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Abstract: Soil microbial diversity plays an indispensable role in maintaining ecosystem functions. However, the relationship
of soil biodiversity—ecosystem function ( BEF) remains debated. Existing studies of soil BEF relationship typically focus on
the diversity metric ( richness, Shannon’s diversity index ), neglecting the importance of complex interactions among
microbiome members in the BEF relationship. This study was based on the alpine meadows in Mount Mila of the Tibetan
Autonomous Region. We used Illumina MiSeq high-throughput sequencing technology to measure the soil bacterial and
fungal community characteristics in six elevations (3755 m, 3994 m, 4225 m, 4534 m, 4900 m, 5120 m) and analyzed
the links between simple soil microbial diversity indicators ( richness) and co-occurrence network complexity and ecosystem
multifunctionality (EMF) , in order to further reveal the relationship between soil microbial diversity and EMF. The co-
occurrence network analysis showed that the nodes and links characterized the complexity of soil bacterial and fungal
networks decreased significantly with the increase of elevation (P<0.05). Soil bacterial and fungal richness and network
complexity showed a significant downward trend along the elevation gradient ( P<0.05) , and the decreasing trend of network
complexity was more obvious than the corresponding richness. Soil bacterial and fungal network complexity and richness
were significantly positively correlated with EMF (P<0.05) when the environmental factors were not controlled, and EMF
was more strongly explained by fungal and bacterial network complexity than by diversity. After controlling the influence of
climate and soil environmental factors such as mean annual precipitation, mean annual temperature, clay content, soil base
mineral cations content, soil acid cations content by partial least squares regression ( PLSR), the significant positive
correlation between soil bacterial and fungal network complexity and EMF still existed ( P<0.05), while the significant
positive correlation between soil bacterial and fungal richness and EMF became irrelevant ( P>0.05). The variance partition
analysis (VPA) was used to include the environmental factors into the influence of EMF, and the result showed that soil
microbial network complexity and environmental factor explained 80% of EMF variation, which was higher than that of soil
microbial diversity and environmental. Structural equation model (SEM) showed that soil bacterial and fungal richness had
an indirect and positive impact on EMF by promoting the corresponding network complexity. In summary, the results showed
that soil microbial network complexity was a better predictor of EMF than soil richness and microbial richness on EMF was
indirectly driven by positively mediating corresponding network complexity. The results of this study extended the research
on the relationship between biodiversity and ecosystem functions, and proved that microbial richness maintained EMF

mainly by promoting corresponding network complexity.

Key Words: environmental factors; elevation; microbial diversity; microbial co-occurrence network ; network complexity;

ecosystem multifunctionality

FEYIZREE S A RGIIRE (BEF) (06 R0 B AR B A IR R ) A R T 2 Bl s A=
BRGMEEL ST FEFR MG AW AR R A K S5 A S TR R G AR
TR YA RA R A 2 R i AR R AT AR S R A AR TSGR L 48R HIRRIE 24
P SRS TIRERSC R IR T O AR RSN ANE T3 35— 2 2% I A W R 2 A A OGR4l
X BEF (BFFE 2 M T T 51— ST S AR M BRI OC R T L BEE BRI TR A, AATTE W IR B 5 2 114
Y ZHEPERE B R A E S RGN Z A S RGN RER SRR RE ) P A S R AR RN AE R Z A S R 5
IR S5 IRETTE N AE B RGE L UIREME (EMF) ' A T o — R S T RE RIS, EMF 1] ffi 2 ) 2 1
1 Z DIREITCAI N, I LA 2R A DR BE ) DR EMF RE ST AF M S B BEF X

