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É�Z�b É�Yg=�Z] Y;! �� I= ÄdZ� Ê(Ì¿Z(» �Zfb�)263(
ÊÀ =m ZO�»b£1|Ì- ,9Ì^uÊ¼�Z$ ¢Y"#�Y$# #�_2BÂ  "#Z$|¼v» ,ZOZRe 3

'|Ì() 
�YÂ  ¾/�¿Y# Q( "�ÁY�_ &ÌeZ»ÂeY "Z$ `/�Ì- ÊuY�4 "Y�% Q( +^Z- ÊYÌ¿ZY» + Z� ,2-Y "�Á�O .|)�% .¾Ì2Ì3e "Y�2%

 Q( "�ÁY�_ Á :ZR/¿Y |À)Y�_ �# +^Z- 'Zn» QY� �ÌÌae �Y|R» Á &Ì/-AY :Á|» ,Ê(|ÌÆW "h�¿Y ,Ê(|ÌÆW "Á�Ì¿«Á# ¾Ì% '� Q( +^Z- 
|� "�Y](�Z% "'YÂ» +v5! .,��- fU- +- �# CZ7)Z»'M)10,100Á200+2RÌ^# �% �/» Ê¸Ì» (+^Z2- 'Y +2ÌuZ¿ Á# ,)"AZ2% +^Z2- 

+7)� +% &)#V¿ +^Z- ¾Ì)ZN Á Q( +% &)#V¿ (+^Z2- i2¸/;» �ZU^Y Á)�2/» Ê2¸Ì» (|2� KZ2n¿Y.+2Ì¸¯ +2¯ #Â2% *M 'Y Ê¯Z2u M)Z2/¿
 ÊÀ3» �ÌLZe ,|� .�Z�Y AZ% �# +¯ Ê)Z$�/»Y�ZN ÊYÌ¿ZY» �YÂ  �# "�Y#.'Y|¿Y ,2�Y# .|2� "�Ì()p=0.01 .( "h�2¿Y Á Á 2Ì¿ �)#Z2R»

 �# Z$ +¿Â¼¿ "Y�% Ê(|ÌÆW .#Á|v»47,35 Ze 113,15Á ¾e  29,54 Ze 104,57Ê¸Ì» #Â% :Áh .+¿Â¼¿ "Y�% +/Ì�Ì/-AY :Á|» �Y|R»-
'Y i¸/;» "Z$30,05 Ze 134,5 |� ¾ÌÌ3e :ZY-ZNZ=» .+¿Â¼¿ ÊÀ3»�ÂU% ¾Ì)ZN +ÌuZ¿ "Z$ :Á|2» Á Ê(|2ÌÆW "h�¿Y ,Á�Ì¿ "Y�Y# "�Y#

 +¿Â¼¿ +% ,^�¿ "�/7Ì% +/Ì�Ì/-AY AZ% +ÌuZ¿ "Z$ |¿#Â% .'Y "�Y](�Z% ,��- ?)YV_Y Z%10Ze200 ¾Ì=¿ZÌ» �Y|R» ,+RÌ^# �% �/¼Ì¸Ì» 
Ê(|ÌÆW "Á�Ì¿ 9Ìe�e +% fU- |uYÁ �% "h�¿Y Á'Y84,5 +% 62,4 ¾eÂÌ¿ 'Y Á56,1 +% 42,3 Ê¸Ì» r%�» �/» Ê¸Ì» �% :Áh .Á�2( "Y�% 

'Y Á ¾ )ZN73,1+%66,8 ¾eÂÌ¿ 'Y Á33,7 +% 20,8 �% :Áh Ê¸Ì»r%�» �/» Ê¸Ì»,_Z) ?$Z¯ AZ% .Á�( "Y�% .

'*Y+|Ì,¯ :�Z7_ ,�e ,'� Q( ,ÊYÌ¿ZY» �YÂ +/Ì�Ì/-AY :Á|» ,

1-"Z$ ¾Ì�Z» &Ì¿ZY» .Á�( �Z)#Z/-Y*Zv)�Â%Y Z)#�N ,*Y�Æe .Z=7¿Y# ,"'�ÁZ7¯ 
2-¾Ì�Z» &Ì¿ZY» |��Y Ê-ZÀ��Z¯ "Ân7¿Y#*Zv)�Â%Y Z)#�N ,*Y�Æe .Z=7¿Y# ,"'�ÁZ7¯ "Z$ 

&Ì¿Á�/YWY ,�N :hhashemifard@ut.ac.ir 
3-�ZÌ7¿Y#"Z$ ¾Ì�Z» &Ì¿ZY» .Á�( "'�ÁZ7¯ .|7Y¿Y# ,��|» ,Ì%�e .Z=7¿Y# ,"'�ÁZ7¯ 



