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Zn MRES. G5B, Cd. Zn Bhaa AT (38 09 A 1 B AT (A P8, L G [ Jolp e Sk A K 1 5 g
KT B—Wpia. 75 0.6 mg-kg' Cd Fl 250 mg-kg ™' Zn [7] 15 38 T 025 A= Py 4 43 50384 1 93.27% Fl 155.84%;
24 Cd, Zn [F I RE TR B4R SITFE 0.9 mg-kg ! Fl 350 mg-kg ™, B2 AR WA B AR 63% Fl 66.23%. B
AR NI S, Y E L EE (POD) MG M e T B G REAR. 5 X AL AL, 76 150 mg-kg
Zn fHE T POD WEVEHE S T 64.17%, 7F 350 mg-kg™ Zn 38 FREAR T 31.50%. T4 @8 Ab IS 3K 43 (3%
Rt EAL AR (CAT) 5 PEAS R P2 T+ 5. 7F 0.9 mg-kg™ Cd F1 350 mg-kg™ Zn [7) I k38 T ik ) 5 K 3 1k
99.74 U-g™'. Cd I Zn [YIK A AL HLE B FEAIC TN % (MDA ) &=, Zn BB HE Cd Wi, MR Cd &
HATIK 0.21 mg-kg ! WFREEE R TT h HIE I G JE A A TS e BIA BB SR TR R S

XKW Cd, Zn, AN, EEBEEAEH, KA.
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Abstract In this paper, the long-stalk cabbage under different Cd and Zn concentration stresses was
used as the research object. Potted experiments were used to analyze the morphological parameters
(length, weight, surface area, leaf fractal dimension) and physiological properties of long-stemmed

cabbage under Cd and Zn stress. Influence and the ability to extract Cd and Zn from the soil. The
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results showed that: Cd and Zn stress have a “low-promoting high-inhibition” effect on the growth of
long-stemmed cabbage, and the common stress has a greater impact on the growth than a single
stress. Under the simultaneous stress of 0.6 mg-kg™" Cd and 250 mg-kg™' Zn, the leaf and stem
biomass increased by 93.27% and 155.84%, respectively; when Cd and Zn were simultaneously
stressed, the concentration increased to 0.9 mg-kg ™' and 350, respectively mg-kg ', the leaf and stem
biomass decreased by 63% and 66.23%, respectively. As the concentration of heavy metals increases,
the activity of peroxidase (POD) in plants first increases and then decreases. Compared with the
control group, POD activity increased by 64.17% under 150 mg-kg' Zn stress, and decreased by
31.50% under 350 mg-kg™' Zn stress. The treatment of heavy metals resulted in the increase of CAT
activity in long-stemmed cabbage. The maximum activity of 99.74 U-g"' was reached under the
simultaneous stress of 0.9 mg-kg™ Cd and 350 mg-kg™ Zn. The combined treatment of Cd and Zn
significantly reduced the content of malondialdehyde (MDA). The addition of Zn promotes the
absorption of Cd, and the Cd content in the root can reach 0.21 mg-kg™'. The research results can
provide scientific support for the prevention and control of soil heavy metal compound pollution and
the improvement of vegetable quality.

Keywords Cd, Zn, oxidative stress, heavy metal compounding stresses, long-stalk cabbage.
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1 #MRL5 7 (Materials and methods)

L1 kTR
P AW ARl A R 2 ] AR 20 1. AT £ 4 RO 7 B 5 P05 2 e S 36 Kl
PREAT . A I 61 D 2 S Nl DX IR i e -, I S A AR B R T L3 1. REER R
FHE(0—20 cm), ASRIET, ZBRZ4W), BERE AR 2 mm G5, BERGHE P AR -2 H, TS X0 Lot AT A
TAEAYTS G, OB 5 75 Y B 15 em PR R 13052, Tt
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Table 1 Basic physical and chemical properties and heavy metal content of the tested soil

