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B AR S,

I WV o3 A A% SRy B BR S AL R S P,
S TR YA Wy B A A ST S A D N 2
Z— TR, MR A R
FEVEDE A IURHAE DI IR 7 (lAE ) Z e i) DA K
AECNFEK . TR EEPE T (WNpH, B FRIKE)
SR A DY T I AR AR T A 23 1) b 2 M A A 1
fHZ, B RE YA R ARA IR Z [ A5 A7
TERTE, LIS AFAEfR G, Bl Gi—mgsie!™. il
wn, T 3EpH R RTER AR 2 —, TR RE
W BRREER S E I R AN A P02
{02, 78 2ERRi R 41%0 T2 X, e ZEE
P 5 - pHZ A1 A K B B AR, et
PR RS |, T 3EpHX BRAK 3G ) 2 R ) 52
3 IR EE A SR /N AT UL, A AR A A R )
TSR M SE M AR AT BELE A [R] A X A P X R R
A B AR .

VE b BRI SR =4, 35 e e U A A 25 3R B
AR TR A FE T A%, 6T X0 B AR S A
FE BT TERRY, R A2 4 FA T B R
JHP 75 v JEUELA IR ) A 58, T R 260 %5 - 5 1 1
HEMAEY IR, R IEpHRIRE /K S5 R 4 i 3R] 75 7
SR SN B R L BER LI 22 57 3 AR 56 0T,
1M S B I 2 R S A SRR AR AR,
I R 10 22 RE P 6 B2 A 25 R G Ay s ), T
PP HR PR AMEF (arbuscular mycorrhizal fungi)##7%
(9 R R KRR . SR, X SERIFT
FRTEARXT B N REE PR, sl SRR A=)
Disett. BB & e e BRI A S R
TR Y P PR AR B = . PR, AT S8R T —
AP EOR, TERGEEE 282121 kmAy R |,
P SRR R FERLR R FE T = FEE AR
B RGE, BT IEIER AN A AR R A
L ZREERREE AR A R, ISR,
SRR SRR IR,

1 BARHRG ik

1.1 B HRERNT R 8

ARWEFE ) RFERER AL T SR i (& 1), T
20144FEH Z2(TH28 H~8 A 13 H)JT /B RAET AR, R4
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N, SIER), IR TS IESE. SRR AR
FTEPEAT, R SRR AR /500 m, SRAE SR
R B 2121 km.

TEREARAES, F100 m* AT E4~511 mx1 mi
FEJT, FEREDE T N R B T B A Ay R R
AR o T CE AR AN RME B b, Al S8 % J5 65°C
AL I hE FE I A Hb - AE A4 ) i (aboveground  bio-
mass, AGB). IWEEAGBJG, 7EFE T N EA27 cmfAY 14l
BEHL R4 355 + 3R )2 (0~5 cm) Al R JZ(5~20 cm) P2
THERES, & HAHRAIS). L2 mmif
Je, PHAEPIRR o 5 ok, A7 [R] 5250 % J 65 CHE T2 fH
W7 A Wy AR b T A ) A= ) i (belowground  bio-
mass, BGB). ¥ 3L ORAFAE—80°CKFE F T Hyilll
JF 530, sl R ORAE LA A S A I

1.2 RS ERGEAHINE

(1) FHERAAERIK. fEre b, HIGPSIC %
ARFERIH IO B SRAE A TR (R AE A 4
AR B AAE K ) i i 22 45 3 A Worldelim B 4f8 e+
PBCHAEHAE "

(i) H—feAipldast. KA AIH— AP 4L
(normalized difference vegetation index, NDVI)ifiid%:
25 FE 3 BBAE Th AR E. nsX(DPTR, 13— A g e 5k
MIELLANE Be S LG BUR SPR 2 22 5 Z IR, BE
RYAEYER . EERRENE N SET I ER, B
(B IR A BT
L (M
NIRELTAMNE B AR, RLL G B4

NDVIEPEFEE A MODIS 4 BR A8 9% 45 5™ &
(MOD13Q1.006), BFES;#FF 16 d, 25 [H 43 HEFH
250 m, H REEHdRE S KA MV C(maxmum va-
lue composites)itH.

