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Effects of soil aggregates stability on the cadmium accumulation and
growth of Ligusticum chuanxiong Hort. in cadmium-contaminated soil

PEI Meng' ** MENG Yuting' ZHENG Qianru' ZHU Xueson
g g

XIAO Xian' ZHAO Yuan'

(1. School of Environmental and Safety Engineering, Changzhou University, Changzhou, 213164, China;
2. Jiangsu Puze Environmental Engineering Co. Ltd, Changzhou, 213200, China)

Abstract To search the correlation between soil aggregates stability and the cadmium(Cd)
accumulation and growth of Ligusticum chuanxiong Hort., this study took the soil of the main
producing area of Ligusticum chuanxiong Hort.in Sichuan Province as the research object. The
concentration of 0.5 t-hm™, 1.5 thm™ and 5.0 t-hm™ of soil amendment 1 (precipitated calcium
carbonate, limestone, calcium bentonite, nano potassium dihydrogen phosphate, biochar, sodium
silicate, attapulgite) and soil amendment 2(heavy calcium carbonate, calcium bentonite, nano
potassium dihydrogen phosphate, biochar, sodium silicate, attapulgite) were studied respectively to
see what effects the modified soil have on the Cd accumulation and growth of Ligusticum
chuanxiong Hort. The results showed that the stability of soil aggregates was improved after adding

two different amendments. The content of available Cd in soil and root of Ligusticum chuanxiong
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Hort. decreased significantly. Compared with blank treatment, T2-high and T2-low treatments had
the best effect, which reduced soil available Cd and root Cd by 51.43% and 56.13%, respectively. In
addition, the biomass was improved, and the T2-low treatment had the best effect, increasing by
53.50%. According to correlation analysis, it was found that soil aggregate stability significantly
affected Cd accumulation in root of Ligusticum chuanxiong Hort. The results of this experiment can
provide a reference for the study of potential mechanisms related to bioaccumulation effect during
the application of soil amendments.

Keywords soil aggregates, ligusticum chuanxiong Hort., available cadmium, biomass.

R RS (Cd) BA 58 B Y RS S B R AE EPED Y. Cd 7R AR MR I 5 B, B R B R
P LR BURES 2R R R EEY NS AR ZE ] TR 2 MR 4 R S, AR
B A2 TR AN SAE R, B TS 377 X 4 Cd B i v AT 5 BOH: I 2535007 (R ) Cd #E A
(4 () R, P FE S TN S 2 4, OGS 1L DR, e 1S T 2 Cd S B AR 1 ) B
HTEJE .

fia) 38 H 8 el R R0 AT A KRR - S T 4 T v, A 4 R B RSO A SR AR - A — b
AR PRI REIC R, AR AR R LR | TR A S S A HE A SRR 1 5 2 A .
HF 5 AR (AR P T 4 1) 0 A1 T LA HE 7 e R 791 PR A1 T 4 R A Rk (LT . Wolfgang 26 FEAF Y h 2 BT
T HEE S )E Cd FEE LA 0.02—0.25 mm 1Y AR AR G, P RARAE Sy 1 4540 Y JEAS 21 i 2R
7, XHRTT + HE T 48 (1 7 A B A T e e ML A B A R AR

1 #MRL5 )7 (Materials and methods)

1.1 Mk

JNE Fp ¥ (Ligusticum chuanxiong Hort.) F PU 1|48 RS T 352 M DX 0 1) 25 Fops 28 b B2 448 7 4 1381
YA AR R AR pH M (5.63 £0.21); AL (28.93 + 1.78) gkg™; ABE 1 (0.67+0.05) g'kg's &4
H(1.22 £0.09) g-kg's FLERE A (43.91%+ 2.46%) ; & Cd A (1.52 = 0.12) mg-kg " i35 /) X 11 £
46.62 m>.
1.2 KTt

