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& OE: BT R E R AR L R AR SRR A E R AR e R R A AR | R v
PV ERER A, Sl AE TP 2 2 & WA e TR R, B TR E I (CK) | i K (Lime ) F1E
GIRBER (Com ) (BLE AR, AF RGN NG MR ) 3 /ARFRYALER, PREE BRI AR E R rh R
25+ BRI AR B E W R A ), A58 HT = S R EILAE ] B S P R S R TR . ST A IR R
B, JRERFAELEEH P AR 33.8% ~ 41.9%, HEESH B R &2 16.0% ~ 38.3%; BRI HIAR bR 15
pH FREARWRAER; FWHRAMAT L 5erp SRS 20, (R0, B B3R e I O ERAT . R
W MR Ab R, RN A 2 A B M . I SRR ARG s PR A RS
YIXRA G TAH, SUntEEmnsfER . WRERE . IREERFEE | IR R SRR A48 HREAL,
A 5 E R G C R . SCHEER R A 5 . Bk, &2 A VAR RENS TR BE £ (b2 A Atk eI
B2 AR 3R PR IR AR 28, X BT v B A A X - 3R R R B 2 L R T A B A

KGR S0 A TRBN

HY T R 2 AR IR YT P A R A 5 T A AR
FH L DA BT 4 B AR A B R A 2 R 2 15 N 24 2 [
THLR MR S, Tz b s 25 T SRR
HPE ST (htip://data.stats.gov.en/ ) FUF BN,
2018 AEAx[E PGB AME I 239.24 J7 hm?, (542
ERRAEY) P TR Y 1.4%; HAPRETRAR L 15 4557
(1) 2003 AEIG TN T 1A% 2 RRE VR AR g Lt
Iy 0.8 ANE SR SR, TR R 2R SRR,
1 T HAE R S RE & B A G BURIURR 22 1) AR TR M)
B CA . RIS ) SaiE, I ARPRIK
EYNEER, AFAE TR AL S AL ™ E S )
Dyt R A A, FRR AR R pRZY, T HE
KA . SRR, A SIBMEH + it 2,

WimHE: 2023-12-12; RAAHHE: 2024-02-06

BE®WE: 2023 FERET R AEA TG4 AA SCH TRTH
R R AR E RHAES (CAAS-ZDRW202417 ),

EE R Wi (1998-), WULBHFELE, BFFT Iy ) g v Re 24
fRefit 30 K . E-mail: Liuyingisme@163.com,

BIEE: F2M, E-mail: Guoliping@caas.cn; K, E-mail:
45547479@qq.com.,

MK HEZR; IR

X FFS M 38 pH FE700E f5 A B, Mk
FERE U, + 3 pH BB HREAR R, Hi%EE
FEARRERKETWRIE . MYA RO & 2R,
FEE R T PP, PRI R R E T
UL AIRIE RN, HESEEE, HEPRSA.
B . HAE . AP R B E AL, AR
HR R A U . DR L R T R R A ) T
M AATE R [FIFREE ARRAG 4, B2l e A fi s
ekl s, dwit—2 s T R REIX R A
HARAE L R HUE Y, X H SARER N A AR
FEMIME T a5 R0, IR B L BN pH . Ak
BRAEIY 55 R N A L W T B A A — e B AR
etk Ul WIS RIL, SUMSER . S mERX 3R
FEHPIAR 5 30 B VR S5 1) R B0 8l R - 48
pH. M. REMRERIRES '

i TR ZENE, NI B R EIR
f, BIEREAE—E R L UeE R 2
M. B, Al iEfERAT R A, TEX A R
FEHL AT A R, DA IE R S O R R i
R R PR TR, A R R A
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AR AT BE, A RTTE O
WY RI S TR B 2500 1, R B BERE
il A L A S5 B A N . AR A
>, AR R = AR - A i
V. EEMERETE . REs =Ll

S T RSN SRA Y, 2GR o T
W, BAMIFGEI, BUTRAL, HiR%T. by
EEAEARI, b, PP, HORGHRR, BT
TE[Rl— MR SR, Sl i R i T2 B = E 5
i 0 ST L SR B X S e L S S A
L, ATRITINGS & Ak R B R Y o e
TER AR, RTT TR ERRXT S 7t % - SR
(SR, EFERT LIRS . TSN K 9
AW RSN, DR ek s 2 ik e
154 B By v 2 e TR R AR S

