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Abstract

Panax notoginseng is one of the most valuable traditional Chinese medicine, which usually grows
under warm and humid environment and thus has high mortality in root rot caused by continuous
cropping. Currently, soil fumigation with chloropicrin (CP) is an effective way to avoid this. In this
study, ITS sequencing based on Illumina MiSeq platform was employed to analyze the structure
and diversity of fungal community in the soil samples with or without CP fumigation. We found
that fumigation with CP had a remarkable effect on the composition of soil fungal community. Es-
pecially, the relative abundance of harmful genera, for example, Fusarium, was significantly de-
creased from 7.42% to 1.97%, while the abundance of friendly genera, for example, Trichoderma,
was remarkably increased from 14.70% to 23.45%. Our results provide new insights for CP fumi-
gation in promoting self-reparation of soil microecosystem and controlling root rot in Panax noto-
ginseng caused by disordered fungal community.
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HE

=LRREFENLRFEM, ERENHEHIAE, XMHRRGFEREBRERER, FBOEERSR
FRE. SFHEFER—MEGERLMNLEERF, Hul, XRARLMTLEESRGB=LLERENE
B . A7, BRATRAZE Tlllumina MiSeqF & HITSH BRI FHEARM R ST HEE G =-LAE
M IR EEREA . SRR, FRRE, SAEEBEN=LRFRIRES REFIRFLIE
MAHEEHEAR. SHEFERREER, HHAZLEMAETHER, FANFEE=ZLBREFERIERE
(Fusarium) 5 LB BUR K T, MWIERRIRN7.42% T RREEZEER1.97%, MY =tLEKERPIARER
(Trichoderma) B 5 5 B U HH BLAE X (N TH BT 9 14.70% 38 DN BIVE ] /5 1923.45%) » X4t R R
FMEHBE=LEEREB RSP UM AN RN EWAAER, SBOREFNARE SHRES
b, XFBAXS T =-CMER IR S . BARSWN PEUA I BMAESHAREBEAFEER
Xo

E3: 4]
=+, WREFLE|, EEEE, ITSUF, EEES
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1. 5|8

=-(Panax notoginseng) & — M G4 st 2ikt, F =T mm i, BA “abif. 8. ER7 5%
DIRL1] (2] EAERBEPE. Sl =1, DAL = Fa =0 b SR, A A IR 2L M
=B 552 B AR H I BGE, W KB BBDR . RN BB R R R B A
FOARR I 2 = Ll i W2 — (3] [4]. 40T, ORI i =-CAR 5 J5 1 3= B J R Rt b . 4nBE
AR« IR AR R AN S8 TR A5 (5] (6], HHUL S BRI R HAEAE 5%~20% /e 41, B vl il 70% [7] [8]. =
P B A B T i) R0 7 ) 2 PR R R = B, AROKIIBRAIG 7 b R A 28, PR BRI M (1 Bh A8
R = BEERS R EER T2 —, 2 AT e,

ST AR = EE R b, H 708 CCLNO,, FTH TR EMER, i, HYk S
(9] [10]. ST IR ZE I B 0T BOR K Fh LI R A, WEALRE, HXAEHME . ERrR
REEIIAE 85%LA b, T DAAR R B FRARAR O¢ A5 5 R e, 1 Bl T &y A R R 1, HAE
TR ERS, HAT, EE. HA. DEF), RE L RS CA BRI R H10] [11], (H2HAE
=PI DL SGEAE RGBT VA o B S AR IE D, R A S T S e = 3 e BRI R RS e R
LARIE .
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I 5 DR A 2 e B R AR AR, 6T R ITS 80 i Sk 5% v il il e v 2 ORI 7 - 3R
fn LB VR S RN R L[ 12]. JEF Uk, AR A Tllumina MiSeq W7 F &, @it /N A
Bt DNA ST 47 XA Ui (paired-end) 7 5 PR 2H 27 0 37 4R 45 - 90 i vh BB M2 R L L= AR R, Tl
o 2R B 2RV BN AL E T B AT S B = PR SR I 2 R 2 AR AR A — R
GEI T

2. WAk
2.1. RXER

I T 2016~2017 FAE = B SO LB =ERHEA R A 7] =L R s A 56 | k47, K5kt 7=
FE R RS i R X (AR 103°43'~104°27", b4 23°06'~23°44"), R56 X & o WP #H Z XA 0, P
YIMIXHE B 75%, FHIFFWE 1187.8 mm. REIHHSAT S — 10 BRI E B, RN TEM(&
— 3B PH W 7 75 ) 77 AT =Lk .

