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1.1 ###
1.1.1 £BEHR

PR - SRR S PR PR 1L T R 2 R 5
HEATRAE , ST U0 5L b AV B . 3 PR I YT G T & =
WA (db4h 41°51702. 80", 4 127°6'21. 81" , g4k
833 m, KM A AR, ik KL EKZ 10 em 1

Ja R EANS IR IR, IR AR BT KA
=20 CLAAE FF 8RR W X R B mT 8% 5% 4H B 11
AR AT L FLARE A AR T I T B R 2 o 1 4
W, XA RFE AT RS 1 # RS N R R A 2 1
ARl I, 2 5 KRR 2 ES R AR EAE 4 4 AR AR
WSR3 2 FERN 2 SR AREAE 4 45
AT AL E ML S AR PR £, A R R
BIHER.
1.1.2 &#H

A DNA #2HU 25 5 Chelex-100 sodium (€ [H
SIGMA 723 #]) W BIE#y (78 [ Biofroxx 23 ®]) , {3 4%
NG G R R A FRA ED .
1.1.3 MNBELH&Z%E

ZHJH-C1106B AU & TAE & CE 8 3 B
F R AT PR F) L ZXSD-B1160 59 A= 1k 35 35 46 ( it
B TR il A R A F]D . ZWY-2212B 7 425
TE IR 8 R CF 3 43 BT A4 i i A R A |l
G154DP 4> [ g 57 3w K B A LB R T D AL
HIRA ], BCD-521WDPW %I ¥ VR vk 46 (5 5
IR B A BR 28 &) AR224CN B B, 1~ RSP [ B8 5% i
S8 CHy MDA RN 5], T100 486 BE PCR X (5 H
BIO RAD 24 ), LEGEND MICRO17 B & & =&
B O HL(ZEE Thermo Fisher 28] ,DYY-6C &I 3k
LS — AR AR A FD . 1Y02 B4 51 3% 5
AR BRI Bk & A RA R, LC-100 A&
BOBAR TS AY C LR F R AL ER A R A R, OAA
C18 ikt [ A MR (i) B A R 2 El 1. OAA
TR RE [ BB (R B A7 PR 7] .
1.2 A&
1.2.1 r¥EmBRERIVRRE LT

TR S AR R AL k. BYRIR
B A3 RS BRI Z2 5. 1 mg . FH R 4. 6 mg./K
MR 5.0 mg AR 5. 4 mg KRR 4. 4 mg BT
12 4.8 mg. T &M 4. 6 mg. FIELEE 5. 0 mg, 3 HE T
1 mL 25 55 6 i B BE VR . B R R S 2% e AN A
f4,1% ( High Performance Liquid Chromatography.,
HPLC) 43 H7 LAy 2 e J3 Ay A8 A s | 06 T AR R 9\ A
PEATRR M 2 2 1. 76 280 nm 2 4b ok K T 91T
HPLC #0538, W RRKE W (0. 1%, V/V) M i
MR S H BERE AR 20 pL, i 1.0 mL/min, P&
R 5% —10% Z 50— 10 min),10% —10% &
(10 — 20 min),10% — 35% Z i (20 — 60 min),
35% — 60% Z M5 (60 — 75 min). 60% — 60% & JiE
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(75— 85 min),60% — 5% &5 (85 — 86 min),5% —
5% £ NE (86 — 90 min) JFAEEE 5 min, A A ] B
i sh AR AE S 10 min,

1.2.2 XETRARAHHZTHMNE

AN TR L LT A A AR 1 I SR R T
MO Bt L A A D T AR R BN B R L B
P FH PR 21 GRINARE 210 BB 1 57 ik & Tl 4 v A H s 1R
— B HRR R,

AREEABREEERE4ARNE 3 g EAK
10 g . &1L 4h 5 g BilE 20 g. 7K 1 000 mL.pH fH
7.4-7.6,

EIR— S B SR R 1 g B A 41
0.5 g L/KBMREE 0.5 g . S k#N 0.5 g i R W2k
0.01 g A EPETEN 20 g BrlE 20 g.7K 1 000 mL.pH
f7.4-7.6,

PELL CRMPLLD B BR H5 F2 5 . R R 5 g i A b
10 g WM — 48 1 g  L/KBIREE 0.5 g . Biilig 20 g
i NFLLT 0. 033 3 g A 0.1 g.7K 1 000 mL.
1.2.3 EEFPTRAMAG S B AL

