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Abstract: Nanling Mountains are the key regions for global biodiversity. As one of important
indicators, soil fungal diversity plays an important role in health and stability of ecosystem. To
reveal the soil fungal diversity, community structures and the main factors affecting the change of
soil fungal community in Nanling Mountains, soil samples were collected from different types of
typical vegetation in Nanling Mountains, and the community structures of soil fungi were
analyzed based on Illumina Novaseq sequencing platform. Combined with soil physicochemical
properties and environmental factors, the differences of fungal community compositions under
different vegetation types and potential factors affecting the fungal community composition were
discussed. The phylum with the highest relative abundance was Basidiomycota; its relative
abundances varied from 28.54% to 59.93% along the elevation from high to low. The highest
relative abundance of Basidiomycota appeared in the ravine evergreen broad-leaved forest, and
the abundance decreased gradually with the increase of elevation. The relative abundance of
Ascomycota ranged from 19.52% to 56.98%, manifesting variation tendency of decrease at first
and increase in succession with the increase of elevation. The relative abundance of
Mortierellomycota ranged from 1.03% to 25.72%, manifesting “N” type fluctuation of increase at
first, subsequent decrease, and increase in succession with the increase of elevation. The
abundance of fungi at the order level was different in the soil of varied vegetation types.
Russulales was abundant in the soil of ravine evergreen broad-leaved forest and montane
evergreen broad-leaved forest. Agaricales was abundant in the soil of mixed coniferous
broad-leaved forest and montane meadow. Mortierellales was abundant in the soil of montane
evergreen broad-leaved forest and montane elfin forest. Pondus hydrogenii (pH), total kalium
(TK), available kalium (AK), organic matter (OM), total nitrogen (TN), ammonium nitrogen (AN)
and total phosphorus (TP) were the main environmental factors affecting the soil fungal
community in Nanling Mountains.
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Table 1  Soil sampling sites of different typical vegetation types in Nanling Mountains

W (R ik Zefie L AR HB
Vegetation Location Elevation Longitude Latitude Agrotype Vegetation
type (m) ©) ©) height (m)
REBF K411l Dadongshan 843 112.747 24.922 213 Red soil 8

REBF K411 Dadongshan 839 112.746 24.922 213 Red soil 8

REBF K411 Dadongshan 842 112.745 24.922 213 Red soil 8

MEBF i Xiadong 920 112.963 24.873 21 ¥ 1% Red yellow soil 10

MEBF i Xiadong 918 112.964 24.873 21 ¥4 Red yellow soil 10

MEBF i Xiadong 925 112.961 24.873 21 ¥ 1% Red yellow soil 10

MCBF %—I% Diyifeng 1300 112.971 24915 1 Yellow soil 20

MCBF %—I% Diyifeng 1350 112.969 24914 1 Yellow soil 20

MCBF #f—I% Diyifeng 1388 112.969 24.916 FHIE Yellow soil 20

MM %f—I% Diyifeng 1548 112.976 24.920 ] 13 Meadow soil 0.5

MM 2{—I% Diyifeng 1545 112.976 24.919 ] 13 Meadow soil 0.5

MM 2f—I% Diyifeng 1541 112.975 24.920 ) 13 Meadow soil 0.5

MEF 2f—I% Diyifeng 1698 112.992 24.927 Eifa) 11 Meadow soil 4

MEF 2{—I% Diyifeng 1691 112.992 24.926 Ef) 11 Meadow soil 4

MEF #f—I% Diyifeng 1687 112.991 24.927 i 45) + 338 Meadow soil 4

REBF fUHIA4T H 2R IRk ; MEBF AU Lt # 2R FEM AR MCBF fUREHEIRAH; MM AU lF ] ; MEF LRI

. T

REBF, ravine evergreen broad-leaved forest; MEBF, montane evergreen broad-leaved forest; MCBEF, mixed coniferous broad-leaved

forest; MM, montane meadow; MEF, montane elfin forest. The same below.

