËY�§Y |Ì·Âe �Y|¬» ,É{Á�Á Ã{ZÆ¿ ½M �ËY�§Y Z] Ä¯ |Å{ Ê» ½Z�¿ ¶»Z� �Å

Ã�Æ] Ê¨À» �Y|¬» Á |Ì·Âe Ê°Ë�Ì§ ÊËZÆ¿ É�Á)MPP(   �ÌiZe ��¿{�Â» ZÅ Ã{ZÆ¿ �Y Ê§Z�Y |uYÁ �Å Ä¯ |Å{ Ê» ½Z�¿ É{Á�Á ¶»Z� �Å

{�Y{ |Ì·Âe �] Ê�ÅZ¯ Á Ê¨À» .  

�fÆ] ,Á� ¾ËY �Y  Ä¯ d�Y {Â� �¨u �Ì¤f» �]ZÀ»(Singh et al., 2004) . Ä°¿M �Y �a ÊmÁ�y �{ �ÌÌ¤e Ä] Ã�Z�Y �ZÌ¬» Ä] Ã{�Z] ,|Ì·Âe �{

 {�Y{ Ã�Z�Y {{�³ {ZnËY É{Á�Á �{ ½M Z] \�ZÀf» �ÌÌ¤e ®Ë)Ê» �ËY�§Y d]Zi ¶»Z� ®Ë ��Âe É{Á�Á Ä¼Å ½M �{ Ä¯Ê» �ÌiZe ZË |À]ZË -

|¿�Ë~a.(  [Z¯ |Ì·Âe �]Ze �{d·Zu ��Âe ��¯ �Â¼n» ,�Ô³Y{ Ê» d�|] ½ÂÌ��³� \ËY�� ¦¸fz» ÉZÅ|ËM . \ËY�� �Â¼n» �³Y

 ®Ë �Y �f³��](∑
〉

n

i
ia

1

1
)�a, Ê» Ê�ËY�§Y �ZÌ¬» Ä] Ã{�Z] Ä¯ d§�³ ÄnÌf¿ ½YÂe Ê» ®Ë �Y �f¼¯ \ËY�� �Â¼n» �³Y -|�Z](

∑ 〈
n

i
ia

1

1
)Ê» �a ,Z] Ä¯ d§�³ ÄnÌf¿ ½YÂeÊ» Ê�ÅZ¯ �ZÌ¬» Ä] Ã{�®Ë �]Y�] \ËY�� �Â¼n» �³Y -|�Z] )∑

n

i
ia

1

1 (½Z�¿ , 

Ê» Ä¯ |Å{ d�Y d]Zi �ZÌ¬» Ä] Ã{�Z](Singh et al., 2004).  

 µÂ�v» Á É{Á�Á É��¿Y {�Â» �{ ÄËZa cZ�Ô�YZËÂ�  �Y�§Y ¹�¿ Á ¶� Ȳ �Y�§Y ¹�¿ �{SPSS 17.0   Z] É�Z�·|» ¾ÌÀr¼Å Á |� {�YÁ

d�Y Äf§�³ ¹Zn¿Y Ê�y ½ÂÌ��³� �Á� �Y Ã{Z¨f�Y .  
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hv] Á lËZf¿  

 µÁ|m)2 ( |Ì·Âe �{ Ã{Z¨f�Y {�Â» ÉZÅ Ã{ZÆ¿ �Y|¬»ZËÂ� Ê» ½Z�¿ Y� ½M É��¿Y µ{Z » Á|Å{ .¶°� )1(  Z] �Z^e�Y �{ É��¿Y �Ë�Âe |��{

Ã{ZÆ¿|Å{ Ê» ½Z�¿ Y� É{Á�Á ÉZÅ .»M d�{ Ä] lËZf¿ {Á|u Ä¯ {Y{ ½Z�¿ Ã|37.84  Á Ê¿Z�¿Y ÉÁ�Ì¿ �Z¯ d�Z�74.39  ½YÂe �Z¯ d�Z�

 |Ì·Âe ÉY�] �Zf°Å �Å �{ ÊÀÌ�Z»ZËÂ� Ê» ¹�Ó cZ¬Ì¬ve {�Â» Ä¬�À» �{|�Z] . |Ì·Âe ¦¸fz» ¶uY�» ÉY�] É{Á�Á É��¿Y ¶¯ZËÂ� 21384 

)Mj ha-1 (|� Ä^�Zv» . É��¿Y Ä] �Â]�» É��¿Y ¥��» ¾Ë�eÓZ]É{Á�Á dyÂ� ¾Ì�Z» ¥��» ÉY�] cÓM8653.45 )Mj ha-1 ( {Á|u Ä¯

40.47%   É{Á�Á É��¿Y �YY�  d�Y Ã{Y{ �Z�fyY {Ây Ä]) ¶°�1( ÊËZÌ¼Ì� ÉZÅ{Â¯ ,½M �Y �a Á ,6692.59 )Mj ha-1( {Á|u Ä¯ 