K LB.NB.TSA . Zobell 2216E.R2A 5 Fl}; 3%
HE 30 R TR AT RNV AR R 2 Y O 1 R AT T R SR A A
4> B A A, B — 20 CARAEm) HIERES & 2.5
g, IMAEA 22. 5 mL JC P& /K RIS 5 TG Pa 3% 35 B 1 G
B=MAMmN. THKE 200 r/min. 25 C#EH 10
min, #EJF IR IR ERBERIRA ., RAEET
30 CH % S 460 B 5 % 3 d. Bl S R FH P Alui)
7 o AT A B alifh . gk B — TR bR S
A E T — 20 COKFEIRAE.

LB 3578 5k 25 F Ik 10.0 g/ L BEBEE# 5.0
g/L. &b 10 g¢/L. 3§ 15.0 g/L.pH{H 7.0%0. 2
(25 C),

NB R 5. A 10.0 g/L. AR K 3.0 g/
L.#1k% 5.0 g/L.5()E 15.0 g/L.pH{H 7.2+0.2
(25 °C),

TSA B g4k R R 15. 0 g/ L KR E R 5.0 g/
L. & ks 5.0 g/L. B8 15.0 g/L.pH {1 7.3£0.2
(25 C),

Zobell 2216E 5373k B 1R 5.0 /L. B BE#y
1.0 g/L FrEm ek 0.1 g/ L 58688 19. 45 g/ L &4k
B 5.98 g/L BilRAN 3. 24 g/L . H L5 1.8 g/L. H 1k
B 0.55 g/L BIREN 0. 16 g/L. JRALAF 0. 08 g/L. &
fh4s 0. 034 g/ L BlIZ 0. 022 g/ L EERR4H 0. 004 g/L.,
FALEN 0.002 4 ¢/ L HIREL 0. 001 6 g/L Wi & —

#10.008 g/L.BifE 15.0 g/L.pH f 7.6 * 0.2
(25 C),

R2A Ki g3k AR (1 0. 25 g/ LR /K fff I 26 1
0.5 g/L.BERHRK 0.5 /L Al IEMETER 0.5 g/ L B
FRE 4P 0.3 g/L BiREE 0. 1 g/ L NERREN 0. 3 g/
LB 12.0 g/L AR 0.25 g/L.# % B 0.5 g/
L.pH{H 7.240.2 (25 °C),
1.2.4 #m# 16S tDNA 4T % &

alifk Jy B — TR #R S5 51T 16S rDNA 2B PCR
P KA 10% 1 Chelex-100 F R HEEL41 7 DNA,
AP 16S rDNA [ %5 5@ ¥ 3 H 51 % 27F (5' -
AGAGTTTGATCCTGGCTAG-3") #l 1541R (5’ -
AAGGAGGTGATCCAGCCGCA-3") 1E R 51 91, #
FH 50 pL /K & (PCR Mix 25 pL.ddH,O 22 pL. 519
27F 1 pL 514 1541R 1 pL.DNA Bt 1 pL) 47
PCR ¥4 , 126 B A5 W 56 e i Uk A 0 /5, 3% A2 A9
TR By A BR A B SEAT 0 . T 45 - 5 A
EzBioCloud %t# % DL} NCBI ¥ 3 i 47 b XF . 3575
S 55 5% TR bR 1 e AR RS 2 TR Bk L R HROBE U T Bk 16S
rDNA £ H 5], 8@ MEGA 6.0 81, % 48 1%
% (Neighbor-joining) F1 Kimura 2 8 5 ik 17 8
KoMt E RS kK E W, K aE A EH (Bootstrap
value)1 000 PFA% R 48 & B W B9 Fh 45 F Fa e 1k
1.2.5 T3zhhmig $AEMIEHR

SR 253 7k (Simpson) ZREMEFREU(D) (A -8
24 (Shannon-Wiener) ¥8 80 (H ) . F 4 - B 44 (Shannon-
Wiener) 5] FEFR B (E) 1155 3 Rt i o] B S 4l 7 £
BEPEDY . AR .