TEME S (R RS A A, M
BRI E AR -k ) (NY/T 1849—
2010).
14 TIEEEZ DNA RRESEBEENF
FEAS IR FREL 0.5 g, il Mo Bio A Al A=
771 PowerSoil DNA isolation kit $Z£HU5 DNA
J&, MRS 20 ng/uL VRN . A
514 1TS5F (5-GGAAGTAAAAGTCGTAACAA
GG-3")Hl ITSIR (5-GCTGCGTTCTTCATCGAT
GC-3"), P44 4R45% H 1 N ¥ ¢ 8] 7 X (internal
transcribed spacer, ITS)H K EZ)h 250 bp AY
ITS1 X Bt . PCR 4 1A F : 2% Tug PCR Mix 10 pL,
Em SR Ia 51904 1 pl, DNA 4R 1 uL,
hl ddH,0 % 25 pL, PCR ¥ WFLTF 5% Li et al.
(2018)1) /77 o il 1IN /¥ F- & 4 Tllumina HiSeq
2500, HAbIH A KLY R PR w34 T
Wy

1.5 NFEHEEMEEZERSTSH
FRAGIN 7 SO, 2R IE N5 Ak o [
J¥ % (sequenced reads). | FLASH v1.2.7 ¥4,
PHERG MG reads, RIFIRLA Tags Zd (raw
tags), A Trimmomatic v0.33 /4, I 7E raw
tags, JA5 i i i 1) tags 24 ; #1 F UCHIME v4.2
B, EBRin AT, RSA R FIH
QIIME (version 1.8.0)8{}:H UCLUST f&J¥ X
R R AT B ZE(97% 14 AR LB IH R ] — A
OTU), 3815 OTUs, #£F UNITE (https:/unite.ut.ee,
HRD 2B X OTUs 740 2223 1.
THEARIFE S o ZHEETE B B ZHEPEFREL,
P A LRI DY S A L I LR 7R 45 R AR =
Z Yk R J&¥ (non-metric multidimensional scaling,
NMDS)i#4743#7 . F| H LEfSe (linear discriminant
analysis effect size, LEfSe) 7 24l Fg U AS [H] 4
PORRY T IR B T B W R 2E R AR
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15 DM ACE A ElE ey, Feed
g, PHE. BRI G IR singleton 4P, 3745
3 211 392 Zmiiii /741, ks 1 390 S ECE
OTUs, ¥l 617, 2749, 71 H. 145 F}. 346 J&.

WKPEREIS 5 i RUA Bl S 70 + 39 U Tk
TR CE YA R, BT 3 AL TR

e )

Basidiomycota (41.78%). %[ ] Ascomycota
(39.99%) M #1251 ] Mortierellomycota (9.53%)
J HIEPLA BRI T, MA 2%% ] Rozellomycota
(2.52%). Az ] Chytridiomycota (1.63%) &%
1] Mucoromycota (0.19%) 334 4H Xt = B 45
(K 1A). T H ] Basidiomycota X
ML T AR (MEF) 31 98 47 8 4% [ 1 AR (REBF)
AT 28.54%-59.93%, VA4 H Lk FE Ak
W R B L, 2 B B A R T R
R bk s, FHEWI] Ascomycota FHXTF
JER 19.52%-56.98%, Kl S AUAH P2 1A Ak,
I RERE R AR R g )
Mortierellomycota [ AHXT 4= B A 1.03%-25.72%,
Bt o L PR A 2 AR 1) A A S R R S T I R LT
) N RIS, BIAE L bR 2 AR (MEBF)
AL TR AR Y 2 700 AR X = B4 (8] 1B).

TERIUIS 5 APt AUAE A2 R H A H o
WX FEERT 10 (94 . 2045 H Russulales
(14.70%) . <> H Agaricales (9.58%). #ifi% H
Mortierellales (9.53%) . ZZ /55 H Helotiales (5.54%) .
Venturiales (3.81%) . A & i H Hypocreales
(3.68%) . HiFEH H Eurotiales (3.59%) . 2¢5¢7# H
Sordariales (3.20%) . #i7cH-H Sebacinales (3.20%)
I H Cantharellales (1.87%) (B 1C). AN
o HES R e h FRERTR], 0. 204
H Russulales 7 V4 75 i & & HPRAT L 2 e -

Rl B B 4 2K B +IRTR WM R (I EHAREE, n=15)

Table 2 Physicochemical properties of soil of typical vegetation types in Nanling Mountains (x+SD, n=15)

