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Effect of Phosphor on Accumulation and Chemical Forms of Cadmium, and
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Abstract: Pot experiments were carried out to investigate the influence of different Phosphor (P) levels (0, 0.3% and 0.5% ) on the
plant growth, activities of antioxidant enzymes, accumulation and chemical forms of cadmium (Cd) in Capsicum annuum L. when
exposed to Cd (10 mg-kg ™" ). The results showed that dry weights of leaf, fruit, roots and total dry weights of plant, and concentration
and accumulation of Cd significantly differed between two varieties of Capsicum annuum L. Dry weights of fruit and total plant of
Chaotianjiao increased by P (0.3% and 0.5% ), while that of Yanjiao425 was inhibited. Activities of catalase (CAT) were increased at
first, and then reduced in the presence of P; Activities of superoxide dismutase (SOD) and peroxidase (POD) of Chaotianjiao increased
with increasing levels of P, but activities of SOD and POD of Yanjiao425 decreased with increasing levels of P. Chemical forms of Cd in

fruit of Capsicum annuum L. were in order of F\ ., > F,,.> F.> F > F,.> F, The total extractable Cd, ethanol-extractable Cd,

W
hydrochloric acid-extractable Cd and residual Cd in fruit of Ynajiao425 obviously decreased in the presence of P compared to the control ,
while the total extractable Cd, water-extractable Cd, acetic acid-extractable Cd and residual Cd in fruit of Chaotianjiao increased.
Cadmium accumulations of Capsicum annuum L. were in order of roots > stew > leaf > fruit. Cadmium accumulations in fruit and plant of
Yanjiao425 were decreased by 47.7% and 58.5% , 5.5% and 13.1% in the presence of 0.3% and 0.5% P when exposed to Cd, and

Cd accumulations in fruit and plant of Chaotianjiao were decreased by 23. 6% in the presence of 0.3% P.

Key words: antagonism of phosphor and cadmium; physiological characterization; Cd accumulation; Cd fractions; Capsicum annuum L.
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Table 1  Effects of different P levels on the growth of Capsicum annuum L.
- RE(TE) g8k RCTE) /g 8k E(TE) /g b TR /g BT/
' ’ Mokt 425  MHQEIRML HibL425  HQEIRHL Hib 425  HHEAEIRML HiM425 AWM Hab425  HEERIIRAR
0 8.30 5.88 3.10 2.21 13. 82 11.96 11.43 9.93 36. 65 29.98
0.3 4.59 7.19 2.78 2.30 14. 64 13.53 8.74 13.55 30.75 36.57
0.5 4.01 5.11 2.69 1.51 14. 21 12.31 11.23 11.55 32. 14 30. 48
LSD[).[)S
i 0. 447 0.138 1.562 0.776 1.525
WK 0.365 0.113 1.276 0. 634 1.245
bl x B 0.279 0. 080 0. 902 0. 448 1.127
44.7% T 51. 7% , Wt Jiti 8 {5 25 + 5 s A 36, 43 ) 140
. Rl A 2% 425 i
H41'5.9% Fi 2.8%;ﬂmﬁ@@iimufﬁéﬂ%ﬁ%mé\ﬂf 135 | —‘—ﬁﬁagm
BT, Hoe W 0. 3% 19 BEE iR MR T & ol
Ay BIBEIN 22. 3% F1 4. 1% BWEHE 0. 5% 1 i 4 50 5 s |
FAR T 3 9 9 2> 13, 19% F131.7% . g ol
2.2 B 2 sl
A AR PR A A SR A IRA G E AR, 2 o
Ve . N N =} r
CAT .SOD J POD S48 Ak g XF 396 5% 75 5 7= A 19 7 ”
) \ . 105 |
PEEUTH BRAH G, 100 5% B AR AL R W AR P T AR
. , s s 100 |
WA RG ARG R RN B A i S A
: s s 95 ' '
P K 1 ~3 AT AR Cd IS YR, WO B 2 S CK 03 0.5

FRBOAU CAT 6 P 22 B0 Hh A 5] A A5 1k #e | B il
KGN, CAT & PR Je 38, SR 5 T B Bl 7K 7 3
i, HiH 425 1 SOD F1 POD 3% P % b Tk (H i
2051 KA SOD Fl POD 3% Pk 5 F p& a3

—A— 2255 Fh
12| —O— BR#E

09

CAT % #/U-(g-min) ™!
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1 PXEMAR &M CAT &M %0
Fig. 1 Influence of P on activity of SOD in different

varieties of Capsicum annuum L.
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Fig.2 Influence of P on activity of SOD in different

varieties of Capsicum annuum L.

