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Effect of Fertilizers on Cadmium Uptake and Accumulation by Sunﬂower,s' y

CAO Liu', YANG Jun-xing’" , GUO Jin-jun’ ,"GUO Jun-mei’, ZHENG Guo- di*, LU, Yi-fu' J .
(1.Key Laboratory for Monitor and Remedlatmn of HeaV§*Metal Polluted 5011% of Henah Provm(e Jliyuan 459000, Chlna, 2 Eenter for
Environmental Remediation, Institute of Geographic Seiences and Natural Resources Resedrch Chmese Academy of Suences Beljmg
100101, China; 3. Co}lege of Energy and Power Englneerlng, Inner Mongolia Unlverslty of Technology, Hohhot 0100545 Chlna)

Abstraet: A pot experlment was conducted fo /assess thé Liytoextra(tlon potentlal ‘for cadmlum (Cd) of three types of sunﬂowers.
(edrBle ornametal, 'and oil sunflowers ) andf’the ef]jﬂ‘gts .sf the application of N, NP and NPK ffertilizers on Cd uptake of the thiee r
plants,using Cd= gontammated soils collectéd fiom northern, Chma The results showéd that fertilization' could %1gn1f10antly increase the
biomass, aboveground ‘Cd concentrations and ao(umulatlon ‘of ornamental and ofl s owers, “and the effect of NPK féntilizer Jwas
significantly better than those of other treatmenfs. Cd corllcentratlons of the aboveground parts of edible, ornamental , and oil sundfowers
were 6. 89 /(8. 92/, 6097 mg-kg ™', respectively. Fetilization treatment significantly anroved the transport ability of Cd of the three
types of bunﬂowers and: bioconcentration factors of pdlble, -orna,mental and oil sunflowers were 2.63 (control) to 3.10 ( NPK
fertilizer) ,72: 80" (control) to 4.02 (NPK fettilizer) , and-2: }T'-( control) to 3. 14 (NPK fertilizer) , respectively. The results further
showed thiat the metal=enriched granules and cellular debris were the main enrichment sources in the subcellular fraction of the three
types of sunflowers ( more than 55% ). In summary, sunflowers can be considered as plant material for remediation of Cd-contaminated
soil. In addition, NPK fertilizers can effectively improve the efficiency of sunflowers.

Key words : cadmium; fertilizers; sunflowers; uptake; farmland
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Table 1  Basic! physico-chemical properties of tested s;)ils 1 iy an:
R Gl o TEER T AL Nl %ma‘?‘
/mg-kg /mg-kg ' /cmol -kg /gkey /g kg /g kg / gk A
o+ R 7.7 [ [ 2s0 N 000 a8 ™ Wo.se 6.6  19%
' iy ey ‘;f " 4 “ g < . A S
4 i - A s 7 S \ ey : #_.u-"'
122 swong | I, Skt T AR | T 1 Cd i

RS 12 B DA ¢ RHEIR @f  RPUCHRASRUIRE T R kR B K e
JHTE + NS @ @13 + NP IE; (@il ¢NPK | R, BOHHT BRBCABURS A& T 06T St 40
A M B 25 AMIIET @V 3 +N M ADULS 2~ BRI 1 TR 5 0 TR T, JF MWL s 4%
% /NP ©ULBESE + NPK s @35 + AW, #0115 03 1 BRAIRE SRR T - S0°C AR (47
072§ + N filL; iM% + NP A, @M% + NPK B,  Fq.

TR T AT 3 YR, SCG e P AR A 3 R PR R 3 pH A 5 SR F S (BB A AR ) AT
(N) | EBERRES (P) | SALER(K) , iS00 @(t: KN 1:5); HIERME Cd &M
150 mg-kg™" (N). 250 mg-kg™' (P,05). 100  DTPA BHEHI( t: K N1:10) 324, HE PRk
mg-kg ™' (K,0). #ZARACH YT BRPRAS, B4 FEiE4L (Contr AA 700, analytikjena, F5[E)ME; +
Bk 20 Hif Ao 3% 2 kg, HPRPRAS T2+ 0.5 3 Cd IEASYCR A BCR ELLR LT 3R
kg, RIFRIRASTh R ESA P HESE -8,  HES, RBUEE S A RHE | TR EE, 1]
MR FARPRAS 3D ) 5 R MR A K EULASIEREA; 13 Cd & &I R SRR - 41
O H AR 70% , fEIRIEIRFAE A5 1 LR IKLIEM (USEPA 3050B) , MY HE 48 Cd & &
J, BERRE R (25 £ 1)C. R FREFEIMRBRAS £ MR AR RR - AR (50 1, WAL ) Be b AT i,
Hop, M1 ~2 d A HIEROK K, TR FRZER RE AT UM E AR AT Ak 2 0 AT T R AR A
TR 2 RRENTH, R Z R, IMENREFR 40 T R R T IR % % A ( Contr AA 700,
d Jaak, A S FEAVEIB R AL analytikjena, F2[E)llE Cd & .

