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Quality comparison of leafy vegetables with different cadmium—accumulating abilities under cadmium stress
ZHAN Wenyu, WANG Haijuan, WANG Hongbin

(Faculty of Environmental Science and Engineering, Kunming University of Science and Technology/Yunnan Key Lab of Soil Carbon
Sequestration and Pollution Control, Kunming 650500, China)

Abstract: In order to investigate the quality of leafy vegetables with different cadmium (Cd) accumulation abilities under Cd stress, a pot
experiment was carried out to study the characteristics of Cd accumulation in low—Cd-accumulating Glebionis coronaria (L.) Cass. ex
Spach and high—Cd-accumulating Spinacia oleracea L., as well as the changes of photosynthetic pigments, soluble sugars, antioxidative
substances, soluble proteins and total free amino acids in the leaves under different soil Cd concentrations[0(CK), 0.5, 2.0, 5.0, 10 mg+
kg™']. The results showed that the Cd content in two vegetables significantly increased with the increment in soil Cd concentration, and S.
oleracea exhibited a higher Cd accumulation capacity than G. coronaria. Under the soil Cd treatment of 2.0 mg-kg™', the Cd content [(0.19+
0.01)mg - kg™'] in the aboveground part of G. coronaria met the national food safety standards. Significant differences in Cd accumulation
were observed among different parts of the two vegetables. G. coronaria showed the pattern of root > stem > leaf, while S. oleracea showed
the pattern of leaf > root > stem. Under the soil Cd treatment of 0.5 mg - kg™, the contents of photosynthetic pigments in both vegetables

were significantly higher than those in the CK. However, under the soil Cd treatment of 10 mg - kg™, the contents of chlorophyll a,
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carotenoids, soluble sugar and total chlorophylls in G. coronaria decreased significantly with a reduction range of 16.95%—71.97%, while S.

oleracea showed no significant difference from the CK. Under the soil Cd treatment of 10 mg-kg™, the contents of total flavonoids, total free

amino acids and soluble protein in the two vegetables significantly decreased, but the contents of soluble sugar, vitamin C, total flavonoids,

total free amino acids and soluble proteins in G. coronaria were the same as or significantly higher than those in the CK under soil Cd the

treatments of 0.5-5.0 mg-kg™'. The contents of total flavonoids in S. oleracea significantly decreased by 18.59% and 33.32% under the soil

Cd treatments of 2.0 mg-kg™" and 5.0 mg- kg™, respectively. Therefore, high concentration Cd stress can significantly reduce the quality of

low—Cd—accumulating G. coronaria. To maintain its quality of G. coronaria, the soil Cd concentration must be controlled within 2.0 mg- kg™

under the experimental conditions.

Keywords: leafy vegetables; cadmium (Cd); antioxidative substances; soluble protein; total free amino acid
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F1 X T ENERBU SR (n=3)
Table 1 Basic physical and chemical properties of the soil (n=3)

RIMEFL AR IETE A5 )

47 Ttem ‘F;‘%ii% ‘Fa“ﬁki% %%i%j:%
Polluted soil Polluted soil  Clean soil
without humus  with humus
pH 6.96+0.02 6.92+0.02  6.15+0.04
FH 25 128 fitit/(emol -kg™)  5.84+0.10 8.97+0.57  13.50+0.60
AL/ (g kg™) 25.33+0.50  47.91+1.37 68.17+8.92
SR % 0.07+<0.01 0.10£0.01  0.12+0.01
FR (mg-kg™) 1321 143+4 3543
B/ (mg-kg™) 1196192 1432468 746%53
HCd/(mg-kg™) 2.37+0.05 2.19+0.05 At
DTPA-Cd/(mg-kg™) 1.42+0.07 1.32+0.06 A
/% 1.53+0.06 1.60£0.17  0.97+0.03
HRA/ (mg-kg™") 33243 61137 24649

WK B S BRI
1.2.2 Cd il R A A Cd ‘& HEAB 7 SR8 55 58 b i Y
HL R

+ 3 Cd F KN 0(CK) ,0.5.2.0,.5.0,10 mg-
kg™, LA CdCL+ 2.5H.0 /K IE W B X 515 1 IR &
P15, s B m b AR 60 d, BT 05 45 o Bt
e AWML, B 1 kg BHIK Cd & AR TR AR Cd
BRI TR B — i cd AP E R 3K,
FEAH SRR A 6 PR, TeT v N S — 3, SRR AL
HE9), Heit 30 4. MR [R] 1.2.1, FhAE IR 2024
E5—T H BRI ZETE R 18~28 C, 7EREFIE 50 d
Wik
1.3 £KREER AEBERBRIERNNE

