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Abstract To reveal the dynamic characteristics of root-associated fungal communities of P. sylvestris plantation,
the co-occurrence network of root-associated fungi in P. sylvestris plantation were analyzed by using molecular
ecological network analysis in the Mu Us Desert and its response to climate factors in different stand ages (27 a, 33
a and 44 a) and their annual growth stages (early growth season, vigorous growth season and end-of-growth
season). The following conclusions are obtained. 1) Different growing seasons rather than different stand ages had
significant differences in the co-occurrence network of fungi in roots of P. sylvestris plantation, and the co-
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occurrence network of fungi in roots was more complex in the vigorous growing season. 2) The keystone species of
root-associated fungi of P. sylvestris plantation were significant in different growing seasons and stand ages. The
keystone genera mainly included Geopora, Tomentella, Phaeosphaeria, Neocucurbitaria, Mortierella, etc.
Ectomycorrhizal and saprophytic fungi were the keystone taxa in the early and end of the growth season, and
saprophytic fungi and pathogens were the keystone taxa in the vigorous growth season. Meanwhile, the keystone
taxa of middle-aged forest were saprophytic fungi and pathogens, while the mature forest were ectomycorrhizal and
saprophytic fungi. 3) Relative humidity was the main influencing factor for ectomycorrhizal fungi network, and
average precipitation and relative humidity were the main influencing factors for saprophytic fungi network and
pathogens network (P<0.05). Therefore, the network dynamic of root-associated fungi of P. sylvestris plantation in
different growing seasons was stronger than that of stand age in Mu Us Desert, and the co-occurrence network
structure was more complex in the vigorous growth season. The root-associated fungal network was mainly
affected by average precipitation and relative humidity. Saprophytic fungi played an important role in maintaining
the stability of the fungal network in different stand ages and growing seasons. Saprophytic fungi and pathogens in
the vigorous growth season with high precipitation and relative humidity, which potentially contributed to the

growth and health of P. sylvestris plantation.

Key words psammophyte; stand age; growing season; soil fungi; co-occurrence network; climate factor
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Table 1 Basic information of P. sylvestris plantation
sample plot in the Mu Us Desert

et Milta  SFEIME/M CFSNE/m AR
% (MUN) 27 12.72+2.56 12.54+2.48 0.82
IE(MUn) 33 14.06+2.08 14214285 0.86
BE(MUmM) 44 14.2142.54 20.34+3.12 0.71

BEWT: MUh, MUn #1 Mum 73 513758 thie | 3 AR Ak,
A
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Table 2 Climate of of P. sylvestris plantation
in the Mu Us Desert

Aty K/ HuiE/C K E/mm  HIRHERE /%
4 H 13.69+5.21 15.94+4.95 1.16+3.93 29.67+15.06
5H 18.074£3.54  21.11+4.73 2.20+5.87 35.35+19.31
6 H 2233£2.84 27.01+3.72 0.75+2.41 37.27+19.12
7H  2357£2.23 26.34+3.56 6.65+15.18 63.61+11.35
8 H 2293224 26.37+3.48 7.95+18.29 64.90+11.23
9H 14.12+2.99 15.47+£2.96 2.41+4.16 58.17+16.80

1.3 EERFEWFETE

U IARARE AL, IR 2K /NG v SR I+
BRI 24 o TEUE TS, K A0AR BY K 10 em 1)
B, BT RAZEBKEEFRILA . AR R AR R
R TG, MAWREA, 7E0HR IS B DNA, fifi
FH PowerSoil® DNA I & (MO BIO /A w42 R i
H i) DNA, I T 19% 35t i 5 08 g ri, K Rz 00ty 412 1
K21 DNA, R PCRXJHE N BB ) tDNA ITS X i
7934, EwE A5 8 ITS1F (5-CTTGGTCATT
TAGAGGAAGTAA-3")Fl ITS2 (5'-GCTGCGTTCTT
CATCGATGC-3"), B MEAE R 37, PCRY ik
45 % FH 25 uL 1Y J2 W 4K %5 : KAPA 2G Robust HotStart
ReadyMix 12.5uL, 5[#1TS1 (5 umol/L) 1uL, 5|4
ITS2 (5umol/L) 1uL, #itlt DNA 5uL (30ng), ddH20
#MEE 25 UL, PCR M AT : 95°C 5 min; 95°C
455, 55°C 505, 72°C 45, 28 MG FF; 72°C 10 min,
IRG PCRWIG, R BNEHE (& 4345 2% ) EE i i
VKA, %6 ] AxyPrepDNA #E i i 71 & 1) Jie 51 g
PCR /=¥, K JH Tris-HCI ZZ #h# (0.05 mol/L, 25°C)
VEMLSS, FHBRREME (5T i 53 0 2%) M vk kil - Aar i &
¥ 19 PCR 724 F T MiSeq ML . 05 T 46
At B R A MR A BRI B 58 A

e F NCBIL & %, R BLAST Jik, X4y
Br ACERFH o AR X LU AL 36297 %, W] 45 5 5]
TS, AR AL RN 90%~97%, NI AT %52 3| J& 7K
-, i FUNGuild *F 75 (http://www.stbates.org/gui-
1ds/app.php), K45 FH A TARAR P B Kl 43 0 AS )
(8 TR R R D RERE o 45 B0 (R B8 B M5 B R
A] f& ” (Probable) Al “ % 7] fig ” (Highly probable) [
OTUs S HZE51
1.4 AN E

