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É{+Y{ I= ÄdZ� Ê(Ì¿Z(» >Y y Ê���] 
)chrysanthemum morifolium()265(
ÊÀÌ=m ZO�»b£1,|Ì-9Ì^uÊ¼�Z$ ¢Y"#�Y$# #�_2,�Æ¼¿ZÌ¯ ¾Ì�u|¼v» 1,BÂ  "#Z$|¼v»ZOZRe3

)'|Ì( 
Ê �% ÊY)VÌ_ �YÂ  .'Y|¿Y Q( "�ÁY�_ &ÌeZ»ÂeY "Z$ ¾Ì�Z» ÊuY�4 �Â<À» +% "#ÁY# Q( +^Z- ÊYÌ¿ZY» Á|� "�Ì( .,�2e

 Q( +^Z- "Á� �% Z$#+/)�YÁ Z% "#ÁY)chrysanthemum morifolium(|2� KZn¿Y .,2»ÁZR» ,Ê/%Â24� "Â2/v» ,+^Z2- �2U^
 .'Y|¿Y +^Z- Ê7¼  ,»ÁZR» Á "�Z7_ ,»ÁZR» ,Ê��% |� "�Ì( .+¿Â¼¿ M "Z$ +ÌuZ¿ Á# 'Y ?)Z»' |� +ÌÆe +^Z- ":+^Z2- ¾Ì)ZN +ÌuZ¿

Q( +% &)#V¿ +^Z- "AZ% +ÌuZ¿ Á @Z  fU- +% &)#V¿.Ê�2Ì% QY� +% +^Z- rUR» fU- P-Âe ,"#ÁY# Q( +^Z- Ê¯VÌ_ ,WZu
 �U^ ¾Ì=¿ZÌ» Z%5Ê/%Â4� ¾Ì=¿ZÌ» Á �/» Ê¸Ì» 77%|� z;7» |!�# .+2- ?2¼  'Y .#Z5/2-Y Z% +^Z- Ê7¼  ,»ÁZR» Z2% +2UR¿

 .Z( +ÌYe Á# +¸!Z_ 15.'Y|¿Y �/» Ê¸Ì» ?¼  "Y�% `Ì¸�e +UR¿ ¾Ì=¿ZÌ» Á |� "�Ì()34Á ¾eÂÌ¿6�/» Ê¸Ì» (#Â% .'Y �Z7_ ,�e "Y�%
 #Z3%Y +% QY� Ê3%�» +v5! &)1010 `Ì¸�e +UR¿ ¾Ì=¿ZÌ» ,|� .#Z5/-Y �/» Ê¸Ì» )195Á ¾eÂÌ¿2,74 �/» Ê¸Ì» (#Â2% .Â/» P2-

 9Ìe�/% Ê��% "Á�Ì¿ `¼)V¯Z» Á B�% "h�¿Y 105,55 Ê¸Ì» :ÁhÁ22,87 ¾eÂÌ¿ #Â% .2% Ê��% "Á�Ì¿ `¼)V¯Z» Á B�% "h�¿Y +�Â24
 fU- Z% `ÌR/�» |¿#Â% 9-ZÀ/» +^Z- rUR» .,,2-Y +^Z2- �2U^ �ÌLZ2e ,ve ZÆÀe +¿ `Ì¸�e "Á�Ì¿ +¯ #Y# *Z7¿ .|� KZn¿Y "Z$VÌWZ¿M

Y �LÂ» VÌ¿ +^Z- ,Ì3^Â» +Y¸%,-.

,¯'*Y+|Ì:Ê(|ÌÆW ,»ÁZR» ,Ê7¼  ,»ÁZR» ,Ê��% "h�¿Y ,ÊYÌ¿ZY» �YÂ  ,"#ÁY# Q( 

1-.Á�( �Z)#Z/-Y"Z$ ¾Ì�Z» &Ì¿ZY»*Zv)�Â%Y Z)#�N ,*Y�Æe .Z=7¿Y# ,"'�ÁZ7¯ 
2-¾Ì�Z» &Ì¿ZY» |��Y Ê-ZÀ��Z¯ "Ân7¿Y#&Ì¿Á�/YWY ,�N,*Zv)�Â%Y Z)#�N ,*Y�Æe .Z=7¿Y# ,"'�ÁZ7¯ "Z$ :hhashemifard@ut.ac.ir 
3-�ZÌ7¿Y# "Z$ ¾Ì�Z» &Ì¿ZY» .Á�( "'�ÁZ7¯ .|Y7¿Y# ,��|» ,Ì%�e .Z=7¿Y# ,"'�ÁZ7¯ 
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˺-Ä»|.»:
r8Y� ÊeZ�b4Y ¾/�¿Y# "�Á�2O "'�ÁZ7¯ &ÌeZ»ÂeY Á .VÌ¿ZY» CYVÌÆne ÊuY�4 �Â<À¼% *Z$ZÌ( ÊYÌ¿ZY» Á ÊY)VÌ_ CZÌ!Â6  +%

