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Soil fungal communities and influencing factors of Sabina przewalskii
natural forests at different altitudes of Qilian mountains
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Abstract: [Objective] To reveal the altitudinal distribution pattern and driving factors of soil fungal communities in Sabina przewalskii
natural forests, thereby providing a theoretical basis and scientific support in the field of soil microbiology for the ecological protection
of the Qilian mountains. [ Method] Focusing on the Sabina przewalskii natural forests soil at different altitudes in Qilian mountains,
the high-throughput sequencing technology was used to analyze the diversity and community composition of soil fungi and explore
the main factors influencing the soil fungal community structure. [Result] A total of 6 phyla, 27 classes, 81 orders, 170 families, 295
genera and 355 species of soil fungi were discovered across different altitudes at the phylum level, Basidiomycota and Ascomycota
dominated the fungal communities, with relative abundances of 0.22-0.66 and 0.11-0.39. Hygrocybe and Mortierella were the dominant
genera. There were significant differences in soil fungal among different altitudes (P << 0.05), with the richness and diversity of soil
fungal communities at low and medium altitudes being significantly higher than those at high altitudes. Overall, the soil fungal diversity
first increased and then decreased with increasing altitude. Redundancy analysis (RDA) and Spearman correlation analysis showed that
altitude, soil pH, SOM, TP, AK and AP were the key environmental factors affecting the community structure and diversity distribution
pattern of soil fungal. [ Conclusion] The soil fungal community in Sabina przewalskii natural forests of the Qilian mountains is rich
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in composition, with Basidiomycota and Ascomycota as the dominant phyla. Soil pH, AP and TP are the core variables driving the soil

fungal community structure. In addition, fungal diversity is negatively correlated with altitude and HN, while positively correlated with

AK and SOM.

Keywords: Sabina przewalskii; altitude; soil fungal community; environmental factor; Qilian mountain
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Table 1 Characteristics of sample plots

BE ok s e éﬂliu 40 FERE Pl MOrEIE FIRSR
Plot No. Altitude /m  Latitude and longitude  Slope /(%) ope Slope Average  Average  Stand density /. Disturbed
position direction height /m DBH /em ( #k-hm?) condition
S1 2600  38°26'39"N, 99°54'00"E 28.56 N R 5.57 13.72 525 7
S2 2800  38°26'14"N, 99°55'10"E 19.42 R [P )4 6.46 17.18 620 T
S3 3000  38°26'18"N, 99°55'39"E 30.05 )1 R 5.71 13.37 950 T
S4 3100 38°26'02"N, 99°55'57"E 35.23 rhg R 6.02 15.71 1000 B TR
S5 3200  38°25'31"N, 99°56'28"E 29.32 i ¥ 6.56 17.69 1225 7
S6 3400  38°2526"N, 99°56'54"E 20.34 ok’ 4 [k 6.37 22.02 600 7
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Table 2 a diversity index of soil fungi

FEHLS R ik Chaol fR% ACE f5 %t Shannon 5 %{ Simpson FH%{

Plot No. Altitude /m Coverage /% Chaol index ACE index Shannon index Simpson index
S1 2 600 99.50+0.01 ¢ 614.12+120.31 a 650.321+130.45a 5.75+0.39 ab 0.8940.08 ab
S2 2800 99.65+0.00 b 424.691+97.50 b 440.64+107.54 b 4.03+0.62d 0.97+0.09 a
S3 3000 99.70+0.00 b 593.52£66.49 a 619.65t75.43 a 6.41%£0.17 a 0.75+0.00d
S4 3100 99.70+0.01 b 381.84+114.05b 403.28+126.87b 5.12£0.31 be 0.8540.03 be
S5 3200 99.85+0.00 a 1452942332 ¢ 150.12+23.80 ¢ 4.28+0.28d 0.81+0.04 b
S6 3400 99.68+0.00 b 376.061£63.54 b 399.17£7491b 4.921+0.99d 0.93+0.03 ¢

T BRI TIE £ bRz ARVNS TR AR LR R Z R R (P <0.05) ., T,

Data are presented as mean = standard deviation. Different lowercase letters indicate significant differences in soil fungal diversity among different altitudes (P <