1.3 A AL E FEA) I o ST 200 B 85 4 SR FH 2 S B O v B B, R

IR TG, VO EEBGR A RES,, 1220 HBLO0.2 g M A @ERE, A 5 mL 2% wh i [0.25
B, 5B fF Fst4sd, P& pH{E mol L' #EHH + 1.0 mmol-L~" i 7% #E B 2 + 50
MAMAS Cd Far; WAk n BB s, 34 100 mmol-L™" Tris-HCI(pH =7.5) ]. B.L#115000 g F



11 IS BT 1) H SRR Cd YRR 5191

B0 15 min, AT N 4 8 W A 0B (MRG) Fl
AN HEJE ( Cellular debris) A 4143, A 2 mL &
Al K AE R PE, JHAE 100°C FHIEA2 min 5, JILA
2 mL 1 mmol-L™"#J NaOH Jf7E 70°C Fhn# 1 h,
10000 g T 15 min, JUEAED K 4 )8 & 45 ik
(MRG) , L5 R 40HERE)E (Cellular debris) 5 55—
B U IS 1 WAE100 000 g KB40 60 min, JIFR
Y a8 2H 43 ( Organelle ) , [ I8 W AE 80°C 2% P
10 min J5 VK21 60 min, 50 000 g F5.0> 15 min,
DU N PUREE 1 (HDP) |, iEWCohPa € B A
(HSP). B4y R UEA = R, TH A ATy
TR Cd I ik
1.4 Hdabi

K H] Excel . SPSS 16. 0, Origin 8. 0 k{4 4b Bz

BRI A2z A oG K 3%, 2 E I ECR H Duncan

L
2 HREHW

2.1 GEAEXS 3 B HZE ALY RS

SIS B N i Pt o WS 3 0 i S i
YR EA B EZER (P <0.05), 3 Flim H2 M
Hi b3R5 R R RIS B S > IEE > W
Z& ) HALXT ) HZEH F A T AR A K S B A B R
ISR HVEH , R ERCRF I NPK E > NP AE > N
JEL, it NPK AR 28 | LB S ANm2s e E A9
Nk 2.73 . 1.35 F11.49 g- Bk ", 43 B EXS
WEZHAY 2,53, 2.25 F11.80 f%, &Kk 435 Al ik
3.07.1.59 F11.84 g-#k~'.

®2 AEMEELE 3 i BEERTENEMY (TIE « b2, n=3)/g-H !

Table 2 Effects of different fertilizer treatments on dry weights of the three sunflowers( mean +SD, n=3)/g-plant ~

1

i AR B TR e |
CK 7 1.08+0.11d 0.20.£0.01c 1.28'+0,11d
o N L4771.79 £0.07c 10,22 +0.01by 2.01{;‘6.0,.@5 i
NP 2.13 £0.03b 1025 £0.02b 2.38 0§04 Yy
NPK "L 2.73+0.16a " 0.34.40.02a 3.07 +0417" 47
- | K[| /0605 0,040 [ p0.1420.000 V 0.74 +0.05¢"
s A1 NS /, ._-___..0’. 99 £0.07¢ Y0 180.02p 117 £0.07b
F Ll NPl /W AT T09 +0.04b /1 0.18£0.01b 1.27/% 004
- NPK. st T A935£0.04a 10.2320:02a) 1.59 +0.06a *
3 ek | LS W Jos3eo, 10 *0.240.03c 1.07 £0.09¢
Al N[ " 4 101 k0. 02 0.26 +0.01¢ 1.27 £0.02b
7 LhhE ‘ !
y g NP 4 |_1-05£0703b 0.31£0.01b 1.36 £0.03b
e NPK 1549 +0. 11a 0.35 £0.03a 1.84 £0.08a
,‘ hrvai ] * ok ok ok ok * ok ok
/ ANOVA Ab 3 * %k % %k ® o
SR x Ab T * % % * % * % %