,-Y .'�ÁZ7¯ #YÂ» 'Y "�ZÌ�% ÊYÌ¿ZY» Á ÊY)VÌ_ �YÂ  .'Y|¿Y *ZRRv» P-Âe "Á Q2( Z2% +U%Y� �# +¿Z5-Z/» ÊWÁ ,-Y .|� "�Ì(
,�Ì¿ ,-# �# Ê¿Y|Àm CZ�b4Y "�ZY¸( .Q2( CY�#Z! £¿ZÆ8 |»M�# P-Â/» .Z2Ì( Á:Z2- �#2006 �A# #�Z2Ì¸Ì» ,62� #Á|2u 

#Â%]1[.:Z- �# *Y�)Y �# Ê/À)' *Z$ZÌ( Á Q( ,7¯ �)' fU-1385#Á|u 11400,-Y .#Â% �Z/Y$ )Z�,Ê/À2- "Z2$ +2¿Z;¸( Q»
 'Z2% "Z�_ Á *�|»(+¯1/3|�Z% Ê» ZÌ¿# Q¯�# Ê/À)' *Z$ZÌ( Á Q2( ,7¯ �2)' fU- |!�# .]2[+2YÀ)Y +2% +8Âe Z% :Z2- �#85

&) Á #�ZÌ¸Ì»300Q( + Z� *ÂÌ¸Ì» *Y�)Y �#.|� |ÌWÂe,-Y ]1[Á�$ "ZÆ%50Q( + Z� "#ÁY# &2) :#Z3» Ê¿ZÆ8 "Z$�Y'Z% �#
M'�Y ,5¿ +Y7% #�Y# "�Á.]2[#�Ì( C�Â! ÊeZ3WZU» Q( .VÌ¿ZY» "�ÁY�_ "ZÆ¼/�Ì- ÊuY�4 Z% +U%Y� �# ,-Y K'A .'Y *Y�)Y +YÀ)Y Z%

+ Z� Q( |ÌWÂe �<¿ ,,-Y *ZÆ8 �# `$|5$ +^e� "Y�Y# .|)�%¾)Y CY�#Z! �<¿ 'Yi)#� �# :Â6v»107�Y�^ *ZÆ8 #�Ì(.]2[
Ê-��% Ê» *Z7¿ .|»M Q¼3% "Z$ U%Y� �# +¯ |$# Q( ÊYÌ¿ZY» �YÂ  Z% +1ÊÀÌ0Ve *Z$ZÌ¯ Á2#�Y|2¿ #Â28Á Ê¿Y|2Àm CZ�b4Y .Ê2WÁ

 Ê» �ÌLZe �YÂ  ¾)Y �% +¯ "Z$�Â/¯Z_ ¾ÌÀd¼$ Á "'�ÁZ7¯ CAÂ6v» �=)# �YÂ  ¾/_Z) "Y�% "#Z)' CZRÌRve .|� KZn¿Y |¿�Y](
,-Y .&)�|À$ Á ZÌe�Â¯3:Z- �#1969 |» +^Z- �U^ �Z-Y�% Y� *Z/¯ +^Z- Ê7¼  :Á|» |¿#�¯ :.&»&2» Á :Y|¿� Ê/WZ2¿4�# 
:Z-1980 |¿#�¯ Ê-��% &ÌeZ/-Y +^� P)Y�� �# Y� +_Â¸� +^Z- Ê��% ,»ÁZR» .Ê2W "Z^M5�# ?¿Y�Z2Y¼$ Á1984 Ê2��% "Á�2Ì¿ 

|¿#�¯ +3WZU» Y� M¿�% +^Z- .:Z- �#1992*Â/¿Â¼Ì- 6Ê2-��% Y� Ê¿Y|3¼� Q( Ê(|ÌÆW ,»ÁZR» Á Ê7¼  ,»ÁZR» ,ÊY)VÌ_ �YÂ  
#�¯ .¿Z/)ÂY�» P-Âe Z)Â- Ê��% "h�¿Y Á Á�Ì7�# *Y�ZY¼$Á 1995 |� Ê-��% ."|¿ZN Á Z)#ZNÂeZm8:Z2- �#1998 ,Ê2��% �YÂ2  