LIER A R S S R BRI RARAFEAR P BARMIC I IS A o 7 A ]
St SRS R R WA Y 2R S AR IS T R AT AE 3 1 IE AT OGO AR (EAR A B9 s T R A7 A
FORSE S FITE W CIOC R EIRTIEE T RUE M S R RS E 5 EMF 1SC R RIF, 20T
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BB A EA R R EAES REURe 4R e 9EH . 78 AARIREE b e Wid 2 B ] | 5 4 S
FEPUAE— 25 B A2 A A 25 A B OGN 457 ) N A S R G IR R B
TG R BAE 6 IEAR T RE A IERE 0 0 b Ah , oA 1] B R B AR FF G 2R 2 st 1) 2 i ROBE (1952, AR ] )R
B Ll — A Rh ) () 2 R A AE 22 55 2 A A A7 A O AR B AR R R R DC R . DUEE RO BF 95 2 3
IR DR AR AR R G Y RER SE MR, SO LR G TR R A TR AN TEUE ) BAE 4% X EME 520 Y
WF5E, RS RE 41T S BEF 6> )

T LI N 48 ] 4 7 T A W (R 52 2 O AH AR FHOG R | RE S ey b 2R AN fig S ) A 8 B R A AE 2R
FRUT 2730 MY 20 e A ) A B A ) B I % (i 4 X m 2 AR R AT | B 0 T 4 25 4 5 AR S T e T Y
KR Z St — 5> Wagg S 0 i % U W) 2 Rt b R0, B 2 9 BE AR R U W 45 B
ZRPEFR AR R AE AL W 1) 52 4 AR EAE O &R UESE 3 N 28 B 2 VEAE e 5 AR S R G UIRE Il kA5
FOAEF . X TR 5T 38 3o AN [R]FLAR 0 R0 X6 AR R A 25 R G0 R AE 3 1 3 0, AR 9 Sl W MR RS 2 7324
BTN EES Z AR s RS TR — R WLV B A AR S T R R 2, {H % TR R A
FIRETE I ANBEICTR A SRS T A D iV, T 0 e A SR IR P IE AR AR I8 Ak R 43 19 A 4 RS SR 4R i
¥ T — 250 A AR A W IR TR L RIVE R BRI 25 R AR 9 SR FH U 18 A 4 6 40 A S
B UE N 2% 5 22 5 EMF IR DU AT AE ) BEF CRITIAR,

T K e e T S e v R T R e R P v i, ZE TR R KR 8 30 A DA B AT ALk [ 4 2 A= S T g
I KA B B R S SR R G AL o R, SRR A S E A Y 2R

FEMX EMF A AR e e iR R G HA R i b AR 25 R e 6 Y W53 DX S i
PIZREPE ML S 25 PE 5 EMF (1956 R 3 @ ERARETT 5 T M8 R U AE S R A S RE R i fr BoA B2 5

S T AR S R G AN L R A AN IR R T 25 S R, R DR S S R W R A
B LA B A O B AR A 27 0 TR AR RIFSE T 780 e Dt i 2 B A R I T 6 AR i B (3755 m 3994
m 4225 m 4534 m 4900 m 5120 m) , 708 TR ZAETE RIS S 28155 EME IYIRAR | BE— 248 78 1 X Bk
MEEMZ RS EMF R, UV B A1 55 T e 8 A 35 R Ge R S D RE R UZE My iR e AL 4R (AL
ST A4 LA

1 #R57EE

1.1 WA

IFFE XA T PG 1 97 DX K BL L P 3 (29°49759" —29°49742" N, 91°37'55"—92°20'22" E) , i 3700—
5300 m, XIRAEH IR -0.8—5.39C , 4ERE/K it 250—640 mm, A EI], ZEE P TAEKTE(5—9 1), BHEEAIL
o LR D R L ) R L FE VR S T R R R DL S e Ry B R R (Aristida
triseta) | [E VP HL( Orinus thoroldii) B S HEF VN4 ( Tripogon hookerianus) | ¥ ( Pennisetum flaccidum) 2450 %t
¥ (Stipa capillacea) KT8 (Stipa bungeana) A (3738 YRR = R (3755 m 3994 m 4225 m 4534 m 4900 m
15120 m) PG RE B ] — B H TCH] A 58 MR TG 3 T80, BA R VE R BOR T 338k PERY 6 1> 50 mx
50 m BEHE
1.2 FEfCRAE