120 L —A— 425
—O0— HRW

- 100 |
g
§
2 80t
2
#
ﬂé: 60
g L
-9

40 [

20 1 1

CK 03 0.5

PAKE/%

3 PXHMAE R POD i 1 H 20
Fig.3  Influence of P on activity of POD in

different varieties of Capsicum annuum L.
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A, &% M0.673 mg-kg ' F10.801 mg-kg ™', N
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0.729 mg-kg ', (5 Cd $RECE &M LHI R 6. 1% M
8.2% VX0 7.0% ; fc /N 52 2 8 K 2 LS
ERRR R A, A4 A 0.025 mg-kg ' AN 0. 179
mg-kg ', 0.086 mg-kg ' F10.148 mg-kg ', F¥ K
0.094 mg-kg 'F10.123 mg-kg ', 5§ Cd L HBEF K
FeBil 4 0.3% F1 1.8% . 0.9% M 1.5% , ¥ K
0.9% Ml 1.2% (£ 2). i 5 & 8, B 0.3% F
0.5% RIBE 5 , HikL 425 v Cd $RBUE A AT, B
W 530 R 2. 1% 1 1. 3% [ RBIUR 52 Cd dH 50, L
PREPGS MRS AR ES B THET 9.2%
M37.7% . 7. 1% F134. 8% . 55. 4% F152. 4% , Wi

0.3% B, L8 F/KIR IS Cd FIE AL A4 HGE Cd
A3 A B/ T 32, 4% F 1. 3% (H I 0. 5% Ay
W Ja & B KR EUGE Cd RS A0 B 2 B =2 i 34 in
T 116.2% 1 1. 5% ; SHiH 425 ANTA], B¢t 0. 3% F0
0. 5% WY W) , 208 5] R AU Cd 42 BBCEL & 5 35
T 4. 7% 1.0% ,BRABCRSE Cd 50 BR T S mEdR
AT T 34.4% F 22.2% , LA K Wi 0. 5% (1) s
JE BRI Cd P T 39.0% 4, KRR IEE Cd
B 8 00k BB i e DU R R SR IS Cd RN gk
WA Cd B & W0, 3 B 0 B T 5. 6% AN
14.8% . 29. 8% H142.3% .

x2 AEAHMREMNHEMREL CARSSENZNT/mg-kg ™'

Table 2 Effects of different P levels on chemical forms of Cd in Capsicum annuum L./mg-kg ™'

FF. FW FNdCI FHAC FHCI F, féﬁ%ﬁ(%
WK/ % B g AR tibee Ml el MR thae Al b Ml e R fit 4
425 WIRML 425 WIRML 425 WIRML 425 WIRML 425 WIRMR 425 WARM 425 WIRM
0 0.422  0.459 0.037 0.086 9.658 8.167 0.709 0.698 0.141 0.141 0.166 0.104 11.133 9.655
0.3 0.383 0.301 0.025 0.154 9.531 8.636 0.755 0.737 0.131 0.148 0.074 0.135 10.899 10.111
0.5 0.263 0.357 0.080 0.179 9.803 8.178 0.673 0.801 0.092 0.086 0.079 0.148 10.990 9.749
LSD, o
i i 0. 068 0. 007 0. 154 0. 069 0. 031 0.015 0.330
K 0. 056 0. 006 0. 125 0.056 0. 025 0.013 0.270
S x B K 0. 040 0. 004 0. 889 0.397 0.017 0. 009 0.190