31.30 %  É{Á�Á É��¿Y �YY� d�Y Ã{Y{ �Z�fyY {Ây Ä]-  Ä°ÀËY Ä] ÄmÂe Z]dyÂ�  Ã{Z¨f�Y Z] �a {�Y{ �ZÌfyY �{ Y� É��¿Y �Y ÉÓZ] |��{

 ÉZÅ �Á� �Y¾Ì�Z» dË�Ë|» Äf§��Ìa  ºÌÀ¯ É�Ì³Â¸m É��¿Y d§� �|Å �Y Ä ·Z�» {�Â» Ä¬�À» �{ .  

 µÁ|m2 �  |Ì·Âe �{ ÊmÁ�y Á É{Á�Á É��¿Y Á ÊmÁ�y , É{Á�Á Ã{ZÆ¿ �Y|¬»ZËÂ�  

 Ã{ZÆ¿)|uYÁ(  t�� |uYÁ �{ �Y|¬»)�Zf°Å(   µ{Z » É��¿Y �Â¼n»)Mj ha-1(  
É{Á�Á     

 dyÂ�)L (  153.68 8653.45 

 Ê¿Z�¿Y ÉÁ�Ì¿)h(  37.84 87.41 

¾Ì�Z» É��ÁZ�¯ ÉZÅ)kg(  74.39 4820.19 

ÊËZÌ¼Ì� {Â¯   Äe�Y)kg(  100.43 6085.78 

 ÄeZ¨�§)kg(  50.86 606.80 

¹Â¼�   �¯ d§M)kg(  1.43 144.88 

 �~])kg(  67.04 985.48 

 É��¿Y ¶¯É{Á�Á   21384.00 

ÊmÁ�y     
ZËÂ� {�°¸¼�  2366.79 34791.83 

ÊmÁ�y É��¿Y ¶¯   34791.83 

 ½�Á�fÌ¿ {Â¯ É��¿Y ºÆ�¾Ì] �{ �Y|¬» ¾Ë�f�Ì]  {Á|u Ä¯ ÊËZÌ¼Ì� {Â¯ É��¿Y ¶¯0.41 %  ¶¯ �Y  É{Á�ÁY�  Ã{Y{ �Z�fyY {Ây Ä]

d�Y.  Ä°ÀËY Ä] ÄmÂe Z]ZËÂ� Ê» ½�Á�fÌ¿ dÌ^je ÃZÌ³ Á ÄÀÌ»Â´· Ã{YÂ¿Zy �Y Z] ½YÂe Ê» Y� ½�Á�fÌ¿ {Â¯ ,|�Z] |À¿Z» �´Ë{ Ê Ì^� ÉZÅ{Â¯

�^� {Â¯, Ê» É��¿Y �f¼¯ ¥��» Ä] �nÀ» |¿YÂe Ê» ¾ËY Á {�¯ ¾Ë�´ËZm Ã�Ì£Á ºÌ�Zfa{Â� .  
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d�Y Ã{Y{ �Z�fyY {Ây Ä] Y� ÊËZÌ¼Ì� Ê§��» É��¿Y ¶¯ �Y . ¥��»

 Ä¯ d�Y dÌ «YÁ ¾ËY Ã|ÀÅ{ ½Z�¿ Ä¯ Äf§�³ c�Â� É��ÁZ�¯ �{ É{ZË� cZ¬Ì¬ve

(Sartori et al., 2005; Strapatsa et al., 

 µÁ|m ÄmÂe Z] ÊmÁ�y É��¿Y ¶¯ ,�Z�Y ¾Ì¼Å �] ,|»M d�|]

 ÉZÅ ¹�§ Á ºÌ¬f�» �Ì£ ,ºÌ¬f�» É��¿Y c�Â� Ä] É{Á�Á É��¿Y

 ºÌ¬f�» �Ì£ É��¿Y c�Â�] É{Á�Á)59 (% É��¿Y Á

,d�Y Ã|»M d�|] Ê» \¸�» ¾ËY Ã|ÀÅ{ ½Z�¿ Ä¯ |�Z]

 d�Y t�YÁ ,¾ËY�]ZÀ] -d�Y Äf�]YÁ Ä ·Z�» {�Â» Ä¬�À» �{

Zn¿Y cZ¬Ì¬ve Z] {Y|f»Y �{ Ä¯ ,d�Y cÓÂ�v» ÉY�] Ã|� ¹

(Yilmaz et al., 2005; Erdal et al., 2007; Kizilaslan, 2009; Mobtaker et al., 2010.  

 ÊËZÌ¼Ì� {Â¯ dË�Ë|» �Y ÄÀÌÆ] Ã{Z¨f�Y ,|�Z]

{Y{ �ËY�§Y Y� �Ë~a |Ë|ne É��¿Y w�¿ |¿YÂe.  