T 2019 4 8 A (i XA A= 9w e R AH) 78 6 AR P DL A2 i 19 U 30 98 BORE O =015 & 20 A4~
1 m*(1 mx1 m) B (B 1) 0553 I T D930 T8 B DA~ £, LUEAASE T AR P 0 b B 0 A Sl i) 22 1k
(Plant richness, PSR) 645, FrHUXIEIC A ATV BT 105 CHERS 0.5 h AR T7)5 ,60°C HE 2= fH H, FREE
RUAS M A=, AS B9800 FH AR 9 A6 ) 5t SR AE i 13§ 9] 9% 4E 7 7 ( Aboveground net primary production,
ANPP) P A BRAEFR LR (AR S om  UE 20 em) BT RSE 6—7 DT RE, BRI S
Y&)JE 3t 2 mm A0 K A AR 5 3 P40 . — B 20 1 & N VKA T 4°CARAE T T R EAE R
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TR HE A T BB A8 b5 5 73— 40t A7 T - 80°C vk A4 , H
TP [« o '
1.3 S M- e

P EHEEK 1.2.5 A BGE IR, 4 H pH 11 (UV-
1800, Shimadzu, Japan) & + 3% pH (., R FHHLT %
I 72 385 7K 32 ( Soil moisture, SM) , EARERAE N FREL 5
g TIETE 105CHE 12 h, B 1 g KT 4, A 20 mL A9
0.11 mol/L LR, ST B.0ALH L 30 rpm B0 20 h, J5 1
3000 rpm £5.0> 20 min, 15 3| 4 0] S B RS 5 (Na” | ]
K* . Ca> Mg™ AI™) $2HY), Bl 5 {4 ICP-OES( Spectro [
Analytical UK, Halesowen, UK) maE SR, 2R [
Kettler 25 A0 (1) 7 Bkl 5 4358 s, BIRDRL BkE A G
B (Sand%, Silt%, Clay%) ., HARERAELRITF .
15 ¢ AT 38, A 3% M B FREN AR 45 mL, T
A X IR BN 120 rpm I3 2 h, J5f T BT
0.053 mmii i SR WA, K 3k 0 5 1Y) 4 B R e 43 Fi
L, EIRTEE 2 b, LERETR WG B o Bk, DLUE SR
3R, KSR B AR R RO AL T 105°C T M 2 EE , 1A b R AR R S T 0 A L, B CR RRE R
B, 100% U8 25 W0 6 ARy B 25 45 Bk & i, it CHELSA (http://chelsa — climate. org/ ) 78 30 §R b
(231 km) 43R T 15 3] 6 4K A 4E IR ( Mean annual temperature, MAT) F14F [# /K & ( Mean annual
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precipitation, MAP
1.4 DNA $RHC mod iy L AEYE B i

AT AESFREL 3 1) 0.25 g 13, % PowerSoil DNA 2B 7] £ ( MO BIO laboratories, Carlsbad, CA,
USA) Ut W B HUHAE D) DNA SRS G IF LA R 22 . 76 1% 3R BEREEE R 1 73 25 A0 DNA £ 50, OF
i H§ NanoDrop UV-Vis 436G EE 1 (ND-2000c, NanoDrop Technologies, DE, USA) I $2HL DNA A% ¥k B Fi4l
BE . ffiFH 515F (5'-GTGCCAGCMGCCGCGGTAA-3") F1 806R ( 5'-GGACTACHVGGGTWTCTAAT- 3") 9 14 4
16S rRNA %t A ITSIF ( 5'-CTTGGTCATTTAGAGGAAGTAA- 3') Fl1 ITS2- 2043R ( 5'-GCTGCGTTCTT
CATCGATGC-3") §" 3 FCBH ITS HER 1 I ad b i 36 7% AR W e 24543 FRZS B 4E lumina MiSeq 15 - 5 4 5 4
YA T R E Y

