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Abstract: To elucidate the structure and functional characteristics of soil fungal communities in extreme arid desert

environments and their driving factors, this study was designed to investigate the desert aeolian soils from Bachu, Pishan,
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Hotan, Minfeng, and Qiemo counties in the Tarim Basin. Illumina MiSeq high-throughput sequencing and FUNGuild
platform analysis were employed to characterize the soil fungal communities. The findings revealed: (1) A total of 1,719
soil fungal OTUs were obtained from the desert soil of the Tarim Basin, belonging to 11 phyla, 40 classes, 100 orders, 206
families, 375 genera, and 558 species. Among them, the phylum Ascomycota dominated absolutely, and contained a large
number of unidentified genera (with a relative abundance exceeding 30% ). The soil fungal a-diversity index in Bachu
County was significantly lower than that in other regions ( P<0.05). Significant B-diversity differences were observed, with
geographically proximate areas harboring more similar fungal community structures. (2) Saprotrophic and “other” trophic
modes predominated across the study area, whereas pathotrophic fungi showed relatively low abundance. Notably, Qiemo
County exhibited a more balanced distribution of fungal trophic guilds. (3) The soil fungal « diversity exhibited a highly
significant positive correlation with soil pH (P<0.01). The distribution of dominant fungal genera is driven by key
environmental factors, including soil properties (TN, TP, EC, pH) and climate parameters ( temperature, precipitation,
sunshine duration). Geographic location, climatic factors, and soil physicochemical properties collectively explained 33.
03% of the variance in desert soil fungal community composition. The relative abundance of symbiotrophic fungi showed
highly significant positive correlations with all climatic factors ( P<0.01) and a significant negative correlation with soil
electrical conductivity (P<0.05). Saprotrophic fungi demonstrated a highly significant positive correlation with soil pH ( P<
0.01) and a significant positive correlation with annual mean sunshine duration ( P<0.05). Pathotrophic fungi exhibited a
significant negative correlation with annual mean precipitation ( P<0.05). These findings provide critical insights into the
structural and functional characteristics of fungal communities in the desert soils of Tarim Basin, and further offering a

scientific foundation for biodiversity conservation and functional microbial resource utilization in arid ecosystems.
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WFAFAER IR R TEGUE IR SREE I K o 2R N PR A5 A T, M8 R 0 5 A 25 PR3 1 o 7 L
il P AR B . T AR AR LR G e v b S D I 06 5%, SR FH e e e 00 e B AR R B D) BE R 23 )
78 B 7R R L L R T A A 5 D RE AR, P B PE 5 2 Ml A 2 1 | ot 2 A0 e A S PR VR I ] ) 5%
Z DU S BRI S  AR AT 5T A S P58 A2 ) 20 A DR A R Rl 2 9 0 1 M B Al

1 RS

1.1 WS IX AR

B9 DXL T i 5 B R 2 b (34°207—43°39'N, 71°39'—93°45'E) , 4K 780—1300 m, & HERA MR T
BR IR S AFE SR 10—12°C , JCFE I 200 d, 4EH H BERFECILERZY 3 000k, B A E] 30000, £ XU 7b Fl i
DRAR, A XBEAKE2S 53 A AN R 53 M DX AR B K B R JR 50 mm, 28 & R Z1, 4R 78 & 7t 24 2500—3500 mm
(1), AHhZRES LRk RE | O R RV 3 G R 5 ) 2 R s A e BT 5L, I i
I3 o FIELAXID 4o 3 BN TR R 5 AR (<5% ) , S BB SER W, I ON AN ] DL A i AT Y
M ST AR S B A , A0 45 Z2 BB ( Tamarix ramosissima) WIEEEMN(T. hispida) 3556 M) (Alhagi camelorum)
JACACSE (Karelinia caspia) 55 , FEHAR BRI 00 K F 5 m, $E7 S5 AP EL, o221 2 A HE RIS 90%

R®1 HREER

Table 1 Overview of the study area

, SR " H R % kK
- . s AR 4EHy DR AERRE K
Plot Latitude/ (N) Longitude/ (°E) Annual mean Mean annual Mean annual
o atiude ongriuce temperature/ “C sunshine duration/h precipitation/mm