28 320 W0 R A 6 I A F 5 3 B e R R R R el R 1 PR AR B R 4 ( CaCOs,
97%) . FHILIIE + (S2WiAT, 95% ) . BEAR — &4 (KH,PO,, 95%) . AEWH . iR AN (Na,SiOs, 99%) . KR
(1] 7 A 5 RS T s R ) 2 H B R 45 (CaC 05, 97%) | A REREE + . WEiR — 580 . B W | fik
TR DR U o 5 i e VR A T A T A M b IR AR I i LIRS, 3 100 H 0 J5 TR & il A5 - 198 ek R 7).
FH (i) 3 58 152 7 A~ Ab B, 4330 SR AS it fin s R 750 O R L Mc R0 1 IRHR B (0.5 t-hm ) (TR L 2 K57
1A (1.5 thm™) (T1-47) L SR F) 1 @k JE (5.0 thm™2) (T1-85) . 2 B 2 3 (0.5 t-hm™) (T2-
) . B R 2 e EE (1.5 thm™) (T2-70) | B K57 2 W B2 (5.0 thm ) (T2-%). X F 12 83E4T 3 KB
B, WL O A S L b SR 5037 G 3, KR 76%. XS B Cd 7 &4 (0.43 £ 0.04) mg-kg .
1.3 HEaRES T
1.3.1 FEACREE

FENE AR B B, R T 0 SR T, SR A 58 2 AR AR BE S PR JZ (0—20 cm) H3ERE A 100 g. K )1
ERYIEESTE 105 °C T4 30 min®, YIH | JERE. 0.5 mm 74> . SFEMEAERRI . 39008 5B 5 20 IR AE.
132 bk

FE A 2 I8 T J 1 25 00 A it AR 24 B 3, % Cd AR L 258843 KT, 48 100 H Je 21 9
Tl 258, AERERR TR AREL | g BEAL. ARG A 10 mL Al R -5 SR (4: 1) IR B, IR AR . W H,
PV e NI bV, Rl 5 0 (20 WA ol (e 8 € W S, BRI TR RS 21 10 mL A9 I, FH 2% 1Y
TSRS RO VA48, TR . SR 5 FH A T 7 WSO 3 (S e 4 1) 75 3
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SR ] Tessier A% BUL A& + 38 R4S Cd, R FH KOG JECF WO A0 38 rh Cd &
. R pHs-3COK 1 2.5+ 1)I5E 448 pH {H; SR 4% T8 00 5 + 456 ML & it H A FLBR AR
P - 78 (IR )% M E (P M) THR A3 215 98 A SR AR 4 5% 4 34 e v o 441,
1.4 H G Hr

AL M fE 40k SPSS25.0 Fll Excel2019 4342 J5 , {1 H Origin 2018 #4758, Jf- H.ffi 1 Duncan %t
SN L LA T AR 1) 22 5 2

2 %58 59718 (Results and discussion)

2.1 B IR Ik P B B S )

W 1 iR ORRVNG SA8E R [F 5145 Ab #2557 3, P < 0.05), 2 A0 PRI 14 pH. + 384 BT
RO B R T (P < 0.05), HHEA RS Cd M55 B TR s R0 1 AR A R 3R s ek, S5 Xt
WELH AR HE, pH 478 T 0.32—0.59 B, B [ 5] 2 kb BER (%) 3 pH $2 T+ T 0.38—0.80 > #fir. + 3¢
BT S AN ek B Z SN T 11.30%—26.29%. 25 B AU AT DL T - S R m 0 o &
Horp T2-E AN BE T RV B A 3R T i K (99.95% ), B Xt R AL B 22 57 B 35 (P < 0.05) . S X BRALAH L, Jifi
Ik B S A RS Cd & i E R T 9.52%—51.43%(P < 0.05) . A [6) it JH B %+ 30 R s
Cd A 22 520 . ARt A 2] v it P e, wSC R ) 2 it P B B S B R TE T Cd i AR RCR . T2-v
HT2-fR AL AR B4, BIREAR T 51.43%.

