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Abstract: To investigate the diversity characteristics of ectomycorrhizal (ECM) in Smith Fir
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(Abies georgei var. smithii) at different altitudinal gradients in Sygera Mountain and their
correlation with soil environmental factors; this study along different elevation gradients on
Sygera Mountain collected ECM fungal samples and soil samples from Smith Firs, and then
identified the molecular of ECM fungi by using Sanger sequencing to analyze diversity and its
relationship with soil physicochemical properties. The results indicate: (1) Overall infection
rates across different elevations showed little variation and tended toward stability. (2) A total of
49 ECM fungal species were identified on Abies georgei var. smithii, belonging to the
Basidiomycota and Ascomycota phyla. (3) Across four transects in Sygera Mountain, the
dominant genera of ECM fungi in Abies georgei var. Smithii were Russula, Lactarius, and
Cortinarius, though the proportions of these three dominant species varied by elevation: 3 900
m: 25.71%, 22.86%, 20.67%; 4 100 m: 27.50%, 20.00%, 20.00%; 4 300 m: 37.50%, 29.17%,
16.67%. (4) The diversity of ECM fungal communities in Abies georgei var. smithii forests did
not change much between different altitudes. At 4 100 m elevation, the Shannon-Wiener index
was significantly higher than at other elevations, while the Simpson diversity index was
significantly lower, indicating that mid-elevation zones are more conducive to maintaining ECM
fungal diversity. (5) Soil pH, organic carbon, and total phosphorus are key factors driving the
altitudinal differentiation of ECM fungal communities. Organic carbon and total phosphorus
showed significant positive correlations with ECM diversity indices, while total nitrogen
exhibited a negative correlation. The findings of this study provide a theoretical basis for further
systematic research on the adaptive strategies of ECM fungi in subalpine dark coniferous forests
along altitudinal gradients. as well as for maintaining the ecological functions of high-altitude
forests under the context of climate change.
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ectomycorrhizal fungi; Soil physical and chemical properties
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1.1 AREER

BRIl (29°30-30°10" N, 94°20" - 94°50'E) A TP H G X AR Z M 5E N, J& T &7 B b bl ik AR
B, A M AT LT Ui ) B SR —— JE VR TR 5 M R A VL P 43 7K T o 1 DX ekt A 7 5 v S AR R %
J& T LA L S S, HERVE 202 800 ~ 5300 m, HbIAGRARIEE, BEEEREDY, R B E AR
AR AT o 32 B0 BE VMR AN i JE SR M FE R, A3 R I AR v 11 e R 2 VU, 3R
-2°C~2°C, &HH (TH) ¥Wik9°C~12°C, &¥FH (1H) ¥ifi-15°C~-5°C. FfF/KF 800 ~ 1200 mm,
FEERIES -9, HEFEREKN80% LA . BT R R, [AERESFHE, KEHRTKX
(<3000m) SMEEHEA, MEHERIX (>4000m) #EME, XFMEERENK, FHEEREH
BE. AR MR RS, I3 ST e R A R 0 B R A A, IR RO X
(<3500m): PLlLHiAzIEE R F, EEREEE, GRS ERE (5%~10%), pH{ES5.0~6.5, TiEH
FIRT s PRI (3500 ~ 4200 m): B A (L AR AN i Ff -, AR R R (10% ~
15%), (HBEHER T &, BHRAGIRTS, BA & M. SiEknX (>4200 m): Dl f) LA €
ToAE, LE%RE, HHRS RIS, LREEMREE S (pH6.0~7.00 179,
1.2 #mRE

