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Ä0Y{ Ê°2SÌ9 IZÌ.-Jy Ê���] 3ZfQ$= 3Zf�Y ÊÀyÁ� OZ\�Y 3Y{�´]Zf98 ))306(

N|' Zj�Ì¸� Ê2=

1
¾Ì<�Z< ,ÊËZT= 2

Ã|Ì°" 
¾Ë�-5/» ,¸5m �Y^Ëƒ4Y�-�Y h(1�v» $1D+ É�$=ZD+ �z] �l< .$1» ,<Y. Ê3c=$ ÉZ# |3<Z» <Y.,LY.�´]Z-TB Z]�/Ë� RS�

-D+ .=|@ Ê100=10LZ-�¸U LZ-�Y = LY�ËY $. WÌ4�4 ,] $Z-°# $YE# =Z]¾Ì´<ZÌ» Ê» $Z-°# $. ¾4 ^Ë .�°¸5� |/�.)?Z3/� 
°ËEÌT hZÌ"1�?Ê'|3T,Ê» LY.�´]Z-TB |<Y14 ,É�Z/�Y|m ,L.�/+ ^D/? ,VZ:-<Y ,)�Y.�] ,¸@�» $. W�Z3» ÉZ#|3ËB�T VZ5�Y $. 

)�1_ ,É�ÌU É�Z� Ã�Ì?P )É$Y.$ZH<Y (m$=B�T =|3+ Z*ËY Ê�Z�Y �:< .ÊUƒË= ªÌ:v4 ¾ËY $.,/<Y. ÊËZÌ5Ì/� = Ê°ËEÌT ÉZ# ÉZ/#

N�U=�_ ,-Ë$Y= ,� Ê3c=$ LY.�´]Z-TB ,LZ�ËZ#33Ë =,<15< $1¸T=$1 Ã|� É$Y.�]Ê¸� LZ°» $Z/Q �Y,…Y|/Ì¸U ,.Z]B m1~2Z/+ = ,/2!+
 C»Z� LZ-�¸U LZ-�Y $. G'Y= É$1v» .ZX]Y ,�S' Ê]Z�@ ¾Ì´<ZÌ»,.ZX]Y Ê�|3# ¾Ì´<ZÌ» )V.Z/X» �S'(,)/Ë=�+ WË�/j )@Z�/» ,

RS�,ÊX'Y= ,-Ì�<Y. ,É�#Zo ,-Ì�<Y.,Cz¸z4 ,,<Y.$YE# L�=,,76@=$ LYEÌ» ,)]1A$ Ê�$�] LB ,-�1_ = ,<Y. Er» ,C»Z+ ,<Y. ¾c
|� .ÊUƒË= )/T�U $Y�/' Ê/�$�] .$1/» $Y�/°4 $Z//Q $. = ÊT.Z�/4 ‹!»Z/+  �/A �Y Ã.Z*-�Y Z] ,<Y. ÊËZÌ5Ì� = Ê¸:Y ,Ê�|3# ÉZ# .

,<15< ¾Ì´<Z/Ì» ,.Z/X]Y Ê/�|3# ¾Ì´<Z/Ì» ,RS/� )@Z�/» ,)Ë=�+ WË�j ,)»Zzj ,p�� ,V1A LYEÌ» �l< �Y Ê�$�] .$1» ÉZ#
�@ Ê3X» k!-?Y LB ,-�1_ = ,<Y. Er» ,C»Z+ ,<Y. ¾c=$ LYEÌ» ,)]1A$ ,,<Y. 76@ ,�S' Ê]Z $Y.)01/0P<(|3-�Y. .LZD/< ZËZ/-<

 ,<Y. V1A ,+.Y. �Y LY.�´]Z-TB ÉZ#800/8Z4987/10,�Y p��35/4Z463/5,)»Zzj �Y 695/2Z451/3.Z/X]Y Ê�|3# ¾Ì´<ZÌ» ,
)V.ZX» �S' (�Y65/4Z498/5Ê¸Ì» ,<Y. 76@ ,�-» �Y �ËZ»�B .$1» LY.�´]Z-TB ÉZ#14/183 Z4 59/364Ê¸Ì» $Y|/:» = W/X°» �/-»

 �Y )]1A$4/5Z42/6Ê» �Ìr-» |"$. |3�Z] .ÊUƒË= ,] {1]�» u<ZË$Y= ,ËE64 ZËZ-< ,,/<Y. $YE/# L�= C»Z� ,<Y. Ê¸:Y ÉZ# �/<Y.Ì,-

�#Zo É)Ê56@(ÊX'Y= ,-Ì�<Y. ,=Cz¸z4 RS� $. Ê´5#1$.Ê3X» |" |/<.1] $Y..hZÌ"1�/? Ê»Z/54 É=$ ,/<15< $Z/5Ì4 �ÌY“/4
 Ê3X» LB ÊËZÌ5Ì� $Y.)01/0P<(.1] .…Y|Ì¸U $1¸T=$1Ë ,<15< ¾c=$ LYEÌ»)7/52|"$. (,<15< LB �Y = ,3ÌDÌ] m1~2Z+ N�U=�_ É

)9/40|"$. (V.ZX» ÊDËYETY ,+ .1] ,3Ì5+4/22.Y. LZD< |"$. .L�= ¾Ì] ,+ .Y. LZD< ZËZ-< ,/<Y. )/Ë=�+ WË�/j = ,<Y. $YE# 
,S]Y$ RS� $. $Y. Ê3X» = Ê*3» ÉY5|"$. )462/0-r =(.$Y. .1m= .

Ã#YÁ|Ì$¯:ÊUƒË= ,LY.�´]Z-TB ,<Y. ÊËZÌ5Ì� hZÌ"1�? ,Ê¸:Y = Ê�|3# ÉZ# 

1-ZË.Z-�Y$=ZD+ hZ:Ì:v4 E+�» ,Ê�|3/» = Ê3T hZ:Ì:v4 �z] ,�#=ƒ_ ^Ì<=�-°2Y )�_ ,LZ-�¸U ÊXÌHA G]Z3» = É�$:qodsevali@yahoo.com 
2-B ÃZ´D<Y. ,ÊËY%c GËZ3" = &1¸� |�$Y Ê�Z3�$Z+ ,-?1»B �<Y. $Y=EH� |@Y= ,Ê»!�Y .Y� 
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,<Y. Ê» CÌ°D4 Y$ LZ/m ÊËY%c �ËZ?P ¾Ì»=. ,h!c �Y u_ Ê3c=$ ÉZ# |3#..hZ�$YEU NZ�Y �] FAO ¾c=$ |Ì214 LYEÌ» 