1 BREFIG b 2B AR IR

Table 1 Effects of amendments on soil chemical properties

Ab¥ AL/ (g-kg™) B/ (mg-kg™) FRAC/(mg-kg™)
Treatment pH Organic matter Available phosphorus Available cadmium
Xt g 5.83£0.25 ¢ 31.87+2.82d 21.42£1.15F 0.525+0.02 a
TI 6.17+0.23 be 35.47+2.39 ¢ 34.34+0.95 ¢ 0.475+0.02 b
T1-H 6.15+0.23 be 36.39+2.06 be 36.68+0.98 ¢ 0.375+0.02 ¢
T1- 6.42+0.35 ab 37.2242.46 abc 38.24+0.74 ¢ 0.300+0.03 ¢
T2k 6.61+0.09 a 36.43+1.07 be 36.52+0.26 d 0.375+0.38 ¢
T2- 6.21+0.18 abc 39.45+1.20 ab 41.01£0.52 b 0.255+0.01d
T2-F 6.63+0.06 a 40.25+0.73 a 42.83+0.62 a 0.255+0.26 d

TIEFESIROREEAR, E—EEE NS H pH A —& X R, ZFHBIAAECRI-2L MifEA
WALE R, 18 pH RGBS AP e KR R S B R B A R . R SR R I AR B T
PET A 1 B S T RN S T A SR A AR GRS BRI AT DA 3 R TR A R AR R T
I pH 48T T FE 300 pH 802 S, SRR Y B R far s B, 4R S IR R 0. g
B S 0 A A L R R 18 A e R R i - T R T 9 R Y 4 R AR AR B 1 SR R T T
A E R R B AW A Y RTE A, &8 B 1A 1 2 0B s A0,

FE) N EGER I, ANl R AR A4 3504 Cd B 43 He & i3 (18 1), b f7E 5.89%—18.76 %
ZAa], o T1- b B e 35 AN [) A BT B PR AR 45 A S Cd A & N TR RE B R 4R T,
1.28%—6.56%, i A i 3 1A T2-fm b B BRAR A 1L A Cd | 43 Le & =39 Frimi /b, s i 2 10 02
T1-fIRAL B, D0 5K 8.84%; ot K FIXTA HLA Cd IsE & AR 1), T1-HARBE T A PLEA Cd ¥4 m, 14
Tk 0.53%, M H A b BB T Hofr i 3RS Cd 9 E 70 o & A8 AR, X Hext BEAL B, 348 i o
TE 9.4%—28.05 % i), Forfr, TI-F AL e 2. S0k U, o0 R R4 2508 Cd 1 R AR A Cd #5722,
TI-RANFE T (9 Cd S AR & A8 4k, MRIH K 1.414 mg-kg™" , 059 PIRh AR BEUR 5 34 Cd & = 4R FH, T1-5
AT TR, R 15.60%, T T2-H Al T2-fm A BEAY Cd BV ¥/ T 14.18%, T2-r AR AL Cd
HIRTHT 7.80%.
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7773 FRCA Effective state Cd PRER £45 A 45Cd Carbonate binding state Cd
ki &1L Z5Cd Oxidation state of iron and manganese Cd BB ##1#Cd Organic state Cd
B 7% A 75Cd Residual state Cd

T2-High{/~

T2-Medium

T2-Low|

T1-High {77777

T1-Medium

Tl-Low |7

CK{

0

Cd content/%
1 R AN A FIE Cd & =520
e RORIRIAIEZS Cd ANIR] Rk R AR AL 3 55500 B AR L 22 5 i 25 (P < 0.05), R[],

Fig.1 Influence of amendments on soil form Cd at harvest time

AN [) v B e R 300 At o el AR i 1= 48 Cd A B I R TE S A, X nf IR E & B AU A
e, TE Cd 1A= P B R REAR. (A TCIE RS AIE AR Cd & ik 2 ARIEAS Cd SR, —HAELR A
FOAR, XN R E S RIS SR TSR T A SR T R, B RS TP A A A
2.2 UL AR 3 B T ) 5 )