Ê¿Z�¿Y ÉÁ�Ì¿ ,0.41%

  {Â¯ ¶¯
31.30%

%

 ºÆ��Y|¬» Á É{Á�Á É��¿Y |Ì·Âe ÉY�] ZËÂ�   

 cZ¨�§ {Â¯ Ä] �Â]�» É��¿Y ¥��» ¶«Y|u606.8 )Mj ha-1 (d�Y Ã{Y{ �Z�fyY {Ây Ä] Y� ÊËZÌ¼Ì� Ê§��» É��¿Y ¶¯ �Y

 ½M É��¿YÉ�³�Z¯ ÉÁ��Ì¿ Ê»|�Z] . Ä¯ d�Y dÌ «YÁ ¾ËY Ã|ÀÅ{ ½Z�¿ Ä¯ Äf§�³ c�Â� É��ÁZ�¯ �{ É{ZË� cZ¬Ì¬ve

 �Y Ê¼¯ ºÆ� É�³�Z¯ ÉÁ�Ì¿ É��¿Yd�Y Ã{Y{ �Z�fyY {Ây Ä] Y� |Ì·Âe É{Á�Á É��¿Y ¶¯et al., 

2006; Kizilaslan, 2009) . {�°¸¼� ��Âf»ZËÂ�  2.36 ton ha -1  µÁ|m ÄmÂe Z] ÊmÁ�y É��¿Y ¶¯ ,�Z�Y ¾Ì¼Å �] ,|»M d�|]

 ½Y�Ì¼] �Zf°Å �Å �{34791.83  )MJ ha−1 (|� Ä^�Zv» . ºÆ� ÉZÅ ¹�§ Á ºÌ¬f�» �Ì£ ,ºÌ¬f�» É��¿Y c�Â� Ä] É{Á�Á É��¿Y

¶°� �{ �Ë~aZ¿ |Ë|ne Á �Ë~a |Ë|ne)2 (É��¿Y ¶¯ ¾ÌÀr¼Å , d�Y Ã|� Ã{Y{ ½Z�¿  ºÌ¬f�» �Ì£ É��¿Y c�Â�] É{Á�Á

 �Ë~a |Ë|ne ÉZÅ É��¿Y ZË Á)5(%  |Ë|ne ¶]Z« �Ì£ É��¿Y Á)5 (%,d�Y Ã|»M d�|]

µÂ�v» |Ì·Âe Z�Z�Y ,Ä¯ ZËÂ� �Ë~aZ¿|Ë|ne É��¿Y Ä])dyÂ� Á {Â¯ Ä] \Ìe�f] ( d�Y t�YÁ ,¾ËY�]ZÀ] -d�Y Äf�]YÁ Ä ·Z�» {�Â» Ä¬�À» �{

Z¿ |Ë|ne É��¿Y ¥��» Ä¯|Ë|ne É��¿Y �Y �eÓZ] �Ë~a |Ì·Âe �{ �Ë~aZËÂ� Zn¿Y cZ¬Ì¬ve Z] {Y|f»Y �{ Ä¯ ,d�Y

d�Y Ã{Â] �´Ë{ ¦¸fz»Yilmaz et al., 2005; Erdal et al., 2007; Kizilaslan, 2009; Mobtaker et al., 2010)

|Ë|ne É��¿Y , �Y~³�ÌiZe É{Á�Á É��¿Y Ä¯ Zn¿M �Y ¶»Z� �Ë~aZ¿ :Ê» ÊËZÌ¼Ì� ÉZÅ{Â¯ ÊËZÌ¼Ì� {Â¯ dË�Ë|» �Y ÄÀÌÆ] Ã{Z¨f�Y ,|�Z]

Ê» Ê»Y{ {Â¯ |À¿Z» �Ë~a |Ë|ne �]ZÀ» �Y Ã{Z¨f�Y{Y{ �ËY�§Y Y� �Ë~a |Ë|ne É��¿Y w�¿ |¿YÂe

dyÂ� ,40.47%

cÓM ¾Ì�Z» ,22.54%

  {Â¯ ¶¯
ÊËZÌ¼Ì� ,31.30

¹Â¼� ,0.68% �~] ,4.61%

 ¶°�)1 ( ºÆ�
  

 cZ¨�§ {Â¯ Ä] �Â]�» É��¿Y ¥��» ¶«Y|u

 É��¿Y�~]  �Y �a ½M

 �Y Ê¼¯ ºÆ� É�³�Z¯ ÉÁ�Ì¿ É��¿Y

2006; Kizilaslan, 2009)