1) CK: AHEAE; N, iR 3 ; NP, i bR 3 R BERRES ; NPK. MibR 3 | S BERRES IS AL ; B AR - BE KR [R]— [a) H 25 5 RO [l e
EBRE2E 5, P <0.05; SRR W, = TR P<0.05, = = FR P<0.01, = % % F/R P<0.001; KA

2.2 JEAEXT 3 Flvm H ZEAEYIAR N Cd 5 5 A5
H& 3 A, 3 Ffym) H 2% qAp ot Cd YW EA —
FEMERRETT, AR HZEH 38 Cd & i
HAREEF(P<0.05), T3, WHZE, W
Mo b8 Cd = A ATk 5.84 ~6.89, 6.22 ~
8.92 fil4.68 ~6.97 mg-kg™'. HEALXT 3 i) H 251
EBE R Cd s BN A A e R,
Frit NPKOAEXT ) H 28R Cd & R i infe i 18
e, SXIRA, i NPK B 2 UL vk
MEE L [ #8 Cd & & Al ik 6.89, 8.92 F1 6.97
mg-kg ™', S ANIEIN 18.0% | 43.4% F148.9% ; Hi
FHER Cd ik 2,73, 2.61 #12.58 mg-kg™ ', 5

GEEINT 23.5% | 26.7% F110. 4% . 3 Fhia) H 28 5
Pkt Cd WA —E i 22 57, WL 250 NPK JIE Hb
F#B Cd FrEE] ik 8.92 mg-kg !, B K TR I
IR
2.3 JEAEXT 3 A H SRR Cd & 5w R
FHIE 1 AT, 3 Bl H 2555 Cd 1 & 4R g 77
IRFIA B HIZE > MEEE >, BRI Cd
FEE AR Y BB, H AR X 3 Fhia H 25
i b EBFNHL T A Cd w AR YA W A R AR
(P<0.05), Mt/ & MZE WHZE s &
Cd EHER/M ik 11.24 ~18.81, 7. 11 ~12.06
A15.28 ~10.38 pg-Fk ' Jiti NPK JEX} 3 Ffa) H
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=4 (a) M b
Cd & 4 1 43 i & X RS 56 41 ) 2,98 3.23 Al
o 20 [ ] frmsE a
2. 67 1. ) T wiss T
#*3 AREMEELAER 3 FiE B ERRITAL Cd SER M #® B
CPAI = FRAE2E , n=3) /mg-kg ™! e b
O= a
Table 3  Effects of different fertilizers on Cd concentrations & a
in different parts of the three sunflowers § X b
(mean +SD, n=3)/mg-kg™! 1 b
Cd 7t
i b - ;
i AR Hy 13 H F
CK 5.84 +0.27¢  2.21 =0. 10b
s N 6.27 £0.06b  2.55 +0. 15a NP NPK
NP 6.42+0.09b  2.27 £0.19b 1.0 |- a
NPK 6.89 +0.09a 2.73 +£0.13a (b) H +i
CK 6.22 +0.29¢ 2.06 +0.25b 0.8 | b
+ + b
e N 7.18 £0.63b  2.27 +£0.06b T
NP 8.15+0.32a 2.28 +0.07b ‘; 06 L b b o
NPK  8.92£0.36a  2.61 £0.06a =1 %
3
CK 4.68£0.31c  2.21 £0.06b E g, b b %
e N 5.25 +0. 12¢ 2.56 +0. 12a o %
NP 6.15+0.22b  2.41 £0.23a %
NPK  6.97%0.77a 2.58x0:la 02 %
SRR EE - %
ANOVA Abp % % ok LT 0.0 2
f L CK N NP NPK
A x Lﬂi * ok ¥ = ab s
4 oK A N1ﬁ@%%;M>mm%ﬁLWM%“-£m‘
2.4 HEHBXTS ﬂ:ﬁ El%gﬁflﬁ%ﬂﬂ#ﬂﬁ Cd jﬁﬁﬁﬂﬁr NPK iR SRR AR L, - 7
BEAT ,f'f, 7 H1 KﬂwﬁiﬂﬁSﬁhH%K EARIRERR R,

