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Cd Zn 
� 209 �� 374  
� 209 �� 374 

6 0 2.54 3.45  2.36 2.29 

6 80 2.64 3.50  2.43 2.53 

6 160 2.85 3.56  2.58 2.65 

6 240 2.68 3.64  2.59 2.74 

20 0 2.31 2.99  2.34 2.42 

20 80 2.67 3.04  2.56 2.48 

20 160 2.74 3.40  2.32 2.82 

20 240 2.40 3.15  2.22 2.31 

 

: #$ %&"'&

(!

)*;<=>?@#!+$,$!$%AB "&CD

EFGHIJKLMN%OCDPQRST -. .U

V<=>?W% &'( )* XYZ[\]^_` -.

.Uabc,dULef%AB /&

g, -. .U0%&'( )* h12 -. iXj?

kUlVmn&-. 0 %&''&

(!

op;%Pg( )*qr%

( )* stj?uv "$1(wv /23 QRxT -. .U

!3,14: !/,"4%y -. "$ %&"'&

(!

op;%z{T|

} !1,04: "!,$4) f -.&'( )* hQRxTj~

�}��* CDE����q�%uv "$1+wv /23

j~�T|� -. 0 %&,'&

(!

;L !2,!4: !0,/4��

} -. "$ %&,'&

(!

opL !$,$4: #,34%~ -. &'(

! " -.!)* "#$%&'()*+

56789 " :;< %6==9; >9?&@=A BC =>B &9*B=<D9A BC %6?E9 D86*=A F*.9; ?*=9;6G=?B* BC G6.%?F% 6*. E?*G"&HDB=#

�� Cultivar�C� P<0.001 NS 

Cd ���Cd� P=0.016 NS 

Zn ���Zn� NS NS 

��*Cd�C*Cd� NS NS 

Cd*Zn NS NS 

��*Zn�C*Zn� NS NS 

��*Cd*Zn�C*Cd*Zn� NS NS 

 

IJKLI��T�#I*68<A?A BC IJKLI$!

, ! -./0 -.1'(2345 -.)67

M?&F;9 ! NCC9G=A BC 6..9. -. GB*G9*=;6=?B*A B* =B=68 -. 6%BF*=A

6GGF%F86=9. 7< =>B &9*B=<D9A BC %6?E9 D86*=A

, " -.8 )*19: -.;<&"6 0 %&$'&

(!

O 7 "$ %&$'&

(!

#'(=>?@ -.AB)67

M?&F;9 " NCC9G=A BC 6..9. )* B* -. GB*G9*=;6=?B*A ?* A@BB=A BC =>B &9*B=<D9A BC %6?E9 D86*=A F*.9; .?CC9;9*= AB?8 -. GB*G9*=;6=?B*A P6 0 %&$

'&

(!

O 7 "$ %&$'&

(!

Q

uv "$1

wv /23

/2R

/$$

""R

!R$

2R

$

3
4

-
.
�
X

H
!
&
,
D
B
=

(
!

$ " 0 !$ !R "$

-.�ZXH%&,'&

(!

( )*XH%&,'&

(!

uv "$1

wv /23

$ #$ !0$ "3$

!3

!"

!$

#

0

3

"

$

-
.
i
X
H
%
&
,
'
&

(
!

( )*XH%&,'&

(!

uv "$1

wv /23

$ #$ !0$ "3$

-
.
i
X
H
%
&
,
'
&

(
!

0$

R$

3$

/$

"$

!$

$

7

6

!$R0



! !""! !#

$ % & ' ( ) ) *

+ "#,$%&!'&

()

-. *+,

/. -./

+ 0+ )!+ */+

1
2
0
,
$
%
&
!
'
&

(
)

+ "#,$%&!'&

()

-. *+,

1. -./

+ 0+ )!+ */+

1
2
0
,
$
%
&
!
'
&

(
)

3+

/+

-+

*+

)+

+

)++

0+

!+

/+

*+

+

4

5

! - "#$ "# %&' 12 ()*!4 ! %&"'&

()

6 5 *+ %&"'&

()