)2 ( ½Y�Ì¼] �Zf°Å �Å �{

¶°� �{ �Ë~aZ¿ |Ë|ne Á �Ë~a |Ë|ne

 ºÌ¬f�»)41(%  �Ë~a |Ë|ne ÉZÅ É��¿Y ZË Á

µÂ�v» |Ì·Âe Z�Z�Y ,Ä¯

Z¿ |Ë|ne É��¿Y ¥��» Ä¯

d�Y Ã{Â] �´Ë{ ¦¸fz»

|Ë|ne É��¿Y , �Y~³�ÌiZe É{Á�Á É��¿Y Ä¯ Zn¿M �Y

 ¾ÌÀr¼ÅÊ» Ê»Y{ {Â¯ |À¿Z» �Ë~a |Ë|ne �]ZÀ» �Y Ã{Z¨f�Y
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 ¶°�)2 (|Ì·Âe �{ �Ë~aZ¿ |Ë|ne Á �Ë~a |Ë|ne ,ºÌ¬f�» �Ì£ ,ºÌ¬f�» É��¿Y c�Â� Ä] , É{Á�Á É��¿Y ¶¯ ºÆ� ZËÂ�  
 Ä·{Z » Ä^�Zv» ªË�� �Y ½ÂÌ��³� lËZf¿)5 ( µÁ|m �{)3 (Ã{Y{ ½Z�¿ d�Y Ã|� . ,Ä ·Z�» ¾ËY �{ Ã{Z¨f�Y {�Â» ÉZÅ Ã{Y{ ÉY�]

½Â�eYÁ ¾Ì]�Á{ �Á� �Y Ã{Z¨f�Y Z] Ê´f�^¼Å)Durbin–Watson  ( d§�³ �Y�« �ËZ»�M {�Â»(Hatirli et al., 2005; Mohammadi 

and Omid, 2010)  

½Â�eYÁ ¾Ì]�Á{ {|� �Y|¬»)Durbin–Watson  ( Ä·{Z » ÉY�])5 ( ,1.727  t�� �{ Ê´f�^¼Å pÌÅ , |Å{ Ê» ½Z�¿ Ä¯ ,Ã|»M d�|]

 �Y{ ÊÀ »5 %{�Y|¿ {ÂmÁ Ã|� Ã{� ¾Ì¼ze µ|» �{ . �Y|¬»R
2   ½Y�Ì» Ä]0.980 Ê» ½Z�¿ ,|� Ä^�Zv» Ä·{Z » ¾ËY ÉY�] {Á|u �{ Ä¯ |Å{

0.980 Ã{Y{ tÌ�Âe µ|» ¾ËY Z] É{Á�Á É��¿Y �Ì¤f»)�Ì�¨e (|� |ÀÅYÂy . 

  
 µÁ|m)3:( É{Á�Á ÉZÆË��¿Y Ê°Ë�f»Â¿Â¯Y {�ÁM�] lËZf¿ ZËÂ� |Ì·Âe ÉY�]  

É{Á�Á �Ì¤f»: {�°¸¼�
µÂ�v»  

Ê´f�^¼Å \Ë��   d^�¿t )t-ratio(  Ã�Æ] ÊËZÆ¿ É�Á
Ê°Ë�Ì§)MPP(  

  

Ê¿Á�Ì] ÉZÅ�Ì¤f»          
 µ|» :1            

i ieXXXXXaXaY 665544332211 lnlnlnlnlnlnln  
 dyÂ�  2.450 2.365* 0.650   
¾Ì�Z»  1.576 2.712** 0.751   

É�³�Z¯ ÉÁ�Ì¿  -0.644 -3.086** -17.102   
ÊËZÌ¼Ì� ÉZÅ{Â¯  0.589 2.626** 0.203   

¹Â¼�  0.545 2.180* 8.694   
�~]  1.536 5.948** 3.575   

 ½Â�eYÁ ¾Ì]�Á{)Durbin-

Watson (  1.727 
      

R2 0.980       
�ZÌ¬» Ä] d�³�Z]

)(
1

∑
n

i
ia

  
6.052 

      

* ,**  ½Z�¿ Ã|ÀÅ{  ÊÀ »É�Y{  t�� �{1٪ Á 5٪ Ê»|�Z].  
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 |Ì·Âe �{ ZÅ Ã{ZÆ¿ �Y ®Ë �Å �] �Ô³Y{ [Z¯ �]Ze , Ê]ZË��Y �Y ¶�Zu lËZf¿ZËÂ� Ã{ZÆ¿ �Y ®Ë �Å �ÌiZe Ä¯ |Å{ Ê» ½Z�¿ �] É{Á�Á ÉZÅ

d�Y cÁZ¨f» {�°¸¼� ÉÁ� . {�°¸¼� �] É{Á�Á É��¿Y �ÌiZe Ä¯ {Y{ ½Z�¿ lËZf¿)Ê¿Z�¿Y �Z¯ ÉY�] �m Ä] (d�Y d^j» . µÁ|m �Y Ä¯ �Â�¿Z¼Å

