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Abstract: To explore the effects of altitude on the rhizosphere soil microbial community of Abies yuanbaoshanensis, we
utilized [llumina Miseq high-throughput sequencing technology to analyze the composition, diversity and influencing
factors of the rhizosphere soil microbial community in winter across different altitude gradients. The results were as
follows: (1) Alitude significantly affected the physicochemical properties (P<0.05). (2) Altitude had a significant
impact on the composition and diversity of the rhizosphere soil microbial community (P<0.05), with bacterial diversity
initially increasing before decreasing, while fungal diversity exhibited a significant decrease. (3) The structure and
diversity of the rhizosphere soil microbial community were closely associated with environmental factors; soil organic
matter, soil total nitrogen, soil total potassium, C : N, C : P, and N : P were identified as important drivers
influencing the microbial community structure along the altitude gradient ( P<0.05), and total phosphorus, C : P and
N : P were found to be significant drivers affecting microbial diversity along the altitude gradient (P<0.05). This study
provides a scientific reference for the conservation of Abies yuanbaoshanensis, an endangered plant, and offers the data
support for improving the fungal and bacterial distribution patterns in the mountain forest ecosystem.
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7 LU AR AR A S R G v, Bl A TR A R 0 AR
b, Ak 2 A 25 TR 7 Bl 22 AR A A5 L b X 3 /N R
fioe A B 0 A LA K S8 B AL v R AR B 1 22
S, DA T 42 B 1) 422 b 5 W - S A W BE TR B
KM AEYREE IR E L2 2
s = %) A5 Ak, B 5 50 0 8 ek | 8 4 | L 0gefk | i
U bR B TG B A SF (9K M 5F, 20125 Singh et al.,
2013 ; Zhang et al., 2015; P& F} i % ,2023) . A
[7i) DX 388 R R BE 1) 1 A W 22 e e R i 2 A 1)
N AFTE 2 520, 25 57 B B2 ) F BB 2 R IR B I &
DR i A A 7 4 U Y |5 A 0 R P R R G
RO TE I R B A R 5 2R 25 B ( Beimforde et
al., 2013 ; #%i,2017) , AR AL LR 5
& W GE A A WA T AR AR A e 1 AL R A K
TP 1 G ] 5 e AR 2SR R A B T RRATTIR
N JRFigk A 55 78 A 0 1 R Gl 2 8 S e Sy T
TR R A A8 Ak T DR 11 75 E 5 ) IR A 4K i
(fJE = 55,2023) , AEYIVEN L AR MR AE S R
G E B, FEAES RGE R BB
BEMDIRE., BOIMA R FRE RSN, £
) ZRE I AR B AR MR AR A Tl R R A
SR AT AR R TE N T R T EEAEH (B A
4 ,2011; Zhang et al., 2015; % JLil 25 2021) ,
HRBRVE DAY | A3 R A B — 3 LR VR 0 e
PRI A IR 05, A Al e 58 48 A o A0 B
M OCHEE T, R RS HIRAES RE SN E
BT, AR W 6 BR R AR Ak ) i SRR AT LA AR
by 3R S R G AR A I RO T D e A, A A

FUBh R P X T B AR A RS R e AR e
HEAERE L (B 5%, 2011; 1 %,2019),
5T 22 B, AR PR AR A W 76 4 0 1) A 2 3 0 2o A
R B REEMNE, A 850 A LY il
P HE AL 00 E 5 4 1 ) B, 3 255 o 4y i+
A ALIR DL K A K ] 5 2R Sk b Bh R 4 38 N A 3 R
AR AL (o Ha 04 2018 4R 2022 F A4,
2023) , Rk, TR A58 AR Br 1 8 5 A 9 % T 4
5 A )38 I RE ) AP ok F O H

