Ol R ( BRBEE) |, 2024, 39(5): 141-150 http://xb.ynau.edu.cn

Journal of Yunnan Agricultural University (Natural Science) E-mail: ynauzkxb@foxmail.com

FI3CH . B, O, SR, 2. AN]SR 25 R R LI R R SRR SR 1]. 2 RO R AR (ALAARE),
2024, 39(5): 141-150. DOIL: 10.12101/j.issn.1004-390X(n).202308042

AEmMEEEE SR LARIERNESR

Z B, B, K, O, Bk, HEH, FAkxT
(mFfRRE: WIRS AP, = B 650201)

E: [ BrY ] MEEEZEY X5 (Phaseolus coccineus L.) HI5E (Cd) A4 (Pb) &4, Tizkid &z X ik M
MRS, SR maE M. [Jrk ] RS IR 10 Martl S SR, 78228 XE AR R
FPERYA HHEA TR HHALS, @S MER (N). # @), #1 (K). di4:% C. HEAF. BIEH K Cd. Pb &R
16br, AT SRR B TR IR A . AR R Cd. Pb EFRE AR, [ 45R ] RS A E AR
WLOUIRFR R FPRLTB R Cd. Pb BRI R E S . AR R R 2 R 3.88 £ A
L42 %, KRN, P. K S ERRARZED B 1.42 4%, 148 f5H0 1.40 {5, FFKL Cd. Pb & A R AR
2SR 1.93 £, 571 A5 3.76 fi5 . 4.29 f5, i EbE. dE2ER C A, PIATERE . SIS SRR
SO 1.98 4. 2.09 1. 1.43 4%, 1.314%., 1.42 1%, YNI10 FIH & (2050 kg/hm’), Ik Pb (0.17 mg/kg)
PRI, YNO3 P 2577 (2048 kg/hm?) . 1% Cd (0.23 mg/kg) Ptk FHSCHEAM TR . APk Cd & 5M A N &
HULR ., ZE, MK SRS DB E A, SARRER . 4i4: % C SR 2 WESIR W IEM; ¥
KL Pb i SEAA A EEM D EEMG, (458 ] M Cd. Po W SH FiFRsy . APRLE T IAIDG . Hei
Fohrra, HeRENE ., WRERZ, AT FR YN10 F YNO3 G A4 Cd, Pb HAFISYL X R,
KRR it WA BORSRSY; M SRR
FE 525 S643.101 XEkFRRSE: A NEHRE: 1004-390X (2024) 05-0141-10

Differences of Cd and Pb Accumulation in Different Cultivars of
Phaseolus coccineus L. in Yunnan Alpine Mountain Area

LUO Ping, YANG Yijie, ZHANG Xinshuai, LI Bo,
ZHAN Fangdong, ZU Yanqun, HE Yongmei

(College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China)

Abstract: [ Purpose] To reduce the accumulation of cadmium (Cd) and lead (Pb) in Phaseolus coc-
cineus L. in alpine mining area, screening for low accumulation and high-quality P. coccineus cul-
tivars suitable for farmland planting in this areas. [ Methods] A field experiment was conducted
with 10 main cultivars of P. coccineus in Yunnan Province, and representative farmlands were selec-
ted around Lanping mining area. The contents of nitrogen (N), phosphorus (P) and potassium (K), vit-
amin C, protein, total starch, Cd and Pb were measured to explore the differences in mineral nutrients,
grain quality, and Cd and Pb accumulation in different cultivars of P. coccineus. [ Results] There
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were significant differences in biomass, mineral nutrient content, grain quality and accumulation char-
acteristics of Cd and Pb among different cultivars of P. coccineus. The maximum differences in bio-
mass and yield were 3.88 times and 1.42 times, respectively; the maximum differences of N, P, K
content in the grains were 1.42 times, 1.48 times and 1.40 times, respectively; the maximum differ-
ences of Cd, Pb content in grain were 1.93 times and 5.71 times, respectively; the maximum differ-
ences of Cd, Pb accumulation in grain were 3.76 times and 4.29 times, respectively; the maximum dif-
ferences in the contents of reducing sugar, vitamin C, protein, soluble sugar and total starch were 1.98
times, 2.09 times, 1.43 times, 1.31 times and 1.42 times, respectively. Cultivar of YN10 showed high
yield (2050 kg/hm®) and low Pb (0.17 mg/kg), cultivar of YNO3 showed high yield (2 048 kg/hm®) and
low Cd (0.23 mg/kg). Correlation analysis showed that grain Cd content was significantly or ex-
tremely significantly negatively correlated with leaf N content, and root, stem and leaf K content; and
it was significantly or extremely significantly positively correlated with total starch and vitamin C
content. Grain Pb content was extremely significantly positively correlated with protein content.