/m ÉZ/2Z� V1A $. Ê<Z06-2005 .=|@ 2|"$. )�Y ,-TZË �ËYETY ,+¾c=$ ,] {1]�» EÌ< ¾c=$ �ËYETY LYEÌ» ¾Ë�-DÌ] 
Ê» LY.�´]Z-TB |�Z] .,3Ì»� = )D+ C]Z' GÌ�= ÊjY$Y .1m= 7c�Ì¸� LY�ËY $. ,<Y. |Ì214 ÉY�] ,+ É.ZË� ›Z-H�< ÉZ# .1m= Ê3c=$ ÉZ#
7# �13# ,.$Y. �Y �Ì] 85}$Z?�Y �ZÌ< .$1» ¾c=$ �Y |"$. )ÊHË�:4 m�$Y ,]647VZ� $. $(. L1Ì¸Ì»1385(Ê» .$Y= .1�]1.[

Ê5< É�$Y ÉZ#|»B$. hZ<Z�1< CÌ2. ,] ÊËY%c .Y1» ÉZjZ:4 = ,/j�� $. V.ZX4 &|� ,] �3+Y= $. hY.$Y= ,] .�°Ë=$ ^Ë |<Y14

 ¾ËY�]Z3] ..�U Ê://¸4 $Y|//ËZ_ )�ZÌ� ,m14Z] h|» |3¸] Éƒ4Y�-�Y $. ÊËY%c )Ì3»Y ¾Ì»Z4 )Ì5#Y ,]20Ê-2=. L(1‰�» ,$1D+ ,2Z�
,»Z<�] ÉY�mY Z] Z4 |3�!4$. ,X�14 ÉZ# )�ZÌ� VZ5�Y = ÉY ,<Y. )D+ Ê-ËZ5@ ÉZ# Y$ É$=B�T )ÌT�o LB Z] LZ»� 7# = Ê3c=$ ÉZ#

|3��] ÊËZ*+.1? ��» ,] �l< ¾ËY �Y = Ã.Y. ,X�14 .,»Z<�] ¾ËY $1v» #ZË1� ,YE¸+ ,LY.�´]Z-TB )D+ ,X�14 ,3Ì»� $. ZL1-Ë� =
Ê» |�Z] .<Y.,Ê3c=$ ÉLY.�´]Z-TB(Helianthus annuus L.)Ç.Y1<Z? �YAstraceae $. LB )D+ �Ë� RS� ,+ )�Y

 WÌ4�4 ,] LZ-�¸U LZ-�Y = LY�ËY100 =10Ê» $Z-°# $. ¾4 ^Ë .�°¸5� Z] $Z-°# $YE# |�Z .4 Z] LZ-�¸U LZ-�Y |Ì2145|"$. 
,<Y. VZ� $. Y$ h(1�v» ¾ËY |Ì214 )�z< &Z:» Ê2Y1-» VZ� ¾Ì»$Z/Q ÉY�] ,$1D+ Ê3c=$ ÉZ#1385LZ-�Y ¾Ì] $. ,] $1D+ ÉZ#

.$=B )�. .|Ì214 Z] &Z:» ¾ËY W�+235,<Y. V1�v» ¾4 $YE# RS� �Y Ê3c=$ ÉZ#130Ã|»B )�. ,] LZ-�Y ;$YE» �Y $Z-°# $YE# 
Ì» ¾ËY �Y ,+ )�Y RS� $. LY.�´]Z-TB )D+ �Y LZ6.=|@ ,$Z-°# $YE# 8)�Y Ã|� )�Y.�] V1�v» ¾4 $YE# .¾Ë�?B NZ�Y �]

Ê4Z:Ì:v4 uË=�� hZ�!AYÃ|v-» h(ZËY É�$=ZD+ LZ54$Z_. VZ� $.06-2005 �Y LY.�´]Z-TB ,<Y. k��» LYEÌ» 52/7,]84/9
B ¾c=$ Ê<Z/m k��» LYEÌ» = )�Y ,-TZË �ËYETY ¾4 L1Ì¸Ì» �Y EÌ< L23/13,]67/16)�Y ,-�Y. �ËYETY ¾4 ,<1Ì¸Ì» ]24.[

RÌv" h$ZH� ,] LY.�´]Z-TB ,<Y. �4ÃƒË= ;1< ¾+Y�4 �Y ÉYÌ»1Ã)�Y Ã|� dË�X4 ZT1°� Z< .= &�~�=|<Y ,,<Y. )�1_ C»Z� ,<Y.
 )�Y ¾Ì3m)C°�1(.= Ê5ÌD<Y$Z_ Êm$Z? = Ê¸?Y. ,Ë( ,+ .$Y. ,Ë( ,� ,<Y. g�Z< ,-�1_ Z_ Ê<ZÌ» ,Ë($)�Y Ê63*�Y 7ÌD<Y .

V1¸� ,Ë( ^Ë C»Z� ZH2Zc &�~�=|<Y B ÉZ#2Ã|ÌH�Q $%] ,-�1_ ,] ,+ )�Y L=� )�Y L=|¸Ì41+ ¾Ì3m Ã|5� )5�' |<Y .L=|¸Ì41+ Z#
‹Z4|5�Ã.�< 7ÌD<Y$Z_ ÉY$Y. V1¸� Z] ÉY VZ-�Ë�+ = L=�2B )�$. YEmY = ¾c=$ É=Z@ ÉZ# Ê» ¾Ì‰4=�_ ÉZ# |3�Z] .. Ã|�Z'.�U ,<Y L=

ZHË�:4 = )�Y Ã|ÌD+ LB g=10Z415= $Z/Q Êj�� GS:» $. .$Y. V1A �-» Ê¸Ì» /mÊ» �l< ,] Ê|�$ .Êm$Z? ŽEm_ˆ$Z+ É�ËZ

-�1_,É»W+�ÉY$Y.V1¸� Ã|ÌD+ ÉZ#» Ê´<$ =Ê)5�' = |�Z].Ê<=$�Y,Ë( ¾Ë|3Q T ÉÌH�ÉÃ$Y1Ë. ZË ^HD» h|� ,] ÉZ#
)�Y Ã|� CÌ°D4 .Ë. ,-�1_$Y1ÃÉ4 ZË ,<Y. �Z-�)�Y |Ì*.Ê» k��» ¾Ì3m CÌ°D4 G'1» $. ZHË�:4 LY.�´]Z-TB &�~�=|<Y ..�U .,]