TCFE I K2 (Abies yuanbaoshanensis ) &= A2 K
FET PGSR LA R — S AR B AR A, B
AR 8 DR AP A 5 (B (8 57 B 45 1980) . T
TR AZAE e /NP RE B A A ) 22—, B A b B
Qb e A e P RS 43 A 3 PRI B e 2 ARy R
FICF IR 1 750 ~2 050 m A HLHF (2= SC I A
TR, 2002)  BF AR BEAEFRRERCE R L 900 FE,
PR R 7™ 6, AR AR B B b A i
P K (HAC o 55 250 Al T4 I 4 7™ 0 ( WiCHH
245 2002) , AERA AR S B0 % B N X T
T LIV A2 3 — 0 5 030 A A ol ) A A A B T ™ R
B e R I m R X, W TR '
B AFEERRGE AR EE (T
%,2009) , T EUA A 55 W7 R 46 R i R
1, BRI I R 200 6 52 1% 0 18 A A7 B 8 45 0 R A A
AR 138 IV BE ) o & AR B B p R I A, A5 W) A R
LR I R B XE L G A S 5 ) K 46 1 58 b (
HAI, 1998 ; 17 75,2001 ; £ 25 ,2023) , #br+
HERUE W 0 0 858 A8 A6 A 0RO RE XS SR A )
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Xf A B S I B AR AR 3 Y BE T . R, S B Ik
RARAEF IR R EOCE (LR YR K 4, A B 5%
TAZERAE, LA [A) ¥ 4k 1 2 10 00 6 L8 A2 AR B
+ RIS, AT lumina Miseq 15 18 & I 7
-3 060 20 T N L B AT R I S B A TR T
PR HEAR B 1 ST TR AR R T 45 A A L 2 A P
GG T 1R IR T E IR 278 & JE 4R
355 AR PR SRR W) 22 R A T8 4K 00 A A% SR B
KB R, 7 il FETE 4 BR AR AR AL T (YA W 3 1
REJT . DA IS I8 A2 31X — Wi 6 W) Foiofe ok 1) 3
Hiu P4 55 B A [0 A B PR 4P 0 9 B 4Rk e S ) BB AR
P AR AT, A o M B L 3 2R MR TS R G
oA B Y I 5T 3 Ht 52 Bt Y L Al B s 5 R
Bk,

1 MHEF®

1.1 FAXXER

AT FERE R 4 1 Ry o0 5 LD R G E SRR
DX, AT W M T K A 3R B (109°07'—
109°13" E, 25°22'—25°32" N) , S AR5 Jy b iF
PO R WA, I EE BRI, AR T 35 R
20 16.4 C,FVFHFEKEL N 2 379 mm, ToH

W1k 288 d, - HEA A = B0 (L) M v, M R A
AR MR Ay TR o, A A RN S R A
T GAL S KT FEMBE R E R, K B R AR
A (A, 1998 s R MR K S ,2012)
1.2 HFmRESLE

AL T 2022 4F 12 A& Z2HE TR A R T
FILR A AERK M AN, LA 100 m 2 1 MK
FREE K43 1750 (1 850 (1 950 .2 050 m,
PR Shy /N o B0 L 40 A R B A B o b, AR AR
PR BRI 5 9 Fh i R R, BT DL R BEFE A R A 1A
HEAT SR A, ME L 3K ) B R OR A bR o 5 2R, T
FECRFEA R Z 0] (AR AR MR A A 25 55 (9
B aE,2023) , RN T N BEALEEEL 3 BRAE K
B LA bR A A H B ) 7 52 L A2 SR 4 AR B £
B CRFEASBNER 1 PR, AR EM T 0.5 m
AbBR L FRTE P YRS 5 )2 LR 20T LR
Pk B AR P AL K B E FEAAR 1 B
JFH TG TR R B ) 2 A ) AR S 1 - A A AR B
AR E Y)  JEARE  SBR TT AR At 5% B
W, —20r 1 3 PR, — AR ST T
TS KR, — 0 O F T B R IR A
TUK) NWIRAE I TR RE S ZHE D, 5 — 1
WA G i 2 mm i 00 & - B PE