22, HIRERRE

AT T ACEE ;. A A FON AL T 3 8, BARERIETT O BRI LT 20 203, %IR8
30 o~ Jr Ak E P B AL T BT, TR E R HL B AT AR 20 R, ZJRIRE M,
B EARBENEAS H AT AR . MR R S A2, BATRIEE, DAUEERIAEEA, i
BB, KM = -ORFRE I T BT . HERAETNEN 5 )UAWRD: Rrbuh
IR, WE=AER) FEMCREREVIT 10~20 cm, HFEREJE, S 4 mm L0k
O, ARJA R NIRRT REAT A7, 7 0] S8 S N80 CHEARIR UK A , I T2 B PR AL A e o

2.3. TIEAEERELEE DNA FI12EL

#% [ SPIN Kit for Soil {7l & (Mpbio A, 3&E)ULH BHEAAEAE D, N3RS P R %2
FERZH DNA 34T KA S, F—20°CUKFE TR A 4 ARAE DNA B o

2.4. PCR ¥ 8 5/

FIRIDUT 24 J5 1) 3% 5 DNA {2 PCR § B O#6EAR, KA ITS 741 @ H 51 ¥k 4T PCR 973, 5l
YIFEA) N ITS-F: GCATCGATGAACGCAGC, ITS-R: TCCTCCGCTTATTGATATGC [13]. PCR 7 H#fH)
SIS 95 CHIARYE 2 min, JBKIREAN 55°C, WIEA 30 s, #EIEMIEE N 72°C, BN 30s, 3
THHEAT 30 IRTEIR, B2 72°CLEMP S mine HIG5ERLANG, HU 10 pL 373G 720 EAT 1 %50 i At s E koA
W, FEHEAT BV o A R ol Fr 35 76 56 Mg R (AL ) B BR A Al i#E47, FET78 K% Tllumina
MiSeq i g KT R4t 18I 14 8/ BOCE 3EAT WU S (paired-end )il /7, reads 32K A 250 bp.

2.5. HIEDHT

W H504E 23 BT ) = B AR A B 20 5 SR UG U (Raw reads) AT HF 4% id €, 53 Clean Tags, Clean Tags
S A AR ) 25 49 B RS (Bffective Tags), 9A 5 25T 4% G 4% I A R 14T 5 B2 AR 015 B 7 it
MRIFERR R BB R (BR AL 97%)3E4T OTU (Operational Taxonomic Units) R3S, 454 H ol FIMEY) A 808
BHEIFE Unite [14]3HT9FERA . BARGRELUFHRFE: 1) %Kk Reads Wi 1) Barcode 1 Primer J7
H1152) 1 Fil Qiime [ 15142 4L A IIASF] Fi] Read 1 A1 Read2 2 [8] ) 2 & X AT P2, BF2 )5 05 51 Raw Tags.
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PHERH fastq-join /735, PHEIRERES X WHR/MEN 10 bp, BAHBCEN 10%; 3) X Raw Tags
BT, RS 5 ANULRESE N SR ERIE R Tags, JEiE— Dl JEmE S R B A K E N T
Tags K& 75%1) Tags, MIM3K1F Clean Tags; 4) 2P Clean Tags H kG4, kG RRD PCR #1472
HPE A IR T S A RIS 2 R ] UCHIME $9%[14], 5 Unite 208 B LU, A7 51 2 Bk 5 AP
PAFE R JG L HHE H HT i Effective Tags: 5) BJa %M 97%11 7 51— B K B A FEA 7 7= A= 16 BT
Effective Tags Jh OTU, I£¥ OTU AREMF A S YR REIEAT LU 08T, Siih &AM AE S AN 02K
KT B B AN 3 A5, ] Chaol $5%(. Shannon 8302505 B HEAT B RE S & PN 2 RE 145
FeFREI M 161 [17] [18]0

