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W OE. [A0)] KRR TRTLAAMN G LA mA R AAREGYa, HFRAGSEMERFI5, [F%] 2
A &HiBEmpEARAMET & (diseased Morchella spp., DM) Fetd it (healthy Morchella spp., HM) I8 23 2 o Fo B BE 4 25 )
Fo S A, BE—F AT LIEHIRE . Ry BOR R SR @A AR, [ER] SMEFRE L3Emt, Em AR
B, pHAnit BACE B EE YA B ER DT 13.22%., 6.18% F241.01%, W LIE B | B PLAE 8L B Fo 4R B 54K T 58.58% . 31.85%
F274.01%; DM 3% 2814 % Chaol . ACE Fo Simpson 3§ £2 16 HM #9 % 1 4K T 32.45% . 32.43%4220.42%, m A BN AR E Tk, £
AAFSHTERETHM S DM £ H (R’=0.195, P=0.028) #=AH (R=0.17, P=0.001) ®BEALEMHAALEF. 5 HM L%
Ak, DM#gbta ) (Haliangium). 3 M08 /% (Gemmatimonas) A= AF 8 /& (Flavobacterium) F JE 45 %4K92.85% . 90.48% #F»
81.67%, ®MATH & (Enterobacter) F2 Polaromonas %3\ ¥/m 7 40334542 8.134%; DM#I AR L % B (Schizothecium) #1388,V
90.39%, M4k /E (Fusarium) 69 F E3gmT 25145, HaeFm 2 R A, RS BiRRIRm iR AR R FAE AR XM
ERAEAZTHREA £, Mantel 247 & W pHEHoh F LA ARFR L3 LA B L0 R4 R T HIME M EAN, OM L3 iAo A
BT E, SR PYREAMKI IR T RN, (L) BRFRE LEMEEMAFEEl S HREHATERIK, %
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Characteristics of the Mycosphere Microbial Community in Diseased
and Healthy Morchella spp. Soil

SONG Fen-fen' DUAN Yan-xue' SANG Yu' WANG Ji-peng® PENG Rui’® SUN Nian-xi’ LI Yong'
(1. College of Resources and Environment, Southwest University, Chongqing 400715; 2. Chongqing Academy of Chinese Materia Medica,
Chongqing 400065)

Abstract: [Objective] To explore the microbial characteristics in the Morchella spp. soil. and provide scientific guidance for the rational
cultivation of Morchella spp. [Method] High-throughput sequencing technology was applied to determine the communities and diversity
indices of bacteria and fungi in the soils growing diseased and healthy Morchella spp., and further analyze their roles for transformation of soil
substances, nutrient uptake and disease resistances of plant. [Result] The contents of available phosphorus, pH and the activity of catalase in
the diseased Morchella spp. soil were significantly higher than those in healthy Morchella spp. soil, increasing with 13.22%, 6.18%, and
41.01%, respectively, while the activities of urease, acid phosphatase and sucrase significantly decreased with 58.58%, 31.85%, and 74.01%
respectively. The bacterial indices of Chaol, ACE and Simpson in DM significantly decreased with 32.45%, 32.43%, and 20.42%, respectively
compared to those in HM, and there was no significant change for fungal indices. The results of principal component analysis indicated that the
community structure of bacteria (R*=0.195, P=0.028) and fungi (R*=0.17, P=0.001) in DM were significantly different from that in HM. The

abundance of beneficial bacteria of Haliangium, Gemmatimonas and Flavobacterium in DM were significantly lower than that in HM, which
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decreased by 92.85%, 90.48%, and 81.67%. The abundance of Enterobacter and Polaromonas in DM were significantly higher than that in HM,
which increased with 40.33 and 8.13 times, respectively. The abundance of beneficial fungus Schizothecium in DM was significantly lower than
that in HM, decreasing by 90.39%, and the abundance of Fusarium in the DM were significantly higher than that in HM, increasing with 2.51
times. The results of functional prediction showed that the metabolic pathways of bacteria in diseased Morchella spp. soil were different with
that in healthy Morchella spp. soil, and the metabolic type of fungi was mainly saprotrophic. The results of Mantel analysis showed that the pH
was the key factor affecting the fungal microbial community. The analysis of co-occurrence network showed that the average degree, total
module number and average clustering coefficient of the bacterial and fungal network in the diseased Morchella spp. group were lower than
those in the healthy group. [Conclusion] The richness and diversity of soil bacteria in the diseased Morchella spp. significantly decrease, the

diseased Morchella spp. soil abundance of pathogen increase and that of the beneficial microbe decrease, and the complexity and stability of

microbial network reduce, which are the important factors for the diseased Morchella spp.