4 PR R i AL £ e gl B AR AR

Group pH OM (g/kg) TN (g/kg) TP (g/kg)  TK (g/kg) AN (mg/kg) AP (mg/kg) AK (mg/kg)
REBF 4.60+0.09b 51.81£14.89¢  1.95+0.56¢c 0.13+£0.03c 25.3543.56a  147.19£32.98c 3.61+1.43a 57.53£16.59cd
MEBF 4.82+0.06a 100.59+11.40a 4.10+0.30b 0.31+0.16b 23.87+1.03ab 235.93+12.92b 1.714£0.72b 117.24+18.07a
MCBF 4.59+£0.09b 36.11+5.75d 1.94+0.25¢ 0.10+£0.01c 24.12+1.85ab  122.33+£15.19d 1.30+0.58b  53.67+9.74d
MM  451+0.19b 88.40+10.26b  4.97£0.39a 0.42+0.06a 22.61+0.86b  326.03+22.48a 1.98+0.50b 89.83+8.60b
MEF  4.04+0.14c 78.75+11.79b  4.16£0.29b 0.294+0.20b 20.58+1.22¢  306.22+13.63a 1.60+0.61b 69.61+10.63¢c

[6)— SRR A R ) NS TR R 22 57 1 35 (P<0.05). OM ARERA M TN ACRE A TP LR ABE; TK UKL, ANR
AR AP AUERARWE: AK ARARE. TH

In the same column, different letters indicated significant differences (P<0.05). OM, organic matter; TN, total nitrogen; TP, total
phosphorus; TK, total kalium; AN, ammonium nitrogen; AP, available phosphorus; AK, available kalium. The same below.
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Fig. 1
Nanling Mountains.

MR RO, (HAE R IR (MM) AL T3
RN AL BEREH  Agaricales 7EEFETR AR
(MCBF)Fl iy th Rt 3 h Ao 35 5 il s B
Mortierellales 7E L1 b & 2% i@ - AR AT L THURE AR 1
Hrh s (K 1D),

FETHFESLY) OTUs, X g I S AU AE 4 25 78 1
HEFLEREEUEST NMDS 407, 1 RE i A L 8
VR G540 5 A 2 53 L) — BUME (95 % B A5 X [
T)o G e U L TR A R A TR - 38 TR R
FETER RN 22 5, AN [ B 2 70 ) 1 S8 EC TR RV
5 H RN —K(stress=0.21), X -G APEAK)
SrREH—E(E 2), BEUIREBERI N T e
AR I BRI 0 oA IRTEEAR TR 45 I

Relative abundance of dominant fungal phyla (A, B) and orders (C, D) in soil of typical vegetation in

NMDS
X - MM
9 o 29 %¢ REBF
aQ or 55 - MEF
2 - MEBF
. : + MCBF
-1t °
-1 0 1 2
NMDSI (stress=0.214 2)
? BIRARNEHRATRARREIEES
4 R (NMDS) 73 47
Fig. 2 Non-metric multidimensional scaling

(NMDS) analysis of fungal communities in soil of
typical vegetation types in Nanling Mountains.
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mm a: g Archaeorhizomyces

mm b: f Archaeorhizomycetaceae
== c: 0__ Archaeorhizomycetales
mm d: 0 Mycosphaerellales

mm ¢ g Penicillium

mm f: s Coryne atrovirens

mm g: g Coryne

mm h: f Helotiaceae

== it s Oidiodendron_chlamydosporicum
mm j: g Oidiodendron

mm k: f Myxotrichaceae

== |: 0 Helotiales

== m:s_ Ramgea ozimecii

== n: g Ramgea

== o:f Thelebolaceae

mm p: f Chaetosphaeriaceae

mm q: 0 Chaetosphaeriales

3 FAlRERRUIEM KB HIRE W ESE LEfSe 24

r: f Cordycipitaceae

s: 0 Hypocreales

t: f Chaetomiaceae

u: o Sordariales

v: g Cortinarius

w: f Cortinariaceae

x: f __Strophariaceae

y: o Boletales

z: g Membranomyces
a0: f Clavulinaceae

al: o__ Cantharellales

a2:s  Lactifluus bertillonii
a3: g Lactifluus

ad: s Russula rosea

a5:s_ Russula virescens
a6: g Russula

M EERE Z

23 FMIRHBEH AR TIRAREFAKRH
283 LEfSe 40#7, #8781 RIS AL B 2K

U S U Y 22 SRR R S sl Al . 5 Al

RURE R SR agerp LR 4 1] 1040, 17 H..