[ Conclusion ] The absorption of Cd and Pb in P. coccineus is closely related to mineral nutrients
and grain quality. Considering the grain yield, heavy metal accumulation, quality, and other factors,
cultivars of YN10 and YNO3 are more suitable for planting in Lanping Cd and Pb mildly polluted areas.

Keywords: Phaseolus coccineus L.; cadmium and lead concentrations; mineral nutrients; quality; cul-
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FEEERY) Cd. Pbi5 Yy, +HELARMILIET R . pH
8.09, HHLE & 32.30 ghkg, A (N). 2 (P)
A (K) S8050k 3.96. 0.57 F19.36 glkg, il
fiR A HUSOE AU S o o 140.420 39.81
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FREUT L AR . 25, HERTFPRL AR 0.10 g,
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Ao SR A TR IR A B I o A B
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2.1 AN[E] SRR LS 1 BLR AR ) R AR R

R 1A ARG F G R, 25, 0
YIRS, 5N 8.12~31.53, 38.19~67.30,
13.55~23.01 g YNI10 MR RA Yyt fie i, YNO2
PR R YRR, PHEZESEE; YNO6 12
AR, YNOS (UZEFF A ik, Wik
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1.76 f%#1 1.70 %5

SRS % I 51 P N P PR AR Y e A o)
1537~2178 kg/hm®, FEIIEN 1945.77 kg/hm®, i
FhiE 22 5530, ImRERN 1.42 4%, YNOL [
B, HIRCH YN10, YNO3 £ YNO6, iX2bf,
P B E ST YN09, YNO9 7 ik,
2.2 AN[EEMPRT A SRR IR S

M2 AT AR S GAR . 25 iR
FPRI N B HAEE2E S, 43008 1.02~1.89., 0.49~
0.88. 2.28~3.47 f12.70~3.83 g/kg, “F-YIHE 5N
1.40. 0.68. 2.74 f13.21 g/kg, YNO9 HUHRE N &k
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*1 FERMETEENAREYERNITA~E
Tab. 1 Biomass per plant and grain yield of different cultivars of Phaseolus coccineus
Al "W 5/g biomass PR/ (kg hm )
cultivars 2 root % stem I leaf yield
YNO1 9.58+0.19d 64.69+0.59 ab 13.55+0.58 ¢ 2178+117a
YNO2 8.12£0.49d 49.38+0.92 f 20.62+0.90 b 195562 b
YNO3 10.80+0.42 d 61.12+0.49 cd 13.59+0.59 ¢ 2048+118 ab
YNO4 10.954£0.31d 61.65+1.62 be 20.42+0.90 b 1932+72 b
YNO5 11.54+1.03 d 51.87£1.55 ef 16.31+1.14d 1854494 b
YNO6 16.7242.59 ¢ 67.304£3.03 a 18.84+1.54 be 2011+136 ab
YNO7 15.44+0.97 ¢ 52.4742.63 ef 23.01+2.43 a 1933+116 b
YNOS 15.50+2.50 ¢ 38.19£1.93 ¢ 19.92+1.42 be 1959493 b
YNO09 26.43+4.65 b 54.5242.52 ¢ 20.37+1.12 b 15374103 ¢
YNI10 31.53£0.94 a 58.1742.31d 17.78+1.47 cd 2050+81 ab
Ee FSIAR/NG FREOR ZE 5 B3 (P<0.05); Tl
Note: In the same column, different lowercase letters indicate significant differences among treatments (P<0.05); the same as below.
x2 TRARMETEENESE
Tab. 2 Nitrogen content of different cultivars of P. coccineus g/kg
sl cultivars R root 2% stem I leaf FFRL grain
YNO1 1.02+0.12 ¢ 0.71£0.15 abcde 2.52+0.04 bed 2.70+0.22 d
YNO2 1.13+0.08 ¢ 0.60+0.12 cdef 2.81+0.11 be 2.79+0.39 cd
YNO3 1.09+0.19 ¢ 0.83+0.18 ab 2.77+0.25 be 3.27+0.74 abed
YNO4 1.12+0.06 ¢ 0.56+0.04 def 2.70+0.21 be 3.57+0.17 ab
YNO5 1.12+0.04 ¢ 0.67+0.07 bedef 2.844+0.14 b 2.86+0.61 bed
YNO6 1.86+0.07 a 0.88+0.14 a 3.47+0.14 a 3.41+0.18 abed
YNO7 1.54+0.04 b 0.49+0.04 f 2.67+0.23 be 3.83+0.17a
YNOS8 1.41+0.08 b 0.53+0.07 ef 2.46+0.18 cd 3.46+0.23 abc
YNO9 1.89+0.11 a 0.77+0.11 abc 2.86+0.21 b 3.01£0.32 bed
YNI10 1.86+0.35 a 0.76+0.04 abed 2.28+0.28 d 3.18+0.19 abed