LY.�´]Z-TB Er» ¾Ì´<ZÌ» $1A70|"$. Ê» CÌ°D4 Y$ LB L�= C+ �Y|#.]2.[

6°71-38 Äf�-W Á 3Y{�´]Zf98 Ä0Y{ .
ÉZ#�ZÌ< ÉY�] Ê2Z� $ZÌ�] )Ì*Ì+ ÉY$Y. LY.�´]Z-TB ,<Y. ¾c=$,Ë%r4 Ê» ÉY VZ� $. ,°Ë$1A ,] |�Z] Z] Ê�Y$� &Z'$Y �Ì?Y ÉZ#

)�Y ,-�Y. V1�v» ¾ËY )�Y$� $. Ê5/» �:< (Z] ^Ì‰2=Y |Ì�Y ÉY$Y. ‹Z"1�? = (Z] ¾c=$ |"$. ..=|@25È'|3T L�= |"$. 
Ê» CÌ°D4 ,-�1_ Y$ LY.�´]Z-TB |#.=Ê° EÌT hZÌ"1�?,<Y.Ê»,Ê]ZË$Y�Z] ÉY�] ÊËZ53#Y$ |<Y14 ¾ÌÌX4 = ¾c=$ }Y�z-�Y $. CÌ/�4 

|@Y= hZÌ¸5� È3Ì/] OËY�� Ã�Y|<Y �#Z+¾c=$ hZ6<Z?$Z+ $. |�Z] Ê3c=$ LY.�´]Z-TB �Y ÊD+ .,<Y. C:< = C5@ ŠZv2 ,] Ê3c=$ ÉZ#
Ê» Ê4ZH< ¾c=$ |Ì214 ÉZ# ,3ËE# �] $Y%U �ÌYZ4 = 7/» .$Y1» �Y $1D+ RS� $. |Ì214 ªAZ3» ÊU|3+Y�_ |�Z] .Y$Y ›Z5¸�» ÉZ#$Z°#Y$ ,†



8˹-

,<Y. C:< = C5@ .1H/] )/m É.Z�-'Y = Ê3T C†Z�» ,¸5m �Y Ê�Z�Y &Z54 )5Ì' �] C:<= C5@ ,3ËE# �#Z+ �] Ã=!� ,Ê3c=$ ÉZ#
 É$=�j É(Z+ ¾ËY LZU|33+ k��» = LZU|33+ |Ì214 m=. �Y Ê2Z» $Z] �#Z+ ,] �63» ›Z-ËZ/< = ,-�Y%U �ÌYZ4 Ê4ZH< ¾c=$ Ã|�

Ê» .1� .ÊiX] Ê�$�],<Y. �´Ë. Z] Z/<B ,�ËZ:» = LB Er» = LY.�´]Z-TB ,<Y. Ê°ËEÌT >Y1? �YÉY�] Ê4YEÌ/64 �-/] Ê@Y�A ÉY�] Z#
 ,] Z#|3ËB�T �´Ë. = L.�+ $ZH<Y ,¾c=$ Ê°Ì<Z°» }Y�z-�Y = L.�+ ^D? ,É�ÌU )�1_ ,É�Z�Y|m ,C:< = C5@ ,VZ:-<Y ,L.�+ Z6]Zm

Ê» &�( �l< |�$ ]13,14.[0=�_ ¾ËY �Y k|# LZ-�¸U LZ-�Y Ê3c=$ LY.�´]Z-TB &Z'$Y ÊËZÌ5Ì� = Ê¸:Y ,Ê�|3# hZÌ"1�? ¾ÌÌX4 Ã
Ê» |�Z] .Ê» EÌ< LY.�´]Z-TB &Z'$Y .Yƒ<  !"Y ÉZ# Ã0=�_ $. ªÌ:v4 ¾ËY ZËZ-< .�ÌU $Y�' Ã.Z*-�Y .$1» |<Y14.Ã.Y. ÉZ#G5m Ã|� É$=B

C»Z�ÊUƒË= Ê¸:Y ,Ê�|3# ÉZ# ÊËZÌ5Ì� =A �Y Ã.Z*-�Y Z] ,<Y.ÊT.Z�4 ‹!»Z+  �,<15< )D# Z] $. =Q/$Z$Y�' Ê�$�] .$1» $Y�°4 
)T�U .u<ZË$Y= EÌ2Z<B $.$YETY &�< �Y Z# ¾Ì´<ZÌ» ,�ËZ:» =SAS É$Z»B L1»�B m=$ �Y =ANOVA|� Ã.Z*-�Y .,¸Ì�= ,] Z#$Y.15<

 $YETY &�<EXCEL |� 7�$ .,�ËZ:» ÉQ L1»�B ªË�A �Y C]Z:-» = Ê¸"Y hY�YY ¾Ì´<ZÌ»,3»Y. |3 )T�U $Y�' Ê�$�] .$1» ¾°<Y. ÉY.
3-�Á� Á {Y-& Z/

3-1-{Y-& 
,-Ë$Y= LZ�ËZ# |Ë�HÌ# C»Z� Ê�$�] .$1» LY.�´]Z-TB ÉZ#33Z],<Y. $YE# L�=80-70&�U,¾c=$ LYEÌ» 47.�°¸5� = |"$.

 ,<Y.0/4-7/37'$,$Z-°# $. ¾4Z] N�U=�_ ,<Y. $YE# L�=70-65&�U,¾c=$ LYEÌ» 47,<Y. .�°¸5� = |"$.5/3-5/2$. ¾4 
$Z-°# 7'$ =$1¸T=$1Ë Z] ,<Y. $YE# L�=80-70&�U,¾c=$ LYEÌ» 46,<Y. .�°¸5� = |"$.6/3-4/3$Z-°# $. ¾4 .

3-2-�Á� Z/

3-2-1-Ä0-50 )�Y{�] 
É$Y.�] ,<15< �Y4Ê¸U = |H3U ,m1~2Z+ )�. )�Z+ Cv» )�.13Ì» = ,2!+ ,…Y.,= .Z]B Ê¸�ZU�U L=,:HA m=$ ,] É|3]

)LY.�´]Z-TB )D+ Ç|5� E+Y�» ¾ÌÌX4 (,<15< %?Y u~� =LY.�´]Z-TB )D+ Ç|5� ªAZ3» �Y ÊT.Z�4 ÉZ#,°Ë$1A ,] |� &Z6<Y �# �Y
�Y ^Ë4)�Z+ Cv» C'Y|@ )D+ �Ë� RS� W�@ �]30Ê�Y$� LZ�°Ë )Ë�Ë|» Z] ;$YE» �Y ,<15< ).=|v» C»Y1� .1m= L=|]

|Ì214 Ç|33+ (�»,<15< &Z'$Y �Y ^Ë �# ,] {1] ÉY.�])T�U &Z6<Y .,<15< È<15< ^Ë ‹Z-ËZ/< = {1¸z» 7# Z] ,:S3» �# ,] {1]�» ÉZ#
 L�= ,] W+�»100&�U1¸Ì+ )�ËZ B .$1» ,-Ë$Y= �# �Y(%?Y .�UË|.,<15< V=|m ªHA Z#2|<|� É$Y%´»Z< .