AU/ (g-kg™) EC/ Fki/(g-kg™) ki (gkg™) Zn/ Cd/
Organic matter (ms-cm™) Clay Silt (mg-kg") (mg-kg™")

pH

6.52 12.34+0.63 0.41+0.011 335.894+5.03 383.3244.22 75.23+6.48 0.065+0.0019
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DL 458 30 55 o i A ifE ) (GB 5618—2018) 4% T b -+ 48 ¥ 4y XU 7 % B (Cd @ 0.3 mg-kg™,
Zn: 250 mg-kg ") NS MR, AESRRL G o i B (W) E 4 ok B R R 1) - B R T R R A A S, i
5. CKEZS FIXT IR A 02 ) R3PS IR R 4 J8 Cd R B, 3 5112 0.3, 0.6, 0.9 mg'kg ', X &
AL, A2, A3; BAL &N HIERIR AR E 48 Zn W, 43 512 150, 250, 350 mg-kg™, B &N Bl
B2, B3; C 42 TR IR FE A HESR Cd+Zn W, 43514(0.3+150) , (0.6+250) . (0.9+350)mg kg,
&N Cl, C2, C3.

Fe A ARNEDI X IR 4 5 2K, AL WL Bt FH £ 439 N 0.13 gkg '\ P,O5 0.14 g'kg™'\ K,0 0.3 g'kg™.
¥ S IR 5], B AZL T, PREF 70% H )5 KA K VR R A, S 1 A o BBk E 1 i
KN — AR 2208 85 5, FHZEIRK s e diaR, 1230 4 h, R IR IK 5 #EFh, 82 d Vs RAEHY)
FRPRIZ L HERE & B AR A G SERN T 30 K%, [ 15 RE45 B 15 AR, I (R)ZK 204 B A RHE L5 E 5 1Y
Az PR — 2 Gl B EATBR R L ek, AR R IE R B H OGRS ARSI AR Ah A B 3 R E R LK,
i Z5 AL 3 Y £ T (.
1.3 FEEE SR & EE

PR B 85 2 FH 25 B8 FKIB VRS T 105 C Bt B8 i, J57E 70 °C TR AR ST, K
TERRECT ) B . A FRE 0.2 g BET R EEREAGAR L 25| IFRE S, 0.5 ¢ H3ERE S . 20 B A HNO;-
HCIO,(5 : 1, R 1) Fil HNO;-HCI-H,O-HF(3 = 1 : 1 = 1, (B b ) TR & T F Bk - T fe , T At 1
TR E 7 65 C, HRTHR 2 160 °C E ZAE M s i . AL A S8 b i I 043 6 ' B 1 (Hitachi Z-
2000, H 7<) I F i 8 4w B it 0 2 R P DL AR W 53 A AT R A BT GBW10015( GSB-6
5¢) F1 GBW07427(GSS-13 138 #4770 Afr B 451, 1R 22 457 5% LA
1.4 /NEABRFEFRAG I E

FRAE K A R AN (Y 5 e T % (MDA) & i, i Sk W i (POD) 1 1 Al S AL AU (CAT) 1
PE. IAMEFHE A ST A I F 5 {8 5 4 R (Imaged 1.38 254 ), IR AR 69 4 A BB AE A B8, i
1) 3 T AEURN 401 2 .
1.5 Hdmabr

A= 4 IR - (BCF), %32 [ (TF) AP 48 25 (TD FAE TS P B R, iz OAAR R0 ) Rt 52
4R A e B Hat AR AT s,

BCF =C,/C; QD)
TFj.» = Cx/Ci (2)
TFau = Cuy /Cs 3

TI=T/C 4

Hr, Cp AN E B &1, mgke™s Ce HIEPHEGIRI G, mgkg'; Cp. Coxl Cyp: R, ZEFII:
I E SR, mg-kg™; T: A3 UAEYIE Wi, g5 C: X RAEAIE Y, o

fifi F Excel 14420478080 AH G5, 158 45 SR F SPSS Statistics 19 Z8 43 M #k {4t 4707 224347,
AN [F) Ab 3R] SR FH e/ )N i 2 2288008 (LSD %) #4722 57 W E YR 55 (P<<0.05), SR H Origin 2018 R {4Fi# 17
YER.