AR 4 T, R [ Ak P % #T(ﬁf3ﬁﬁa
%ﬂt’}ﬂzéﬁiﬂ’@ *ﬁﬁ%%mﬁ?ﬁ%f}ﬁﬂ»ﬁ%}%m,“ ‘
%ﬁ@WWW>%wMEUMMM@MHSMLWE3% 4.32 F13.05 ~4. 08 mg-kg '

ELE E[ (HSP) > Qlﬂﬂ@%ﬁéﬁﬁ‘( Organelle ) > ;

AR

Fig. 1

Effects of different fertilizer treatments on Cd amou_n'tﬂ"‘I

in.different parts of the lhree types of sunflowers

, M E

(HMEWW%UL,ﬁWN3ﬁ@H¥WﬁQ%

FI(HDP) , £ W «Fﬂgﬂﬂ#ﬁ: Jm 4 2y 42 B A UL (MRG) . A0 HEJE ( Cellular
L (VRG) P C 7 5 ﬁv‘ﬂ” i52.68 ~3.48.  debris ) , SMEUEE F1( HDP) th Cd & B8 i 447
F4 FTEGELET CAdEI MEBEENFSTHAMYSECFE £ b2, n=3)/mg kg™
Table 4  Cd concentrations in subcellular fractions of the leaves of the three sunflower types
under different fertilizer treatments (mean +SD, n=3)/mg-kg ™!

o LhE SRRt b o a1 S . i) R PHURE N PREEN
(MRG) (Cellular debris) ( Organelle) (HDP) (HSP)
CK 2.68 £0.42b 1.23 £0.23b 0.25 £0.03a 0.12 £0.01b 0.72 £0.03a
A N 2.84 £0.28b 1.44 £0.07b 0.17 £0.01b 0.14 £0.01b 0.45 £0.03c
NP 2.80 £0.10b 1.65 £0.08a 0.15+0.03b 0.16 £0.01a 0.43 £0.03¢c
NPK 3.48 +0.37a 1.83 £0.06a 0.16 +0.03b 0.18 £0.03a 0.51 £0.01b
CK 3.38 £0.29¢ 1.60 £0.10c 0.32 £0.02¢ 0.13 £0.01c 0.55 +£0.03b
Wi N 3.83 +0.19b 1.88 +0.01b 0.25 +0.04d 0.13 £0.01c 0.78 £0.07a
NP 3.76 £0.06b 1.96 £0.23b 0.53 £0.0la 0.16 £0.02b 0.94 £0.22a
NPK 4.32 £0.16a 2.28 £0.13a 0.44 £0.01b 0.25 +£0.02a 0.87 £0.03a
CK 3.05 +0.24b 1.46 £0. 14c 0.37 £0.0la 0.13 £0.01b 1.06 £0. 18a
e N 3.31+0.09b 1.82 £0.06b 0.24 +0.03b 0.17 £0.01a 0.69 £0.01b
NP 3.27 £0.36b 2.26 £0.23a 0.21 £0.07b 0.17 £0.02a 0.87 £0.13ab
NPK 4.08 £0.09a 1.79 +0.06b 0.13 £0.01c 0.18 +0.02a 0.91 £0.03ab
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EOIAE . AT ) B SR Cd RN 5193

BRI E L, i NPK AR J5 £ FH %% . WY 25
T ZE 4 L 5% B ( Cellular debris) B Cd & 4 f 4)
AR AL FELHAY 1. 49 1. 13, 1. 34 fF, #4
BURE H (HDP) H Cd & 4 2 5 Bl 2 A ifi I 4k
FHAAY 1,50, 1.92 1. 38 4. Jiti HEXF £ F 2%
BN I I ol A TR A e A S
(Organelle) FI#AFE E & H (HSP) h Cd & & A
BT AR, i NPK B £ 28 . W3 2%, 3
ZEYH M 7% 4 43 ( Organelle) 1 Cd & & 43 5l &2 A
i AE AL BEAY 0. 64 . 1.38 F10.35 15, MfaE®&
F(HSP) o Cd & & 45 5l & A il A Ak 2
0.71.1.58 F10.86 1.