(ili) FEEE. RSN TR (aridity index,
ADiE 24 B R TR X Q)pR, TF
RBOYIREAR IO SRR U H, Fom— it
MR, BRI T 5

_ PET
Al =—p~, ()

PETRHIEAEZE R, PRFEKE.
FEBCR BB [ MODIS 4 BR i 22 5% 8L & 72 i
(MOD16A2) H RS, 25 A1 08 R 1 km. RFKm 5

NDVI =
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Figure 1 Soil sampling sites

T ARG W (https://data.cma.cn/) ) 15 3 [ K Bl
/TRl PURGIEGIIER/QIS

(iv) THOEfetER.  H8EpHE HDelta pHit
(STARTER3100, B3aiiflasawl, hE)ME10 g T
+::50 g KB FK). RHEEIKEM 105 CHRaHtTFR
FVEIE. f#H2 mol/LIWKCIEEHR 4358 H (1) fil 25 = A
AR (IR AN L:5), A S 1
ST (SEAL Analytical GmbH, Norderstedt, 7[5 )ill]
B HIRE PR A VLK. A PLE A HLAR
HHTOC/ ¥ (Liqui TOC 1I, Elementar Analysensys-
teme GmbH, Hanau, 72 &)l 52, 17 + 381 S A A sh
SBT3 AR e AL b aE A AL LS U LU
TR 810.5 mol/LAYK, SO, 4 B A3 i1y m] P A L
Bk (- R HE R A 1:4), HR35742 1 h, #1120 min
JE T FHTOC/ AT A b 42 v rh e & 1. LI HAL
BRI BEPL O, HUV-VIS/HtE Tt
(UV2700, SHIMADZU, H Al

1600 km

TFEEZE TR RN 24 h2 )5, TECTEZE HIECHIY T10 ¢
FH)PHA40 mL 0.5 mol/L K,SO, i (+HERA
MR ARG L h, #E20 min)5, JE4RLIESS (08
WA FHTOC/M AT AN o At & i, 5K BE78 14
PRtk 7 e 22 22 R - SRR W A W e i 5
1.3 [SEDNARBERCRI i iy
FFPowerSoil™ DNA Isolation Kit(MOBIO La-
boratories, Carlsbad, CA, ZE[E)M0.25 giZk + HEHL
DNA, G ™ il HIBEWT 45, DNAWEER HNano-
Drop 2000(Thermo Scientific, Waltham, MA, &) .
BT XTI AZ GO W) (A TR R T ) 165 RNAJEPR Y
V4-V5IX, YEFI5 | H1515F(5-GTGYCAGCMGCCGCGG
TA-3")F1909R(5'-CCCCGYCAATTCMTTTRAGT-3")
PCR(polymerase chain reaction)¥ 4. 7§15 | 4911195 i il
NG P (12 nt) LAX AR . PCRIIAR Z
50 pL, #£0.5 uL Ex Taq'“(Takara Bio Inc, Shiga, H
%), 4 uL Mg®", 4 uL dNTP, 5 pLZEPi, iS5 19%
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1 uL, 10 ngfHRDNA. PCRI N 5544 94°CHIAE30 s,
30MEHRAY94°CAEME20's, 53°CiEk25s, 68°CHEfH!
45's, fiRJr72°CHEMI10 min. FEAEEESPIUCEATH 1
P IVE IR EE GIFR—&, S pLryy 3
YITEBENEWEIE (1%) Ky 1 25 iy, 5 BAPEXT R ik
TXF . UERAY 3G D I PCRY 4 72 ¥ HI Thermo
Scientific GeneJET Gel Extraction Kit(Thermo Scientific,
Lithuania)i{7] &4k, Kt e S b i s i =4 a5
FIFAR] B RE R B, FEAL T b ERR 2 B AR A= ko B
AIllumina MiSeq -5 {# FReagent Kit v3(2 x 300 bp)
HEATIN .

14 AEYMERSESBr

A B 5% 3 558 53 UN OIS E 3 A4 23 Bt b 1 i 72
(USEARCH v10.0.240, Edgar, 2017)%3HrMiseq; i &
558 T FEisingletonZ 5, FR A A A AR 2 7 51
158)ZOTUZ. TEMothur v1.27# Fclassify.seqsfir 4,
Phsilva.nr_v128.align K H XS R 95328304 2 e, X 1
T ZOTUSA TR, FIFHR%64 3.5.0%F PTATHE
HEAT EL AR 2 AH [F] 7 51 S 50 R i T 91 R B RN B
/IMEH700).

L5 il

FHHEYI R AR ReRE, RIARARI A dE
RABIEAFEY) . SRRV EL. IR N Ditie
FEECEAE D AEY ) D RERE 4= & B (plant functional rich-
ness, PFR). VIAFFHEY 0 Ml A W w ok FEAE Y )
MEA L EAEPS Shannon); VLU KINREREAGH 44
HORTHEAL Y M D RERE A A Z FE P (plant  functional
shannon diversity, PF Shannon), 7 WM FEATHL.