2.4 B Cd LEE

HR3ATI, B Cd & EVUMR > >0 > R
ST i R AR ZE IR SR Y cd R AT
FEAIS, Cd & & BEARIE B 20 38 1.2% | 22.2% FI
5.4% | 14. 1% . BB BERG N ZEFUR 5L Cd & 2
PR R B Wit 0. 3% WAl nT Cd B BEAK,
0.5% WEflint Cd & & 3 hm H K T 7 w5 8 Ak 31 (%
HE) L BR TR RARAY 0. 5% i Ab BH A1 | W5 it 5 ol 9 B
R Cd F i hn. Cd 22 SRUF B MR v 1

YR, FRUBR /D 1 2 B S Il T el o AL 425
JS Cd LR B A MR B Cd BB B & 300 I/ 4y 5]
B T 47.7% . 58.5% F15.5% . 13. 1% ; {H 5] Kl
PRT WA 0.5% MBERSL Cd W B EEMIT
23. 6% b, Wi it Wl 4T 63 R AR 52 Cd FR 2R i R AE
PRI Cd B8 B B 30 ) BRI b T A AS Wit ol Ak
HROX AR 2R SE Cd AR R o MR AR ) Cd B AR
T LLVHEHL 425 > R OR ML, Wi 0 S, R SE Cd LR
AR Cd BB R DARI R AR > Ha il 425.

3 AEBREIHEM Cd RENFN

Table 3 Effects of different P levels on accumulation of Cd in Capsicum annuum L.
Cd F &/ mg-kg ™' Cd BB R/ pg- k! Cd &8
BT /% it =% L PN i E Ui s /mg-%k !
HBL IR MM RIR MR WK AR WK AR WK AL WK R WK HE WK HE WIR
25 B 425 B 425 B 425 B 425 B 425 W 425 B 425 B 425 MW
0 19.25 50.95 82.07 78.23 182.90 190.23 7.78 5.98 220.0 505.9 1134.2 935.7 567.0 420.4 64.57 352 1.986 1.897
0.3 17.17 49.35 77.81 60.90 198.81 205.07 7.36 5.38 150.1 668.7 1139.1 824.1 552.7 471.7 33.78 38.7 1.876 2.003
0.5 20.10 73.08 68.39 77.31 186.37 183.89 6.68 5.27 225.7 844.1 971.82951.7 501.3 277.7 26.79 26.9 1.726 2.100
15D, o5
A 4.180 4.490 4.633 0.377 17.835 26.237 13.913 2.227 0.154
Wk 3.398 3. 666 3.783 0. 308 14. 563 21.423 11.307 1.189 0.126
e x B K 2.403 3.084 2.649 0.218 10.298 15. 148 8.033 1.286 0..089
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ARG 5T 78 Cd 15 5% 18 Y 2 B0
ol T - TR M it 8 79 S 1 AS T WS 0. 3% ) T 1 fin
TR R S 25 AR KT (Y R
JEREME] 0. 5% I, S AR T EFEAL (%K 1), Ui
RS Cd M5 PUALN AE 22 fiF Cd X BURUAE K
Al W B E N Y L H W ERITRZ —, 2
HMYMEAN Z EEZAASGY (R ZED .
M #E  —LeEE AR A 4y, R 2 5 oK k& 9
B A, R T R R i AR K R T AR
4T 3% e 0, T AE — o B B 2R R Cd 1Y 35 EAE
FRCT AR R v B 5 K, B o MR KRS R A 4
J& Cd {594 (10 mg-kg ' Cd) T, Wt Jiti i 9 /0> 1 H6 AR
425 R SE M AR ST AT RE Cd X HEER 425 1Y
A KA R A WA e S Bk S Cd s BT, B
XA R SR T R R BE S Cd 1 P ) KON
JNEE T Cd Xz Fh iy 5 EAE A, S B0 e
L.