2.5 AExs 3 A H SEARBR AR AR PR 4 A A0S
Cd F1 pH 18 A5

25 A, X AR PR £ BT A0S Cd & i
HAHBNMREIEER, At 5 AR PR 348 308 Cd
TR TARMR PR 3 it NPK AEXS 3 Flin H
SEMRPR 4+ HEA S0 Cd B i 1 042 VR ok B
&, BHZE WP | AR PR E A RES Cd F i
ATk 0. 60 . 0. 62 F10. 56 mg-kg ™", S XA L
Ay HIHEAN 9. 09% | 21.57% 1 33.33% . 3 Fjita AL )5
SR FR - RN EAR PR 3 pH (B9 A8 b 35 K 3k 2]
K, MRPR L pH AEfLTE BN 7.73 ~ 7. 76,
W TARARER 13 pH {H(7. 69 ~7.72).

£S5 AFEMEIEAIET 3 Fim B EREAIERIR TIEB RS Cd 1 pH BRI CFIE « brifE2E, n=3)

Table 5  Effects of different fertilizer treatments on available Cd concentrations and pH values of rhizosphere

and non-rhizosphere soils of the three sunflowers types(mean +SD, n=3)

Rl Kb _ A Cd/mg-kg ™! _ _ pH _
HRPR AEARPR T HRPR+ AEAR T
CK 0.55+0.0la 0.55 +0.0lab 7.73:0.02a F7.71 £0:01a”
pu— N 0.59 +0. 06a 0.56 +0.0la 7.74 +0. 02a 7.69 +0/02a
) NP 0.56 £0.02a 0.53 £0. 02ab £ 7.74 £0. 03a 7.71 £0.0la
NPK 0. 60 £0:02a 0.53£0.03b | 7.72 20,02 7.4 £0/01a :
CK ~, 0.51/%0.02c 0.51 £0.01c | =12 £0. 04a 7,69%0. 0.1;;-"'“ 4
- N | 0.53+0,01be 0.56 +0. 02y /' 7.75+0.0% 7.690{01a I
= NP 1057 £0408b== 0.58£0.01fa ¢ 7.76 £0{0La 7.70 £0.02a
, NPK /062 £0. 02 0.58 +0.0144 /&7, 74}10,_9% 7.70 0. 01a ¥
i - F. - -
- CK A 0. 824003y 0.45£0.05b/ | 7.70£0.01b 7.68 £0. 02a
T N 09 £0. 01 0.4820.0lab 4 | 7.7040.01b 7. 717%:0. 024
NP /051« 0l 03b 0.51+0.02a & 7.74 £0.02a 7.70 £0. 0147
0.50 £0.01a 7.70 £0. 03a

NPK i 10.56/£0/02a
7 —

p AR

MF6 AR Cd EFE LIS Cd
AR Cd JEUfETE, MRPR Rl ie s Cd &
R TIEMRPR T3, fTEAS Cd FEB8/NTHE
FR PR 1 5 it T T B 8 o IR AR B - S8 AT A28 4 385 Cd
MG AT AL Cd & i, (EXTHR FR - 38n] i i 2
Cd FIERIEAS Cd &t A2 To i 25, 5 ANt i 5
IRAAR L, i NPK B SCI0 20 vl fifi & FH 28 | W2
THIZEAR R AT A2 25 Cd &5 80 I PRI 19. 8%
41.7% 1 30.1% , "8 AL Cd & & 20 0 35
75.9% . 116.2% 1 135. 7% . £ iEALFR T, AR FR
TIEP R A Cd F BN T AR 158, M4
A Cd FREBR TR 1 5.