% Caporaso o N Oy | QUME 1.9.1 X} AU A A o 4, BARAE IR AT < (1) 7 50 bp AYM
S A, EERFPAIF BN T 20, KBE/NT 50 bp FBORIBRELEL; (i) RHEER T 10 bp BHEZ FESIHE T4
e TORABI LR (iii) HAIE barcode 15 1WIXIM4E i, IF R4 PP 815 1), Bl fEH] UPARSE 1E 97% AR
B F 5353 245 B 58 ( Operational taxonomic units, OTUs) FIZEHA A | FT SILVA 0428 (SILVA 132)
il UNITE ELEA ITS B0t (7.2 i) , A RDP 432538%F 75% AR OTU #E4 74328500 A
BEREVE Y OTUs 435I E A 40 ( Bacterial richness, BR) \EL# ZA£14: ( Fungal richness, FR)$8F5,
1.5 ABRGINHENEMESREZINREMEREOTRA

ARWFFEER T 5 HIERUE DR OIAR O 10 MBI RESHORRAE EMF, DL E IR S 8 E i) 2+
P (PSR) 5014 7= 71 (ANPP) | 384 HLEK &% & ( Soil organic carbon, SOC) 4% & # ( Total nitrogen, TN) |
A A & & (Nitrate nitrogen, NO;-N) %% & ( Ammonium nitrogen, NH;-N) _EB§ & #& ( Total phosphorus,
TP) . 347 %0 5 1 ( Available phosphorus, AP) BRE™ 1L N N,O HEML ; X L6 S HUE 411 EMF #5532
MRS TR AR 2 Hoh PSR il ANPP 5444 K A5G, ANPP AT 42t A (A R 551,
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SOC TN \NO;-N \NH;-N TP AP ficf™ ft i #8F N, O HEB 2 52 M - e 1E A= ) F0 A= ) 2o 72 10 OGS g e | e
fIEA: P ER AL B BR LSRR A7 F% 50 AT PR R SR 3171 51 PSRRI ANPP 5 7 3 b SCRTi
SOC TN \NO;-N NH;-N TP AP @i fbi# M N,O e A SRS E & H i . F 1 mol/L 3R R J: Bk
+ R IR IS |, fF H TOC 23 #714% ( Shimadzu, Kyoto, Japan) l5E SOC, % BRHLICE &k, LM -1R &1
A )5 , 471 2300 Kjeltee Analyzer Unit H 317E &L (FOSS, Hillerod, Sweden) i€ +3 TN, {#iFH 2 mol/
L KCl 3242 399 NOZ-N F1 NH;-N, il i Flow—Solution analyzer ( Flowsys, Ecotech, Essen, Germany ) il &
NO;-N FI NH;-N & i BT — 5 AR T & A2 TP 0.5 mol/L NaHCO, ¥ i $ B 1392 vh i + 352 AP,
SR FH A B (ki i 22/ 6 BE 3T (UV- 1800, Shimadzu, Kyoto, Japan) llzE TP Fl AP &5, SRIRE 371k
DU B IR AL R N, O Jl =, J BP0y 40 g W 13853 51 8 T 250 mL | i H, InZE 4K
B HA KSR 50% H [H)FF/K 38 ( Water holding capacity, WHC) , LR L Mm% &, F 25C T i 5% 6
Ko B—4>20 mL IR, A S mL 1 mol/L NaOH ¥R, B K5 L 8 F Hovh — A 1Y ) 1 rp 2
EFHIFR 30 K ES IR A5 2.4.6,10,15.21 30 KR EHHTH) NaOH R BCHE L, 0T 50 198 T 5 vk 0
NaOH I CO, , LAHAR B - 3Em ™ L sl A2, 55 — A4S HA TIE N,0 i fE, T552.4.6,10.15,
21,30 K, i AR A 60 min, IE-TF45 10,2040 .60 min il AR RAE N, O, Kl 4 21 19 AR 55 B
FIE B 8 A 3% 4L (HP7890A , Agilent Technologies, Santa Clara, CA, USA)43r#71, X4~k
FEH 60 min P 4 A0 5 (B AT TR PR AR (115 B 4R A H B9 N, O i