0.05), the same below.
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Fig.1 PCoA of soil fungal communities based on Bray-Curtis distance



A2 S A s AN e O 193

46 3%
S1
1254
S2 S6
738 | 695
v

1274 307
S3 “‘ :: S5

o755
s4

2 TREIBHRIRER ASV FEE
Fig.2 ASV Venn diagram of fungi in soil at different altitudes

222 LTRGBS

A3 Ly 6 AN HRBE FEE (%) 10 3 (B 1 R SR A 1 3%
B, L% eI EE 6 1], 2744, 81 H. 170
B 295 J&. 355 B, R IACIE RIAH R SRR L
HEBEARFE. EIKF L, IR EEE
PR B3 2R, HAZ O TR F B S
KFEHE, ARG HEH 7] Basidiomycota, %
B[] Ascomycota. %4 ] Zygomycotas a7 # ']
Chytridiomycota. BRFE [ [ ] Glomeromycota, It 4h
WA EMARAMEANCH D RIERIRTRE
R (unclassified Fungi) . A1, $H-FRHI].
FEE]. REFIAZESETALAR. H
TE T TRIAEN F s (022 ~ 0.66) , TEHFIR

1.0

0.9

0.8
@
51
'g 077 [l others
§ p__Glomeromycota
"g 0.6 4 ] p__unclassified_Fungi
© [ p__Chytridiomycota
; 0.5 4 B p_ Zygomycota
= B p__ Ascomycota
é 0.4 ] p__Basidiomycota
I~ .
.H+

0.3
24
= 0.2

0.1

0.0

S1 S2 S3 S4 S5 S6
H£ 1t Sample plot
A. I'T7K"F Phylum level

2 800 m(S2)ALikIgfE: FHER 1R 2(0.11~0.39),
B RS W 002 ~0300 , ¥R
3000m (S3) AN F R (B 3A) 5 MEkIE
BT MR (<0.10) , 7] Z0&. BRifgik
3 000 m FEHBUAFFER [ T ALHAFISL, HARHEIRY)
PRI FES, RUEFEIINTFEETTA
AL [FAA R SRR T I A% OO0 35 LB

TEJBZKP b, R/ KA @ AR 3 B2 (G
41.04% ~ 71.53%, W58 HJ& Sebacina. i % 1
J& Tomentella. & BK ¥ B} J& Cryptococcus. i 4>
J& Hygrocybe. #% 7 5 J& Mortierella F1 22 55 4> &
Inocybe N MFARILA RS JE . W8 Jy kL
#E, HXFFEEN 0.09 ~ 0.55, T 2 800 m Abik
Bl RSB NRILEE, 753 000 m bFFE
W ime BeAh, AWK 2RI A EE: Rk
M7 BEJE AL S1 AN S2 FEHL I AH XTI A i B 2 d <
J& /& S4 1 S6 KM AH XS AR # 1# J&: unclassified
Thelebolaceae 7& S3 ¥ Hhy 1) AH XJ fL 35 B J& s K
W3 J& Melanophyllum 5& S5 ¥ Hb (¥ A XL 1# &

(EI3B)

23 TRIEHIBERMARAM LIRAERRITIEE
=

F£T FUNGuild B4 e x % g3k 13 B BEvE
WATEFR M REE, GRER, LIBAEEE
ARGy 7 R AL, o AR R Y (Saprotroph)
J&§ A4 - 3t 4R B FR 1 (Saprotroph-Symbiotroph)
Jig Bl - 5 AR - A E FR Y (Pathotroph-Saprotroph-
Symbiotroph) Fl1A& E X BB (Unassigned) A EE

W Others

! g Oxyporus

g Sebacina

[Clg  romentella

B g Melanophylium

B ¢ unclassified Thelebolaceae
[ g unclassified Ascomycota
O g Cryprococeus

Clg  mocybe

Bl g Mortierella

g Hygrocybe

Xt FF Relative abundance

0.0

S1 S2 S3 S4 S5 S6
FEHt Sample plot
B. J&/K-F Genus level

3 TEISHRTRAERERSEAENERE

Fig. 3 Relative abundance of soil fungal communities at different altitudes
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Fig. 4 Functional groups of soil fungal communities