3. ZERES
3.1.OTU 4%

N T IR FORE i 0 BB R T AR S L 2 RS R, BATIRIR 97% 1 7 FIAH B ERRHEKS Effective Tags %
JEHL OTU (Operational Taxonomic Units, 73 2RE(E R TT, RIRTE RGUK A 0t 7T s AL 20 i,
NTAET AT 0T, ARG c BN E—FrE). &M OTU HEguitas Rl 1(a)fr
TNo N T B R R AN RE B 2 (BT AT () OTU, ARYE 4745 itk — 521 Venn E(E 1(b)), 45
REW], 2 @RS EER OTU #d SA TR 7 42.06%, HAHEFEHGH LA 64.70%01) OTU
HARMEFEMARE, JEHE T 326 4~ OTU.
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Figure 1. OTU number counting (a) and Venn diagram analysis (b)

of soil samples without or with chloropicrin fumigation

B 1. RESMNBEENEHSAERETIRER OTU ES T

(a)& Venn B9 %7 (b)
3.2. RHEHENLTRERRESHMARR

Wk 2 prow, =-GAiE e LI AT R JA SRR IR S A H(Chao 1) AT 2 4% 445 £ (Shannon)

BIF b, Z48 875 Bid OTU &5 R —3. Hrf, Chaol $&# 22 i1 B RF V% - % (Community
Richness), F TGt BEEAE M A YR EE, Chaol FEEGHK, AR F & ZiE . Shannon 1§
B FEEH T FHIE 2 % (Community Diversity), %8302 B I Y Fh=FE & A5 B (Community
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Figure 2. Rarefaction curves generated for fungal ITS

from soil samples without or with chloropicrin fumigation

((a) Chaol index; (b) Shannon index)

E 2. RiESMBERENEESLIEEIIEER ITS %

HEMEFEE % ((2) Chaol $53; (b) Shannon F5%))
3.3. SUEEEN TIREERE KT

EH <] 3 () BT BIPI R AELXS =5 B2 0 AT AT T P R 6, Uy ARV B S B3 o T 38 3 FE e i 1 10 AN,
PR T BEBE | (Ascomycota)~ 456 W | 1(Zygomycota)~ 18T 1 | 1(Basidiomycota)~ 3z 1# | 1(Chytridiomycota)-

ﬁ%]ﬁ I'1(Ciliophora) % %11 1(Rozellomycota). EREEE ] (Glomeromycota)\ 22 JE 1 I')(Cercozoa) 4R
I'J(Chlorophyta) 4 ¥ HYI1 (Anthophyta). Hoir, TR, 458w 576 TN FE LIERE &
PL AR, ST 5 R B R R A 63.25%, 17.40%H1 6.40%; TR 1. TR 1T TAR
s EIRIE R AL P IO OE S A, S A o R R S 72.73%, 4.26%M01 3.17%. B &) 3(b) BT )
YRR R RIME TR, $HFE 1 1(Basidiomycota) 4B 1(Ciliophora) ¥KEEW [ 1(Glomeromycota)
W FHEY ) (Anthophyta)~ %2 & H11(Cercozoa) %% 1 1(Chlorophyta). % %W | 1(Rozellomycota) 456 1%
I"1(Zygomycota) 18 1514 % fa BB B Rk s 2B T 1(Chytrdiomycota). W | 1(Ascomycota) ¥ 14 {ETH B
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Figure 3. The relative abundance of species (a) and their heatmap (b) on the level of fungal community in the horizontal of
the phylum without or with chloropicrin fumigation

3. REENBRANEEEIRE T MEARERE VRPN E () RFERZLHAE D)
4. EHEFHEN LRAEERK TR

EH ] 4(a) BT B R AR =5 B2 0 AT AT T Rl 6, Uy ARV B S B3 T 38 = FE e 11 10 AN
B IAAREE J&(Trichoderma) ¥ 0% J&(Mortierella) E7EH J&(Chaetomium) W% B & (Aspergillus)~
JIHE & (Fusarium)~ B2EKE J& (Cryptococcus) 15112 H J& (Pseudogymnoascus)~ WAR 1 J&(Monographella)«
¥ B & (Spizellomyces) M I 7C & (Zopfiella). H, REJE. #AEIE . BICH BN AN LM
PR BERE, BT LR E R AU 14.70%, 8.44%F1 8.11%: AFHE. MW )EM T IE N
A I EAE S R LA, B R B S 23.45%, 7.51%F1 3.00%. HH & 4(b) TR
YdpE RSB Tn, AREE(Gibberella). $E5% 1 J&(Schizothecium) i J1 W J& (Fusarium) REE
(Umbelopsis)~ BREREE I8 (Cryptococcus) BR#R % 1# J& (Pseudogymnoascus) AR JE (Monographella). &
7 18 J& (Chaetomium) S5 B8 15 5 J5 B B s KB R (Trichoderma) 4L BEIE(Rhodotorula) W F 1
J& (Westerdykella) i1 5% )& (Zopfiella) 1R I8 J& (Rhizophlyctis) T W J& (Spizellomyces) ¥ il 75 15 J&
(Aspergillus) <5 FLR1ETH B fo U BLIG AN . X Se b 5L JE (1 52 38 I G000V 25 00 5 LI S vk 4
5 Sk BAT W R AR
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Figure 4. The relative abundance of species (a) and their heatmap (b) on the level of fungal community in the horizontal of
the genus without or with chloropicrin fumigation

