A SR IR Mar. 20, 2025, 52(3): 1148-1165

Microbiology China CSTR: 32113.14.j.MC.240424
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.240424
http://journals.im.ac.cn/wswxtbcn Copyright ©2025 Microbiology China All Rights Reserved

=tEFTRARE. EEMREEEURENEFK
LeIFSE i

XNEAL W, Ked!, Bk FEE, BFY

1 BRHB T R2% BE22BE, =R B 650500
2 BWHH T R2 Akl SR, =8 B 650500

XA, XIFHHE, PRam, Blobk, FeE, HH. =Ly /E A . R AREA A YR 122 5 RS R = Hr 0], ik
IR, 2025, 52(3): 1148-1165.
LIU Zhidan, LIU Yuyan, CHEN Jinmiao, WEI Yunlin, ZI Futing, TAN Yong. Variation trends and drivers of bacterial, fungal,

and protist communities in the soil with continuous cultivation of Panax notoginseng[J]. Microbiology China, 2025, 52(3):
1148-1165.

 OE: [HX] EFERIL—MAETRLEFZFOFILIAR, SRR LR T 6 50
Pots) R AT B AR A B R M KA, FEAAME 2R REF 1R, [ 8 49] 38+ = (Panax notoginseng)
EAFBARE AR A TR P ARIFLIEN S LANBEEL L F TR RIEAHEA X, [(FE] S RRA
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coordinate analysis, PCoA)R A =Ltk ). AR RAAEMBELNG P SR RIN LT E M
2R, AT AABEELE RNV EFURANI., RAAMBEL LS A, /A THFA R
Fa I, HEHEELBEHFRTOEBERS ., 7EMTAN I FAE R L LB P FEHNF
BREEK. ARARRA. mEAfRAEEDHEGEINNEIW R =, LB REE SR LD LN
HELZOMRABEEZ, 7 5L FOREEMERTIERAH. 48X 0M &9 &2 47 (available potassium,
A i AR N HraR K, el . ARFAREAMBEENY YK T, (48] LER
F% LAMRERE 2 F A LIREWHFAREAER FHT Z L EEARE RO L L.

XA =k, RIEFIEMAEN;, 25, RAELY; LEEHMRK

WIH . B KB RRFEE4(31960630)

This work was supported by the National Natural Science Foundation of China (31960630).
*Corresponding author. E-mail: tanyong551@163.com

Received: 2024-05-26; Accepted: 2024-07-10; Published online: 2024-08-08



MESE 5| ZAEETRANE . R A YRR ) 22 7 R KBl A R A 1149

Variation trends and drivers of bacterial, fungal, and protist
communities in the soil with continuous cultivation of Panax
notoginseng

LIU Zhidan'!, LIU Yuyan!, CHEN Jinmiao', WEI Yunlin?, ZI Futing!, TAN Yong"!

1 Faculty of Science, Kunming University of Science and Technology, Kunming 650500, Yunnan, China
2 Faculty of Life Science and Technology, Kunming University of Science and Technology, Kunming 650500,
Yunnan, China

Abstract: [Background] Continuous cropping is a common phenomenon in agricultural
production. Continuous cropping causes an imbalance of micronutrients and disturbs the
microbial community structure in the rhizosphere soil of plants. Accordingly, plants are
susceptible to pests and diseases. [Objective] To expose the variation trends and drivers of
distinct biological communities in the rhizosphere soil of Panax notoginseng during continuous
cropping and the occurrence of root rot. [Methods] We compared the bacterial, fungal, and
protist communities in the rhizosphere soil samples of healthy and diseased P. notoginseng
growing for different years and the relationships between soil microbial communities with soil
factors. [Results] The soil samples presented pH<7.0, with the content of cadmium (Cd) and
arsenic (As) exceeding the standard limits. Cadmium was significantly enriched in the soil
samples of 3-year-old P. notoginseng. The results of a-diversity analysis showed that the
disease of 2-year-old P. notoginseng significantly reduced the diversity of bacteria and fungi,
and the disease of 1- and 3-year-old P. notoginseng significantly reduced the diversity of protist.
The principal coordinate analysis showed that the B-diversity of bacterial, fungal, and protist
communities in the rhizosphere soil of P. notoginseng exhibited significant differences before
and after the infection with root rot, with the fungal community showing the most apparent
differences. In the protist community, consumers were richer than parasites and phototrophs in
the soil samples. The analysis of variance showed a considerable decrease in the abundance of
consumers in the soil samples of diseased 3-year-old P. notoginseng. The co-occurrence
network of fungal pathogens with bacteria and protist showed more interspecific associations
between fungal pathogens and protist, with consumers being dominant in the protist community.
The correlation analysis showed that available potassium had larger effects on bacteria and
fungi. Cd, had more significant effects than As on the bacterial, fungal, and protist communities.
[Conclusion] The differences in bacterial, fungal, and protist communities in rhizosphere soil
and the interactions between microorganisms and physicochemical properties of soil result in
the occurrence of root rot in the field with continuous cropping of P. notoginseng.