BC 39°19’ 79°11’ 13 2683.79 82.87

PS 37°33' 79°11' 13.12 2682.29 84.99

HT 37°34' 80°21’ 14.35 2582.56 55.72

MF 37°02' 82°55' 12.9 2694.37 52.37

QM 38°34' 85°46' 11.83 2804.8 23.54

BC: 4% Bachu;PS: 7111 Pishan; HT: #1H Hotan; MF; &3 Minfeng; QM ; H K Qiemo

1.2 HIEFACRAE SAb

2023 4F 7—8 1, 455 I S GORM A SE M 38, A TR AR A, DASAE R (BC) LI E(PS) T E (HT) |
RAFEE(MF) LHARE (QM) BENTRE X EOA MR IX . BAAPHREIX N E 5 A 3RS TE A T3 i 15
TS REH, B AR BEALAT B 3 > 1 mx 1 m BIRETT o SR T ACRAR SR A+ IR A0 1 DMREAERIZAETT .
BRI IX T 15 AT EFEAR (S Fibx3 FEJ7) HERAE 75 0y HHEREA . BRFEAI 2 PR 3. — &84 (60
g) BT —4C AR AT, 72h PO 525628 0 T - 80°C vk A P ¥ R AR AE, H TR 4L H IR B /> T A p
JE 3 T —HBr (200 ¢) B ATCH YA EAS T - B AL M B
1.3 KRR

S4B E T ES SR A5 0 (hip://data.cma.cn) |, ]S BB 2012—2022 4F | JH DL E4R
o H BREFEC(St) AEERIR (Ta) SAEY K& (Pa)
1.4 SRR vk

KA R AL A (EMS0, S [E) Mg + AT E /K& (SWC) o Ff RS HAA KT 5 2mm i, £ pH
{H (pH) SR pH 43HT A ( B T mg, ) M, A R4S (i, v ) 0 38 s R (EC) P 5 HHER AL
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W (SOC) T3 ETK (TC) A8l A HLER 3 MY (vario TOC cube , 5[ ) SR FHHRBE S AL-AE M BLLTAMEDNE
5 - HEAT HLER (SOC ) Hif FH G R AR 25 bR JICHLER ™ 5 HHE4 AU (TN) R EE B i HE gkl 2 |, £ HE 4w (TP) R
FEEHER BT LRI E | He ik I e 5 6 F 4 B Sk 2# 2 W AGHE T ( Smartchemd 50, B AA) )
1.5 HIERA T A T RERER 4

fifi 1 PowerSoil® DNA &7 £ (MO BIO 22 F]) X i 5 - e E A rfr DNA #4740 42, R F B 1R 8E 5149
ITSIF(5'-CTTGGTCATT TAGAGGAAGTAA-3") 1 ITS2(5'-GCTGCGTTCTT CATCGATGC-3") , %} ELF# rDNA ITS
X BT PCR ¥4 . PCR #3473 1A th b st B 3R A= W B AR A B F18H Tlumina MiSeq PE300 15
P 5 5K, PR ST B G, LA 97% A BIE XA SOF 05043 OTU, Ay B 1 A [ 1
BRSBTS T 5 18191 %)% 41,

FET FUNGuild S5 2 Xt 1 FLR 230 4t i 5 1 1 BC B 8 SR TR D BE R A T A0 S a2 Y 3 O F Bl ok A
B OTU Ja3L3R15 0 &1 4> OTU % 1719 4>, T FUNGuild 3 6 R /> B DI RERE, X815 B b <R ml g~
( probable ) Fl1“ 4% A §&” (highly probable ) (43 345 AT IR B o AW 5T v BL TR & 38 5 )5 46 Iy 4 B AR A7
i % NCBI B4l , W H 4% 5~ PRINA1222090,,
1.6 EdEAb3 553t

W AR BE = 10.00% 9 218 8 2143 A L 58 | 1.009%—10.00% H7 % L&, < 1.00% R 74 @ . FlH
SPSS20 #4715 4l Ab 5 4 #r, AL 46 R/ 35 25 ik (1LSD) RN B2 UK 2 AH O M K 39 ( Spearman’ s rank
correlation ) , i E MK T8 P<0.05, i R-4.3.3 b r 5t b B 2z B, 46 65 BRI 00T, o ZFEMETR
#1755 (Simpson | Shannon | Pielou ) , 324 #7573 41 (PCoA ) FHE B 1 2 4k KU 70 B (NMDS ) |, J7 22 73 gt 0 B
(VPA) BEVE LB 3 B T RS RT L B A e MR 1 53 BT. WEFH Canoco for Windows 4.5 i#£47 + 4 K
TR AR VR 45 P R - S PR RRPE R TUAR 31T (RDA)