Key words:  Morchella spp.; mycosphere soil; composition of microbial community; white mold disease; structure of microbial community;

soil enzyme activity; soil properties
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Table 1 Soil physicochemical properties in diseased and healthy Morchella spp.

13 e il ) I el AR AL

Group Total phosphorus/ Total potassium/ Total nitrogen/ Available phosphorus/ Available potassium/ Alkaline nitrogen/ Soil organic pH
(g-kg™) (g-kg™") (g kg™") (g-kgh) (mg-kg") (mg-kg!) matter/(g-kg")

R EIETA HM 0.2740.01a 8.55+0.06a 1.56+0.08a  27.69+1.12b 167.50+9.57a 148.96+1.58a 2.07+0.05a 6.47+0.18b

BIEERLFE DM 0.2940.02a 8.60+0.05a 1.66+0.07a  31.35+1.54a 165.00+5.77a 146.72+8.82a 2.07+0.10a 6.87+0.15a

T 2 [ — 3 FPRR AR ) B (R R e s A B0 8] 77 7 S 25 5 (P<0.05) , Bl I P+ FRvfEE (n=4) , HM R RELE , DM g H e, T [H)

Note : The different lowercase letters in the same column indicate significant differences between treatments (<0.05), and the values in the table are meantstandard

deviation (n=4). HM: Health Morchella spp.; DM: disease Morchella spp.; the same below

22 AL EgRFIEE LR EENE
HI o Sl e (3R 2), SR L
(HM) #HEE, Bom i (DM) IREESPE . FRVERERR

TR 1T 7 AR S R U L, BRI T 58.58% .
31.85% 1 74.01%, 1 AL Sl G P & 1, 42
BT 41.01%,

®2 BREBFFHERRLIEEESE

Table 2 Enzymatic activities of soil around the rhizosphere growing the diseased and healthy Morchella spp.

215 G P 1 B R it JhRTt b 4 b S
Group Sucrase/(mg Glu*g"+24 h") Acid phosphatase/(mg pNG+g'+24 h™") Urease/(NH;*g'+24 h") Catalase/[mL(0.1 mol-L' K,MnO,)+g"-24 h'']
fEFREEE B HM 3.45+0.96a 6.72+0.35a 2.39+0.15a 19.75+4.18b
SBIGEALE DM 0.92+0.37)h 4.58+0.49h 0.99:0.80b 27.85+2.19a

2.3 A4 Alpha % FHHE

e s B 4% 2 NCBIL (National Center for Bio-
technology Information) , 3K 13 GenBank % 5% 5 K
SUB13943490. Jstti Iy 44 2 DF iz . 1b i€ S &
PRRTI 4 97% W7 SRR RE TR 4y (& 1),
FEIAHTE OTUs 3£ 1 7574, @R . BpriA
HA OTUs 4351 5 B 42.06% . 29.03% F1128.91%;
FLIR OTUs 2k 8124, FHorpfdtfle | BUR A F1dlqy
OTUs 73 /5 Bl 48.89% . 40.76% 110.34%.,

ZAEERRBON e S5 R (%3), S5 HM H3E

A B

E1 ER5EFFHETEMAR(A)MERE(B)OTUHE
Fig. 1 OTUs of soil bacteria (A) and fungi (B) communities

in the soils growing diseased and healthy Morchella
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N T E A AT W] (Proteobacteria)
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Table 3 Microbial alpha diversity index in the rhizosphere growing diseased and healthy Morchella spp.

) Microorganism

ZH 5 Group

Chaol $5%% Chaol index

ACEF5%4 ACE index

Shannon 5% Shannon index 7 75 &% Coverage/%

Bl
Bacteria

Fungi

HM

DM

HM

DM

517.38+17.41a

349.50+48.77h

154.29+15.78a

133.04+29.90a

517.40+17.48a
349.59+48.79b
158.76+17.02a

133.00+28.74a

8.62+0.10a

6.86+0.36b

3.03+1.32a

2.43+0.74a

100.00

99.98

99.98

99.99

A PCoA-PC1 vs PC2
R>=0.195, Pvalue=0.028

® HM
® DM

0.5 4 L

-0.5 A

PC2-Percent variation explained 21.42 %
97

T T
-0.5 0 0.5
PC1-Percent variation explained 22.24%

B PCoA-PC1 vs PC2
R*=0.17, Pvalue=0.001

® HM
® DM

L J

0.5 4

-0.5

PC2-Percent variation explained 15.00%
(=}
{)
17
-

T T T
-0.4 -0.2 0 0.2
PC1-Percent variation explained 17.18%

E2 ER5BFRFMFIEMARA)FER(B)EENE
D% i)
Fig.2 Principal component analysis of soil bacterial (A)
and fungi (B) communities in the soils growing