Keywords: Panax notoginseng; microbial communities in rhizosphere soil; heavy metals;
protist; physicochemical properties of soil
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PRPER BRI, FE Ao D, A I
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REEWAEH LRI Tk, ERRER LI, 7E
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EMRPREGFRIE A H 1), 2 4ER R =B R bR +
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1.2 EERFIFNEE

E.ZN.A.® Soil DNA Kit, Omega Bio-Tek
N\l ; AxyPrep DNA Gel Extraction Kit, Axygen
/A F]; Quantus™ Fluorometer, Promega /A Al
pH i1, ZE L F R AR AL ) A R A | s PCR
1%, ABI2AH]; JLREHL, Elementar 23] ;
AR i1, Promega W] KIEGET,
HEICHT AR A R ] s LB & 55 B T IR i
1, B E RO JEA R
1.3 HIFIBAM RANE

FH pH 110 5 3 pH {H 5 SR S IR A 25
T 5E + 38 HLIE (organic matter, OM) 75 & ;
fi FH T R 43 H1 {30 22 4= A (total nitrogen, TN)F%
W R A B BT LL AR W E 4 B (total
TP) &% = 1 3 2L B (available
phosphorus, AP) & i 5 R KA G EE THE D & 4>
B (total potassium, TK)7F 1 Fl i 24 B (available
>R FHBBAFE 4™ I D 7 K fi
4 A (hydrolyzable nitrogen, HN) & & ; i Hi JBHH
BB R 1% Y (inductively coupled plasma
mass spectrometry, ICP-MS)Ill &4 . # . 5. 7K.
25 4 Ja i o 1
1.4 DNA BJ3=ERANH & Fr

fiFl E.ZN.A.® Soil DNA Kit #iH + 1
DNA. % 16S rRNA JL[H5[4) 314F (5'-CC
TAYGGGRBGCASCAG-3") fll 806R (5'-GGAC
TACNNGGGTATCTAAT-3"" | ITS 5[4 ITS1F
(5-CTTGGTCATTTAGAGGAAGTAA-3")HI ITS2R
(5'-GCTGCGTTCTTCATCGATGC-3")"") 18S rRNA
F [N 5|9 TAReuk454FWD1 (5'-CCAGCASCYG
CGGTAATTCC-3")f1 TAReukREV3 (5'-ACTTT
CGTTCTTGATYRA-3) VBN V3-V4 X
FLUR ITS1 X J5UAEAEY) V4 XiEFT PCR 73 .
PCR JZ WAk % : 5xFastPfu Buffer 4.0 uL, dNTPs
(2.5 mmol/L) 2.0 uL, F. Fi#E5I#I(5 umol/L)

phosphorus,

potassium, AK) % i ;

£ 0.8 uL, FastPfu Polymerase (2.5 units/uL)
0.4 puL, 0.1% (W/V) BSA 0.2 uL, #4 DNA
10 ng, ddH,O %2 20.0 uL. PCR JZ )i 4544
95°C 5min; 95°C30s, 58°C30s, 72°C45s,
P FEL B 28 DMEFR, JHAEAY 33 MER;
72 °C 10 min; 10 °CE L5, [l —FEA ) PCR
FENR AR 2% e W R H TR I, A
AxyPrep DNA Gel Extraction Kit #fiff, PCR j*
Y1, 3 H Quantus™ Fluorometer Xf PCR ;=¥ it
AR it o PP RN T b e AR R
A PR w58
1.5 HBURS

XoF i e U St A T o A o) AR 40 4
JE il FH 4 UPARSE v7.1, & 97%! A
JEXTF AT OTU 26, 5 Silva 16S rRNA %%
P PE v138 HEAT LR, BEATANTE Y 322 0
BT FLTR Y 43 2825 4 i, 33 FE X Nucleotide
Sequence Database (NT)EUHEZEVEAT; Xt TR
Y, WAKHE Protist Ribosomal Reference
Database (PR2)%#i 47 0 S22 Xt JfAR
i Zhao FMIH I, KTIKEH LB
(Rhodophyta) . 41 41 41 (Streptophyta) & i #i &
7 ¥ (Opi sthokonta) 2 FE (4 Mt HR AIBR, 2R )5
PTG e W8 ds o0 o ARE I A A Wi
B E A AR I RERE, AETH A . T A
WADEFEA YR 3 Chaol 8 %M
Shannon fEHCEEALEFIE Y o 2860, H R A4
11, ape v5.6-1 1 7 FEALFR /BT (principal coordinate
analysis, PCoA), Ffi#1d “vegan™{i 144 Bray-Curtis
FEES . URAh, (T R 2R AH DGR (A O R AL
(R>0.8 5k<-0.8, P {E<0.01]F4 & F 1 I JFL {4 |
DA A RN A TR A3 S A R B R 6 21 oy T gk
— 2 VPAN PR AR X AR W R TR B sz e, 3R
AR T — W%, ZMgmwE 7. K
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M BN Z [ By A0 5 AR P as
SPSS 26.0., Origin 2017 F1 Microsoft Excel 2010
AT EAEAL P, RER P A E 1S % NCBI #ds
JE(16S: PRINA1114929; 18S: PRINA1114934;
ITS: PRINA1114936),

2 ERE54M

21 BEBUMRSH

AR T IEAE M BRI 1 PR, 4
RS =L ARER L9 pH (ERAE kT
4 5.80-6.81, pH{EFEI/NTF 7.0, 5.

FERVE T 3 4R E0% = ERARER P A pH {E
ey, R BEMMEE =-Ei %P OM, HN,
AP, AK. TN, TP {4 2 & T X I 18
XFAK, 7EBE & R TR
22 BIEHRPEESRSESH

X R S AT A 38 A A A
5 E R bR T R, 25 R ER 2 R
AT LB (CFT(As) B SR TR R
FE R RRME . BART S, & s a7
% AR ERIBRIE (0.3 mg/kg), FIHXL 4
BRACEZ AWM Y. 7o, BE A

#x1 AEMHEER=CRRETIRELMER
Table 1 Physical and chemical properties of rhizosphere soil of Panax notoginseng at different planting
years
Fedh pH AL IKAPER K A o i A
Sample Organic Hydrolyzable Available Available Total Total Total
matter (g/kg) nitrogen phosphorus potassium nitrogen phosphorus potassium