R E LA EMF 4588, E58% iR 10 FAESTIRESEGE T (X, —X,0) /(X — X)) deifEdL, 7
THRCFEE NS EMF $5550; H X AR AR B YIME, X, ORI A FE I iR K AE B DI RE(E, X,
REFEFAFE T W NESDIRE S
1.6 AWl 2 A i 5 4B

P T (A ) 300 ) 245 A X 32 7 R R PR 55 2o 0 56 B 2 2o AR S i 2% | R A AR JF 5 % Y v
20 NHETS Y TSR IR IS A LR B I 2%, T e KRR BE U /D bR A A0 B X AR ) PR 2 R S, A S )
2 T, B BRFRE/N T 0.015% F1EASAE ) A i TR/ T 5 1 OTUs,, dl 3 155 Spearman AH ¢ 52 £UH
Jaccard i8S 5T BEHLAE FE S ( Random matrix theory, RMT) J7 ik, Bfi i M L i AL A0 HL B0 I 28 ) BRI (E 2, 38
1 Permutation F1 Bootstrap , 1618 1000 YK 345 Spearman #H5¢ R EUH Jaccard BEESAY P E, SRJ5 18 Brown's 77
A iR PAEPY , AR¥E Benjamini—Hochberg 25 A7 i 77 145 False discovery rate (FDR) %t P {H #1742
IE, 1 FDR RIEJF A ST B M (P<0.05) B9 R R LG M2, (1] R 15 igraph 31 Gephi X ¥ 4%
AT AT RAL, BEJS B AT R 157 igraph fLAY subgraph pREM b A B A4 () 25 6 0 4 P 4R BRURE N RE 7 (
AR A 20 ) 1 R4 (Sub-network ) , 54> W 45 i D7 BT AL 5 19 OTUs LAK OTUs [8] 1 2% 2 44
S T RAE M 4% ) 58 2R B T 2 (Node ) | 381 % ( Link ) . 3% 32 V£ ( Connectance ) 1311 %5 JiF ( Linkage
density ) FELER I ARG | DRICASBIF 93 fiff 1 0 % FE A 24 LT ( Fungal network complexity, FNC) FI4H T X 45 &2
%4 (Bacterial network complexity, BNC) 484" » 7 DI#EsHE EMF B3 &, 1948 OTU, 14 OTUs
(] AR I0R 2R, A HE P /s I 208 v 4 s 18] S B & A AR AR O A (G2 ) o 8 v 7 AR AR P (GGA %0 1Y
FA, 320 %% B Pt BBk DAY s A g e
1.7 it