1 #REIZE

1.1 R Hb S,
WAL L ET R EN M2 & R aFES

2R SE RO, T TR AR T AR L HOR
B, R AR R RETE 8670 hm® 247, (N4
7Bk o T LAY 35% LA L, 2564 FhoRE 2 T 3K 200
Z R0 DO AW SE IR B 5 A T G4 2 R T R B A
T RERE, B AR bR Ky 38°24' N, 115°20' E, iR 1
A TR, SR Y 36 m, &R KB
PR TR FERAE, FPHAE 12.10 C, £
F%7K & 505 mm, = 0 CAHFE 4406.4 °C, 4T
19187 d, 4 F-F H B4 2685 h, I Fypb
et v BUIAE o MR 4 AR SR R 2y
T, COHBEIERRRS, FAR A KB 2
1.2 {435

AR IS T 2022 4F 4—11 A #6477, fhik + o
T b A £, I HETEL O ~ 20 em AR
TEB T4 I DA 1 7.V w = SR VAN i YA R (U Tl A s
W R 141% . 57.2% F128.7%, + 3 Ak 2 0k 0L
% 1,

®1 FEWIHEAEFEK

. AT A AR i vell FHE Ut
P (g kg") (mg - kg") (mg - kg") (mg - kg'") (emol - kg™)
7.6 7.10 58.9 23.6 127.8 10.0

1.3 Rt

T AT RN - 3R I LA — i A A R T
YER, et i A R K AR R TR
B A TR, A ISP AR F (R A TR
UK H3efb i SR YA MR T A e, Aiga A
BT BRI SRR R 2R SR EME T, I 3
AP, R 3RESR, DXEF 2mx5 m,
INXFEALIXZHHES . 3 ANMELA -

1) M R (CK) : FEERLEARA
T AR 750 ke « hm™ FEAEAHERHRUESTEHA L
HREEIZ A REAC =it 2 A IERC A T, 2 A
JEH N-PO~KO &l 144-28 (%), DEFMITS
JEHI N, PO, KO 43514 210, 60, 420kg + hm ™,

2) it FHAT JREERF] (Lime ) @ 7EAR R it R
BERl b3t A7 K 750 ke - hm ™, A3 K THE RO |
TEREA Lo HAAE RIS CK —2

3) HiFHE AR (Com): Flt 8100kg » hm™,
TAEATHOE . BEEA £ HAE B ES CK —
. JHBF A 4K 20%. A1 30%. A HLIE
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28% . 75 4 B R 20% . B R 2%, Hih, JE
PR AT HLAE TR A AL i 47% . A TR 30%
N-P,OK,0 &k 2-15-15 (%), bk, & . 47
(C. N, P05, K,0) H5521, 405, 304, 304kg + hm’;
HRR 3 BRZEIFTF R E A o
1.4 a4

S an AP Oy CATRESEERT ) 2244 Bupleurum
marginatum Wall. ex DCo 2022 A5 F 3 H it A
IR, JEACSHEEE R 750 m® - hm”, MEBE A
T, VRIS AR ] 1 RS 58 BN R A
PIPREATHE R . T 5 1 10 UGS, BRATEE N
15emx15cem; 9 H 2 HiBABIHERE, 45600
HEE oM 600 m® - hm; 2022 4E 10 A 25 H Wi 3k
SEERIN o iaXEe I a], AAE PSR TR ( Lime
1 Com AbFH ) HAEAR, A A BEE. HE. i
JEa, BREAES YAk R e —8. AR
W E AR M S, WA FEA T IR A e AR S HoAh
MR, AAEE 5—10 A PSRN 22.5°C, oK
K 414mm (K1),
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B 1 e B SIEMEKE

1.5 WURE 7 Bl o Fa b

(1) YEWE KSR MR, AW, AZR™
o, UL m® BET IR TN A, S T N g
BT, IRIRE A F] R AR vk (3E )
0512 ) FEATHEM .