(mg/kg) (mg/kg) (mg/kg) (gkg) (gkg) (gkg)
CK 5.17+0.40c 5.67+1.47b  27.01+7.52¢ 7.724£3.06c  191.49+59.01c  0.57+£0.10d  0.62+0.30c  10.60+1.08a
H 1 6.20+£0.42ab  22.59+3.00a 111.26+6.32b  121.64+16.45ab 348.07£78.90b 1.66+£0.03c  1.59+0.20ab  8.72+0.60ab
H?2 6.10+£0.40ab 26.21+4.27a 121.77+£1.85ab 127.15+4.71a  389.09+45.04b 2.11+0.35ab 2.04+0.40a 8.48+1.78ab
H3 6.53+0.54ab 24.41+3.48a 121.58+17.14ab 103.43+£6.67b  359.15+42.19b 1.714+0.19bc 1.59+0.18ab  7.94+1.12b
D 1 6.36+0.24ab 26.14+2.44a 127.20+7.15ab 100.41£6.36b  760.17+42.89a 1.94+0.15abc 1.48+0.37b  9.22+1.96ab
D2 5.80+£0.32bc  26.96+4.62a 142.43+13.43a 128.50+£22.46a 774.94+£102.65a 2.29+0.26a 1.97+0.31ab  8.44+0.82ab
D 3 6.81+0.34a  22.53+7.75a 109.08425.85b 126.76+7.13a  745.47+103.43a 1.5240.35¢  1.46+0.16b  8.31£0.35ab

ISR AN ] /N 7 B3R R 4553 21 AT AE 1 35 22 57 (P<0.05) .

Different lowercase letters in the same column indicate significant differences among the groups (P<0.05).

*x2 TRMEFR=tRIITEESEESE

Table 2 Heavy metal content in rhizosphere soil of Panax notoginseng at different planting years

F i i T * fif B

Sample Cd (mg/kg) Cr (mg/kg) Hg (mg/kg) As (mg/kg) Pb (mg/kg)
CK 0.31+0.04b 98.10+£10.53b 0.14+0.03a 60.90+10.27a 30.17+6.57a
H 1 0.37+0.02b 117.32+9.89a 0.18+0.08a 66.63+20.96a 29.34+5.35a
H?2 0.53+£0.11b 111.04+4.94ab 0.23+0.11a 54.78+8.12a 29.52+8.62a
H 3 0.94+0.10a 104.49+7.94ab 0.14+0.01a 71.30+9.83a 29.48+4.84a
D1 0.44+0.08b 108.38+8.42ab 0.22+0.14a 63.67+15.09a 32.90+8.41a
D 2 0.45+0.15b 105.45+6.33ab 0.26+0.03a 52.88+7.80a 28.74+6.05a
D 3 0.98+0.21a 103.53+1.21ab 0.20+0.02a 69.82+6.84a 38.28+11.71a

[ 1) B dl A [R] /N5 7 B 2 7R 48 53 4L IA) A7 78 2. 22 57 (P<0.05)

Different lowercase letters in the same column indicate significant differences among the groups (P<0.05).
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FRAIG 0, T3 h 5 2 i 5 B B ) R A
G, LRI S g RN R, JFH
Horr 3 AR AR (AR AE MRAR bR 1 1 rh () R ik )
0.94 mg/kg 1 0.98 mg/kg, EIH 5 14E4ER
2 AR 3922 T W B IR B8 (Co) X 1 AR A e
FESL TR RIUN B2, IF HAE A AR
YN EZE ZHERE(150 mg/kg), PIRBIR;
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HH(As) G A RAEBR TCI WA, (BT A & i
Y T EE ZRFrE(E (40 me/kg) , Y#AR ; £5(Pb)
TE 3 i & R S AERR AR i T R
YNF R ZR/FrUEQRS50 mg/kg), HRER,
23 ZERIETEREDRE o TN
Tk

FER B ST X F AN V% (K] 1A),
FrAbAE 2 AR =L ag bR - F 3 AR R — L
AR PR 2 4k, APdE sk =L AR bR b 4l e
Chaol 45 %35 55 T4 B b o 1 4REFN 2 48 (1 g e
—-EIMBR 40 Shannon #8580t & T XT B
+ . BEATE R RS, 2 R LR
Fx 1" Chaol #8445 Shannon $5%(34 & # LT
AEN i R AR B E A . TE L HEVR (B 1B),
AT 25 AN RRAE, fa Bl = LA bR - rh H
) Chaol 8% E T, 1 faRE —LAMHRER
4 Shannon F8ECE E T+, T 2 A% =L
FARPR 4 Shannon F8 80 & L. BIRTTE
Fe#, 3 4R =L RURBR P A Chaol 15
B EART 3 ARMEERARES 1, 2 AFRUR S
F B A 7 Shannon 5 £ 1K F 2 A4l — LY
MRPR Ao XFIEAEY R (R 1C), A4
A/ Chaol #8EINICETEZR, BINHTEXT
FEACBE, B 1 AR 3 A B — L AR PR B8
Shannon FEECF LT 1 A 3 4R{d R — LA

PR, (AR B I 2500 X6 R - B R ALE
24 Z=HIRFPRTFEMEDREE P ZHEM
Tk

T B R = A ARG S AR
HIJE PAR PR I AT . B . AR AR R
RZEF AR AL, FRATISR LT Bray-Curtis 251
PCoA Jy ik, 44t Tl Gt 7 A ga iy 4 7 L FL TR
JRAE A FARBRA BT IR, QR 2 R, g5AR
WoR, M. BHE . A YRR TEAS RRE i
i B 2R AR EES, X RN RTE
VR A Z AR 7 A AE W B X ). -4 rh
3 A REIE LU R R, AT B AR AR AT R B
WAESS 2 TR, FiRE =L R BR 1 A
B R Z [ AR 0V 25 57 . FLIAT Y E AR b
SN, FESS 1 FERG T, i = R ARPR 1
FESXTRRZ MRBU B 22 55 . BbAh, 7856 1
A 2 FR, B = SR = LR ER
T2 AR B R, XRY T HERE
Xof KB W) 07 SRR B R AE o R AR A 0 B T A ARy
BrREUESS 1 B, 3 RS 3 RN H
MR L AT R 25 R AR 2 ERiSr
W, R =B Y g S R A 2 A R
S, [T 1 ARFT 3 AR RRAR B 1 5 AE Y Y R
T Z R AT 25 R
2.5 ZHIRFREBAUEMRFE] BK
S FAE XS EE AR