#+,-. 12 /0123

78&9:; - <==;>?@ A= 422;2 "# A# 12 >A#>;#?:4?8A#@ 8# :AA?@ A= ?BA &;#A?CD;@ A= %48E; DF4#?@ 9#2;: 28==;:;#? @A8F 12 >A#>;#?:4?8A#@ G4 ! %&"

'&

()

6 5 *+ %&"'&

()

H

! / &' 12 (4*"5$ "# %+,6789 "# /0123

78&9:; / <==;>?@ A= "# 4DDF8>4?8A# A# "# >A#>;#?:4?8A#@ 8# @IAA?@ A= ?BA &;#A?CD;@ A= %48E; DF4#?@ 9#2;: 28==;:;#? 12 >A#>;#?:4?8A#@

! 3 &' 12 (4*"5$ "# %+,-. "# /0123

78&9:; 3 <==;>?@ A= "# 4DDF8>4?8A# A# "# >A#>;#?:4?8A#@ 8# :AA?@ A= ?BA &;#A?CD;@ A= %48E; DF4#?@ 9#2;: 28==;:;#? 12 >A#>;#?:4?8A#@

"#234 12 56789:;<"

*J- 12$"# :;<%+,=> "# 123

=>+ "# <?@AB * CDEFGHIJKL

"# 0,KMNOP /#P 3" QRSL "# TUV$=>

KWA 12 ;<XY * CDEFGHIJL "# 0

," ZP / [\$=> 12 56@A<?]^B * _

`CGHabcM "# 0,$ def-. *+, g1.

-./ abcM "# ]^B 33J)Lg //J/L$P 3 <hQ

34Kij<?kl"

- ?@

mn 12 LWA78B * _DEFGHLop

,$ qr\BstLuvw$ xyz{|}~��

�

M)-N

$�CXY�R���<?" ���y=>w�

��$�w=>b 12 Lop��w�^$���=

DO �Kw$����0,�^$2 12 L�����

����bfz���cM78

M)/N

" 12 � ¡ PQR

¢£¤L¥¦§£¨©$"# Lª«w¬��­«I

+ "#,$%&!'&

()

-. *+,

+ 0+ )!+ */+

"
#
0
,
$
%
&
!
'
&

(
)

+ "#,$%&!'&

()

1. -./

+ 0+ )!+ */+

"
#
0
,
$
%
&
!
'
&

(
)

4

5

-3+

-++

*3+

*++

)3+

)++

3+

+

-3+

-++

*3+

*++

)3+

)++

3+

+

12 !J+ %&!'&

()

12 *+J+ %&!'&

()

12 !J+ %&!'&

()

12 *+J+ %&!'&

()

+ "#,$%&!'&

()

-. *+,

+ 0+ )!+ */+

"
#
0
,
$
%
&
!
'
&

(
)

+ "#,$%&!'&

()

1. -./

+ 0+ )!+ */+

"
#
0
,
$
%
&
!
'
&

(
)

4

5

12 !J+ %&!'&

()

12 *+J+ %&!'&

()

12 !J+ %&!'&

()

12 *+J+ %&!'&

()

!++

3++

/++

-++

*++

)++

+

!++

3++

/++

-++

*++

)++

+

)+3.



!""#! !""

# $%!&'()*+,-./0123456-789

:;<=>?@0 #$%AB7CDEF

&!'(

" GH#I

)* &'J )* KL(MNOPQRSTLU:V$W

+,?@XYZ[M\]^O

&'(

% _`aJ )* 7[M

bcdOP$eNG]fg&'bhI )*&&'ij

)* kV] -."!/ 01'21

3!

(%

( )* lmn " ZoGp12qrJL +, k

V$)* stunv +, Lwx[M% +,))* Lyz[

Me{&'J|}L~�3�[M�Wq:JL�

��������"+,))*~�&'��s�L3�

�����s�L34��

&!4(

$q:* +,))* L34

�|}��[ML��" �}L����n +,L�

W�� )* L34$�t] +, "5 01*21

3!