)3 ( -{Â� Ê» Ã|ÅZ�»dyÂ�  �ÌiZe ¾Ë�f�Ì])2.45 ( t�� �{ {�°¸¼� �] ÊÆmÂe ¶]Z«  �Y{ ÊÀ » �ÌiZe Á ÉZÅ É{Á�Á ÉZÅ Ã{ZÆ¿ ½ZÌ» �{

5 %{�Y{ . Ä¯ |Å{ Ê» ½Z�¿ ¾ËY1  % Ä] �nÀ» cÓM ¾Ì�Z» É{Á�Á É��¿Y �{ �ËY�§Y2.45  |Ì·Âe �ËY�� �{ {�°¸¼� �ËY�§Y |��{ZËÂ� 

Ê» �ÅÁ�a {�Â»{Â� . {�°¸¼� ÉÁ� �] �Y~³ �ÌiZe Á ºÆ» É{Á�Á Ã{ZÆ¿ ¾Ì»Á{¾Ì�Z»cÓM  Z]  ��¯1.57  ½M �Y �a  Á {Â¯ Á �~]

ÊËZÌ¼Ì� ��¯ Z] \Ìe�f] ,1.53  Á 0.58 d�Y Ã|»M d�|] .  

 ½Y�Z°¼Å Á Ê·Y�ÌeZÅ)2006 (  ZÆ¿M - |¿{�¯ {�ÁM�] Y� ÄÌ¯�e ZÌ·Zf¿M ½Zf�Y �{ ÉY Ä¿Zz¸³ Ê´¿�§ ÄmÂ³ |Ì·Âe ÉY�] ÊnÀ�{Z�f«Y µ|» ®Ë

{ZÆ¿ ¾Ë�f¼Æ» \Ìe�f], [M É��¿Y Á cÓM ¾Ì�Z» , ¹Â¼� ,ÊËZÌ¼Ì� ÉZÅ{Â¯ ,Ê¿Z�¿Y ÉÁ�Ì¿ Ä¯ |¿{Y{ ��Y�³ Ã{ É{Á�Á ÉZÅ |Ì·Âe �

Ä¿Zz¸³ Ê´¿�§ ÄmÂ³|Àf�Y{ µÂ�v» ¾ËY {�°¸¼� �] ÊÆmÂe ¶]Z« �ÌiZe  Ä¯ , |¿{Â] ÉY.  

 µÁ|m Ä] ÄmÂe Z])3 ( {�°¸¼� ÉÁ� �] Ê¨À» �ÌiZe Ê¿Z�¿Y �Z¯ ÉÁ�Ì¿ ,ZËÂ� {�Y{ . µ|» ÉY�] �ZÌ¬» Ä] Ã{�Z] �Y|¬»)1 ( Z] ½{�¯ �¼m

�Y|¬» Ä] ½ÂÌ��³� \ËY�� 1.72 |]d�Y Ã|»M d� . �Y|¬»®Ë �Y �eÓZ] �] ZÅ Ã{ZÆ¿ Ê�ËY�§Y Á d^j» �ÌiZe ÊÀ » Ä] �ZÌ¬» Ä] d�³�Z] ,

Ê» {�°¸¼� ÉÁ�|�Z] . 

ÊmÁ�y t�� ÉÁ� �] É{Á�Á É��¿Y dÌ�Z�u){�°¸¼� (Ã�Æ] �Á� �Y Ã{Z¨f�Y Z] Ê°Ë�Ì§ ÊËZÆ¿ É�Á)MPP ( ½ÂÌ��³� \Ë�� �Á� Á

 d�{ Ä] lËZf¿ Á d§�³ �Y�« ¶Ì¸ve Á ÄË�ne {�Â»Á|m �{ Ã|»M µ)3 (d�Y Ã|� ÄWY�Y. Ê» Ã|ÅZ�» Ä¯ �Â�¿Z¼ÅÃ�Æ] ,{Â� ÊËZÆ¿ É�Á

 Ê°Ë�Ì§)MPP (º� É��¿Y ÉY�] )8.69 ( É��¿Y ½M �Y �a Á�~] )3.575 (Ê» ½Z�¿ ,{�Y{ �Y�« Ã{Z¨f�Y Z] Ä¯ |Å{1  MJ  �Y Ê§Z�Y É��¿Y

¾Ì�Z» ¶Ì^« �Y É{Á�Á ÉZÅ Ã{ZÆ¿ \Ìe�f] ,¹Â¼� Á cÓM8.69  Á ¹�³Â¸Ì¯3.575 |� |ÅYÂy Ã{Á�§Y ÊËZÆ¿ {�°¸¼� ½Y�Ì» �] ¹�³Â¸Ì¯ . Ä]

|¿�Y{ {ÂmÂ» �Ì¤f» ÉÁ� �] É�f�Ì] �ÌiZe ±��] dÌ�Z�u \Ë�� Z] ZÅ�f»Y�Za ,ÄnÌf¿ ®Ë ½YÂÀ� . |ËZ] ¶»YÂ� ¹Y|¯ Ä°ÀËY �Ìz�e

