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Effects of combined pollution of Pb and Cd on the growth of chili peppers (Capsicum annuum L.) and their

absorption of heavy metals

TAN Shimin, KOU Meng, LI Ming, XIONG Juan, WANG Mingxia’, TAN Wenfeng

(Key Laboratory of Soil Health and Green Remediation, Ministry of Ecology and Environtment, College of Resources and Environment,
Huazhong Agricultura University, Wuhan 430070, China)

Abstract: To explore the effects of combined pollution of Pb and Cd on chili pepper growth and their absorption, pot experiment was
conducted with 16 treatments involving Pb and Cd interactions. By analyzing the contents of Pb and Cd in various parts of chili pepper
plants, the effects of combined Pb and Cd in the soil-chili pepper system on the accumulation and transport of heavy metals in chili
peppers were discussed. The results showed that the nitric acid extraction rate of heavy metals in soil was higher than that of the calcium
chloride extraction rate. The combination of low level Pb and Cd promoted the extraction rate by nitric acid. Cd reduced the calcium
chloride=Pb extraction rate in soil, while Pb increased the calcium chloride—Cd extraction rate. Under specific Pb concentrations, the fresh
weights of roots, stems and leaves of chili pepper increased with the increase of Cd concentration. However, as the combined concentrations
increased, the fresh weight of chili pepper fruits decreased. Pb inhibited root elongation at low Cd concentration but promoted root

elongation at high Cd concentration. The highest Cd concentration was found in chili pepper fruits, followed by roots, stems and leaves. The
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content of Cd in roots increased with the increase of Pb concentration. Under the treatment of 3 mg+ kg™ Cd, the content of Cd in fruits

exceeded the limit of food quality and safety standards(0.05 mg-kg™). The Pb concentration in chili peppers followed the order: root>stem>

leaf>fruit, with the Pb content in fruits not exceeding the standard limit (0.1 mg-kg™) at any studied concentration. The translocation factor

(TF) of Cd in chili peppers, specially TFciueni was the highest, exceeding 5 in all cases. Both TFeyuentear and TFedwenma increased with

increasing Pb concentration. In contrast, the translocation factor for Pb were ranked as : TFpi, wo-sien> TFpi sien-teat >TFpp sen-taie Pb promoted the

redistribution and translocation of Cd in the aboveground part of chili peppers, but Cd had no effect on Pb translocation. Consequently,

growing chili peppers in soil with high concentrations of combined Cd poses a significant risk to human health, while the risk is lower in

soil with high concentrations of combined Pb.

Keywords : combined pollution; interaction; translocation factor; chili pepper; heavy metal
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Figure 1 Extraction rates of nitric acid and calcium chloride from Pb and Cd under different Pb and Cd interactions
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Figure 2 Fresh weight of each part of pepper under different concentrations of Pb and Cd was composite
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MR EEE 3 mg-kg! CAALBRAYMR R K ., &
HAHR, (0.6,250) b FRAR K 5 4K . (0.3,250) b 3
PR H (0.3, 0) Zb B 45, (0.6,250) . (3,250) kb #E
AR E (0.6,0) . (3,0) b EE A K (P<0.05) , B A
250 mg-kg ' PhAMT] 0.3 mg-kg™' Cd AL HAYAE R AP K,
{HAEHE0.6.3 mg kg Cd ZbHEAGHR R M1 . (0.3,500)
AL FR AR (0.3, 0) b B A4/ 20.64% , (3, 500) 42k
PR (3, 0) 2 BRAY IS K 13.229% (P<0.05) , BV
A 500 mg- kg Ph ] 0.3 mg- kg™ Cd &b B A HE 2 A
K, EEE 3 mg- kg CAALFRAYAR B . 0,250 mg-

*2 AEPh.CdEETHMAMRI (cm)
Table 2 Effects of different concentrations of Pb and Cd on root length of pepper(cm)

Cd/(mg-kg™)
Pb/(mg-kg™)
0 0.6 3
0 546.26+29.85f 953.50+25.60b 982.21+5.96b 597.04+4.49¢f
125 1 084.49+73.59a 748.96+2.30¢ 762.50+10.56¢ 605.69+4.64e
250 602.55+21.53¢ 682.12+0.26d 1037.82+24.46a 936.08+14.18b
500 752.78+20.21¢ 756.67+40.98¢ — 675.97+1.79d
T AF/NG FRER A BT 0.05 KF 28 5 B3, — Fon Bk . Tl
Note: Different lowercase letters indicate significant differences between treatments at the 0.05 level, and — indicates that data is missing. The same
below.
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Figure 3 Content of Cd in each part of pepper under different concentrations of Pb and Cd
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Figure 4 Content of Pb in each part of pepper under different concentrations of Pb and Cd
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Table 3 Pb and Cd transport coefficients of each part of pepper