(2) RHEILREEACER . B IEF AT, ML
BiZ 5000 ~ 20 em HAE, I 4 3 AR BEAL P
R, EFEAPLE . pH, AR, BIRHE
73—&\11\0

(3) &EEF WY K R bR 5351
T8 H 12 HEEAEI, 9 A 8 H M2 K K 10 A
25 HISGRIHEL O ~ 20 em AR X A0 7 4 398 Hh 1) 8 24
RBEA o8 BURFR L (B IB0RE ) I pH Fra]
A LR (DOC) 5 TERRALH . ARZE R R
HR X A ARG 1 o S 3 400 S 34 R FH 8 R
WYL R R A bR LA B R B R (R
WEEG . DREG. R VW R B A ERE IR RS ) LI 2
oy A A, I SR BT (VK& IR SR % 4
CORAFE, LN E ). Horp, 4 SR PR
FHZR B — DR B L B 7 0 5 1 SRR I I 1
PSR B R R 0 L L e s SR TR B R
KA 3, 5- KRR ke R
ST T SR FH AR R = b el s, 3 L Sk
[13 ) THHEMACA. #. PR AR T I
&, KM 2mol « L KC /K H 1:5HE Hishay
BT ASCI B S RS A 5 AR A 0.5 mol - L7
NaHCO, $2 B¢ - 0 W% bb €8 3 00 s SRR 1
mol + L™ B BREAR I - R FISOE IS A, 7RI
SCEk [ 11 ),

(4) TIEAEMEREBEA M : TRAGBUR
Prt (RE B ), I F ok & [ml = ) -80°C
PRAE, 1R N SRR AU ) DNA 3% 30 )5 2 =) 6
N 168 rRNA F1 B ITS #E17 qPCR & 5 M E V4

LRI SE B AR A
AW BARAT IR A 5E 1
1.6 Hmabsl 551t 54

IR JF A HE R Excel 2020 JEF 728, {56
IR 250 MR R IR S AT, Hh 2 E R
Duncan %,

2 ERS5HMH

2.1 VBTN i B BT

SEFARL A KORIE 1 ~ 2 4R ATl R, ARG
SEHAT 2022 4F 10 H 25 H M4 0ER, M BT 2L
KA 2158 d AR, W 2 ik 2R ) a8k
E LI 2, S A 322 A 25 3B 2 B R I HOiRAR
MR T 8 RIS 0 = . e 45 R R, CK 4
FRAE W) (K 2a) M 3334.2.0 kg * hm™, Lime Fl
Com Ab ¥ () A= ¥y £ 43 5 Lk CK /&5 31.0% F1 34.5%
(P<0.05), W WLA7 BB — 8 B30 F1 52 A 8 B ) 2
XPYE NS ARy fe A W E AR . R T S A 258
LT HEAR, CK ARBRY ™5 478.6 kg » hm™, Lime
F1 Com A0 Y L& SAAR 7 1 (181 2b) 4390l bE CK /=
33.8% 1 41.9%, VLA BRI A I ELR X 4860 vy
i A B ROMVER . BEAh, 3 M ERIL T R
BOANLGR S EY R HH] ) 75 85% ~ 9.0% 2
[B), AbPEZESA R E

W5 ) 3/ Ab BRSESAAR TP A . B, B & i
(K 2¢) FIRTESHR (B 2d) BoR, 235 a3
(Lime 1 Com ) B4R, @B, &8 LS8 H&ED
5 58 2 & T CK 62.0% F190.5%., 71.3% 1 121.3% .
69.8% 1 161.2% LIS 38.3% F1 16.0%, J#BEFIALB]
(A S 24 it T B % A B R B 3 e A R ) Ak
B Ho 2 AN B AL BE A BT B A i R CK
() 2.86 Fll 2.14 5, I B XF S8 50 i 14 7= 32 A
W,

IR T A e st R 4k 2R
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5000 a a
o b
E 4000 ¢
2 3000 |-
B 2000 -
g

1000
¥
QH 0 1 1

CK Lime Com

SeWIRA. B, BEE (mgkg!)

CK Lime
AbFR

Com

(b)

800 - a a
E60l b
on
-~
~ 400 |-
@
2 200 |-
=
= o - L
CK Lime Com
(d)
030 . WEHA a
S 025 | WEHB T a
i, El‘%ﬁ:b T
020 o
;A a a
% 015 | a a .
oW o010 |
o= b
= 005 -
B
0.00 -
CK Lime Com
L

B2 ARLGEHLEHENE. FEMHRR
Ve KRS EFRR 8RR A B R B2, P<0.05.