3 2 X 2 TR 117K A ) B AR s 5]
(B 3AYHT BRI, —LiEERIL AR TR AR
JE W] (Proteobacteria) . T 1| ] (Acidobacteriota)
ML ] (Chloroflexi), 28w I AT & ]
(Bacteroidota)7E 2 4F /i — L MR FR L H agAH
PR BRI ITE 1 AR =L bR
AR AR R SR MK R
(Actinobacteriota) 7t 3 4 {g B — -t B AR BR 1 Hr Al
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Figure 1

T EMEFR=CRIE IR EIREE o ZHMEE

A: Y1 Chaol ¥5%% 5 Shannon $5%%; B:
H.J# Chaol #5405 Shannon #5%%; C: JiAEA 4 Chaol 48415 Shannon 8%, CK: & FAXT B LA H_1:
FPAE 1 AR (AR — L AORRPR 1 H_ 2 Rl 2 450 — L AARPR 1 H 3. Fhhl 3 4R Ml — L AP £
D_1: FbHE 1 AR08 =-CAYMRER L D 2. M 2 4R8N —=-ERMRPR L D 3: FiiE 3 4 UK —-LAR

Alpha diversity of microbial communities in rhizosphere soil of Panax notoginseng at different

planting years. A: The Chaol index and Shannon index of bacteria; B: The Chaol index and Shannon index
of fungi; C: The Chaol index and Shannon index of protist. CK: Blank control soil sample; H_1: 1-year
cultivated healthy P. notoginseng inter-root soil; H 2: 2-year cultivated healthy P. notoginseng inter-root soil;
H_3: 3-year cultivated healthy P. notoginseng inter-root soil; D_1: l-year cultivated sick P. notoginseng
inter-root soil; D_2: 2-year cultivated sick P. notoginseng inter-root soil; D 3: 3-year cultivated sick
P. notoginseng inter-root soil.
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Figure 2 The principal coordinate analysis (PCoA) of microbial communities in the rhizosphere soil of
Panax notoginseng at different planting years. A: Bacteria; B: Fungi; C: Protist.
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Figure 3 Accumulation impact map of species abundance accumulation at the level of microbial community
phylum in rhizosphere soil of Panax notoginseng at different planting years. A: Bacteria; B: Fungi; C: Protist.
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Figure 4 Accumulation impact map of species abundance accumulation at the level of microbial community
genus in rhizosphere soil of Panax notoginseng at different planting years. A: Bacteria; B: Fungi; C: Protist.
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difference between groups. NS: No significant differences; *: P<0.05.

pH XTI AE A YT h AR S B AR
AR ARG I, Hrh HN f9AH ¢ R EGE
0.907. L, AK X 2 F1E B 19 52 M i K
HN X Ji 2B A= WDV S R e K
FFARXHFERA 2 FirESE, &
IRBL, Cd XTANTERETS (2 AR IR R ) 52 K
F As (0 55), Hop Cd XASTE BT A48 A AL
W B AR UG I, A OC R AR 0.631, Xt
MND1 J& ;A IEAHSCH N, AHOC R %L 0.619, Cd
X ELRR VR (9 ARHHOCIR RS2 R T As (0 5%),

=24
2

Horb Cd X BV 122041 119 Dactylonectria
JE AT fe s EAH SR, A5G R %K 0.809, T
Xt F-RER [T 4 Aphanophora J& ™ A4 T iz e 1
FHEFEM, FHE BB 0.672. Cd %5 A A Wy
V(9 SRR K T As (1 4%), Hrp
Cd XN SFHEE AP 1T A Pythium J& F12E 76 B
19 Y Colpodellida CHRL X J& = Ak 45 1F Iii]
SR, MO R R 0.698 F110.635. As XA
M AR b 1Y 8 25 & (Pythium) ™ A2 1E 7] 52
M) (FH 5 2 %K 0.436) .

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1160

(DGX7ES ik

Microbiol. China

Protists
<>Consumer
® Rhizaria
[_I Phototrophicic
W Stramenopiles
O Parasiticic
() Rhizaria
2\ Unknown
T Evosea

W Alveolata
T Discosea

< Stramenopiles

W Chlorophyta
A Stramenopiles W\ Rhizaria

Bacteria

. Nitrospirota O Myxococcota . Actinobacteriota
@ Chriorofiexi Acidobacteriota @) Bacteroidota
Proteobacteria O Verrucomicrobiota

O Gemmatimonadota

Fungal pathogens
‘ A Basidiomycota A\ Chytridiomycota f\ Ascomycota ‘

T\ Tubulinea =

Protists

Bacteria

“om s

§ Fungal
A pathogens

.
S, v

Bleo HEmRESREELMMBETXBOILAME  EOIRTOITDKFYRZR, BIEEAR
AT, BB RO T TR R KSR F . R ORI B A R RO R L), 2R AR

IERAHEARR], SRzl 28388 T A B AR .