2238

1-Ä»|.» :
+d/ �# Z$'� w�- Q( .#YÂ¿Z  'Y Ê)Z$1Ê» |À�Z% .'Y 'ÁZn/» .#YÂ¿Z  ¾)Y200#Á|2u Á +¿Â( 100Ê2»�%�# Y� ZÀ28 #�2Ì(.Q2('�

+d/ �# + Z� "Y�Y# "Y +¿YÂ/-Y ,�Y# šÌe .|À$# Q( "Z$ +¿Z� 9¯�» "ZÆ(�% "Y�Y# Á �ZÌ� *Á|% ,QY� "Y "Y�Y# +¯ "Y5-3+d(�% 
+¿Y|¿# Q%ZR/» Ê» �Y# |�Z%.QY� +% ZÆ¸(V»�^ Z2% c¿�2�Â  32,2-|Y) Á +%Z72» ‡�2^¸( ,|À/�2$ Q2('�#�2- "YÂ2$ Á [M �#

¾Ì% *M +eÂ% xZ5e�Y ,|)Á� Ê» Ê¿Z/�$Â¯50Ze150» Ê/¿Z- #Â2� Ê2» .#Y# B�Á�2N ÊÀ� �� @Z  �# Á ,-Y �/]14[.'� Q2( 'Y
 ,ÊÀÌ0Ve .#Z5/-Y �% .Áb� +ÌÆe �Â<À» +% Ê¿#ÁV_Y .|ÀÀ¯ Â^�Â  ,Ê)Y]£ "Z$ ¾£Á  Á Z$ Ê/�Y|Æ% "Z$Ê» .#Z5/-Y VÌ¿ |ÀÀ¯]2[.fU2-

 :Z- �# *Y�)Y �# Ê/À)' *Z$ZÌ( Á Q( ,7¯ �)'1385 #Á|u 11400,-Y .#Â% �Z/Y$ ,¼�  ̂+¯ .#Y# �Z6/ Y '� Q( +% *M `<�Y 
,-Y .|�]1[.'Y ?Ì% +¿AZ- Á ,-Y *ZÆ8 �# '� Q( *Z(|ÀÀ¯|ÌWÂe ¾)�/(�V% 'Y ÊY) *Y�)Y60|2)Z� '� CY�#Z2! 'Y �A# *ÂÌ¸Ì» 
Ê» �Â7¯#Â�]1[.Ê» ,Ì5Ì¯ ,_Y �Zm# "�ÁY�_ QuY�» Ê4 '� Q( ¾Ì2�Z» #Â^¿ *M Q)A# 'Y ÊY) Á #Â� ,2-Y Q2( "�ÁY�2_ CAM .

Y) �Â2<À¼% +^Z2- Ê(|2ÌÆW ,2»ÁZR» ¾Ì2Ì3e ,.|2)�% + Z2� Q( "�ÁY�_ &ÌeZ»ÂeY "ZÆ¼/�Ì- ÊuY�4 "Y�% Z$�/»Y�ZN ¾)�/¼Æ» 'Y Ê
�ZY/-# ÊWZ¼�Y "Z$Á�Ì¿ +^-Zv»2,-Y :ZR/¿Y ,Æ8 9-ZÀ» `/�Ì- ÊuY�4 Á.

I(�1:�� ÉZ/,= �Y ÊËZ/](X 

:Z- �#1992 *Â/¿Â¼Ì- 3R» Á Ê7¼  ,»ÁZR» ,ÊY)VÌ_ �YÂ  Á# +2% Y� +^Z2-ÁY ,#�¯ Ê-��% Y� Ê¿Y|3¼� Q( +^Z- Ê(|ÌÆW ,»ÁZ
 #Â2¼¿ Ê2-��% "�Z72_ Á Ê7¼  ,»ÁZR» "Á� �% Y� +^Z- �U^ Á +ÌuZ¿ �LY Á #�¯ `Ì�Re +ÌuZ¿ ."|2¿ZN Á Z2)#ZNÂeZm4:Z2- �# 1998 

+�Â  C�y +^Z- "�Z7_ Á Ê7¼  �YÂ  Ê=Ì-� +8�# Á "�Y](�Z% ,��- �LY ZÆ¿M |¿#�¯ ¾ÌÌ3e Y� "Y |¿#Y# *Z7¿ Á .#�¯ +3WZU» Y�
 'Y "�Y](�Z% ,��- ?)YV_Y Z% +¯10+%100Ê2» ?)YV_Y Á# �$ Ê(|ÌÆW ,»ÁZR» Á "�Z7_ "h�¿Y ,+RÌ^# �% �/¼Ì¸Ì» |2À%Z) .�¿ 2(5Á