2 ZBREHS

2.1 RV RRERE 2R S A
AFFFE X 458 i 4R A5 1719 4> OTU, 45 IX 35k
OTU it HEF  HoR> il >R FESFE>EAE (- 1),
Horp 35 OTU 0 h 228 4, 249 5 B0 13.26% ; 1
Rl A R R BORFEA OTU 40512k 116,88,
64.68 119 1>, M EL IR o 2SR/, B
FAR T HABMLIX (P<0.05) , 21l AT R K HoR +
HEEE o ZFEMHRREOC R E 2T (P>0.05) (£2), ©
TR ERE S S ALY B A E R 5 5 HOR
SRR 1L A A TR A IS 25 A S A AL, (R
WL Z A2 5 (1 2)
WX 1719 A% OTU 438, 3@ F 11 1]
40 44100 H 206 F} 375 J& 558 FhEH , 16 1KV L, T
BETE 1] (Ascomycota ) (548 XL #(F 3), H L4 (93. Tarim Basin
23%) >FIH (73.02%) >FF (71.14%) >HZ 1 (68.10%)  Be, 1 4 Bachu: PS. i 11 Pishan: HT: Al [ Hotans MF: R
>HAK(57.00%) , HIRKJEFH T ] ( Basidiomycota) , . Minfeng; QM; HA Qiemo
Fz111(19.30% ) >F1H (18.48%) >R F (17.07%) > H K
(13.19%) > (2.69%) . AP, K% 5E 1T (unidentified ) 78 ELA Bz 1l B35 R | LA (940 X5 3 B 43 91k
13.50% .9.49% .6.36% .3.28% 1 3.04% .,

E1 BEAZMTEIEEE OTU 4% FEE
Fig.1 Venn map of fungal OTU number in desert soils of the
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Table 2 o diversity of fungal communities in desert soils of the Tarim Basin
P Shannon F§ %X Simpson F5%X Pielou 754X =501 Shannon #8%(  Simpson 54X Pielou 8%k
Plots Shannon index Simpson index Pielou index Plots Shannon index  Simpson index Pielou index
BC 2.27+0.44b 0.56+0.13b 0.33+0.11b MF 4.78+1.14a 0.89+0.17a 0.62+0.14a
PS 3.99+0.66a 0.88+0.88a 0.56+0.11a oM 4.18+1.66a 0.85+0.21a 0.57+0.20a
HT 4.53+0.55a 0.89+0.06a 0.57+0.56a
BUE 9V b5 22 s AR NE FRERIR 22 53 8.3 (P<0.05)
3 F
- — T - - = stress = 0.2128
< / ° \} - = ~
/ i N s N
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Fig.2 Analyses of fungal community structure in Tarim Basin desert soils using Principal Coordinate Analysis ( PCoA) and Non-metric

Multidimensional Scaling ( NMDS)

2 BEARIMTETIEEEEEEMI LIRS (PCA) SIEER S HRE S (NMDS)

BC: % Bachu;PS: 71l Pishan; HT: fllH Hotan;MF: R 3= Minfeng; QM : H K Qiemo

Be . TZEH ] Ascomycota

PS +HFHi 1] Basidiomycota

HT %517 unidentified

MF #7155 1] Mortierellomycota
NN -

QoM A #1J Chytridiomycota

. ERFEH 1] Glomeromycota
BT Rozellomycota
F%1] Mucoromycota
BIEMERE ] Neocallimastigomycota
oAt

BEADMTE T EARTKFENFE

B3
Fig.3 Relative abundance of fungal phylum in desert soil of Tarim Basin

BC: E4L % Bachu;PS: Fz1l1 Pishan; HT: fIH Hotan; MF: = Minfeng; QM : HK Qiemo

MIEAKT-EF(F 4) W58 X B AR MR ULE S 20 J8 . Horp, K% & (unidentified ) AHXT 425
BRI, 07 LU A A (74.25% ) > H K (43.26% ) >R (28.37%) > F2 111 (24.00% ) > AT (21.61%) , 21
T & B i EL 08 B AR 2 5 B R (MY R 74.75% ) S @ TA& 7 H (Pleosporales ) , FHAY A4 2 & 40 80T HiA
KBt A AN EEYIAR L 5%, BIFEHIE (Chaetomium) A Bz 1 K B4 + I B IAREE , b 5
20.95% 19.39% % 17.17%, Rzl +3EEEH B LA Stolonocarpus(11.71%) Fl Holtermanniella ( 10.89%) , F1H
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Fig.4 Relative abundance of desert soil fungi at the genus level in the Tarim Basin
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ﬁiﬂ_{ Plots

] 57 bk (1 5) .