B, YNOL MR R NSRRIk, WEERN

1.85 1% ; YNO6 HUZ5FF N & imfe i, YNO7 (2%
N Sk, M 2E50 1.80 f%; YNO6 [yt
AN fratfiesr, YN0 (0 N S atidik, P
2250 1.52 %5 YNO7 AOFFRL N i, YNOL
PIFFRL N AL, PIEZS R 142145, A
i Ao i 10, 4% S 1) N A B N R >
H>AR>2E

H R 3 WA AFE SR AR . 2K R
KRR P S fEAE2E 5, 730 0.82~2.15, 0.09~
0.81. 0.29~2.29 i1 1.42~2.10 g/kg, “FXE 5N
1.61, 0.35, 1.27 F1 1.81 g/kg, YNO5 FUHR & P &
e, 5 YNIO, YNO8, YNO6 JC i # 2 5%,
B Em T HALS A, YNO1 fUHR R P &k,
mnFREIYAR R P & i K25 R A 7.68 . YNOS

FIZEFF P i, 5 YNO2 Ll 4R, (Hi
T HA SR, YNO4 BZEFF P SRR, &
PRI 25T P & S K22 H3K 9.00 f%. YNOS 1Y
MR P& AR, YNOL MR P &k, W
HERIR 79015, YNOT BFERL P& S s,
YNO2 HYFFRL P& fE Ak, P 25501k 1.48 f
MRSKRE, TG P B R ERPRER .
4 08 AR S EEHR, 25 1
MR K S mAAEZESR, 018 5.65~22.67,
7.15~28.36. 5.93~26.55 Fll 35.96~50.28 g/kg,
P 4 90 16,71, 2031, 17.11 Fl 42.35 g/kg.
YNOS MR R K & fe i, YNIO AR R K & &
Ak, PIFE2ZERIR 4.01 £f%; YNO3 BYZEHF K & i
B, YNIO[ZEFF K i fk, aA 2R
3.97ff%; YNO7 WMt K &iEd i, YNIO [ R
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R K S REAR, WHEZEFIE 448 4F; YNOTIFF  Z5RI5 140 1. BHAORE, MR K E24
R K SRR, YNO6 AL K it ffik, Wi PR