2 75 545118 (Results and discussion)

2.1 RIA] Cd. Zn ¥ BE M0 XA S AR K 5% )

L A ) i P e 4 i % LA A R 5, R A A A IR O 1) T B . Cd L Zn B — i S R
B VR RAE 3245 AL SUE Y R A R M AN 36 2 BT/ . ARG T 4 Ja ol 189 i A P S e R 4 A
I, I R EE AR T M AR AR Y, CdL Zn A VR FHEBCR —Bhaa A VE FH T 3. 7E 0.6 mg-kg!
Cd #1250 mg-kg ™" Zn [F]E 38 N i Z5AE W6 53 3 0 93.27% Fl 155.84%, 35 2] i 2 7K F (P<0.05).
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£ 0.9 mg-kg ! Cd K 350 mg-kg ' Zn [l i} e Ry, 254 4 52 B AR 63% FT 66.23%(P<<0.05). X i
B Cd. Zn XFHAHE A K 52 i 280 D[R] VR H .

®2 Cd. Zn Hp—in KR SR HIXHCAE 2R W) B R
Table 2 Effects of single and combined stress of Cd and Zn on the biomass of long-stalk cabbage

Jb P2 5] ”fﬁ?%i/g %tk%i/g *E#%i/g -
Treatment group Leaf biomass Stem biomass Root biomass

CK 3.27+0.04fg 1.54+0.08f 0.70+0.02¢

Al 4.38+0.18cd 2.55+0.12¢ 0.86=+0.06¢ 1.41
A2 3.85+0.12¢ 1.85+0.08¢ 0.71£0.02¢ 1.16
A3 3.04+0.22f 1.36+0.04d 0.85+0.07¢ 1.17
Bl 3.86+0.10e 2.22+0.08d 0.72+0.04¢ 1.23
B2 3.14+0.15fg 1.02+0.03h 0.42+0.04g 0.83
B3 3.16+0.03fg 1.2340.14¢g 0.44+0.10g 0.88
C1 4.38+0.13d 2.24+0.07d 0.82+0.04cd 1.35
C2 6.324+0.23b 3.94+0.09a 0.65+0.10¢ 1.98
C3 1.2140.04h 0.52+0.091 0.18+0.02h 0.35

T+ BRI F bR 22, 9 R R 2 22 5 15 (P<0.05).
Note : the data are mean + SD, and different letters in the same column represent significant difference (P < 0.05).

Cd W38 XA A R BT AR S 1 VR L, 3 5 50 4 Al 2 ) A BIF 5 25 SR — 3K 6 IR Cd b v,
&8 B TRl BB 0G4 PR A R BAR A R T, DT A 0 10 2B R 02 SR, T Cd XS
A A AR LT 1, Cd A MR 38 A — 2 7K 7 0L ELA i i ) B R AVE . 5 22 2800, AIRMR B Zn 20— it
T, KA SRS 2 ZUA Wy T 0 SR s TR MR B R AR RIVE . T REE R R Zn AR AR 6 T Y
B IR IR, R I 2 5 CHHE 3, 1A Zn 3@ 1 T 0075 5 T B0 Wi, 12 R T T s T
TR RGN ZEL, T 28 SV F DG A 1R AR R, S 80 Kb,

FE Cd B —Jipia T 25 A4 4 i AR AR 4 HLA R [R) A oy 455, AR R AE W7 0.71—0.86 g, To i 3
34k, Yan Fl Tam!"™ b & 937 5 4 J@ Ma T, HEY2E . A= 32 B 52 ) T AR A= ) 18 JC 8 52 . Zn B —
FlSEARHAT SRR 2R 2R K, 7E Zn WS90 250 mg-kg ™. 350 mg-kg ™ IHEAE MR 40% F137.14%
(P<<0.05). Cd. Zn [R] B ilpae 72 AR v B B A2 2, =k B N RIAR R AR K, 7E 0.3 mg-kg™ Cd Fl 150 mg kg™
Zn [F]IFR38 AR AR MRS 17.14%(P<<0.05), 7E 0.9 mg-kg™ Cd #1 350 mg-kg ™' Zn [a] i il T &%
ik 74.28%(P<<0.05). N [F] Cd. Zn % hit & KA FH S P8 £07E 0.35—1.98, 7E [l 45 /i 0.6 mg kg™
Cd 1250 mg-kg ™" Zn IHRHPEH8 K .

