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Abstract); Peppers are a high Cd-enriched ve etable ‘Onlthe bdsls ofa preliminaryScreening ex erlment of 91 pepper varieties and soil
ﬂ,a PP 2 8 P ¥ g exp! pepp

culture experlmen}s during the entire growth period of.26 varieties;#a high Cd variety (X15), medium Cd varlety (X39), and two low

varieties (X45 and X35) were selected to stu&y the effeet=of" Aitferent cadmium levels (0, 5, and 10 mg-kg™'

transportyand accumulation as well as its subcellular distribution and chemical form. Based on the results, 5 mg-kg

mg-kg?

Cd) on enrichment,
“! and 10

Y of Cd inhibited shoot dry weights of four pepper varieties but increased the root dry weights of X15, X45, and X55 varieties.

Sodium chloride-bound cadmium and acetate-bound cadmium are the main forms of cadmium in the pepper fruits. Subcellular cadmium

concentrations in the roots, leaves, and fruits of pepper plants were ranked in order cytoplasm > cell wall > organelle, and in the stems

the order was cell wall > cytoplasm > organelle. Cd compartmentalization plays an important role in pepper resistance to cadmium

stress. Under dosages of 5 mg-kg

“' Cd and 10 mg-kg ™" Cd, Cd concentrations in stems and leaves were ranked in order X39 > X15 >

X55 > X45, with fruit Cd concentrations ranked in order X15 > X39 > X55 > X45. The Cd concentration was lowest in the roots of X15

whereas this variety has the highest concentrations in its fruit. The Cd concentrations in the roots, stems, and leaves of X39 were the

highest among the four varieties whereas the concentration in the fruit was lower than in the X15 variety. The concentration of Cd in

pepper fruits depends on the Cd transport capacity redistribution ability to the shoots.

Key words : cadmium; pepper; chemical form; transport and distribution; subcellular distribution
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WAk RS Cd Frik S Cd L E A TR 2 1]
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it X55 SRS Cd B 2R i A AR, ORI 4 H B
Cd Rl 27 (R 99) R 52 ¢d FL R & b i
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FLCd fhFR (X45 F1 X55) , R @RS E N
SMTFFE 0, 5 F110 mg-kg ™' Cd BipiE T RS HFR
Cd RUBAT Cd 1Y & 5 58 B BEE | LR TE
SRR P 8 A 2 T 285 R A S0 40 B A 0 A3 e o, DA
SRR Tl e R RO

1 HH5HE

1.1 sk
Pl R R BV R R AR Y. LA P N
21.23 g-kg™',=E N 0.7 g-kg ™', BE A A 60.2

mg-kg ™' 0. 66 g-kg ™', A RME26. 13 mg-kg ',
28 15.31 g-kg ™', BT 65 mg-kg ™', 247 0. 12
mg-kg ™', H R <0.05 mg-kg™", pH 4 6. 85.

P HML ( Capsicum annuum L.) 5 Fh R X15
CREZE R Cd i Ff) | X39 (CGREEHFHR Cd SRl |
X45 Fl X55 (HSAKF Cd &SP ) |, BRAFD T b 8 IR
TR BB AL TR AR L.

1.2 kit

B L Cd {5 94K 0, 5 AT 10 mg-kg™
X3 ANAEPE. FRHCS kg WT IS L 5 mm i (1 1 4
B ARECIRRH I ( HAE x 5 =30 em x 25 em, AN
TR ), R BTH IA [/) KSF Cd % ( CdCl, -
2.5H,0) , 75 iRA) G, B TR R P42 5. &%
R 3 R G | R /N — SOR A — 0 B B 4 1 RS
M, BB 2 R B 3 WEE  FEHTHES.
A5+ AR (N VB (P,0,) L (40 IE ]
BS54 180 400 Fl 150 mg-kg ™", it £
LI NH,H,PO 0 F1 KCIN i I8 58 A 40 B
NH,H, PO, IR ZATE S A, N I 60% EH il
FIA 409 53 50 FRAE S 30 i 25 U 4930 i
20% . ARSI 0t S R BRAR 25 0L
i Cd B AL i o Cd & 8, FIACKE B A 1
25 I RIG T BEAT T 105°C & 15 min, 5 F
75°C 4t ZE
1.3 ek
1.3.1 AR & R E