:Z- �# Á |¿#�¯ ¾ÌÌ3e Y� KÂ(�Â- +^Z- "�Z7_ Á Ê7¼ 2002Q2( ,2�Y#�% ,2Æ8 'Z2Ì¿ #�Â2» Ê2��% "Á�Ì¿ *Y�ZY¼$ Á Ê0YV  
+3WZU» Z%Á "�Y](�Z% i¸/;» "ZÆ/��- �# Y� KÁ�e�ÌN |¿#�¯ Ê-��% Q)Z» Á "VÌe +)ÁY' �ÌLZe ..'Y|2¿Y pÌRve ¾)Y q|$ Ê2 �% "�2Ì(

,-Y "#ÁY# Q( "�ÁY�_ &ÌeZ»ÂeY CYVÌÆne ÊuY�4 �Â<À¼% "#ÁY# Q( +^Z- ÊYÌ¿ZY» Á ÊY)VÌ_ �YÂ .
2-Z/�+� + {Y »:

+^Z-*ZÌ�M +¿Z;¸( 'Y "#ÁY# Q( "Z$|¿|� +ÌÆe VÌe "Â^Zm &) P-Âe ,*Y�Æe V^- .+^Z- "Z$+/�% *Â¸)Z¿ *Á�# Q( Á .|2� "|À% 
.Z=72¿Y# "'�ÁZ7¯ .|Y7¿Y# &Ì¿ZY»ÂÌ% �YÂ  .Z=7)Z»'M +% CZ7)Z»'M KZn¿Y �Â<À¼% |¿#Â% +/_�(�Y�^ p)Z� +<5v» �# +¯ ÊWZu �#

,Ì%�e |¿|� QR/À» ��|» .+¿Â¼¿ *|� &7  �LY *#Y# ?$Z¯ "Y�% |2� KZ2n¿Y �/3)�2- +2m �2$ ZÆ/�2e +Ì¸¯ ,Z$ .,�2e .Z=/2-#
ÂÌ¿Â) Q-#ÂW Z% *Y�/�À)Y :Z-�500¾�ÂWÁ'� Á ¾eÂÌ¿ 5/0.'Y|¿Y "Y�% ¾eÂÌ¿ Q2( +^Z2- "�Z72_ Á Ê2��% ,Ê72¼  "Z$Á�Ì¿ "�Ì(

 |� .#Z5/-Y "#ÁY# ..'Y|¿Y �Â<À¼% +¿Â¼¿ *'Á "�Ì( �¸/» "Á'Y�e 'Y Z$9,^# Z% 001/0|� .#Z5/-Y K�( .Á# p2ÌRve ¾2)Y KZ2n¿Y "Y�%
 |� KZn¿Y ?)Z»'M "�- ::ÁY ?)Z»'M .'Y|¿Y Q»Z� .'Y|¿Y |À¿Z» ÊY)VÌ_ CZÌ!Â6  Ê �% "�Ì( "Â2/v» Á K�28 ,+^Z2- �2U^ "�Ì(

 #Â% Ê��% Á "�Z7_ ,Ê7¼  ,»ÁZR» |À¿Z» Q( +^Z- ÊYÌ¿ZY» �YÂ  Q»Z� KÁ# ?)Z»'M Á Ê/%Â4� .+¿Â¼¿ ,¼�^ Á# 'Y Z$ )"AZ2%
@Z  fU- +% &)#V¿ +^Z- ¾Ì)ZN Á Q( +% &)#V¿ +^Z- (|¿|� +ÌÆe)QY�1(Á|� KZn¿Y �Y�Ye +- Z% ,�e �$.

1 - floriculture 
2 - ornamental 
3 - Curtis and Hendrick 
4 - Mcrandal and McNulty 
5 -Lee 
6 - Simonton 
7 - Mesquita 
8 -Chattopadhyay, Pandey 
9 - Mettler PI200 
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2-1-Ê(Ë^Ìb >Y y:

+¿Â¼¿ Ê^)�Re :Â4 +% @Z  fU- +% &)#V¿ +^Z- ¾Ì)ZN Á Q( +% &)#V¿ +^Z- "AZ% ,+^Z- +ÌuZ¿ Á# 'Y Z$30|¿|2� +2ÌÆe �/¼Ì¸Ì» .
+¿Â¼¿ 'Y &) �$.'Y|¿Y +¿Â¼¿ :Â4 P-Á �# +¿Â¼¿ �U^ Á .|� ¾)'Âe �¸/» "Á'Y�e Z% Z$|� "�Ì( .v»BÁ� 'Y +2¿Â¼¿ �$ Ê/%Â4� "Â/

