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Abstract To solve the safety problem caused by excessive cadmium (Cd) in Ligusticum
chuanxiong hort, soils of the main producing area of Ligusticum chuanxiong hort in Sichuan
province were used for the field experiments. We aimed to investigate the effects of soil amendments

on plant growth and Cd accumulation by Ligusticum chuanxiong hort, as well as the available Cd in
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soils. The soil mixed amendment | was composed of precipitated calcium carbonate, limestone,
calcium bentonite, nano potassium dihydrogen phosphate, biochar, sodium silicate, and
attapulgite,which was applied in the field at the concentration of 525 kg-hm™ (O1), 1575 kg-hm™
(02), and 5250 kg-hm™? (O3), respectively. The mixed amendment II was composed of heavy
calcium carbonate, calcium bentonite, nano potassium dihydrogen phosphate, biochar, sodium
silicate, and attapulgite,and was applied at the concentration of 612 kg-hm™ (T1), 918 kg-hm™? (T2),
1224 kg-hm™ (T3) , respectively. The results showed that Cd accumulation in the roots of Ligusticum
chuanxiong hort was reduced by both the two amendments, which might attributed to the increasing
soil pH and then reducing Cd migration to the plant. The treatments of T1 and T3 greatly decreased
the accumulation of Cd in plants by 56.13% and 55.67%, respectively, compared to the control
group. The biomass of Ligusticum chuanxiong hort was significantly improved with the application
of mixed amendments. The treatments of T1 and T3 were most effective in enhancing the biomass,
which increased 53.50% and 52.72% of the biomass compared to the control group. This might due
to the increase in urease activity, soil nitrogen, and phosphorus with the application of mixed
amendments. In general, the economically optimal amendment rates was 612 kg-hm? according to
the present study.

Keywords Mixed amendments, Ligusticum chuanxiong hort, available cadmium, biomass.
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TN E RBP4 & AR 2 )N E e S R AR O A s T 2R R Es, K ik, g
R AR AS AR 1 25 v A B i 2R — 1 IR e 2 1 [ A
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1 MBS )7 (Materials and methods)

11 Akl 4
I AR R DU )1 A8 AR T 320 X1 55 Rl Bt N T Fh )11 25 Ligusticum chuanxiong hort. H [0]3:
B T 00 148 BT T B 15 R B b (31°57357N ., 104°0'34"E ), FaAS B PE BT N3 1 . {5/
T AR 46.62 m’.
F 1 A R R
Table 1 Chemical Properties of the soil tested

I - BT/ (gkeg™") 2/ (g'kg™") 25 /(gkg") FLBREE /% BCd/(gkg!)
Item P Organic matter Total phosphorus Total nitrogen Porosity Total Calcium
P =N

A 5.63 28.93 0.67 1.22 43.91 1.52
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RIS PI AR A SR A, 00 R T R RERIRES . A KA F53E00E £ 90K iR — =
B R RERREN . TR el R IT . SRR RS . AS I £ gk IR A AR e R
BT R G S 7 b A B, YR R R RV B TS B0 4 v B AR RS Cd B R TR i A, 43
HAHITRA B R A (CK), IRABCRA TR (525 kg-hm ) (01), IBA R T HifkF (1575 kg-hm™?)
(02), IRA R T SHkEE (5250 kg-hm™) (03), A 2R A TR E (612 kg'hm ) (T1), 1R A 2l B 7
11 FP e (918 kg-hm ™) (T2), 1A B K7 1T = R B (1224 kg-hm2) (T3). A FpAb#E 3 A E A, 321 X
B, A XS E LR, SR A I HI BRI o3 B, A1 X8k 2.22 m?(2.22 mx 1 m). PAFIE & B0 R 745
AR 1 VIRAAL, TARINERT 7 d ¥ 200 0—20 em HHEd, If X HABHHL. 1125 Fht it
6] 4 2018 4F 9 H FAJ, F 2019 4E 5 A v Fajikesk. T b3 )i = # b oy SCA ], Fi s 45 20 d 38 13k
AEL, A8 3 AR, A R AAR A AT HLZE AR 1.2 t, F LA 1K, i AR [
1.3 FESCRES ST
1.3.1 FEAREE

TNEWOR I, R 8 HURE T, SRR SE B AR AR i LA 100 g ¥ )2 14 (0—20 cm). 7E 105 C
TRRE S5 F TR N S A AR AR A A T 30 min™, 65 °C #ET, KEREPERAESRY), YUl A, MhEE, 1 0.5 mm 0, %
BMRAFRFI . 3ERE ST BE IR 0.5 mm 0, 8 BRI
132 bk