0.5

RDAZ2 (13.71%)

-0.5

TK

pH

ta e °
i o —pid Ssfed fug 4 52

S
S5 2%
: o °
. Othergs { g5 4

AP

p__Basidiomycotae Group
* S1

.83
* 84

)

SOM

0.5

RDAI (73.04%)

Es5s IRERSTEEFRARSH

Fig. 5 Redundancy analysis of soil fungi and soil factors
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Table 3  Soil physicochemical properties at different altitudes

P R e o

Altitude / TR 2L A Rk R LI HUR pH &
Plot No. “" TN /(g'kg")  TP/Agkg') TK/gkg") HN/mgkg') AP/(mgkeg') AK/(mgkg') SOM/(g'kg') pH value
S1 2600 1.84+0.29c¢ 0.57+0.09b 1.5240.06b 142.83+13.93bc 9.66+1.49¢c 117.71+6.48b 31.2243.61 b 8.50+0.07 ab
S2 2800 2.1740.18bc 0.55+0.04 bc 1.60+0.04 ab 137.97+13.91 ¢ 11.49+1.88bc 161.64+9.70b 33.66+4.28b 8.61+0.28a
S3 3000 3.14+042a 0.614+0.03ab 1.65+0.06a 223.35+26.56 ab 19.49+1.82a 243.40+1523a 52.15+5.64a 8.41+0.11 ab
S4 3100 2.7540.68ab 0.71+0.06a 1.57+0.07ab 281.01£11.08a 13.44+1.83b 116.32£14.60b 54.21+7.78 a 8.39+0.10 ab
S5 3200 3.63+0.37a 0.554+0.03bc 1.660.02a 202.44+31.91b 11.61£0.00 bc 109.36+9.92b 63.34+4.45a 8.3440.01b
S6 3400 2.68%0.19ab 045+0.02¢ 1.35%£0.04c 196.63+13.19b 11.10£1.77 bc 116.084.01 b 50.81%3.06 a 8.4610.05 ab
242 BRBEPR 0] A 2 AT R SR PR R B B TR 5 AP B3 IEM 5%, Shannon f5%15 TP. HN 4%

1) 5% Wi

TIBE W o Z P H0CS SR T 1 AR DG 1
AR (D, AIEFEHCS PREEF T e N4
TEAAIE Ry 5. 58 5k, TK. HN 2%
BEIEMZ>, 5 pHE. TP. AK 2 EE 7,
5 SOM £ I 3% IE A %, Chaol 8 %15 ACE f5 %
e R E S —5, —F SR SOM. HN 21k
BEMM, 5 pHE. TP. AK 2 EF M,

BEIEMIE, Sk, 135 SOM 253 FiMH

Simpson (5 TN 2 5.#E EAHE, 5 AP 2%
FHIEAMH K. BIAW S, pH{E. TP. SOM. HN.

AK R % X I - 3 B o 22 R ) e
WEN 1. Hr, -3 pH 4. TP. AP Al AK &
BN E R SR B REER, i
P H3E HN K SOM £ 5 ) S B3 1 o

R4 HBER o SHMEERSTFEEFREXYE

Table 4 Correlations between a diversity index of soil fungi and environmental factors

ZREEREL 3k pHH  EHAHN 2K e il T AR R
Diversity index Altitude /m  pH value  Jii SOM TN TP TK HN AP AK

7 55 % Coverage 0.521%* -0.601%*  0.334* 0.264 -0.663%*  0.498**  (.597** 0.049 -0.589%*

Chaol 844 Chaol index -0.618%* 0.481%*  -0.587** -0.072 0.726** -0.258 -0.617**  0.387* 0.618%*

Ace R%I Ace index -0.611%* 0.476%*  -0.568** -0.077 0.720%* -0.277 -0.604**  0.371* 0.609%**
Shannon #5#{ Shannon index -0.449%* 0.020 -0.562%* 0.116 0.488** -0.067 -0.225 0.498** 0.326
Simpson #§%{ Simpson index -0.282 0.279 -0.329 0.422% 0.231 0.164 0.060 0.561%* 0.039

% RIR P <0.05, ** FRX P <001, F[HE. *indicates P < 0.05, ** indicates P < 0.01. The same below.

