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 E ORI (CA) FEHLK [Kochia scoparia(L.) Schrad.|Z5 35 5 4 8 v 8 240 B 23 AT FF-AT , AEAS [R) pH R[] Cd VR BE 38 T, XF
PG A Wy B Cd ZE I RAR R R A0 R SR AN AL 22 T SRR E A TAT 9 o 25 SR 28 B - A Acb B Jok 25350 2 47 2 359 v AR
LY CAIRINEE N 1.5~3.0 mg-kg ' B, T AL (pH 6.1) Pk S A= 95k =5 F TS Ab 34 (pH 5.0) 5 MR KF 58.09%~89.35% K Cd TR E 25
T, A AL R Cd 1Y & 2 R B/ I ZES IR R R HURZE X Cd R R EE 15 TAR R , BAE CARAINE N 1.5~9.0 mg- kg ' 5}, T4k
TR 28 Cd B B4 i T TS A0 B 5 b JHR AR 22 R 25 PR 3 859% B9 Cd I 470 41 M BE 538030, v, 32 W — 35 2 b ik 4l i v Cd X 28 4k 43 A
FIREE (0 B ZE A T 5 MDA R AL 25 Cd BT 7 Eb MR T 1k 25350, st S b R B 2 1) Cd ' SR 76 2530 A0 — A EE 2 S [R5 bk 25 0
R 2 e X5 LU sl P 00 R o 6 %) TS T 2 TS L AR A R IS I £ B 4R IS Cd 43 T EL A9 45 K (T 4y 82.96%~88.17% 5 TS
83.70%~89.70% ) , F b B TR 312 A & 1t fi i85 (T 4 37.319%~56.24% 3 TS 1 40.98%~52.32% ) , FAVAMFR A 5 Z BRI Cd & 14
I, XN Cd MAETE 2 i R B AIK Cd A= W0 et Al Cd 2335 19 — AR ZE R AL o Y -4 pH ol 6.1 Fl CA R INHE N 1.5 mg - kg™
A, SR 13 Cd (A BEACTT . WFFE 2R B, M B EL X AN ) Cd il /K ST iR 4 , EL X 1 1 b M8 5o o A e, DR 30 v
H X R R AR 3 B A B
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Chemical species and subcellular distribution of cadmium in Kochia scoparia(L.) Schrad.

WU Liang"®, ZHU Shu"?*, ZHANG Hao"?, TAN Ju*, WANG Fan’, NIU Hongyu’, TAN Lu*, YANG Haijun®

(1. Changsha Uranium Geology Research Institute, CNNC, Changsha 410007, China; 2. School of Resources and Environment, Hunan
Agricultural University, Changsha 410128, China; 3. Hunan Provincial Engineering Research Centre for the Evaluation and
Comprehensive Utilization of Associated Radioactive Mineral Resources, Changsha 410007, China; 4. Changsha Ecological Environment
Monitoring Center of Hunan Province, Changsha 410001, China; 5. Changsha Environmental Protection College, Changsha 410004, China)
Abstract: To verify the subcellular distribution and characteristics of cadmium (Cd) in the stems and root system of Kochia scoparia (1..)
Schrad., the biomass at maturity, accumulation of Cd in roots and stems, and chemical morphology of Cd were studied under varying pH
and concentrations of Cd to induce stress. Results showed that the stem biomass at all treatments was higher than that of the root. When the

Cd concentration was 1.5-3.0 mg-kg™', the total biomass of the T treatment (pH 6.1) was higher than that of the TS treatment (pH 5.0). The
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enrichment coefficient of Cd in all treatments was higher in the stem than that in the root, indicating that the bioconcentration ability of Cd

in the stem of K. scoparia was stronger than that in the root system. At a concentration of 1.5-9.0 mg- kg™, the accumulation of Cd in the
stem in the T treatment was higher than that in the TS treatment. More than 85% of the Cd in the root system and stems of K. scoparia was
stored in cell walls and vacuoles, indicating that both were important sites for the compartmentalized distribution and detoxification of Cd in
K. scoparia plant cells. The proportion of Cd in the root organelles of K. scoparia was lower than that in the stem, which was an important
reason for the high Cd concentration in the stem. The largest proportion of Cd was distributed in the acetic acid extraction, sodium chloride
extraction, and ethanol extraction(T:82.96% — 88.17%; TS:83.70% — 89.70% ) in the stem and root systems of the K. scoparia, which were
relatively less mobile and toxic. The acetic acid extraction had the highest content (T:37.31%—-56.24%; TS: 40.98% — 52.32%), and the
sodium chloride extraction and ethanol extraction were close to each other. This Cd fraction was an important defense mechanism to reduce
Cd bioavailability and toxicity. When the soil was under pH 6.1 and the Cd stress was 1.5 mg- kg™, K. scoparia had a good detoxification