Ê» dÌ¼ÅY Z], {�Ì³ �Y�« Ê���] {�Â» d«{ Z] É�Ì³ Ã�Y|¿Y Á ÊËZ�ZÀ�|�Z](Drechsler, 1998). .Ã�Æ] Ê°Ë�Ì§ ÊËZÆ¿ É�Á)MPP (

 Ê¿Z�¿Y ÉÁ�Ì¿ É��¿Y ½Y�Ì¼]-17.102  \mÂ» É{Á�Á ÉZÅ Ã{ZÆ¿ �{ Ê§Z�Y |uYÁ �Å Ä¯ {�Y{ �Â�Â» ¾ËY �] d·Ó{ ½M Ê¨À» �Y|¬»

ÊmÁ�y �{ �ÅZ¯){�°¸¼� (Ê»{Â� ..   

 ½Y�Z°¼Å Á ²ÀÌ�)2004(, É��¿Y dÌ�Z�u  Ê�Y�� Ä¬�À» lÀa ÉY�] Y� ¹|À³ É�Á Ã�Æ] �] É{Á�Á ÉZÅ|¿{�¯ {�ÁM�], |ÀÅ �{.  ZÆ¿M

 Ä¯ |¿{Y{ ��Y�³MPP   ª�ZÀ» �{ ÊËZÌ¼Ì� {Â¯ Ã{ZÆ¿1  Ze5  , Z] �]Y�] \Ìe�f]0.385 ,2.816 ,-0.211 ,0.610  Á0.624  Ê»|À�Z] .

 ½Y�Z°¼Å Á Ê Ì§�)2010 (,|¿{�¯ {�ÁM�] Y� ½Y�ËY �{ \Ì� |Ì·Âe ÉY�] É{Á�Á É��¿Y dÌ�Z�u ] Ä¯ {Y{ ½Z�¿ lËZf¿ ¾Ë�eÓZÃ�Æ] É�Á

Á É�ZÌ]M �Â]�» É��¿Y Ä] ª¸ f» \Ìe�f] ½M �Y �a |À¿Z» É{Á�Á ÉZÅ :Ê» ÊËZÌ¼Ì� {YÂ» Á Ê¿Z�¿Y ÉÁ�Ì¿|�Z].  
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 µÁ|m Ä] ÄmÂe Z])4 ( Ê]ZË��Y |¿Á� Ä¯ ,|¿|� ºÌ�¬e ºÌ¬f�» �Ì£ Á ºÌ¬f�» ¶°� Á{ Ä] É{Á�Á ÉZÅ Ã{ZÆ¿ �Y Ã|»M d�{ Ä] É��¿Y É��¿Y

ºÌ¬f�»�Ì£ Ê» d^j» , ,|�Z]ÊmÁ�y t�� ÉÁ� �] Ä¨·Â» ¾ËY d^j» cY�iY �] µY{)µÂ�v» {�°¸¼� ({�Y{.  ºÌ¬f�» �Ì£ ÉZÅ É��¿Y �ÌiZe

)1.104( ºÌ¬f�» É��¿Y �Y �f�Ì] )(-0.565 (Ê» t�� �{ Ä¨·Â» Á{ �Å Á |�Z]1  %|¿�Y{ µÂ�v» {�°¸¼� ÉÁ� �] É�Y{ ÊÀ » �ÌiZe .

É��¿Y ÉY�] ½ÂÌ��³� \Ë��|Ë|ne ÉZÅ�Ë~a(-1.213)   É�Y{ ÊÀ » t�� �{1٪  �Ë~aZ¿|Ë|ne É��¿Y Á |��{(1.051)   ÊÀ » t�� �{

É �Y{1٪ Ê» |��{Ê» ÄnÌf¿ ¾ËY Ä] -|�Z]d�Y �f�Ì] l¿�] |Ì·Âe �{ �Ë~a|Ë|ne ÉZÅ É��¿Y �Y �Ë~aZ¿|Ë|ne É��¿Y �ÌiZe Ä¯ |Ì�� ½YÂe .

d�Y Ã|»M d�|] ¦¸fz» cÓÂ�v» ÉY�] Ã|� ¹Zn¿Y cZ¬Ì¬ve �{ ÊÆ]Z�» lËZf¿ (Mohammadi and Omid, 2010).  