®3 TRRMETEENHEE
Tab.3 Phosphorus content of different cultivars of P. coccineus g/kg
i Fl cultivars i root 2% stem i leaf AR grain
YNOIL 0.82+0.06 d 0.49+0.13 b 0.29+0.10 f 1.73+0.07 abc
YNO2 1.55+0.35 be 0.73£0.20 a 1.29+0.16 ¢ 1.42+0.17 ¢
YNO3 1.26+0.20 cd 0.29+0.09 ¢ 0.73+£0.10 ¢ 1.68+0.14 be
YNO4 1.51£0.21 be 0.09+0.01 d 0.92+0.02 de 2.07+0.20 a
YNOS 2.15£0.39 a 0.13£0.01 d 2.29+0.03 a 1.60+0.16 be
YNO6 1.68+0.01 abc 0.51+0.07 b 2.11£0.29 ab 1.82+0.12 ab
YNO7 1.61+0.38 be 0.14+0.03 d 0.81+0.01 e 2.10+0.34 a
YNOS8 1.96+0.22 ab 0.81£0.02 a 1.15+0.05 cd 1.96+0.06 ab
YNO9 1.54+0.37 be 0.22+0.01 cd 2.05+0.01 b 1.83+0.33 ab
YNI10 2.00+0.11 ab 0.12+£0.02 d 1.09+0.16 cd 1.88+0.21 ab
%4 FESMEETNELE
Tab. 4 Potassium content of different cultivars of P. coccineus g/kg
i cultivars #i root 2% stem i leaf AR grain
YNOIL 19.63+0.84 ab 18.85+1.64 ¢ 12.34+291d 44.09+3.23 ab
YNO2 13.34+1.50 ¢ 17.03£2.53 cd 17.29+2.45 be 39.24+1.36 ab
YNO3 13.41+1.74 ¢ 28.36+4.83 a 15.16+2.18 cd 42.07+2.46 ab
YNO4 19.35+2.82 ab 11.78+1.43 de 12.87+1.22d 50.06+3.98 a
YNOS 22.67+4.82 a 27.2345.71 ab 15.03+2.77 cd 39.22+2.86 ab
YNO6 18.47+1.84 ab 21.23+3.00 be 20.66£1.31b 35.96+2.66 b
YNO7 20.91+2.44 ab 22.9242.82 abc 26.55+2.41 a 50.28+14.85 a
YNOS 16.97+2.07 be 26.55+2.53 ab 2473121 a 44.32+1.90 ab
YNO9 16.72+0.19 be 22.04+3.66 be 20.54+1.88 b 39.91£8.70 ab
YNI10 5.65£0.75d 7.15£0.38 ¢ 5.93+0.94 ¢ 38.3243.44 b

2.3 AFESFRAEH Cd. Pb &8 K RREE
B35 5 WAL AREFRE R 25, it
FPRL Cd. Pb & MRS SR A Cd
FrEh 1.10~3.98 mg/kg, “FHIEN 2.86 mg/kg, it
KEFN 3.62 155 Z5FF Cd F N 0.46~2.47 mglkg,
EIEHR 1.34 mg/kg, BARZEFN 5.36 f5; A Cd
TR 0.74~2.63 mg/kg, FIIEN 1.53 mg/kg, i
KSR 3.55 1% KPBLCd & 0.23~0.45 mg/kg,
TR 032 mgkg, AKERHN 19315, 5
IR Pb i 42.53~189.45 mg/kg, “FH
B4 105.27 mg/kg, TKRZERH 4.45f%; ZEFF Pb
SN 0.32~10.04 mg/kg, MK 1.77 mg/kg,
R 22 5 4 3138 4% ; it i Pb & & R 0.83~
24.01 mg/kg, FIIE N 7.87 mgkeg, mKEFH
28.93 fi5; FFRL Pb ik 0.17~0.97 mg/kg, F1

SHN 034 mg/kg, WKERHN 5.71 %,
FRRRTL T TR R Cd 2R 0.040 mg,
e I YNO6 1 YN0 (0.066 mg), K2 Y-
NO03 (0.024 mg), T ARZERN 2.751%; FHIZEFF Cd
FEHEHF 0.073 mg, i sE YNO2 (0.122 mg),
BAKAIJE YN10 (0.027 mg), e K250 4.52 1%
SERH R Cd BN 0.028 mg, feii YRS YNO2
(0.050 mg), FAKMHIE YNOS F1 YNO7 (0.017 mg),
wRZERN 29445, FHA R Cd BN
0.120 mg, fxE M2 YN10 (N 0271 mg), ik
BSE YNO9 (0.072 mg), FeRZES N 3.76 £, %5
A, ZEFFARERLE Cd EAE 5 s (F 1),
FARRAT A EPEAAR 2R Pb BRE 1.505 mg,
% & 0 2 YNO6 (3.187 mg), #x ik i & YNO2
(0.482 mg), I KRZEFN 6.61 15; FIZEFF Pb B
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x5 FTREMETEEMN Cd. PbEE