diseased and healthy Morchella spp.
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R 41.33 51 7.93 45 (R4).
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& AT A H R AR, DM P ih R
(Aspergillus) . Z47¢)& (Schizothecium) FlSerendipita [f]
FHLELHM AR EFFAE, 205 b T 88.37%. 90.39%
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Fig.3 Community composition of bacteria (A) and fungi (B) in the soils growing diseased and healthy Morchella spp. at

phylum level (top 10)
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Fig. 4 Community composition of bacteria (A) and fungi (B) in the soils of diseased and healthy Morchella spp. at phylum

level (top 10)
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Table 4 Variation in relative abundance of microbial
communities in the soils growing the diseased and
healthy Morchella spp. at genus level

eSO sk fiagE i N ) S A

Microbial type Taxonomy HM/% DM/%

YT Bacteria  Acidibacter 0.87+0.56a 0.11+0.05b
Biyil0 1.13+0.85a 0.09+0.24b
Bosea 0.09+0.08b 0.44+0.12a
Candidatus_Koribacter  0.46+0.34a 0.07+0.16b
Dongia 1.88+0.97a 0.47+0.74b
Ellin6067 0.86+0.64a 0.08+0.24b
Enterobacter 0.02+0.04b 0.87+0.15a
Flavisolibacter 0.60+0.36a 0.11+0.07b
Flavitalea 0.30+0.07a 0.11+0.11b
Gemmatimonas 1.65+0.01a 0.157+1.23b
Haliangium 0.91+0.29a 0.07+0.30b
IS_44 0.57+0.42a 0.01+0.05b
Lautropia 0.26+0.25a 0.03+0.02b
Luteitalea 0.87+0.54a 0.19+0.26b
Methylobacillus 0.33+0.26a 0.04+0.04b
Nannocystis 0.15+0.10a 0.02+0.07b
OLBI3 0.49+0.29a 0.02+0.37b
Opitutus 0.13+0.12a 0.01+0.02b
Pajaroellobacter 0.09+0.03a 0.00+0.03b
Polaromonas 0.15+0.14b 1.22+0.74a
Stella 0.17+0.07a 0.00+0.04b
Stenotrophomonas 0.15+0.12b 3.54+0.39a
Thalassobaculum 0.13+0.08a 0.03+0.04b
UTBCD1 0.43+0.43a 0.00+0.00b
Variovorax 0.28+0.27b 1.37+0.26a

FLA Fungi Aspergillus 0.69+0.48a 0.08+0.04b
Fusarium 1.00+0.69b 3.50+1.92a
Schizothecium 4.01+£3.03a 0.39+0.50b
Serendipita 0.00+0.00a 0.00+0.00b

T R P RRAOR IR AT LA 25 )5

Note: Data in table indicate the relative abundance of the horizontal community

244 WUEYEEES CRALE PR R
U PR 55 53 B F 28 2 2 I - (variance infla-
tion factor, VIF) i 1% J5 % T #E & i 7T 40 Fr (db-
RDA) BN FHMAEMRRE R (£S5), 18
OTU K- I, pH 5 EEHVR S HAATER EMH . |
T XA YA A s A IR I i %2, IF
HIREE A A B A SCHE, PRI AT P45
KI5 A W T A5 b A3 AT i, A 0 B0 IR 858 A
AT, VIF K5 AT AR — IR 58 -1 VIF
B, YEKT 108 gA e B IICH IR+, i

T 1 53 R e BRI 1 L 1

ATFEEET VIF AT, 4585 (6,
ST AREE TS, 2% ARG A PLUTA pH i
FE T 40.93% M RVRRIEME, I HaX 4 4~ k22 R 7
SEAR IR L L VA SE RS0, FRE T 40.99% 1
B, DEWTAE. AACE. AL pH R
S B, Horh, R AR R L
BUBE . 4. BAAR LRI pH 5 ARIR] T4 40 7 5 TE
Koo A ML AN A R e S AR e . AL
JERIA R SR ) BB S 56, pH 5 A kT
HJE S IEARSE; pH. ARG HUT 5L 58 2L 1F
LIPS
2.4.5 SUEYILBIMZE 8T R OTUs Bidie e &
555 (R T LB B 5 LB AR (7)),
IR IR AME TR (35 6) . 45 R F2 W M i
B (DM) R BRZH BRI EL B 1 I HR MR, 1 %
PR, EARE W BRIk B RO R T (e
4l (F£6).
3 itig
3.1 :3E pH Fe B iE b % vh 410 Fo FR S B