B SRR B R P ARSI 1 B R bk e 42 o
AN TG BR B E 158, SIS T A SRIKOR 28 KIE
TFH % 20 mmol - L' Z -} Y 2,8 — 44 (EDTA-Nas)
P22 B T K VS R0 15 min, D) 22 SR 4 2 T B 26 14
4 JE AL TS gy, B Jim P 25 B K e T L A
IF3 Bt A T AR T S 28 3 S 3R 1T 1) 7K 4 s DU e
— R SRR G T R R (g — R DT ) K
553 SR 4 it KBRS IME) .

A3 I FR B T2 18 7K 49 J5 B S AR 0.08~1.70 g
2£0.41~2.63 g. M 0.40~3.55 g, BY i 5 A AL h
JTHNOs-HCI04(5: 1, V/V) InFATH A , F Kk -l
He1EvE (FAAS, AA240FS, Varian, 25 [F ) I 2 HAR 2%
MCd &,

R AR R E R 95% LR R 57
SRR C o RIE R 2, 6- SRR e @iE w]
VES PR ) 5 SR FH U B G 72, AT Y 8 1

P 1%) WHARTY

RAGAETIZ 21 - PRE-F A
W SR 2% Th3r 58 1 G-250 LG gk, BT ) I 2

22 (M AC v 8 1R 28 Ak 5 W 89 I E ) (NY /T 3903—
2021) , S 2 2 R R 1 0 SR P B — i . (31,
1.4 RS

SEER R R ] Excel #E4 7483, 12 ] SPSS 25.0 4k
PEREA 7B DR ZFIRL R 28 2253 #r , P8z (R Yy 2
FU R e/ N 3 22850 (1SD) |, B #E ME 2 R K o
HUE A 0.05, i # 22 5 K o BUE 4 0.01,
Origin 2021 241 .

2 HERE55M

2.1 FE CdEERENMFEEHEIA Ik

P 14 Fh it S22 EE S0 Cd & A 76 I i 22
S(E1D) ., R EIcd ST REERS THA 13/
B3, 79(0.3940.04)mg-kg™' . Hb | Cd RN
T, 4 (0.03£<0.01) mg-kg', W FH K T B s
FFRLASP ) HA 11 #h 8RS (P<0.05, &l 1a) . #RAE(E
ib 4 A E R AR UE A IS e PR ) (GB 2762—
2022) , M3 B 3 AT AL Cd O bR AE FR (B R
0.2 mg- kg (LAEEJT ), 72 3 88 =
WS A (B M E3R) Cd & AR .t & b Al
L, R T I 28 28 8 2R 1 R 3 Cd A A ]
% 5, A5 Ak 3 B A 0.05~0.66 mg - kg™, #& 4K 5 Tt
Kk BB Cd &, PSR T E A Cd & i
[(0.28£0.01) mg - kg™'] {28 & Ik T 7 3¢ Fl 5% 3¢ (P<
0.05) o AN 2 firw , A [A] I 3 2888 X Cd 1) & 4E
MBI R EER ., RN EERTG L
W Cd R/ HE Cd F i) A 0.18+0.02, i i T
i % S (P<0.05) , 1 T+ % 19 Cd & 4 R 30 (0.01 <
0.01) ] ik o MEEFE R B0 (H b3 Cd & f /4 %8 Cd
CE)E,V BRI LR Cd B RE T,
HEBRBIIKT 1, HILZ T, HEX Cd s
BE Sl 55, B 88 R BN 0.20£<0.01, ZEAH B35
Cd ¥ & . Cd & 5 RBUMERS RB, v 0 38 M s
YER e AR CA BB AT N — o8
22 AECISERET 2MHHERFEEMNERKRR

W3 3 s, AN TR A3 Cd 25 40 3506 35 258 F T
EHARMENAAEREZES . 5 CKME,0.5 mg:
ke Cd b5 54 U T 938 19 AR K T B BR R AR
0.5~10 mg- kg™ Cd Ab PN ¥ 1 2 FE AR (P<0.05) . 7
0.5 mg-kg™' CAALILT oy AR IR A= ) 1 3 T B
MZEHA YRS CKOC W3 22 5 s IRl Hont 5 A= 4o
A A ) N T 11.49% F139.81%., HHZ
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M’%iﬁ%ﬁ’* Leafy vegetable species