,Á|m3-1-|Ì·-e 6@& Á eÌ'@e E2Y�{ Ã{ZNf�Y {�-& OZ\�Y ZV08 
Ä0-50 _-0 ABCDEGHK

[\� LZ�ËZ#33$1¸T=$1Ë LZ�ËZ#33$1¸T=$1Ë LZ�ËZ#33N�U=�_ $1¸T=$1Ë N�U=�_ 
3Z°& .Z]B Ê¸� …Y|Ì¸U …Y|Ì¸U ,2!+ ,2!+ m1~2Z+ m1~2Z+ ,2!+ 

,<15< É�Z� Ã.Z»B Z#:,<Y. ,Êm$Z? .Y1» = $ZHc = .�U = VZ]�c �Y Ã.Z*-�Y Z] N$Z< = ,-�°� ÉZ# ,¸Ì�= ,] �-°H� Êm$Z? .Y1» 
|<|�Y|m .Z] É=�Ì<]10,11[.$. Z# ,<15< u~�10Ê<Z-+ ,�Ì+ 10,-�] ÊË1¸Ì+ h$Y�@ ,m$. Z] Ê'Z4Y $. = É|3]18,m$. 

Ê-<Z� |<|� É$Y|/´< .Y�U .,<15< ^Ë ,�Ì+ �# �Y11¸Ì+ |@Y= =. ,] V=Y ,¸@�» $. ,+ %?Y Ê»�U5/0&=. ,¸@�» $. = Ê»�U1¸Ì+ 
�# 5/0|@Y= =. ,] &�U1¸Ì+ 250|<|� É|3] 7Ì�:4 Ê»�U .,<15< �# �Y u~�250 ,<15< =. Ê»�U 20$. ,+ |� ,-�Y.�] Ê»�U 

,�Ì+�# �Y ,<15< LYEÌ» ;156»408Z�-@Y Z] ,+ .1] |#Y1? &�U 10,�Ì+ )LZ°» = ,-Ë$Y= W�@ �] Ã|� É$Y%U &Z< (400&�U

|»B )�. ,] ,<15< ..�] ,<15< m=$ ¾ËYm=$ Z] É$Y ÉZ# 7# ¾Ì::v» �ËZ� O�14 Ã|� ,-T�U$Z+ ,] .$Y. Ê<Y1?]7,9,13[.
3-2-2–Ê�|À/ pY-y )�Ì= Ã*Y|0Y 3Y{�´]Zf98 Ä0Y{ 

dË�X4 Z] É$1v» .ZX]Y Ê¸"Y |X] ,�V1A)L(,p��)W()»Zzj =)T(,<Y. �# ÉY�])C°�1(..ZX]Y ¾ËY L1»�B ¾ËY $.
 ÉY�]20$. LY.�´]Z-TB ,<Y. 304$Y�°)ZX5m 600,<Y. (,Ì<$= uÌ21+ �Y Ã.Z*-�Y Z]))'.02/0Ê¸Ì» �-» (Ã�Y|<Y É�ÌU|�.
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6°73-1-3Y{�´]Zf98 Ä0Y{ …K:& {ZF]Y .|/{ Ê& 3Z:0 Y� Ä0Y{ 6yY{ SB& EÌ" Ä`'0 w-`y;LMlM,-�;WMwM†�];TMt
Md&ZKm)Gupta and Das, 1997.(

Ã�Y|<Y ,H�Zv» = É�ÌU @ ¾Ì´<ZÌ» É�S' Ê]Z�)de(,.ZX]Y Ê�|3# ¾Ì´<ZÌ»)V.ZX» �S' De(W�@�]Ê¸Ì = �-» )Ë=�+ WË�j
 )•(,<Y. ÉY�] �Ë� O]Y=$ �Y Ã.Z*-�Y Z] Z# :]9,20[.

,S]Y$)3-1(„=( L+B+T)/3     de

,S]Y$)3-2(„D e= (LBT)1/3 
,S]Y$)3-3(„/ L=(LBT)1/3 •

(Z] O]Y=$ $. ,+LV1A ,Bp�� =TÊ» )»Zzj |�Z.

RS� ,<Y. Z#)s(W�@ �]Ê¸Ì» G]�» �-» �Y Ã.Z*-�Y Z] 7�m Z] Ê�|3# ,]ZD44 Ã|ÌD+ Ã�+ |Ë.�U ,H�Zv» �Ë� ,S]Y$ O�1]16.[
,S]Y$)3-4(„S = 2 € a 2 +( €b2 ln(1+e/1-e))/e =e = (1-(b/a)2)1/2 

S = Ʌ D2
e

Ã�Y|<Y �Y Ã.Z*-�Y Z] ,<Y. �# 76@ V1A C»Z� É$1v» .ZX]Y Ã|»B )�. ,] ÉZ#,^Ë ,] ,<Y. C°� p�T Z] = )»Zzj = p�� 
$ �Y Ã|ÌD+ Ã�+Y|»B )�. ,]�Ë� ,S]]8,16.[

,S]Y$)3-5(„,S]Y$ ¾ËY $. ,+v76@ ,aV1A d�< =bÊ» p�� d�< |�Z].
3€/]b×2)a(‚= [ 4v

3-2-3-Ê$'P pY-y )�Ì= Ã*Y|0Y �´]Z 98 Ä0Y{3Y{ 
L�= ,H�Zv» ªË�A�Y ,<Y. $YE# L�=500|»B )�. ,] |<.1] Ã|� 8Zz-<Y ÊT.Z�4 $1A ,] ,+ ,<Y. .m=$ ,]ZD» ¾ËY ,+ ÉZ# 

�´Ë. ¾Ì::v»Ê»|�Z]17,19[.)�Y  �� ¾Ë|] $Z+ C@Y�» :,] Ã|� L�= ,<15< Y|-]Y5�# �Y u~� |� 7Ì�:4 É=Z�» )5�' 
)5�'100<ZÌ» = |Ë.�U L�= = Ã.�5� .|� ¾Ì´5|� ,H�Zv» Ã|»B )�. ,] .|� .
,S]Y$)3-6(„)¾Ì´<ZÌ»5)5�' 100ÊËZ4(×10=,<Y.$YE# L�= 

ÊX'Y= ,-Ì�<Y. ,H�Zv» ÉY�],,<Y.�# &�m )m s(VZ-ÌvË. É=�Y�4 �Y Ã.Z*-�Y Z] ,+))'. Z]001/0&�U(Y$ Ã|»B )�. ,]�]