3 itie

3.1 it AE X H 284 KA
] 0 2E SR e WA Y, R AR,

| 'Il ! e ) = i
2.6/ B g’fm H AR R AAR R 4 CATs

= 7.73 £0.02ab

KR, SR A, HENINEE BT L

P, o HOZERNE 4 JE Cd BAT B 0T A2 fE
FpP D AR AR, O H A Cd &R R 50
mg-kg ™ e AR KRR I W E R
AR TR LI T5 e - 58 Cd S 2k 2. 22
mg-kg ™", PIILI] HZEIL S8 AT EF AR K
BT LS A, i B AL B AT i 2 R 1) H %
Ay i, Hodil NPK AR AR oE 1R i o B3, L
SR Guo S AR S R A 9 08 3 R\ 5
KAE Cd 18 R 2R NPK it 552 56 28 A5 4 2 0
T HABRG AR AL B, 0N ) R AW RN A R I
PR RN 2R RSV Z2 P SRR 5 8 (P) R
MR A HA W 5 AR eV T, o 2 AR A P 45
Ji Ul E LR RS A MoK,
(K) ZXF 4R34 @ bhia T 40 N ANS i 2 A
AR ARBFSTAE A B, WA X
B4y 3 Fa) H 25 AR R B A BB R e, W]
RESE: PR A A P B R A 1 T RG] S AR 1136
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5194 7 R S 39 %
*x6 AEMEBLERT 3 FE HERRSIERRLE Cd RS CPIE £ 7512, n=3)/mg kg™
Table 6 Effects of different fertilizer treatments on Cd species in the rhizosphere (R) and
non-rhizosphere (NR) soils of the three sunflowers types(mean +SD, n=3)/mg-kg ™'
o s Cd &t
i I AR T TE RIS s
CK HRBR 1.21 £0.02a 0.95 +0. 04ab 0.29 +0.0lc¢ 0.09 £0.01b
JERBR 1.24 £0.05a 0.87 +0.07a 0.32+0.03a 0.13 £0.0la
N MR 1.10 0. 03b 0.95 +0. 06ab 0.34 +0.02b 0.08 +0.01b
T AEMRBR 1.15 +0. 12ab 0.86 +0. 08a 0.33 0. 04a 0.12 +0.0la
NP HRBR 1.12 £0. 02b 1.00 +0.0la 0.38 +0. 04b 0.10 £0.0la
JERBR 1.03 £0.07b 0.87 0. 06a 0.34 +0.02a 0.08 £0.01b
NPK PR 0.97 +0. 04c 0. 89 +0. 09b 0.51 0. 02a 0.11 +0.0la
AERER 1.02 +0. 02b 0.92 +0.0la 0.31 £0.0la 0.08 +0.01b
CK LisliZ 1.20 0. 15a 0.95 +0. 17a 0.37 +0.03b 0.08 +0.0lc
E|=i30N 1.00 +0. 10b 0.75 £0.02b 0.32 +0.08a 0.08 +0.0la
N HRBR 1. 14 0. 07ab 0.88 +0. 13a 0.38 +0. 05b 0.09 £0.01b
WHL % AEARBR 1. 15 £0. 06a 0.75 0. 04b 0.24 £0.03a 0.08 +0.0la
NP MR 0.96 +0.07h 0.83 +0.03a 0.40 +0. 03b 0.10 £0.01b
FERER 1.04 £0.03a 0.81 +0.0la 0.28 +0.03a 0.08 +0.01a
NPK PR 0.71 £0. 11¢ 0.80 +0. 10a 0. 80 +0. 08a 0.13 £0.0ta
AEMRBR 1.10 0. 08a 0.72 +0. 04b 0.28 +0. 06a . 0:092%9u01a
K R  1.13+0.09a 1.00£0/08a | 0.28£0.0lc 0: 101;0“. Ola
AEAibs 1,09 £0.05ab 0.76 £0/03b™ | 0.26,+0.01ab 0.07+0.01a
N MR #0.87 £0.09b 1.1020.03a | 0.421+0.01b 010 #0701a,
iz JEAR PR 1.20 0. 08a 0.64 £0.04c _10.23%0.02a 0.08%0.014 4
NP | ARPR . 0.95+0.11b 0. 9420: o3t;,u-"“ 0.69 +0. 08a 0,094 07014
_ ! AR B J }ﬁh%ﬁ&%b 0.9f £0,03a_ LQﬁEQO% 0.07 £0:02a
A ek ij / 2 40°79 0. 06b 0. 80 ,_F..o.“ 10e” 0. 66°£0. 04a 0.09 +0. ‘0‘.113
- i CAERPE &S 00799 £0. 12D 0.86 £0.10a | 0.28%0.01b 0708 %0.0la
= ‘ T - =
1 3 f I

