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Abstract: Root-associated fungi exert ecological functions to affect the growth of host plants through complex interactions,
but the complexity and stability of networks and the influencing factors remain unclear. To illuminate the complexity and
stability of molecular network of root-associated fungi ( RaF) associated Pinus sylvestris var. mongolica and investigate the

environmental driving factors, we select natural forests and plantations ( half-mature, nearly mature and mature forest) in
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the Hulunbuir Desert, Horqin Desert, and Mu Us Desert to determine RaF network by using molecular ecological network
analysis. The results indicate that 1) The interactions of RaF are dominated by positive correlation and there is stronger
competition among fungi in natural forest; The complexity of RaF network in plantations is higher than natural forest, and
RaF network in the Mu Us Desert is the most complicated; With the stand aging, the complexity reaches the maximum in
nearly mature plantation. 2 ) Ascomycota is the main key fungi flora. The main genera are Inocybe, Calostoma,
Cladophialophora and so on. Saprophytic closely contact with others in plantation and natural forest, but pathotrophic fungi
appear as keystone in plantation forest. 3) Compared with plantations, RaF network of natural forests has higher stability,
and the stability of RaF network of Horqin Desert is higher than others. In different deserts, the stability reaches the
maximum in the half-mature plantation. 4) Complexity of RaF network is significantly correlated with mean annual
temperature, mean annual precipitation and soil nutrient, but there is no significantly correlation between stability of
network and environmental factors. In conclusion, the environment and stand ageing shape the variation of RAF network
complexity and stability. The stronger stability in natural forests is beneficial to forest growth. Plantations meet the growth
demand through more complied network. Saprophytic closely contact with others, but pathotrophic fungi may have negative

effect on the growth and health of plantations.

Key Words: Pinus sylvesiris var. mongolica; root-associated Fungi; molecular ecological network ; stand age
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Table 1 Basic information of the Pinus sylvestris var. mongolica forests

ETHHEME TRk

FE it AP Mean annual Mean annual il Ralely TNt
Plots Mean annual sunshine precipitation/ Age group/a AYerage Average
temperature/ C duration/h i height/m DBH/cm
NF 228.53 0.86 302.51 - 9.3 21.2
HB HBh 227.19 -0.78 348.4 24 5.57 13.41
HBn 35 8.42 21.98
HBm 44 11.1 27.58
HQ HQh 210.92 8.19 511.31 23 5.25 12.42
HOQn 36 9.62 15.71
HQm 45 11.3 23.01
MU MUh 232.34 9.47 540.74 23 9.91 14.15
MUn 33 13.05 18.63
MUm 44 14.65 21.98

NF. KSXHK Natural forests; HB; FEAE DL/R¥DHL A T 4K Plantations in the Hulunbuir Desert; HQ: BRI TS HE A T AR Plantations in the Horqin
Desert; MU &KV A T Plantations in the Mu Us Desert;h: H & # Half-mature forest; n: ¥T#MK Nearly mature forest; m: BZAMK Mature
forest; DBH; Mg4% Diameter at breast height

1.2 FEHbI B SHE R AR

2019 4 7 H G54 D7 s BORERISE I | BE R4 T 0 KSR RN ST Hb A% (4 A EE it A ] 0 N T AR TT AR
I AR SOR AR TAE 8 10 AMFEHE, Horp RARMAE ML 1 A4S, N AR AR (23—24 a) |3 bR (33—
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rank correlation) 715 OTU [M] EAER R, ZEH I r1 >0.7,P<0.05 Y FIAEAEA O R BE , X P ESEITROE
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2 GETRE CPIREARRE RAE R B B R A SR THRSTE B R (Z,) SR (Y S B (P,
P 21T i i N G B 41 ( Z,>2.5, P,<0.62) |45 HR4L ( Z,>2.5,P,>0.62) DA K348 ( Z,<2.5,
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Table 2 Soil properties of the Pinus sylvestris var. mongolica forests

R Tk A LB o RS ARA AR
Plots SWC% pH SOC/ (g/kg) TN/ (g/kg) TP/ (g/kg) AN/ (mg/kg) AP/ (mg/kg)
NF 4.49+0.31d 6.68+0.30bcd 10.70+0.58a 0.95+0.12a 0.22+0.02b 24.47+1.53¢ 3.31+0.44a
HBh 5.58+0.39¢ 7.50+0.45a 6.86+0.39d 0.59+0.08¢ 0.16+0.01bc 38.35+1.38b 0.69+0.32de
HBn 5.47+0.44¢ 7.36+0.45ab 7.83+0.70c¢ 0.64+0.07¢ 0.16x0.01bc 40.68+1.84b 1.43+0.53b
HBm 7.87+0.28a 7.09+0.25abe 9.75+0.53b 0.95+0.08b 0.21+0.01be 55.72x1.27a 1.90+0.35b
HQh 5.44+0.25¢ 6.53+0.40cd 6.86+0.33d 0.58+0.07¢ 0.21+0.02be 34.14£1.66bc 1.35+0.14b
HQn 6.66+0.56b 6.69+0.32bcd 5.24+0.33¢ 0.42+0.05d 0.16+0.01c 28.66+1.64bc 0.89+0.45¢d
HQm 8.08+0.40a 6.30+0.43d 7.05+0.49d 0.56+0.03¢ 0.18+0.01bc 40.67+1.84b 0.82+0.36¢d
MUh 5.67+0.54¢ 7.21+0.33abc 2.90+0.22f 0.17+0.03f 0.51+0.04a 10.89+1.43d 0.46+0.36e
MUn 5.68+0.45¢ 7.35+0.42ab 3.56+0.30f 0.17+0.02f 0.51+0.02a 13.57+1.20d 0.48+0.26e
MUm 6.49+0.52b 7.42+0.37ab 4.81+0.33¢ 0.30+0.05¢ 0.48+0.07a 25.38+1.11c 1.07+0.62¢