®1 TEURAECHEERELREFER

Table 1

Basic information of sampling points of Abies yuanbaoshanensis

R MK

Hh B AR B

TR N
Average DBH Befi e

Sampling site Aliitude(m) Geographic coordinate (em) Slope position Slope aspect
1413 Baishiao 1750 109°10'46.46" £ ,25°26'20.35" N 44.2 3 Up slope 5B Southeast
147 | Baishishang 1 850 109°10'49.95" E 25°26'20.14" N 25.7 3% Up slope R Southeast
%A1 Lengshanping 1 950 109°10'42.48" E 25°25'53.23" N 35.6 3 Mid slope 45t Northeast
22 PEIE Lanpingfeng 2 050 109°10'37.87" E ,25°25'48.68" N 39.7 3% Up slope Z At Northeast

1.3 T RN E

+ 3% /K 8 (soil water content, SWC) ¥ Jll 7E
K HBE 985 1 58 TR 5 B2 ( potential of hydrogen,
pH ) B 7 2R I (b A8 IR 3 R0 [ ) 58 30 5 A 4
PR 3 pH EHMME M fiik) (HJ 962 -
2018) ; 134 HLAK ( soil organic carbon, SOC) 2K H
TR A K A o #k £ 3 4 & (total nitrogen
TN ) K U B R 28 - /K B FR 4M 43 et vk 5 3

4% (total phosphorus, TP ) 2K FH 8 R 14 & — 53 86 bt
s I8 (total potassium , TK) SRAE KA 4366
FEitk,
1.4 TEMEYS DNA 2B PCRY ERSEE
i

Mo 4lE ALFASoil DNA Extraction Kit & 7 £
( FINDROP , Guangzhou ) I #2/E i B, ) 0.25 ¢ &
kSR B R 4R BUE DNA, PCR §" IR FINF .
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94 °C WA YE 5 min, 94 °C Ak 30 5,53 C il k 30
s,72 CHEMH 30 s, ILAEIR 31 ¥k 7E 72 C T AEff 8
min, fJ5 12 CHRFF, 5l XN X . B ITS X
B P 514 R TTS3-F(5'-GCATCGATGAAGAAC
GCAGC-3") Fl ITS4-R (5'-TCCTCCGCTTATTGATAT
GC-3") s #4i1E 16S rRNA &K Y 5 34 5] ¥ &y 338F
(5'-ACTCCTACGGGAGGCAGCA-3") Fl 806R (5'-
GGACTACHVGGGTWTCTAAT-3"), PCR ¥~ #4 j=
P s X — Ak SO R AL AR
2R AR B A B R 58 A
1.5 GEitor#n

FIH Excel 2013 K 7 #F 47 898 11 5, Al H
SPSS 20.0 % 4 i 17 5. P 2 J7 2% 47 H1 (one-way
ANOVA) , {fi | Origin 8.0 3k fh AT K () 4
X B A R A A ) Tumina NovaSeq6000
(PE250) V- & #AT A 0, o ZHMEH
ACE 38 % . Chaol 38 %k . Shannon 5 %k . Simpson 15
4 N HEARRIE, B ZHEPE L Bray-Curtis FE ],
K F AR 23 A J7 15 (PCoA ) R FE AR 4k AR
B 4 18 240 1R B LR BE VR 25 = I U AR A A
(redundancy analysis, RDA ) #& 7~ AR Fr 1 1 38 5%
FFIAR PR 4 T A= W 40 B 9 AR DG, B R Mantel
Test TRITHL PR 1 8 P45 DA+ 5 4 o1 I 21 B V% 22
FEME 22 0] A AH S

2 HEREAH

2.1 i TR BR LI MR A0

JCE IR AR bR 4 e B AL M i S5 1k~ 0 e L
iV A AR L I 4 R L 2 RN 3. BdE R
TCFE IR AR 3 95 0 & 8wy, s e
B S keE i R R A B R A
HUBRAT C @ P N = P 7E 4 UG IR M6 R 3494 B 3%
2557 UL IR PR 0 - B b M R - 3 AL A
A RFEEMW(P<0.05)
22 ARABHEBETE LSRR T BRI E W E
EABTL

i 3 Mumina Miseq W 75 - 5 % 4 A~ 38 (1)
A SRR AS Y 5 0 R A R AT AL B 43 00 A5 3
402 7294 LU0 R T 5 M 314 371 SR EF T,
HEAT OTUs 7 B J5 15 %) 13 489 4~ 41 # OTUs Al
8 103 M H & OTUs, MW= 2 T Hw ., i 1
AL, AN RV =2 0] 06 52 10 ¥ A2 AR B - HE R A