K HIXUE 2 J 243 i (analysis of variance, ANO-
VAR + 2 AR RS, R A B AR I 145
EY il . ZAEE IR AR R, IR /DN
M2 71 (least significant distance, LSD)KZ XA
FASRERAZ MR 2R T2 E LK. HHIES
BZTTTT 220 0T (Adonis) K 56 + )2 FIAE SR R KA, K
P A8 HAE IR A R i ik (52 fdt FHBR
#a KT B 43 H7 (detrended  correspondence analysis,
DCA)HIHEZ K2 5075 23 Hr (Adonis) K 30 AR )= T
AR RGN AL AL W T S A s ). R B 2R
FRAHC ST AL P RN RSB R U E D i . RS
WG AR B Z RN AH DG HE. R HTIAN A5G 53 # (canonical
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correlation analysis, CCA)MFFY I AS i X A W e
ER AR, R LT CCA T 2253 /3BT (variance
partitioning analysis, VPA)E & /M1 ¥R AR = XA Y
FEE 452 LR BTk %, ANOVA, LSD, DCA, Adonis,
CCARIVPAZE /MRl I R><64 3.5.05C8K. tbsh, FIMH
Amos 24,084 24544 J5 FAR Y (structural equation model-
ing, SEM), T ILENFERLRL.
BV KB 0=0.05, K5 ) PIE L 7EZE

T .

2 R

2.1 RS E R BER ZAEMERIALK

TE T 9 0 D e JE B MR AR B R b, e
YIRRAERIZ I T2 Z A B & 25 P = 0.65), 0
S R GBI B35 (P < 0.001). SR A & FEHi i)
PR B A A e S 2 o T LA = 28 R FE R AR AR R A
IR FETE I . R FE R F A FE R (E2(a)). UED
W B AR Z 2 1 J2(P<0.00 ) FIER R
GLIHI(P<0.001) Y B E MW, (HM#H Z WA HAE
H. RIZ0EYFEEMER NS T T2, M
T FETE LAY SR ) B AR ZRE R T HAL =
KmFERHERRG, WG FEEN . SFER R
FEETF(E2(b), (¢)).

TE1284 T HERE HP RGN 3 T 424171 (3844 I A4
AT, 857N EANT719140ZOTU. TR 4H
AET K BB AR WIS 1~S4%5. Stk
ZREPERYZE RIS, FEF Bray-Curtis, Horn-Morisita#Ffl
Euclidean i 2 1Y 22 Jo AL & #7722 43 #1(Adonis) & BH,
TEZOTUKNE EHE e vE 4l i RIREZ )2 (P = 0.001)
A RGP = 0.001) 1 B0, (HH 2 8] 7%
AZREAEMERD. THERZEM T EHMIDCAS T
LW, ok AARFES RS YIRS A ZOTUK
F 2RI (E3). LR ZEETERR, 7
DCA U B A B R BAMKIK A A = FE R =
FERL RIS FESC I RE S, (AfFEE —E RN ES.
K [ FERENIRE S AEDCATE B FAIRTESR, 7ERE
TR SRR 1 FE R LR i T S A — L.

2.2 LHEREYIEY R R R ZAEVERHE A R L
PR TR &

TIEME YRR SR T2 18], SRR IR
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B 2 ARREAESRG B 33498 % (microbial biomass carbon,
MBC)(a). #4934 & (richness)(b) FI A A< £ F£ M4 (Shannon) (c). j:
RS TT 250 BT b 3, WIAERE o Ay LA P
SREFBN L B, WE T I 200 i N 3% fii?%)r
/fﬂfﬁ%itlﬁ&, N ET A, BREAESRGLERR EEAN
L G N T 3 2 e
Figure 2 Soil microbial biomass carbon (MBC) (a), community
richness (richness) (b), and Shannon diversity (Shannon) (c) in different
ecosystem types. Significances of soil layer tested by ANOVA were
labelled in the right corner of each panel, if significant. Different letters
above bars (e.g. A and B) in each panel indicated significant differences

among treatments (P<0.05), determined by post-hoc Least Significant
Distance (LSD) test following ANOVA

A Wi AR Y RRK ] B B I IEAH G R (P=0.011,
R*=11.7%, K4(b)), SAEHIR T R He 5 (8] B A
FAHSEE(EI4RISS). (R, S Yrsi S 24 1N
T2 B HA B A O (E5F1S6).  Toig HIERZiA
N2, B a5 A MUk (dissolved  or-
ganic carbon, DOC). A (NH, HIH R (AP) S T
FIIEAI K R (P<0.05). X 86 e R T X il A= 1 ek
(R (RO)TEHHERIE 110.2%~16.1%; 75 FJ2FES
i, AT A LAl RN A ) A R R 1A 4 6.4 % 11
41.9%, BARMMRE1IA20.1%. AN, HIERA L
(C/N)5 1 B8 3R 2 W fUAE Wy fe i 522 I 28 ) B A DG G 2R
(P<0.001, R*=24.7%), (A5 F 2 MM E YRR I A B
ARG,