Figure 6 Co-occurrence network of fungi pathogens with protists and bacteria taxa. The legend is identified
as the name of the phylum-level species, the colors represent the different levels of the phylum, and the nodes
in the diagram are the species at the different genus levels under the phylum. The node size is proportional to
the number of connections across the group, with the red line indicating positive interactions and the green

line representing negative interactions.
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Figure 7 The influence network of environmental factors on microbial communities. A: Bacteria; B: Fungi;
C: Protist. The legend specifies the phylum-level species names, with colors representing the different phyla.
The outer link points in the diagrams indicate species at various genus levels within each phylum, the nodes
in the inner ring represent different environmental variables, and node sizes are proportional to the degree of
relevance. Red lines denote positive interactions, whereas blue lines signify negative interactions.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1162 A 2 AR

Microbiol. China

BIEEPIFRA -2, X R LAY
TR TEAS R L X R R AS Rl A 9 1+ 4 ep . -
BEVR AL RAR AT F AR 2E 7 . B O30 %P
% 18 711 55 4 7 B (Fusarium solnai) ] 5] 2 =+
MBS . AR S = LI AE RO S5 BT a4
+ARFEIE . BRI EE MR . ) ERTE
PR 3 A B — & B AR PR A v A X 3 8 i
o TERFEPV B HIIE T 3 Mk = -EARE G
JRE R, B AT mi & 2R i ik J) T (Fusarium
oxysporum) . 7ifiJ 8k JJ TR (Fusarium solani) &% %
¥ fl i (Alternaria alternata). B, =L
W R EAN RPN R IE R, HS 2R
AKX,

—HUK, ARV L IEHE YT
E4i NS I = W 3 O EAE D e O s wh U (B R i)
SR, SR, VRN BETR AR E TE R Ok 7y, B
A R IR S B K 2 B E W i A W i 53 b R
PR g E AR RE R Z, BT
PEDE AP R AR i . HIEAE WL L S E 7
JLRWBN, JTi22 5% HEh Y T RE G
W, X e A A B MR AR,
W oSS 2R 5 T RE A VR B R B R AT LA Sy I B
ERRGIRERRACE A EIREY . FRATEAZ 0
SR REE S 4 D EEIRRLL . H .
AR SRS RRAED P, AP
WH IR VAT . HH . BENL R E NN
JRAEA Y. SR A R E DA G e
WA A . A MU T AETE S S E 3 .
MY B A B A B s A A . Hofok
Gy AR AR W A3 B R R AP FEAR TS
o, X T A R ADGFR A, W T E A
FEAHZEREE £, XA RE R WA HAE T 5 1
Yy A= W ie I o 00 0 T R L TR R IR O T R
W2 AR, 1 Q05 0 SR G R ORD 9 iR
B P AR RATAEB, X REA YRS,

3 AR BRI IS HLROR B, R =L B R
TR, RWEAE T R =L R
Ji A A W B ARG 28R
TEAEBRZGHIEH, LA A YA
b A ORI B SC B 2R A R TR Jh
13 o P — B A L T T A A
AV IhRERF AL LM S, R, M
BT ELTR S S A TR S I R A, TR R
54 A YRR Z [ A B 2 R R R . X A]
REIE: N JEUA A ) LR — i U A TR R, (Rt
i A A R L T A - SR T R RE o AR DL Y
THEALBAS ], SRS, OFH, EAAY-H
TR 9 D BT A AH B R o S M R SR A
PIRETE BT 9 FRUCR TR A W AN A A R
S (R R TS G s W Bt G
P2 T AR R D e A
RO R = LR I R R 2 — BT RS
xW], HeEESGME LA, JEA . HEE
FROURIBFI MR R, IR K i A K-
INECS RIS G B KRN 25 R 4
SR ZOICE R WTR R B, AT B2 R = £ 1 IE
R, TR ARSI X R
EVERTINE A B, Py SRR AR B s Rt
FHIA AT ESE Cd. As FHERR.
B AR SCIF S22 ], AN TRl PR 4 BR Ay = 1 4
HR AR 4 SRR A A 5 BEEAT PR S, T A
o R A B R R O, A RS AT
WFFEA R — 2 AR RN, MY
HE S AN &R REMR, e ETmA
PSS BEREAR, T RESS IR LSRR YIS /Y
ZAENE, T AR R T SR, X AT AR
SRR YDA B G A AR 42 1 S W g
TR N 5 | A 98 P 5 ) T8 AT A S A [
PR D 11430 R SR it - 0 AR R PR AR s
SERUE YRR, SRR T R Z RS

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



ME F | =t

AR AN L T AT A A AR T I 22 e S SR Bl BRL A 2 A 1163

FEEW, MR RV, A RA LT 4
IR A R EEm, RS S
TR, A P AR B A S A TR A R 140
AT H R L KA SR A N AN B TR
FYSZ I de K, I H RO X A8 TE T 1T A 1] 52
B9 A, TR A T 4 B RN L B ) S B
TXA] e R A 22 b A g vl e A IE o e Ah
XFARERE SN 2 FBfrESE, RITE
o, EQECdN%I\AIﬂEEE%ﬁEM
MR TF As. Hh Cd X E RS T2
I"J¥) Dactylonectria J& /= A= 1 f iy 1E A 5 52 1)
&%%Tﬁﬁéﬁﬁﬁ%ﬁ%ﬁiAﬁ*m%
feHEM .
4 ik

X = A AN Rl AR A AR BR A e 5 R —
LCRPr LN, W, HAEEYHEER
5 LR OCR T, BRI
45

(1) P =E MBS - pH {HYE 2
5.80-6.81, ¥I/NF 7.0, LREE 4R
SRR, FRTE 3 AEAEAE S AR B2
B AR I REAE o S SO R A TR R I TR S e K
R 0 JE OO A TR . L TRRN A AR TR TR Y
SR T

(2) 2 HEAE Y o — £ B TR PR 135
HH 2 TR R L R VR B AR T 1 AR 3 ARAE R
SR L I SRR T A AR TR ) 2R
ﬁﬂ@ﬁ@?yztﬁﬁi%¢%%l\Alﬂ
SR A IRV B 2R RIS B 25 5
L DR VR AR LR A S 0 28 St de o I B

(3) MXF TR A MACTRAY)  IH R ETE L
RT3 AR = b R
A RR(E R E iR TE RO SE T 1 A

(4) BHEWEE S ALY R RGE 2

ARhEIER R, IF HE SRR AR AR R
EESI

REFERENCES

(1] #kis, sk+Jp, EHEY, IR, BEN. =EH
5 5L EAE FHRI R[], T ALY, 2014, 34(3):
362-368.