+¿Â¼¿ ,|� +^-Zv» *ÁM "Z»# �# Z$60C|¼% Á #Y�=Ì/¿Z- +8�# 72,�Z- 1|¿|� *'Á Y#|n» *M 'Y |3% Á +/_�( �Y�^ *ÁM �#.
2-2-ÄdZ� Ê��] Y»+Z.»:

+^Z- B�% "Y�% Ê!Z  +¸Ì-Á)QY�2(.'Y|¿Y �Â<À¼% Á |� +/ Z- Z=/2-# "Á� �% +_�UY) Ê��% "Á�Ì¿ "�Ì( *Á�/�2À)Y ,�2e .
|� 96¿ .

I(�1:'{ZBf�Y Y]! 3Z4¿Y ÉY�] Ä¯ É{+Y{ I= ÄdZ� Ê8Y ¿
|� :¦JY :V + ÄdZ� ÉÓZ] :ÄdZ� OÌËZA 

I(�2:@�] Y]! �Y^]Y ®Ì!Z0� 

Á�Ì¿ �Y#Â¼¿-|� .#Z5/-Y Ê��% "h�¿Y Á Á�Ì¿ Ê%Z)'�Y "Y�% Ê)Zn%Z8 .% "h�2¿Y Á .|2� ,2^L "Á�Ì¿ `¼)V¯Z» 'Y Ê��% "Á�Ì¿ 'Y Ê2��
Á�Ì¿ �Y#Â¼¿ ÊÀvÀ» �)' fU- +^-Zv»-|»M ,-|% Ê)Zn%Z8.

2-3-Ê�0y Y»+Z.»:
|� .#Z5/-Y +^Z- Ê7¼  Ê/5- Á Ê7¼  ,»ÁZR» Ê%Z)'�Y "Y�% +UR¿ +- ?¼  ,�e 'Y."�Y](�Z% +¸Ì-Á)QY�3(+- ?¼  "Y�%

 +¸!Z_ Z% +UR¿15� �% ,+¿Â¼¿ ¾/�Y# +=¿ ,%ZL �Â<À» +% &_ Á# "Y�% �/» Ê¸Ì» ,2%ZL .�2Ì( P-Âe *Á�/�À)Y ,�e .Z=/-# VÌ» "Á
|� .#Â% �/» Ê¸Ì» +- �U^ +% +¼mZ- &) "Y�Y# ZÆ/¿Y �# |� .#Z5/-Y +¿Â¼¿ +% Á�Ì¿ :Z¼�Y "Y�% +¯ Ê%Y�N]16[@�2v/» &2_ +2% Á

|)#�( Q!Á *Á�/�À)Y .Z=/-# .:Â4 Z% Z$ +¿Â¼¿30|¿|� .|)�% �/¼Ì¸Ì» .2U^ ,�2e KZn¿Y 'Y Q^^ +¿Â¼¿ �$ "Y�% P2-Á ,¼�2^ �
|� "�Ì( .'Y|¿Y *M pÌ^# :Â4 Á +¿Â¼¿ .�# *Á�/�2À)Y [Y�N P-Âe Á�Ì¿ Á +/_�( �Y�^ +UR¿ +- ?¼  ,�e +¸Ì-Á "Á� �% Z$ +¿Â¼¿

+¿Â¼¿ P-Á|� :Z¼�Y ZÆ¿M +% Z$ ..#Y#|� `Ì-�e *M �Y#Â¼¿ Á ,^L �eÂÌ„»Z¯ P-Âe ,�Y� KZ=À$ Ze Ê)Zn%Z8 Á Á�  "Z$ .

1 - ASAE, 2000a 
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2-4-Ê=|Ì/J Y»+Z.» :

"'YÂ» +v5! Á# Q»Z� "Y +¸Ì-Á)QY�4(+¿Â( +%|� .#Z5/-Y |�Z% �/(�V% ,+¿Â¼¿ ¾)�/(�V% �U^ 'Y CZv5! #Z3%Y +¯ "Y .+¿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 Ê)AZ% +v5! Á ,_�( �Y�^ *Á�/�À)Y VÌ» "Á� �% +¯ #Â% �/¼Ì¸Ì» 
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

 Á |�Z% +/�Y# "�/7Ì% V¯�¼e +¿Â¼¿ V¯�» "Á� �% .|� :Z¼�Y Q2R¿ Á Q2¼u "Z2$ `/�2Ì- �# Y� �Â/Y_Y|¿Y "Z$Á�Ì¿ |¿YÂ/% ¾ÌÀd¼$ 
+Ì^� �/Æ% ÊYÌ¿ZY» |À¯ "'Z- ..#Y# �# Á .|2� `Ì2-�e *M �Y#Â2¼¿ Á ,2^L �eÂÌ„»Z2¯ P2-Âe ,�Y� KZ=À$ Ze Ê)Zn%Z8 Á Á�Ì¿ "Z$
Ê» .�Ì y �eÂÌ„»Z¯##�(.