FZEEVEYHE T, R sk R A ) 2 )
BA G ERAEE(EISFIS6), (HIRIYIh e 2R
SR SRR A B A, iR R
IR T ZMMA YRR, Y5 EAEY A Y T
FEY)HE Y HA 0 B I IE AR DG OC R (P<0.05). X 4B 7
L) A 0y (8 A 0T (o 2 0 T AR 4 i B A (R 1 0
RIZN14.4%~15.0%, TE FEFESTHR7.3%~19.8%. 4
SYEREYITIRERE, VSR EY RS HERETZ
A ) B Bk 35 W 3 IR A G (P<0.05), R 4k
18.3%F121.5%. FERAFLAFEY AW S HHETZ
T Wy B H A 3 O IE K 56 56 & (P=0.018, R’=
10.4%), 15 HIERZHA YRR TC & A M. &
BHRIR AR AKE Y 0 4= W 5 H R 28T 2k
RSP RTE ¥ P

ZIERAEAEY AT, IR YREE R R
T ZFEPEY R T 248 50U 3 (P<0.05) fU A D& (40
S5), H SR80 R 25 A ) Z e 1 f R
(27.0%~27.1%) 5 T L HEF)Z(17.0%~21.0%). il
HEYIREE B RS A 2R R AR R B R
KR (P<0.05), HFRRETE LR (16.1%~

*1 E:]‘Bray-Curtis, Horn-Morisitafll BXzUEE B B9 & T RENL B 0 = 404

Table 1 Permutation multivariate analysis of variances (Adonis) using different distance matrices, including Bray-Curtis, Horn-Morisita and

Euclidean
Bray-Curtis Horn-Morisita Euclidean
F P F P F P
+2 3.284 0.001 5.180 0.001 2.884 0.001
ERRGA 3.256 0.001 5.096 0.001 3.056 0.001
FTERATRG I 0.983 0.547 0.867 0.766 0.820 0.848
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Figure 3 DCA analysis for microbial community composition in soil top (a) and sub (b) layers

17.7%) 8% F J2(8.1%~10.0%) /N T T 5465k, +3gE3im
ol T R YR 0 BRI R 2R R AR R K
To WA, A, IEREMEYNEEESE
A Z2 R A A R R3S A B 0RO SR &R (P<0.05;
ES7), fREm i oN9.3%M17.8%; i 13 2/ 115
fl A 0 A e ) A AR 2R L R b ARG 0 % - 8 X
A 2 B AE IR (EISS).

ZREBVEYN T, A YRR 2R S A
YRk 2 ) HAT BB AIEAHE SR (P < 0.05; KISAN
S8). JLH EFEA T RERE R, HAE N A AR LR
PERIROG L ) 2R PR R e H IR 2T 20
B4119.0%~22.1%F122.5%~25.0%; & TAHYIDIGERE
B ) YR PR BRI AR X A A ) 22 B Y S R R
L IERZMTI)Z 50 511538.1%~42.8%F141.4%~
43.8%. YRR E B BRI R A R R
JZECT 2 A 2R R R R AR, h4.7%~14.0%.
IEAh, HHERZGAEYNFE AR 2 REER A
THEYAYERA BENTIAHEREP < 0.05), R
AN 16%M19%; (H 3 254 Ui 2 RerE S5
YA 2 (R A S A DG

TSR IR 2 R A5 T R

B X SR M ZREE, R T S5 R T R A
I3HT. AR AR AR R, TR EUAE YR
SR R B D RERE ZREE A A W B (El6). Hoh,
AR A INREAR T R DI RERE 2R, (A4S T
R 1 A iy i R AA S IR AR TR )
o AR R Y AR R R T R
MIRRZA L, ERRAC T R Z A s &
(Kl6(a)); AR D REREF 6 B A3 N Bt oy 1 14
IR IR A AR Z R (I 6(D)).

2.3
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ZEER T AR B B R R E T 24
i A HIN0.17F10.41, ¥IRTF0.05. LA LR 5K
(goodness of fit index, GFI){EFRJZAIT JZHFES A1 437
490.94710.95, ¥1KTF0.90. MIEIATE B (normed-fit
index, NFD)TERJZHF T)ZHEMTH4151250.93710.94, 1
KTF0.90. YR %2 (root mean square error of approx-
imation, RMSE)7E )21 FJZEE & 44300 24 0.08 1
0.03, ¥I/NTFalAETF0.08. X LEFEHRI LR, WLEHE 5
P R 45 K 7 R TR0 5 5
3 W