SWC. +3E& 7K Soil water content; SOC: A HL#K Total organic carbon; TN 2% Total nitrogen; TP L Total phosphorus; AN A
Available nitrogen; AP . B3 Available phosphoms;%ﬂl{ﬁjﬂﬂzi@{ﬁiﬁ??ﬁﬁ ;Z:IEJ/J\Q#%%E'\‘%EE%(P<O.OS)

2.2 MANEFED AL

TS KRR AR A LT O 245 5 v AT (BT 1) o AR P LR 288 DU TEAROCOC R O 32, RAR R
21 TG EL BT N RIS A H T A TR, JSRAR I £ 1 SR 32 BE /0 | ELA A/ N 14 S 129 376 3 -3
PRAR R SR R ARAR R 2 7 B fE X, B L VD N AR o5 s, B o B 4 E AR5 Rl A T
AR Bt 5 PR S84 T, R PR R ) 246 300 SR Y- 357 2 3 40 22 B ST TR U N g s A A S RS B B KL, 3R
N MRS PR L I ) 268 52 2 PR I PR 334 T S 34 TS 080/, 300 PR I 26 B S B2 2% | IR 45 i oA 87 4. Ti] B 30 284
R 45 S X5 AR B R, F I T R 45 5 M B A L (R 3)
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1 BFRRAEES FESME
Fig.1 Molecular ecological networks of RaF associated with Pinus sylvestris var. mongolia
NF: KIAAK, HB : A DUR VD AR, HQ  BHRIL U AR, MU B S 5P HI A AR b AR, n s BV, me: OO I IR AN 7] 5 Fif i
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Table 3 Molecular ecological network topological parameters of RaF associated with Pinus sylvestris var. mongolia

\ " ot ‘ VHGEEE  THBEKE  RKERE it
Plots Node Link Negative degree path distance coefficient Modularity (n)
NF 208 1215 1.728 11.683 1.256 0.976 0.746 (71)
HB HB 636 18496 0 58.164 4.110 0.852 0.584 (13)
HBh 283 2949 1.051 20.841 1.683 0.969 0.695 (56)
HBn 456 9187 0.054 40.294 4.937 0.968 0.621 (58)
HBm 226 1878 0 16.619 1.704 0.946 0.753 (46)
HQ HQ 584 7869 0.013 26.949 4.484 0.814 0.784 (25)
HQh 359 3052 0.491 17.003 1.349 0.975 0.742 (119)
HQn 305 3369 0.297 22.092 1.464 0.979 0.684 (73)
HQm 300 2740 0.073 18.267 1.585 0.976 0.688 (80)
MU MU 743 12159 0 32.729 3.947 0.728 0.705 (26)
MUh 481 3174 1.355 13.198 1.915 0.956 0.747 (148)
MUn 492 3325 1.053 13.516 2.136 0.958 0.837 (129)
MUm 347 1860 0.430 10.720 1.420 0.969 0.785 (117)

NF . KARMR, HB . PRAS DR P A AR HQ BRIV H TR, MU B S VP TG he T p, n . 38 B0, m . bk
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Fig.2 Molecular ecological network keystone OTUs of RaF associated with Pinus sylvestris var. mongolia
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Fig.3 Distribution of network molecular ecological network keystone OTUs of RaF associated with Pinus sylvestris var. mongolia
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Geminibasidium : W F 41 1 J& ; Dactylonectria : Dactylonectria ; Curvularia . 5 #1J& ; Acephala : Acephala ; Sparticola ; Sparticola ; Sebacina ; 5 5¢ H-J& ;
Saccharomyces : W5 A& Wt £ J&; Podospora: Podospora; Odontia: Odontia; Lysurus: #% J& Y& %€ J&; Hygrophorus: %5 4 J&; Glomus: Glomus;
Xenapolyscytalum : Xenopolyscytalum ; Scleroderma ; Scleroderma ; W J7 T 1 J& ; Psathyrella . Wi W5 % J& ; Placopsis ; Placopsis ; Phaeoisaria ; Phaeoisaria;
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