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Screening Out of Cd-pollution-safe Pepper Cultivars by Clustering
Analysis
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Abstract: To assess the security of pepper cultivation in Cd contaminated soil effectively and
efficiently, the variation of Cd content in 71 pepper genetype materials and the effect of Cd concentration
in Cd contaminated farmland soil on Cd content in peppers were investigated through pot and field
experiments in detail in the hope of obtaining a threshold value of Cd concentration in farmland soil when
planting peppers and screening out Cd-pollution-safe pepper cultivars. It was found that Xiangxin 8,
Changyan 201, Changla 7, Xingxiu Chaotianjiao and Bola 9 were potential to be Cd-pollution-safe pepper
cultivars grown in the farmland soil with a Cd concentration lower than 0.58 mg - kg”', and Cd contents in
the 5 pepper cultivars met the requirements of the National Food Safety Standard of China( GB2762-2012).
Furthermore, the influence of pepper bearing period on Cd content in Xiangyan 15 was also investigated,
founding that the Cd contents in peppers displayed significant variability in different bearing periods;
therefore, the effect of bearing period should also be considered in pepper breeding.
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B(Cd M EAWE EYEENESEICE, FELURE . B8 KA St 25
JEL % 5y RE N LRI K 4R (Rosén et al., 2012). id2: 50 4E10), ZE4EKIGEIA Cd AN
HEBCRE E T 2.2 x 107kg (Heetal., 2014). Cd 7E H3E—HIY R b R ISR T8, BA
B 0D AR, S R AN AR, e AR (RS, 2012). 74k, Cd Vst
Bt os e Em A A KR T, g EY) = &85 (Das etal., 1997; Zhangetal., 2014;
fki 25, 2015). AR NLTAN Cd 2 70%K ABisk (BBl 55, 2012).

H AT T Cd B R B (Capsicum annuum L.) ShFP % 0 A 08 o A5 DL e
DX AR AR R IR B AR, R AR A6 A (W) /N R EG H 82 T 71 AN BSR4 8 Cd
(1B S, SR BB AR I T3 Cd & = IE, ISR R AR Cd BB Rt U, FEBH AN A
AL T IR T Cd S ARk, BRI Cd 1 SRR 22 AT SRR AR AR, O Cd V5 g
BRBRU 22 4 A P IR 2 AR P S AR TR

IR

1.1 REs

K 71 ANSEHAGEFOIRIG AR, RS 32 4, T 12 4, CEAMO 6y, A3 1, 12
L2 3 P FTRIIR BN 2 47 (3R 1)
1.2 2k

AR LB Ky B A B A ML, BUERIE 1 ~20 ecm, R EREAIRS, KT RBY
e, i 2 mm PR . LA NZIEE L, pH 536, SANUR 2260 g kg, TR 18240 mg - kg, 4
% 1.29 g kg, F7RHE 143.70 mg - kg™, 28 0.49 g - kg, HACE 130.20 mg - kg, Cd 0.39 mg - kg

I T 2014 4F 4 HAEWI M4 BT 0T IERRE R A W HEAT . BB RN, FIRIRZ) 35
cm, 27140 cm, 4240 em, EIBEAHOKIL. RAHGESE T HRGHI & HEE AN, Bt
JEREZ) 35 cm.

2014 4F 6 H A EEAN S RhPka 2 KORBUAHIE 0 3 75, BRI FRR— ¥ OFEE 30 d) 117
ORI 3 ~ 5 4, St Cd S B IEATR .

FAN, BN 15 5 BT TR 5 ~ 60 d AS[FAE SN Cd & B AR I .

1.3 /PMXiRE

AN RIS FH AT R A8 RS AT s R G SR B A, 403, pH 4.39, AHL 24.20
g kg, BMRA 13120 mg - kg, A% 1320 g kg, HHWE34.70 mg - kg, 48 0.56 g - kg,
R 150.20 mg - kg, Cd AARH o U SRR MO N KRS K e AR v, MR T
RN T ISR BB AN R RERE Cd ¥5 4 -4

P B N 52 FH 3 Cd 5 G4 d FH T8 8 25 (Wang et al., 2001) FIILA SCHkIRE (Wang et al., 2014),
oh [ 5 S b4y Cd B2 V54 (0.30 ~0.60 mg - kg )y G Y (0.60 ~ 1.00 mg - kgD FIH T
P (>1.00 mg - kg)o ALV E 3 MGYACE,  BEAKMEE 1358 10K v 4 A A JE R H
TS, P R RS B Es B KA, AT P R S Cd F RS 0.58, 1.04
247 mg - kg'.