%ﬁ%

PUIES Leafy vegetable species

AR PR R A R R G Cd 3 AR R4 2257 (P<0.05)

Different letters indicate a significant difference in Cd concentrations among different vegetable species (P<0.05).
Bl 4MMHRERRNCITE

Figure 1 Cd concentrations in 14 leafy vegetables

T BRI 2R AR i R K A CK 2 N
(P<0.05) . A1, 10 mg-kg™" Cd &b FEXT 2 Fligh S 10 4=
F IR B S A - g SR A AR N
A, T e v AR N AR B (] 2) . BRI L £ 10
mg kg CAZLFEF 5 AR 25 AR CK A
1| 5B AR 57.41% . 42.14% F1133.919%(P<0.05) ; 3¢
BRI R S CK LR &2 R B HEAY R T
H TR (P<0.05)

R2 4T ELXFENCIEERYMMEBRY
Table 2 Cd bioconcentration factors and translocation factors of

14 leafy vegetables
HERL AR

Bioconcentration Translocation

BiSRAN
Vegetable species

factor(BCF) factor(TF)

3% (Spinacia oleracea 1..) 0.18+0.02a  0.83+0.10b

F 3 (Capsella bursa=pastoris 1..) 0.09+0.01b  0.62+0.04c¢
3 (Coriandrum sativum 1..) 0.08+0.010c  0.38+0.04d
23 (Lactuca sativa 1..) 0.05+<0.01d  0.98+0.09ab

H 3| Brassica rapa var. chinensis(L.) Kitam.] ~ 0.05+<0.01d ~ 0.86+0.24b
I3 (Brassica juncea Coss) 0.04+<0.01de  1.05+0.07a

0.04£<0.01ef  0.37+0.03de
0.03+<0.01ef  0.37+0.03de
0.03+<0.0lefg  0.22+0.03de
0.02+<0.01fg  0.61+0.10¢
0.02+<0.01gh  0.38+0.13d
0.02+<0.01gh  0.20+0.04de
0.01£<0.0lh  0.20+<0.01e
0.02+<0.01fg  1.14+0.12a

101 7 (Foeniculum vulgare Mill)
25153 (Ipomoea aquatica Forsk)
[13¢ (Brassica rapa var. glabra Regel)
3% (Lactuca sativa 1.)
B H (Lactuca sativa 1..)
i (Allium sativum 1.)
1] 4 Glebionis coronaria(L.) Cass. ex Spach|

‘Hi% (Brassica napus L.)

T PR R/ING TR 14 FhER 3210 Cd & 42 R Bk 7% R 5L
fETE R 2 5 (P<0.05) .

Note: Different lowercase letters in the same column indicate a

significant difference (P<0.05) in Cd bioconcentration factors or

translocation factors among the 14 vegetable species.

23 ARAICISELET 2FHERTERI CIHNEE

Bl 158 Cd 7 A0, 2 FhEE SE X Cd 1 & 4R
HFHEBEZER(K3), £10mg-kg' CALLPET =&
FPE M 25 R Cd & Yk B KA. 2 Fhigi =8
BARAL Cd & mAAAAE D 2 25 5, T s RIS 2E>
M, 320 R > > 25 (P<0.05) . 7E 5.0 mg-kg™' Cd
AEEER T A Cd 5 ik (0.33+0.01) mg - ke

Fo B35 (Rl A7) R ik (0.41£0.03) mg - kg™ (&

3d) B T L A E R B 5 s Y R )
(GB 2762—2022) H L2 F BRAEL (0.2 mg - kg™, DA 5T
), BESRER CK AN i I BR AR, 7l AR 7™ o
WAZFB R EM . H7E 2.0 mg-kg' CAALBER | T 5 Hi
B Cd FE[(0.19+0.01) mg- kg i/ & b &4 E K
PR H1ZR 4 0T, W8 I Cd & 4R R BRI R4
PNTF 338 16 HHEARTR Cd & AL BN, 8 35 7
RBTCIRE2 5 (P>0.05) , T 5% A0 6 B 22 B0 Biti 5
+ 38 Cd & a9 = TN, 76 10 mg- kg CA AR
KB KA 1.31+0.25(P<0.05)
24 2FAR CdEERRIMEXRERERLABEMTT
BAUESE

2R SR A R S Y E 1 58 Cd B iy
2B SRR B R E AR F K
EZE TS (F4). 7£0.5 mg-kg' CAAPRTR 2 FPEE=E
FOE AR R CK B E N R g K a s
HAE2.0 mg-kg'1 CAd AP 2 5 T CKLH T & it
5 CK L2 & 25 (P>0.05, K 4a) . 1£ 10 mg-kg* cd
AEEER  HE SRR a RS PR B R