 
 µÁ|m)4:( �Ë~aZ¿ |Ë|ne Á �Ë~a|Ë|ne , ºÌ¬f�» �Ì£ , ºÌ¬f�» ÉZÆË��¿Y Ê°Ë�f»Â¿Â¯Y {�ÁM�] lËZf¿  

É{Á�Á �Ì¤f»: É��¿Y
ÊmÁ�y  

Ê´f�^¼Å \Ë��   d^�¿t )t-ratio(  Ã�Æ] ÊËZÆ¿ É�Á
Ê°Ë�Ì§)MPP(  

  

Ê¿Á�Ì] ÉZÅ�Ì¤f»          
 µ|» :2            

ii eIDEDEL lnlnln 21  
 ºÌ¬f�» É��¿Y  -0.565 -1.328* -2.180   

 ºÌ¬f�»�Ì£ É��¿Y  1.104 345.275** 2.953   
 ½Â�eYÁ ¾Ì]�Á{

)Durbin-

Watson (  
1.560   

  

R2 
0.96     

�ZÌ¬» Ä] d�³�Z]

)(
1

∑
n

i
ia

  
0.539   

  

 µ|» :2           

ii eNREREL lnlnln 21  
 �Ë~a|Ë|ne É��¿Y  -1.213 -3.182 ** -38.120   

 �Ë~aZ¿|Ë|ne É��¿Y  1.051 334.099 ** 1.748   
 ½Â�eYÁ ¾Ì]�Á{

)Durbin-

Watson (  
1.583   

  

R2 
0.96     

�ZÌ¬» Ä] d�³�Z]

)(
1

∑
n

i
ia

  
-0.162   

  

* ,**  ½Z�¿ Ã|ÀÅ{ É�Y{ ÊÀ »  t�� �{1٪ Á 5٪ Ê»|�Z].  
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 µÁ|m Ä] ÄmÂe Z] ¾ÌÀr¼Å)4 (½Â�eYÁ ¾Ì]�Á{ {|� �Y|¬»)Durbin–Watson  ( Ä·{Z » ÉY�])6 ( Á)7 ( �]Y�] \Ìe�f] 1.560 Á 1.583 

Ã|� Ä^�Zv»|¿Y . Ã|»M d�|] lËZf¿Å Ä¯ |Å{ Ê» ½Z�¿ É�Y{ ÊÀ » t�� �{ Ê´f�^¼Å pÌ5 % {�Y|¿ {ÂmÁ Ã|� Ã{� ¾Ì¼ze µ|» �{ .

 �Y|¬»R 2  Z] �]Y�] É��¿Y ¶°� Á{ �Å ÉY�]0.96  Ê»|�Z].  

 µÁ|m �Y Ä¯ �Â�¿Z¼Å)4 (Ê» Ã|ÅZ�»Ã�Æ] -{Â�É��¿Y ÉY�] ÊËZÆ¿ É�Á É��¿Y Á �Ë~a|Ë|ne , ºÌ¬f�» �Ì£ , ºÌ¬f�» ÉZÅ  ÉZÅ

 Z] �]Y�] \Ìe�f] �Ë~aZ¿|Ë|ne2.18 �  ,2.95 ,38.12 �   Á1.75 Ê»Ê» ½Z�¿ -|�Z] Ã{Z¨f�Y  Ä¯ |Å{1  MJ |À¿Z» Ê§Z�Y É��¿Y : �Ì£ É��¿Y

Z] �]Y�] \Ìe�f] {�°¸¼� �ËY�§Y Ä] �nÀ» �Ë~aZ¿ |Ë|ne Á ºÌ¬f�» 2.953  Á1.748 Ê»{Â�.  |Ì»Y Á É|¼v»)2010 ( ½Y�Z°¼Å Á Ê·Y�ÌeZÅ Á

)2005 (Y �{ ÉY Ä¿Zz¸³ �ZÌy |Ì·Âe ÉY�] Ä]Z�» lËZf¿ \Ìe�f] �Ì¿|¿{�ÁM d�|] ÄÌ¯�e É��ÁZ�¯ �z] �{ É��¿Y �Y Ã{Z¨f�Y Á ½Y�Ë. 

dË�Ë|» ,�a Ê» É{Z�f«Y ��¿ �Y |Ì·Âe ºf�Ì� É�Y|ËZa Á |»M�Z¯ Ã{Z¨f�Y �{ ºÆ» Ä¸X�» É��¿Y|�Z] |¿YÂe . Á ºÆ» ÃY� ®Ë É�Z� ÄÀÌÆ]

Ê» É�Á Ã�Æ] ½Y�Ì» �ËY�§Y ÉY�] Ê�Z�Y  |Ì·Âe ÉZÅ ÄÀË�Å Á É��¿Y ¥��» �ÌiZe dve ÊÆmÂe ¶]Z« ½Y�Ì» Ä] |¿YÂe Ê» ¾ÌÀr¼Å ,|�Z]

|�Z] .�Ë� Ä»Z¿�]¸¼m �Y Ê�y ÉÊ» Ä¯ d�Y ÊËZÆÅY� Ä{�Ì³ �Y�« Ã{Z¨f�Y {�Â» É{Á�Á É��¿Y É�Z� ÄÀÌÆ] �Â�À» Ä] |¿YÂe .Ê» Ä¯ �{ ½YÂe

{�Ì³ �Y�« Ê���] {�Â» Ã|ÀËM �{ �ÅÁ�a ¾ËY É| ] ¶uY�».  