XU, SHEM, BREGA ARSAES, KR, VRSN, SRR
FEF RS v I 1 (A SR i
i Z244), 2017, 44 (5): 979 - 986. 981

R LRI S5, X 71 A BRI EAT RIS 4T, ARG B i &5 R 45 & A [F i &
B4 78 55 (0 JRUNE IR 13 AN SR /ARG, P T KR ks it . NXREG T 2015 4F 4
FTEWI G AR G PT s i g0 S MR EAT o BRI 28 m, 96 1 m, 5 0.4 m, &4l
TJE 30 em ZiAy, AKYEVAIRMILEZA L 10 cm 5. B Cd KA EEREAN S FPFIEE 3 AS/NX,
FEA/NXRIE 30 Bk, FRFEZIN 40 ecm, 1TEEZIN 45 cm, 52 BENLER, RAME FHHE, 155 35
L,

14 Cd ZEMRAE

BHUR 52T Cd & B ARSI GB/T 5009.15-2014 A7 84 7 W O'G 3 0 5 vEBEA TAG I, Ks A6y
WFE G BE TR G AR, WG, R et R 228.8 nm K AbBE TR . +IgErh
Cd 5 5 10 52 ZE AT 48 AR A 25 Bt AR ARSI Lo R AT

K FH DPS Zds Ab B A5 HR I 45 AT e v R 20 HT .

2 HiR50H

2.1 AEEHMRM Cd SEHH

EAG Cd AR AT, F— BB E R AR RS Cd R B2ERBCONIE (& D,
SHEMERMI S, e Cd & B A AR Cd S BT 3 1%, mma BN 61.22 pg - kg (il 2
), Cd RO AER 9 5, Cd SN 21.18 ug - kg™'s 15.63%KZ ML A R 52 Cd & FH i [H
FIATARUHE GB 2762-2012 (<50 pg - kg™ MM WML EABL I IR BERA, R
) o 2 AR I R 22 575 71 A AU b RS Cd & BEEB AR R N 18.31%, Hib Cd i
e A HIE 812, JAF] 63.04 pg - kg, BARAICUIEE 9 5. ASFRIBERI Y 1] Cd S w
ZEFt,

R RS Cd S REEEOTEER (B 1), 75 0.06 40308 Fulk 71 MR RI > h 4 25, 4
[ BB (Cd i <30 pug- kg, I 15 ARG 55 112K BEREM (Cd FH30~50ug - kg,
St AN BTG BB (Cd &8 51 ~ 60 pg - kg, FLe MiFh: IV &mEM (cd
S >60 g kg, dt4 AN EFR,

SEA AL R B4 5 N, N 4 SRR 13 AR TGRSR . JEr Cd (R B
REERPIERGH Y 8 5 (X24). KAf 201 (YO). KB 75 (X30). EFHHRM (C2) FidHE 9 5
(X32) L5 AR, Cd P& RN 25.77 pg - kg's Cd AR BB AR IR BUMBE 15 5 (N4, 4
WITEE (P7). MBiak sk (L2) FIEE 8 5 (X20) 4 ANiFr, 3L Cd F¥ 48k 40.98 pg - kg,
RPN SAEE Cd S E AL T E K IATARME GB 2762-2012 HU5E 1 50 pg - kg (24 hrnt; i 2
TR AR B R 201 (Y2) FIEEPIE (N2) 2 AN FE, HCcd SEIYM N 55.03 ug - kg's HE
TR AR HCER 19 (Y1) RS2 5 (X1) 2 AMEFE, S04 62.05 ug - kg, A 50 g - kg
(b HE A
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R 1 FRNKGRAMERE Cd5H (039 mg kg') HEAFRBHIRIHCAEE
Table 1 The Cd contents of different pepper cultivars planted in Cd-contaminated soil with a 0.39 mg - kg™