P 25 R SRR R AT HNO, : HCLO, =
4: 1R A R TH A, TR T W 4 Ol O BE kI
(Perkin Elmer SIMMA 6000, Norwalk , USA). ¥ H[E
FARMES H AR 5T T4 (A AR AR ) 5 (GBW #
08513) S LIEARMEYI B (GBW # 08303 ) Xof il 5 &5 2
PEAT B W TR IS AEAR AR L A Cd ISR
BRI T 95%, I H AR I 22 (RSD ) 45 B2 R IIETE
10% VAIN.

s ZB(TF) = 52 Cd & (mg-kg ™) /R
Z(ZE M)Cd &H(mg-kg™ )", HHEZRB(BCF)
=1 cd FE (mgkg )/ HE Cd FE
(mg-kg )M
1.3.2  BHURSRIE S 90

SR FH % 25295 U 8 BBOBUARUR S Cd I Ak 24
B0 43 6 BE T (Perkin Elmer SIMMA
6000, Norwalk , USA ) Jlll & AL A Cd &

1.3.3 40 Cd &=l

SR FH 265 0 8 0 T ot SRR S o7 4 A 7 40 R ST 4
BN R WU 4 O % 3T ((Perkin Elmer
SIMMA 6000, Norwalk , USA ) il 5E Cd &+
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1.4 Hmaba X BRARUCAR 52 F R ARG R 8 Fe A, 4 AR b SR 52

FH Excel 2010 F1 SPSS 23. 0 #4748+ #7. - F R B KNI A X45 > X55 > X15 > X39.
765 mg-kg ' 110 mg-kg ™' Cd Wil T, X15 Fil

2 HRE X X

RIAH XS5 R AR T T 4 BB R T 8. 149%
2.1 FAYE 33.37% F1 19.60% ~ 63.64% . 1 5 mg-kg™' Fl 10
71 s, 76 5 mg-kg "1 10 mg-kg ™" Cd 7K mg-kg ™' Cd WFA T, X39 AP & 5 40 At

SPBE S BRAREE | RIR S F >, o0k
FEAX T 6.64% ~ 35.92%. 0.50% ~ 29.71% i

B/ T 22, 59% ~32.70% . 7E5 mg-kg ™' Cd hift
T, X45 SRR R T E RO B T 8. 24%, HAE 10

16.40% ~49. 44% . AH[F] Cd ALHE KT, HibH . mg-kg™' Cd AT, X45 S AR 2 53 500 BE 8 fin
T AT A X45 > X55 > X15 >X39. Cd bl 1 18.44%.
F1 EEMEXTITERMEDEHE N
Table 1  Effects of Cd stress on the dry weight of pepper cultivars
P Cd &b H K - YR (TH) /g pot ™!
/mg-kg ! I 2% s g b B
0 1.291 £0. 11c 33,19 £6.47a 5.55 +0.32a 9.11 +1.74a 47.85 +5.64a
X15 5 1.396 £0.17b 29.05 2. 11b 5.38£0.37a 6.35+1.32b 40.78 £2-90h
10 1.722 +0.25a 29.47 +2.63b 5.16 £0.57b “6.17+1.79b  #740. 79+1 89b
0 1.11£0.24a . 28.36 x4.74a 5.14 £0.57a 12.53 £3.51a 46: 02+5 2a
X39 5 0.86+0.07b  =19.12+1.68h 3.92+0.46b  |10,48 +1.76b 33.51 +3.69)
10 0.75£0.07b ~ 18.17 £3.56c 3.61 £0. 7b 8.83+1.31¢ 3‘0'.“"‘61_:_5{{879‘
0 1.2840.10b [ 4 41.62+5.63a 6.6441.00a ~ 9.93 £1.12a 38. 19+ 65524
X45 'E L17£0.13¢ | % 357722302 6.6}-1(_).693"” 45- 021+ 15 14b 47.34 £3.25¢
— 10 1.52 £0/ 134" ’ﬁ&%ﬁ +4.56b 6.45 ?L'ou..usza,.- 5. 50.;:%;1.09}) 50.81 =5.98ab
1.00 +o U A7 37791 +6.80a 6.94 0.51a 10.28%1.62a 5571267880
X85 s 1“:‘64+0 16a “'29-.-“‘7012.6313 6.19"¢ 1903ah 6,49 £1.89c 42,37 +2.64b |
— 10 1.2040716b  J [29.18%3.16b 5.07 £0.44b 7.27 £0.61b 41.72 £3. 066