FEFe iz BB IR 2121 ke il RS |- 1500 o2 FE 1 A
FIERR ., BIETR BN AN RS, KM
T80 e 1L v S I LA (AR R R TR A AR )
k. AR ZAEERRAZ SIS R RTRE . A
AR RGRR A A E YN 225 B3, fEAR
WFFE,  m FERL ) R AL = A R R G (R FE
o FETHE NI i FE T ) HA T Rk . b B R
MY YR, TIREEIR. JSA. A HRL
B S TR TR AR R T FE R L A = A
AU (R FERR P € v ) ) HLA AR A [
K b BRI R AR A 2R KT R AR
IR T R85 XY AR Y IR FAEAN R A
ARG 2 5T R 30T 15 FE B 1Y = R )
= FETTHE IR DR ETE Z2RE . S22, e
R ) 2R 7 7 e D ey 8 ) R R B T e
B U e S,

X T 1 DA e S o b, - SR R A A R 1) i —
oM, DCA Uil b N AE B HRIR 43 A 4 1= FEHE
fil. T FER R FEFEHARE . X B RGN T
EREOARI N, X KR E SR T e S
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Figure 6 Structural equation model for microbial diversity in top (a) and sub (b) soil layers. *, ** and *** represent P<0.05, 0.01 and 0.001,

respectively

YIRS AL, 52 —3, Bk R S e R+
SHERUE I Z REME L R S T R AR ORI B
O, FL R EO6 R 2 RE M o) 2R R
iK27%. RUEREK SRR U ) 2R Y R T
e M RaE ) BRI R R
R B35 A SCE, AT RE UGB TR EE i 3R K /3 7RI
TS EERRGE(HIETE . HIEHEN, HIER
o) 0 v FE L S (AR YR 3 510 0,39, —1.23, —1.23F1
—1.94°C)En] RE B W 2Rt R . 5 H A
WP IR, 55 G D e E B M T S E M i 2 R
P Bl AR A3 ek b, AT R PR A R AR )
HOTERE KA RIS T8 m T T 2R, i
M GUE R A, FE50 1, T L e JE A - 4
AEYI I ZREMEZARA TR SRR TR
Ml BE A, it L 0 i S S FRAIR, R LR — R
TR R 2910%. 33X BERH K AFE A b 5 — A TR SR /K o
RES B E )RR A A a3, 52 —B, mT A%
THFTRXA80MME M, kB A B Z I RE
T 5 RE B s

T T e I e FE b A MR W () 2R E S A T
REMF 2P B BB IEM SR, TRl Y VI aE
FEMEE R, HAEN A A 0 R sR B A A= )
REIK 5 B 1 R 40%. AREIFTE R TR, 330
H W S REPEBE R 2 BEVE B B i s B, Ay

5T & B 2 [B) ) a 2 AP T i 3B AR DG 1, T B2 Rk
) 83 AR L, R L RE RS IR M AR RO
HEVE AR T Bl i AR R 0 i AR5 S B, BIFE S
ZREE B AR R A I AR B AR R . B A
1] A5 L B2 AT, AT 18 i SR 1 A
FEB A RETE, (R T UEM SRR e R
ot DARTAIRFSS B 2 G A 2Rk, T4
B, IR A BAUETE L AR AE A 4 B A P D RE R,
HAEFN RIS RGEEH T REZEMRL, HAT FE bk
FE M DIBERFE, 2R IE A T I IEA BT, 7
Y Z RS REDRER C R L 2R
MW AR, BRI I ARA . JER
A ERVRVS R UK IIRERE, HIIRERE A L
ZREPERT T R YA S AR R, X T RE RS
YD RERE ZRE M LM 2T S Al A 2
FEPERE Y Z PR B OC RR.

T RARERE Y R\ A X UE Y £
FEME A9 EE B B S5 4 T B TR FICC A BT (1 S955)
Jria R, G5H T REREARL R, T RS SO IR E o 5
WAL () S RE AR 22 R A A e i ek A+ 398 ) Rl
Rk, AT 42 B (R 42 3 i 28] = 383k W O B 24
PE. X F HIEMUE Y R BEE S5 H, CCARIRI R A REfR R
HAME I i B R iR 80% e A7, — 7 T, Al REE R AR
WFFE TR I A AR AR A AT IR, A BEFE LAl X 4 458

2923



M4 Z 0 B 200598 Hoess H271H

A YrtevE R Z5 2™ A STk I 7. 5 —J7 i, wf
AEJE: A o BE AL A A 8 5 M R B4 BT o el R.
AR AR S T Pl R IR A LA K A Wy T 4
AR AR e R, o nT RE R BERL R (LA
BUETH . URh . A0 A5 R A s L Aok,
OB T I T RS2 5 2 ) R T,

TEDCATEIE] L, oK [ FERE AR RE SR AR X EE SR, 1
RIZNRZH M S IR AR A R —. A5
Hh e FEVE A IR KRS A T R B i, T HOE
IR FAERL AL, SXLE G FEREAZ IR ELAR A
EEAHEN; R A 3 KA R A, L8R3
BN TR HRA R BRI TR, Kk
(4 B AL R T 2 At e FE R B AL, X BB R
] REHAR T E T FEWE N B B RV A0 A S e JE R
(T DR v A A S DAL, fEDCAIR] b E .