17 B, 14 )8 . 9 FORRISEACE B HRETE R

F(LDA>4, P<0.001) (& 3). HH, £ REIRASH

$2100AWOZIYIORYITY O

g Q
5 &
N

&
g
&

a7:f Russulaceae

a8: 0o Russulales

a9: g Sebacina

b0: o Sebacinales

bl: g Trechispora

b2: g Geminibasidium
b3: f Geminibasidiaceae
b4: 0o Geminibasidiales
b5:s_ Solicoccozyma terricola
b6: g Solicoccozyma

b7: f Piskurozymaceae
b8: 0 Filobasidiales

b9: f Terramycetaceae
c0: o Rhizophydiales

cl:s_ Mortierella humilis
c2:s_ Mortierella zonata
c3: 0 Mortierellales

Fig. 3 Linear discriminant analysis effect size (LEfSe) analyses of fungal communities in soil of typical

vegetation in Nanling Mountains.
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(MCBF) TR Rt RSB+, a2 17,
349, 7T H. TR TR 2 Fh. SRR
BEA . T2EH1] Ascomycota [1Y) Ramgea ozimecii
FEIEM 3 Oidiodendron chlamydosporicum ,
H F I '] Basidiomycota FJ % & & )&
Cortinarius . " FJ& Geminibasidium . 15t H-
J& Sebacina FIMLEESFL IR E Trechispora. i=1lIH
H(MM) T3 B HE R KRR, U 1R, N
FRE T EREE Archaeorhizomyces, 1113
B2k I AR (MEBF) - 38 FL iR 45 78 280 0 12 el
IV BB Penicillium, F11 511 27T FLak
J&WY Lactifluus bertillonii FNZ14% & 0O BIRL1 4%
Russula rosea L) R 9175 1"] Mortierellomycota ]
R W B Mortierella humilis o VA4 ¥ 45 W) AR
(REBF) TS H AR /R N TR 1], R
Fl Helotiaceae MIELRIEFLAL Coryne atrovirens
DL AT BT )& Membranomyces T8 £
214 Russula virescens, 1TiEM(MEF)1 3% EH
SN TR T R TR Cordycipitaceae
1 E 5¢ B Bl Chaetomiaceae , 1 1 & ] )
Solicoccozyma terricola, 7w [ ] Chytridiomycota
HIREAARAZ AR} Terramycetaceae FIHH L85 ] 1Y
R EE Mortierella zonata (] 3).
24 FEIRHBEHXB T IRAFREREMN
5+ JBUMREXMY

PeIFE Top 15%H) HKFF L3 FCR, AH
KRN Pearson, HHEREHE N 0.3, BF
PE P AR 0.05, X4 - HRERFIE A 1
S PRALE BTAR DG A T I 3 A, e B3 TAT )
R A B B Hypocreales FUAHXT £ 5 458 vh
ER(TN), #ER(AN) (TP IEH S, 1
TR BB (pH) S AR I 25 0 AH 5 (P<0.001) 5 T AR bR
H Archaeorhizomycetales 54 % . 2425 & Fl 2k
L 5 IE A OG(P<0.01), 15 4B (TK) &L A
*; FZJE®E H Helotiale 5HAVLYI(OM), &4 .
S A (AK) R 25 A S B 2 35 9 1
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Fig. 4 Pearson correlation analyses between fungal
communities (order level) in soil of typical
vegetation in Nanling Mountains and
physicochemical properties. *P<0.05; **P<0.01;
**%P<0.001.
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5K, SR S e AN R AR S Y - 18 B VA 25
() R EEIREE N, 45185 m i B 1 4 398 LR
T 25 K 1) S B TR R A A — SO A
2021), TERIRTERME AT, IR R
A U AR ERE, f 41.78%, F3E
HIRZ, & 39.99%, HiEill AR =
TLUR A HERAL, ¥ mRYE 158, H AR BEE L5
W 5B LA =YL IR L, DR R
TE, TS0 B 2 L JDRORT T 5 A ek
PR B TR W IAFE (Liv et al.
2019; BRELEZ 2021; Sui er al. 2021; W R%
2022). FHF 1 A 5 X A A R e AR Ak
LSRR, T RE B N AR AR pH Y 3R
J1F & (Tedersoo et al. 2014). PR VA4 FARAILL
by 3 i R AT O O G L X S R IR
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Russulales FLEC A PLAGEREAEC, 200 5 HARR
TIEEE TR 33%H1 34%, 29BN 1
IR 14.7%, 204528 EH =155 1
8, TS5 R R, R SO
) i (X522 4E 2019),
33 MIRABERHAXBNTIREREES
il

JE B 2 Yl R T R, B A AR LI
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Thelephorales, X3 [ H Cantharellales 25 H.A [%
fff AT R LT S R T RE , TR LAY 25 AR L

b i g ] P AR SRR 114 94 % ) R 8 4 5 T
RN, T2 DI A v W 5k, T v A 5
Ly 3 0 LU TV PR TP 2 SRR, v
e, Ryt RIHRIR, X5 EHFMSF2016)
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