JERE S RN S R E M R A s (T8, RZEFA Cd S B8 ) ik, B )1 25 AR X
T, KBRS S, & 100 HJE IR, Sl b A, BOREAE S 1 g, B TR, AR -5 SR
(4 DIRAEW 10 mL IR, JHEUN S, R 7. i H B T LI, CRER6s, Rr il Ml 2 e
175 B B s R0 £, e HUR A 10 mL 0, FH 2 % I BRVE R IR A ae, [E 2, #40, 5 H KOG R
FETEA (i ] BS54 M A A8 0328 7], novAA300/FL) I 5 i ) 75

- HERE S R A RS Cd I RE SR Tessier $2 U 0B 4790 52, J5 N TR W e Y 3% S0 2
Cd 5. 3 pH {ECR A pH 11 (pHs-3C, RS AR M (K bk 2.5 ¢ 1) 5 3845 LB R A 380 5% R 0 v
D 5 - S9EFL IR RE AR 5 - 2 F (34 036 A EL R (L ) T 5845 3] 5 s Akl 5 1 1 I SR FH AR B e
LU €0 5 B 20t (400 2 R P B 4 1507 s A A R0 1 D SR FH SR A AT UL A e B B S AU it
SR B B W LU 2. - SR TR AN SR FHV R TR 2R b B (8 5 JORTBIE VG 2 000 R P 2 B — vk SR M L £
%[14]_
1.4 st

R FHE R Excel 1 SPSS22.0 #4748 1140#r, FIH Origin 9.1 EE, A FpAb PR 3 NEE, HHF
ERRH 3 A EE ST AR fE R 22, R Duncan 23 Hr i K 50 A B[R] 22 5 1) J 35 1k

2 ZER 5518 (Results and discussion)

2.1 TR R RN A R A o R )

it I TR ek R R AT AR A S Cd S A 25 A W 1, A —E S RN, 39 pH (K
N, T S JE A YA R RN, pH R — P G B T, X - A - DTV - I R I A
FIFEZRZ ML Q1% 2 Fow, IR A e R RG, A0 BEAY 3 pH 35 B F$2 T (P < 0.05) . 2 Uik R
B AR ESIERIE L GORBERR SR ARk . R IR A RN IV A 2 I R TR A R R T AR B
19 338 A 55 R 1 Gt fin 43 91 4 O1: 525 kg-hm ™2, O2: 1575 kg-hm™, 03: 5250 kg-hm™>), 5 xF BZHAH 1L,
pH 4 1 0.32—0.59 /N EAf . IR A el R 1T A 3 A iR 45 . 5 BE M08 1 9OoKsie — 2. A=Wk .
Rl R AN . TU1 0", A 2 IC T o Ot o #4391 4 T1: 612 kg-hm ™, T2: 918 kg-hm 2, T3: 1224 kg-hm™), pH #27}
T 0.38—0.8 A, X AT B2 TAM IR HIRA S RN 1 A KA 5B ENAGSIRA R
I r 0 4 55 A e S 4E G A R B 532, 5 HIE AR A1 48 7+ T+ pH, JF HIR G K
RS e A 2 W e mT ARG I g rb p R R - (R L NS, B IR AR ROV R, R A4 HORT AL U
/> M4 i+ 58 pH {E™",
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Table 2 Effects of mixed amendments on soil physical and chemical properties

i AHLBY (gkg™) AR (gke™) AL (gkg™) FLBRE/%
Treatment pH Organic matter Nitrate nitrogen Available phosphorus Porosity

CK 5.83+0.25¢ 31.87+2.82d 17.00+0.86 a 21.42+1.15f 44.10+£0.94 ¢
0O1 6.17+0.23 be 35.47+£2.39 ¢ 21.76+0.88 bc 34.34+0.95 ¢ 46.47+0.76 abc
02 6.15+0.23 be 36.39+2.06 be 21.84+2.34 be 36.68+0.98 ¢ 47.17+0.51 abc
03 6.42+0.35 ab 37.22+2.46 abc 20.54+0.31 be 38.24+0.74 ¢ 47.40+0.49 be
Tl 6.61£0.09 a 39.45+1.20 ab 29.57+10.14 a 42.83+0.62 a 48.13+0.69 a
T2 6.21+0.18 abc 36.43+1.07 be 24.49+1.44 abc 36.52+0.26 d 44.260+0.53 d
T3 6.63+0.06 a 40.25+0.73 a 25.59+1.70 ab 41.01£0.52 b 47.89+0.71 ab

AR IF/INE b 35 9145 A BRI 22 53 3% (P < 0.05), F Il
Lowercase letters indicate significant differences at 0.05 level. The same below.