S S N
D=1—>,(P)"=1— >,(D",
i=1 i=1 N

H=— iP,lnP; )
H
InS
X, S HEFE, P, WE 0 R 2 B o, BIRE 7%
R AR BRI, N, RS R
PREC N 2 A T AR BRI
1.2.6 S IELE

K Excel #pF x5 52 56 B 247 g2 3T Kvi 28 o3
75 R SPSS Statistics 21 % {5 i#E 47 804 19 2 3% 1
Gt s R FHHLR R J7 22 73 T (One-way ANOVA) H %
B 2= e, B K RCE N 0. 05 2k /b 3%
P22 5% (Least Significant Difference, LSD) /T2

b
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TSP EE. PS5 15 ERMEL. 248

4EH E
2 HRSAH P E TR LR AR SRR TR, E
2.1 3FTEFBMBERNSRSENNE BRI 26.74% .11.05% .33.50% ;3 # F£ 5
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1. gallic acid,2. vanillic acid.3. syringic acid.4. ferulic acid,5. salicylic acid,6. benzoic acid.7. coumaric acid,8. cinnamic acid.
Bl 1 8 Ry AR IR AR K 3 Ff SR i B RS W) B 9 HHPLC 23 5 ]
Fig.1 HPLC separation diagram of 8 phenolic acids mixture and phenolic acid components of three soil samples

F1 3WLIEERTHBNSE

Table 1 Contents of phenolic acids in the three soil samples Unit: mg/kg
FE 5 G5 WE TR R THEMR ] 253 iR K% R AR FHMR LR
Sample Gallic Vanillic Syringic Ferulic Salicylic Benzoic Coumaric Cinnamic
number acid acid acid acid acid acid acid acid
1% 2.506 + 6.805 + 3.127+ 1.792 = 8.114 3.728 % 0.169 0.203 =
0.000 b 0.000 a 0.000 a 0.000 b 0.000 a 0.000 a 0.000 b 0.000 c
2% 3.176 4.555% 2.251% 1.990 £ 2.840 1.648 £ 0.148 0.271%
0.000 a 0.00 ¢ 0.000 ¢ 0.000 a 0.000 ¢ 0.000 ¢ 0. 000 ¢ 0.000 b
32 2.344 = 4,728+ 3.073 1.758 4.709 % 2,977+ 0.752 0.322
0.000 ¢ 0.000 b 0.000 b 0.000 ¢ 0.000 b 0.000 b 0.000 a 0. 000 a

Note:different lowercase letters behind numeric values in the same column indicate significant difference (P<Z0. 05).

2.2 3FMEEAAEFMEYRZNERR A RMEY R RS 18RRI R TR, 258
2N 1M 22 H5 38 B 5 AT 7 E (P <<0. 05) , 4H i MR R AU IR T 1 2 A

PR IR S5 SR, 2 2 AN, 2 & REAL RN 3 2 RE S, ZRBEMP<0.05, 28RN ERKEES T 18
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FEan . H 35 B R R BCE W RART 1% #F 4, HLA
HY SRR FE (P<0.05) . F AP RS
PR v b o LR NS 0K R B e
®2 IMIEERPTERBED LR

T+, 0.067 6% EFh 0.245 0% F1 0. 099 3%, +
HEn] B R A W IX 2R kAR T AT R 1) R R G B A

Table 2 Quantity of culturable microorganisms in the three soil samples

B o I R/ L R/ R R/ WY BBE/
an e (X107 CFU/g) (x10* CFU/g) (x10° CFU/g) (X107 CFU/g)
Sample Bacteri b Fungi numb Acti b Total mi i b
number acter17a number/ ungi number/ ctmomycﬁ)etes number/ ota mlcroor7ganlsms number/
(X10" CFU/g) (X10" CFU/g) (X10° CFU/g) (xX10" CFU/g)
1% 8.8%0.12 a 6.0£0.36 b 7.4%0.48 a 8.88+0.34 a
28 3.4%£0.12 b 8.4%0.36 a 2.0£0.48b 3.43+0.35b
3% 2.8+0.12 b 2.8%£0.12 ¢ 1.8+0.36 b 2.82+0.35¢

Note:different lowercase letters behind numeric values in the same column indicate significant difference (P<C0.05).