REBEI LRV KATHPE ™ | s NP SIS 5o 3

FRRE 3 1 i ) ok LM S, PTAER I/
o KA b A W g (e T 2 e

R AL 25— RS
3.2 TEAEXT I H ¥ Cd FE S5 R S

ARG LGSR FW, AR X 3 Fra H 220k Cd
AU R #E/EH, Hi NPK AEXT [ H 28 &
£ Cd BYPEIEAE B M 35 (P <0.05) . 45 it At &b
PAMET, WBE2sH 13 cd BB RTEH
ZERMZE, i NPK /G W5 25 4 B Cd & &l ik
8.92 mg-kg ', JEEHIZEMIMZE Cd FEEN 1.30,
1.28 i, {HJ& UL 25 b 3B A 9 AR G ARG, it
NPK I 52 56 20 UL 5% 2% b 38 A= 4 1t 430l ok B 2%
FIIMZEARY 0.50, 0.91 £%, 3 Fhm H X Cd )& 4
HEMRRIUNEZE > B ZE > k. Hik, i
P ml H 2% Cd & AR R iy 2R 2R ik ) H
LAY RS .

Jita A ] 3l 2 2l AR - 58 Cd AR AR IR A gk ) H
FEXT Cd MR, ABFFE 45 SRR, AL XS 3 Ff )
H YRR 3G 2058 Cd & =389 0 5 42 o 1

I, Scuess B L 4 BT s s R — 3G 14 pH
ESERm T I & B AR N E Y, &
ST 45 S W, it A AT 38 0 ) H S AR B 4
pH A, LA ILE B E K (P <0.05), HRFRL
HEnl e ds Cd F I R

e AR PG B 30K 052 W PR 2R R B
SEEESEMAEY S, HILEYEE kY
YT BB B AR i, R B T ) 4
JRAAREREER N, AW E % R B (BCF
= MM B Cd i/ cd F ) MifkiE &
BOTF = MW B3 Cd /MY R cd &
) AT IR A Y X 5 4 e 5 e R IR B K
OB EEAY N E E R T RBONE R K
F 10, R T A3 Rl H S5 A E 4 R RO
1B FZBIRT 1, K3 Fhm H 2R cd B EAE K
ST A7 & AR RE 1 M b L R B as e . BT 25
FEAS AL B 45 1 F 542 R B KT 3, K
TEHZEMMEE; i NPK 05, &2 WH %,
MEE R B X S50 4 M L A B T
17.9% . 43.6% F11 48.8% , ML AT WL, WL 2540
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BT Rh 3 13 Cd & R BRI
Z— RN R AR AR I (9 R Cd 1] M 1 T A% %
T AEEE 5 1) H 28 M B3R Cd & i 0y i R 2 — 1] g

SR 9 RE R AR 2t 1 A 40 AR 0 4 i Y e AR
REJI I $2  1 AEL W X B 4 1) M B S B0 A 02 g
J1, AR T Cd XHE YR A3 FE A

R7 HERRAMEXT 3 Fa B E £ R BCF) MEIE R TF) B0 CEME « b, n=3)

Table 7 Effects of different fertilizer treatments on the bioconcentration factor ( BCF)

and transfer factor (TF) of Cd of the three sunflower types( mean +SD, n=3)

Fn WA CK N NP NPK
fr i YRR 2.63 0. 12¢ 2.83 +0.03b 2.89 +0. 04b 3.10 £0. 04a
) 32 724 2.64 +0.08ab 2.47 0. 13b 2.84 +0.22a 2.53 0. 13b
s EYrE R 2.80 0. 13¢ 3.23 +0.28b 3.67 +0. 14a 4.02 +0. 16a
e BTy 3.06 +0. 50a 3.16 0. 25a 3.58 +0. 14a 3.42 £0. 09a
o~ EYEE R 2.11 £0. 14c 2.36 +0.05¢ 2.77 +0. 10b 3.14 £0.35a
) s R 2.12 +0. 12b 2.06 +0. 13b 2.57 +0.29a 2.70 +0. 18a

3.3 B HSE AN Cd 43R
HEIE AN T Ca B34 T Rl ELA R 7
HUYI B S, PR YR B 510 T RS8R T
RO R XE Cd BB MBI LA cd 1Ek
HOIWOCHE AR Fr A, ANARE (2R |
G . WAL T AL | B LA T o S 1
Cd G4y, SV Cd B i e A AL 4 Rk
KA BSR4 CA R