Jite IR A A R R AT LA R R A LT & (P < 0.05). i, T3 5 T1 A3 & L3 ML
ORI B (P <0.05), 70 B4 T T 26.29% H1 23.78%, O1. 02, O3 4P F + A WL & &8 hn T
11.30%—16.79%, {H 24 K 5] jiti Jin £ A B2 4% A AL BT & S A e Ml O d 2 25 55 IR A e R AR T R TRk B Ah
PHBEHE T 20.82%—28.47% HIEMHAA & &, ()&% 3 FhAbHI2E R B35 (P> 0.05). BVAIN 7, IR A
RFR) T % Bl A R A SO FIR A R T IR R B9 7] DL T 38 s e il i) 5 i
T1 AEFEETE T 99.95%, ZCR W, 8 CK AR 22 57 i 3 (P < 0.05) . IBA S R A [ ANES el A 1Ty
it e - A ML BRSO A R A i R T, AR B R s S N R, $ v T X A
TR B A RS S BE T, B T R A RS Cd & i, BEIR T E & E A A SR, A Cd IR

I TVRA SR A, A A B8R T R SEAL B, SN i 2 198 T1 A T3 43, 43 5142 7
T 9.15% F1 8.59%, iX /& FH TR A W R A i A= W) e S AT R A W B e 77, JF H LA B 1) ZFLE45 I Be 6%
s ERFLER 254, e 2 oo - EAE A AE R L
2.2 IRA R D A RS S RS

1 AT, AN Rl B AR A ek RS, HHEA G Cd & 45 2] 8 3 AL, AN [R] b 382 i) 22
S E (P <0.05). ANFNEA MR A ] B2 A F6 + 384 3508 Cd 2 A Ta], % b CK AR FE, + 358 3%
A Cd FEFEIE R 9.64%—51.79%, Ab BRI AF 10 T1 A T3, 535N FEAR T 51.79% F1 50.77%, 5
HHTE B 00 R 590 £ it n 387 BB AN ) R B D/ 138 00 Cd 9 &
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Fig.1 Influence of mixed amendments on soil available Cd content
B TR TR e RS, L pH A58 B T, b 1w R b 6 R A e PRLECHE A, Cd Ry H
A R O 203 SR AL AT b i 220, PO R TR 5 e R R v ) 8 R R 40 A A e A P S O R, RS A R B
THEP AR RS T, L IE RATAS S, SRR T RS S, LR A G B 1 B S WAL AR, A
1T o AR 48 7 i A AT RCPE Y, TRT IR, YR o B v A T R Y S N AT BE A T R IR, 9
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pH. PHES ¥ 3c it 55, (23 T 8 F 285 O, il HIEPARGS Cd #28 B IR cd™.
2.3 IRA RN A R S 1 A R

1% 3 WAL BT Ab BRI T T - SRR 0 M, R TR A R R R TR A BN, - SR I 1
PSR T FRRRAR R 3, AR O2 Ab PRI 45 i A 25 T T SEMRBETE 4. T1 AN T2 Ab B 4 S8 IR 4 TG
FEF(P>0.05), T3 A0 B A S IR Fl G M1 B AL B P S THR R, BT T 55.4%. 18 A B B A 3 ]
DA o SR T il 10 0 e, R R K2 O, R MRS M TH T 52.6%, MR A e R 7 T Ab 28
(e B 4R T, - SRR R G 4k S R kA, T1. T2, T3 Zb ¥R + I 5% B4 CK ML, 2R3 B3 (P <
0.05). i)‘wm%a& K7 Uﬂﬁﬁtuﬂuiﬂuﬂﬁﬁﬁﬂ@é@ﬁ@ﬁ%@%, XA M T AR A K, ik £
AP A BESEFR I R R 1k, 48 S 4 Ae oy e,

R 3 OIRAMCRFIX R R (mg-g )

Table 3 Effects of mixed amendments on soil enzyme activity

AbFH Treatment Wk Urease WAL Phosphatase
CK 0.10£0.09 ab 170.89+£2.19 d
o1 0.1440.06 d 260.89+8.68 a
02 0.15+0.07 ¢ 219.68+8.05 b
03 0.12+0.02 be 181.15+7.65 d
T1 0.14+0.01 ab 201.64+10.98 ¢
T2 0.14+0.05 ab 215.8242.48 b
T3 0.16+0.01 a 20.2146.50 be