2.3 3FMETEPAEFHARIBEEER
SHRREA LT ST IR N 258w e
o B AT B 193 BRAN A (& TR . X 193 BRI
#47 16S rDNA J¥ #1107, M ¥ 45 3 4 EzBioCloud
B % & NCBI b #E47 Xt , 7R 193 ¥k B ko R
T 47164913 H19# 39 )8 96 fft, £ 3 H 1#kE
dh 2 5 BE SR 3 B S Y AT 8 3R A0 TR Y 4K K SF AR
£3 IMIEESPTEAEEOAKEEANSBHAE

OYBIMR . 2 % F 2 AT TR 49 Bacilli A8 2 T 49
Actinobacteria [ A X 43 85 55 K B @ [ T+, 8- A8 1
ZX Betaproteobacteria FAH X 43 B S5 R T F, 3 & FE 5
T ZE AT TR 44 04 A X 43 B 4058 o L 02k TR 4 1 R X
SrERR ETE, R A H S B b AT
Y4 TN T DR AR A TR o T R R T AN A R
L T 2

Table 3 Relative isolation frequency of culturable bacteria in the three soil samples at class level

[FATE A2 £ 240 TR bR B FHXF 43 B AR/ %
Sample number Class Number of bacteria Relative isolation frequency/ %
1 Bacilli 31 51.67
Actinobacteria 15 25.00
Betaproteobacteria 8 13.33
Gammaproteobacteria 3 5.00
Alphaproteobacteria 3 5.00
28 Bacilli 48 64. 00
Actinobacteria 21 28.00
Gammaproteobacteria 6 8.00
3E Bacilli 28 48.28
Actinobacteria 24 41. 38
Alphaproteobacteria 2 3.45
Gammaproteobacteria 2 3.45
Betaproteobacteria 1 1.72
Sphingobacteriia 1 1.72

K2 Ry 14 #0024 B a0 3 FF 0 8 7K F AR X
SYESMARE 1 £ REARN 2 2 BN ZEAUFT R 8 Bacillus
X 23 B A AR B v L 23 Sl Ol 15,0006 F1 21.3306.3 #
FE i 4% 55 B B Streptomyces FHXF 70 B0 R B . N

24.14% , FEFEMATH & Paenibacillus i %F 43 85 4
S PR AR L AE 3 B AR S R o 11,67 %
(1THEFER) 10, 67% (2 H# F£5) .6. 90 % (3H#FEFD .
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Fig. 2 Relative isolation frequency of culturable bacteria in the three soil samples at genus level
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Table 4 Diversity index of culturable bacteria in the three soil samples

ZFEMEFE B Diversity index

Y o
Saxﬁiﬂ ﬁzber VR R IR R TR -BIA R B A AN 1 ) L B R
Simpson (D) Shannon-Wiener ( H) Shannon-Wiener evenness index (E)
1# 0.9517 3.3399 0.9320
2% 0.950 4 3.319 2 0.919 2
3% 0.957 2 3.374 2 0.949 0

24 3L EDAEAAELABBERSENEXH
o

A O PR 2 B s T AT B SR A AN K CF [
3Ca) JHE /K F- L& 3Ch) TAH X 3= B 5 19y R B 43 %
ZHPKR, FEEMRWERES o IR HW M v TE
TR 44 0 R 0 2 3 L 3 T KOG 5 2 AT T 40 A AR
FEEREAMC KBRNEES v EIEHNAN
FRGF B R I M O L 5 2 AR B 40 R X R R
25 A OG5 B R 1 k5 0 TR A RS R T R 4N
PR R X 2 R W 3 A OG5 PR RR 1) 5 iR BB T A
A 11 R X L BROR O

R S R SO R IR 8 Para-

burkholderia . 5% W W J& Variovorax . # K # &
Dyella BYAEXFF BE 5 W25 EAHOC, 538 BT RF G
J& Priestia BYAHXS = BE 52 1 25 67 AH G 5 01— R A ]
BRI & 5 5 2 W FF 1 )8 Rhodanobacter W H X} 3=
FER W EEADC T &M & &5 2P AT H s AL ]
T2 B A0 RE X = B B 3 RUAH OG s K R R WY R 1Y)
HEH5AKEE Rhodococcus HIXT F 2 i & 1E
ARG s 2R YRR 1 5 1 5 28 AT TR R AR 2 5 I 3
AR HF RS R SHEEREE REIEML. 5
ZFFLAT B R AN S 2R AT T R 5 SRR OC s AR IR 1 5 i
S5 @A F AT BB Lysinibacillus WA X F & &
IR OG,
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Fig.3 Heatmap of correlation between relative abundance of culturable bacteria and the content of phenolic acids
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JT B AE Y F R A . G X 3 R R S AR R
B AR T B R A T A A B 2 IR AR
Mk X 52 % ilE — 8. A S WEES
s R b B R AR 20 ETHER F MY X R
AT AT A ) LT AU A R R L HEDN 2 T A R
Ak T R A 1 - 1 B B A T A R i
BB ETE . R AT R AR 1 T
B REAAE BRI R EH N T NS E
Ko DA EMAYBE M EHLRFIE, 5 W
AEUIOT X B AT i T — B