effect on the Cd in the soil. Studies have reported that K. scoparia has tolerance to different levels of Cd stress and has strong adaptability to

acidic soil, which is conducive to the restoration and treatment of acidic farmland soil in the Hunan region.

Keywords : cadmium; Kochia scoparia(L.) Schrad.; accumulation; subcellular distribution; chemical form
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TRAT A, 1A 5 E 4k 13 pH 6.10, % 7K 5 25.88%,
A Cd 1.253 mg kg™, fAAA Cd 0.942 mg-kg'c HER
AR A 1 B R R 2 42 (0~20 em) , BRI
HAE P AR IR T T B R AT o R A B 41
J& H 4K £ pH 6.23, B Cd 1.005 mg - kg™, A 37 Cd
0.895 mg- kg B FF LM F T AN £k A B
25wl pH 5.78, K & 31.15%, A HLJ% 43.5%, & Cd
0.246 mg - kg, Bl fit & 337.6 mg - kg, A B W 660.6
mg - kg™, BEALER 8 771 mg - ke, BH T 58 ik = 54.6
cmol - kg™, A2 e P45 31.2 emol - kg ™', 28 #e PE£E 10.9
emol -kg™', L 5K 0262 mS-em™ (K L 10: 1), 875
A 85.5 mg- ke, S A A 306.8 mg - kg, 3 AL B
25.89% , i K LI 49.97%

AT T P 1K ok A R A KD B R
WIS B AE S . 1 R A A% 8 05 Al A ) 3 A= 2
S IF o £ Ry OB 6 285 R A 32 T PR Wi A 4%
BRI ) o FEHBIIRFS ARG AE I, B [E] B 7~10 d BEK
1R, Rk bR AR K 2 25~30 em, 3B A HLIE K I8 (N+
P,0s+K,0>5%, 5. Cd 0.07 mg-kg™") , 5i—UB AL , &
BB 35 d B A —IK .

1.2 X5 &t

AR AR NIRA -, S Cd & & 1.253
mg kg™, B R T T R 10 kg (29 (5 AR
4/5) , Cd* s It (CASOL M 25 ) K 0.0.3.0.9
1.5.3.0.9.0 mg- kg™, 74k 14 tp B 5200 Cd 75 74y
%A 1.253, 1.553 ., 2.153, 2.753, 4.253 ., 10.253 mg +
ke'o GEA KRR M X B b 4 38 pH FRAE (pH 7£ 4.5~
6.5 2 a] () + 4 (5 L 89.34% ) , AR 86 7k V) Hh
pH 20532 0 6.1 (T AL HE) A1 5.0(TS ZbHE) |, 356 44k
PP LR 1, AT 14 dJE, T 202145
17 H G — Btk w3 A S5 25 40— S0 Hi ik
Y. R R 3 MR AR AR IE X S0 AR R —
RICH G 58— B A Sh R N, B4

HPe K, BRRUa 1R A4 AR A b 3 TR A% 1
HEATIE T AR A B A6 485 22 - 49 o e s A, il
TR E KB ARFAE 70% 247 . MR THZE 35 CR LA
s AR KA R, ORI E R 74y FE RO
JELSRJ R 8 8k DR A% R SR LGS P P B 47 s A A
JURAE SR AR [E] Ry 2021 4F 10 A 14 H .