76@ )v(,S]Y$ �Y ,+)3-12(Ã|»B )�. ,]Ê» 7Ì�:4 .1�]9.[
,S]Y$)3-7(„m s /v =Kt

Ã�Y|<Y ÉY�] �<Y. É�ÌU É�#Zo ,-Ì)ƒb(,<Y. �Y = 8Zz-<Y fzD» &�m = 76@ Z] ÊT�o �ËZ63U �Y �-DÌ] 7/<B LY.�´]Z-TB ÉZ#
|<|� �_.,<Y. .=|@ ;Z*4$Y �Y = )]ZY Ê-��� Z] |ËZ] Z#150Ê¸Ì» |<1� ,-zË$ É�-» .,<Y. ¾-zË$ ;Z*4$Y �Y Z#150Ê¸Ì» .Z6ËY Z] É�-»

,4 �YY |�Z] L.�+�_ &Z´3# ,] k�o $. ,]�j Ã�Ì?P ¾Ì@ $. Ê3ÌD< Ê» É .1�]15.[,<Y. ,k�o L.�+�_ �Y |X] Z] ÊTZjY ÉZ#
Ê» ,-�Y.�] ÊUYE´Ë� )+�@ Z] k�o RS� É=$ kZ" 81Q ,°4 ^Ë L.Y. $1H� |<1� .,<Y. Ê5< Ã.�DT ,m= •Ì# ,] Z# |<1� .k�o

LB )'. ,+ VZ-Ì6Ë. É=�Y�4 ^Ë �Y Ã.Z*-�Y Z]01/0|� L�= .1] ]20.[,-Ì�<Y. É�#Zo )ƒb(k�o $. ,<Y. &�m )H�< �Y)mb(,]

LB C+ 76@)vb(|ËB Ê» )�. ,] .�Ë� ,S]Y$ ªHA:
,S]Y$)3-8(m b/ v b=Kb
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. Ê2Z? ÉZ#ZiT h$1" ,] Cz¸z4Ê5< VZr�Y ,<Y. Z] ,+ ,<Y. Ã.14 L=$ Ê» dË�X4 .1� ..�U .,S]Y$ �Y Ã.Z*-�Y Z] Cz¸z4 |"$.
|ËB Ê» )�. ,] �Ë�]16.[

,S]Y$)3-9(„ = (1-( Kb / Kt)) × 100 

3-2-4-*Y|0Y pY-y )�Ì= ÃÊ2ZÌ5Ì7 3Y{�´]Zf98 Ä0Y{ 
m=$ ªHA )]1A$ ¾ÌÌX4A15-44]3[.¾c=$ LYEÌ» ¾ÌÌX4Z]m=$ É. �Y Ã.Z*-�Y = ,¸�+1� CÌ4Y �4Y ]4.[

3-2-5-)�Z&8 6Ì$@e Á Ä2SUe 
Ã.Y. ÉZ#G5m C»Z� Ã|� É$=BÊUƒË= Ê¸:Y ,Ê�|3# ÉZ# ÊËZÌ5Ì� =ÊT.Z�4 ‹!»Z+  �A �Y Ã.Z*-�Y Z] ,<Y.Z],<15< )D# $. =

Q/$Z)T�U $Y�' Ê�$�] .$1» $Y�°4 .u<ZË$Y= EÌ2Z<B $. $YETY &�< �Y Z# ¾Ì´<ZÌ» ,�ËZ:» =SAS É$Z»B L1»�B m=$ �Y =ANOVA 
|� Ã.Z*-�Y .$YETY &�< ,¸Ì�= ,] Z#$Y.15<EXCEL |� 7�$ .,�ËZ:» É,3»Y. |3Q L1»�B ªË�A �Y C]Z:-» = Ê¸"Y hY�YY ¾Ì´<ZÌ» ÉY

» ¾°<Y.)T�U $Y�' Ê�$�] .$1.

4-G@] Á H2Zf0 
Ê=i2Á Ê�|À/ )Z/Ä0-50 )Z/3Y{�´]Zf98 

Ã�*@ Ã�Y|<Y Ê@Y�A = ¾ÌÌX4 $. É$1v» .ZX]Y )?Z3�,<Y. Ã|3#. VZ:-<Y ÉZ/3Ì�Z» ÉZ# ¾Ì�  |3<Z» ,Z# )�Y &�( $Z°:Ì'. ÉZ# .
L1°� )ÌX'1» Ã|3#. LZD< ,<Y. 75ËE+Z» |X]ž)ÊU|Ì]Y1? (Y ,<Y. ÊXÌHA ÊU$Z_ |�Z] ,+ É$ZDT É=�Ì< ,H�Zv» $. = )�)g�4(

Ê» ,<Y. Ê°Ì<Z°»)�Y �Y’» .1� .,<Y. GS:» RS� ¾ÌÌX4 $. ,<Y. Ê�|3# ¾Ì´<ZÌ» �S' ZË ,-*�B ,Ì@Z< $. )+�@ VZ@ $. ,+ ÉY
Ê» Y1# LZË�m ,-*�B ‹ZHË�:4)�Y )Ì5#Y E†Z@ |�Z]]5[.,<15< ÉZ#V1A LYEÌ» �l< �Y Ê�$�] .$1» j ,p�� ,WË�j ,)»Zz

.ZX]Y Ê�|3# ¾Ì´<ZÌ» ,RS� )@Z�» ,)Ë=�+ ,Ê]Z�@ ¾Ì´<ZÌ»76@ = �S' Ê3X» k!-?Y ,<Y. $Y. )01/0P<(|3-�Y.)V=|m4-
1(.V=|m ,] ,m14 Z]4-2¾Ì´<ZÌ» ¾Ë�-DÌ] ÉY$Y. ,2!+ N�U=�_ 7'$ V1A .1]¾Ì´<ZÌ» ,3Ì5+ ,] )H�< ,+ Z#)7'$ ,] {1]�»

…Y|Ì¸U $1¸T=$1Ë (DËYETYV.ZX» Ê9/19|"$. |� Ã|#ZD».ªÌ:v4 ZËZ-< ,+ )�Y Ã.Y. LZD< É�´Ë. .=|@80d¸-z» &Z'$Y |"$. 
¾Ì] Ê21A LY.�´]Z-TB8Z410Ê¸Ì  �-» |<$Y.]21.[,+ )�Y Ã|� m$YEU,<Y. V1A Ê�$�] .$1» LY.�´]Z-TB ÉZ#53/11Ê¸Ì» �-»