202447 -9 1, EOFHILRY, PL200 moA—/NMEEREREE, E 4150 mx200 m KRR, 4 FE
RS9 3 700 my 3900 my 4 100 my 4300 m, RFAFE NI L AR N ERKE A AME
ARRAE AT, RI3ANELE, BASKEE A BENLIEI S SRR EARVE SRR, BHRAEAZ A FPEK T 10 m,
it 60k, CFAMRMSI AR E . IR, IR, HERARRREE R . DUERRREEAR N L A L A
ANPG AL AT ) R AR BEAT AP AR BRARAE SR AR, BEMRCREEACKAE 4 ~ 6 IRIUAR  (Fr A IAREA D> T 1504
RID . KEJFRANBREE RIS, EWRRME R IMNIE SR, BURELVrK S, B 1E s AR BB R 2k
W B R  RR AR I BB AN AR TBON S50 = UK AR AT V5, IR BEIRFFE 4 °C,  DMRRRHIE
Mo FERRMCRAE AN 2 FE S BURE 58 B 5 K AR B B BB 2 N S R VR o 3B 5, B A SRR A
BREIREHS, BRERA AR, RSB EN T, id 100 H LIRS ORAE, H T 0E g A
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Tab. 1 Sample strip and sampling log basic information

s RAERE/m 2 4K PR/ em  PHMEmM PR C
Popl 3700 94°69" - 94°71" 29°60" - 29°64' 36.3 17.3 4.34
Pop2 3900 94°70" - 94°72" 29°63" - 29°65' 35.1 14.3 3.39
Pop3 4100 94°70" - 94°71" 29°62" - 29°65' 35.0 123 2.57
Pop4 4300 94°70" - 94°72 29°61" - 29°65' 34.0 9.5 1.49

¥E: Popl: 3700 m; Pop2: 3900 m; Pop3: 4100 m; Pop4: 4300 m.

1.3 BRI
1.3.1 DNA$ZH

F1-T- DNA S EURIAR A 43 B b L 2R KB A 2P . R A EZup A 203 14 5 5 ZH DNA i 2 3
Al CEETAEYRMARARD AT, SR PRk e S SR AT
1.3.2 PCRY

PCR b2 DL 2x Taq PCR Mix N, ITS1-ITS4 A5 ¥k A7y 16, &4k R H & B DNA 10 uL. 2x
Taq PCR Mix 25 pL. ITSI 2 uL. ITS4 2 uL. Sterilized ddH,0 11 pL, SRR N 50 uLo SN FEF W3 2.
PCRY™SE =Wy r)sE I « ¥ —Ak SCEEMIA . W3 B 0T 2 il 46 ARS8ty _Bifg 28 TAE I A BR A W)
SER. TR SRR A BRI P A, XA S 7 B BEAT 97% S8 50T 12 H GenBank ¥ 7 51 Ja) #4H
IPEE RS (BLAST), #£GenBank. EMBL. DDBIJ 2 PDB 4 /> DNA 341 ¥t [ 18 % 5 frill DNA 5
FIRARARI T3, JEkAT 4y K% E

#*2 PCRERERFFE
Tab. 2 PCR reaction procedure

IR mErC I ] TEHEL
AR 94 5 min

A 94 30 sec

30

Bk 55 30 sec

FEAH 72 1 min
ZEFEAH 72 10 min

{RAT 4 0

1.4 TIJBAEENE

b A e . 3R pHAE A B AVEN E s RIEAKE (WO RAMTEIE, Lli e
(EC) M SR AGNE ; LIEREMHEAT T, 48 m SUR- TR R T 205 13 9L RO BRI E 3R
(TND ;) % TR B0 A0 I 8 LA LA (TOC) s R I S Ak B s Rl - BH 0 BT L £ 925 00 s - 498 4
(TP),
L5 Sit5ih