TR AR 28 77 2253871 ( One-way analysis of variance ) Fl Duncan 22 55 HL ARG 56 Hb 388 A (] V4 1 B2 (R P4 5% [A)
F(SM ,pH Na" K" Ca™ \Mg2+ AP \Clay .Silt ,Sand ) 284k, >R 32 14343 Hr ( Principal component analysis,
PCA) 73 I E B H 1 Na® K" Ca®™ Mg™ Al H' A" 5% & (1955 — F i/ VE M AR ER B 25 (Soil base mineral
cations , SBC) FIFRM: B F (Soil acid cations, SA) IZEEH8FR, TG AJG LA, 381 $EECE B nl b ik
B E) ROl 3 Fre /N 3R 5k (8] )T ( Ordinary least squares linear regressions ) 73543 M s A= ) J@ v
(BR.FR .BNC .FNC) 5 EMF, ##k 56U ¥R PE(BR (FR \BNC \FNC) 3G 5, ffi 1 Pearson A8 5537 43 51l i
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Ve 5 AR YR ( BROFR . BNC FNC) il EMF 24 5 25 AH 5G9 R 2B 9 IR 7, 38 3 i 28 1 51 15 ( Partial least
squares regression, PLSR)HEFR FiRIEA Wy HF52 0, 73477 i 2E 9 )@ 14 ( BR \FR \BNC . FNC) Fl EMF 5%/ ¢
o KR Y X EMF (952 0 24 A 5 22 43 f# 43 BT ( Variance partition analysis, VPA) , TFAl A% ( MAT,
MAP) .+ 37 (SM . SBC .SA .Clay . Silt Sand) f#E4 ZFEVE (BR FR) FIAE #4552 24P ( BNC . FNC) X
EMF B95200 3 A4 2 254 77 AR Y ( Structural equation model, SEM) #E— 73 M1 #7855 X 7 ( MAT ,.SM . SBC .
SA Clay) BU/EMIZFEE(BR FR) BZEHI M4 2 2 (BNC FNC) 5 EMF (9 BRI EOC R . (EEFT SEM
2 AT, B T R I BOE RGN FRIFOCHR (R 1,181 2) . SEM 43 Hr R X 81 R 35 75 1 scale
PREGHEATARIEAL, HiE 3T Pearson AHIC /AT ORIE T A A8 it ] A A7 7E 1 2 MG &R (P<0.05) I HAFTEZ
AL (r<0.8) , BEILE A E DL T £4:0.97<CFI<1.00;0.95<GFI<1.00;0.95<NFI<1.00;0<X*/df
<2 H 0.05<P<1.00;0<RMSEA<0.05 H.0.10<P<1.00, Ztil/-#ri1 R 4.0.3 52, SEM Z3r# fi IBM SPSS

Amos 24.0 S8 A, 22 EIH Sigmaplot 14.0 58,

R1 FEMFRERERRERE

Table 1 Rationales of pathways in priori structural equation model

4% Pathway

& Y& Rationale

LA T — L T

2.5 N T LR
45N T B R 2R

35 R T4 M 45 2 A

5.5 R F— B 45 R 4=k

6. TR TR LM

8. TN T LR

7. RN T FE M 45 2 At

9. - LK F— 4N B I 45 2 =tk

10. 4 Z R B 2 REE

L1 AHBR PR 265 52 o BLTRT I 245 52 ek
12 40 SR E— 4 T 25 52 2=k
13. F L Re M — B M 5 etk
145N F—E B R G L RENE
15. HEN T E B R G L IREN
16. 41 ZFEtE— LB R G L2 hgdE
17. K 2L R G 2 DR
18. R 26 2 A B R G 2 T
19. B M8 B At B R L hk
20. -3 T — 1 e F kit

21 HHEE K HIER R T

22, B IE R 1o LRI T

S A em i KA TR e - S | 38 pH A S B T (0 AERRK & S
sk AEle)

AR IR T2 L S My SR BN [T B0 20 R M 22 RO TR ) 4
By R L7 65

AT 3 VR A RIS AR A K MR U R R 1] R e 2 (20 60

TS KR R pH MM B TS B R M E Y R IR S R T ) R RSy
300 5 5 0] - 3 DA 8 AR B K e DT S M £ 2 2 R 70

FEI L S T SAE PRI S 2R T 498 5K i | 48 pH | 32 BH B A - 398 B b S5 A
YR AIEAE ], PR 38 398 R AT LS 0 (e 4 S B 4% 4 s b i L7

NP REC B)  F e = i B, B AN 1 S T B A AR A A WD B R A A
e

A P ARV R E M E M 4 S5 B T R & R R 2% i B4 [ 7)

AR K TR & R S 2 D T
AR R pH R TR SRR 25 4 S 0 s 7

LR Y R AR R R A ) SR MR IR BIL R 5 T R S T BRI 51T

T = A M ST I3 5 T A2 2 AR T DG R LA S R s ol )

SRR L HE K R TR I o B RO K R Bk )

e 0-E A K RO R T R IR 1, BB B TR

BB S ESEE TR, 55— 7 £ A X AT R R IR 0 S et
PR WA TR U 3%, (B pH WOREAG, 11 T 00 7 L0
SEHERE TR, I 5h T 0 0 26 U G, O 5 K 2, A 05 2
fig sy ¥