LA EL e e e v g A B R A L
T PP A SR A

W ks

Selwtesn

W S A
O R
e S
BB 2 SE AR

SR EE SRR

W 2R
WA A
[0 s SR

[CER-E

| BN
IS A
I AR A
[0 R S A
oAt A B

SeAE IR

W 3P SE A
W DR EAR B
| B

2R

B 5 BEARZMTE T IEAFRINAEFMNEFE

Fig.5 Relative abundance of functional groups of soil fungi in desert soil of Tarim Basin

BC: EL% Bachu;PS; Hz1l1 Pishan; HT; FIH Hotan; MF; & Minfeng; QM : HLK Qiemo
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HoAhE TR BB 53005 17.62%F1 10.83% , FEEAERDIRERE MR A E S A E 728 (14.68% ) F1ps - A -
LA SRR (6.49% ) A B3I A 18 v g AR R B BT 7 LU AR (29.96% ) |, e R g SR AR T R LA
JEAE LB 0 ) 5 L 21.34% F 6.82% , oAt 35 0 5 6.25% , B A A T e R 2 PR Ak A S
(3.08%) , BB 435 DUR A= 8 IR BURNHAD S SR A 3 (28.99% Fl 18.26% ) , H A 5 37 114 L T Al g 24
FEFRI G A (4.21%F0 2.40% ) 5 JE A2 78 37 10 B0 TR v oA 8 SO AR TR AN L Ab B 2B TR 5 L 450k 21.90%
F16.41% , HoAhE TR EL IR 32 B A AR D RE A 20 B0 AR 5 R 8 (4.58% ) RS HE - A SR A (4.25% ) Ko
PR-JE AR E IR (9.39%) , HAR Bl L3 &8 3 M B TR A AR B o 350 S A R R B A A
EFRALG AR 12.60% .9.76% 3.38% I 18.34% , Hiv =2 AR AR D REAE 73 51 0 A 8 S A= FUAT (9.73% ) |
AN A HR EL T (8.89% ) AW JFL IR (3.34% ) M8 A -JL A B 52 1 (8.92% )
2.3 VR R A PR AR OGP

L AT, R LR A He T T+ A B S B R (3% 3) . BB ELSBEE 0 pH B 5 I T LA b
Hi(P<0.05) , WAEE SR ILE TR H IS KRS, RS TRELMEKRE (P <0.05), FIH TR
T SR R, W S T HAAE ML (P<0.05) I AR HOR B KR FEBARYGE N, H 225 83 (P<0.
05), MINARFERFTEHELIELFSEEE S THAZM(P<0.05), FINESEE - IESBES e, BE 5
THABAEHL(P<0.05) , LAE 5 A1 S be - A HLAK % 10 o 3 e TR =M1 (P<0.05) . RFETREE 1 Sk
T 0 T AR (P<0.05)

®3 EBEASMRTR T HEEAER

Table 3 Physical and chemical properties in desert soils of the Tarim Basin

FEH THEE KA b SR 2R U A BB 2l

Pots pH SWC% EC/(pS/cm) TN/ (g/kg) TP/ (g/kg) SOC/ (g/kg) TC/ (g/kg)
BC 8.40+0.05d 9.33+4.38a 653.07+73.30c 0.13+0.03b 0.33+0.06¢ 0.63+0.12a 11.36+2.82¢
PS 9.07+0.32ab 7.99+7.32a 812.73+35.67b 0.71+0.09a 0.71+0.05a 0.33+0.08b 12.61+3.42¢
HT 9.16+0.07a 6.95+1.14ab  1003.27+86.90a 0.11+0.05b 0.39+0.35b 0.73+0.34a 14.03+3.46bc
MF 8.86+0.18¢ 3.65+0.71b 109.01+8.71d 0.74+0.26a 0.23+0.05d 0.34+0.06b 17.34+3.27a
QM 8.98+0.20b 3.72+0.13b 229.07+18.80e 0.16+0.29b 0.17+0.83e 0.36+0.08b 16.60+3.33ab

SWC ; 1355 /K i Soil water content; EC; 1 3EHL 53 Soil electrical conductivity ; TN ; 2% Total nitrogen ; TP ; 4% Total phosphorus ; SOC : 5 HLEk
Total organic carbon; TC ; 4xfik Total carbon ; $UE A F-E +brifE 2% A R/ING FHE R /R 22 57 B3 (P<0.05)

AN Hb X e T R LR RIS 0 BRI R Rl AR 22 5 MR AU Rl S b P TS 0T 1 458
FLDA RV AL BRI R 33.03% , K2 L5 R e 185+ 8 U RR B VR £ A2 T IR i S | AAR ) RR R
M 5% M) EL AR S 55 - 198 L G R 1) DG BR BRI R 3 U2 AF 1 H BRI, B BL e - S R i Vs 32 57 1 8 e |
R N AFERE , AT AR S DAL S ALK (K 6) .