PEE RN e K b A MR Y s
B2 RR

pH: 38 pH J2 2 e+ 38 fb 2 1 o K 3 v
RZITCRABEMG A YR (W E IR br, i
b S IEh N E SR E T (R T
WAL HEINAR PR A 4 5E FAC pH AR KR
I3 B EL B, O 3R 43 B AR 1 T 1) B0 R R AR AR
fb, mEY AR, HE3 AL, 7Y AL St
JIE A BT FhoRE S, MR PR 4 HE pH N REIT WL, FE
& FiJ5 55 128 d BORE B U 45 4 4% pH R % T 0.53
(Kl 3a), 7EREFE RIS 175 d BURERT £ 48 pH T

(a) m8HI12H
8.5

22
2.2.1

W9HSH

CK Lime
b3

Com

BT 1.09, A EC T AT — UK BURE B9 56 47 d B[] A5
MORRET 0.56; i it FH 8 B G 2 A4 Ab #H: + 3
pH B A W AR, X UL, it A K & A R
PR REAE — 2 FE BE LA ) v R 2 Ao 3 R 1L
AR

13 DOC: A[F AL AR PR L 58 DOC & 1 4n
& 3b i, SedAE R 2 4 FEaf 44 DOC &
B AE 457 ~ 532 mg « kg ZI8], AS[n) 4 HE % B A
ZFARK, X T CK Fl Lime Z0FE, MRZEW A (9
H 8 H ) HaWsAR T EAL W BUE ;i XS T Com
AFR, R[N DOC S 2E R K,

10H25H (b)
12

—_
o O

AR S # (mgkg!)
»~

CK Lime
AP

Com

(T

B3 AREEFHSAETER pH LR EENR
e EHP BRI A T B A Bbrid , A DRRI TR M — YR R R R 22 53 .2, P<0.05. Tl
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ISR
ISR NE4amTUEH, BTREt
BEmA RN IE R, TSR S Rk
AN, BIERTA AL BRI E2E R AR, BIEEE
5d HEHEL%EE 1 mg - kg_1 DA, HRZER I
BHEJE, Lime 1 Com Ab PR 1) 4 38 45 25 A0 & & 0% =
T B MR AR AL R, (H 2 VB LA 22 57 R
B,
FIERMAR: K4 BR, 5HEPESAAR
W], TP HEEAS EENMAR, BAEYEL
B HIER AR A EAE 105 ~ 128 mg - kg ZIA], W
R IR S A SRR 11.8 ~ 128 mg * kg 2 1],
Ab PRI 22 FON 2 B B IR A R
HRZERE RIAIE N 5 d J5 & b 3 A8 A & i T = 2
20.1 ~ 31.8 mg « kg, Hr1, Com AbFEY) 7 & AHXT
AR, CKY Lime AbFEAY & W& = T Com AL FE,
X5 A R R A S b o B B A S M B S A
—E W B A . R TR A G,
AR B 4e WoR, BEAC AR
BE i TE 342 ~ 364 mg - ke 2], FH, CK 4t
P& FAAK, 342 mg - kg, Lime Al Com &b Ff
() A R & b CK AL RS 2 mg -+ kg 244
RN YNELLiEry SRS LB NN LI U e N [

222

(a) mgH12H

"9H8H

CK Lime Com

on
g b b
~ - =
18 .
<1
2
= ‘
T L
Lime Com

3 RS Bl 2 LUK RT RE R -3 E 2R, B
MBS 55 5 d £ ARy 38 250 & 5L 7E 264 ~ 27.7
mg « kg JEFEIN, ARFRME2ZESFORK, (HBKT AL
W AR T IR, AR
AR ] 5 T AR A, IR ) o ol B
FE19.9 ~ 22.1 mg « kg™ Z[A], HH Lime fil Com 4t
P ) - B W08 5 2 LAl HE CK I8 31K 11.3%
7.0%,