2.4 IRAHREFIXE Cd By ZFEUVRINAE Y A5

Jite TR A A B 50 BE A AR MR AR 300 1 25 AR Cd & (AT 2) . AR IR [ e B i) TR 4 vl B 59 34 i
FRER ) AR Cd B WG, B T1 A T3 4 B 22 A1, AS[a) Ab BE 2% 55 B 3% (P < 0.05) , R AR IR & 7
41.51%—56.13%, 3% i3t BH PR AT G o5 R 700 AN [R) VA 88 1 48 o 220 R A 0B AVR )1 25 AR X Cd il e
b A R AR A 2 T, T3, FRARIE BE 2> A H) T 56.13%. 55.67%. BEB RSt B T W4T, JIE
HRHE Cd 5 o 52 2 W s/ a3, T Bl A YR 5 oS R R T o 7 5 1 R 408 T %) 920 1S R R T
A5 Bl TR A ol R R0 Tt FH o 38, D ES AR 3B Cd & i R S 3e T P IR AR A i 34, i 5 R A A0S
Cd % —3, X 22 TIRA S R A AR mEE T+ T 148 pH(E 2), WD T ARG cd & &
(1), P % Cd Ay i AT s S 32 B 4, TR 00 B 500 v 70 2 S ik P %5 P o SR B PR A5 #0 1 A Ca i

T, ERE IR ) SRR A N BRI 7, Ca* B 75 Cd i T34, Bk Cd & 1 N 3 1m )I| T #
iz, Wb T ERE Cd .

25 (a) (b)
35+ a
a <
T z a
20k = 30 [
= b
go 2 b
= 2 25+ \
2 g be
B 15t g T be J be
S E b Tl © T I
£E c 2 £ i | 1
52 e - * g i
g 210k f f 2 15
=.8 2
EZ 3
58 )
g2 g 101
= © 0.5 3
O g
S 5k
m
0 0
CK 0Ol 02 03 Tl T2 T3 CK 0ol 02 03 T1 T2 T3
Treatment 1Treatment

B2 RA R Cd & i (a) B A6 (b) B 52

Fig.2 Effects of mixed amendments on Cd content (a) and biomass (b) of Ligusticum chuanxiong hort

TR o RR BRI 2 m T S R 2R i (5] 2) . S X CK A EE, 01, 02, T2 A B I =5 2R



11 4] JEMRANAE - TR o BRI 0T 5 Gt 1 2 R AR R B A R s e 3613

V2R AR (P>0.05), 03, T1, T3 AFRAY I APyt 3 a3 i 2% (P < 0.05) , 383K B 4 1
J& T1, T3 AbFH, B4R 5 518 53.50% F1 52.72%, {H 3% W FpAb BTG i 38 22 5+ (P > 0.05) , Fifi 45 TR A 2t R
I W BT, N A R RS, X 5N Cd & & 3 4 A1 5, 35156 BH 125 AR 5
Cd kDXt A KA A, B E R A e BRI T Wk 4T, O2 b FE A NI Z5 AR &8 Cd A A=y i YK+
Ol Ab3, A +HEA %A Cd & = A& T O1 4B, X v fEJ& i T 02 &b B i) +HEFL B &5 T O1 4b 3
(2 2), AL T T O T ) - 9 25 40 LA 11255 v B 4 9 W05 X Bt 38 R 9 508 Cd, PR R )1
B AR A I AR ET Cd 0 AR NS A A 4 v vT BB B T TR B o0 R R0 A O n 4 75 1 8
pH 39, ARG Cd A5 BRAR BE DR 2D, B T X1 25 A f i ai, I G 3 3 Ak o i il
TGP B R AR SGEE R, 350 T 58003545, IS I AR R T TR 0 SRR BE Y, B R AR
AR AF IS INAEAS 3R CL N, P AR E FRT R e A, 2408 T 50 R 054, AR HE T E Rl
1B B B8 R ) R R A S I X VR %) A= W 1 A A R A s eV RO, O HLYVR & 00 R R A 0 ke 3]
TEABRESIREEFIEM, BT Cd X ke /e,

A BIEARES CdINE Cd A ERE, IRA S R A T EBESCRIE TFIRA S RN 1, X rl 6
JE T IRA MR T v A0 B TR R 5 AR R AR 2 B 5 v, 498 Ca? . K45 PHES 1 1l A4 1 FH B e i,
AT R 2 B 4 2 bR T 4R T B VR L, XA T BB T AR AR T i A KA e RN 4
A A AT B, (LR R A i TR 65 1 2L It P S T s s e T M AR S R S | iR EE A, b T
VA SR AR ()9 B2, PR I L B B B i A TR A e R A T (32 2), i ok s iR A S R T ik +
SR A A e R R R A TR A SRR I, 2 T Cd ARG A1 A ) i
2.5 JNE ALY E AR Cd 5 - HEH8 bR 2 8] A A 5GP 2 Hr

AFRRA S RA S ¥ s ) S5 DA RS & B v: 5o e s .
IBM SPSS Statistics 22.0 #4711 25 Az ¥ 1 A1 1= 84845 2 18] B9 AH G 73 A (2 4).