TF T8 4825 A0 A AL, A X A — o 22 5, BT
ANEE IR AR I AT R . R 2R R U
(R TCEE AR X = o BB e, A R R T 2 T T
PIA)AH X A8 €, L TR 7% 2H 00 B i 3R AL 22 S
L3N

2.2.1 WA AEERE ST oA AR LI
DNA 73 5322700 Hr, U IR A2 R BR 40 OTUs
H20 13 17736 49 97 H 182 #} 269 J& 360 i, 2%
ROE 1, R 4) RYLFETTKE B, R
(Acidobacteria, 46.15%) .28 JE [ [ ] ( Proteobacteria,
28.69%) VL B it T 1] ( Actinobacteria, 10.52% ) 4
DL ], {H Rl G TR 0 b DL ]38 0 i 2
Ak, e J@ KV L, & & FF W & ( Bryobacter, 5.
42%) TRINE @ (Acidothermus ,5.34% )  JhiF % 24
B%+} )& ( Candidatus_Solibacter, 4.88% ) . Roseiarcus
(3.53% ) FI R FT 1 J& ( Acidibacter ,2.16% )} fi 3
A, b BRANTR R | R AT IR e 7 T OB BE ]
FAPERE 2251 (P<0.05) , Hofth ) o i 3 281k,
B2 AJHLTK,C : N N = P 5% 4 9% W &
( Bradyrhizobium) 2 . 3 1 5 (P<0.05) ; TP 5%
IR B 0 K UG (P<0.05) ;C : PN = P 5
AT JE 2 2 E A G (P<0.05) ;SWC 5 R iR
B A (P<0.01) , S & T FE s R
22 bR R R E ML (P<0.05);pH 5
Roseiarcus 2 i % 1IE A ¢ (P<0.05) , H A R AT 18
J 8 A AR R T A S T RO A A OC T (P <
0.05) , T3t A ThE-45 08 A BT ¥ 20 1A — 22 RO ST
222 AABEHMMREF oM R LEEHNA
DNA J75 532825317, JCF LIV A2 AR PR B OTUs
25 27 17766 44 122 H 168 Bl 231 J& 76 Ff, 45
ROE 1, R 4) R AETT KR B, T HRET]
( Ascomycota ,44.39% ) FI4H F 5 [ ] ( Basidiomycota,
40.00% ) APEH T, Hrb 8 1 1 I E 4K Z 1]
FAAERE 25 (P<0.05) o fEJ& K L, KA R
J& ( Elaphomyces, 11.59%) | W 5¢ B J& ( Sebacina,
5.47%) . 41 %% J& ( Russula, 4.97%) T 22 JI5 i J&
( Cortinarius ,4.97% ) AIEHEEFE, Hi, 248
BEHER Y E T T BB (P<0.05) , HoAth
NER I R T Gt AU A SO NI ) B A 7 )
Pseudohydnum F1 Leuconeurospora “H M 1 750 m
A ELE R, B 2 AIHL TK TP .C 2 N SR &
)& ( Phaeocollybia ) 5 1 i A1 5¢ (P<0.05) , TK |
TP 5 Cenococcum % 1F i EAH I (P<0.05) ;N : P,



134 B e v o B o e e b S a7/ R g (g ) A R R o T 151
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Table 2 Physicochemical properties of rhizosphere soils of Abies yuanbaoshanensis at different altitudes

3k L EE +HEE K - HEA PR o g S
Altitude HX SWC soC TN TP TK
(m) P (%) (g-kg") (g-kg") (g-kg") (g-kg")
1 750 3.59+0.07a 50.08+5.32b 466.17+24.16¢ 27.65+1.05b 1.59+0.17b 1.29+0.15b
1 850 3.41+0.03ab 54.85+3.39a 498.30+5.75b 32.85+0.97a 1.33+0.04b 0.910.02¢
1950 3.40+0.19b 30.51+4.22¢ 552.50+12.82a 33.60+0.14a 1.83+0.06a 1.32+0.25b
2 050 3.39+0.08b 45.43+2.59b 410.87+14.71d 20.67+0.48¢ 1.86+0.09a 2.58+0.10a