2.2 A Cd. Zn ¥ BE M0 X AR SR TE A RAE 5

FEYIIE A5 FRAE B AR Ak 2 PP T 4 8 1 1T 52 00 1) JE B2 S 40 KA SR SR S50 an 4 3
iR, NFE 3 ATAL B— Cd B AR i T AR A BE, BR 0.6 mg kg™ Cd Jie Zh LAt Ab 3 X AR R AR 347
A T IERIE . AR R B AR AT BRI T C I 1 AR AR o AR A B A 22 50 3L, B A IR R U
AR AR, w ARORR K B R R 2 AR DA e 440 G ) B ) AR XGRS AR R I R AR R UL T i b g 1)
TERFSE Cd 38 X5 25 AR BRARRAE 52 i e AR QBT Cd(0.56 mg-kg ) AFR N B T /Mgy 7. 31X
EARWSE AE 0.6 mg-kg ™ Cd A AR R ELARH R, 3k 2L 05 0] B2 KA 1 560 Cd aa i — B ey
LN AL Cd ¥R 0.9 mg-kg ™' B, MR ELARfR/IN, 5% HEAD BEAH L T B 32.48%(P<<0.05). 5%} HE4H
FHEE, Zn BE— 38 0] T A S AR R KRN A8 . BBV B RGN, AR ELAR AT i 34 i AR K 22 B 3 )
£ 150 mg-kg ! Zn 8 T AR B AR B /N, O 1.6 om; 7E 350 mg-kg ™ Zn WiE T AR K B R, 4 9.68 cm.
B A WHaE Cd B— i X R K R HEVE B3, 78 0.6 mg-kg " Cd. 250 mg-kg ™' Zn [A] B} HrE FARER K
FEHEK: 33.08%(P<0.05).
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Table 3 Morphological parameters of long-stalk cabbage

JATREL ) K /em e E##/mm ?:;_t/iﬁ K /em ;’1‘»}; /e;i TR em?
Treatment group . ooy &
Length Diameter Length Length Width Area
CK 10.61+3.6b 2.34+1.3abc 6.15+0.2a 14.79+3.4a 6.81+1.0a 61.05+29.1ab
Al 10.64£3.2b 1.62+0.6cd 2.50+1.4bc 7.64+1.9¢ 4.52+1.0b 42.40+20.1b
A2 11.47+3.3ab 2.78+1.5a 2.75+0.6bc 12.79+1.4ab 6.77+1.4a 68.05+£22.7a
A3 10.64+2.1b 1.49+0.8d 5.33+1.7abc 12.34+1.3ab 6.42+0.9a 55.48+11.8ab
Bl 10.38+1.7b 1.60+0.7cd 1.65+1.0c 10.84+1.2b 6.13t1.1a 44.68+12.5b
B2 10.19£3.0b 1.66+0.9bcd 3.83+2.3b 10.26+4.6bc 4.41£1.7b 49.83+11.4ab
B3 9.68+2.9b 1.99+1.2abed 2.69+0.9bc 11.58+1.3b 6.05+0.6a 50.92+12.6ab
Cl 13.19+4.4a 1.72+0.9bcd 2.80+1.5bc 8.80+2.4bc 5.48+1.7ab 55.40+11.9ab
C2 14.12+£3.8a 2.1540.7abed 3.10+1.3bc 12.97£3.1ab 6.38+1.1a 61.54+25.0ab
C3 13.43+2.4ab 2.71x1.1ab 1.57+0.8¢ 10.21£1.2bc 5.19+0.7ab 48.52+11.9ab

VE © B TR, B R 5 1 (P<0.05).
Note : the data are mean + SD, and different letters in the same column represent significant difference (P < 0.05).

XA, B— S G 4 JE A B i T 22K, 78 0.9 mgkg ! Cd. 350 mg kg™ Zn [
1R ZEK B E WD 74.55%(P<<0.05). B 51— Zn 5% Cd W EERG I, 253400, X 5B WIAL" A i 58 45
SARTR], B2 0 25 0] E 4 v B N U, AR R . S0 RN L, A5 A BRI SRR AR T
MR EE | SEFEEFNTHIAR. Cd MR EEH 0.3 mg-kg ™" B, XFAS (32 i A9 40 3 B LA 3 19 0 7™ 5, i 4
W/ 48.35%(P<0.05), M F SERE R[4 33.59%(P<<0.05), IR R 30.55%. 7 2 FF /R 7E 0.3 mg-kg'Cd
JolR3E T A e G, 3 AT RE SR R A ) S X BE 2 A K HE 0 R SR B R D 1T 0.3 mg-kg'Cd B
AR /ME R 2. ISR AE R, JCIe vk B RIS AL ey, B4 Jm R XA SRR S R 2 8 A
PR B, T A B AR B S B Cdy Zn W8 AR AR K A S