AR 5 PREE AR 0 3 AHOC I FAR - BER 20 ) HIEE I (8 7) o B AN
KEBNE N, LIEPN F PR A0k SR pH S50 ) FLE R AL U 1 AR 5O AR S K
w5 PR 2RI AR AR H MRS 2808 A OC . Vishniacozyma Stolonocarpus E5¢ T J& J
LERTTR 5 A B R AAE B /K B A 1 35 TEAH G (P<0.001) , 55 4R 1 H R nh iR 28 B2 bl . 3 S AR OC (P <O0.
01) ., ARAJE Coprinopsis 4547 )& Schizothecium 54 Y51 i 35 1EAH & (P<0.001) , 54F Y5 H R B Kb
R AIE (P<0.001) . FRERTJE Cryptococcus FM RS WA JE Aspergillus 54341 H REBEIOH b 2 47 4H ¢ ( P<O0.
001) . AYE R 5 IRM W& A (P<0.01) , S4E Y H I E0 2 35 IEAH G (P<0.01) . Bl &
Mortierella \Acephala £ 1558 Monascus 547371 FNAF 24 5 WY £ 2 AN [) B B8 ) ARG, I S5 4R34 H BB B0R 22
FERARRFREMIEMSC, HEE S TR A WATEAR R A M B e S ek 5 SR
TIEAPLBTAF R AR (P<0.01) , 5 4Bl B 3 A DG (P<0.001) , BEKSEIR S T4 LR
T I pH AR AR W EARDC(P<0.01) . MhZS R R85 14 pH 5 2 IE ARG (P<0.01) , 2
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RDAZ2 (10.24%)

A QM

B = 0.6605

RDAI (14.25%)

6 BEARIMTERETBEEFRFHEEMEHRERFHTRSI(RDA) RFTEDH(VPA)
Fig.6 Redundancy analysis (RDA) and variance partitioning analysis ( VPA) on the relationship between fungal community structure and

environmental factors in Tarim Basin desert soils
BC: %% Bachu;PS: JZ1lI Pishan; HT: Ff1H Hotan;MF: )& 3 Minfeng; QM : H.K Qiemo; St: 4E34 H BRI 4 ; pH . - SRR 08B ; Pa . SF PR K
EC:i%%@%;TP:i%ﬁ@é;Ta:ﬂ’:i@/—:\ﬁ;SWC:itg/gﬂ(?rz;soc;igﬁmﬁ*}%; TN H3E45;TC. L HE4 )

— o

*k sk ok ks Vishniacozyma
* ko R Stolonocarpus
* EET * **% | BRHE Chaetomium
* wx ** | BIRFE Lasiosphaeria
_ *% *x% *kk *k * EEE] Holtermanniella
T * * * * *% YN IR Alternaria I
| { * * * o HBHTEIE Thielavia " oos
*xk * * *% *% [aERE @ Cryptococcus
~|; Aok k ok *k * th & )| Aspergillus 0 §
L { ok * . W A)E Coprinopsis =
oS sk ok S5 i J@ Schizothecium
- * PR . KU unidentified | B
*x *k *k * WARE B Talaromyces I
* * s * Y558 Preussia
* HLEJE Geopora
ok o * ok o o * W E R Mortierella
*ok * *k *k * Acephala
*% #% wx s *% 2Lh %58 Monascus
z 5 % £ g £ 2 g 8 B ¢
i & %

E7 BEAZMRETREERESHEEFEXESHT
Fig.7 Correlation analysis between desert soil fungal genera and environmental factors of the Tarim Basin
BC: %% Bachu;PS: {7111 Pishan; HT; 1l Hotan; MF; &= Minfeng; QM : H K Qiemo; * F/RMIIM: i, P<0.05, * « FRAHMEMN .3, P<
0.01, # = + FIRAA RN B , P<0.001; LON : Z2 L ; St 4F 4 H RN pH : L IERRBUE ; Pa E BRI  EC: 13 % TP, L AR Ta.
ARSI SWC: RHEF KR S0C: LHEHLEK; TN, L3R A TC, 134k
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a5 3 S RO 3 pH B B 3 IEA G (P<0.01) . Vishniacozyma K1 Stolonocarpus 5 134 #% 1
e TR B IEA X (P<0.01) , HMA5E)E S 1184 A W32 IEAHE (P<0.01) . Holtermanniella 5 + 1%
L B IR R P IEA G (P<0.01) . AR4EAE & unidentified 5 T3 pH S A% 3 HAH 5 (P<0.01) .