B EACEE A Excel BUPFREAT AL EE, R SPSS 25.0 BAF#EAT e vk o0 #r . FHH B DK 3R 05 2 00
JRE A AR ECM i AT R B2 PEAR 56 K] Duncan's 3% SR &> 24k (PCA) 734
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2.1 TIEIBUMR
AN HORE A IR LR 3, A AR 2 M S % EC. pH. TN. TP. TOC il WC A & 3 1%
Z5 (P<0.05). 3700 mJEC. pHHA TN & &g, HBEHEEFKRKIZT, EC. pHAM TNIX 34>k,
P 2> TR, TPAITOCTE4 100 mix s, TP BEEFIKMFRTHIIG K, TOC BEHEIK (M52 T 2 BL5E 19 5 I g B
H#, WCHE3 900 mix K, SigFHRAAA IS
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Tab. 3 Soil physicochemical properties of Abies georgei var. smithii transects at different elevations

i /m S EREC(mS/cm) pH AER(TN/g'kg) 2 (TP/gkg  BAHBR(TOC/gkg")  FHKFE(WC/%)
3700 6450 +16.35a  5.84+0.22a 68.01 +25.02a 1.70 + 0.47¢ 148.40 + 55.65a 55.48 £ 4.23b
3900 48.53 +9.28b 5.77+026a 34.61+2538b 3.20 + 1.38b 111.18 + 40.78ab 84.00 + 10.88a
4100 4849+19.70b  550+0.17b 30.86+14.94bc  4.61+1.23a 160.70 + 117.74a 78.46 + 7.24ab
4300 28.65 + 4.09¢ 5.43+0.18c  18.53+3.50¢ 4.61 +0.60a 91.10 = 14.50b 69.66 +7.41ab

i AF/NSFRERIZEREE (P<0.05).

22 BFRINFREISHRABRKEAMEERERREER

KRR, SR ERKERZMECMRZERERALE (P>0.05), LL4 100 m i R G &
(41.29%), 3 700 migHkm MR YR IR (41.17%), TG 3 900 mifFdk i (41.12%)+ 4 300 mifFik
W (39.73%)

1 FEIBHRBRKERTZECM R
Fig.1 ECM infection rates of Abies georgei var. smithii at different elevations
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OB M AR E R S, RETHEFEIIATFRERE] (R4, Hf, H7PREITA7FEETROTU
1435124 92.59% F117.41%.

x4 RARKEAZECMEEMEERE
Tab.4 Fungal genera to which the ECM fungi of Abies georgei var. smithii

Fs OTU(JTT & Wi &) Fr 5 OTUJ g i &)
1 51 BN Armillaria gallica 26  BFL%E Lactarius ferruginascens
2 BKB BRI B Atheliaceae sp.1 27 BRI JE Pezizomycotina sp.
3 == B 56 J& AR JFf Cenococcum sp. 1 28 T EETARME Piloderma
4 ZEAB A Clavulina castaneipes 29 fER/NENES B JE SR ENF Pseudotomentella sp.
5 22 JBLTH & K F0Fl Cortinarius paragaudis sp. 30 P IR HE Rhizoctonia butinii
6 22 JIELTR J& K FIFT Cortinarius sp. 31 B b L2075 B B R B0 Russula indohimalayana sp.
7 22 1R J@ R FIFh Cortinarius sp. 1 32 E A RIE L A R R A Russula indohimalayana sp. 1
8 22 BB @ R AN Fk Cortinarius sp.2 33 BRI 200 R R R M Russula indohimalayana sp.2
9 22 JIE5 1R J& R AP Cortinarius sp.3 34 ERIE L 204 B R AR Russula indohimalayana sp.3
10 22 JEE & R ENH Cortinarius sp.4 35 2L R AR ANA Russula sp.
11 2R 8 R AP Cortinarius sp.5 36 LD IR AREN R Russula sp.1
12 24 T J& R E0 R Cortinarius vanduzerensis 37 21 7% B J& AR F0FP Russula sp.2
13 JFEFAEZ TR 8 KR F0FH Elaphomyces sp. 38 LLUETA B AR HIF Russula sp.3
14 B Fulvoderma australe 39 L% BB R AN Russula sp.4
15 2EEFRAE Galerina allospora 40  ZLEETEJE AR AR Russula sp.5
16 FEHLE 8 R I Hydnotrya sp. 41 L% B R FIM Russula sp.6
17 THEW RIS Hydnotrya zayuensis 42 ¥ 50 B B i R J0F Sebacina sp.
18 FLuE W JE AR AP Lactarius sp. 43 ¥ 7 BT J& AR R0 Fh Sebacina sp. 1
19 AA2FL4E B8 R AIFN Lactarius abieticola 44 WSS H B JE AR FIRN Sebacina sp.2
20 AL AR AFN Lactarius abieticola sp.1 45 WS B B R K1 Sebacina sp.3
21 AR2FLEE BB R AIFN Lactarius abieticola sp.2 46 WARBE AR AIFh Talaromyces sp.
22 AISILEE R R FFN Lactarius abieticola sp.3 47 NEEREAR M Tomentella sp.
23 & ®FLE RS Lactarius alnicola 48  H/NREEJE AR HIFh Tomentellopsis sp.
24 o FLEE B R AP Lactarius atrii sp. 49  BEALYEEE A Xerocomus magniporus
25 HM-FLEE R E AR FM Lactarius atrii sp. 1