1.))3?5"J£%'E7~J¥i’]{§ AR IEIRE ; TH/J\’%"%H?%/TH“nuﬁTHLIEZIHJ%JEF‘L0 05%E’JE%7J<¥(P<O 05) G

2.2 ﬁm%éi

A L
=
=

Wi 2 B, Cd AbFHK - 10 mg-kg ™ Bj‘ T

P X15,

X39

13.68%,

X45 F1 X55 B & Cd &= ml%e 5
mg-kg ™' B34 0T 12.02%,
1.3%; 2%+ Cd

30. 62% #N

TR S mgkgT BEHEMT
40.36%. 20.22%. 26.74% F1 27.33% ; fhF# X15,
X39 . X45 F1 X55 ifH Cd 548 5 mg-kg ™' BN
T 28.21%, 18.15%. 12.27% 8. 48% ; fiFh X15,

=2

AR Cd 7k ExtE# Cd é«‘zﬁ’l

X39 . X45 1 X55 Hazdh cd &
T 8.52%, 16.35%. 23.82% F117.39% .
PR BT BRORSS B ] 25 it Cd B i K/ I
JFoh X39 > X15 > X55 > X455z od &K/
2R X15 > X39 > X55 > X45. Cd &b HEKFEH 5
1 K/MIFH X39 > X55
>X45 > X15,Cd A FEKFH 10 mg-kg ™' B AR &R

mg-kg ' BF AR R Cd F

Cd & R/NIFE R X39 > X45 > X55 > X15.

0/ mg-kg ™!

Table 2 Effects of different Cd levels on Cd concentrations in pepper/mg-kg ™!

S mg-kg BB
Ml Cd

Cd A HK T B Hibk Cd & hit
/mg-kg”! A i % i R
X15 — — — —
0 X39 — — — —
X45 — — — —
X55 — — — —
X15 124.26 +24.31c 13.29 £1.052b 26.13 £0.81b 4.58 +£0.39a
5 X39 199.18 +2.85a 16.44 £ 1. 146a 29.11 £0.08a 3.78 +0.34b
X45 125.07 £5.869¢ 10.23 £0.297d 15.39 £1.07d 2.50 £0.16d
X55 152.35 +7.036b 11.28 £0.242¢ 17.08 +0.31¢ 2.99 +0.04c
X15 145.31 +18.52d 18.42 £0.703b 36.10 £1.60ab 4.97 +£0.01a
10 X39 236.46 £13.051a 19.45 £1.017a 37.62 £1.37a 4.51 £0.04b
X45 180.56 +8.922b 12.08 +0.029d 16.74 £0.47¢ 3.19 £0.32¢
X55 158.83 +4.506¢ 15.29 £0.876¢ 19.22 £0.84b 3.51 0. 14¢
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2.3 FHURI R

W3 Jin, BRAL Cd BLRRE S R/NIUT H2E >
M>>I 2 Cd AEER S mg-kg ™' BT, i FR X55
WA Cd B mf e, B HAMF 1,44 ~ 1.7 £i%,
anFPlE] Cd R B K/ A X55 > X15 > X39 >
X45. 4 Cd ZbFAKCFHE K R 10 mg-kg ™' B, X55 R
F Cd HHE A FTREAR, B8 3] 23.8% 5 &b
X15, X39 A1 X45 R £ Cd & & W iE 50 9
45.00%. 3.21% Fi186. 34%, HMUR & Cd FLEfE T

FE[A]— Cd ZKFARFE R, R [RBOUS Ah 25 Cd

LE ST RN A X15 > X45 > X55 > X39. Fi#E
Cd AbFRIK 1SR X115, X39 | X45 F1 X55 7EZ5
Cd FRE IR 45 4 40.59%., 9.21%., 28.45% F
33.19% . FERF AR S AP Cd R B KNI
X15 > X39 > X45 > X55. 4 Cd /KFHN 5 mg-kg™!
B, X39 SR5E Cd R R E 2 HE X15, X45 F1 X55 1
1.36. 3.15 £ 2.04 5. 4 Cd 4t P K FE K 10
mg-kg "B, X39 52 cd FUEE 32 X15, X45

FNBUF R X45 > X15 > X55 > X39. 1 X55 B9 1.3, 2.27 #1 1. 56 1.
£3 AE Cd KFIEHRME I Cd REEHFI
Table 3 Effects of different Cd levels on Cd accumulation in different parts of pepper
Cd 4K - Cd BURE (FHE) /g pot ™!
/mg-kg ! i ) % - [ R
X15 — — — — —
0 X39 — — — — — T
X45 — — iy — r
X55 — ‘ — = J=/ &
X15 173.46 £33.94b  385.98#30.55a  140.62+4.34a| [ 29.06 £2145b 555.66, 53, Tsa,
s X39 171.41 +2.45h 314.38 £21.92d  114.16 +0.29h 39.58 +3.56a 468. 1 +1s 65c |
X45 146.90 +6. 89¢ 36538 £10.61b  101.66 +7.04d - 1253 +0.82d 479,58 £18. a1 g
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Table 4  Comparison of fruit transport coefficients and bio-enrichment at different Cd levels