TE: R BAE R B H e bR 22 1R 0 BAR J5 AS [R) B 3R AN R 4R 33 BRAG I BAF 7 W 22 5 (P<0.05) . Tl

Note: The data in the table are x+s; different letters after the same column of data indicate significant differences in physicochemical

properties of soil at different altitudes( P<0.05). The same below.

x3 ARABEATELLSERERIENFITE
Table 3 Rhizosphere soil stoichiometry of Abies

yuanbaoshanensis at different altitudes

SR g L L
C:N C:PpP N:P
(m)
1750 16.87+0.56b 269.90+4.02c 16.02+0.33¢
1850 15.17£0.40c 373.88+7.77a 24.64+0.47a
1950 16.44+0.43b 302.82+16.96b 18.40+0.56b
2 050 19.89+0.80a 221.38+2.91d 11.15+0.58d

C: P 5488 & IE W FH 5 (P<0.05) ;SWC
52 g)E K FH BB (Amaniia) 5 035 EHE (P<
0.05) ;pH 5 22 & & B 3% 1IE 41 % (P<0.05)
Hrp I8EFEE a8 BEEREESERE R
FAK(P<0.05) , i B I 40 0T B o T V5 4 AT —
SERZIA

Q23 MAEMBEEMEARZR FTHXE A
VAR B B AR AR AT AR 23 LA A BT A i AR S
B R e A AR A 0 T R R R A A R R 4
B, AWFFE R A RDA 434 o0 5 1104 A2 4R P + 4
EEIH X VR A RS2, fR L 3 AT I R
(altitude, Alt) & B il 50 5 110 ¥ A2 M8 B 4 i B
YIREVE AL e L R AN REYE L 58 1
JEXT BT A A5 R I R R R 19.41% , 575 2 il
PR A A5 Y 13.08% ;5 1L 14 BEVE A 1 il
FERNEE 2 B or B RE T 15.11% F1 12.87% 1)
ZikARAk, SERFW BT 5 g IR 2R
B+ HEGA: W RE TS 19748 S5 A7 AE 0 3 A G i
PROGF 241 TR I L T R VR A 2 Y (P<0.05)

IEE - SOC TN Xof 4l TR B v A7t 5% i ( P<
0.05),TK.C: N.C: P . N: P X 4iEBEKEH
e B 25520 (P<0.01) 5S0C TN N = P Xf H I8 ff
KAH B EF W (P<0.05) ,TK . C : N.C: P X} K
FAEE BA N W0 (P<0.01) , BEU] - 5%
3 B il F1 ik SR 2 B R BK B 5T 1L R 2 AS [ i
PR B A 40 T A I TR B TR 4 A R R YOG
FS RS

23 FARABHRHEETE LSRR LB L W
2.3.1 « 4 ACE $8%{ . Chaol 5%/ W 7%
Fw B, 15 Ol K F & 8 ; Shannon 48 28,
Simpson 850 )z W 7% Z # 4, Shannon 48 UK
ZFEPEBE , Simpson $8 BN ZEEEGE S5 R
(K 4) R, CE IR R 13 o 25 b
WA YA W35 25 5 (P<0.05) |, Hrpifg 4k ol
1 950 m B AN A ZFEPE SR, B 1 750 m ELBH
ZHMER ., BEBIRBERN LA, T ILR 2
HRBR A0 TR AR ) 5 B 2T R R LT
P A ZREE BR R E B TR TR S, B
ZFEVER B TR B