+ 5 pH &+ E B R, e HEAEY
TEVERNFR AR AL T R AR . A
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HE AL, DRI pH I SR T R O
TR, AP REN], pH 5 RS L H A
ZHL AR S , 03 T LADA B 4 0 B 9 L B L L
i

39 il A i F R A 0T, o
VERG . JDREGFNER TEBERRIAE 1 C. NAITP A fL AN
AR A B R B R Y o
T R . IR R R P B AR B, B
WA CL NI PEEFRAMIIMRI, AT
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BE5 FHETHEAEA)MER(B)EEHNIEARREXYFE

Fig. 5 Functional composition and relative abundance of bacteria (A) and fungi (B) in the soils growing Morchella spp.

*5 TEBURFSHEMERESEIEXES
Table 5 Correlation analysis between bacterial and fungi

community and physiochemical factors of soils

IR Ko AR AWUET pH
Microbe community TN AN SOM

AR 0.022 -0.103 -0.075 0.292
Bacterial community

HMETE 0.006 0.264 -0.14 0.395%

Fungal community
i+ FR 22 57 B35 (P<0.05) , R BT AR AL R FR

Note: * indicates a significant difference (P<0.05), the numbers in the table are

correlation indicators

TRECHOE . WIRNECE R, HbUR AR Y,
PR R — R L T 0 e ROk
w RG], R R I AN
FEVE 20 RE P A E 5 BE SR B ST, A L
kA, HHURRE AR, SEORE IR
33 EBERBAFHEF LSRN

HHFE R AR ol R E &k, A
P FF BT T LS et XA AR S TR R S, B LR
e 0 ORBEgE T R L R
HERAE, TR Y LES T IR R

Ele6 £ VIF ffid/EHHIEELEF5 LIRMAE (A)FEH (B) BB LRI

Fig. 6 Redundancy analysis between bacterial (A) and fungi (A) community and physiochemical characteristics after VIF

screening
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Positively correlated

HM

® Proteobacteria ® Gemmatimonadota e Verrucomicrobiota
© Methylomirabilota ® Cyanobacteria

© Methylomirabilota @ Nitrospirota Others

® Acidobacteriota ® Unclassified
® Bacteroidota Chloroflexi
B NP

Positively correlated

HM
® Ascomycota
Basidiomycota

UiVi:PS o @ @ /¥ Degree

Negatively correlated
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Firmicutes
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E7 FHEITHEMEEA)FER(B) LA

Fig.7 Co-occurrence network of bacteria (A) and fungi (B) in the soils growing Morchella spp.

®6 BESBFRFHATIRAFMEREZLIAMERI

TR
Table 6 Topological properties of co-occurrence networks
of bacterial and fungal communities in the soils

growing healthy and diseased Morchella spp.

EESEaIN

Network properties

YT Bacteria ELIH Fungi
e M 8% DM fdhE HM F89% DM
SEIA Average degree 37.28 35.83 37.28 7.046

R R Modularity index 1 0.76 0.65 0.56
S5 15, Total nodes 562 386 209 65
Jhi/1 Total edges 10 515 6530 3896 164
1E 4% Positive edges 10 076 6 402 3881 162
11354 Negative edges 439 128 15 2

MR CATIIGE R, Haliangium e85 5 3T
JEEL YT, Ui Haliangium HATVELE R AR DTVE ]
AW Haliangiu F 1 2 REAK, S BO0LH00 R
PR ) 0 s, A I R RE R AIR . B
A1 T LR R B B AR 5 A e S e AR

IR A KR T T RS AT R
FRERRAIG, R 0 s A BB A AR B
SECEA R ARE . 2SR S WU SR e,
M L AE A = A A R % LR 2 240 ity ), et
DUR 940 iR (L RIS MR, Ao h e B 7
BRI B AR B B WA, S S B R 43
kK,

B9 % B ) B A2 5 e 2 o A o 2 %
M, R (R AL T R S R AR S B
FIE R A B 2 BT & IR T
J& (Fusarium) 7ERBJRZH 3 FE FE T 55 TFE
2, HUAE 2 R AR B 0 B A I T R 1
. AR FAR R E AR, HOR (L RE R
AR L | B LR, 6 B BRI
Bife S, iR L BT E il O A
BIF5 o 25 U = A T R 2 B BRI, A
F A UTRIBE Ak, RS T 2 LB bl
5 R T 2 IR J1 . B WA R 0 F 3 K
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