:Z- �# *Y�ZY¼$2003Â4� ,"�Y](�Z% ,��- �LY ZÆ¿M ,|¿#�¯ Ê-��% &ÌeZ/-Y +¼Ì¿ P)Y�� �# Y� e|À_ �Z7_ �%Y�% �# ,»ÁZR» Á ,2%
 |¿#�¯ Ê-��% Y� �Z% :Z¼�Y ,Æ8 .:Z- �# *Y�ZY¼$ Á �Z¼WM2007 "Y�2% 9Ì2- Ê^3Y» "Z$ +¿Â¼¿ "Y�% Y� ?7  ̄Á �Z7_ CZ7)Z»'M 

|¿#Y# KZn¿Y "�Y#�Z^¿Y i¸/;» P)Y�� .'Y q|$ ¾)Y ,Ê)Zn%Z8 �% +^Z- �U^Á +^Z- "�Ì(�Y�^ *ZY» ,"�Y](�Z% ,��- �LY ¾ÌÌ3e pÌRve
W "h�¿Y ,Ê(|ÌÆW " Á�Ì¿#Â% �Z7_ ?)Z»'M ,ve '� Q( +^Z- +/Ì�Ì/-AY :Á|» Á fU- |uYÁ �% "h�¿Y ,Ê(|ÌÆ.

1 - Rosaceae 
2 - endefector 

3 - Simonton 
4 -Chattopadhyay, Pandey 
5- Gunner 
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2-Z/�+� + {Y »:
+^Z- *ZÌ�M +¿Z;¸( 'Y '� Q( "Z$ xZ5e�Y 'Y VÌe "Â^Zm &) P-Âe ,*Y�Æe V^-10|¿|� +ÌÆe @Z  fU- "�/¼Ì/¿Z- .+^Z- Q2( "Z$

 +ÌuZ¿ �$ 'Y Á .|� `Ì�Re ¾Ì)ZN Á AZ% +ÌuZ¿ Á# +% :Â4 +% +¿Â¼¿ "#Y|3e 30�/¼Ì¸Ì» ]12[|� +ÌÆe .+¿Â¼¿ +/�2% *Â¸)Z2¿ *Á�# Z$-
Á .|� "|À% .|Y72¿Y# &2Ì¿ZY»ÂÌ% �YÂ2  .Z=72)Z»'M +2% CZ72)Z»'M KZn¿Y �Â<À¼% |¿#Â% +/_�(�Y�^ p)Z� +<5v» �# +¯ ÊWZu �#

,Ì%�e .Z=7¿Y# "'�ÁZ7¯ |¿|� QR/À» ��|» .+¿Â¼¿ *|� &7  �LY *#Y# ?$Z¯ "Y�%Z$|2� KZ2n¿Y �/3)�2- +2m �$ ZÆ/�e +Ì¸¯ ,.
Q-#ÂW Z% *Y�/�À)Y :Z-�ÂÌ¿Â) ,�e .Z=/-#500 ¾�ÂWÁ'� Á ¾e  5/0.'Y|¿Y "Y�% ¾eÂÌ¿ .#Z5/2-Y'� Q( +^Z- "�Z7_ "Á�Ì¿ "�Ì(

|�.
Ê=|Ì/J Y»+Z.» :

"'YÂ» +v5! Á# Q»Z� "Y +¸Ì-Á)QY�2(+¿Â( +%,+¿Â¼¿ ¾)�/(�V% �U^ 'Y CZv5! #Z3%Y +¯ "Y|� .#Z5/-Y |�Z% �/(�V% .+¿Â¼¿ Z2$
 +¿Â=% Ê»ÂÌÀÌ»ÂWM +v5! "Á� �%�/YmÂ¯ +v5! +¯ |À/_�( �Y�^ "Y),2-Y Q6/» @�v/» &_ +% +¯ (+2% +2¿Â¼¿ "Á� �2% |2¿YÂ/%

 |À¯ :Z¼�Y Á�Ì¿ *�ZR/» C�Â! .#Z3%Y +% Ê3%�» ÊÀÌ)ZN +v5!120 AZ% +v5! Á ,_�( �Y�^ *Á�/�À)Y VÌ» "Á� �% +¯ #Â% �/¼Ì¸Ì» Ê)
r¸O +% Ê3%�»10|� Q6/» *Á�/�À)Y .Z=/-# @�v/» &_ +% Á�Ì¿ :Z¼�Y "Y�% +¯ �/¼Ì¸Ì» ."Á�2Ì¿ Z2e |$# Ê» .'Z8Y �Z/ Z- ¾)Y

 Q2R¿ Á Q2¼u "Z2$ `/�2Ì- �# Y� �Â/Y_Y|¿Y "Z$Á�Ì¿ |¿YÂ/% ¾ÌÀd¼$ Á |�Z% +/�Y# "�/7Ì% V¯�¼e +¿Â¼¿ V¯�» "Á� �% .|� :Z¼�Y
 +Ì^� �/Æ% ÊYÌ¿ZY» |À¯ "'Z-..#Y# *M � #Â¼¿ Á ,^L �eÂÌ„»Z¯ P-Âe ,�Y� KZ=À$ Ze Ê)Zn%Z8 Á Á�Ì¿ "Z$)QY�3(Á .|� `Ì-�e

Ê» .�Ì y �eÂÌ„»Z¯ �###�(.