RDAI1 (73.04%) 1 RDA2 (13.71%) %3t
filrRE T 86.75% HIAL 5, TR 13.25% W] RESZ AR
SR 7ok bE AL FE RS . 13 pH [H. AP, TP,
AK J SOM & 5% Wi B V& 45 M ) RS IR B R - (P <
0.01) , 1, AP, pH{& & SOM X} 7% 7 5 1
fRBE TR R I N (B 5) o i R R BT
R T TAN AR T A R T S R B, T
I AP EREFEMK, 5 AK 2EF
IEMIZE, 5 AP, SOM EMEE M, Sk,
HN £ 8 E MK HFET15 AP B4 5% EAH
XK, Hifgth. SOM £ EFIEMHXK, 5 TN, TP &
BEFME THEITE TP, AK 208 EAMH%,
5 pHEEBFIEML, S5k, SOM. HN 2%
BEAMIE; HERWIS TP AK K& pH {H¥ 2%
WEIEME, 5k, SOM. HN AR5 2 7o,
5 AP R2REMMK; K£9HKMITE TP. AK. pH
HEMEEIEMR, 5. HN. SOM 2 5%

fifloe; HAhIT225 TN, HN. SOM 2 & 2% IE
K, 5 pHAH B E AR, kR 5HE
TR E BRI, 5 H A 732 AR
&, L3 pH MR SR EE A, 5 HAR
W IR IEMASG, Kk, BBV £ 2.
AP. HN 1 SOM f5m (£ 5)

3 % %
3.0 HEEESHMREEEAR

AT, HIEEE o 2R T E 2
Z5 R, FEEER (2 600 ~ 3000 m) H A
%5 ¥ (Chaol 5 ACE %0 [ £ F£ 1% (Shannon/
Simpson FE%0) &3 & T =ik (3 200 ~ 3 400 m) ,
X 5 I W 38 Al A P A I 2 A ) PR —
M, EEERENL, BREMFEHR (2600 m)
b, HEZ RIS 2 R E R 1
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Table S Correlations between soil fungi (Phylum level) and environmental factors
TIEHE K K e g AR ARmE R LEEEHUR pH{E
Soil fungi Altitude N TP TK HN AP AK SOM pH value
THEH ] Ascomycota -0.413* -0.020 0.542%* -0.290 -0.379%  -0.546**  0.399* -0.556%* 0.241
#H71# ] Basidiomycota 0.406* -0.346%  -0.370% -0.125 0.096 0.523%*  -0.189 0.416* 0.130
71417 Chytridiomycota -0.582%%  -0.140 0.651%* 20.095  -0.560%* 0271  0.598*%  -0.646**  0.397*
FREEH ] Glomeromycota -0.326 0.120 0.308 -0.070 -0.249 0.011 0.242 -0.003 0.233
R HIH Unclassified fungi  -0.600%* 0.048 0.650%* 20.142  -0.557FF 0286 0.549%%  -0.424%%  0.436%*
P& H ] Zygomycota -0.562%%  -0.175 0.670%* -0.105  -0.654%*  -0.409%  0.640%*  -0.741%*  0.48]1%*
HAh Others -0.034 0.780%* -0.205 0.368%  0.528%* -0.028 -0.407* 0.478%*  .0.601**
Fg R, XA EE 5 3 000 m FE Hb 3 H Xk HAKRDRE.

(19.49 mg/kg) « JEAH (243.40 mg/kg) KIS
=K.

TR b, BT AR 022 ~
0.66) 5 FEEH ] CHIXTFEFE 0.11 ~ 039) %
FEVEAZ O 5, 1X — 45 5 40 2 1 [F) 28 3L ARk
C AT gs R & U, 1 T 2R 1R
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3000 m AbikIEAE (0.39%) o &5 RE I A 5
M, 125 A A 30T B 5% R R I R K
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ZERER, TR (3000m 5 3100 m) AEHLE
BREVE S 5 mdEd (3200m 53400 m) . i
R (2 600 m 52 800 m) FEHIIEAE B E 0
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