Pb/(mg-kg™) Cd/(mg-kg™) TFca- TF oz TFeisn TFpp-z TFp0 TFpy-/107
0 0 4.38+2.22a 0.55+0.22d 5.99+1.69d 0.25+0.07d 0.80+0.19a 2.88+1.94¢
0.3 1.53+0.13be 0.56+0.09d 8.93+1.69¢cd 0.23+0.06d 0.57+0.15a 7.61£9.18b¢
0.6 1.33+0.12bc 0.71£0.09cd 8.53+2.29¢d 0.22+0.07d 0.80+0.34a 11.31+13.26b
3 0.44+0.07¢ 0.62+0.09cd 6.34+2.57d 0.17+0.05d 0.75+0.47a 19.43+10.99a
125 0 2.59+0.31b 0.64+0.24cd 7.32+3.81d 0.59+0.19ab 0.07+0.02b 0.20+0.05¢
0.3 1.27+0.02bce 0.73+0.36¢d 6.85+2.64d 0.67+0.11a 0.05+<0.01b 0.23+0.10¢
0.6 0.64+0.01¢ 0.81+0.14cd 8.44+1.34cd 0.57+0.06ah 0.05+0.01b 0.40+0.17¢
3 0.37+0.01¢ 0.70+0.08cd 5.04+1.86d 0.58+0.08ah 0.05+0.01b 0.34+0.25¢
250 0 0.94+0.20¢ 2.39+0.24a 32.17+2.95a 0.51+0.08bc 0.05+<0.01b 0.15+0.13¢
0.3 1.22+0.10be 1.02+0.25¢ 13.31+3.79¢ 0.60+0.12ab 0.06+0.01b 0.20+0.09¢
0.6 0.55+0.03¢ 0.82+0.10cd 9.32+0.96¢d 0.51+0.06bc 0.06+0.01b 0.14+0.09¢
3 0.28+<0.01c 0.76+0.08cd 6.16+1.15d 0.56+0.10abc 0.04+<0.01b 0.11+0.06¢
500 0 0.26+0.01¢ 1.90+0.73b 22.46+8.58b 0.43+0.06¢ 0.06+0.01b 0.14+0.06¢
0.3 0.53+0.02¢ 0.75+0.23cd 10.00+4.46¢d 0.43+0.04¢ 0.06+0.01b 0.10+0.05¢
0.6 — — — — — —
3 0.22+0.01¢ 0.81+0.10cd 7.92+1.54d 0.47+0.03bc 0.07+0.01b 0.14+0.05¢

Cd 2 BB KT K o TFeam-=>1 U8 B BRABHL_E 35843
HA—xEmcd %R, (0,250) . (0.3,250) . (0,
500) b FRAY TFeasw>1, AWK Cd I Hp 5 Pb & 515
e 3 BB Cd B BLiG iz ge 0y, B p i o
Ph g i Cd 7E BB IR 4 BLA%iz .
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Tia] by 3082 % T KT 43 A7 AR, e Sl S B J2 A
VA 2 2 1 200 B R A i b /D T 4 S ) A AR
B Iz e BN LE 500 mg - kg™ Ph -3 b U
A Ph F BEAT AR AR . AW R B, BUBER S
Cd 7B 5 R Wl Cd BE 77 J6 56, T 5 AR 1) B35 LA
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B B s B BUBUR S, BT 5 ) R 2R
i B RSN ARG A TFcap-s il TFoqsn 3K, Horp
(0,250) .(0.3,250) . (0,500) Kb B (1) TFeus w85 K, 1
R cd S RIER—CdHE TR (B 3d). 3 mg-
kg CAALIRAY TFes » ¥R T 5(FR3) M H AT

e Cd S B AR (E 3d) , 156 B /i Cd ¥5 4%
5 ERE Cd AR XU AR, 11 0.3.0.6 mg-kg ™' Cd
AR AR SE Cd & AR MR, UEBH BURZEAR P Cd
15 Y 4 AR XU AR, IR a8 5 A Ao 45 2R
ARAT , [ B 150 BH A P b - 398 5 e XU 45 4 s v v ik
B (R A SR R VR 8 R
AHFGE 25 J B TFe>TFr,, 968 Cd H Ph 25 5
T, B 5 B HURIR I, X 5 28R — 800, E
BLF 2SR P Cd i A T35, Cd™ 5 CIFI OH %%
AL B5R T CATIE A, AR TR 5l 1 Ph 5 COT .
POI . SOI % & R T BUULUE , BEAR T HA s . [ —
Cd &AL HL T, Bl Ph & i BN, TF cons FEAR T
TFeqsr TFeas-g X80, ULB Pb B9 AFZESI 6] Cd 7] iz
(AR U Cd 78 b 1358 A0 P43 B, 28 17 52 M SR S % Cd
MR Pb i kb Cd iy, 23438 RHERR | Cd iy
FREOZ A5, 3R Cd B TS 1 (L 1e AR 1), (A B 21
Cd #E RPN, 24 Cd 75 538 i ik — 35 e S Tl
AT RS Ph 2 I (& 1a FE 1h) ; [F1E iE AR
HBAY Ph Cd % & Tt , P 2 BUR AR Hr i 56 A ™,
M F AR TR 455 4 Ca® \Mg> L) Iz ZIP NRAMP
WA R E A, Cd A 8E S RIEIN& 75
SRS PCS A5 S R R kL, 5 ARG B A
BAEHE KIS Cd @ ER R, TFosa A
TFeis s EPh CAE A T5 Y FEIRF(0,0) b3, L5
K] RS2 Pb  Cd 6 A a5 T BRBOG A/E AR,
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