Tab. 5 Cd and Pb contents of different cultivars of P. coccineus mg/kg
= Cd ¥ & content of Cd Pb ¥ & content of Pb

cultivars # root 2% stem - leaf FFHE grain

# root 2% stem i leaf FFRE grain

YNOI 3.17£0.16 ¢ 1.73+0.10 b 2.04+0.41 b 0.36+0.01 b
YNO2 3.78+0.01 ab ~ 2.47+0.61 a 2.41+0.34ab  0.31£0.01 cd
YNO3 2.21+0.14d 1.16+£0.21 ¢ 1.37+0.19 ¢ 0.23+0.01 g
YNO4 3.39+0.32d 0.58+0.13 d 1.43+0.24 ¢ 0.28+0.01 f
YNOS5 3.37+0.13 be 1.37+0.09 be 1.05+0.17cd  0.29+0.01 ef
YNO6 3.98+0.14 a 1.51£0.10 be 0.92+0.03 cd  0.33+0.02 ¢
YNO7 3.11£0.56 ¢ 1.06£0.0.23 ¢ 0.74+0.03 d 0.32+0.01 cd
YNO8 3.36+0.27 be 1.74+0.31b 1.36+0.44 ¢ 0.31£0.01 de
YNO09 1.10+0.03 ¢ 1.34+0.06 be 1.37+0.17 ¢ 0.28+0.01
YNI10 2.09+0.19 d 0.46+0.03 d 2.63+£0.40 a 0.45+0.01 a

71.22+5.10 f 0.82+0.52bc  6.73£0.45cd  0.36+0.04 be

59.33+5.44 f 0.43+0.01 ¢ 9.45+2.00c  0.21£0.01 ef
119.52+13.53 d 1.18£0.28 bc ~ 4.74+1.52d  0.31+0.03 bed
165.55+7.85 b 1.02+0.04 bc  5.47+0.63d  0.24+0.01 def
128.57+2.95 c¢d 1.17£0.12bc  15.38+2.55b  0.28+0.02 cde
189.45+11.17 a 10.04+1.30a  24.01+3.33a  0.20+0.02 ef

136.67+6.78 ¢ 1.53+0.49 b 5.83£1.22d  0.39£0.06 b
94.01+£2.76 ¢ 0.62+£0.01 bc  4.75+1.35d  0.23+0.03 def
45.83+3.54 g 0.61£0.02bc  0.83+0.23 ¢  0.97+0.14a

42.53+2.60 g 0.32+0.18 ¢ 1.49+0.19e¢  0.17+0.01 f

FFRL grain - 3 M leaf
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Fig. 1 Cd and Pb accumulation per plant of different cultivars of Phaseolus coccineus

i 4 0.114 mg, #x = )2 YNO6 (0.676 mg),
AR YNO2 (0.021 mg), R RZEHHN 32.19 4%;
SR H Po BEEE N 0.145 mg, e HYE YNO6
(0.455 mg), FAKME YNO9 (0.017 mg), k%
50 26.76 £ SFEIFFRL Pb RALE N 0.112 mg,
= B9 A& YNO9 (0.249 mg), 5 ik B9 /& YNO2
(0.058 mg), I KREF RN 4295, LA H, B
M Pb 2R S e (B 1),
2.4 AN[E] T AL SRR R

HH 2% 6 W AN [R5 R & JTAE A 25
o FPRLETE R 1Y P 5 51.32 mg/g, Y-
N10 ffers, YNO8 FURAK, JmARZERA 1.42 1%
ALV PR 0 SF- 24 & Bl 27.75 mg/g,  YNOS (1)
L, YNO3 WAk, feR2ERM 131 6% &AM
SEIEYE N 0.93 mg/g, YNO9 [H, YNO2

ML, RRESN 14315, HAEZE C oRINT
¥IEH 0.06 mg/g, YNOI, YN10 Fl YNOS iz,
YNO7 WAk, K2R 2.09 f5. 5 & &
HSF-H418 K 1.49 mg/g, YNOL (8, YNO2 (1)
Ak, mRZER N 1.98 %, Lia kA, AFEMF
FERL P R TE A RN ] s PR ) B e, OO R
PR AA R &, 404 % ¢ Rk,
2.5 MM