R v A 0 R A5 1 OTUs B4, X6 AS [R) Ak
W (P L R R B AR N AR R B (A K FE )
LB R TR R ) A3 i) R A BRI AT 4% Ay
Bro 2R JH Pearson A1 CHE BTk, 43 #7145 OTU [H] 1Y
A, 7 vk I B P<0.05 B OTU, Jf2% ] Gephi
9.0 B AT W 28 K g, AR IO 25 4R AN FRAE S 80
fifi i Maslov-Sneppen J5 72 317 BEAL W 25 44 £, 7EAS
WU JEAT X 4 10 SR 2R B i I, BT
W 2 rh A Tl o7 T R, JT A EE 1000 YR BE L M 4%,
FA Ay TR S 45 S REALIN 4 Z (A1 (0 2250 o AR HE 7

469



R KA (ARBI ) H59& H3W 202345 A

SRR P 3 S (Z) SR ) 3 E P (P, R R 2%
TR S R R 8 A TR, ol R
X4l (module hubs). FEH#%(connectors)., MIZEHXZ]
(network hubs) Lk J 4} 7 55 (peripherals) . Z; Fl P;
FAETT SRR, — ok 2>2.5 8K P>0.62 Y1 552
KEEY TR . L, VETEBCHRAX AL | 2% HX 2 i 422

PRREVR 2200 W 25 BEH AL HR . P B2 K AT 4 3R
I R B KT BEVL I 2% () AH B0, 45 & P45 4
fE o TEARIARA By BE, JLP R4 22 ORI Wy A
A A= 2= B B, i P TR i L B I 4 A7 A W I 2
53, B 1A2), AR TR Y SUBOR 5
W T AR FYI AR, FHY AR E R/, H

R o BRASK RSN, 4 OTU Z [l 4 i
PR, (HA MRS R AR K 2= 5L TE AR S A B4 35 g
TROACK LG BAh, NREME B, SMER
ARECER | A R L R A KR A T
TEA AR R ZE B B, 3 S8 Dy REAE R0 42 S 18 K
N, R IA B R
2.2 EFHMIRAEFEERE X Y T
WK 3R, &SR HA R ARG TR N
FLRR RV 268719 i T 1 F A MR SRR A X3, i
SR RS A PRARE BRAK 2145 30 51 D 2 F1 5 > OTU,
e PRI Ry e 1Y e, ORI AL . AR AR
R T O HRAR A 0 9 25 MR A1 o, R R AR T Y

AT AR R) B s B N R AR
1.5 HiERE S o
SEBIERATEIILBEEMN ., fHR 4.03
54T Mantel 4304 i F SPSS 26, i i 1 [H & 2
SR, S BT LR Z AR PE R R L B 2% S k) 22
SR 1 Origin 2018 4 F IR 4.0.3 21K,
Gephi 9.0 F1 Cytoscape 3.9.0 B4 X} W 4% 47 ] #i 4k
O

2 ERESH
1 EFMHRAE T EM &I TEN
M3 R, L H W TR TARH P 2L

R3 EBLRDMAETAAN TR A E B M & R FE

Table 3 Topological characteristics of fungal community network in roots of P. sylvestris plantation in the Mu Us Desert

200 2%
inp:E]
REPEY WEUS BEUEREEL PRE CPHBEKE  FHRERE EHIE PibiiBS
4 A 66 219 0.756 6.636 4273 0.809 219 (100%) 0
== k| s H 97 467 0.718 9.629 3.475 0.736 467 (100%) 0
6 H 205 1987 0.652 19.385 2.759 0.688 1975 (99.4%) 12 (0.6%)
7H 360 4809 0.637 26.717 2.607 0.564 4754 (98.86%) 55 (1.14%)
A K ZEIE R
8 H 310 4208 0.702 27.148 2.727 0.708 4201 (99.83%) 7 (0.17%)
e N 9H 214 2089 0.705 19.523 2.987 0.732 2080 (99.57%) 9 (0.43%)
MUh 481 13229 0.557 55.006 2316 0.722 13226 (99.98%) 3(0.11%)
i MUn 481 12349 0.555 51.347 2422 0.742 12341 (99.94%) 8 (0.06%)
MUm 442 10859 0.526 49.136 2351 0.700 10847 (99.89%) 12 (0.11%)
RtAIL 2%
inp:A] — — — I
Ak a4 SER AR FHIERE RS
4A 0.308+0.013 2.391+0.012 0.101£0.013
HER I 5H 0.256+0.009 2.246+0.007 0.099+0.007
6 H 0.177+0.004 2.048+0.003 0.094+0.003
7H 0.152+0.003 2.052+0.002 0.074+0.001
A K ZRIE R
8 A 0.149+0.003 1.995+0.002 0.088+0.001
KR 9H 0.178+0.005 2.059+0.003 0.092+0.002
MUh 0.099+0.002 1.887+0.001 0.115£0.001
il MUn 0.103+0.002 1.897+0.001 0.107£0.001
MUm 0.105+0.002 1.892+0.001 0.111£0.001
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Fig. 1 Co-occurrence network of fungal community in roots of P. sylvestris plantation of different stand ages in the Mu Us Desert
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Fig. 2 Co-occurrence network of fungal community in root of P. sylvestris plantation of different months in the Mu Us Desert
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Fig. 3 Fungal topological roles in roots of P. sylvestris plan-
tation of different stand ages in the Mu Us Desert
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Fig. 4 Fungal topological roles in roots of P. sylvestris plantation of different months in the Mu Us Desert
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Fig. 5 Relationship between fungal community and climate factors in roots of P. sylvestris plantation in the Mu Us Desert
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Table 5 Mantel test for betweenness centrality between
fungal network and climatic factors in P. sylves-
tris plantation in the Mu Us Desert
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