R . ] 4d BoR, B R A
WS SAE SR, T AT B R A Ik
Fn] BB - HER B Sk, JBIE)E S d R HE
IR BRI B A A B A s
1E165.5 ~ 167.7 mg * kg™', £ AbFH[H] 22 55 K
Fo BEEHSd, HIEP S S R 1277 ~
160.0 mg * kg™ Z 0], J H1 Lime 1 Com 4k ¥ (1 1
BEHA A T CK K 25.3% F16.7%; WAkt 415
TR S TE 123.33 ~ 157.0 mg - kg 2 [A], H:
H Lime 1 Com b ¥ A% 3 547 5 & 43 7 1 CK B 3%
i 27.3% F116.3%. W] RESE H TAEDX BB 1
W B A R ISR H e T A A i, i N I
VTR KYCa™ Lk A AR Ak, BN T - e Y
S E, 3 Lime Zb 3R A A 2 500 S AR T
Com AbFH

10H25H (b)
40 -

30

HEASE (mgkg!)

CK Lime Com

180

T 150 F

2

=) L

E 120

~ 90 -

i

b1 60 -

kN

& 30 -

"o

CK Lime Com
QbR

4 AERHAELETEFRNFSAE

— 109 —

S

(T




| T T

——

HhE SRR 2024 (10)

223 HEEEEM

ARG AR LA AT FARZE I KB AT 5 d J5
WE T 3 Fh 5 IR AR SC K Al 43
JURT . FR R EG A P IR (18] Sa ~ ¢), 45
RBon, BRI B R B AL W] Lime A1 CK 22 57 2
N, DXPIANET A 3 NN [R) Ak 3L ) ) M kAl i i
W PEER TG i 2 25 5 . WA R U K A il T 1 A S
ANFEAE 2R WA, IREGHE A 2.03 ~ 2.37
mg - o d (RAURZFEIN) ZI0H), R IR 5 A
PEWE TR IS 2 BI7E 118 ~ 138 mg - ¢ - d™ (LA
W) #1022 ~ 027 mg + ¢t - d7 (LAZEBT ),

- MR B s R B (B Sd), B AE
W H G PETE 243 ~ 30.6 mg - gt - A7 (LA 2 HE
T+, Hid Lime I Com 4b B A4 24 il 15 M43 591 52

(a) m8HI12H wo9H8H
25+ a a

oo
)
&n
g
2
K
CK Lime Com
(c)
)
5
&0
g
2
=
esal
+
(e)
—~ 20 -
—"DD
S
&0
=]
&
>
&
ﬁ
A
CK
— 110 —

FET CK AFH 13.9% F126.1%, 3643 [ e 1 5 3
TVl FH XoF - 9 A T T A R . RZE K
WIAREIS 56 5 d, 25 A B A BERE G S M Hb B AL IR
14.0% ~ 31.3%, {HAS[FIALERN] 22 5o W2, Al fg
JEAZ T E AN P 28

T IEZ AR ALEEN E S5 R Bon (B Se ), S5
BEAEW TR ETE 1293 ~ 1515 mg - g - d™ (DA%
ERETit ), Hr, Lime &bFEAHEIE PEF CK 40
FRECE BT, Com ALFR ARG IG 4L, BT
CK AbFE 17.1%., MRZEWGRIBIEEE 5 d, &AbHE
2 B A AL P LU AE T 7.2% ~ 22.2%; 4k
] Fbd, 1A Lime A1 Com Ab Y 2 W) S (L B
T PES3 5 L CK AR P 5 25 42 v/ 1 11.0% F1 11.4%,
8 2 ASHBRF AL B2 (B3 & 25

(b)

—~ 15 2 ab
'T?D b a a a
T
e 1.0
g
2
& 05
ﬁ
=
& 0.0
CK Lime Com
(d)
40
- a
'T‘?D 30 - ¢ >
o
&0 a a a
E 20}
g
E=S (]
0
CK Lime Com
p

Lime Com

JbF
B 5 AERAEGE TR

S
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2.3 ANIATE AL AL BT S AR A2 B % X R A
1) 5]

Sy i A it FIES T - S G AR ) X AR ) S
Wi, ASWFFEAE SR 22 K 1 R CGBE S 38
d), BUEYARER T 50 E 1 4 A0 A B e ) R
JERBFTR A LA . SRR, #4035 8] 20 7 A
PR BRI AR RO 2 22 5 (DR IR 08
P ), AN [ b BT 240 T 0 L AT 1Y 5 BE RN A
TEECMARBAT B (P TR BRI ),