I(�2:®Ì!Z0� Ê=|Ì/J Y»+Z.» Y]! �Y^]Y I(�3:+�Ì¿ ÊÀ;À»-Ä] Y»+Z.» Y]! ÉY�] ÊËZ4]Z\ 
ÄdZ� Ê=|Ì/J �� I= 

Á Á�Ì¿ P-Âe +^Z- ÊYÌ¿ZY» �Z/_� +/Ì�Ì/-AY :Á|» Á Ê)Zn%Z8 �Y|R» ,Ê(|ÌÆW "h�¿Y Ê» *ZÌ% #Â� .�$ "Y�% �# Á �Y�Ye +- ?)Z»'M
 �Y�Ye �$10,_�( �Y�^ ?)Z»'M #�Â» +¿Â¼¿ .Á�Ì¿ �)#ZR» ,ÊÀ;À» 'Y QY� �ÌÌae Á "h�¿Y |2»M ,-|% �Z7_ "Z$ .'Y Ê(|2ÌÆW "h�2¿Y

Y� 'Y .#Z5/-Y Z% ,�Â¯]» �Y#Â¼¿ ÊÀvÀ» �)' fU- +^-Zv» +U%)1(|� +^-Zv».
+U%Y�)1(.aE F dx n f  ³
+¯Ea,�Y� "Y�% Ê_�6» "h�¿Y):Áh Ê¸Ì»(,F"�Z7_ "Á�Ì¿ )¾eÂÌ¿(,X.Z=/-# @�v/» &_ Ê)Zn%Z8 )�/» Ê¸Ì» (Án#Y|3e 

Á�Ì¿ �Y#Â¼¿ �)' "Z$ *Z¼WY-,-Y QY��ÌÌae .
^� +ÌuZ¿ 9Ì� 'Y Ê-Z¼» +/Ì�Ì/-AY :Á|» +^-Zv» "Y�%&Ì/-AY +1Á�Ì¿ ÊÀvÀ» -Ê)Z2n%Z8 ]11[|2� .#Z5/2-Y .+^2-Zv» "Y�2%

Ê» .#Z5/-Y �)' +U%Y� 'Y Ê-Z¼» :Á|»#Â�:

W =f/d +U%Y�)2(

1 - pseudo-elastic 
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�)#ZR» +¯(f, d)|¿|� ,0Y�^ Ê(|ÌÆW ,�e "Y�% Ên¯ +UR¿ 'Y)¾ÌÀ1980 +v5! ,205.(+2UR¿ �# `Ì¸�2e Ê)Z2n%Z8 Á Á�2Ì¿
Ên¯1Â¼¿ #�Y|¿Z/-Y p%ZU» �Y#)ASAE.S368.1(|»M ,-|% �Y#Â¼¿ "Á� .

3-Ä4Ìf¿ + :;]É�Ì=:
+^Z- �U^ CY�Ìae +À»Y# Q)y :Á|8 +¿Â¼¿ Ê/%Â4� "Â/v» ¾ÌÀd¼$ ÁÊ2» *Z2Ì% Y� +^Z2- ¾Ì)ZN Á AZ% +ÌuZ¿ Á# "Y�% Z$ |2À¯.�2U^ 

+¿Â¼¿ ÊÀ3» C�Â6% |¿|� [Z;/¿Y ¾Ì)ZN ,¼�^ 'Y +¯ Ê)Z$ (�V% "�Y# +¿Â¼¿ 'Y �/,2%Â4� €Â2� �# ,#Â2% +^Z2- "AZ2% +2ÌuZ¿ "Z$
+¿Â¼¿ +¿Â¼¿ 'Y �/¼¯ |¿|� [Z;/¿Y ¾Ì)ZN ,¼�^ 'Y +¯ Ê)Z$ #Â% +^Z- "AZ% +ÌuZ¿ "Z$.:Á|8 �# .|� +0Y�Y M)Z/¿ 1+0Y�Y M)Z/¿ +%Z7» 

*Â/À¼Ì- P-Âe .|�)1992 (,-Y.