57 g D e FE B S M AT A OC
PEIIRETIN T, SR YRR SR A AR i AR S A
THEAR. X 0] ERIRE B 5 52 2 AN [R] 12
Wy pdads. SEpEY RS T8, FRE.
L) ol S RERE oA IR 22 (A9 3 AR OG .
B, BUEYE RS 2 A L T A IEAR O
R, BT TEA HLR(DOC) 2 A(NH, )RR
(AP). LA, GCEYr iR R A Yy 2 (8] B
IEARRIEAR. Horh, IREYI R A Y 5 HHERZFTE
JEBIRA YRR B B AR O, MTARARAS RAA ) A
Pri A LT E YR A A B R IERCE R,
DHEBHIR ARG A E0~10 emfy )2, W HE
HT IR 33822 (0~5 em) AR )2 (5~20 em) B H &
BERAR =L T REMR; AR AR B A AR ) 1) R 2R {1
Tl MEER, PRl EOLAE YRS TR
TR YRR B 35 A DG

S5 3K

4 FERFIEIY

T e L T R R 1 I E i A, I
KREE T 640FES, A BRI 5182121 km. &5 T
T IR R R R TERE N R FE )
T FE R R R JE T, A5 R I A Wi AR
] T S48 BOFAE P D BERE A9 22 A 1 (B LA S 38 A G
KR, REMARK AR S S RE R MY
ZREME R R T, RATREE B3 e KA BRI 4
RS T TR, TTREH MRS T REREY
ZHME. A TR BEEN TR RS
TR X T K e i e FE M ) SR W 2R A
IR AL, AT R o ARAR . R
RA, GRPVSE UKD RERE, MY TIRERE e
LD Z R RO Y B 2 R A B e B R
HHEMAY AR, HEMEY SRR S T 545
B AEYSE . Y YA D e Rt 2 A R A B
PRSI R, HRIATEEA MR AAR . HEmE &
WA LSS s SRR P i A o B
FARH .

X PRI 7R T 8K e i e FE B | -3
AP ARRRE, IR T RAT AW AR A P R 5%
M PRI, R S0 A ke A A Ak T 7 9 e Jt - 3
VIR AR A R . TR R AR OR T fiE 2 PR
PR e AT B ok T SR BN A, A T fE
SR A Y 2 R R

TEASRA A Y A= Yy b BRA RIS vp RSO s A
5% T I8 ECRIAE P D e R A X I A P R Vs 2544
ZREME . AR MIIRERE M, HEIVERPLEH R
FEROIOC 2. [RIA, AS[R A E PR te ok o REAFE T BEAF
TEE AR 2 B A R, EBURAIZR e 25 04
AT Je I B AL 4R

1 Glassman S I, Weihe C, Li J, et al. Decomposition responses to climate depend on microbial community composition. Proc Natl Acad Sci USA,

2018, 115: 11994-11999

2 Bhatnagar J M, Peay K G, Treseder K K. Litter chemistry influences decomposition through activity of specific microbial functional guilds. Ecol

Monogr, 2018, 88: 429-444

3 de Bruijn F J. Biological Nitrogen Fixation, in Principles of Plant-Microbe Interactions: Microbes for Sustainable Agriculture. Cham: Springer

International Publishing, 2015. 215-224

4 Vitousek P M, Cassman K, Cleveland C, et al. Towards an ecological understanding of biological nitrogen fixation. Biogeochemistry, 2002, 57: 1—

45

5 Leininger S, Urich T, Schloter M, et al. Archaea predominate among ammonia-oxidizing prokaryotes in soils. Nature, 2006, 442: 806-809

6 Francis C A, Beman J M, Kuypers M M M. New processes and players in the nitrogen cycle: The microbial ecology of anaerobic and archaeal

2924


https://doi.org/10.1073/pnas.1811269115
https://doi.org/10.1002/ecm.1303
https://doi.org/10.1002/ecm.1303
https://doi.org/10.1023/A:1015798428743
https://doi.org/10.1038/nature04983

10
11
12
13
14

15
16

17
18

19

20

21

22

23

24

25

26

27

28

29

30
31

32

33

34

35
36

37

ammonia oxidation. ISME J, 2007, 1: 19-27

Garcia-Parisi P A, Omacini M. Arbuscular mycorrhizal fungi can shift plant-soil feedback of grass-endophyte symbiosis from negative to positive.
Plant Soil, 2017, 419: 13-23

Ke P J, Miki T, Ding T S. The soil microbial community predicts the importance of plant traits in plant-soil feedback. New Phytol, 2015, 206: 329—
341