1.3 MEMES A%

TE T1~T6 F TS1~TS6 kb P rpr | 45 b P 6 B 3 20k
fo A TR S — B M R TR T AE R HL
() 3 Z P AR T RRSE S IR AR I , P e B ) B N L
HRFZECE o CFHIR A BT 5 o) BT Cd Y
AR S AT A 30T o o TR A 1) 2 P ik FH
Ve % B ] 3 BS AR RRAR R A 13, 202 T B AR rp I
G, EA THB IR (RAR 22 RN 25 Cd B el 2 (DR 7R R AR A
B 17 N £ 1 730 Dl 1 N 2 7 s 0 A
TR HiLJER I B A 7 Cd 5 SAS 5 4047 ) o
1.3.1 FEf Cd R

SR I 2T A, o R B — o T4 AR
R ZEFE SRR B TR BT AR L A 10 mL R A
fig (14.5 mol - 17") , 75 [ 25 & 1 12 vk 7%, FH A =0Tl
i b i, THIELRE 2 o 70 AR FF 30 min, 90 CI&F
30 min, 120 C/£45F 120 min, 140 °CA£4F 120 min, X5
EER 2 1 mL 247 A5 108, DRAE R
1.3.2 720 B 53 (A s

STV 240 ML 2 G 1 4 5 R D 2 R 00 AP BT R R
BUHb R B R (FR R 2£)0.2 g, JILA 10 mL T3 ¥ (932
W AT S B OB ZH B AN £ 0.25 mol - L7 BEA 5
W, 50 mmol - L™ Tris—HCI(pH 7.5) Z% 4% , 1 mmol - L'
TR SRR . SRBOR AR Z RN 1E 4 CILR
T FOF R SIS ST 3K SRS FERS B 50 mL 50
B A R O HL(4 °C) A4 000 remin B0
10 min, F#BUCHE N 40 HLEE L 53 (Few) B L IE R4k 2L
1£ 10 000 r-min™ N B0 55 45 min, 152 (1) N EBUTHE

=1 AWigt
Table 1 Experiment design

%ii % Experiment No. AL BE Treatment %ii 5 Experiment No. 5056 4b BE Treatment
T1 B T/K 100 mL TS1 5 mol - LAY HaSOL 9 14.10 mL+25 5 77K 100 mL
T2 0.03 mg-mL™" CdSO. ¥ 100 mL TS2 5 mol - L™ {1 H.SO. & 14.10 mL+0.03 mg+mL™" CASO. 77 100 mL
T3 0.09 mg-mL™" CdSO.## 100 mL TS3 5 mol - L™ {1 H:SO. % 14.10 mL+0.09 mg+mL™" CASO. 77 100 mL
T4 0.15 mg-mL™" CdSO. ¥ 100 mL TS4 5 mol - L™ {1 HoSO, 5 14.10 mL+0.15 mg+mL™" CdSO. 77 100 mL
T5 0.30 mg-mL™" CdSO. ¥ 100 mL TS5 5 mol - L™ ) HoSO, ¥ 14.10 mL+0.30 mg+mL™" CdSO. 7 100 mL
T6 0.90 mg-mL™" CASO4E# 100 mL TS6 5 mol - L) H.SO, %5 ¥ 14.10 mL+0.90 mg-mL™" CdSO.¥A 7 100 mL

TE AL PIBE 328 I IR, 4T AL, T AR PRI TS Ab 345 42 %3

Note: 3 blank controls and 4 replicates are set for each treatment, with 42 pots each for T treatment and TS treatment.

WWW.QEs.0r9.CN
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RANMIEFL 53 (For) , _E3E WA AT 4 (Fs) o
1.3.3 Cdfb2egs &I E

Z: M8 Lu B 73, AL AR 2R 0T b R AR 2R
L0 A [E AL AT A5 00 Cd BT AL SR E ., PRI
JRVKVRFE i 0.5 g, D i Z RN 20 mL 3 BGA], A
PR FE SIS RS IR S 6 7 %2 50 mL 2.0 L A
25 CHIE IR FE MR 24 h )5, LA 4 000 r-min™ (%%
B0 15 min, K BIF RS E 0 208 N TTED
FRFLMLA 10 mL [RFR4EGH], 25 CIERRZ 1 h )5, T
4 000 r-min™ B0 15 min, B IR O 5 B I RS
I B LAE 5 AR BGAAK GE A SR HUS 2] Y Cd
JEAS : Fe, H 80% L FEFE U AR E: (Ll 1
TCMLER SR 5 5 F., B2 8 /K SIS i K H
AHLERE: 48 1) — U R ER M (HoPO.) 2155 ; Fraa,
1 1 mol- L™ NaCl¥# M H2 U M SR Rk 5 B 11 i
BEEABRESNES)E CA%; Fu, H 2%HACc 2
HUR B XES 19 42 8 Cd BEFR #1255 ; Fua, i1 0.6 mol - L™
HCIEBUR A B PR EL 25 5 Fo, 5RIE S . B Bl Ry
T VEWRULYE A A e AN A, I T R
(70 C) L8k 2=k )5 , H HNOs—HCIO, 9 fif 22 %%
KA ICP-MS il 5E Cd & i .
1.4 EHEALIE