I(�3:Ê�0y Y»+Z.» Y]! �Y^]Y I(�4:/J Y»+Z.» Y]! �Y^]YÊ=|Ì 

Ên¯ +UR¿ �# `Ì¸�e Ê)Zn%Z8 Á Á�Ì¿1#�Y|¿Z/-Y p%ZU» �Y#Â¼¿ 2|»M ,-|% �Y#Â¼¿ "Á� 'Y.Ê-Z¼» +/Ì�Ì/-AY :Á|» +^-Zv» "Y�% 
&Ì/-AY +^� +ÌuZ¿ 9Ì� 'Y3Á�Ì¿ ÊÀvÀ» -Ê)Zn%Z8 )*Â/¿Â¼Ì-1992(|� .#Z5/-Y .Ê72¼  Á Ê��% ,»ÁZR» "Y�% Ê-Z¼» :Á|»

|� .#Z5/-Y .^-Zv» "Y�%Ê» .#Z5/-Y �)' +U%Y� 'Y Ê-Z¼» :Á|» +#Â�:
W =f/d (1) 

�)#ZR» +¯(f, d)Á�Ì¿ ÊÀvÀ» &Ì/-AY +^� +ÌuZ¿ P-Á 'Y-,20Y�^ Ê(|2ÌÆW ,�e "Y�% Ên¯ +UR¿ Á ?¼  ,�e "Y�% Ê)Zn%Z8
|¿|�)¾ÌÀ�1980 +v5! ,205.(Y Z% "�$Z‰ +/Ì�Ì/-AY :Á|» ,?¼  ?)Z»'M "Y�% ¾ÌÀ�2v» P-Âe .|� +0Y�Y P%YÁ� 'Y .#Z5/-

)1980 +v5! ,200(|� +^-Zv».

64/..48
10..
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cd
lfEd S


(˻)

+¯lÁ +¿Â¼¿ :Â4 c,-Y +^Z- �U^ .
,-Y fU- |uYÁ �# "h�¿Y Á Ê��% "Á�Ì¿ `¼)V¯Z» ,"'�ÁZ7¯ #YÂ» Ê��% �Z/_� .|ÀÀ¯ ¾ÌÌ3e "ZÆ6 Z� .'Y `¼)V¯Z» Ê��% ,»ÁZR»

» ,-|% �)' +U%Y�Ê|)M:

A
F

s
maxV

(˼)

1 - inflection 
2- ASAE Standard S368.1 (1985) 
3 - pseudo-elastic 
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+¯sVÊ��% ,»ÁZR» `¼)V¯Z» ):ZY-ZNZ=»(,Fmax Ê��% "Á�Ì¿ `¼)V¯Z»)¾eÂÌ(ÁAfU2- r2UR» B�2% +v52! �# +^Z2-
)r%�»�/¼Ì¸Ì» (,-Y .B�% "Á�Ì¿ ÊÀvÀ» �)' fU- +^-Zv» 'Y Ê��% fU- |uYÁ �# "h�¿Y-'Y Z) Á Ê)Zn%Z8 Ê2» ¾Ì2Ì3e �)' +U%Y� -

#Â�.

³ dxF
A

Ess .1 (˽)

3-Ä4Ìf¿ + :;]É�Ì= :
+2¼Ì¿ P)Y�2� �# Ê(|2ÌÆW Á Ê(|2Ì¼  ,B�% �# "#ÁY# Q( +^Z- ,»ÁZR» "Y�% Ê¸¯ CZÌ!Â6  ¾ÌÌ3e ,pÌRve ¾)Y 'Y Ê¸!Y q|$

 #Â% &ÌeZ/-Y .+¿Â¼¿ �U^ ,ÊY)VÌ_ �YÂ  "Y�%ÊÀ3» �ÂU% +^Z- ¾Ì)ZN "Z$ �# "�Y# fU-01/0,2-Y +^Z- "AZ% ,¼�^ 'Y �/(�V% .
+¿Â¼¿ ¾ÌÀn¼$ +¿Â¼¿ +% ,^�¿ "�/¼¯ Ê/%Â4� "Â/v» +^Z- ¾Ì)ZN "Z$ #�Y# +^Z- "AZ% "Z$ ."Â/v» 'Y .|»M ,-|% M)Z/¿ +!b 