Mandelbrot 57 £ 1 73 L 45 A FI4EE RO ME 2. SF SR, S B 4E 502 H a8 © I A0 L3 B SR RRAIE
A T L, s HAERE S 3 A3 (A8 XA R a4 s 700 U8 D 6 0 &, A9 38 13 KA 1 5
tit B EEL, 0 Hr il Cd AT Zn B REE TS R HOE B M A8 4k, A5G OC Cd il Zn X B4 S0 55
AR 43 T8 AERL B 52 M () 45 SR 5 0 BIRALEA T 3. 1) 1 s i | (R o TR e %K.

190 200 4
19}
1.85F
8 @ 8
5 080T El g 17}
£ E
= =
ERWALS 5 1of
2 2
= = L5
1.70 14
165 1 1 i1 ,I, 13 1 1 1 1
0 03 0.6 0.9 0 150 250 350
Cd addition/(mg-kg™") Zn addition/(mg-kg™")
200
19F
.é 18 El El @ O Mean
E 17k T Mean+SD
s ) [ Mean+SE
<
g 16
=
15

0 0.3+150 0.6+250  0.9+350
Zn+Cd addition/(mg-kg™")

B1 +3EFORFE Cd(a). Zn(b) Fl CAd+Zn IBAY (c) HeEE R M F iy A B 45k

Fig.1 Fractal dimension of leaves under different concentrations of Cd+Zn mixture in soil
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MRS R E I T LG ), B Cd. Zn WREEMBGIN, i R 1953 T8 4E B/ 78 5 — Cd 15 41
BT, ST SRRV E R 0.3 mg-kg ' B 1.81, B 48 i . 7E 50— Zn {5 Y MBI T, 43 JE 4R vk
&M 350 mg-kg ! B A 1.57, I 4EBURAK. Cd. Zn IR AW T 4500 Bh 1,79, 1.78 F1 1.58. WF5T 5K
PEUESE 5 Cd AH L, Zn SR S B B 3 S s R E .

2.3 RIA Cd. Zn ¥R a6 XA 1 S AR BREE B 1) 5

B2 BT Cd, Zn B—ilhi Ko FHAH B AR A bt A A B MR 52 e . R 8] 2(a) AT, B4
JE A B T B AR 22 CAT 36 A R FR B T+ 7. 7E 0.9 mg-kg ™' Cd 1 350 mg kg™ Zn [A] B piE T 3R 81
A RIEE 99.74 U-g ™, 5%t BEZHAH LEHE N T 271.89%(P<0.05). & @ T E AT BE 2 T4 B 5 & A
JEAR AR L P B 25 A, 100 T A A 305 1 AR 2K P R B S5 4 T B AE Zn, Cd B A b B, —SH LA K A7 3|
Zn MBREEA AL X T BB SL B0 5 R h & B Z A a5 CAT #i @A T iR . BLoh, CAT B+
i AL E R HLERSE T LR AL S AR, UAE IS HyO, 20 FAE)5 5 CAT A FLREHRE 76 15 M oo
b, ATk A RN HyO, W BE R 0, A B . Abid 2520 BRSO R TR 4 @ 4 i S350 T H,0, 1
FhE. XS E SR E AW T CAT T .

1201 a ab 2 6000 a
b
100 } 5000
g K 2 b
£ : 4000k ¢ be 5
‘ =
- ) — be
=11} . —
5 2 c H g ¢
= ) 5o 23 EH B
g2 ) A = & B
S & % SR
L H KK
2000 % =85 e
— S oot I o004
1000 | / = ool
— KRk
S D N S o D S D D D N
g FE S TS L LS
Ny NN IV AR A A A v
NN gy &
F & S & &
Heavy metal addition/(mg-kg™) Heavy metal addition/(mg-kg™)

701 ¢

MDA/(mg-kg™! FW)
o
(=)

200 | A
10} ;
7

RN
g & &

Heavy metal addition/(mg-kg™!)