  

ÄnÌf¿É�Ì³:  

É��¿Y �ÌiZe {�Â» �{ Ã|� ¹Zn¿Y Ê���] ÄmÂe Z] d·Zu , É{Á�Á ÉZÅ ÊmÁ�y É��¿Y ¦¸fz» ÉZÅ �{ É{Á�Á É��¿Y dÌ�Z�u Ê]ZË��Y ,

 |Ì·ÂeZËÂ� Ã�Æ] �Y Ã{Z¨f�Y Z]Ê°Ë�Ì§ ÊËZÆ¿ É�Á)MPP ( {�°¸¼� �] ÊW�m cZ¬f�» Z] ½ÂÌ��³� \Ë�� �Á� ÁZËÂ� É�Â�]  �Y ZÅ Ã{Y{ Ä¯

43 ZËÂ� �´f�Y��  µZ� �{1391  Ä¯ Ã{Y{ ½Z�¿ ½Y�|¿�Z» ½Zf�Y �{ É{Á�Á É��¿Y ¶¯21384 )Mj ha-1 ( |Ì·Âe �{ ÊmÁ�y É��¿Y ¶¯ Á

 ZËÂ�34891.83 )Mj ha-1 (Ê»|�Z] . dyÂ� Ä] �Â]�» ZËÂ� |Ì·Âe �{ É{Á�Á É��¿Y ¥��» ¾Ë�f�Ì]8653.45 )Mj ha-1 ( É��¿Y Ä¯

 {Á|u �{ �Ë~aZ¿|Ë|ne95 %d�Y Ã{Y{ �Z�fyY {Ây Ä] Y� É{Á�Á É��¿Y ¶¯ �Y. Ã�Æ] ,É��¿Y ½Z»|¿Y�¿Y �·Zy Ã{Á�§Y Á É��¿Y É�Á É��

\Ìe�f] :1.63  ,0.11 kg Mj-1  Á13408 Mj ha-1 |�Z] Ê».  �ÌiZe ¾Ë�f�Ì] cÓM ¾Ì�Z» ½Z�¿ É��¿Y dÌ�Z�u ¶Ì¸ve Á ÄË�ne lËZf¿

 �Y Ã{Z¨f�Y Z] Ä¯ |Å{ Ê»1 Mj ¹Â¼� É{Á�Á É��¿Y¾Ì�Z» Á �~] , µÂ�v» {�°¸¼� �ËY�§Y Ä] �nÀ» -�e Ä§Z�Y cÓMZËÂ�  Ä] \Ìe�f]

 ½Y�Ì»8.694  ,3.57  Á0.75 Ê» ¹�³Â¸Ì¯{Â� .Ã�Æ]Ê°Ë�Ì§ ÊËZÆ¿ É�Á)MPP ( Ê¨À» �Z¯ ÉÁ�Ì¿ ÉY�])17.102 (Ê» ½Z�¿ Ä¯ ,|�Z]

 d�Y�� �{ ZÅ Ã{ZÆ¿ ¾ËY d��{Z¿ µZ¼�Y  ZË Á Ã{ZÆ¿ ¾ËY |u �Y �Ì] Ã{Z¨f�Y Ã|ÀÅ{ZËÂ�  Ã{ZÆ¿ ÉÁ� �] �fÆ] dË�Ë|» |À»�ZÌ¿ Ä¯ -|�Z] Ê»

¯ ÉZÅÃ�Æ] Ä d�Y�� �{ Ê¨À» É�ÁZËÂ� Ê»|�Z].  
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Abstract: 
 
The objectives of this study were to determine the energy consumption and evaluation of inputs sensitivity for 
Soybean production in Mazandaran province, Iran. The sensitivity of energy inputs was estimated using the 
marginal physical productivity (MPP) method and partial regression coefficients on Soybean yield. Data were 
collected from 43 Soybean farms in July 2012. The sample volume was determined by random sampling 
method. The results revealed that total energy input for Soybean production was 21384 MJ ha-1; the non-
renewable energy shared about 95 % while the renewable energy did 5 %. Energy use efficiency, energy 
productivity, and net energy were 1.63, 0.11 kg MJ-1, and∼13408 MJ ha-1, respectively. Econometric model 
evaluation showed that fuel energy was the most significant input which affects the output level. Sensitivity 
analysis indicates that with an additional use of 1MJ of each of the Toxin ,seed and machinery energy would 
lead to an increase in yield by 8.694, 3.575and 0.751 kg, respectively. Also, the MPP of human labor energy 
was calculated to be -17.102 implying that the use of human labor energy is in excess for Soybean production, 
causing an environmental risk problem in the region. 
 
 
Key words: Soybean, Energy analysis, Econometric model, energy productivity and Mazandaran. 
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