B 4. RESHBREN S ESLERETEEFETER KL HHRME ()R EERLERE(D)
3.5. Beta SR

Beta 2 R4 73 A1 32 B2 AN [F ZHAF AR 2 T8] R T AE DA T ) 1l % L 22 S il AT 7 o 7E Beta Z2FFE AT
o, WIEH] Bray-Curtis B BRI ANEE S AR S R4, HAEMBUK, FORIXPIANFE S 7ETAE Y 2 R
YR E R Z FEE T AR Z R oK. T FEART Bray-Curtis 52 heatmap #A U0 5 fiw, 4R
RPN FEARZ R AR ARG, B S T B AT /5 IR LR IR 5 AN [

s
Vi 5

[

0 0.4 0.8
Beta Diversity

Figure 5. Heatmap of beta diversity index based on
Bray-Curtis distance
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4. WHLE54%ip

M= bAKE R As, M EEE =F0 L, HIEFERS B ERRE, R, £=4
A=A, BRI =L, — S, TR R LT A A EAR N [ 19]. FEX PRI T,
& EME=ER R WD, R ERME SR 2, BERNIE, mEEm=E kR, =6
ARG SR LR TIEAS RE P EMERGEEEAMNSER, RUF R FEaRFE I FRAR . MEY
B e YE . IR A YR R DLUCRIEYIR RS, o IR bR MR A5 1 O A A
HERM K 3 2 —[20] [21] [22]. FEHA— T B A FhoE AH OC (ORI FE R B, SUAG T 2 1T DA =y g ) 3
PRVESR, VAR R B O B RS A, RIS (23], R H, BRI T R TR A, &
PR W] DAAR B (10425 1) % Rk ) B AR 2905 1)k 2B (247, I, BT IE = -EEARRERS, T LA AL
SRS VRSN, RERCD LIEPEHEWIEESE, e S LIEEEA R A, (2
B ) %) B A R B B 4 T AT [25] [26] [27]

KRR, @it S5 5 155 77 5 4L G2 7 v Re I B e M 480 IR oG R0 0.1% % 10% [28], 1X {615
- SBRAE IDAL R Be L M AN B A5 B B4R AT FORE T o I AESR, H T Tllumina 155 38 & 00 FE BOAR AORE % 8
BT o7 B R 2H 5 vad B W 3 B AR SRR 72 K KR iy T AT IR AE Y 2 BEE IR I3 T X 2
RENEEDIERZR[29]0 AWFFTH, FATIE I 0 S0 B0 )5 = GARPR LI BB ITS WP f 7 B R 41 2%
AR, FNEHEEN = E s LIRS A S RS A EH R ES, M
FETCV A A B o0) IR A2 ST T 35 LIRS, T3 | 1 (Ascomycota) 35 H A FFIE NS — KRB, 5
EE 60% LA b o R0 T 38 S0 LB 0 7R B, ) BB (Fusarium) 2195 ) =GR 3 16 B0 #[30],
A RKINGENE TG, HOTE R B S DR TR, SNSRI 7.42% F % EIHEEE K
1.97%; SZ AN, KEHEJE(Trichoderma) & WA =LA KGR M EE, @845 HEE, B
o B H AR s, ANVHEERT IR 14.70% 58 00 2078 55 /5 1) 23.45%. X645 R AE — @ R T E RS E T 5
S FECUMRER I TR, RR R SR R 26 B PR AR SO, AT X R A TR A AR A
TARF T BRAES M A REE . =R IR oot DU 5 SR AR E D R A K B B 3

e HE

=B BT B ARHE I H (No. 2017ZF001); =4 2018 4 K24 608 G 251 %35 H (No.
201810674019).

SE 3k
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