W THE OTUs IARXS F= BERIZEL RS, AN RIEIR K SR A2 MR 43 1) ECM 1 1 V& 4L R S5 M AE (E 22
S (E2) . 3700 m S ARKE A KR A AR R R 1 JE O B (Russula) R 22 JI5 1 )&
(Cortinarius) , FAHXSF= BN 32.35% M123.53%, HUOGZALE (Lactarius), J914.71%. 1E3 900 m )5
RAKBARII AR R B B R R L0 &, 5 25.71%: FLas R &7 22.86%: 221 1 J& 15 20.67%.
FE4 100 m I 2R KGR d, RAB R LR, 527.50%: FLEE 82251 & 53 5 & 20.00%.
FE4 300 m ) 2R KR AR, IRBFEE L wsBMALLE IR, 209015 37.50% F129.17%; 2 JEEH & 5
16.67%. FI W, ZL%EJE . FLuHJE A 22 R i 2 SR K E A A2 K4 ECM BB BEVE T iR A g, (RN
AR F= BELLBIANR], 20845 B AN R 2K AR IS AR o AR R = BE 280 5
24 AREIBKRERKEATZECM EEEEARK

AR I 7 4 e 45 3 B, R A RStudio 3PFHEAT 2 BAHERR, I 550450 N 494> OTUs. A a4k
BRKEAYECM EH A OTUR N: Popl (3700 m) HH 20K A ECM K OTU % N 354,
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K 24> Pop2 (3900 m) L4536, 45 44 ; Pop3 (4100 m) %, L4214, FH 24 Popd
(4300m) F/b, A 244, R 14 FERIEASRKEATZECMBOTUEC Y 174 (JLE3).

100% = Armilaria
m Cenococcum
80% | Clavulinopsis
Cortinarius
% m Elaphomyces
E 60% = Hydnotrya
E W Lactarius
;ﬁ_ 40% m Pseudotomentella
E ® Russula
_— m Sebacina
20% ® Talaromyces
= Tomentella
0% - . = Xerocomus
Popl Pop2 Pop3 Pop4 Undefined

P
B2 TREISHRABRKE LT ECM BKF LRI FEE KA

Fig.2 Relative abundance and composition of the ECM genus at different altitudes of Abies georgei var. smithii

Pop3 Pop4

Wy .
ey

-

E3 TEEHRSRKERIZECMER OTUs £ B &
Fig. 3 Venn diagram of different altitude ecotonal Abies georgei var. smithii glauca fungal OTUs
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HAhgR EM B EMEER (P<0.05); Shannon-Wiener 8 K, 450.98, &3 m T HAMER . LiEHRK
T4 100 mi}, Simpson £ 48 40UF1 Shannon-Wiener F8 50 B iR 13 7+ 23 _EFH# 5, Pielouds) 2 &
TREAEAFR 2 BT R Z 5. BAORE, (L4 100 migH A M B E 2R v, HARRR AL
HEE Z AR ERA K,
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Fig.4 Diversity index of ectomycorrhizal fungi of different altitudes of Abies georgei var. smithii
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Fig.5 PCA analysis of the ECM fungal community of Abies georgei var. smithii