MAERFEA (K 6a) . MIFEERER, AFELb
PR - S P A TR R P 2 LA TR 2 00 S 2
WS, SHORIE, TERKP B, R
( Uncultured bacterium ) 1 & #ff 1A 1Y) B ( Unidentified )

(a)
100 ~

Il

80

60

40

20

HHIEFERIRE I BRELRE (%)

Q
~
£
=4
(¢
O
=]
]

100 ~

80 ~

40 ~

20 —

HHTEIR K ERBEELR (%)
[

|——
Com

CK Lime
AP

53 3 i 32.9% ~ 35.5% F132.9% ~ 35.7%, H: A
i id 0 15 5 & B M ( Sphingomonas_sp._JGI_
0001002-C18 ) LA Je A 0] 5% 35 (R T B ( Uncultured
Acidobacteria bacterium ) . 1 #F B ( Uncultured
Bacteroidetes bacterium ) . B ZZJEFTH ( Uncultured
beta Proteobacterium ) . F A1 ¥ i 7 ( Uncultured
Gemmatimonadetes bacterium ) . v ZF T H
( Uncultured gamma Proteobacterium ) Fl o ZEEAT B
( Uncultured alpha Proteobacteria bacterium ) %, £ H
LR LEERAE 4.3% LA .

ELRAEE A (Bl 6b) . E I ITS P45 R 2
N, AR E TR PR, Hrb g 5eE
J& ( Coniothyrium ) /i tt 4.0% ~ 7.6% . #1558

others

W uncultured Verrucomicrobia_bacterium

¥ uncultured_Proteobacterium
uncultured_alpha Proteobacteria_bacterium

W uncultured_Sphingomonas_sp.
Agrobacterium_rubi

W Lysobacter sp. THG-SS17.2

B uncultured gamma_Proteobacterium

W Sphingomonas_sp._JGI_0001002-C18

% uncultured Gemmatimonadetes bacterium

M uncultured beta Proteobacterium

# uncultured_soil bacterium

M uncultured Bacteroidetes bacterium

W metag enome

W uncultured_Acidobacteria_bacterium

M unidentified

B uncultured bacterium

Others

" Talaromyces
Fusariella

W Plectosphaerella

W Glomus

W Papiliotrema
Aspergillus

W Uwebraunia
Alternaria

W Filobasidium

W Hannaella

W Didymella

W Rhizoctonia

B Tausonia

W Colletotrichum
W Cladosporium
W Fusarium

W Mortierella

W Coniothyrium
M unidentified

Bo ARLETITEMHMERNEZHEAMLEN
. (a) 407 16SRNA; (b) ELE ITS,
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( Mortierella ) it 14% ~ 11.1%. 15 ( Fusarium )
mi 16 49% ~ 57%. WFEH7)E (Didymella) It
27% ~ 60%. FiflJE ( Cladosporium) i L 2.4% ~
48% . 2451 E R (Allernaria) 5 H3.0% ~ 42%.
AR ( Colletotrichum ) (516 1.0% ~ 2.4% ., %44%
W& ( Rhizoctonia ) i1t 0.5% ~ 5.1%.

SR, A7) Ab 341 1) 45 T T 19 4 1 o AN S AH
[, 5 CKAMFRAH L, Lime 20 ¥ v R A % 52 J& M
CK AL B 5 HE 23.1% 3T 3 45.1%; i HAth 241 5%
o7 FEAR T 1% 09 /08 Lo A8 S R A CK A 31 31.2%
K% %1 8.4% ( Lime ), Lime 4 FEAT H CK 403, |5 He
BN HA R A SR 8, A CK AR BRI 5 L
3.0% Y& NN E7E Lime AL H R 5 FE 3.7% (P<0.05), It
Ah, AHEL CK ARB, Lime A-FH A —88 8 09 B A 5
IR ZEREAL, nthE (Aspergillus ) 7L 1.4%
W 3] 0.3% (P<0.05) . Uwebraunia i . M 1.0% [
#) 0.3% . Plectosphaerella /5 . M 1.1% % 3] 0.6%
( P<0.05 ),