FPELAER T TR A A R B E R R P SRS R AR

2 EREH

2.1 ANIEERR BB DR T 4RI

T ey Ji v R i) ML AN ] T A o R T AF 2738 28 W O - 0.8—5.3°C AR KR /K B AR MR O 250—640
mm,, 3 KT AT OBPRCRIR AL B A e A B TR O 3 (P<0.05) {3 pH [ Ca™ Mg™" Na® H1%
KL TR B 5 R R 3 (P<0.05) (% 2)
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IR MK
ABEET ® HIHHTF
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2 3 5 9 . 6
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Fig.2 Priori structural equation model of climate, soil and microbial attributes as predictors of averaging ecosystem multifunctionality
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Table 2 Climate and edaphic variables along an elevation gradient

Z%1 Paramelers 3755 m 3994 m 4225 m 4534 m 4900 m 5120 m

ap=!

g% ke S
;iﬁ":; J; ufl precipitationmm 310.0 380.0 250.0 544.0 640.0 636.0
T IEFRILE Soil pH 8.2+0.1a 7.9+0.1b 8.4+0.1a 7.320.1c 6.6+0.1d 6.8+0.1d
+-HEE 7k i Soil moisture/ % 14.0+0.6¢ 14.4+0.5¢ 12.0+0.5d 16.8+0.5b 24.2+0.8a 22.8+0.6a
F8 T8 Ca™/ (g/kg) 5.3+0.2b 5.8+0.2a 4.9+0.1b 4.9+0.2h 4.320.2¢ 3.620.1d
BER P i Mg (mg/kg) 184.4+4.5h 194.6+5.3ab  205.4+5.7a 180.9+5.1b 184.3+4.9b 164.7+4.4¢
BHES T A i Na*/ (me/kg) 65.0+1.0b 59.6+0.91¢ 68.7+1.0a 70.3+1.2a 57.3+1.2¢ 59.4+1.2¢
e &R K/ (mg/kg) 204.1+5.6b 180.5+4.3¢ 186.2+5.7¢ 178.6+4.6¢ 190.0+5.3¢ 219.8+4.5a
FRES T AP/ (mg/kg) 24.620.5be 22.2+0.6d 21.3+0.5d 24.10.5¢ 25.8+0.5ab 26.2+0.5a
BRI Clay/% 23.6+0.6a 23.0+0.57a 24.120.7a 18.9+0.6b 16.7+0.6¢ 18.1+0.6bc
KYRLE i Silt/ % 29.420.7¢ 31.120.7be 30.420.6¢ 34.00.6a 29.4+0.6¢ 32.720.7ab
WKL i Sand/ % 47.1£0.7be 46.0+0.7¢ 45.5+0.9¢ 47.2+0.8bc 54.0+0.7a 49.3+0.8b

P B 1 RIS O AR R, [R]— 47 AR R) /NG R R AN R BE 2 (R HLA (B35 22 57 (P<0.05)

2.2 AN[RIVEEAR g B A 0 T 2 0 246 R g P 1) A8 A

5 EL T IEEAR R FE AR AR S IR 28R He AR B T S A A AR 2% (81 3) 4 T AN LT 19 19 R
TR =5 B 3 50/ (P<0.05 ), T 200 TR ARG A ()8 B i % FE AR = S e i 358k (1B 3) o L 14k
o BE T i, 20 TRRT L TR 1) 2 R 2% 0 2 P 35 S 30 A 2 B ( P<0.05) 1y 34 FL b Al T 2 R PRI 2% 52
FeVE T B SIS L LD W S 0 R R B A N 2 52 2 PE R R B S LE ZFE T I (1 4)
2.3 WMAEVMZEEE MR IS EEREZIREMER R