µ+|\1:É{+Y{ I= ÄdZ� Ê(Ë^Ìb 2ZÌ� ?y <ËZf¿ Ä�9y 
Y�ZÌ3» qY�v¿ �j¯Y|u Q^Y|u ¾Ì=¿ZÌ» 

.Á�( :AZ% 
0.761 83.4 80.6 82.3* Ê/%Â4� "Â/v»(%) 
0.561 6.12 4.91 5.446** �U^)�/¼Ì¸Ì»(

.Á�( :¾Ì)ZN 
1.21 66.1 62.3 64.7* Ê/%Â4� "Â/v»(%) 

1.215 8.96 4.71 6.855** �U^)�/¼Ì¸Ì»(
:* fU- �#0,05ÊÀ3» �Y# :** fU- �#0,01ÊÀ3» �Y# 

,��- �# "�Z7_ "Á�Ì¿ �LY ,ve +^Z- +ÌuZ¿ Á# +�)ZR» 'Y Q!Zu M)Z/¿10Ê¸Ì» "Z$�Y#Â¼¿ �# i¸/;» "Z$�U^ "Y�% +RÌ^# �% �/»
5Ze8,-Y .|»M .Ê» ?)YV_Y Á# �$ ,+^Z- �U^ ?)YV_Y Z% Ê(|ÌÆW "'�¿Y Á Á�Ì  Ê2» ?$Z2¯ fU- |uYÁ �% "h�¿Y �Y|R» ÊWÁ |À%Z)-

|%Z) .e .#Á|v» ¾Ì% 9Ìe�/% Ê(|ÌÆW "'�¿Y Á Á�Ì¿ CY�Ìa66Ze113,25 Á ¾e  29,54 Ze 57,14 +2¿Â¼¿ "Y�2% :ÁhZ=» ¾Ì)Z2N "Z2$
 ¾Ì% Á +^Z-47,35 Ze 103,54 Á ¾eÂÌ  36,18 Ze 104,57 +¿Â¼¿ "Y�% :ÁhZ=» #Â% +^Z- "AZ% "Z$ .Z¿Z)�YÁ VÌWZ¿M M)Z/¿):Á|282(

W "Á�Ì¿ +¯ #Y# *Z7¿ ¾Y¿Y# *Â»'M Á+¿Â¼¿ Ê(|ÌÆÊÀ3» C�Â6% +^Z- ¾Ì)ZN "Z$ fU-�# "�Y#01/0+¿Â¼¿ 'Y �/(�V% "AZ% "Z$
 +¿Â¼¿ "Y�% fU- |uYÁ �% "h�¿Y ¾ÌÀd¼$ ,#Â% +^Z- fU- �# +^Z- "AZ% "Z$01/0+¿Â¼¿ 'Y �/7Ì% #Â2% +^Z2- ¾Ì)Z2N "Z2$ .p2^4

 % +�)ZR» �# +^Z- *YÂ8 ,¼�^ ¾Ì% ÊÆ8Âe Q%Z^ CÁZ5e +/�]( CZ3WZU» #�Y# #Â8Á *M ¾�» ,¼�^ Z)*Z¼2-Á�(2,1982.(,¼�2^
 ¾�» +^Z- "AZ% ,¼�^ 'Y +YÀ)Y QÌW|% +^Z- ¾Ì)ZN+R¸u "Y�Y# ,-Y �e �# +2¯ ÊWZ2u �# |À/�2$ "|2¿ÁM "Z2Æ/_Z% .|2� Q»Z¯ "Z$

 Y ÊY) ,-Y ¾Y¼» xÂOÂ» ¾)Y Á |À/�Ì¿ +/-ÂÌN `Æ% Á .#Â% �=)|¼$ 'Y Y|8 C�Â6% ZÆ/_Z% ¾)Y +^Z- "AZ% ,¼�^ +¯ |�Z% Ê¸)A# '
|�Z% CÁZ5/» +^Z- +ÌuZ¿ Á# "Y�% Ê(|ÌÆW "h�¿Y Á Á�Ì¿ .|� h�Z% .

1 - inflection 
2 - Grossman 
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I(�5:Ä¿ 0¿ ÉY�] te� |8Y+ �{ É*�¿Y É+� �] ÄdZ� �ed �vY-
�{ É�Z�b É+�Ì¿ �vY Y;! ÄdZ� OÌËZA Y0]d �Y '|� ÄÌ/! ÉZÅ

YX��10Ä.Ìd{ �] �f» Ê,Ì» 

I(�6:�{ É*�¿Y É+� �] ÄdZ� �ed �vY ÄT¿ 0¿ ÉY�] te� |8Y+ -
�{ É�Z�Tb É+�Ì¿ �vY Y;! ÄdZ� ÉÓZ] Y0]d �Y '|� ÄÌ/! ÉZÅ