Cd concentration through pot experiments

eyl ETRE A Cd/ Bt P g Cd/

Type No. Cultivar name (ug - kg™ Type No. Cultivar name (ug - kg™

LR X1 f#% 2 5 Bola 2 61.22+1.95 A Y1 W% 19 5 Xingshu 19 62.87 +2.77

Line pepper X2 #4354 5 Bola 4 61.22+2.26 Cavel Y2 % 201 Xingshu 201 55.92+2.46
X3 B 2 5 Xiangla 2 57.05 +3.66 pepper Y3 WIS 2 Xiangyan Jiaolong 47.19+1.9
X4 #3521 #5 Bola Hongyan ~ 55.59 +£2.16 Y4 fdi 5k 1 5 Bola 1 46.33+2.15
X5 T8 BKZ0 0 Bola Hongshuai  50.52 + 1.68 Y5 #5415 Bola Hongxing 45.19+2.13
X6 BT Bola Jiaohog 46.82+1.16 Y6 ¥4 2 5 Xinxiang 2 40.35+2.03
X7 Bl 5% Bola Ruimei 46.33 £2.05 Y7 Mt 556 Shengshi Huangguan 33.56 = 1.91
X8 85K 40 4 Bola Hongniu ~ 45.81+2.19 Y8 HHAF 158 Xianyan 158 32.08 +3.01
X9 HIBE 1 Xiangla 1 4535+ 1.96 Y9 KA 201 Changyan 201 28.64 + 1.85
X10 Wik 6 %5 Xingshu 6 44.66 + 0.99 = B N1 2 & Zhenyu 57.21+3.46
X11 [#35 6 *5 Bola 6 44,66 +2.28 Cattle horn N2 NP FHE Xingshu Yuyan 54.13+£2.36
X12 4325 Bola Zhenlong ~ 42.91 +2.07 pepper N3 M 215 Xingshu 215 50.72 +£2.28
X13 #4175 Bola Hongxiu ~ 41.93 +3.05 N4 HIWF 15 %5 Xiangyan 15 48.77£2.47
X14 2% 301 Xingshu 301 40.94 +1.88 N5 91 21 Fengkang 21 48.12+1.63
X15 W42 Xiangfei 40.38£2.88 N6 W % Xianyan Qingcui 43.89 + 1.99
X16 {3 2 4 Bola Huangfei ~ 40.14 £ 1.19 N7 HIF 5 %5 Xiangyan 5 38.87+3.10
X17 #3541 T Bola Hongyu 39.96 +2.10 N8 WARE 1 % Xiangyan 1 37.22+1.96
X18 W 4 5 Xiangla 4 38.51+2.38 N9 W% 16 5 Xingshu 16 37.19 +0.89
X19 3K £1 75 Bola Hongxiu ~ 35.16 +1.93 N10 W 166 Xiangla 166 30.61+1.77
X20 fé5f 8 5 Bola 8 35.10+0.96 N11 M BRI Xingshu Nenla 29.89 +2.46
X21 K% 4 % Changla 4 32.86 +2.80 Ni12 K:AJF 968 Changyan 968 29.63 +1.56
X22 K3 5 5 Changla 5 32.06 = 0.68 N13 WS IH Xiangyan Zhenli 28.14 +2.50
X23 35 5 5 Bola 5 31.11+1.51 (42251 L1 5% Xuanmei 48.70 +2.70
X24 W 8 5 Xiangxin 8 30.64 +1.78 Screw L2 MR A Xingshu Zhoupila  38.45+1.98
X25 WiBk 16 5 Xiangla 16 29.14 £ 1.57 pepper L3 B2 Qiziluo 23.18+1.82
X26 JEdd Xuanfei 27.65 + 1.64 FARBL C1 KA 5 5 Changxing 5 35.06+1.93
X27 WA 7 % Xianla 7 26.16 +1.39 Pod pepper  C2 JEF5 Xingxiu 22.19+1.02

X28 W 17 5 Xiangla 17 26.09 + 1.43
X29 W 10 5 Xiangla 10 2524 +1.29

X30 KB 7 % Changla 7 24.17+1.82
X31 W EELEHE Xingshu Liyan 2216 £ 1.60
X32 {85 9 5 Bola 9 21.18+1.80
T Pl W 812 Xiangyan 812 63.04 +2.79
Pickled P2 WIHF 802 Xiangyan 802 56.24+2.65
pepper P3 WA Fuxiang Jiayu ~ 50.07 +£2.26
P4 K2 4 45 Changxing 4 47.80 +2.46
P5 MITFSE E Xiangyan Meiyu 44.21+2.10
P6 KA 99 Daguo 99 4291+1.97
P7 I T Fuxiang Liwang  41.60 + 2.04
P8 MR A Fuxiang Tanchun 39.92 + 1.86
P9 HWHIZEF5 Fuxiang Bixiu ~ 35.02 = 1.80
P10 I 5 5 Fuxiang 5 34.89 +1.63

P11 IR SE Fuxiang Jinxiu ~ 33.50 +£0.22
P12 FEWIFS I Fuxiang Xiuli ~ 33.34+0.91
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Fig. 1 The clustering analysis results of different pepper cultivars based on Cd contents in peppers

Cd content in soil was 0.39 mg - kg'. Corresponding cultivar names of No. are shown in Table 1.