GONG JT, ZHANG ZL, WANG XF, LIU FB, ZHAO
ZG. Preliminary study on autointoxication and
allelopathy of Panax notoginseng[J]. Guihaia, 2014,
34(3): 362-368 (in Chinese).

(2] Hofi, M, I, THIREE, B2, SRS, fIEELL,

HAb A, = A T IR R BT A UM A B 0], A
IR, 2014, 40(3): 76-81.
YANG M, MEI XY, ZHENG JF, YIN ZB, ZHAO Z,
ZHANG XD, HE XH, ZHU SS. Sensitivity of the
pathogens of Panax notoginseng to ginsenosides[J].
Plant Protection, 2014, 40(3): 76-81 (in Chinese).

[3] GUO HB, CUI XM, AN N, CAI GP. Sanchi ginseng
(Panax notoginseng (Burkill) F.H. Chen) in China:
distribution, cultivation and variations[J]. Genetic
Resources and Crop Evolution, 2010, 57(3): 453-460.

[4] MENG S, LI-QIN YE, ZI-LONG Z. Progress on the
Cause of Continuous Cropping Obstacle of Panax
notoginseng and its Countermeasures[J]. Journal of
Mountain Agriculture and Biology, 2015, 34(3): 63-67.

[5] KR&AMy, 4L, WONE, ER4E, KEE, 2,

XK Zr. = Fbg 3% 5% 0 S S AR ESE ], 74
Al 24, 2015, 28(1): 279-285.
ZHENG DM, LI J, OU XH, WANG JJ, ZHANG ZH,
GUO LP, LIU DH. Nutrients dynamic changes in
cultivation soil of Panax notoginseng[J]. Southwest
China Journal of Agricultural Sciences, 2015, 28:
279-285 (in Chinese).

[6] Foxhk, BREVE, XI-Li, skIGHEL, x%ﬂ =L Fh
HOE B KR 2 A SRR IO AT PR
b K22 4R (A R B2 AR), 2006, 28(5): 706- 709
GUAN HL, CHEN YJ, LIU SQ, ZHANG WD, XIA CF.
On the relationship between root rot in Panax
notoginseng and soil micrebes[J]. Journal of Southwest
Agricultural University, 2006, 28(5): 706-709 (in
Chinese).

[71 OLADIPO OG, AWOTOYE OO, OLAYINKA A,
EZEOKOLI OT, MABOETA MS, BEZUIDENHOUT
CC. Heavy metal tolerance potential of Aspergillus
strains isolated from mining sites[J]. Bioremediation
Journal, 2016, 20(4): 287-297.

(8] skdE X, FROCHE. 25 IR fRIE A FE0E T 5 VR R
). P EASRI AR, 2009, 17(1): 189-196.
ZHANG ZY, LIN WX. Continuous cropping obstacle
and allelopathic autotoxicity of medicinal plants[J].
Chinese Journal of Eco-Agriculture, 2009, 17(1):
189-196 (in Chinese).

[91 TAN Y, CUI YS, LI HY, KUANG AX, LI XR, WEI
YL, JI XL. Diversity and composition of rhizospheric
soil and root endogenous bacteria in Panax notoginseng
during continuous cropping practices[J]. Journal of
Basic Microbiology, 2017, 57(4): 337-344.

[10] XIONG W, JOUSSET A, GUO S, KARLSSON 1,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1164 WA

FiE Rk

Microbiol. China

ZHAO QY, WU HS, KOWALCHUK GA, SHEN QR,
LI R, GEISEN S. Soil protist communities form a
dynamic hub in the soil microbiome[J]. The ISME
Journal, 2018, 12(2): 634-638.

[11] GUO S, XIONG W, XU H, HANG XN, LIU HJ, XUN
WB, LI R, SHEN QR. Continuous application of
different fertilizers induces distinct bulk and
rhizosphere soil protist communities[J]. European
Journal of Soil Biology, 2018, 88: 8-14.

(12] 4, /022, BRLE, S, WA, *Jc%tr

& 75 W) I 200 Ry R R R R R 0], ) VA
¥, 2023, 43(7):1173-1181.
XIANG W, WEI XL, CAO KX, LI LB, HUANG RS.
Isolation and characterization of autotoxic saponins-
degrading bacterial strains from Panax notoginseng[J].
Guihaia, 2023, 43(7): 1173-1181 (in Chinese).

[13] fE 5 &, fafe, B, PHIRWS, WAraz, FEoR.

Eﬁfﬁ%%A%p%?ﬁiﬁla/{{ﬁ'ﬂmii%FP 6 TP 4 JE Al
RPN S R[], Fb R (k2= 0, 2019, 55(7):
846-852.
TANG BY, SHI YH, QIU L, GU XQ, TANG RS.
Determination of Six Extractable Heavy Metals in Soil
by ICP-MSJJ]. Physical Testing and Chemical Analysis
Part B: Chemical Analysis, 55(7): 846-852 (in
Chinese).

[14] LIANG YT, JIANG YJ, WANG F, WEN CQ, DENG Y,
XUE K, QIN YJ, YANG YF, WU LY, ZHOU JZ, SUN
B. Long-term soil transplant simulating climate change
with latitude significantly alters microbial temporal

turnover[J]. The ISME Journal, 2015, 9(12):
2561-2572.
[15S] MUELLER RC, PAULA FS, MIRZA BS,

RODRIGUES JLM, NUSSLEIN K, BOHANNAN BJM.

Links between plant and fungal communities across a
deforestation  chronosequence in the Amazon
rainforest[J]. The ISME Journal, 2014, 8(7): 1548-1550.

[16] LOGARES R, AUDIC S, SANTINI S, PERNICE MC,
de VARGAS C, MASSANA R. Diversity patterns and
activity of uncultured marine heterotrophic flagellates
unveiled with pyrosequencing[J]. The ISME Journal,
2012, 6(10): 1823-1833.