+¿Â¼¿ �U^ Á Ê/%Â4� .�Z¼� :Á|8 �# Z$1,-Y .|� .#�ÁM .
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% 

2.43 80.81 74.52 78.17* Ê/%Â4� "Â/v» (%) 
0.65 5.37 3.38 4.44** �U^ )�/¼Ì¸Ì»(

.Á�( :¾Ì)ZN 
2.46 80.15 72.43 75.99* Ê/%Â4� "Â/v» (%) 
0.92 6.85 4.19 5.45** �U^ )�/¼Ì¸Ì»(

:* fU- �#0,05ÊÀ3» �Y# :**fU- �# 0,01ÊÀ3» �Y# 
3-1-Ê�0y Y»+Z.»:

.�Z¼� :Á|8 �# +!b  C�Â6% ?¼  ,�e M)Z/¿2,-Y .|� .#�ÁM ..#Y# .|2� Y|8 ZÆ$Á�( 9�u �% Z$ |2¿Y .+2¿Â¼¿ 'Y +2¯ Ê)Z2$
 ÊÀ3» �ÂU% |¿Y .|� +ÌÆe ¾Ì)ZN ,¼�^ ̀ Ì¸�e "Á�Ì¿ "Y�Y# "�Y#1+¿Â¼¿ +% ,^�¿ "�/7Ì% Ê)Zn%Z8 Á+2ÌÆe AZ2% ,¼�^ 'Y +¯ Ê)Z$ 

.|� |À/�$ ,|¿Y .Á�Ì¿ ÊÀvÀ»-QY� �# :Zj» *YÂÀ3% Ê)Zn%Z85Ê2» .|$Z72» +¯ +¿Â=¿Z¼$ ,,-Y .|� .#�ÁM `2$ Á Á�2Ì¿ `2$ #Â2�
,-Y CÁZ5/» .Á�( Á# "Y�% Ê)Zn%Z8.

I(�5:+�Ì¿ ÊÀ;À»-Ê�0y Y»+Z.» ÉY�] ÊËZ4]Z\ 

1 -bioyield force 
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.#Y# 'Y "�$Z‰ +/Ì�Ì/-AY :Á|» +^-Zv» "Y�% Y +^� +ÌuZ¿ P-Á ,¼�^ "Z$ Á�2Ì¿ �Y#Â¼¿ &Ì/-A-|2� .#Z5/2-Y Ê)Z2n%Z8 .+2UR¿
 ÊÀ3» C�Â6% .Á�( Á# ¾Ì% "�$Z‰ :Á|» Á `Ì¸�e #Â% CÁZ5/» "�Y# .+¿Â¼¿ "Y�% :Á|» �)#ZR» ,2-Y �2/(�V% "|u Ze AZ% .Á�( "Z$

 +¿Â¼¿ +¯ ,-Y QÌW# ¾)Y +% "|uZe CÁZ5e ¾)Y ,¸� +¯ ?$Z¯|$Z� +YÀ)Y *Á|% |À/�$ "�/¼¯ �U^ "Y�Y# AZ% "Z$ �# "�Ì=¼72m 
`Ì�Z% "�Y](�Z% �Y|R» .

'�Z0� µ+|\2:É{+Y{ I= ÄdZ� y0y Y]! <ËZf¿ Ä�9y 

�ZÌ3» qY�v¿Y �j¯Y|u Q^Y|u ¾Ì=¿ZÌ» 
.Á�( :AZ% 

0,59 5,26 3,87 4,57 (b) �U^)�/¼Ì¸Ì»(
4,17 29 18 23 (a) `Ì¸�e "Á�Ì¿)¾eÂ(
0,65 6,5 4,1 5,1 (a) `Ì¸�e Ê)Zn%Z8)�/¼Ì¸Ì»(
0,66 8,1 5,8 7,22 (a) Ê-Z¼» :Á|» ):ZY-ZNZ=»(

.Á�( :¾Ì)ZN 
0,87 6,89 4,57 5,65 (b) �U^)�/¼Ì¸Ì»(
9,14 61 30 45,25 (a) `Ì¸�e "Á�Ì¿)¾eÂÌ¿(
1,25 8,7 5,4 6,8 (a) `Ì¸�e Ê)Zn%Z8)�/¼Ì¸Ì»(
1,14 12,3 8,5 10,1 (a) Ê-Z¼» :Á|»):ZY-ZNZ=»(

(a) :fU- �#0,01 ,-Y �Y# ÊÀ3» .(b) :fU- �#0,05ÊÀ3» ,-Y �Y#.