B R GHTEBE LI o ZHEMES 10 pH 24 IEACE (P<0.01) (3% 4) , Shannon $5 I
Pielou FEEU T AE B FE/K i 2 & AR OC (P<0.05) o SR8 F5 AL B TR AR X0 8 B 5 UM I 7 S A0 0 35 TE AR OC
(P<0.01) , 5 T8GR B 2 ARSE(P<0.05) o JE A IR BB RN 35 B2 AN 12338 pH 524 i 2 TEAHDC (P<
0.01) , SAEH) H MRRHECER 235 IEAHOC (P<0.05) o FHLE % B 0T ARG = B2 U4 2 [ /K e 52 I 35 TR O
(P<0.05) . Jp5 38085 A 7 SR 700 B0 DR AR T = B R - 18 4l 35 £ 2 W 3 1E A G (P<0.01) |, FIAR B R K £ i1 - 3¢
K E R B NAHIC(P<0.05) o i B A= oA 8 SR R B AR X 5 HA R/ S 5 B B IEAH K (P<
0.05) . JA: oA B R A BB ARG B 5 3 SR DL AR IR 5 1 A OG (P<0.05) , FIAR 34 H IR 400N
AR K SR I IE AR G (P<0.01)

x4 BEAGHWRETERRSEEMEFRMEANFES TREBUERMSIERFRHEXE
Table 4 Correlations between desert soil fungal diversity and trophic mode relative abundance with soil physicochemical properties and climate

factors in the Tarim Basin

TngR 2R Ak AR AFEHH

3 4k B AT=D= ARGk B
pH isi\iz /7 i;m EC/ ™/ TP/ soc/ C/\%ﬁﬁ/k : E,E/}C“‘“ WA ﬁ?al/“ kit
0 4 mm
(0S/em)  (g/kg)  (g/ke)  (g/ke) Fr St/h
Shannon $5%¢ Shannon index ~ 0.432**  -0.308 -0.151 0.201 0.015 -0.186 0319 0.081 0.046 -0.352*
Simpson #§41 Simpson index  0.513**  -0.222 -0.055 0.231 0.155 -0.195 0.246 0.084 -0.043 -0.298
Pielou 15 %% Pielou index 0.406**  -0.287 -0.167 0.231 0.056 -0.209 0.324 0.005 0.027 -0.334*
FeA:E FER Symbiotroph 0.123 -0.239 -0.376*  -0.034 -0.324 -0.207 0.254 0.423**  0.448"* 0.465 **
JB £ 37 Saprotroph 0.394**  -0.140 0.021 0.304 0.004 -0.048 0.194 0.345 0.326* -0.161
S PR F£7 Pathotroph 0.172 -0.206 -0.227  -0.015 -0.235 -0.061 0.094 -0.176 0.196 -0.352*
B _
AR RS 0.080 -0.345* 0312 0.078 -0.190 -0.131 0.427**  -0.219 0.230 -0.334*
Pathotroph-Saprotroph
T HR- I A R
Pathotroph-Saprotroph- 0.096 -0.206 -0.268 0.368 * 0.052 -0.260 0.130 -0.104 0.098 -0.133
Symbiotroph
TRy 2 i)
i Eﬂﬁ“ 0.172 -0.128 -0.176  -0.079 -0.095 -0.077 0.232 -0.230 0.253 -0.309
Pathotroph-Symbiotroph
15 9a vl s Wa = 1]
ML SUERSD 0.108 -0.247 -0.338 % -0.010 -0.263 -0.246 0.265 0.387 * 0.409**  -0.405""

Saprotroph-Symbiotroph
Ta: 445 Annual mean temperature ; St; 43 H IBAT 4L Mean annual sunshine duration; Pa: 4F¥J[% K i Mean annual precipitation; * Fe/8 A .2, P<0.05,
# o FORAR MR 2 P<0.01, # + TR MMM .3, P<0.001

3 e

31 FRHHER RIS S A AL

ARSI FE A B, B AR G e 08 1 e LT R 2 R 1 I 38 25 ) 0 S R A, DA e v b 8 R
o ZREREMRT HARMM, XA T SR o SRR EZ PR > R 13
pH 3 o A L TR A3 (A O, R (A 0 2 010 5 A, TR X L 9 14 A A7 AR A A i R A >
ELAE T 4 pH AR T AR DU, HL = o ZARERS RS T4 pH B 035 TEAHSC , UM 3 rp O
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% o ZHMRE . EREK RS Shannon 1 Pielou $8 %02 TUAHDC , 3X AT BEJE: FH T REAGE R W ER 0 FRAK T
e pH NI RE 0 3R B R BRI 1 B 2 R B R T R B 2R
S22 SR IR B R 0 bR A AT 1 LA R S DX VS B B VE A AR L, B L 5
P 31X 575 5 1 98 L AT PO TRV 2 AR B T L0 e 15 - 3 L T O R 4 1) 5 At D B 22 e W