R TR IR A T 3R T b e 2 WAL, R TR0 R R A N BRI T S E RN H R, W T+
HEFLIRE . X HX HRAR B, P R 1 AL PRAERRAR T L e R, TR R Sk BRI R AR,
FHE IR T 6.38%—10.64%, AN [m] ik B AR B H] 22 55 i 25 (P < 0.05) 5 2l R 7] 2 Ab PR 2 #2e FEX - 145
D SRy > > T R, U0 TR 10.64% —14.89%; X Fb X A b R, + 35 L R A D R
4.63%—10.42%, T2-F AL FS A ie £, B T T1-H R0 T2 Ab BEAL, ok R A AL BRAIUR 22 AR 3% (P <
0.05) 5 M2 &5 SR mT LA M, AR A BE AL B, AN [R] Ak L Hp 4 398 FLBRE 348 0 d5e 22 1 2 T2 A3, 38 T
9.05%, JIr A kb P22 5 34 1 2 (P < 0.05).

R2 R AT R

Table 2 Effects of amendments on soil structure

poszi! i/ (grem™) H i/ (g-em™) LB /%
Treatment Bulk Density Proportion Porosity
PO 1.41£0.15a 2.59+0.25 a 44.10+1.77 ¢
T1-{i% 1.3240.11b 2.46+0.13 ab 46.47+1.60 b
T1-/f 1.27+0.10 be 2.42+0.10 b 47.46+1.33 ab
Tl-i5 1.26+0.08 be 2.35+0.13 be 46.19£1.26 b
T2k 1.23£0.11 ¢ 2.3620.16 be 47.90+2.03 ab
T2-H 1.26+0.12 be 2.330.10 ¢ 45.79+4.57 b
T2-i5 1.20£0.14 ¢ 2.32+0.13 ¢ 48.09+4.68 a

FIEA AR T A SRR ML & R SRR, TR EHU ), GBS, 1
PR A2 1) o M (v AR 2 1800 T ) R SR RS 5 £ RS2 M7, R U R P 45 R — i AR T DA S e - 3
W) 2H AT AL 35 S, AT BB A B ey, A8 P ERBR ARG b AL B R A ML AR AR, S
A H M BT I AR D)UY, AR T, R A A T S A A, AR T R AR B
R 2 F SRS A B R R RO IS B T 28 R 1 SR A R R AN R RN R S AR B Y
SR VAT SR A F) SR L SRS A T i S e SRR A . 3 X R ATATLACEL g 17 5 e 1 A R, e I e
e, LB AR, K ) 15 R BORAIR, R  REB I  E0E &), M R RR R AR R
FI .



28 T A P R 9 e b AT SR AR S AN 5 SR AR R A5 631

A LR A it T AR S A AT SR AR i) KL K T SR AR A K A SR AR B A . AR 0 i A R i A5
RT3 F, A3 IR R AT R AR (>2000 pm) FEH KT AR (250—2000 pm) Fiis AT R AR (<250 pm) 2. 4o
&l 2a IT7R, 51.38% (1) - S8 AR R A R AR, et A0 R S5, AHBOG R T 75, R A SR AR fin, 34 i >
1.30%—6.89%; FE 240 R AR, B T1ARAT T2-rh kb BEAR, FL A Ab BRI B 0 T 40 K A R AR 5 1, 3
JT 0.86%—4.52%; AN [R1 S R 7 AL 340 /0 1 i A R AR 1) o b, D/ i AE 2.13%—8.44% Z [1]. A&l 2b
JI7R, FEARZALE L3, 1.37% M 158 E 2 A K TR IK, 34.76% 1Y 18 3222 0 40 KA SR AR, 76
AR TR, R K 1A SR R A48 R 1A SRR 5 S 15 o b 225, B4 40 3 R oA 1.31%—6.02% Fil 4%—11.36%.
X BT HE Ak 3 e 5] A it s T A A SR AR 5 i, WD R 5.31%—19.38%. A [R] R 5 it i
BN TR SRR A0 R A SR A B 5, LA ) A G SCSCHR, B AE T 48 AT SR A 21 v AT R 1 i ) D P R
PLUF B2 G (1) BRI R 0 04 8 I 45 A R R 285 5 LA FOREAR T SR A (Rl 5 301, ke 390 v £ Al
o ) B0 2 B R A AT L e  F A A P R B P i 2 - N I, T R 1 T R A,
(2) PR e 2 700 v A e T ) e ) b 8 - Ay T 2 L g 1) 98 A s T - 48 P SR A ) e 45 2.