 )�Y]9.[

,Á|m4-1->0Z2�YÁ Ä2SUe )IZF]�& EÌ´0ZÌ&(Ä0Y{ Ê�|À/ IZÌ.-Jy �] �Z5Ìe �ÌPZe 3Y{�´]Zf98 )Z/ 
123»

�ÌÌ4e 
V1A 

)�-» Ê¸Ì»(
p�� 

)�-» Ê¸Ì»(
)»Zzj 

)�-» Ê¸Ì»(
WË�j 
)Ë=�+ 

RS� )@Z�» 
)G]�»�-» Ê¸Ì»(

Ê�|3# ¾Ì´<ZÌ» 
.ZX]Y )�-» Ê¸Ì»(

Ê]Z�@ ¾Ì´<ZÌ» 
�S')�-» Ê¸Ì»(

76@ 
)WX°»�-» Ê¸Ì»(

Ä0-50 **61/13**91/3**91/1**02/0**27/20477 **94/3**70/4**89/82112 
D2�m

IY�ÌÌBe 
07/572/784/1406/629/1845/706/695/16

**
3X»ÊRS� $. $Y. 1|"$. 
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 ,Á|m4-2-ÄQ2Z'& )Ä0-50 Ê�|À/ IZÌ.-Jy EÌ´0ZÌ& Z/Z] Ê��  {�-& )E°0Y{ 3-&*8*Y Ã{ZNf�Y †

G]Z3»

�ÌÌr4 
V1A 

)Ê¸Ì» �-»(
p�� 

)Ê¸Ì» �-»(
zj)»Z 

)Ê¸Ì» �-»(
WË�j

)Ë=�+ 
RS� )@Z�» 

)Ê¸Ì» G]�»�-»(

¾Ì´<ZÌ» 
�S' Ê]Z�@ 

)Ê¸Ì» �-»(

¾Ì´<ZÌ» 
.ZX]Y Ê�|3# 

)Ê¸Ì» �-»(

76@ 
)Ê¸Ì» WX°»�-»(

A771/10a923/4b c796/2c488/0d281/224b163/6b c276/5b343/306b

B800/8e346/4e685/2c573/0ae01/155277/5e651/4c140/183d

C327/10b983/4b c076/3b523/0cb c946/210129/6b cd 383/5b672/286b

D326/10b055/5b198/3b533/0b cb c224/214193/6b470/5b087/296b

E037/10c824/4cd 084/3b528/0ccd387/198981/5cd 287/5b795/261c

G078/10b c697/4d082/3b522/0ccd870/199952/5d245/5b277/258c

H716/9d896/4b cd 184/3b546/0bd688/189932/5d294/5b888/248c

K987/10a628/5a508/3a545/0ba527/243708/6a979/5a59/364 a 

†Ê3X» k!-?Y LZ�°Ë k=�@ ÉY$Y. ÉZ# ¾Ì´<ZÌ» |<$Y|< $Y. .
V=|m ,] ,m14 Z]4-2Ê3X» k!-?Y ,<Y. p�� �l< �Y &Z'$Y ,5# Z] ,2!+ N�U=�_ 7'$ $Y.)05/0P<(.$Y. .ÉY$Y. 7'$ ¾ËY

¾Ì´<ZÌ» ,3ÌDÌ]Œ�.1]¾Ì´<ZÌ» ,3Ì5+ ,] )H�< ,+ Z#)…Y|Ì¸U $1¸T=$1Ë 7'$ ,] {1]�» (X» ÊDËYETYV.Z 8/22|"$. |� Ã|#ZD».
hZ:Ì:v4 ZËZ-<)�Y Ã.Y. LZD< �´Ë. :¾Ì] LY.�´]Z-TB d¸-z» &Z'$Y p�� 92/3Z487/5Ê¸Ì» �-»]9[„d¸-z» 7'$ =. p�� 

LY.�´]Z-TB3/5=8/5Ê¸Ì» �-»]17[.|� =008/5,<Y. p�� ÉY�] ]21.[
LZË�m )Ì¸]Z' ,.Y1» )Ë=�+ |"$. �#Z+ Z] �#Z+ Z/<B É�Ë%_ Ê» �ËYETY VZ:-<Y ÉY�] &�( LY14 =VZ/:-<Y |vH» $. Y%2 |]ZË

,<Y. ,<Y. ÉZ#|3ËB�T �´Ë. ZË = )�Z+ ,L.�+ 1¸Ì� )/m Z# ÉZ#LY.�´]Z-TB ,/<Y. )]1A$ |ËZ] .1/5< )/ÌHw4 $Y|/:» C'Y|/@ $. Y$ Z/#.
Ê» $Z5D] ,<Y. C°� ¾ÌÌX4 ÉZ#$ZÌX» ŽEm )2Z@ f?Z� = )Ë=�+�Y Ê+$. C]Z' dÌ"14 = |<=$ Ê/» ,/†Y$Y ,/<Y. C°/� |/3#..7/'$

 �l< �Y &Z'$Y ,5# Z] …Y|Ì¸U $1¸T=$1Ë»ÌLYE �jËW=�+ Ë)Ê3X» k!-?Y ,<Y. $Y. )05/0P<(Y.= )/� ,3ÌD/Ì] É¾Ì´<Z/Ì» �/jËW

=�+Ë),] )H�< ,+ )�Y 7'$ ¾Ì5# ,] {1]�» ,3Ì5+ LB É)LZ�ËZ# 7'$ ,] {1]�» 33.Z/]B Ê/¸� (V.Z/X» ÊD/ËYETY 8/14|/"$.

Ã|#ZD» |� )V=|m4-2.(C"Z@ ZËZ-< ,] ,m14 Z]�jËW=�+ Ë),<15< Ê�$�] .$1» ÉZ# ,<Y. �YZË1� ÉY]6[Ê<Y.1� ÉZÌ]12 =]22[
hZ:Ì:v4 ZËZ-< Z] Ê2= .1] �-5+�´Ë. ,+ �jËW=�+Ë)¾Ì/] Y$ LY.�´]Z/-TB d/¸-z» &Z/'$Y 46/0Z/4 67/0,|/<.1] Ã.�/+ m$YE/U 

)�Y. Ê<Y1z5#]9,21.[
,<Y. GS:» RS�LZD< ‹(15X» Ê» Y1# |3<Z» )+�@ VZ@ $. VZÌ� ^Ë $. ,<Y. É$Z-T$ É1´2Y Ç|3#. |3ËB�T ÊiX] $. = |�Z] Z#