RIS FHE R 34 B SRR () S ARV A (B b v Ml
% (SD)FR . K SPSS 25.0 # 4 h iy B R & 5 2%
(ANOVA) , Kdge /NI 35 228004 (LSD) #1478 & P K
55 (P<0.05) . RH LSD X4l i 17 2 & thig , HHES
B o M A pHAE SRS N Cd Ab 3R J — 35 58
TN T AR R ZE P40 Cd 1 R RS, R
GraphPad Prime 8.3 1l €] .

B R E(BCF) A HLBRA MR IA N (B FR ZE)Cd &
i (mg-kg") 5 13 Cd & & (mg-kg ) AY HL{E .

$e32 ZBCTR) N Mo AR 3843 (Z2) Cd 75 2
(mg-kg™") 55 b R AB BE b 3553 (R R ) Cd 7 5 (mg -
ke ) HUAEL

Cd B B3 (mg) A R HE AR 455047 Cd 7% 1 (mg»
ke ™) AR AR A ERA T T i (k) I TEF

2 GHRESW

2.1 A[EAb IR X AR B Hh Bk AE 40 2 A ST

22 o 48 Cd W3t 6 Pk AR YRR R . FE
T3~T6 AbFE T, bk £ A= 4 ik 0 25 A W 1 24 3% 3 T+
L AR 2 A YR AE T1~T5 A3 R B FH s o TS A
T6 A 38T (1) b JE S A 47 8 AH HE T A 3L 25308 Tn (P<

1% WHART]

R2 FELEMKHENE (g, A TFRET)
Table 2 Biomass of Kochia scoparia(L.) Schrad. in different
treatments(g, calculated by dry weight)

ETRc B MR A W) SEYE
Experiment No.  Stem biomass Root biomass Total biomass
T1 31.07+4.57b 7.01£1.12b 38.08+5.69¢
T2 46.86+7.13a 8.84x+1.42ab 55.69+8.55ab
T3 35.15+9.50ab 10.28+4.37ab  45.43+13.87hc
T4 36.45+8.07ab 12.67+4.95ab  49.12+13.03abc
T5 43.25+4.70a 15.57+7.03a 58.81+11.72a
T6 47.16+10.07a 13.11+7.87ab 60.27+17.94a
TS1 56.33+11.07a 23.31+7.30a 79.64+18.36a
TS2 39.29+7.95ab 18.54+9.38ab 57.84+17.33a
TS3 32.26+12.14b 16.64+5.67abe  48.90+17.81a
TS4 34.45+8.96b 12.31+4.31bc 46.76+13.27a
TS5 42.30+11.50ab 8.90+3.36¢ 51.21+14.86a
TS6 49.12+10.71ab 11.37+3.58bc 60.50+14.29a
T sy 39.99+7.34 11.24+4.46 51.23+11.80
TS s 42.29+10.39 15.18+5.60 57.47+15.99

T« RIS R /NG - BA IR AL B ] 22 57 35 1 25K P (P<0.05) . T
fil .
Note: Different lowercase letters in the same column represent a

significant difference between treatments ( P<0.05). The same below.

0.05) , H T6 Ab ¥ b fik 25 A= 1y 5 78 31 Jje 5, L T1 b3
BT 51.79% . HuRRAR R AE P 7E TS AL i85 i
L A TR 2.22 4% . FE TSAEFRZH Hh  BEE Cd IR
T T MU SR P AR R AR Y R R AR
JE T E s, 76 TS3 HITS4 Ab PR | Hi k25 4= My i
AL TS1 AR B 25 P AR (P<0.05) , 433 B R T 42.73%
F138.84%. 7ETS4.TS5 M TS6 ALFETR , Hu kAR 22 4= 4
A TG TST Ak FE R AR, 43 B R BE T 47.19% .
61.82% f151.22% . %F Hb & B, T4 F1TS Ab R 14 H ik
S A W 3 ) v N Y TS4 AT TSS AR BE, H TS 4b
P b R ZE R R A W A2 BT A Cd AL 3 Y R &
2 T A T1 AR 3 (P<0.05) , 136 B $b ik 76 5% 2
F R+ AR T R IE R AR K, UE— 25 RS T R
XoF PR T - S 3 1 5
22 MBEEKN CINREREEE5EBHE