HAEJR GRS FER RN A KEFHEEA
3%, 51 R 10 RN IR 5 A T T ) AR
itk iR 4L P B AL g (SOD) R 4R AL AT
(CAT) 520 BB A AL R LR 05 I BR 48 1 i 2, 7]
il 40 52 P EE A 5 LR A Ak e 4 R A
AR v, A B0 T R AR TS A1 VR B AL CK b
FRBEFEAR SOD \CAT 3X 2 Fhot &AL 4 (0 75 12 (& 2
FIP 3) . 3 1F 3R WY M i 19l A8 e 1AL 0 1 P9 4 1k 4 A
F 3 DTS B0 bR A R SR T R LUK &R
B VEACE S R SANEER L T (0.3% P) 3R
A KR R N R — B R B, e it 68 S B
425 It SOD 1 POD ¥ P4 38 it , L B 5 7K F- 38 i, 4
425 I SOD A1 POD % PE R EFHia%  nlae e wk S
Cd P FIZON N & T A Y 52 Cd M FEE, 1
AR AR AR B9 SOD | CAT {6 % b T, LLIE I A B 3
BE %45 T 5 W W He A 425 AR KR R R R R R
-3

Cd 75 BAUR 52 fp 2 L NaCl R BUS A 78, F
BI& R 9.00 mg-kg ', BTy Cd A 45 B A9 EL B
I 86.0% X EEZK N Cd X & A s HE
AL AW b ST AR S 00 35 R T, R TR AR 1R
W,Cd HE5EARMASAE" . AR &M T, w0t
T % it B i G MR 425 RS2 Cd BB BUS A Br N, T
HURES R OBERBUS TR R (£2). #on
THT M8 it 9% B A A R AR BOABUR 52 v Cd i % o, JL R

AT RESE: W 5 Cd B BN ¥ M 1 Wl R 3k DT e, 52 )
Cd FERIYI R N 45 B 25 0 & B AR 6, TT B AIK Cd
e A T EAR R R th & PR B i 22
B R AU Cd 48 BB, o ST T, R R A
RS MR S m& B W, g5 RS Sparrow
252 i A T AR E D AR X Cd i s AR L B
5 Cd F B B8 R AL

Ak 2 D EREL AP Cd FE B FZERR g H
UM R R DR (R 3). SR EEEZ
BRIE AT B AR [0 nl B A 6 i 3¢ ¢d i5
Yl JEE AN T B I TR W 8 T B 2K A SR S v Y
Cd &84 FrFEA% Wit 0. 3% Wi fii it Cd & 8 FEAK,
ULIIE SR8 Cd B Y 4 T8 B IR 5k 76 A 47 4 4
JHLRE 5 3 v (R O VE VR R B AR T 42 S - A A W A
YA K B B B T Cd M 25 AR
SRR W ITTREAR T BT B 3B AL Cd & & 72 AR
Jita e A B (X ) L SRS Cd AR B KRR 9 Cd
R DU A 425 > 5] K AL, Wt il Wl S, S Cd
F R R M A R Y Cd AR B DL R AL > HE A
425, 16 it i 0 ¥ L 425 19 Cd B2 A ) R B i
TR H R B Cd BB E R A B b T T
TR Vit T o AR PG B 425 AL RR Cd Y IR WA A T Ak
E ST

4 HFig

(D)ZEESE CdI5Y (10 mg-kg ' Cd) T, M
W it 335 et 1 W BE 2E A Cd X T 20 ) R AL A K i 4
il SN TR R ZE | R {H il g U
THER 425 B9SRSE o AR R R T

(2) I T M i I W A I T 2 A SRR o
CAT 36 P, {H &5 i B 20 B AR T CAT ¥ %, Bl 95 /K 1
B, Hi 425 i+ SOD F1 POD 3% 1 & b7k #a ¥ (H
40 5 K AR SOD #1 POD 1% P 2 T FE a3,

(3) HHURSE R Cd WIESLUA Fyo > Fuses Fu.
F.. Fy. F. B e 8RR T Hb 425 F Cd &
BOE & (H 2280 R AR Cd 45 B A 2 R i 3,
o DA R R FE UGS Cd FIFR TS Cd B9 nH A e .

(4)BRMP Cd LR DR > 28 > if > JLag,
I TET S il ol B A A IR R AL 425 SR SRR AR X Cd
(1R TR S B (E 0 34 T ) R BSR S R B X Cd
(R R AT A . W 4 22 B R VR R AE 2 A OB o
FOH PO W 3FAE. R BT R4 A AN
R A W 1 1 107 7K - 55 DR 3R A 23 52 el 9 4R 52
HAEH.
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