(@ ZZTMA EESMA [ MA

®) 7Z1MA ENSMA @l MA

T2-High NN B T2-High| RO
T2-Medium R T2-Medium | RO
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T1-Medium T T1-Medium | RO
Tl-Low T1-Low | FONNNNNNN s
SN I " S. | SO IARNNNRNNN

0 20 40 60 80 100 0 20 40 60 80 101

Dry screening aggregate grading percentage/%

Wet screening aggregate grading percentage/%

2 TR AR YE 4t (a) AR % L R AR 90 4t (b)
AR R AR LMA; 40K H R4 SMA; flll A R {&: MA.

Fig.2 Percentage of dry-screen aggregate classification(a) and wet-screen aggregate classification(b)

K ARSI SR AA 14 23 4E 50 (D) BUELIE 5 AT LRI SR A L R S5 A e 1, B IR 4R B0 s fi, +
S VAT SR A A A5 AR BRR RE ® 20. dy 1&] 3b R, 38 ik SR AT ST A B GH 1 T, eh R RN FEAER T I 4
B E, AR HEXT BRZE I, o0 RG] 1 RIS R 2 0] JC 2 35 22 S, 0T A AR A A R Rk BB B 4
1713 328 Dol A T AR AR AT SR AR UL, S0 44 2R 5 K ARk SR AR M ABL. Stegarescu 57 & BE, St 1 4
PR (RAZ SR FEAT) I, oF e P SR AR E ™ A 1T R IR UK S 9 7 R A5 R it 1
AW, St T K R GMD ULT-F 4 E AR ) Fl MWD PR H 8 542 ) BUE, 4871 1 Flvie A L
PRAEE P, AT, PR R TR B B R 1, B RERE AR T - ORI AR - A SRR A 5, O HLAS
LML - BT REAS B A HLIR A & B, R HEA LIRS R YA A T RE 2 520 1) - S TSR AR
g PP,
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Fig.3 stability of soil water-stable aggregates(a) and soil non-water-stable aggregates(b)
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23 R R AR KA K A

H1 2% 3 AT, el R0 0T DUAS RLRE AR )1 AR Cd & 1. AR T AR Cd & 238
D, B T2 AN T2-ps AbF Ak, A A AL B 22 53 55 2% (P < 0.05), FEIRAE 41.51%—56.13%. [A], ok K5
AU ISR TN E AR (R 3), T2-(K. T2-m b BRACR W3, R 73 512 53.50% Fil 52.72%. 7E
SR T RREINT, W BRI T, HEAARTE Cd & BRAL, WA YR, A BB R, R
THIYAEAR TS Cd &8s 0 05 O RE RS AR KB . e ek BRI s, 300 pH (E R R, B R
Cd FEAK, FE9 JE 10 ) = S0 P oA 3] — o AR B Al 3, DAL bt 38 v o 52 i A 40 2 K A ) TR 20
b AP RERS A0 K, LR T T A e,

R 3 RHERCRGIDE NS ARGR Cd & A5 A= i i R

Table 3 Effects of soil conditioner on Cd content and biomass of Ligusticum chuanxiong hort