Chu HY, Wang Y F, Shi Y, et al. Current status and development trend of soil microbial biogeography (in Chinese). Bull Chin Acad Sci, 2017, 32:
585502 [#AiFME, EHIF, NE, 55, THERUEY A YIBEERT S IR 5 R SR H. P ERIE BB T, 2017, 32: 585-592]

Sanders N J, Rahbek C. The patterns and causes of elevational diversity gradients. Ecography, 2012, 35: 1-3

Adler P B, Seabloom E W, Borer E T, et al. Productivity is a poor predictor of plant species richness. Science, 2011, 333: 1750-1753

O’Brien S L, Gibbons S M, Owens S M, et al. Spatial scale drives patterns in soil bacterial diversity. Environ Microbiol, 2016, 18: 2039-2051
Martiny J B H, Bohannan B J M, Brown J H, et al. Microbial biogeography: Putting microorganisms on the map. Nat Rev Microbiol, 2006, 4: 102—
112

Franklin R B, Mills A L. Importance of spatially structured environmental heterogeneity in controlling microbial community composition at small
spatial scales in an agricultural field. Soil Biol Biochem, 2009, 41: 1833-1840

Griffiths R I, Thomson B C, James P, et al. The bacterial biogeography of British soils. Environ Microbiol, 2011, 13: 1642-1654
Garcia-Pichel F, Loza V, Marusenko Y, et al. Temperature drives the continental-scale distribution of key microbes in topsoil communities.
Science, 2013, 340: 1574-1577

Curd E E, Martiny J B H, Li H, et al. Bacterial diversity is positively correlated with soil heterogeneity. Ecosphere, 2018, 9: €02079

Juyal A, Otten W, Falconer R, et al. Combination of techniques to quantify the distribution of bacteria in their soil microhabitats at different spatial
scales. Geoderma, 2019, 334: 165-174

Nemergut D R, Schmidt S K, Fukami T, et al. Patterns and processes of microbial community assembly. Microbiol Mol Biol Rev, 2013, 77: 342—
356

Fierer N, Jackson R B. The diversity and biogeography of soil bacterial communities. Proc Natl Acad Sci USA, 2006, 103: 626631

Bahram M, Hildebrand F, Forslund S K, et al. Structure and function of the global topsoil microbiome. Nature, 2018, 560: 233-237

Maestre F T, Delgado-Baquerizo M, Jeffries T C, et al. Increasing aridity reduces soil microbial diversity and abundance in global drylands. Proc
Natl Acad Sci USA, 2015, 112: 15684—15689

Zhou J, Deng Y, Shen L, et al. Temperature mediates continental-scale diversity of microbes in forest soils. Nat Commun, 2016, 7: 12083

Yao T, Thompson L G, Mosbrugger V, et al. Third pole environment (TPE). Environ Dev, 2012, 3: 52-64

Sun HL, Zheng D, Yao T D, et al. Protection and construction of the national ecological security shelter zone on Tibetan Plateau (in Chinese). Acta
Geogr Sin, 2012, 67: 3—12 [FNSZL, FFRE, BERIR, 45, 35500 IR E K A S e hr iy 5. B, 2012, 67: 3-12]

Chu H, Sun H, Tripathi B M, et al. Bacterial community dissimilarity between the surface and subsurface soils equals horizontal differences over
several kilometers in the western Tibetan Plateau. Environ Microbiol, 2016, 18: 15231533

Duckworth J, Jager T, Ashauer R. Automated, high-throughput measurement of size and growth curves of small organisms in well plates. Sci Rep,
2019, 9: 10

Yang T, Adams J M, Shi Y, et al. Soil fungal diversity in natural grasslands of the Tibetan Plateau: Associations with plant diversity and
productivity. New Phytol, 2017, 215: 756-765

Che R, Deng Y, Wang F, et al. Autotrophic and symbiotic diazotrophs dominate nitrogen-fixing communities in Tibet grassland soils. Sci Total
Environ, 2018, 639: 997-1006

Zhang J, Wang F, Che R, et al. Precipitation shapes communities of arbuscular mycorrhizal fungi in Tibet alpine steppe. Sci Rep, 2016, 6: 23488
Hijmans R J, Cameron S E, Parra J L, et al. Very high resolution interpolated climate surfaces for global land areas. Int J Climatol, 2005, 25: 1965—
1978

Delgado-Baquerizo M, Maestre F T, Reich P B, et al. Carbon content and climate variability drive global soil bacterial diversity patterns. Ecol
Monogr, 2016, 86: 373-390

Li Y, Lin Q, Wang S, et al. Soil bacterial community responses to warming and grazing in a Tibet alpine meadow. FEMS Microbiol Ecol, 2016:
fivl52

Spehn E M, Joshi J, Schmid B, et al. Plant diversity effects on soil heterotrophic activity in experimental grassland ecosystems. Plant Soil, 2000,
224: 217-230