P& UK 2 S 1+ LR VR LR T o R T TR AT HP R T ] xR, XPIEE N
ZHEAR, MR TRAESREPHRMEMEF W EZIKSZ T PR E R 0] 7= A R RE I R IR T
(R ) ST A T (I B 8 R R T ) | BB S A MR AR U B R TR 0 S IR
IR FLF e R AR R S A T R f RE T 35 eI h R A 2 AR R B A BT [ Bt 7 S K
V- bR M€ S8 (unidentified ) 755 b R X = BE AR B, 1A B R 0 i I e b B 2 1 R 4 R
ARVUIN B, R m A ek TR 2R A 1y TR R RS B R LSRR TR L H O
BRI RE I E B TA T 38 M AR SR W 5 57 bR ity A S5 7 2 iy SRRV T 45 2R Y L B T s B B A A
FH B2 L B s = EL A 3 be - B v A3 ORI 2 AR IR A I E i B A BRI AP 4 R
WA 112 DRI , % SR S P BR A R 7= A UM M - Stolonocarpus J& & KLU+ AL B A R4 R, 5 1
T P A Xt B FEL AT WG T 1 TR AR S 2 SR ALY . Holtermanniella J& 2 B2 1 32 55 - 396 BU B (4 £t 34
J& B K 20 B AR AR TR  RERSFETT I - 8 v i, T BB FL Al Ak = A 3 o M AR AR A5 R SR
FoIB B R R TR A UE LA A AR B SR R R AN RE S o A Y R A AR i i
SER ALY, AT SAE YR R T B IR B BRI SOK A FRFR G R ST B 1 2E K B B R S
Bk w2 A e i S B R I DL E | T AT Y R R o AR Sk B SR A A LR S, T
P T eI A A R G T I RAE FR R AE ST T

TE3E ORI ST 58 1398 vp B AR 78 SR B LT AR X T BE R, ELLAR G OB A= B R B B o £ A5
RE B A ILTERES PR AR AL TS YA S 2 S5 BILT, T A B HC R AR 78 IR B D TR AR B SR 3158 vh 3R A48
S I BB ATAT AR AR ET 1 AN M RIS A MLT B AE T PR STV A ML T A
YERT . 7E3EBORZE SR T e rh i B IR A L s AR, 202 b T8 A T B A& A H 2 R DLk
(AR BRI D7) BIRE ) FEBEIRTE G b G HR D03, [A) I S d8e 138 pH BRATEH i 5 ot v A1 s 12
HETTH B S TR R B A SN TR ShA B F5 A L T I 5 5 b A K R 4 P A
AEUIRR . HAR LSRR A rh I A 5 557 R B R =5 5 R, A 75 57 0 L G 3 e Rk g el vy A (A
AR ) A2 25 A ML 3 25 - ML B3 | ) Bt T 158 398 v 27 AR A R R R RE 7 L HA R
I AR B IR AL 5 LD TR R B T I R D) IR T 22 G S VA R AR AR AT B
JETFRE AR KB A S D B B A R Ok, AT RE S T R A I 2 AR R B
froed, EEGEFBIE D - A -2 B IR R g B0 A0 8 SR B R A - 8 R R LR A3 D g
FME, FLRREVE N T35 I B P BT (AN SR Ak R SR IR ISR ) TR AR TG s NS R SR T
X, BHUHF — B EA 2R RE S R g
32 FRB AR SHER R EIACOCR

A A BT AR 5 ) R IR 2 B R O R T R TR R A
FRHY 5 IREE PR - Z 18] (R AH DG A 7R 22 57, 31X AT RE AN [ T i L T 190 2 SRR P R A 35 >0 A ], vk R 58 3 B
ARV P o 3 S ) ST T T SR L TR VR A5 A0 S PR A T AR OG0T, R I ek I SR L+
5 pH S T B R ARG 5 SRR . R BT 3 N A T 0 A A AL R R e R, R
FEOr O AR LA A K S A BE ) T SE G BE 1, MR MR VRS S LB BV IO SR AT RE LY L S
by DAL 0 1 5 R g R 0% K P S, AR B T ER B4 ™ B ) IR L AR SRR S 1 pH B A
TEARSG SRR AT b A B R AR LR T F 2R, AU TR 17E pH 5 m i R
FEERE Y R o ZREVES pH S IEHIDE(P<0.01) 5N AT AR pH T i i e HEA HLTR ok
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P& R BRIRAT R, BT A B 22 A LR A AR AR L BT IR RE . R E TR 5 pH TS (P<0.01) , KW
L S PRI pH A RERE AT AEIE 1 e BT y CINGR 3 it ) B8l 1 Rp s R LR R IS MM,
S A5 1 pH K34 R BN LI, i R 0] RE PR B T L SR AL, AR D 2 LR R R S
R RN R IEAR DG SR B B R R R VE R R AR T AR T, 2 R S KRR R A 1T
FECRELD 10T RESE P 7 S K BRI B0 T BT )™ A S 2 T 22 JF REAR B AR E | HETTI8UR K 73 i
X ELT A BRI