B2 F4 s K AT 3 CAT(a) . POD(b) Al MDA () H 5% 1
T B P2, AR5 R 22 5 B3 (P<0.05).
Fig.2 Effect of heavy metal stress on MDA in long-stalk cabbage

Note: the data are mean + SD, and different letters in the same column represent significant difference (P < 0.05).

i 18 2(b) AT, 76 150 mg-kg™ Zn 138 F POD & B B K vk, 5% B AT L3R 7 T 64.17%
(P<0.05). 7F 350 mg-kg ' Zn JHpi8l T POD 3§ PESAK, FEAK T 31.50%. B HE 4 & A Bk 3 1) TH s i b
POD TP Je T i J5 BEAR, HLAE A 1 4 R 40 P — 1 4 J@ JBhae 1 305 MR AIR. — D7 Tl POD 3% 4 X} 3 4 J iy
TE I AN [ F CATRY, &2 4 8 48 e 7= Ak i = R BE 1Y) HL,0, 1 i POD [ £ T B 1K B BiE, 31X
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e TG EBIES R, 75— H R TEAMHE T CAT &id:, X Ak H0, 43y &
LG, 20T POD MG PEFERPY. POD 16 M SIFIRAEH . 6B EH MAE K R AL FTA LR, ¥
M)A 40 114 A K. #E 0.3 mgekg ™! Cd, 150 mg-kg ' Zn &2 & WA T POD I 1 45 v 42 4 At 4y A= B 188 s A
0.9 mg-kg™' Cd. 350 mg-kg™ Zn & A5 W i POD FEALHNH] T ALY AL K

K 2(c) It T Cd. Zn BA—Jipie K AR HAE T MDA & & 09284k, i &) 2(c) RT %0, Bifi 25 vk B i) 33
i, AEXTFAFE M E S R4 A, MDA & R R R B — Cd IR A A B = vk B i) 3% i 3
FEAIK MDA 7 it o i 85 43 J@ NP AE P 9 S 22 B AR FH 2 2800k 0 SR T 1 20 (ROS) A a3 7 AR 1221, LRI
JE NGt A A, IR T 40 M I 45 44 . MDA S ISR o 4 Ak ) dpe 2803 At = ). I R ) 32 o 4 o
J& , AR ZH 2N B2 4R FE AU T ROS 7748 B 3Rl S5 T A A R GETH BR H 2R A X)L CAT. POD
AT DR A b XA ) AN A 7 R FH B9 B 7= 49 H,0,. IR ROS H BRFF CAT F11 POD 7P 89 T8, Al
TERA SRR N TE BRI Y ROS, 4E4+F ROS UHF, fff MDA & s R, IR g #l), (L BA —&
AP 4 B Ma A AE 1. 76 Cu AbPEiE & Pb, Zn & A ARG il 2 B0 T 28 IR 45 8. BA— Cd
JipiE s, 7E 0.6 mg-kg ! if MDA & fefiK. 45 & & 4. & 5 AT RI7E 0.6 mg-kg ' #i— Cd it POD I P FF
LR WA CAT 2008 1, X F A LT CAT 7 W B g e Sk T R £ SR, CAT =%
P 3 I 36 8 4R 11 Fh 3E A SCR B 7 AT S 2 MDA & 2 e fiK. 76 150 mg-kg™' Zn Kb FE R &8 oK,
9 55.98 mg-kg™, 1M 7F 0.6 mg-kg™ Cd 1 250 mg-kg™ Zn & & 38 F MDA & & 1%, & 9.81 mgkg™.
AR Cd IR AN Zn v LIA R0 NADPH %4k, i O, 724 | BH1E ROS HIE 2.
24 R[ACd. Zn e BEBRAXHCAE 3 Cd. Zn WU 8 152