YX��10Ä.Ìd{ �] �f» Ê,Ì» 
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 I(�7:ÄT¿ 0¿ ÉY�] Ê=|Ì/J É*�¿Y + +�Ì¿ É+� �] ÄdZ� �ed �vY-
�{ É�Z�b É+�Ì¿ �vY Y;! ÄdZ� OÌËZA Y0]d �Y '|� ÄÌ/! ÉZÅ

YX��10Ä.Ìd{ �] �f» Ê,Ì» 

I(�8:�vY ÄT¿ 0¿ ÉY�T] Ê=|Ì/J É*�¿Y + +�Ì¿ É+� �] ÄdZ� �ed-
�{ É�Z�b É+�Ì¿ �vY Y;! ÄdZ� ÉÓZ] Y0]d �Y '|� ÄÌ/! ÉZÅ

YX��10Ä.Ìd{ �] �f» Ê,Ì» 
µ+|\2:te� |8Y+ �] Ê=|Ì/J É*�¿Y É+� + Ê=|Ì/J É+�Ì¿ É+� �] É�Yg=�Z] YX�� + Ä¿ 0¿ ½Z(» �vY o¿ZË�Y+ ^ÌJZ¿1 

CY�Ìae r%ZÀ» 'M +8�#"#Y xÂ¼n» 
CZ3%�» 

¾Ì=¿ZÌ» 
CZ3)�» 

valueFfU- 
:Z¼/uY 

Ê=|Ì/J É+�Ì¿ 
�Z¼Ìe 5701,52 140,31 31,33 0001/0

*ZY»(p)1491,73 491,73 2,29 1394/0
,��-v)(2537,51 268,75 60,01 0001/0

)p*v(295,62 48,81 10,68 002/0
ZU  1253,75 4,48 

te� |8Y+ �] Ê=|Ì/J É*�¿Y 
�Z¼Ìe 52772,6 554,52 218,01 0001/0

*ZY»(p)12151,13 2151,13 846,05 0001/0
,��-v)(2612,84 306,42 120,52 0001/0

)p*v(28,63 4,31 1,7 225/0
ZU  1730,51 2,54 
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AY :Á|» CÁZ5e fU- �# .Á�( Á# ¾Ì% +/Ì�Ì/-0,01 ÊÀ3» |� �Y# +¿Â¼¿ "Y�% +/Ì�Ì/-AY :Á|» ,Á# Z2^)�Re +^Z2- ¾Ì)Z2N .Á�( "Z$
 #Â% +^Z- "AZ% .Á�( �%Y�% .*Â/À¼Ì- +¯ Ên)Z/¿)1992(Ê» *Z7¿ #�ÁM ,-|% +2¿Â¼¿ "Y�2% Ê-Z¼» +/Ì�Ì/-AY :Á|» +¯ #Y# "Z2$

 Z^)�Re +^Z- ¾Ì)ZN30%+¿Â¼¿ 'Y �/7Ì%"Z$ ,-Y +^Z- "AZ% .:Á|8 .�Z¼�2Y� �Z2Ì3» qY�2v¿Y Á `¼ÌÀÌ» ,`¼)V¯Z» ,¾Ì=¿ZÌ» �)#ZR» 
Ê» *Z7¿ .Á�( Á# +/Ì�Ì/-AY :Á|» "Y�%|$#.

µ+|\2:ÄfÌ]Ìf�ÓY µ+|» É+� �] Ä¿ 0¿ I;» �vY 

¾Ì=¿ZÌ» `¼ÌÀÌ» `¼)V¯Z» �Z 3» qY�v¿Y 
+^Z- "AZ% "Y�% +/Ì�Ì/-AY :Á|»):ZY-ZN Z=»(45,15 30,05 61,66 7,94 
+^Z- ¾Ì)ZN "Y�% +/Ì�Ì/-AY :Á|»):ZY-ZN Z=»(100,11 78,76 134,25 16,95 

QY� �# +¯ +¿Â=¿Z¼$ 9Ê» .|$Z7» ,_Z) ?$Z¯ .Á�( Á# �$ "Y�% Á�Ì¿ �)#ZR» ,,��- ?)YV_Y Z% #Â� .,��2- ?)YV_Y Z% :Z2¼�Y 
'Y �Z7_10+%200'Y Ê(|ÌÆW "Á�Ì¿ ,+RÌ^# �% �/¼Ì¸Ì» 84,5 +% 62,4 'Y Á ¾Ì)ZN .Á�( "Y�% ¾eÂÌ¿ 73,1 +% 66,8 .Á�2( "Y�2% ¾eÂÌ¿ 