� +, ' 01*

21

3!

�N�� )* L34$)* .��R bh� +,

kVL�m eN¡¢£i¤$£¥$_g¦&'i

j )* kV§R$¨( )* V§©$R.ªL )* ¢ +,

~�&'L3�$ {«¬ +,ij­QR$ ® +,))*

yz[M��LYZt¯�°±i²³´µ$¶�·

¸¹º�·»`aL¼½%

¾��¿$_g¦LÀÁ )*.�§R$¬Â~�

34[MÃÄÅ�[M$�t]&'( )* lmn +,

L34% {�������¿$6789 Æ

&!"(

Ç]q:L

ÈUÉÊJ�WËÌ,L +,))* ���Í$ G£|

}�W~�34[M% :;0<= Æ

&!/(

ÎÏ$+,L34Ð

ÑÒÓCDÈUÉÊÔL )*�ÕÖ×[]ØÙ% ¶

i`aÚt$)* NÛÜÝÞÉSTßàáJ +, Lâ

�$YeN¢|}~�Ì,LâÕÖ×i¤

&!>(

% +,.

�ã ' 01*21

3!

äRå "5 01*21

3!

æç0$ ( )* *

+, Llm�è��¢éÔá�W§©êë$ ì^W

h,L +, .�0$)* 890L +, ã�áåéÔá

íLâ�eN�WËêî$ï�Y��L`aðhñ

ò$óÌz[Môõö¹�·»÷ø%

!"#$!

&!( ?@A7B1CDE* ? FG H782<8 I #G +D782< F ?. ?<97D= 7*, 0E@8;*B98E<*9=3

J;;, =7J<9K E==B<= &F(. !"#$% &'()* +#*#,'-.G !>>>G '5L !MN3!'N.

&"(ù1úGûJüGýþÿG%. +,W&'3q:3!��ÍJL��5

6"ó89G# &F(.U$%&G "55NG "N O!5PL "!NN3"!M".

&N( ?@A7B1CDE* ? FG H7D0<8 A QG QEDD<8 R :G <9 7D. S*@8<7=<, =;ED =7DE*E9K

@7B=<= <D<T79<, @7,0EB0 @;*@<*9879E;*= E* JE<D, 318;U* V;979; 9BW<8=

&F(. /(0'1,$ (2 314"'(15#16,$ 70,$"68G !>>MG "NL !5!N3!5!/.

&M( $DET<8 I HG XEDC<D0 Y %G ?@Z78D7*< F IG <9 7D. [JJ<@9 ;J =;ED 7*, J;DE78

7VVDE@79E;* ;J \E*@ ;* @7,0EB0 @;*@<*9879E;* E* UC<79 187E* &F(. 90*6 :

3;) 9<'G !>>4G N4L '443'/!.

&-('().)Kvh,oGp©T3456-L89 &F(. *MU$%

+G "55NG !M O!!PL !>/-3!>//.

&'( R$D<DE YG [2<8 %G +72072 S. [JJ<@9 ;J \E*@ J<89EDE\79E;* ;* @7,0EB0 9;]E@%

E9K E* ,B8B0 7*, W8<7, UC<79 18;U* E* \E*@3,<JE@E<*9 =;ED &F(. 314"'(1!

5#16,$ =($$06"(1G "55MG !N!L M-N3M->.

&4( Y7* ) #G AE F FG )C7*1 F ?G <9 7D. +7,0EB0 7*, \E*@ E*9<879E;*= 7*,

9C<E8 987*=J<8 E* =;ED3@8;V =K=9<0 B*,<8 7@9B7D JE<D, @;*,E9E;*= &F(. >-"!

?1-? (2 6.?@(6,$ 314"'(15#16G "55"G "/-L !/43!>-.

&/( IB,27 %G HE;98;U=27 ?G +CD;V<@C7 ^. [JJ<@9 ;J <D<T79<, @;*@<*9879E;*=

;J +, 7*, )* E* =;ED ;* =V8E*1 UC<79 KE<D, 7*, 9C< 0<97D @;*9<*9= ;J 9C<

VD7*9= &F(.A,6?' 9"' ,1% >("$ =($$06"(1G !>>MG 4'L NNN3NM!.