Pearson FHE/0 4T 78 , MAP MAT SM . Clay .SBC #il SA ] 5 BR .BNC ,FNC il EMF &40 (P<0.05) ,
H MAP SM 5 H i 5AH X (P<0.05) , MAT, Clay ,SBC . SA 5 H B 3 1E M (P<0.05) ., 4k, Sand 5
FNC .EMF i 3 1E M54 (P<0.05) , Clay \SBC 5 FR .EMF .3 1E M54 (P<0.05) (F 5) .
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Fig.3 Network visualization of microbial co-occurrence patterns and network topology properties along an elevation gradient
BT RAAR A OTU 31 FIR OTUs Z AR AYARICH: (P<0.05) 5 BT s AR/ 5 OTU MAERS = BEWUIE [, M A 9825 Spearman
FRASE B BURE L ; A R B E AR AR R UL 2 . i e URANH B O EH

21 A R A 1 P 45 52 2 M RN 2R 5 AR AR T RE 2 AR MR B8 B 35 IE A5G (P<0.05) , He rb 440 B RN EL B 11
W25 52 22 X EME (AR R i T 2R (18 6) o HEBR ISR BTS2 i s, 40 o RN L 1 &2 26t 5 2 T e itk 4
B B3 U OE (P<0.001 ) & RATBSRAFFE H R 43BN 0.558 T REE 0.185,0.482 TR 0.200; 11 40 B Al K
WS ARG 2 D REMEFE BN W3 IEAHOC I 2R (P<0.05) TEARBR FREE PF 152 il J= 52 B R AR DG G &R
(Kl6,K7),

2.4 AERFHMAEYSER S REZTIREER 0

VPA 53 R Y et A | IR - sl VR B SO A BAE X EMF 19 B BT F8K 73% , it e
Y4 52 b A R KOS AR X EMEF B R STk 0] 3k 80% , Horf il A My 2R R B
TR ISP RE T 1% 17%F 7% 8 EMF 285 S I 9 S8 BAE AR T 28% , L1+ F1l
AE AL F R T 1%, = FHILRMBB T 21%, Wik EY W45 8 ek S 1 A 358 B 7 2aph et
EMF M 5TiRR 55124 8% 3% FN 7% , (WAL W 244 52 2 B it e ik 46 o8 T 2 A 1k 5 AU RN - 38 N 7 2L R e i 17
8% 1) EMF 2553 AR TR 46 52 2 ML R 1 13% , 33K 1 R 4 52 2 L B 1 1%, TR
2552 ZeME S AR IR 128 HAE AT EMF (9 5Tk 8 T 2001 R W N 4 52 2k SR R 4 R — 35 L
FIfERE T 41% ) EMF 2257 & THRUEW 2 HE AU 7R 3R 7 = F L mER . DL S5 RSRIRUE Y W
2653 et S AR AR Y N U E M 2R E S AR MR X EMF A fR R S (R 8)
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Fig.4 Responses of microbial richness and network complexity to elevation
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FVSBEK Z S50 SM BHER e BE A T i s ™ . S PE ARl ™ pik g gl S8, FeAT B 5T 44 SRR W]
R pH BEIES TR 0T R, RS R A A A AR o R (R A BR e AR A B ALY PR R AL B I
PR T TR RS AR ST R B I Ca™ Mg™ | Na® 5 52 BE M A0 T i 10T B, JHC D DR T R e B v
Thima I R AR A 2 pH B3 T SRR 2 v iA 2R, ol A veg v 1A 2 B0 o T R R R T A IR G iR,
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Fig.5 Correlation analysis between average ecosystem multifunctionality index and environmental variables
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Fig.6 Relationships of soil bacterial and fungal richness and network complexity with the average multifunctionality index
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Fig.7 Relationships of soil bacterial and fungal richness and network complexity with the average multifunctionality index based on partial

least squares regression
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Fig.8 Variance partition analysis showing the percentages of the variance in averaging ecosystem multifunctionality explained by microbial

parameters ( microbial richness and network comple

xity) , climate and edaphic variables
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