7M. REAEYHSEA CdEH.
ZEFF Cd SRR Cd SRR B E MR, 5
R Pb i it i 3 UM G ZEFF AR i 5 25 7T
Pb & it A A IEAH G KPR i SRR Cd &
R R EIEMIE, SRR Pb & 5 2 W 7
FHIC

M2 8 FI: HEEAR RS FIRa I,
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Tab. 6 Grain quality of different cultivars of P. coccineus mg/g
m A SR AT HEJR g FEC L5
cultivars total starch soluble sugar protein vitamin C reducing sugar
YNO1 46.36+3.32 de 25.57+3.33 bede 0.79+0.01 ¢ 0.07+0.01 ab 1.82+0.20 a
YNO02 52.21+2.32 ¢ 30.08+0.94 abc 0.77+£0.11 ¢ 0.04+0.00 ¢ 0.92+0.28 d
YNO3 51.19+3.35 c¢d 23.54+2.52 ¢ 0.89+0.15 be 0.05+0.01 ¢ 1.54+0.20 abc
YNO4 45.92+5.14 ¢ 25.33+2.34 cde 0.89+0.06 be 0.06+0.01 ab 1.61£0.09 ab
YNO5 44.90+2.68 ¢ 29.25+2.53 abc 1.09+0.01 a 0.07+0.01 ab 1.74+0.28 a
YNO6 54.70+1.41 be 30.37+2.09 ab 0.87+0.04 be 0.06+0.00 ab 1.58+0.09 ab
YNO7 57.77+1.66 b 29.07+3.47 abc 1.05+0.05 a 0.03+0.00 ¢ 1.25+0.02 ¢
YNO8 44.09+3.29 ¢ 31.50+3.10 a 0.99+0.08 ab 0.06+0.01 ab 1.54+0.04 abc
YNO9 53.31+1.10 be 28.73+1.80 abed 1.10+£0.01 a 0.06+0.00 b 1.31+0.20 be
YNI10 62.74+2.63 a 24.10+£2.27 de 0.90+0.03 be 0.07+0.01 ab 1.60+0.04 ab
*x71 TESESESESEYE. FFAEMEXM
Tab. 7 Correlations between heavy metals and biomass, grain yield of P. coccineus
Eiztun £ W) & biomass R
index i root =X stem i leaf yield
R root 0.556** —0.100 0.030 0.438*
Ccd &8 2 stem 0.478** -0.315 0.016 0.003
content of Cd M leaf 0.187 0.031 -0.211 0.248
FFREL grain 0.498** 0.130 —0.018 0.349
i root —0.398* 0.326 0.102 0.135
Pb 45 2 stem 0.000 0.474%* 0.043 0.108
content of Pb i leaf -0321 0.298 -0.053 0.142
FFHL grain 0.333 -0.036 0.153 —0.679**

RN EFAR (P<0.05), R EF S (P<0.01); FIE.

Note: “*” indicates significant correlation (P<0.05), “**” indicates extremely significant correlation (P<0.01); the same as below.

A Cd F 525 P &m0 5 IR ARG 2%
FF Cd i 525FF P S 2 3 IEAE, S5Hr
FPEEREWNBENMEG; Hh Cd o5t
A OFPRLN Fri 2 R EFAEC, S5, 25 1K
THEENRBEAMG; R CdERSRAEANE
HRERPEEMS, S5 NGEUIR, 2.
MK R i B A OG; ARR Pb B
SR KRN SRR A K &858 0 E
WBEEAE; 2P EH. 22, NG
LM P i i A i R ARG
Pb S5 A N, PRl W EAK, 7FE
S JE i SRRSO, RS S
Cd WM B AAHE, SFR Pb i 2D
FIEMG; BRIk S & S5k Cd & B 2R B
IEAHK; AR CHRESEFCdEREEREN
O, Sk Cd & 2 B IR, RS
H5ZEFF Cd 2 R E A, AR S