,<Y. �Y ÊTZjY .Y1» É�Z�Y|m �Ìl< Ê» Ã.Z*-�Y Ê°Ì4Z»1Ì< CËZ�= O�14 É�Z�EÌ54 hZÌ¸5� V!? $. Z# .1�.Z] ,2!+ N�U=�_ 7'$
Ê3X» k!-?Y ,<Y. )@Z�» �l< �Y &Z'$Y ,5# Y.$)05/0P<(.$Y. .7'$ ¾ËY,3ÌDÌ] Z] É,3Ì5+ ,] )H�< $Y|:» LB É)7'$ ,] {1]�»

…Y|Ì¸U $1¸T=$1Ë(358/36|"$. �-DÌ] .1])V=|m4-2.(LY$Z°5# = (Z-<Z� hZ:Ì:v4 ZËZ-< �Y ªÌ:v4 ¾ËY ZËZ-<)2003(,+

Y$ (Z] ^Ì‰2=Y |Ì�Y Z] LY.�´]Z-TB &Z'$Y ,<Y. )@Z�»41/102�»�-5Ì¸Ì» Ã.�+ m$YEU G])�Y �-DÌ] |<Y)21.(
V=|m ,] ,m14 Z]4-2�l< �Y &Z'$Y ,5# Z] ,2!+ N�U=�_ 7'$ V.ZX» �S'Ê3X» k!-?Y $Y.)05/0P<(.$Y. .Z] 7'$ ¾ËY

,3ÌDÌ] $Y|:» ÉV.ZX» �S',3Ì5+ ,] )H�< LB É)…Y|Ì¸U $1¸T=$1Ë 7'$ ,] {1]�» (2/22.1] �-DÌ] |"$. )V=|m4-2.(7'$

 ¾Ì´<ZÌ» Z] N�U=�_V.ZX» �S' 295/3Ê¸Ì» LZ�ËZ# 7'$ = ,3ÌDÌ] �-»33)»Zzj ¾Ì´<ZÌ» Z] 985/2Ê¸Ì» .1] ,3Ì5+ �-» .ZËZ-<

,+ .Y. LZD<V.ZX» �S' ,<15< �ËZ»�B .$1» ÉZ# �Y651/4Z4979/5Ê¸Ì  NY. = Z-_1U hZ:Ì:v4 ZËZ-< Z] ,+ |<.1] �Ìr-»�-»)1997(
�´<ZÌ] ,+V.ZX» �S'<Y. ¾Ì] LY.�´]Z-TB d¸-z» &Z'$Y ,72/4Z435/6Ê¸Ì» Ê<=�°�Z» = (Z-<Z� ZËZ-< = �-»)2003(Y�<B ,+49/5

Ã.�+ m$YEU �-» Ê¸Ì» .$Y. Ê<Y1z5# ,|<Y)9,21.(
$Y. Ê3X» k!-?Y ,<Y. 76@ LYEÌ» �l< �Y Ê�$�] .$1» LY.�´]Z-TB &Z'$Y )01/0P<(|3-�Y.)V=|m4-1.(LZ�ËZ# &Z'$Y33

{1]�»LZ°» ,] Ê3X» k!-?Y 7# Z] Ê´5# d¸-z» ÉZ# $Y.15/0P<(Y.-�|3.$. N�U=�_ = $1¸T=$1Ë &Z'$Y .$1» $. k!-?Y ¾ËY
LZ°» Ê3X» h$1" ¾Ì5# ,] d¸-z» ÉZ# $Y.)05/0P<(.1] .�l< �Y m1~2Z+ LZ°» $. d¸-z» &Z'$Y ,+ |Ë.�U Ã|#ZD» ¾Ì3n5#
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Ê3X» k!-?Y 7# Z] ,<Y. 76@ $Y.)05/0P<(|<$Y|< .LZ°» $. d¸-z» &Z'$Y Ê2= ÉZ#¸UÌ…Y|=,2!+ k!-?Y 7# Z] .Z]B Ê¸� =
Ê3X» |<$Y. $Y. .¾Ì <ZÌ» Z] WÌ4�4 ,] …Y|Ì¸U = ,2!+ LZ°»49/307 =905/234,3Ì5+ = ,3ÌDÌ] |3-�Y. Y$ ,<Y. 76@ É.

Ê=i2Á Ê$'P )Z/Ä0-50 )Z/3Y{�´]Zf98 
ÊUƒË= �Y Ê?�] Ê¸:Y ÉZ#,<15< Z#ÉV=|m $. ,X2ZS» .$1» Ê3c=$ LY.�´]Z-TB 4-3)�Y Ã|� Ã.$=B .V=|m ,] ,m14 Z]4-47'$ 

�l< �Y &Z'$Y ,5# Z] …Y|Ì¸U $1¸T=$1Ë»ÌLYE Ê3X» k!-?Y ,<Y. $YE# L�= .$Y. $Y. .LZ�ËZ# &Z'$Y33Ê¸� LZ�ËZ# ,.Z]B33= ,2!+ 
Ê3X» k!-?Y &Z'$Y �´Ë. Z] ,<1U ¾Ì5# ,] EÌ< ,2!+ N�U=�_ |<$Y. $Y. .)�Y ,2!+ $1¸T=$1Ë 7'$ ,] {1]�» ¾Ì´<ZÌ» $Y|:» ¾Ë�-DÌ]

Ê» …Y|Ì¸U$1¸T=$1Ë 7'$ ,] {1]�» ,+ Z# ¾Ì´<ZÌ» $Y|:» ¾Ë�-5+ ,] )H�< ,+ |�Z]311/34)�Y �-DÌ] |"$. .LZ�ËZ# 7'$33Z]

,<Y. $YE# L�= ¾Ì´<ZÌ»06/48¾Ì´<ZÌ» Z] N�U=�_ 7'$= ,3ÌDÌ] &�U 723/46,3Ì5+ &�U Ê»|�Z] .V=|m ,] ,m14 Z] EÌ<=4-4
Ê3X» k!-?Y 7# Z] ,<Y. $YE# L�= �l< �Y …Y|Ì¸U LZ°» $. d¸-z» &Z'$Y |<$Y. $Y..¾Ì5# ,] EÌ< m1~2Z+ LZ°» .$1» $. k!-?Y ¾ËY

Ê3X» ,<1U Ê» $Y. Ê3X» k!-?Y 7# Z] $1¸T=$1Ë = N�U=�_ 7'$ ,2!+ $. Ê2= |�Z] Z�ËZ# Z] =.�# Ê2= .$Y|< $Y.L33k!-?Y ,2!+ 
Ê3X» |<$Y. $Y. .LZ°» ¾Ì´<ZÌ» Z] ,2!+ ÉZ#864/51¾Ì´<ZÌ» Z] …Y|Ì¸U =136/43L�= ¾Ì´<ZÌ» ¾Ë�-5+ = ¾Ë�-DÌ] WÌ4�4 ,] &�U 

|<$Y. Y$ ,<Y. $YE#.