Bl 1(a) R Cd Pria U RAR 3R 25 Cd & i KA
AHZRAMMCA SR TAPIA AR R Cd 5 i
AT FE M 3.27~13.36 mg - kg™, 253 Cd & 28 1630
4 3.66~21.4 mg-kg™', 2 AR R AT 1.12~1.60 1% . Fifi
A CAuhE3ghn, s kAR R b Cd & i BRI - TR -
FEAR-TH = B A8 fb a4, 25 7h Cd & & 2 T i - R - T
e BT = AR R A, HARTR] Cd B Ab 3
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ZErp Cd SR TR AR . TS AL FEZH MR AR R b Cd
O R T BT BT AR, 2R
H Cd % it SRR T S B TS2 b B4R, I
M CdBmMEAH T AP Cd T EY & FRA
P 1R FT L, T4 F1T6 A PR A Hu K25 Cd & =3 2
FE T TR (P<0.05) , H.T6 Ab B Hu kAR R 5 25
tCd % i A B B S E, 40 9 R 13.36 mg - kg il
21.40 mg-kg ™", 75 T1 AL HE T A4 3.23 5 F14.91 £% 5
TS6 4B MR AR R 525 rp Cd & 2 2 3 T TS 14k
FE(P<0.05) , H.TS6 Zb#A H IR AR 2R 525 Cd 1y
K B, N 15.67 mg- kg F116.08 mg- kg™, 73 7]
JE TS1 AL B R () 4.65 5 F1 412 4% o XF HEAS[R] pH
AHTR] Cd W8 a2 Zb FRAR AT, B Cd S N4 0.9 mg - kg™
BF TS 4 2 b ik 259 Cd 3 & 8 T T AL 3Ah 78 H A Cd
SIS, T AL PR R 253 Cd & i 33 T TS Ab .
F1(b) Ry Cd Wi N HBRAR R ZErh Cd R Rt &
WAGZRAGHM CAF B R, Ak 253 Cd
BRI K TR, UL Cd R B LT, T
AEFRAH  BfE CAUs N T, i RAR R b Cd R R i
T - BT i - B AR - T i i AR A i e 7R 25
r ) S 3T - B AR - R A AR A R B, HL 2R TP B

TRICMEA R . Te AP AR R A2 Cd B R &= 136
B f = A, M 175.15 wg - pot™ A1 1 009.22 g - pot™
T Ab 32 A b JBR 25 11 Cd B R 5 R R 119 4.01~6.50
fif o TSALPRLH b RAR 22 10 Cd AL R b 345 T 4b
FRLF K ARA TR, 25 A Cd R 280 ) 52 S RIS T
MG, TS6 Ab PR AL R A ZE 1 Cd B 2 it 34938 31 i
B, 4350 178.24 pg - pot™ F1789.75 wg-pot™. TS
AhERZ 2R ) Cd B R BN R 1 1.39~8.40 f . Uik
A1, X5 FEAS R pH AR A TR Cd ¥ 0 & AR #E ] 41, T4~T6
AL R 25T Cd B R m 2 i T TS4~TS6 AR HL
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Figure 1 Cd content and accumulation in the root and stem of Kochia scoparia(L.) Schrad. under Cd
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Table 3 Correlation analysis of Cd content and accumulation in roots, stems, roots and stems of Kochia scoparia(L.) Schrad.
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. S A EL S () A
pH 6.1 vs HRA Cd i =Cde Root and stem Cd

pH 5.0 Root Cd content  Stem Cd content
content

A Cd R ZECd B EESSEYWE ¥id

Root Cd accumulation Stem Cd accumulation Root and stem Cd accumulation

amount amount amount

KRR 0.982 0.977 0.991 0.760 0.967 0.975
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Figure 2 BCF and TF in the roots and stems of Kochia scoparia(L.) Schrad. under Cd stress
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46.26%~60.06% 1 T &b B 19.23%~35.73% . TS 4t B
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HG R, N 4.73%~10.84%. 1T LA H, HiPAR 40 i
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Figure 3 Distribution ratio of Cd in subcellular fractions of the roots and stems of Kochia scoparia(L.) Schrad.
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Figure 4 Distribution ratios of Cd with different chemical forms in the roots and stems of Kochia scoparia(L.) Schrad.
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