3-2-Ê=|Ì/J Y»+Z.»:
.�Z¼� :Á|8 �# "'YÂ» CZv5! P-Âe Ê(|ÌÆW "ZÆ/�e 'Y Q!Zu CZ�b4Y3:Á|28 |2À¿Z» Á .|� "�ÁY#�( 2.#Y# 9�2u �2% Z2$

.|� Y|8 ZÆ$Á�(|¿ .Z8 Á Á�Ì¿ .'Y|¿Y �# ZÆ$Á�( ¾Ì% CÁZ5e ,Ê7¼  ,»ÁZR» "ZÆ/�e |À¿Z¼$,-Y z;7» ,Ê)Zn%.

I(�6:+�Ì¿ ÊÀ;À»-É�Z�b Y»+Z.» ÉY�] ÊËZ4]Z\ 
Ê¿Z$Â¯ ,¼�^ ,Z$�Y#Â¼¿ +/�8�% Á *Z)Z¼¿ ,¼�^ 1Ê2» iÌ2!Âe Y� �Y#Â2¼¿ �2$ CZÌ!Â62  +¯ ,-Y �Y#Â¼¿ QY� |2À¯ .,2Ì$Z»

 Ê» .#�7_ `Æ% Y� +^Z- "ZÆ/_Z% +¯ Ê)Á�Ì¿ Q%ZR» �# +^Z- rUR» fU- ,�Y� +2¯ ,�2¿M �=¿Z2)Z¼¿ ,|À¯.#Y# +2ÌuZ¿ 'Y Q2^^ "Z2$
 ,-Y ¾Ì�Z» ÊuY�4 *#�¯ #ZÆÀ7ÌN "Y�% Ê¯|¿Y �)#ZR» ,`Ì¸�e .+¿Â¼¿ Ê2À3» �Â2U% ¾Ì)Z2N ,¼�^ "Z$ Á `Ì¸�2e "Á�2Ì¿ "Y�Y# "�Y#

 
1 - hump 
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+¿Â¼¿ +% ,^�¿ "�/7Ì% Ê)Zn%Z8 |¿#Â% AZ% ,¼�^ "Z$ ..#Y# 'Y +/Ì�2Ì/-AY :Á|» +^-Zv» "Y�% .#Z5/-Y #�Â» Ê)Zn%Z8 Á Á�Ì¿ "Z$
+UR¿Ên¯ 1|¿|� ,0Y�^ �Y#Â¼¿ .

'�Z0� µ+|\3:É{+Y{ I= ÄdZ� Ê=|Ì/J Y]! <ËZf¿ Ä�9y 

�ZÌ3» qY�v¿Y �j¯Y|u Q^Y|u ¾Ì=¿ZÌ» 
'+�= :ÓZ] 

0,63 5,21 3,92 4,75 (b) �U^)�/¼Ì¸Ì»(
27,9 179 98 144 `Ì¸�e "Á�Ì¿)¾eÂÌ¿(
0,34 3 2,05 2,41 `Ì¸�e Ê)Zn%Z8)�/¼Ì¸Ì»(
29,6 21,3 35,4 5,2 (a) Ê-Z¼» :Á|» ):ZY-ZNZ=»(

'+�= :OÌËZA 
0,84 6,79 4,52 5,74 (b) �U^)�/¼Ì¸Ì»(
35,4 289 153 245 `Ì¸�e "Á�Ì¿)¾eÂÌ¿(
0,36 3,5 2,4 2,9 `Ì¸�e Ê)Zn%Z8)�/¼Ì¸Ì»(
5,64 52,3 34,7 42,1 (a) Ê-Z¼» :Á|» ):ZY-ZNZ=»(

(a) :fU- �# 0,01,-Y �Y# ÊÀ3» .(b) :fU- �#0,05ÊÀ3» ,-Y �Y#.

3-3-Ê��] Y»+Z.»:
Á�Ì¿ "Z$�Y#Â¼¿-B�% ,�e �# Ê)Zn%Z8)QY�5(|À/�$ �=)|Y) 'Y YVn» +ÌuZ¿ +- "Y�Y# :Ê» .#�7_ +^Z- iWY +ÌuZ¿ �#�# ,#Â2�

 Ê» eZ5eY B�% ZÆÀe Š ,¼�^ �# Á |¿�Y# #Â8Á KYÂe C�Â6% B�% Á � 7_ [ +ÌuZ¿|/_Y .?)YV2_Y �52! �Y|2R» 'Y Á�Ì¿ iWY +ÌuZ¿ �#
Ê» +<vW Ze ?)YV_Y ¾)Y Á |%Z) Ê2» ?$Z2¯ *ZÆ(Z¿ Á�Ì¿ *M 'Y ZN Á #�Y# +»Y#Y #Â� 'Z£M B�% +¯ "Y ,2¸3% ?$Z2¯ ¾2)Y +2¯ |2%Z)

,-Y ÊWZ Âe �Z/ Z- &) "Y�Y# +^Z- +¯ Y�m ,,-Y +^Z- *Z¼/ Z- ¾/�Y� .