X IR R R ER AL TS R R SR KA R ECM K 34 # )8 247 RDA 20 fr (B 6A) &1,
RDA 1 4 AR 5 64.02%, RDA2 SRR 0N 29.90%, A RN 93.92%, RIS AR B 52 B 1 o
Mk (ALT). pH. TP A E7KHE WC 52046 j@ AL 46 8 A5G, TN. TOC. EC PAJ R8I (AST)
S s @A B R, Z2EE S TN, TOC. EC PLM AST £6iAH5¢, Sk ALT. pH. TP LLK
FKE R IEA . X ECM B 2 P TP R E1T RDA 73 br (6B &I, TOC. TP. ALT DA
J pH 5 ECM H [ Shannon-Wiener f5 %, Simpson 54 Pielou f5 £ & IEAHSC, SHRE 7 EAMK. H
H1, ECM H 1§ Shannon-Wiener f5 4155 TOC #1 TP IEAH X6 RELHE, 5 TN 2IBGRI FAHG: ECM H R
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Fig.6 RDA analysis of altitude and soil physical and chemical properties with respect to the dominant fungal
genera (A) and ECM diversity index (B) of the Abies georgei var. smithii

Xof VR RN L 3R AL P S 3R 4T Pearson AHOCHE /BT (B 7) R BA, -3 TP R WC 2 bt 35 -4 1) T 5 17 18
K, AST. ECHITNFE BRI Sk, LIETP 5 EC. TN LK AST &K B3 fAHE (P<0.0D),
HpHEEZFIEMK (P<0.05), TOCHECH TN 22 #EIEMHK (P<0.01), ECHTNHMAST 2K E#
IEMIZE (P<0.01), &% TN5ASTEMEZE EMK (P<0.0D).
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Fig.7 Heatmap showing the correlation between altitude and soil physical and
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chemical properties of the Abies georgei var. smithii
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IR 2 A, HAR R RGN ECM H B SRR AR AL BRI, 18 F I A ) = B
ARG AR E A, ECM H 1R G U 2 R FER T « 383 Sanger M7 353143 49 N 2R K A4 A2 ECM
HE OTUs, UM SRKERTECM HF BIRECNFE o 49N H W OTUs 45 K72 48 I T 5B, /M
SRTEREITAE. HTHEITEELZ2R KA ECM HEMAR A EE, 5 FTH H R ECM EZ 1
92.59%, XEWAZIE (Abies) W ECM KB 2 FEPEN) 2 800 S0 45 A AR — B0, R T HFE T2
TERMAEDS RGP 4o EEHAT . (HAEM SRS, A 725 1 AR 2 TR T B T TR i,
X PR S AEEE 78 7 L ECM BLIA 35 PE et — A k™), 7304 1 B VR 22 80 A0 1 008 mT DA od o /) i - 1%
e AR R A LRI E FR 0T, B 3R o R B, 1X 0T e 3 80T L8 1] 2018 1 1t Ak K 3Ll
ZRMETRES TR TR HTHMNBEERZNEASEF AR, T FRE T EEARKZECNE LR
MWEZTRE, MAWBIRLHER. AEEMNLEREE, BB THTE . AHAEN, X348
(A B AR LB AT LA KR A BT R A A2 I8 . VEH IR R . ZA2E S T 2 TE M ECM LA R4, ik
BE S TR R BRI A RGPS, kR, A HE M B AR, D R B A
FAREE AR R SR KEA TR R A B R, RN 6 S H A2 Pk TR A KR,
HA BN FF AT 5