&>(,-.G R/0. [:12J +, ¢ )* Lyz[M"óôõL`a

&F(.34=>56G !>>MG !NOMPL !M/3!-!.

&!5( $DET<8 I HG %@CBD9\ F [G QEDD<8 R :G <9 7D. QC< <JJ<@9= ;J \E*@ J<89EDE\79E;*

;* @7,0EB0 @;*@<*9879E;* E* UC<79 187E* &F(. :(0'1,$ (2 314"'(15?16,$

70,$"68G !>>MG "NL 45-34!!.

&!!( X<D@C # ?G 6789 F FG Y;8T<DD XG <9 7D. [JJ<@9= ;J *B98E<*9 =;DB9E;* \E*@

7@9ETE9K ;* *<9 BV972<G 987*=D;@79E;*G 7*, 8;;9 <]V;89 ;J @7,0EB0 7*,

\E*@ WK =<V7879<, =<@9E;*= ;J E*97@9 ,B8B0 UC<79 OQ8E9E@B0 9B81E,B0 A3

T78 ,B8B0P =<<,DE*1= 8;;9= &F(. =$,16 ,1% >("$G !>>>G "5/L "MN3"-5.

&!"( 6789 F FG X<D@C # ?G Y;8T<DD X ^G <9 7D. Q87*=V;89 E*9<87@9E;*= W<%

9U<<* @7,0EB0 7*, \E*@ E* 8;;9= ;J W8<7, 7*, ,B8B0 UC<79 =<<,DE*1=

&F(. =.8*"($ =$,16,'05G "55"G !!'L 4N34/.

&!N(789G ?;=E<8 ^ #.&':í;çv +6

M

<=G Y

"

$� +$

"

>?L

89 &F(.&'G !>>>G N!O'PL "/>3">M.

&!N( @ABG , CG D-]G %. h,Ep:F&Ô¥G +, v12U

HÚIL89L`a&F(.34=>56$"55!G "5 O-PL ">N3">'.

&!M(JKL.&'v +,L3�¢�3 S. &'Mív +, L3���3

L89 &F(.&'%+G !>//G "- O!PL ''34M.

&!-( %C7C RG RB078 # :G _<807 %G <9 7D. [JJ<@9 ;J @7,0EB0 ;* DEVE, V<8;]E%

,79E;*G =BV<8;]E,< 7*E;* 1<*<879E;* 7*, 7@9ETE9E<= ;J 7*9E;]E,7*9 <*%

\K0<= E* 18;UE*1 8E@< =<<,DE*1= &F(. =$,16 >-"?1-?G "55!G !'!L !!N-3

!!MM.

&!'( +72072 S. H;==EWD< 8;D<= ;J \E*@ E* V8;9<@9E*1 VD7*9 @<DD= J8;0 ,7071<

WK 8<7@9ET< ;]K1<* =V<@E<= &F(. B?C =.86($(<"*6G "555G !M'L !/-3"5-.

&!4( NOPG QRSG #TUG %. V&J)vWX34-L89&F(. J

Y34©%%+G !>>'G !O-PL /-3//.

&!/( :;0<= I %G Z871;=; A +G #E1<8 + FG <9 7D. #<1BD79E;* ;J @7,0EB0 BV%

972< WK %7@@C78;0K@<= @<8<TE=E7< &F(. D"(-."5 E"().8* 9F6,G "55"G

!-4NL "!3"-.

&!>( +72072 SG X<D@C # ?G [8<*;1DB `G <9 7D. S*JDB<*@< ;J T78E<, \E*@ =BV%

VDK ;* 8<3987*=D;@79E;* ;J @7,0EB0 O!5>+,P 7*, 8BWE,EB0 O/'#WP 7V%

VDE<, ;* 079B8< D<7J ;J ,B8B0 UC<79 =<<,DE*1= &F(. =$,16 ,1G >("$G "555G

"!>L "4>3"/M.

!5-/