,Á|m4-3->0Z2�YÁ Ä2SUe )IZF]�& EÌ´0ZÌ& (�ÌPZeÄ0-50Ä0Y{ Ê$'P IZÌ.-Jy �] 3Y{�´]Zf98 )Z/ 

**3X»ÊRS� $. $Y. 1|"$..

,Á|m4-4-Ä0-50 Ê$'P IZÌ.-Jy EÌ´0ZÌ& ÄQ2Z'& Z/Ê���] {�-& )E°0Y{ 3-&*8*Y Ã{ZNf�Y Z] †
ÊX'Y= ,-Ì�<Y. 

)WX°»�-» �] &�U1¸Ì+(
É�#Zo ,-Ì�<Y. 

)WX°»�-» �] &�U1¸Ì+(
Cz¸z4 

)|"$.(
,<Y.$YE# L�= 

)&�U(
�ÌÌr4 GH3» 

226/725 b72/20± 507/422 c32/1± 653/41ab54/1± 167/45d70/0± A
284/803 a04/24± 333/451 a78/5± 740/43a34/1± 533/35f70/0± B
458/729 b98/4± 000/444 ab02/7± 140/39bc56/0± 740/50b77/0± C
180/746 b55/7± 012/437 b20/5± 433/41ab48/0± 093/54a30/1± D
048/716 bc74/9± 019/435 bc52/2± 237/39bc50/0± 273/48c30/1± E
882/668 d18/10± 043/405 d00/2± 430/39bc72/0± 220/40e72/0± G
037/722 b44/0± 667/454 a09/2± 030/37c28/0± 847/52b52/0± H

512/677 cd 080/400 d 927/40ab 227/53a K
†Ê3X» k!-?Y LZ�°Ë k=�@ ÉY$Y. ÉZ# ¾Ì´<ZÌ» |<$Y|< $Y..

,<15< ÉZ#Ê3X» k!-?Y Cz¸z4 �l< �Y Ê�$�] .$1» $Y.)01/0P<(|3-�Y. .V=|m ,] ,m14 Z] EÌ< =4-4…Y|Ì¸U $1¸T=$1Ë 7'$ 
LZ�ËZ# = ,2!+ N�U=�_ = $1¸T=$1Ë Z]33Ê3X» k!-?Y Cz¸z4 �l< �Y .Z]B Ê¸� ¾Ë  Ê2= .$Y|< $Y. k!-?Y &Z'$Y ,Ì:] Z] 7'$

Ê3X» .$Y. $Y. .7'$ ,] {1]�» ,+ Z# ¾Ì´<ZÌ» $Y|:» ¾Ë�-5+ ,] )H�< ,+ )�Y ¾Ì´<ZÌ» $Y|:» ¾Ë�-DÌ] ÉY$Y. 7'$ ¾ËY ¾Ì3n5#
Ê» m1~2Z+ $1¸T=$1Ë |�Z341/15)�Y �-DÌ] |"$. .LZ�ËZ# 7'$= $1¸T=$1Ë 7'$333ÌDÌ] WÌ4�4 ,] ,3Ì5+ =,ÉY$ Cz¸z4 LYEÌ» 

�Y.|3- .|<$Y. Y$ Cz¸z4 ¾Ì´<ZÌ» ¾Ë�-5+ = ¾Ë�-DÌ] m1~2Z+ = .Z]B Ê¸� LZ°» .,<Y. Cz¸z4 ,+ |»B )�. ,] ZËZ-< �Y ÉZ#

= ,-Ì�<Y.ÊX'Y 
)WX°»�-» �] &�U1¸Ì+(

É�#Zo ,-Ì�<Y. 
)WX°»�-» �] &�U1¸Ì+(

Cz¸z4 
)|"$.(

,<Y.$YE# L�= 
)&�U(

�ÌÌr4 GH3» 
**59/5174 **3/1244 **08/0 **11/136 ,<15< 

30/3 70/1 87/1 73/2 hY�ÌÌr4 WË�j 
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�Y �ËZ»�B .$1» LY.�´]Z-TB030/37Z4740/43,<Y. Cz¸z4 ,+ NY. = Z-_1U ZËZ-< Z] ,+ .1]�Ìr-» |"$. ¾Ì] Y$ LY.�´]Z-TB ÉZ#
3/34=3/43<Y1z5# |<.�+ LZÌ] |"$. .$Y. Ê]9[�<Y$Z°5# = (Z-<Z� ZËZ4 �Y =]21[¾Ì] Y$ Cz¸z4 ,+ 2/41=1/47LZÌ] |"$. 
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ABSTRACT 
 

Among them the most important crops which considered by Iran Agricultural Division are 
oilseeds for instance sunflower oil seeds with cultivated area about 100 and 10 thousands 
hectare in Iran and Golestan province, respectively as well as average yield of 1000kg/h. The 
physical properties of sunflower achenes are necessary for the proper design of  machines and 
equipments for efficient unit operations as follows harvesting, handling, transportation, drying, 
separation, dehulling, storage and processing of this crop. In this research, some physical 
properties of three hybrid sunflower varieties, Hysun33‚ Progress and Euroflor sampeled from 
four location, (Aliabad, Golidagh, Kalale and Kalpush, Golestan province,Iran) were 
determined and evaluated for variations in axial dimensions, arithmetic and geometric mean 
diameter, sphericity, surface area, true and bulk densities, porosity, 1000 seed weight. Some 
chemical characteristics among them moisture content, oil content of seed, kernel and hull were 
measured. The samples had significant differences (p< 0.01) due to all characteristics 
investigated. The results showed that the length, width, thickness, geometric mean diameter, 
volume and moisture content of sunflower seeds varied from 8.8 to 11.0 mm, 4.35 to 5.63 mm, 
2.69 to 3.51 mm, 4.65 to 5.98 mm, 183.14 to 364.59 mm3, 5.4 to 6.2 %, respectively. The 
results of ANOVA showed that all of gravimetric properties of seeds such as 1000 seed weight, 
bulk and true densities, porosity were significant (p <0.01). The effect of sample on all seeds 
chemical characteristics were significant (p <0.01). The oil content of sample B (Golidagh, 
Euroflor) and G (Kalpush, Progress) was maximum (52.7%) and minimum (40.9%) 
respectively, which showed increasing of 22.4%. Our results showed negative and significantly 
correlation (p< 0.05)  between Sphericity and 1000 seed weight (r = -0.462).    
 
Key Words: Sunflower seed, gravimetrical and geometrical characteristics, Chemical properties 