3k X6 AN () - SR ity v T % R AR RV 04 BIF 5T
BB AR AL E R S BN S R BR AT B SR
A0 2 BETE R B H AR R BOR B 5 b 2R A
FERESACEIE s S T AL ey
Y BT R R O AT L 2 AT R R
Sk T T R 2R AT R R AR X S B R R R
Ho b B B R A A BRI LTS Tan 5 19 B
FEAFF HAT RTE.

25 JRRT T Ja 20 T 7R R 2 B 58 BOIE S B AT T
W AED PR ERE T R AW W Y
DA =B Jm . ol T A R B DL 3T 2 A AT
Bacillus velezensis A T &M @ 1EH , % A= B
EA BENPIASCE . Kim %72 8545 1 b
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Response of Culturable Microflora and Bacterial Community to

Phenolic Allelochemica in Rhizosphere Soil of Continuous Crop-

ping Panax ginseng C. A. Meyer under Forest

CHEN Fuhui', XIE Yongjun',JIA Qingwen®, SHEN Naikun', JIANG Mingguo', LI Shuyan',
L1 Shiyong' s WANG Yibing'" "

(1. Guangxi Key Laboratory for Polysaccharide Materials and Modifications, School of Marine Sciences and Biotechnology, Guangxi
Minzu University , Nanning , Guangxi, 530008, China;2. Baishan Institute of Science and Technology,Baishan,Jilin,134300,China)

Abstract: To explore the effects of phenolic acids on microflora and culturable bacterial community in rhizo-

sphere soil of continuous cropping Panax ginseng C. A. Meyer under forest,taking uncultured P. ginseng C.
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A. Meyer woodland soil (sample 1# ) ,continuous cropping soil without disease (sample 2# ) and continuous
cropping soil with disease (sample 3 #) as the research objects, the changes of microflora, the community
structure and diversity of culturable bacteria in rhizosphere soil were studied. At the same time,the phenolic
acids in soil samples were qualitatively and quantitatively analyzed by High Performance Liquid Chromatog-
raphy (HPLC). The results showed that the total number of culturable microorganisms in sample 2 # and
sample 3% decreased by 61.37% and 68. 24 % ,respectively,compared with sample 1 #. The culturable bacte-
ria decreased by 61.36% and 68. 18% , respectively. The culturable actinomycetes decreased by 72.97% and
75. 68 % ,respectively. The culturable fungi were 1. 40 times and 0. 47 times that of sample 1 # ,respectively.
A total of 193 strains of bacteria were isolated from the three samples, belonging to 4 phyla,6 classes,13 or-
ders,19 families,39 genera and 96 species. The dominant phylum in the three samples was Bacilli (the rela-
tive isolation frequency was 51. 67% ,64. 00% and 48. 28 % ,respectively). The dominant genus in sample 1 #
and sample 24 was Bacillus (the relative isolation frequency was 15.00% and 21. 33% , respectively). The
dominant genus in sample 3% was Streptomyces (the relative isolation frequency was 24. 14%). The diversi-
ty index analysis showed that the diversity of culturable bacteria in the three soil samples was small and dis-
tributed evenly. And a large amount of coumaric acid accumulated in sample 3 # might be the important allel-
ochemical of ginseng continuous cropping obstacle. Continuous cropping and soil-borne diseases did not lead
to a decrease in the diversity of culturable bacterial communities in ginseng rhizosphere soil. The reduction of
total amount of soil microorganisms,the change of culturable microflora and the high abundance of Strepto-
myces and the accumulation of coumaric acid may be the main reasons for the serious soil-borne diseases and
continuous cropping obstacles of P. ginseng C. A. Meyer.

Key words: Panax ginseng C. A. Meyer; rhizosphere soil; soil-borne diseases; continuous cropping obstacle;

microbial diversity;phenolic acid;allelochemicals
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