NAREE T, AE 0.58 mg - kg (K CA V55 R, 13 DB R Cd & 17 50 pg - ke 1%
GG (B 2); 24+ Cd B nF) 1.04 mg - kg I, BT Cd SEB RN, 1L cd SEE
AR, L2 CLERAEMD 155 107.77 pg - kg™, Bk 224 kruE 2 500 1, 24435 Cd 4k n
%247 mg - kg, BOHURSE Cd SR T 100 pg - kg, SEEE N4 GHBF15 5), Cd &
FAH) 22927 pg - kg, EEBAMIA N2 OLEEPIHD, Cd Rl 13583 pg - kg
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0 Cd 0.58 mg - kg*

300 - W Cd1.04mg- ke

Cd 2.47 mg - kg
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200

Cd content
-
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I

MR/ (ug kgl

2 FRHMGMEREIRE Cd 58 (Cd0.58. 1.04 #12.47 mg - kg?) HIEHRE cd BHEER

Fig. 2 Cd contents of pepper cultivars in farmland soils containing different Cd concentrations

ARG, EK Cd 15 R I E AR5  &

INAC AN T RENEITIAC WNED 60
B8 Cd 1R, 7558 Cd BN /M X iR o sp
WS Cd FrRERALE, MERRRE T8 EXE
fi I BUR Cd IR FTE DX B Cd g 0
B wo
B 10
22 FRALREHBHEHMELTNELE N S R
0 10 20 30 40 50 60
BHAE RS A6 IR Cd R B FERRY
B B A SN TR AT, Cd 45 i 3 Y, Do sler looming
TEFFALST 30 d 26 A7 HOHUE B 15 5 U5 Cd & B3 FRLREMARET C TR

Fig. 3 Cd contents of peppers at different bearing periods

i nEaRE T rE (K| 3).

3 e

h Tk B2 AR TR 4 v G p b R CRUE A = S TR 2 A H ), TR Cd AR B SRk
h TR AR AE = E ] (Liuetal., 2008). ZIHFFLEN, [FAVEDASH SFIEE 48 8
B P B %S (Wu & Zhang, 2002; Alexander et al., 2006; Hanetal., 2014), [Ktt, ffidk
HOE T A Jm s B I R R 1R A m BB AR nTAT .

FEAR Cd S 34T (0.58 mg - kg™, /NKARIK I H (0 WAl E Cd & ARk #4157k i 56
BRI AR, H Cd S REBEZE BN, DXRE: Cd & ST AR 1 Cd & &,
AU . XS HEMSE (2009) FEFFTE R 8 X 0] 5e 5 B GRSk
WS, 5T 2HAE EKRFR. B, AFEBHEEFAEAC Cd H A FA Cd S EKZE AT, W
Al B R AR AR AR S R A TR, AN R S BB B 7 il SR 5 I8 R 22 AN AT G . )
DRI, Rl LT Cd S n, B Cd St n, b R R el B cd
B B BUIG AR R I B ) Cd B, X SRR KA R T — € 1w 22 . R K (2009)
RFFE R IL, FEPN TEG)E Cd ORI SR SIS AR E A IR ORI R  (Florijn et al., 1992;
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Florijn & Beusichem, 1993). 5KI4% (2002) WAL Cd 4B N /N R AR (1) A 3 A AR EA T 1T
T, RIL Cd B NERARIKSE . Wi AR — 2 RN, B Cd b3k
RF s, S4abRe BTG TR A VF 27T 7RISR (Duan etal., 1992; 770 %%, 2008;
s %, 2011). ABFFP M LIRS T Re S X M RIEEHA LR,

R ARG RN DARIG 45 0, WEPKME 8 5 KWF 201, KB 7 5. EFHHIRMFIEEE 9
SAE N B CA AR BRI, e AP i) 1% Cd F R <0.58 mg - ke

4B K BARAED BRIk O 2 o R 2 A = ) — P R B, (R R H AR,
AR SR S A (1 15 E AR L B G — PR IR E o« AT R A 7 2 o R 0 2R 20 2 R 6
BF by g LRSS, FREILAT & A AR S AR TR N 1100 (BRI, 2005). AT
TR B CRUEARAED ™ B LN AR n] £ F 0 23 (0 B 4 8 7 455 1 bRt R ] (FRIDe Ty
&, 201000 ABFFEH R ILBBUR S5 Cd 75 bl A S IR TR 38 I 5wy, SRR 4 1A
SACEAE W B T 22 5, B TE Cd IRAR SR i R b, B A A i) A8 SR 30 P IR e A
HARELERE . LG ML S, NydEmse RSO G, o R, P s @ nsms . oo
ST BB 22 A A
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