232 B %4H T Bray-Curtis JE B 1 PCoA
AR BT A R AN 5 s, A RETE L 4 AN TR
A it B 5 R T 8 U B A ) g 3R] 28 A T
ZEFEE AL, VAR A 1 850 m AR A PR R AR
XA LI R o B MR, EREBEVE T, 4
TR BRE S 0 AR Y8R A 8, 4R 1 850 m (Y41
PAAE it B R X A b, g LAl g 4 2L i) B S A
VLB 2 9 E R4, 2 ) 25 S kg o, HoAth 3 4>
AR L IR b B R A, BRI 2 I VR S 25 S
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FRAFI#iT] Acidobacteria
AL Proteobacteria
T4 1#1] Actinobacteria
P H 1] Planctomycetes
PRI Verrucomicrobia
WPS-2
LAt Others
AJFAKT ] Chlamydiae
AP Bacteroidetes
L5 1'] Chloroflexi
Euryarchaeota
35147 Armatimonadetes

FEHET] Gemmatimonadetes

~
w
T

50

9
(=}
HIXF ¥ Relative abundance (%)

X} 2 B Relative abundance (%)

ighi
1 ii)

2074 % Bacteria genus
Unknown
Uncultured
B REAT T ® Bryobacter
BRI Acidothermus
LAt Others
PGB L2 B BEI® Candidatus Solibacter
Roseiarcus
BRAT 48 Acidibacter
Occallatibacter
N AR # | Bradyrhizobium
Acidipila
5y AT R 8 Mycobacterium
158 KK 1# )8 Burkholderia—Caballeronia—Paraburkholderia

Br 25
0 2 . 0
1750 1850 1950 2050
Wik Altitude (m)
< D

100 ZUHI] Fungal phylum 100
FHEF '] Ascomycota
$H-f-1#1] Basidiomycota
Unknown
#1417 Mortierellomycota
Unidentified

75 +

~
[
T

A1) Chytridiomycota
£ E 1] Ciliophora

B %1 ] Rozellomycota
ERFEH 1] Glomeromycota
E41 ] Mucoromycota

£ H1"] Nematoda

FiiE &1 ] Arthropoda
JEdth Others

W
(=]
FIRFJE Relative abundance (%)

X2 Relative abundance (%)

[S]
[
T

1750 1850 1950 2050
iR Altitude (m)

AL TR TACERYE B B, A TE R /K Y F 2

; Co KRR KPR F

1 750 1850 1950 2050
R Altitude (m)
FLi# ) Fungal genus
Unknown
Unidentified
KIAFER J® Elaphomyces
HiAth Others

WS HJE Sebacina

2 N3E I8 Cortinarius
L145)8 Russula
Byssocorticium
&4 W IR Phaeocollybia
WHEWIE Amanita
Cenococcum

WA Mortierella
MR Tomentella

1950 2050

1750 1850
PR Altitude (m)

; D, ELHTEEAKF R

A. Abundance of bacteria at phylum level; B. Abundance of bacteria at the genus level ; C. Abundance of fungi at phylum level; D. Abundance

of fungi at genus level.

B1 AE
Fig. 1

AR, JTUFEILE AR 40 B B 2
I A it P 2 PR AR L

Lifis HZMaiit ik, 4% MRPP | Adonis
Anosim , Amova , #£ 5% A 7] 1 45 43 41 2 [0] 70 % 1%
TR 20 o RN L TR R VR 2500 22 Sy i v, R
5 A A1, Anosim 73 AT R (KT 0, UtBH T E 1h#%
KZAN TRV $ 53 2 18] 41 B R 5L TR A 7 2 | 435 48 17
1ERFME 25 (P<0.05)
233 MAMBMESHBREFLBERATH XL M
i Mantel Test 731748 7~ 70 LR A2 AR Br L 585 A4
YIRETE ) o ZHEME | B Z2FEE S MBI F I C R
(6), hliE 6 I, R 5w &R o ZH
P PR A G (P<0.05) , TEANETETE b, 135