+¿Â¼¿ "Y�% Ê(|ÌÆW "Á�Ì¿ ?$Z¯ C|� ¾ÌÀd¼$ ,,_Z) ?$Z¯ AZ% #Â% AZ% .Á�( 'Y �/7Ì% ¾Ì)ZN .Á�( "Z$.Ê¯|ÌÆW "Á�Ì¿ ?$Z¯ 
ÊÀ3» ,,��- ?)YV_Y �LY �##Â^¿ �Y#):Á|82.(Y�  M)Z/¿ +%Z7» .|»M ,-|% M)Z/¿Z/NÂ( Á #Z-Y�N P-Âe .|� +01#Â% C�y +^Z- "Y�% .

|2�Z% +^Z2- &Ì/-AYÂY�)Á �Z/_� QÌW|% ,-Y ¾Y¼» ,�Z7_ :Z¼�Y ,��- ?)YV_Y �LY �# Ê(|ÌÆW "Á�Ì¿ ?$Z¯ .¾Ì)Z2N ,��2- �#
Ê» `Ì�Re #Â8Â» :ZÌ- Á ZÆWÂ¸- ¾Ì% .|� :Z¼�Y "Á�Ì¿ *Z2»' Ê$Z2Ì( "ZÆWÂ¸- ,�eAZ% "ZÆ/��- �# +¯ ÊWZu �# #Â� "Y�2% Ê_Z2¯ 

Ê» w� �e#Á' ,�Y� Á |¿�Y|¿ Y� :ZÌ- +% Á�Ì¿ :ZR/¿Y|$# .
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I(�9:�� I= ÄdZ� ÉY�] Ê=|Ì/J É+�Ì¿ É+� �] É�Yg=�Z] YX�� �vY 

�# +¯ +¿Â=¿Z¼$QY� 10.|$Z7»Ê»�Â?$Z¯ fU- |uYÁ �# Ê(|ÌÆW "h�¿Y ,,��- ?)YV_Y Z% #Ê»|%Z) .'Y ,��- ?)YV_Y Z%10
+%200�/¼Ì¸Ì» 'Y Ê(|ÌÆW "h�¿Y ,+RÌ^# �#59,2 +% 41,3 'Y Á +^Z- "AZ% +ÌuZ¿ "Y�% 34,2 +% 20,4 Ê2¸Ì» r2%�» �2/¼Ì¸Ì» �2% :Áh

 ,_Z) ?$Z¯ +^Z- ¾Ì)ZN +ÌuZ¿ "Y�% .Z¿Z)�YÁ VÌWZ¿M M)Z/¿):Á|82(ÊÀ3» �LY "�Y](�Z% ,��- +¯ #Y# *Z7¿ �% "h�¿Y "Á� �% "�Y#
 #�Y# fU- |uYÁ .M)Z/¿ +% +8Âe Z% "ZÆ/��- �# fU- |uYÁ �% "h�¿Y ¾Ì=¿ZÌ» ,¾Y¿Y# *Â»'M 10,50Á100+RÌ^#�%�/¼Ì¸Ì»44,747 ,

38,181 Á30,471 Ê¸Ì» :Áh|À/_�( �Y�^ YVn» .Á�( +- �# +¯ #Â% r%�»�/¼Ì¸Ì» �%.Y�%'2)1997 (�# "'�ÁZ7¯ #YÂ» +¯ #�¯ B�YV(
 Á�Ì¿ ÊÀvÀ» :ÁY ,¼�^-7¿ #Â  'Y &Ì/-AY �Z/_� Ê)Zn%Z8 Ê» *Z Q)|^e &Ì/-AYÂY�)Á +% *Z��Z/_� ,,��- ?)YV_Y Z% ÊWÁ |À$#

 
1 - Prasad and Gupta 
2 - Zebra 



2243

Ê»#Â� .Ê2» �/72Ì% "�Y]2(�Z% ,��2- �2LY Á .|� *Z»' +% +/�%YÁ .#Z» �YÂ  ,#Â� �/(�V% &Ì/-AY +ÌuZ¿ +¯ Ê»Z=À$ ¾)Y�%ZÀ%-
#Â�]11[.

0

10

20

30

40

50

60

70

80

90

0 50 100 150 200 250

(Mk@h; 34 3<y@?@=) o82•L804 5G31 

(q
[6
@D)

.3
@D

)^ΎY &'ϳΎ: )^ΎY ̵‘Ύ(

 
I(�10:�� I= ÄdZ� ÉY�] te� |8Y+ �] É*�¿Y É+�� �] É�Yg=�Z] YX�� �vY 

4-É�Y^P�Zn� :
Ê)Z2O� �|2ÀÆ» "Z2^M 'Y Á p2ÌRve ¾)Y �# 'ZÌ¿ #�Â» CZ¿ZY»Y +Ì¸¯ *#�¯ `$Y�_ "Y�% *Y�Æe .Z=7¿Y# 'Y *Z5WÂ» KZ2n¿Y �4Z2;% Z2Ì¯

Ê» �Y7e +¿Z¼Ì¼! *Á�/�À)Y .Z=/-# Z% ÊYÌ¿ZY» "ZÆ/�e|ÀÀ.