e T8 B AEAS R R SR K AL RS AR 2 I 40 A AR G 2 AT B 25 01, 3 F AR AR KR S e e 1)
TEAF AN b, ECM H B 43 RN AR 32 10 75 R U i 7 A B #e B AR B e 2k ARS8 M AL, AN Rk AR 43
H ECM L B BEVR 2125 (1 B S 2800 o] B8 P 34 bR A 3 e bl ELARI 20 (R 45 SR 0. R BRI IRE G, 2Rk
B AZ ARSI BCM HL 18 0 34 81 i 43 A S AR 2 B R AR S A B, (R R ZREIE AR E R IF AR R,
X REE AR T BB 2 R PEAE PR SR A 1 v B R D

FE 2 R AR AL b AR M IR AR RAR, T2 ECM B B B VA N IR B AR b (1 T RE 3 B2, A AR
WFEH, 4 100 m ¥k 1 SR KB A A Mk ECM H B 1) Shannon-Wiener f8 585 55, 4 0.98, &35 T H A
W (P<0.05), %A R E FIK KR R AR R i, AR T 4R 2 LI ECM I
BERE; BEAHEIRMIFETE, ECM H ) Shannon-Wiener F5 4 2 B H Je R I A4 %, 3 700 m IR SR K
H A A2 K ECM H 1) Shannon-Wiener $5 301X 7 0.52, & E MK T HAMEHR (P<0.05), XATfE& AR
AR Al S8 0 PR R K o T R (R B R e A AR i T, T O ECM LB I 2 RS, IR
(4100 m) #7371 ECM KR RF BN FE, X T e -5 120048 X 1] A2 (1 7K # 5% R RN s AR 2 43 WA
BINE K. MTERMER (4300 m) X35, IR RG] 3 EM R e, SBER T E R, A
171 ] e B A ECM BB 515 FAEATE i B2 13842 5 R LRIFR 71, RV ThRE TR HAES LB AR
i, AT 4ERE ECM FL B BFE 25 M FeoE s X — WL B 22 S5POTERE 140 N AR 58 R 13 tH I 4 18—
Bl HIEAFEBEEARNR T o S p 2N LR E LR, KRR TRE, A5 ElE
AT EK.

ECM B 1 # ¥ 1A% 18 PRI PR B AE HO PRI AR (e 3 1 G2 R 0%, g 3R 219 PR R i 3 30 L 3
Fh Al BEHE— 250 TR ECM B IR L AEES), (BEARE T, 0 350R . %82l i
B AR LB TEA R AR P T IR FROE S AT, R I S Bk T V2 I 0@ N SRR a3k, W /E BE R
ZPRE I E I B I P 4R AR TR X5 R R AR S IR AESL” AHRERCT, R



% 4 1) JAEZE5 ORI QR KRR HME IR FE 2 R L 459

Yol A SR S EORBIALE], AR AR A T SEELEE R 5 D RE R B AT
32 ECMEREZHMESHRETHXA

FIEAE D AR K R R R 2 —, LA PO AR R AR ALY AR AR
N, BRKERF ECM A 2 YRR ECS LR T RERAIAH R . ik XI5 ECM R 2 418
X5 RO A B B IR A AL A R AE B A pH VIR S . CABIFIESE, 1% pH R IKE)
ECM LB FEVA 1 OB R 220, 498 pH A LLSZ I ECM L A AR S LR 22 (AR, )i, =398 pH T DLIR
Ao AR 3R B AT IR SR (R 12 208 ECM LT REVE A 2RI, BEAE IR I3 T, pH RFEKES, ARIREK
Z M pHAEFIE R E 2R, BN 4 /MR 81T pHAE A ZEA K, (HZ B pHAE AR, 3R
85 ECM FUBE REVE o R AW AR o pHARLIE T DL 3o 5 ) S0 T I A/ Al )9 PSR e 92 57 20 R
REAIUY, R B ECM LB 2 REPERUIR, TRt 5% XS S FE A R PSS S 5= 20 Wl
PERLZEA RP,