Bl R IR AR L MM B R S

Soil microbial community structure at different altitudes

=N=A

TP . TK.C: N.N:P C: P EEMIAEHE o« £
FEPE) EEIREE N T (P<0.05) , 13 TP N : P Al

C:PREZMAHEETE B MM EFEAER T
(P<0.05), TEERAEE T, L TN TP .C : P,
N : PIER i BT BE TS o ZREVE R SC R 8 ] 1

(P<0.05) , VR B ZHEME SRR T L B 3%
A (P>0.05)

it
3.1 TEANERFEREMFEEMNEXE

AL, AETT JBIKE I ot IR AR
o - S 3 A O R ) D A I A B T A i e A ek

3
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®4 ARBHERELEN-BEXELHENEE

Table 4 Relative abundance of rhizosphere soil at phylum-genus level at different altitudes
. . X =EE Relative abundance (%)
WEY) 3K
Microorganism Classification level
1 750 m 1 850 m 1950 m 2 050 m

M 1] FRFTF 1] Acidobacteria 46.63.+£3.60a 46.01+£6.16a 46.32+7.70a 46.07+£4.47a
Bacterium  Phylum

AZIE T ] Proteobacteria 30.74+5.83a 25.87+6.30a 29.57+5.51a 28.61+2.96a

TR H 1] Actinobacteria 10.50+1.04a 13.49+3.21a 9.00+1.82a 9.10+£2.97a

J& B HEFT )R Bryobacter 5.62+0.21a 4.16+0.25a 6.71£0.14a 5.18+0.44a
Genus

TR AT @ Acidothermus 5.49+0.95ab 6.97+0.76a 4.29+0.41b 4.60+0.14b

MR 22820 Candidatus_Solibacter 4.97+0.17a 3.85+0.23a 6.07+0.22a 4.64+0.46a

Roseiarcus 4.70+0.40a 3.23+0.25a 3.43+£0.17a 2.77+0.45a

FRAT T I Acidibacter 3.40=0.65a 1.69=0.34b 1.72+0.10b 1.81=0.49b

B 1] TR Ascomycota 33.93.+£6.28a 35.86+8.72a 57.53+6.60a 48.68+8.62a
Fungus Phylum

HHFF# 1] Basidiomycota 51.34+7.32a 56.02+6.70a 33.14+538b 20.64+3.93b

%5 1] Mortierellomycota 1.51+£0.23a 1.85+0.66a 1.50+0.61a 3.61+0.18a

= pNziE Elaphomyces 4.19+0.77a 4.06+0.25a 24.64+6.66a 13.46+3.18a
Genus

W SE S Sebacina 3.16=0.64a 2.98+0.55a 6.75+0.59a 8.89+0.45a

2141 & Russula 12.74+0.39a 6.75+0.87h 0.27+0.03¢ 0.11+£0.04¢

2 [T 8 Cortinarius 10.40+0.96a 1.90+£0.63a 6.50+£0.95a 1.13+£0.11a

T R g A E e AR 22 AN [ 7 R 2 AN R T ER 2 BE AP AE 3 M 22 57 (P<0.05)

Note: The data in the table are x+s; different letters indicate significant differences in soil relative abundance at different altitudes ( P<

0.05).
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A. Heat map of correlation between bacterial genera and environmental factors; B. Heat map of correlation between fungi genera and

environmental factors. *. P<0.05; =**. P<0.01.
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Fig. 2 Correlation analysis of soil microbial community genera and environmental factors
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below. Red lines indicate significant or very significant differences.
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Fig. 3 Analysis of soil environmental factors at different altitudes
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A. Bacterium; B. Fungus. Different lowercase letters indicate significant differences in richness and diversity indices at different altitudes (P<