AN T R Cd A LR

P ] 2. F R L 1 5 M Aty Co 8 A e
A WLE A AARE S ( Cellular debris y LI i Ry
ESTeiN-E S WLPSREEZINE WS e

HIT GRS RO XL G Cd HL A R0t 32/
Ay, i o O 1) 1 A0 N ) Celludar

debris) # Cd EAEE, i NPK IBJE, WE 2540
R ( éellular debris) ' Cd & 4 & 5 X} B8 5256 20 AH
FEHEIN T 42.5% , AIREZ K K 26 2 048 4 41
JfLRE P SME 75 e ELAT (R AR

1 Cd Bz i e A0 ML N R, Cd 23 5 40 i
PR A BDM (<& )& & S WURE MRG + #Fs € 8 A
HSP) 1 MSF ( 41 }fd #5 21 43 Organelle + #A AU H
HDP) 2525 K9 45 A T8 AR A2 . Li 2517 An
Lavoie %A Ry Al Kt 42 & & 45 UKL (MRG ) XF Cd
(e S 1 A hy Bl 26 4 W 6 B 4 R 1Y) AR ) il R L
il , R E & (HSP) HrT A 7 i AR ) 25 KR 4
R T 1 5 A B % S 1Y) e R S A ) At
HFE AR EEALE Y, IR A0 BDM 4150 Cd
B SRR Y 52 4 R A8 ) iR I AR M. A
WEFELEREH, 3 Pl H A AN TG, &8
ARNURL (MRG ) FTHAES 5 85 H (HSP) Hh ] 5 4R R
HY Cd, 20 A B 2 WLBL2E | il 2% BDM

HorhE M Cd 2573k 61% ~73% . 63% ~
68% F158% ~70% ; Jiti NPK JEfd 3 Fhia) H 354 )8
FARIURL(MRG ) Cd & 5 12 37 fin e E 5CR S ek
PRIt ] I SE7E G LT 9 1 4 g T R e
4R G DAY C o S 9 52 92 68 T 6 S 1
AEIRICHY o F% A B B 9 UKL MRG) s

MSF 2143 (?Hﬂﬂ@%ﬁ?ﬂﬁ’ Organelle +ﬂﬁ‘ﬁ@§ El
HDP) 2 725 1 R 1 (5 7 o 2 g {7
AT MSE 4190 Cd g T Cd XA
)5 55 351 éﬂﬂﬂ@%‘géﬂﬁ’ ( Organelle, Al éﬂi*ﬁﬁiﬂlx
I ) BRI HDP 4016 ) AR 4 45T
e AT A ARy, Cd 15 MSF 41
SrHYIRES A, TTRE S SRR | R DL R 4%
FBEACIE S ZEALEE R R A M, HE TS AR )
IER AR ARBFIEEE R, AR A AT B
WA 3 ) H SIS F (HDP) T Cd & 4R
wH, TR ENAENRSEE LS (C =2.22
mg-kg ™) A 1) H 35K A 252 e HAUR R
(HDP) {64 A6 S it AR AT B 5 A & 25 A
FEAN I ES 2 43 ( Organelle) WP Cd & &=, (HA]fE ¥
LB ZE LA (Organelle) 1 Cd B4, RFHEIE
FEARHELBE 2R R DY Cd & S S8 i [ RHEnT Cd
X WL B % A A 17 B M 1) 75 A XU

Zr bR, Cd EEHEE | WEZE | gt
L5 v Y o A e R 4 8 AR R (MRG) >
YRR ( Cellular debris) > $AF25E 8 (HSP) > 4
JIZ$2H 53 (Organelle) > EEUEREE (4 (HDP) , W] H 2§
MR AN BDM ZH 3 s B2 Cd 5 i R rh s 4 Cd
SV 60% , & In] H 25T 32 Cd /) 5 2Lf% B ML,
Jifi NPK AEXS (22 ) H 254 & & 42008 (MRG ) Fi4H
MIRE JE ( Cellular debris) H' Cd & 8 5 59 i %y B
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Fig. 2 Effects of different fertilizer treatments on relative distribution of Cd in subcellularfractions of leaves of the three sunﬂowﬁr‘[’r’pes
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