ABIFFEIE T 24144 ARK (20122022 47 ) 1R 205 BRIV SR AL, A7 R0 AT 17 JEC A AR 7 X DX I A B
JEE AR e SRR 5 (E SO HURE R BETA 36 2 19 Bh AR, 5 2R 2 3 I IR AL IR . AW S e B2 O B+ R
JE A AF R R B 0 E IR A OG I T B T 5 T - R Vs A5 R A, X6 K AR R A I ) L DU
AT REVS S R T3 R 5 A o TR LT PT RE S AR DR B s MO L L R AR H A AR
WE GG, ARy H IR RO 3 A A5 3 R P A2 A LA R A A A A 3 T 28 (1 3R 35 IR R A9
I B B RS AR Y R M R BT AR H AR DG, R T R A R s T S b 4R
WPRRAE o AEASHITZE p A B, 36 A 8 SR R I B A AR X = B 5 A 0 A7 249 RS A A AT S B A0 5 )
IEAHSER AR X — 2P UESE T 4R 8y H IR R0m i S AR AR 28 A0 7, TR 42 - M 0 B A A5 D RE B T 224
BLI o I B RV 2 A K 2 AP AE S A IR D R 302 pht TS [ L B e 20 0 Bk 8 A P 365 1o AR [] % ek
A ARAT B A PR EE AL, o A 5530 A Y B R R 39 pHL A5 DR T e B, 0 ARBIR ST p R A R R BRI AR
X2 S AR R R K B S B S TE AR O B R L B X R B S AR R K B B RO DG R A IR AR S T
VAR g /K4 A I B0 S AR A RIE RS AR AR 0 I3 22 | BE 2 e ik — L8 S S AR ul AR Y
A AR T S IR AE T A A I8 i IS FR B L e FEAT 1 Al afe 2 Bl 35 R B0 ) £ A9 5
P58 A T S AR LA R ) 2 TR S ST, A ELOR B S 358 4 8 I 458 R R L T R ARG 2 BE B 2 i At
EA TR, X5 A S B PR 25 S VIR G . il BT R 0 i DX e v S B R P A R AR DL,
REFFEUL A AR , LR M R0 5 22 57 v BB S A A BRBE 22 53 AT Sy L S SR D RE R

4 Zig

(1) ARBEFESE 7R T 5 B M0 5iE 355 - 39 S0 RR1RE 94 2 A A7 S0 5 2 () S DRk R R B ak s Ll LR L
Tl IR o 2R EUE LT HABIX IR (P<0.05) . B ZFEME R B 25 A4 AR, BN 4B X 45K
[ P L B A AR AP . LA L B LA S o D RIE o 1100 8, ARS8 TR A R B o e, B
Ty HT I 35 LR 8 R TR 8 57 B U O 2l I S5 D RIS , v B TR AR AL A 8 5 R B ) 2 8 B 5 D 11
1T HAR BB Ry ) 8 SR B X i o3 A A% Ry, 0 I JRy SR 58 ) 1 Eh B 5 BLAT TR

(2) BRI PR 1 oF LT 20 R SRRV R ) DR PS8 N A TR 22 4 SR A, T LR A o AR TER AL
54 pH SRR IEARSC R E A5 A T R AR 4 Rs . LSRR A 2 TR e T
R pH AR AR K AR H RIS 1 Z 3R 0K sl BT 2500 e At (VPA) | B
A DR S PR B AR TR AR R 33.03 %% , RS TiE R - S8 L TRTR U R A e RGP S s A [
YEHIAS R

(3) Jie 15 - M TR T REAE X PR 5E A 1 B 0 7 2 A 355 SR e S 1, AR SR R R AN R R B2
SIS e GRS UM C (P<0.05) |, B A 2 I A7 A A B A 2 KR
A E SR B I AR XS R R -3 pH AR H BRI R 1 TEAR DG (P<0.01) |, $27R Bl e PR 5 A
GEUR A fe A AL 0 R K S AR 2 o0 5 B R TR I T PR 2 S R S K o B 3 RO G (P<
0.05) , FTREYR T 1 S Mihae X 1 = -9 JEL A ELATE 2% B AR
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