0.05). The same below.
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Fig. 4« diversity of rhizosphere soil at different altitudes
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Fig. 5 PCoA analysis of rhizosphere soil microorganisms at different altitudes
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Table 5  Statistical analysis of rhizosphere fungus community composition and structure difference
of Abies yuanbaoshanensis at different altitudes
. MPRR Anosim Adonis Amova
Y
Microorganism 5
A P R R? P 22 P
ZH B Bacterium 0.073 5 0.023 0.265 0.013 0.370 0.02 0.011 9 0.013
E T Fungus 0.005 0 0.003 0.611 0.001 0.344 0.006 0.046 1 0.002
9]
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Fig. 6 Relationship between microbial diversity and environmental factors
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1) - 5657 53 LA BBk Rl LL 2 1 e & LA R AR B
SRR W VR 4 NG e 25 S i T A
32 T ERBERFESRMEVEE S HENEXY
L3t B R A 25 2R B S WF 5%+ S il Ak W BV
SARAEAIY K IR BT, W ROR B A8 Ak 2 AR A
IRBE 50 A 25 A A 4 e I 0 i B AR
Y2 FEPE 7 A2 8 3 52 Wi (SROME RN L, 2020)
HR B 338 A G AR SR TR 1% ~3% B HAE R
FE ) — - - E W 5 A BE 45 10 A EAE FH S5 o i
PR HphRE ) A 2SS, LA W 2% 3 0 i 4
I3 oK 1 R AE ) AE 085 v Y 38 e D (B IAE
2022) , M TR, t 3 A W 0 R o A
JABIEIE Ak F AR B B H R 2 8E P e R 2 £
5, BRI IE B — K AR 9 09 AR B 1 5 A= 9 1
R ARG R D 0L, AT AR R, 5
A=) 22 R AR WA A 3 P ) I TR B AR Ak A
(5K 25, 2012 ; Singh et al., 2013; Zhang et al.,
2015 ; JESHI A ,2023)
AR, T E IR R LA RE Y
ZREEMEE EEARGR A T 25 8% (P<
0.05) , T A= W Z R M VR TR RO 5 35 o BH 8 1) 4
AR RN 1950 m AN ZREYE I, TR
1750 m (Y LE ZREME R R, BEE IR A LT,
LRI AR MAERN & EHRETHRE L
FHig R, I B R 4R B B 22 1) oA W i s
B IR B B 22 7 (P<0.05) , 5 RN #F 5T
AINRUBE T 4R B0 B 0 B 2R Y TR G TE OB 4 AR
(2023) MBF TR 45 R — 2, 20 2 R R TR R Y 1
FE2I e E S PR TE 1950 m BF 24
AR, 5 TR LR JE A R TR R o R R
AHAL( BE SO 45,2021 ; i AR5 A ,2022) 5 LA FEVR
ZREPENBE R T W TR B (P<
0.05) , ¥4 1 750 m Abd i ,2 050 m ik, 5 28
FERG K H LR A R = 2 G5 FAH AL (RE
#,2021 ; k5 2022 &K =45 ,2023) , BFSEER
W, - ek Wl o %) AR Ak A A R BORE W R
I YRR 2R A Rl A AR, A 2l i
XTI 5 MR 53 WY R R T C NP B
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T (T 55 45, 20105 B I A6 45, 2022 11 i3 £ 45,
2023 ; 4 Bi4E,2023) , AW 5T 45 L EDUE T W A
AWK, LHE TP C : P FIN : P Hfa] i & 5%
Ml 4 TR AN EL TR o Z2FEPE (P<0.05) , 4R . SWC |

TK 1 C : N )& B E L MANTE o 2R R SCHE R
T (P<0.05) , 1M TN WJ2& o 2 m B 1H o 20
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MER B ZHM SRR T XX, X 5FEEHE
(2023) MBFFE S5 SR A BRI, R XA R A
AR W 22 A 1 0 1 X V8 2 A 1 ) 7 A A 25 5
Fosgm R 2= B B R B A R i S A
F 5% 7= A 2 57 10 D DR T R RS VR A2 4 45 (2023 ) X
V1R SR ALK TR A 1) 2ok ) b A B 22 S TG A F 5 )
SRR R I B B AR Bl T LR S TR R
T 25 32 B AN R i 28 ] v ) AR &R 3 W ) 1Y A
i [ A 3 A AL & L pH (B LA B B A 5 BR
52 PR 2R Al 2 ) 22 52 ) A6 W BE VL DT S 380 1
A ) 22 e Xt S O 1% g o 3 B S 1 22
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X, HorpOR R R 3R R B A 398 37 40 L R b R HE 2
1 MIC T IR AR b - G A W R 2 ek 22
() ZLRA
33 RBZA

AT FE (435 B R A N B E——e LR A2,
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R A A bR 2 5 1) B A A R O R AIE Ok B FE AR IR
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