3L RDA 70 #, TOC MITP 220 ECM H i VA S5 M O R R 1o fE ek ie sy, B s &S
2L R AN FL 4 R S5 I A ECM LB A B AR R AHOG, IR LRI TT RE S AR A 2 70 A LT o TR AR 3 X
SR, SR (R T R B AT ) 2 5 T R S5 A8 BT I A A, XSS I R BT B SR R 3 il 3R e
R8RS 7 MBI B, B 855 20 bR D0 e 328 38 A 9 ) BCM L TR SRR B I B v
g,

4 #5ip

(D HREEHRN: OFRILSRKERZ M ECM RERE T, St irmwE £ 2R E T4
THREIMTERE], XL R R ORI LR FLE R 22 R .

(2) MR TR Z S 456 ECM Hm YA £ 5 M R G B B B PN ERE AT 0o, K
BRI I SR AL A2 ECM H I HEVE (E AL RS ) L Z A K.

(3) FEHFR S FEE: OFRLHER 4 100 m Ak 1+ B A oA AT SR KEV &2 ECM HUA
REVEMARMK S, XEETE %R ECM B R R R & T AR SR 1 ECM
HE BRI+ L.

(4) KRB ELR 1. L3EpHAE. AN S BN 2REE B t0Fh L SR KR ECM J I
FEVE S5 R AN A ) 2 EEA AR P 1

SE WK :

(1] XUREE, F 5, 55,5 itk X AR A AT RREE R R g 2 [0]. B R 580K ,2012,35(81):315-321.

[2] Masson-Delmotte V, Zhai P, Pirani A, et al. Climate change 2021: the physical science basis[J]. Contribution of working group 1
to the sixth assessment report of the intergovernmental panel on climate change, 2021, 2(1): 2391.

[3] Zhao Y, Qin F, Cui Q, et al. Three-and-a-half million years of Tibetan Plateau vegetation dynamics in response to climate
change[J]. Nature Ecology & Evolution, 2025: 1-15.

[4] Sigdel S R, Zheng X, Babst F, et al. Accelerated succession in Himalayan alpine treelines under climatic warming[J]. Nature
Plants, 2024, 10(12): 1909-1918.

[5] s, 50 AR . A B B B 2 REVE I 20 AT R -5 ERENL T 0k R [ 7). A=W 2 #644,2013,21(4):488-498.



460 = A 2026 5 4 1

(6] BAAHE, H RN, K G W, 46 . 3 T BE 5 R 58 I8 3R AR M FROPE FE RO RE 5 50 AR DUME BLES (L 9 I (7], PR B R} 2%,2023,44(2):
924-931.

(7] %IR8, 0B, AT 2, 45 v 1 ot 8 5 2 A R 2 H R0 2 RE VR 0 AR SR (0], ZE 25 °#41%,2021,41(7):2783-2793.

(8] D, Ly . IR BRI SR B AU R[], A2 25 °#41%,2018,38(5):1521-1529.

[91 Gong S, Feng B, Jian S P, et al. Elevation matters more than season in shaping the heterogeneity of soil and root associated
ectomycorrhizal fungal community[J]. Microbiology Spectrum, 2022, 10(1): e01950-21.

[10] Vitasse Y, Ursenbacher S, Klein G, et al. Phenological and elevational shifts of plants, animals and fungi under climate change
in the E uropean A Ips[J]. Biological Reviews, 2021, 96(5): 1816-1835.

(1] 528, A 4E 51,55 SR KA R A2 UL [I]. = R AR, 2021,5(04):338-352.

[12] Sun P, Hao R, Fan F, et al. Adaptation of High-Altitude Plants to Plateau Abiotic Stresses: A Case Study of the Qinghai-Tibet
Plateau[J]. International Journal of Molecular Sciences, 2025, 26(5): 2292.