R4 IEAEY R Cd 5 LR Z 8] R A 23

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

XS Cd HLBE AR VO s \
ik AOUR - WSE AR e g U
Available pH Organic Nitrate Auvailable .
. . Urease Phosphatase ~ Porosity
Cadmium matter nitrogen  phosphorus
. R —0.748** 0.650%* 0.612%* 0.383 0.666%* 0.492* —0.037 0.406
L
P 0.000 0.001 0.003 0.087 0.001 0.023 0.874 0.068
J#5cd R 0.787** —0.719** —0.731%* —0.552%* —0.964** —0767*+* —0.446* —0.675%*
%
P 0.000 0.000 0.000 0.009 0.000 0.000 0.043 0.001

R Pearsontfl S R KL, PIHF/R BEPE; * 7EP < 0.05KF B3, **EP < 0.0 /K F 3.
The R value represents the Pearson correlation coefficient, The P value represents significance; *means it’s significant correlation at 0.05
level; **means it’s significant correlation at 0.01 level.

M 4 T LA, IS AR5 5 £ A RS Cd f& . 5 pH 24 W A5 (P <0.01) Al
IEAHXOCR (P <0.01), X 5425 + 1 pH SBEAIRA 20 Cd & i, IFHE IS ) A= 1y it i 45 SR A — 20,
I LT 5 )1 A YA AR (P < 0.01), X 57— ETEH N, TR A PLR &= 5000
KV 522 TEAH 5 56 22 I AT (iR o A 40 i 1 285 SR — 350090, 1 25 2 i i 5 T sl R DR Tl A B 25 A DG O R
(P<0.05), =AY 5 T e A A S B85 IR A OC, F1 I mE R Il 52 0M DC 0GR 3 R ] 1 i )11 25
TP RE Cd SRR, I E S Z 3 Cd FEE, RS SREUb, A K R, Witk
A DA A3 7E R 2 R HEA S Cd A7 T4 T 115 A Wi A 5 o),

JE Cd M IEA RS Cd. 14 pH, 24 3 IEAHOCH A SCE R (P <0.01), X6 15 pH Y
PR T LA RS Cd XTI R A E B RCR, X 5T AFFR A5 A — B, NI EARH Cd 5 15
FLBREE S 3 TOAH OGO R (P < 0.01), 3X A g2 i TR A o0 R 0 b AE W e 3 1 L BR 285 A8 % 1 4 2
FEPERA R AT BEEE ], BR800 + A RS 1, T VEY) h Cd 1 s 4207,
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3 %518 (Conclusion)

(l)fﬁiﬁlzﬁé R ) B AN ] o B it I K 7 4 REAE S [ R B | 42 g 1358 pHL (P < 0.05), 18/t

ARG Cd & i, B T E SR AR WA Ao, s 7 1% 25807 RER) 19 Cd & & IR Ak
R (%ﬁﬁﬁﬁ@ﬁ% AR FSHEEE + | GORBEIR AR Ak . RERREN . NI R ) FITE A B R

I (EE AR RS . F5 LI £ . ORBEIR U0 . Ao . REFREN . 1™ ) 1Y) 3 v B X - 38 0
Cd Y A M 23 53155 9.64%—42.59% Fi1 28.86%—51.79%, RS HC R T 89 3 Fhifk )& 1, 5250 kg-hm™ 4b
FHA 5 B UF 0 A B IR G B AT b 612 kg-hm ™ F1 1224 kg-hm™ % [b 2% 71 AL 343 B AR T
51.79% F1 50.77%, {H 2 P A AL BRI AR 21 2548 & 2 [ ZhRME (0.3 mgkg ™).

(2) TR A SRS I aT A 2GRN 2 A i, X 58 R ARG, 23EARGE Cd Bmb,
A AL A5 A e ORI 45 T O A %) 2 R YA R AR B AR S, DN E Aok, IR A R
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