Xt Com ZbFH, —LLE B JE ) & HLAHXTF CK
R WE RN, 5 Lime 20 B —FE, JEREE
128 B 0 %5 J8 #E Com Ab B A 9 5 HE Bt 35 4
hn, 43 9N CK R b 4.0% F103.0% 580 &= 6.7%
(P<0.05) F14.2% (P<0.05); M4, 5 Lime Ab#f
ATE Y &, Com Ab B, 1 25 22 0 )8 Tausonia 5
o M\ CK A 2 (1) 2.2% 3% 0 2 4.0% (P<0.05), Tfi
Lime ZbFRrPiZ )8 5 1L 5 CK ARIHAR Y, %FT b Hof
RAVELE S, Com ALFEAI Lime ZbFR—FE, FEAAH
g . BIREIR ((Talaromyces ) . /NNEEEKTE
J& ( Plectosphaerella ) VA XRI BT )&, H T FEIREE
KF Lime Zb B 5 Lime AbBEAA Y, AN, BFH—
YU 1) 7 FU AR Com Ab AP 38 3R (25 [ AK, 2
] 385960 TR S 1) o LA AL BE R T R 1.0%, T
CK 1 Lime b3 A1 (1) (5 23508 2.4% F1 2.3% A
A PE, Com Ab¥rh, —BLEBEE & b s
M5 — 288 WoR PR, H5 LRI E S5 Lime 4
FEARSEAHMATR], DR AR H 7 X6 S b o 1 49 o
FLA I LA 2 285 TR PR

3 it

3.0 VRERI S i S TR B R

K BEA B8 2% IR AL, A HLIEX $2 &+
SR 22 vhRE 1 B k3 b e SR o (R AR B AT B A
Mo BIANAEHAD PR 2y EARIIER R, AA AT KA
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Effects of soil conditioner on the yield and quality of Bupleurum marginatum and soil properties

LIU Ying', ZHANG Long”, WANG Yan" *, YUAN Qing-jun’, YANG Zhao-hui’, HE Yu-tong', WANG Ting', SANG
Meng-yao', GUO Li-ping'” (1. Key Laboratory for Agro-Environment, Ministry of Agriculture and Rural Affairs, Institute
of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081 ;
2. Shandong Jingniu Group Co. Ltd., Jinan Shandong 250102; 3. College of Agriculture, Shanxi Agricultural University,
Jinzhong Shanxi 030801; 4. National Resource Center for Chinese Materia Medica, China Academy of Chinese Medical
Sciences, Beijing 100700; 5. Anguo Qibawei Chinese Herbal Medicine Co. Ltd., Baoding Hebei 071200 )

Abstract: In order to ameliorate the deteriorative soil properties in chemical and biological aspects in the fields where Chinese
herbal medicine plants grow on-site for years with long growth period and robust secondary metabolism, a field experiment was
conducted in Anguo city, Hebei province, the hometown of Chinese herbal medicine ( CHM ) . Three different treatments
were designed, including farmer’s conventional fertilization pattern ( CK ), lime application ( Lime ) , and compound
conditioner application ( Com ) ( complex of lime, gypsum, humic acid and Bacillus ) . The improvement effects of the soil
conditioner on the chemical and microbiological properties of the soil where CHM were continuously planted for years, as well
as the yield and quality of Bupleurum marginatum ( BM ) were examined. Results showed that the soil conditioners enhanced
the yield and saponin content of BM by 33.8%-41.9% and 16.0%-38.3%, respectively. The conditioner had a positive effect
on inhibiting the decrease of rhizosphere soil pH. Soil conditioners improved soil nutrient status, promoted the preservation
of nitrogen, phosphorus and potassium nutrients in the soil, and facilitated plant absorption. Treatments with conditioners
showed enhancement on soil enzyme activities, including sucrase and polyphenol oxidase, which indicating the improvement
of the soil quality and health status. Treatments with the conditioners exhibited the improvement on the microbial community
with a decrease in the compositional proportion of pathogenic fungi, including Mortierella, Talaromyces, Plectosphaerella,
Colletotrichum, while an increase in beneficial fungi such as Coniothyrium, Alternaria. This study demonstrated that the
compound soil conditioner containing chemical components and microbial bacteria ( Bacillus complex ) could apply as a
partial solution for reducing soil barriers resulted from continuous cropping of Chinese medicine plants. The compound soil
conditioners could be recommended as an option for improving soil quality and increasing the yield and quality of Chinese

herbal medicine.

Key words: Bupleurum marginatum; soil conditioner; lime; Chinese herbal medicine; soil amelioration
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