BFEMRT CKLHBEN S CK JC 23 %ﬁ(bo.os)o
BEEE

2 g S A RV PR R 4 Cd
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VRE SRRy F45EF1H
R3 CdAHEXS 2 MM KRB E R
Table 3 Effects of Cd treatments on the growth of two leafy vegetables
BRI +HECd S He i (B T4 ) Biomass (fresh weight)/(g« plant™) ke e
Vegetable species Soil concentration of Cd/(mg-kg™) # Root 25 Stem I Leaf Leaf length/cm  Plant height/cm
T CK 0.54+0.09a 1.59+0.10a 1.74+0.20b 5.20+0.18¢ 29.8+4.52a
Gkbw”“‘t:zgziﬁlh)caﬁ- 05 038001 149:0.09ah 1940042  727:0.04a  23.7+3.89
2.0 0.38+0.01b 1.27+0.04b 1.54+0.04¢ 6.10+0.15b 23.0+1.69b
5.0 0.32+<0.01be 1.25+0.26b 1.32+0.02d 5.27£0.12¢ 23.7+0.71b
10 0.23+0.02¢ 0.92+0.10¢ 1.15+0.04d 4.28+0.16d 21.4+0.18b
W CK 0.13+0.03¢ 1.33+0.41b 1.65+0.33b 6.55+0.03b 15.4+1.10b
Spinacia oleracea L. 0.5 0424¢0.03a  23120.12a  3.58:0.68a  8.56:0.85a  19.2+0.5la
2.0 0.20+0.05b 1.14+0.08b 1.84+0.13b 6.68+0.75h 16.0+1.98b
5.0 0.17£0.01bc 0.92+0.18be 1.70+0.36b 6.94+0.38b 14.9+1.24b
10 0.14+0.03¢ 0.63+0.19¢ 1.23+0.49b 6.03+0.05b 12.0+1.31¢

TE R BIA NG T BER [F R 3 59 i) — A K ARFRTEA A Cd 35

AR A TE 25 225 (P<0.05) . R

Note: Different lowercase letters in the same column indicate a significant difference in the same growth index among different Cd concentration

treatments in the same vegetable(P<0.05). The same below.

CK 0.5mg kg’ 2.0mg-kg" 5.0mg-kg’ 10 mg-kg'

0.5 mg-kg™'

CK 2.0mg-kg" 5.0 mg-kg™ 10 mg-kg™

CK

0.5mg-kg' 2.0mg-kg” 5.0mg-kg’ 10 mg-kg

W

0.5 mg-kg™

y;‘ﬁ

¢ ke 10 mg kg™

i

CK 2.0 mg-kg” 5.0m,

2 Cd 4h¥E X o] 5 3 3R A K B 32 0

Figure 2 Effects of Cd treatments on growth of G. coronaria and S. oleracea
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LA T 5 B 1) R A, LR 1T v 1 5 il S 3 o T S
(El4e). 5 CKAHLL, T8 By AT MM & HE7E 2.0 mg-
ke CdARFER 10, 76 10 mg- kg CAAbHER 15 5]
T/ IMELL BEAIR T 71.97% , T 3% 32 4E 0.5.2.0 mg- kg™ Cd
AR A PR RE A RS L CK B RN (P<0.05) L {H
7£5.0.10 mg-kg' Cd 4R 5 CK G i 3% 2 5 (P>
0.05) , Ut FH w8 15 12 Cd b F T 35 S 190 AT M 5 i i
B AERF I o
25 2FHAR CAEER TN ERBTEREN KD R
HE=

HEAEERCHTEAETECITE N 2.0 mg- ke
ANERR L CK R BN T 47.00% , i 3 S 75 4 AN [

P 1%) WHARTY

Cd &P T 5 CK ¥ T i % 22 5% (K 5a) . H I Sh
AL, 7E 0.5 mg- kg™ CAALFER , 2 Fhigh 5 i) S i &
i CK AR L1 W 1, A 7E 10 mg - kg AL FEH X
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Figure 3 Cd concentrations in different parts of two leafy vegetables treated with different Cd concentrations in soil
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Figure 5 Effects of Cd on antioxidative substances in two leafy vegetables
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Figure 6 Effects of Cd on total free amino acids and soluble protein in two leafy vegetables
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