Cd A FEKF
gkl s TF j g TF o s TFyp sz BCF e

X15 — — — —

o X39 — — — —
X45 — — — —
X55 — — — —
X15 0.038 £0.004a 0.349 £0.057a 0. 175 £0. 009a 0.915 £0.077a

5 X39 0.019 £0. 002b 0.232 £0.037b 0. 130 £0.012¢ 0.756 £0. 068b
X45 0. 020 +0. 000b 0. 244 +0. 009b 0.162 £0.001b 0.499 +£0.033d
X55 0. 020 £0.0001b 0. 265 +0.003b 0.175 £0.001a 0.597 £0.007¢
X15 0.035 £0.004a 0.27 +£0.011a 0. 138 £ 0. 006bc 0.497 £0.001a

10 X39 0.019 £0.001¢ 0.233 +£0.010b 0.120 £0. 003¢ 0.451 £0. 004b
X45 0.018 £0.001¢ 0.264 £0.025a 0. 191 £0.024a 0.319 £0.031d
X55 0. 022 +0. 000b 0.23 £0. 004b 0. 182 £0.001ab 0.351 £0.014¢
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Cdy (8.31% ~8.85% ) > Cd, (7.39% ~7.98% ) >
Cdy(6.29% ~6.59% ) > Cdyyey (4. 12% ~4.42% ) , i

Cdy (7.74% ~8.85% ) > Cdy (6.74% ~7.88% ) >
Cdy (4.24% ~4.53% ) > Cdy (3. 7% ~4% ).
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Fi X39 52 Cd B 25 43 B B 1 K /N BT R Cd g 100 T T
= A b=l
(53.56% ~54.86% ) > Cdyy,, (24. 64% ~24.93% ) > g5 sor
Cdy (6.96% ~7.41%) > Cd, (6.39% ~ 6.86% ) > 23 ol
Cdyey (3.79%~3.92% ) > Cd.(3.07% ~3.61% ) , i 23 ol
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S K ] MIE ks 0 Had o
Fh X45 J52 Cd T 5B E 48] KNI T A Cd g XIS X39 X45 X55 | XI5 X39 X45 X55
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Fi X55 SR 55 Cd JE a5 51 B He B/ LT Cdye Fig. 1 Cd morphology distribution ratio in pepper
( 50.65% ~53.42% ) > CdHAc ( 23.87% ~24. 4% ) > fruits under different Cd treatments
x5 AR CdLEAKEINFRMRE Cd AR FM/ mg-kg ™
Table 5  Effects of different Cd treatments on the Cd morphology of pepper fruits/mg-kg ! -
Cd AbFIK i Cdy Cdy Cdy,q C_dHAc Cdyey r— .(.;E!.k ‘:
X15 0.145£0.013a  0.182+0,0L1b  0.944+0.113b  0.650£0.010a 0,097 £0.001ab “0:175%0.040a
s X39 0.073 £0.011c  0.165+0.007¢  1.298 £0.105a  0.590 +0.060b  0.090 +0.006b  0.151 =0:03b
X45 0.066 £0.006c  0.143 +0.001d  0.953 £0.050b  0.633 £0. 050ab 04114 0.006a  07171%0.01]a |
X55 0.091£0.007b 0. 203 £0.006a  1.16x0.124ab  0.559 £0.030c 0,097 £0.009ab 0. 180 +0.0064"
XI5 ) 0.159£0.010a 0.249 +0.009a" 1156 £0.028c 0} 673 £07020a | 0.104 £0.007b  0.187 £0:007a
o X391 0.089 £0.006c  0.182 £0! 063 1.318£0.043b 0. 606+ 0:022¢ 0. o9e+o 013b  0.169 10.“0‘02})__}.-
© X450 0.068 £0.006d] ©. 165 ?o" 04 1.097£0.059d 0. 646 £0/038b $0. 122 +0.001a 0,475.£0.015ab 4
X550 0.103£0.0225 0. 216 +0. 02% 1,470 £0.025a 0,666 0.057ab 20. 126 £0.002a 0,188 +0.004d
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Fig. 2 Distribution ratio of Cd content in subcellular components of pepper roots, stems, leaves, and fruits under different Cd treatments
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