[17] ZHAO PF, HONG S, LI YK, CHEN HM, GAO HC,
WANG CS. From phyllosphere to insect cuticles:
silkworms gather antifungal bacteria from mulberry
leaves to battle fungal parasite attacks[J]. Microbiome,
2024, 12(1): 1.

[18] GUILLOU L, BACHAR D, AUDIC S, BASS D,
BERNEY C, BITTNER L, BOUTTE C, BURGAUD G,
de VARGAS C, DECELLE J, del CAMPO J, DOLAN
JR, DUNTHORN M, EDVARDSEN B, HOLZMANN
M, KOOISTRA WHCF, LARA E, Le BESCOT N,
LOGARES R, MAHE F, et al. The Protist Ribosomal
Reference database (PR2): a catalog of unicellular
eukaryote small sub-unit rRNA sequences with curated
taxonomy[J]. Nucleic Acids Research, 2013,
41(database issue): D597-D604.

[19] ZHAO ZB, HE JZ, GEISEN S, HAN LL, WANG JT,
SHEN JP, WEI WX, FANG YT, LI PP, ZHANG LM.
Protist communities are more sensitive to nitrogen
fertilization than other microorganisms in diverse
agricultural soils[J]. Microbiome, 2019, 7(1): 33.

[20] NGUYEN BA T, CHEN QL, YAN ZZ, L1 CY, HE JZ,
HU HW. Distinct factors drive the diversity and

composition of protistan consumers and phototrophs in
natural soil ecosystems[J]. Soil Biology and
Biochemistry, 2021, 160: 108317.

[21] BARBERAN A, BATES ST, CASAMAYOR EO,
FIERER N. Using network analysis to explore
co-occurrence patterns in soil microbial communities[J].
The ISME Journal, 2012, 6(2): 343-351.

[22] POCOCK MJO, EVANS DM, MEMMOTT J. The
robustness and restoration of a network of ecological
networks[J]. Science, 2012, 335(6071) 973-977.

(23] RIEE, AR, W05, Peam. A it i

IR A ?"’ﬁ{Eﬁ@ﬁiﬂﬁ’%&ﬁ\ﬁﬁﬁ/ﬁﬂfﬁtéﬁﬁ[]
[ A i i, 2020, 36(2): 84-89.
YUAN GJ, LU SH, MEI XX, PANG RL. Extended
Understanding of Soil Pollution Risk Management
Standards for Agricultural Lands and the Status of
Evaluation Standards[J]. Chinese Agricultural Science
Bulletin, 2020, 36(2): 84-89 (in Chinese).

[24]SUN J, ZHANG Q, ZHOU J, WEI QP. Illumina
amplicon sequencing of 16S rRNA tag reveals bacterial
community development in the rhizosphere of apple
nurseries at a replant disease site and a new planting
site[J]. PLoS One, 2014, 9(10): e111744.

[25] 555, #EINE, BHIE, BHK, EHY, Bakk =
LR S L R AN T RIS S i 5 Z AR A (] R
%IE,T.jC%%%&(EWﬁﬂ%Hﬁ), 2016, 41(6): 92- 99
TAN Y, CUI YS, JI XL, LI XR, CUI XM, WEI YL.
Soil bacterial community structure and diversity of
Panax notoginseng during cropping practices[J].
Journal of Kunming University of Science and
Technology (Natural Sciences Edition), 2016, 41(6):
92-99 (in Chinese).

6] &RW, ¥ 5k, L&Y, Fm, B, BHRIE, R
O RN 'ﬁ*ﬁﬁTElﬁﬁ/ﬁEﬂﬁé?ﬁﬁ

J]. PEPZEZRER, 2018, 43(10): 2038-2047.
YU M, JIANG JL, REN XM, LI L, JIAO CJ, YANG LJ,
XU H. Research on relationship between occurrence of
root rot and changes of fungal communities in
rhizosphere of Panax quinquefolius[J]. China Journal
of Chinese Materia Medica, 2018, 43(10): 2038-2047

(in Chinese).

27] ZIEB, XIEAl, R WEE, ﬁaﬁi, R, S

DA UJ%iﬂiﬁ%EiEi%ﬁi% Ty F0 22 B ﬁ/’ﬁﬁﬁﬂ\
Tk R[], A A2R4R, 2021, 41(7): 2783-2793.
LUO ZM, LIU JX, ZHOU YY, DU JQ, WU Q, CHAI
BF. Community structures and diversity patterns of the
soil protist communities along an altitudinal gradient in
a subalpine grassland[J]. Acta Ecologica Sinica, 2021,
41(7): 2783-2793 (in Chinese)

(28] 2 3C&, WiHEHT, PURKE, = B, EERE, B

Zﬁ*ﬁﬁ*fﬁffﬁ)@&ﬂ’*& E’JEH%[J] ) 9 BT 22
#2, 1997, 27(1): 86-92.
LUO WF, YU SF, HE CF, LI ZY, WANG CL, CUI XM.
On the combined infection of root rot pathogens on
Panax notoginseng[J]. Acta Phytopathologica Sinica,
1997, 27(1) 86-92 (in Chinese).

[29] VR, RS, BRI, ?%‘%& SC U = A AR A R
PRI % E SR BHAT]L PEIEA S BEER, 2015,
30(1): 158-163.

WANG J, LIANG ZS, KANG B, LUO MJ.
Identification of root rot pathogen of Panax
notoginseng from Wenshan[J]. Journal of Northwest
Forestry University, 2015, 30(1): 158-163 (in Chinese).

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



MESE 5| ZAEETRANE . R A YRR ) 22 7 R KBl A R A 1165

[30] SAPP M, PLOCH S, FIORE-DONNO AM,
BONKOWSKI M, ROSE LE. Protists are an integral
partof the Arabidopsis thaliana microbiome[J].
Environmental Microbiology, 2018, 20(1): 30-43.