5. ZE CdERU LM P &R 3 IE A
X, Hih Cd R REAMHK,
3 Wit
3.1 AR ETNESRE SRS YR, B
L= 5 R 5
CAMFRUESS . ASIa] e B 5 4 S s Xof AN []
YEY 0 A S e B Rl 22 5, (AR B R 42
bR B AR R RO e A AR,
& EMhE & FEEY AR B EEL, fH
IERAERZEITI, USWEYM Y &%
FFZm Y, AR A Y A TP W IBOK S FTEHL
F B EEE SR T, WS - R 5T
RS NE AR E, I, R EN
DU sz I ) 7 P30 B 5 v )3 g O
AR A : WMREYRESWEA . AR Cd &
HERREEME, SRR P HEEDEAM
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X5 KPR SRR Pb & S R L
MEAFETKEESRE, HRDEELSREET
WA, SRR ATRE M . 25, HRZEhEY
LRYEL AR, TARSE ) EE SR TER, Cd. Pb
FEIREAELT b, MIEM AT Cd. Pb &

Mg, Wik, EY AR FIZE TR LIk Cd.
P [i] Ff L o I B8 1 3R B, AT D2 B 4
Cd. PbXFFRLIIfETE, EA7aZrIRARERZ
MR, FEARR YR,
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Tab. 8 Correlation between heavy metals and mineral nutrients, grain quality of P. coccineus
fokr AN % P A K
Bk - S o AN
index i® % 0 L i S W kPR i % o kPR
root stem leaf grain root stem leaf grain root stem leaf grain
ffot -0.27 —0.196 0.297 0.035 0.098 0.535%*% 0.045 —0.163 0.285 0.177 0.254  —0.097
2%
Cd& &= stem -0.275  -0.126 0.260  —0.322 —0.167 0.717*%% 0.114  -0.491**  0.130 0.342 0352 -0.211
content i
of Cd leaf —0.085 0.024  -0.403* -0.364*  —0.097 0.163  —0.313  —0.265 —0.639%* —0.598** —0.638** —0.167
bR
grain 0.379* 0.064  —-0.369* -0.103 0.130 0.013  -0.168 0.099 —0.456* —0.627** —0.436* -0.170
ffot —0.098 0.017 0.525%*%  0.427* 0.057  -0.165 0.161 0.266 0.527**  0.214 0.272 0.144
2%
Pb stem 0.370* 0.415* 0.734*%*  0.169 0.051 0.148 0.423*  0.049 0.198 0.101 0.246  —0.265
content i
of Pb leaf 0.025 0.207 0.672*%*% —0.026 0.156 0.186 0.500** —0.186 0.355 0.178 0.147  -0.253
bR
grain 0.318 0.133 0.060  —0.080 —0.198  —0.224 0.253 0.086 0.165 0.181 0.247 0.013
kit HHP SUER FrEERC &5 BIRGRER |
index protein total starch vitamin C reducing sugar soluble sugar
s —0.304 —0.228 —-0.135 -0.021 0.458*
root
ES
CdE & -0.201 -0.280 -0.370* -0.381* 0.411*
stem
content i
of Cd leaf —0.516%* 0.219 0.200 —0.099 —0.364*
FERL
¥ + —0.253 0.491%* 0.397* 0.157 —0.100
grain
R
0.011 —0.188 —-0.051 0.251 0.133
root
ES
Pbis & -0.145 0.136 0.103 0.136 0.269
stem
content i
of Pb —0.168 —0.114 0.066 0.156 0.377*
leaf
FERL
¥ + 0.472%* 0.060 —0.050 —0.131 0.062
grain

3.2 R[AI R AL A B G R A AR
vl
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IEAHSE, Sk P& B W A MR
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DABAR . 25, I K Fim 5 2 oop 3 R O
XEH Cd Qe 5 EX N, P, K ARILEETT
EFEVER, NAEERUER .. Cd 5505w
FEYIAR R MR, Rk E M E &R T e
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e 5 3 A W ORISR, 2 T T HRAE 0 1) 1 R
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ol B IEA DG A Pb RS A N, P A&
B EAAE, X3RRI Pb 5 N, P, K AL
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P REIVER, TR TR T 2 HEifE Cd B
RS s, AT T RE A EFR Y
BELACHAR S F IR . Cd BEGE -t i 2 2
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PR A BRI A MR B RIVER, vTRE R T
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RIEH RS, HEAR RV R Fif—2
YN

4 ZEig

(D) HE 10 A Fhfar 2R E . SR
43 Cd I Pb it . FPARL™  FL By A7 6 B
WESR, Hr, YN10 BEA ™. K Pb i itk
ARIG P, YNO3 S HAT =™ Ik Cd WMtk
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