(13] i3, e . AR TR AR T PR A ELAE R 2 PRI B T JRe (0], T4 °7:41%,2023,42(01):86-100.

(14] EFE AP A EREAARICA LA B A L BB ) 20 THLURI ] o E R 2R AR 7,2019,49(04):436-444.

[15] ZEF HAK « U5 3 oT X800, AR /N WL, 35 A0 A TR 30 18 060 R A0 e A B0 A PR ATL AR I 78 ke (], thE MR AT 7,2021,34(01):
19-24.

[16] H FEREE e ks B 2k & Bk 25 92BN . e R 3 5 PR 56 M. AL 07 Rk, 1983:156-163.

[17] TR, EWIRI 2% 55 | i L o Bty L9 m D PRI FE D). 78 P bl R 2 24 (B 28 14),2018,38(06):121-126.

[18]

[19]

18] AR M)A A8 A0 A0, 55 kAR B O R L AR VG 3 A [RI 4 3389 40 & E A A RFAE[D]. v SRR ,2019,3(01):19-27+35.
19] K32, B AR, X A9, 55 . (R R PH 3 ik X 35897 o & i R A S AR (D). P e Mol R B K 2% 5441 ,2021,41(01):

140-150.

[20] FEAE T B LA A2 ML AR SO RS S5 4 SR K T ST D). IR s P9 58 I K27, 2023.

[21] B HNE M . AN ERE R A R Z AL M. R H R B e AR A HR Aol R 22 5F 52 i, 2012-
12-28.

[22] BATAZ, K L1 i), 55 . R RIL T MR T AA R 3 L VR S A R D BRI (D], Rl R}52,2020,56(09):87-96.

[23] Genre A, Lanfranco L, Perotto S, et al. Unique and common traits in mycorrhizal symbioses[J]. Nature Reviews Microbiology,
2020, 18(11): 649-660.

[24] Cao T, Fang Y, Chen Y, et al. Synergy of saprotrophs with mycorrhiza for litter decomposition and hotspot formation depends
on nutrient availability in the rhizosphere[J]. Geoderma, 2022, 410: 115662.

[25] Yuan'Y, Bian L S, Wu Y D, et al. Species diversity of pathogenic wood-rotting fungi (Agaricomycetes, Basidiomycota) in China
[J]. Mycology, 2023, 14(3): 204-226.

[26] XK, 5% A . 2136 i LR TUE R[], Mool A4,2012,37(02):47-49.

[27] ZEEA 58 KRR, AE AL as SR AT U SR [I]. B 2%41),2015,34(05):821-848.

[28] Wang Q, He X H, Guo L D. Ectomycorrhizal fungus communities of Quercus liaotungensis Koidz of different ages in a
northern China temperate forest[J]. Mycorrhiza, 2012, 22(6): 461-470.

[29] Luo Y, Bau T. Cortinarius jiaoheensis (Cortinariaceae), a new species of Cortinarius subgenus Telamonia section Flexipedes,
from northeast China[J]. Phytotaxa, 2021, 494 (1): 113-121.

[30] ¥ o 5, BBk P S U 558 . 22 1 8 3 SIS R L RN ok 22 R A B 70 S (). 43T 9,2023,21(21):103-112.

[31] VLRE, B8 55 XS, 55 . EA N MR A T R S T R v ZEL B L 22 R[], P B AR 272 B 2791, 2020,35(06):153-159.

[32] 2=V A4, 50 R . L BE VR A AL A 70 3t J (0], B A 2% #10,2023,42(1):13-25.

[33] i, SR I XA DL, 5 | B AR T B 2 FF 1 S5 0 22 F M: R0RH B AR AT 78 30 R [0]. AR 2 38 41%,2020,47(11):3918-3932.

[34] &5, 2 AW, EAEA, 55 B SRV AN R EE AR 140 N AR 3 R 4 5 B R AR [T]. B UM K 222417, 2025,47
(5):83-91.

EES 554 T