Qb AREBCd/(mg-kg™") HYE/(g-pot™!)
Treatment Root Cd Biomass
XI 2.1240.04 a 17.85+1.75d
Tk 1.16+0.05 ¢ 20.61+2.03 ¢
Ti-Hh 1.12£0.03 d 20.81+1.03 ¢
T1-# 1.080.04 e 24.76+2.41 b
T2k 0.93+0.03 f 27.40+1.54 a
T2-th 1.24£0.04 b 20.42+6.22 ¢
T2-7% 0.95+0.03 f 27.2643.75 a

24 HIEPIREREES S AR RENEBEXR

N T RS IR A B RS I FE A A i AR Cd A S B v ZE ML, ] IBM SPSS Statistics
22.0 43HT T EHEAEFR bR . 3 PR RS )1 E AR Y R R 2 R AH C I R (FR 4). S5 SRR, NI AR
Y 5 pH(R=0.980, P<0.001) . A #L 5 (R=0.930, P=0.002) . # % # (R=0.811, P=0.027) L} M i 25 &
(R=0.756, P=0.050) 34 i ‘2. 3 1L A 56 Il = M3 Cd 5 pH( R=—0.855, P=0.014) . A #L % ( R=—0.902,
P=0.005) . LW (R=—0.970, P<0.001) . 254 (R=—0.755, P=0.050) ¥ i, i # A0 3¢, F143 T 450 (T
% R=0.863, P=0.012. 17 R=0.802, P=0.030) % B3 FH LK Z.

R4 NEEYEFRE Cd 5 LR bR Z A A A SR 3B

Table 4 Correlation analysis of thizoma chuanxiong biomass, root Cd and soil index

N A ik NIEHEBC

Ligusticum chuanxiong Hort biomass Ligusticum chuanxiong Hort root Cd

R P R P
pH 0.980%* <0.001 —0.855% 0.014
ARESCd -0.578 0.174 0.658 0.108
AL 0.930%* 0.002 —0.902%* 0.005
BB 0.811%* 0.027 —0.970%* <0.001
THSA 0.756* 0.050 —0.755% 0.050
SHIGHEEL (T ) -0.686 0.089 0.863* 0.012
S AR (0 ) —0.741 0.057 0.802* 0.030

4 pH A4 SRR T A S Cd X I AR B AR RCR,, 18D 1)1 ARER Cd 5 . i
R AR O S AR T ISR AR, AR TN E AR R R R A LB XIS ARER Cd /Y
R B0 ] 4 AR B B O 22 D 5 A LB 4 J 45 45 1 P I 0 ) 200 JHEL B A A A3l 4,
A LA T A3 A SRR A e P, I HLRE A W B ATOIE b A B Jm, X A RS Cd IR R
TR 2 M C 15 T AT SR ARG E P R 3B 1 1S AR Cd B R, AR 8l 20 LA B A 1) A 5 SR, 0 B
JE R AT REAN T s (1) 73 HE HERGEARR, - 38 PSR AACRR R At iy , R KRN 240 DR AT R A 5 At vy TS R AT 2R
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PRT DUOR B AL 7, (A b ARG Cd 1S AR AR A /b, AT )12 AR AR Cd & 4,
(2) B8 L5 A i Jan 3 5 1 98 AT SR MARAR A 1, i P SR A Ao 28S Cd x e AR v R 19 i 0 o3 A
E R T ICHEAE FCY, R I Z AR AR Cd A2 #m il 7 .

3 4% 1 (Conclusion)

L Tt Jon v el o5 S8 50) Jb 3 2 ) 1 S Fg A A S I, G e 38 pHL A LT L SRRSO A 1 AL
B RE 9 & A BRI, HHEARUS Cd. 4 b R A FAT B AR, SR, SR 2 %) 3
AR Cd BIREMRACR I T A 1.

(2) LSRR AR W Z5 AR Cd & . R KPR AT IR B e 1, i LA
RS Cd 1)1 Z AR IR i b, T )1 Z5ARER Cd & . T2 R e T2-/h AR, X 52w d
FE, I LA B E S PR HIAUSAS O7 T A R, e b # T2 BE A5 (R 0.5 t-hm ),
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