AR 4 S B KA SR Cd. Zn BAERUNE 3 Fim. IRl %, 76 Cd BA—ilhift R, KA 2845
AL Cd & AR RE Cd R IR, ELAnRE R A 3 i 7K F-(P<0.05). 7£ Cd #S il 0.9 mg kg
AT, IR E RN 0.11 mg-kg . IR Zn (FHA L1 Cd & HE =N (P<0.05), 7F 0.9 mg-kg !
Cd #1350 mg-kg ™' Zn [A] B0 R, AR Cd & &5 &, 4 0.21 mg-kg . Kutrowska 55U BfF 55 1 % i =%
FEUS N Zn J5 X Cd (AW MSCHE T 3 2 R nT e -5 3 R R 56, 126 R B 4 i T 32 88 1 Zn® filh
R Gy & i 1w B ARk, Tt Zo® W] DL E Sz Cd*. Cd Wi s o — IR Cd Fl Zn X -
SR RV o5 BB e A, DR L AL G ST R AE 408 2 ) i e A AR FE B S 0 2, 2% R 3 BT VR N Y
Zn W EL Cd =, AR AT BB JE Zn 530 Cd B 40 209 W, DT B AR 20 W S A . Zn B — e R
4 Ja R B 20 R RE BB TR, 7 350mg kg™ Zn WA, KA SRAR T Zn B AR RO N
51.15 mg-kg . BN Cd fiHAS AL 20 Zn (1) 5 4 AN [ FR B IR (P<0.05) .
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Fig.3 Effects of Cd and Zn contents in various tissues of long-stalk cabbage with different heavy metal concentrations.

Note: the data are mean = SD, and different letters in the same column represent significant difference (P < 0.05).
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FEAS TR B o 4 J 3l R M 3 Cd. Zn R 4R L i RS R T3 4. lERWTAL 261
BT CAdMEEREE R K. XU Zn B in AR T CAERBEAR T EE. Eahia T
Zn WE AR R BCHMEE T /N, BEB Cd BOIMAID S T Zo (& F R ST, BRI Cd. Zn Z [A]) 7 A= 45450
V. BE N30 v B2 B 38 n, PR 3 4 8 B AR RN T R . 33X AT R PR Dy Bl A8 TR BE A BE I, AR A
XF T Cd. Zn () & 4L i 7E 3G 0, {F AR B2 3 I sk 22N T - S8R, BCF Fifi v B2 385 Mo/ . e A1 4 X6
Cd. Zn By WIS — 5 v B Y 1] PN AS - RE 30 (3G i e . Cd L Zn &6 WhiE T 5 4R IS RE T 3K
B — B AE A, B 30 v BE Y T TF BRAR. X BRI A 8 4 Jm Wt I O S il 1) ZEAR AR R 4
i T 3k B LW SR e i

F 4 TEARRIMEE Cd M Zn B FRAEESES Cd. Zn WE . i R

Table 4 Enrichment and transport coefficient of Cd and Zn in long-stalk cabbage under different concentrations of
Cd and Zn stress

bpHIZE 5 BCF

Treijl%jjgjrjoup #R Root Z£ Stem i Leaf s Tz

Al 0.34 0.27 0.21 0.78 0.80

A2 0.25 0.19 0.15 0.77 0.79

A3 0.22 0.16 0.12 0.73 0.77

« Cl 0.76 0.51 0.37 0.67 0.73
C2 0.46 0.29 0.20 0.63 0.68

C3 0.42 0.25 0.14 0.59 0.58

Bl 0.45 0.23 0.21 0.51 0.92

B2 0.32 0.21 0.18 0.64 0.85

B3 0.27 0.16 0.13 0.59 0.83

o Cl 0.39 0.20 0.18 0.50 0.91
C2 0.29 0.14 0.12 0.49 0.84

C3 0.25 0.12 0.10 0.48 0.82

3 %512 (Conclusion)

(DAEAFR R AEBTTE T, KRB H S A R A B AR AZAE. Cd, Zn SEFE A T 25H /Y
AW AR IR B e e

(2)B— Cd {53 , B dE e s — Zn IS QRIS B0 T, o IR 4R S AR P A 3 Ja () s £ 1
B Zn B—I5 048, YR Cd X Zn #EF M R A HEHUE.

(3) H A R AL PR T BORAE 2 CAT TEPEA IR BE T . BEHE G Jm AL B Y T AL POD {51
JeTtm e bEAR, HE SR GRS —H G mMha T IEERR. 526 H Ak 3 0 K MDA & & .

(4) Hp— R EFIGHT, REEZRA Cd, Zn 19 2R 8RR e, S A1 e i HExT Cd 7R
2, HIXT Zn B £ ZEEHIBI TR Cd. Zn K42,
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