I(�5:+�Ì¿ ÊÀ;À»-ÉY�] ÊËZ4]Z\É{+Y{ ÄdZ� @�] 
Ê��% "Á�Ì¿ `¼)V¯Z» �)ZR» +¿Â¼¿ "Y�% ¾Ì% B�% ,ve "Z$11,35 Ze 42,55 #Y# *Z7¿ �ÌÌae ¾eÂÌ¿ .�Y 2R»22,87 *YÂ2À3% ¾eÂ2Ì¿ 

KÁ�e�ÌN Q( 'Y �/7Ì% �%Y�% �ZÆm #Á|u B�% "Á�Ì¿ `¼)V¯Z» ¾Ì=¿ZÌ»)6¾eÂÌ¿) (,*Y�ZY¼$ Á Ê0YV 2002 (#Â% .#�Â» "h�¿Y ¾Ì=¿ZÌ»
�% 'ZÌ¿ B�% "Y105,55C�y +% ,^�¿ "�/¼¯ .#Á|v» �# +¯ #Â% :Áh Ê¸Ì» )2Ze7:Áh) (,Z/NÂ( Á #Z-Y�N1975(Z^)�Re Á #�Y# �Y�^

80 ,-Y +_Â¸� Ê��% "h�¿Y �%Y�% ),Ê/WZ¿ &» Á :Y|¿� &»1980.(
"h�¿Y Á Ê��% ,»ÁZR» "Y�% �ZÌ3» 'Y qY�v¿Y Á ¾Ì=¿ZÌ» ,`¼)V¯Z» ,`¼ÌÀÌ» "Z$�/»Y�ZN M)Z/¿ :Á|28 �# fU- |uYÁ �#4.|2� *Z2Ì% 

,-Y .9Ìe�/% ,fU- |uYÁ �# "h�¿Y Á Ê��% ,»ÁZR» ¾Ì=¿ZÌ»2,3 Á :ZY-ZNZ=» 3#Â% r%�» �/¼Ì¸Ì» �% :Áh Ê¸Ì» .

1 - inflection 



1969

Ã�Z¼  µÁ|m4.É{ÁY{ ¶³ Ä«Z� ÉY�] ��] lËZf¿ Ä�Ôy 

�ZÌ3» qY�v¿Y `¼)V¯Z» `¼ÌÀÌ» ¾Ì=¿ZÌ» 
8,16 42,55 11,35 22,87 Á�Ì¿)¾eÂÌ¿(

37,21 162,22 37,24 105,55 "h�¿Y)Ê¸Ì»:Áh(

�LY *Y�ZY¼$ Á ¾m M)Z/¿ Z% Ê��% "h�¿Y Á Ê��% "Á�Ì¿ `¼)V¯Z» "Á� �% +^Z- �U^)2004(,2�Y# ,R%ZU» .|2¿#�¯ B�YV2( Z2Æ¿M
#�Y# `ÌR/�» +U%Y� +^Z- �U^ Z% Ê��% "h�¿Y Á Ê��% "Á�Ì¿ �)#ZR» .
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Study of mechanical properties of chrysanthemum flower 
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Abstract: 
Some physical and mechanical property testing of main stems of chrysanthemum was conducted to 
provide information for future automatic machine design. Measurements were made on stems of the 
cultivar ”Chrysanthemum morifolium” for stem diameter, moisture content, strength in bending, 
strength in compression and shear strength. Test specimens were taken from two locations: near the 
growth tip and near the root internode. 
The base physical state of a chrysanthemum stem specimen may be characterized by oval cross-
section of 5 mm average diameter and moisture content of 77%. For strength in bending over a 
15mm span, the average bio yield point was (34N, 6mm). For strength in compression with 10  10 
mm loading pan, the average bio yield point was (195N, 2.75mm).Cutting energy and maximum 
cutting force was directly proportional to cross-sectional area of stalk. Analysis revealed the bio 
yield force was a function of not only stem diameter but relative position of the stem cross- section. 
 
Keywords: Chrysanthemum flower, mechanical properties, shear, bending, compression. 

 