[31] GEISEN S, MITCHELL EAD, ADL S, BONKOWSKI
M, DUNTHORN M, EKELUND F, FERNANDEZ LD,
JOUSSET A, KRASHEVSKA V, SINGER D,

SPIEGEL FW, WALOCHNIK J, LARA E. Soil protists:

a fertile frontier in soil biology research[J]. FEMS
Microbiology Reviews, 2018, 42(3): 293-323.

[32] LANGILLE MGI, ZANEVELD J, CAPORASO JG,
McDONALD D, KNIGHTS D, REYES JA,
CLEMENTE JC, BURKEPILE DE, VEGA THURBER
RL, KNIGHT R, BEIKO RG, HUTTENHOWER C.
Predictive functional profiling of microbial communities
using 16S rRNA marker gene sequences[J]. Nature
Biotechnology, 2013, 31: 814-821.

[33] OLIVERIO AM, GEISEN S, DELGADO-BAQUERIZO
M, MAESTRE FT, TURNER BL, FIERER N. The
global-scale distributions of soil protists and their
contributions to belowground systems[J]. Science
Advances, 2020, 6(4): eaax8787.

[34] HILTUNEN T, FRIMAN VP, KAITALA V, MAPPES
J, LAAKSO J. Predation and resource fluctuations
drive eco-evolutionary dynamics of a bacterial
community[J]. Acta Oecologica, 2012, 38: 77-83.

[35]LIU HW, BRETTELL LE, SINGH B. Linking the
phyllosphere microbiome to plant health[J]. Trends in
Plant Science, 2020, 25(9): 841-844.

[36] 5 BRAE, MEAEMG, BiRicse, W, %228, MR,
EH, BRORA. AR AR PR S I AV 2 A
SERITHFEAEITSE)]. B2, 2015, 34(1): 65-74.
WU ZX, HAO ZP, CHEN YL, ZENG Y, HUANG LQ,
WANG Y, CHEN BD. Characterization of fungal
community composition and carbon source utilization
in the rhizosphere soil of Panax notoginseng suffering
from root-rot disease[J]. Mycosystema, 2015, 34(1):
65-74 (in Chinese).

BIIXPEE, HI0y, EREL ERBL XFRIR, Ao

R 43 WA 0 00 1 34 A I 0 2 U 14 AR B 9 4 AL ) B
FCR T[] W E SR SO ORE 2 A, 2019, 25(6):
1038-1046.
LIU TT, LU QF, WANG NQ, WANG TQ, LIU HH,
ZUO YM. The rhizosphere regulation mechanism and
use of root exudates to inhibit continuous
monocropping barrier by nematode disease[J]. Journal
of Plant Nutrition and Fertilizers, 2019, 25(6):
1038-1046 (in Chinese).

[38] & Al RE. HHWE TR M AL A M) dbat: Rl
iRt 1983.

YUAN KN. Soil Chemistry of Plant Nutrients[M].
Beijing: Science Press, 1983 (in Chinese).

[391 XTI, XIK<x, fi, MoK, ke, F5Em, &

¥y = LEFRRG O] Rl A=)
2#42, 2011, 30(1): 70-75.
LIU L, LIU DH, JIN H, FENG GQ, ZHANG JY, WEI
ML, ZHAO ZL. Overview on the mechanisms and
control methods of sequential cropping obstacle of
Panax notoginseng F.H. Chen[J]. Journal of Mountain
Agriculture and Biology, 2011, 30(1): 70-75 (in
Chinese).

[40] XU, & Z0h, W, Git, EHY, BUNE, XK

3. LA IR] ) B AR BR A - S A B R LB )
7). PR 244, 2013, 26(5): 1946-1952.
LIU L, ZHAO AJ, YANG Y, JIN H, CUI XM, OU XH,
LIU DH. Comparative analysis of physical and
chemical properties of Panax notoginseng replant soils
in different intervals[J]. Southwest China Journal of
Agricultural Sciences, 2013, 26(5): 1946-1952 (in
Chinese).

[41] WEI XR, HAO MD, SHAO MG, GALE W]J. Changes
in soil properties and the availability of soil
micronutrients after 18 years of cropping and
fertilization[J]. Soil and Tillage Research, 2006,
91(1/2): 120-130.

[42] MARSCHNER P, CROWLEY D, YANG CH.
Development of specific rhizosphere bacterial
communities in relation to plant species, nutrition and
soil type[J]. Plant and Soil, 2004, 261(1): 199-208.

[43]ZHAO J, NI T, L1 Y, XIONG W, RAN W, SHEN B,
SHEN QR, ZHANG RF. Responses of bacterial
communities in arable soils in a rice-wheat cropping
system to different fertilizer regimes and sampling
times[J]. PLoS One, 2014, 9(1): e85301.

[44) LR, sk, Xmig, SN, A7EX%, Toa

Jit A I R R R AR B - SR AR A O DX R 1 5 i ],
A3 5 AR, 2021(1): 75-82.
SHEN JP, ZHANG MY, LIU GF, LI XL, SHI DX,
WANG Y. Effects of lime nitrogen application on
microbial flora of tobacco rhizosphere soil[J]. Soil and
Fertilizer Sciences in China, 2021(1): 75-82 (in
Chinese).

[45] TAYYAB M, ISLAM W, LEE CG, PANG ZQ,
KHALIL F, LIN S, LIN WX, ZHANG H. Short-term
effects of different organic amendments on soil fungal
composition[J]. Sustainability, 2019, 11(1): 198.

[46] PATERSON E, GEBBING T, ABEL C, SIM A,
TELFER G. Rhizodeposition shapes rhizosphere
microbial community structure in organic soil[J]. The
New Phytologist, 2007, 173(3): 600-610.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