5-L]ZÀ» :

1-Ê»b-Y "�ÂÆ¼8 "�YV(�^ +^À� ,10/6/1386.
2-"�d%Y�Â(.¾�v»,1383,*Y�)Y #Z6/^Y �# Ê/À)' *Z$ZÌ( Á Q( ,3À! .Z=)Z8 ,|2��Y Ê2-ZÀ��Z¯ +2»Z¿ *Z)ZN.,2Ì%�e .Z=72¿Y#

��|».

3- Alamar. M.C, Vanstreels. E, Oey. M.L, Molto. E, Nicolai. 2008. mechanical behaviour of 
apple tissue in tensile and Compression tests. Journal of Food Engineering 86 324–333. 
4- Braga. G. C, Couto. S.M, Hara. T, NetoJTPA .1999. Mechanical behaviour of macadamianut 
under compression loading. Journal of Agricultural Engineering Research, 72, 239–245 

5- Chattopadhyay, P. S., K. P. Pandey. 1998. Mechanical Properties of Sorghum Stalk in 
relation to Quasi-static Deformation. Journal of Agricultural Engineering Research. 73, 199-
206. 
6- Guuner.M, Dursun.E, Dursun. G. 2003. Mechanical Behaviour of Hazelnut under 
Compression Loading. Biosystems Engineering 2003  85(4),485–491. 

7- McRandal, D. M and McNulty, P. B. 1980. Mechanical and physical properties of grasses. 
Trans of the ASAE, 23(2), 816–821. 

8- Mohsenin, N. N. and H. Goehlich. 1962. Techniques for determination of mechanical 
properties of fruits and vegetables as related to design and development of harvesting and 
processing machinery. Journal of Agricultural Engineering Research, 7:300. 

9- Mohsenin, N. N. 1980. Physical Properties of Plant and Animal Materials. New York: 
Gordon and Breach Publishers. 

10- Prasada, J. and Gupta. C. P. 1975. Mechanical properties of maize stem as related to 
harvesting. Journal of agriculture Engineer Research. 20: 79-87. 



2244

11- Saiedirad. M, Tabatabaeefar. A,  Borghei. A, Mirsalehi. M, Badii.F, Ghasemi. M. 2007. 
Effects of moisture content, seed size, loading rate and seed orientation on force and energy 
required for fracturing cumin seed (Cuminum cyminum Linn.) under quasi-static loading, 
Journal of Food Engineering 86  565–572. 

12- Simonton, W. 1992. Physical properties of zonal geranium cuttings. Trans of the ASAE. 
35(6), 1899-1904. 

13- Singh, K. N., and T. H. Burkhardt. 1974. Rice plant properties in relation to loading. Trans. 
of the ASAE. 27(6): 1169-1172. 
14- www.modiriran.ir/modules/news/article



2245

Mechanical behavior of rose flower stem under Compression Loading 

S. H. Hashemi Fard1 , GH. R. Chegini1, M. H. Khoshtaghaza2, M. H. Kianmehr1.

1- Department of Farm Machinery Engineering, Tehran Univ, 
2- Department of Farm Machinery Engineering Tarbiat modarres univ. 

Corresponding author: S. H. Hashemifard, Dept. of Farm Machinery Engineering, College of 
Agriculture, Tehran University, 
Email: hhashemifard@ut.ac.ir 

Tel: +98-913-2840398 
 

Abstract 
Knowledge of floriculture mechanical properties is necessary for automation and process 
machine design. Stalk of roses (Rosa hybrids.) were loaded between two parallel plates to 
determine the bioyield force, specific compression energy and modulus of elasticity. The tests 
were carried out at tree deformation rates of 10, 50 and 200 mm/min, two locations: near the 
growth tip and near the root internode and different diameters for rose stalk.  
The results showed that all the mentioned above parameters had significant effect on the 
measured mechanical properties (P = 0.01). The variation range of bioyied force and specific 
compression energy were 47.35 to 135.15 and 29.54 To 104.57, respectively. The average value 
of elasticity Modulus were 45.15 for near the root internode specimen and 100.11 for near the 
growth tip specimens. With increasing the loading velocity, from 10 to 200 mm/min, the mean 
values of force and energy were decreased from 84.5 to 62.4 N and from 56.1 to 42.3 mj/mm2

for near the root internode and decreased from 73.1 to 66.8 N and from 33.7.1 to 20.8 mj/mm2

for near the growth tip, respectively. 
 
Keywords: Mechanical properties, rose flower, compression test, modulus of elasticity. 