Weidner S, Koller R, Latz E, et al. Bacterial diversity amplifies nutrient-based plant-soil feedbacks. Funct Ecol, 2015, 29: 1341-1349

Prober S M, Leff J W, Bates S T, et al. Plant diversity predicts beta but not alpha diversity of soil microbes across grasslands worldwide. Ecol Lett,
2015, 18: 85-95

Lange M, Habekost M, Eisenhauer N, et al. Biotic and abiotic properties mediating plant diversity effects on soil microbial communities in an

2925


https://doi.org/10.1038/ismej.2007.8
https://doi.org/10.1111/nph.13215
https://doi.org/10.1111/j.1600-0587.2011.07338.x
https://doi.org/10.1126/science.1204498
https://doi.org/10.1038/nrmicro1341
https://doi.org/10.1016/j.soilbio.2009.06.003
https://doi.org/10.1111/j.1462-2920.2011.02480.x
https://doi.org/10.1126/science.1236404
https://doi.org/10.1016/j.geoderma.2018.07.031
https://doi.org/10.1128/MMBR.00051-12
https://doi.org/10.1073/pnas.0507535103
https://doi.org/10.1038/s41586-018-0386-6
https://doi.org/10.1038/ncomms12083
https://doi.org/10.1016/j.envdev.2012.04.002
https://doi.org/10.1111/1462-2920.13236
https://doi.org/10.1038/s41598-018-36877-0
https://doi.org/10.1111/nph.14606
https://doi.org/10.1016/j.scitotenv.2018.05.238
https://doi.org/10.1016/j.scitotenv.2018.05.238
https://doi.org/10.1038/srep23488
https://doi.org/10.1002/joc.1276
https://doi.org/10.1002/ecm.1216
https://doi.org/10.1002/ecm.1216
https://doi.org/10.1023/A:1004891807664
https://doi.org/10.1111/1365-2435.12445
https://doi.org/10.1111/ele.12381

8 & 2019598 H64%k £27H

38

39
40
41

42
43

44
45

46
47

48

49

50

51

experimental grassland. PLoS One, 2014, 9: ¢96182

Hooper D U, Bignell D E, Brown V K, et al. Interactions between aboveground and belowground biodiversity in terrestrial ecosystems: Patterns,
mechanisms, and feedbacks. BioScience, 2000, 50: 1049-1061

Wardle D A. The influence of biotic interactions on soil biodiversity. Ecol Lett, 2006, 9: 870-886

Millard P, Singh B K. Does grassland vegetation drive soil microbial diversity? Nutr Cycl Agroecosyst, 2010, 88: 147—158

Eisenhauer N, Milcu A, Sabais A C W, et al. Plant diversity surpasses plant functional groups and plant productivity as driver of soil biota in the
long term. PLoS One, 2011, 6: €16055

Woodward F I, Cramer W. Plant functional types and climatic change: Introduction. J Veg Sci, 1996, 7: 306-308

Bonet A. Secondary succession of semi-arid Mediterranean old-fields in south-eastern Spain: Insights for conservation and restoration of degraded
lands. J Arid Environ, 2004, 56: 213-233

Pausas J G, Austin M P. Patterns of plant species richness in relation to different environments: An appraisal. J Veg Sci, 2001, 12: 153-166
Mayfield M M, Levine J M. Opposing effects of competitive exclusion on the phylogenetic structure of communities. Ecol Lett, 2010, 13: 1085—
1093

Rosindell J, Hubbell S P, He F, et al. The case for ecological neutral theory. Trends Ecol Evol, 2012, 27: 203-208

Dini-Andreote F, Stegen J C, van Elsas J D, et al. Disentangling mechanisms that mediate the balance between stochastic and deterministic
processes in microbial succession. Proc Natl Acad Sci USA, 2015, 112: E1326-E1332

Zhou J, Ning D. Stochastic community assembly: Does it matter in microbial ecology? Microbiol Mol Biol Rev, 2017, 81: 00002

Kang S, Xu Y, You Q, et al. Review of climate and cryospheric change in the Tibetan Plateau. Environ Res Lett, 2010, 5: 015101

XuZ X, Gong T L, LiJ Y. Decadal trend of climate in the Tibetan Plateau—Regional temperature and precipitation. Hydrol Process, 2008, 22:
3056-3065

Kuang X, Jiao J J. Review on climate change on the Tibetan Plateau during the last half century. J Geophys Res Atmos, 2016, 121: 3979-4007

*hgERtrt

BIS1 LHERZAT Z A PREE LT DR BRI AR EEERIERE & bl A L 1

EIS2 gt ) L AR E AT R S R TR T KT L Bt T A = BE IR 5t o o B L)
1S3 o S B 5 - AR E AN T R S R TR KT L Bt~ A = BE Rt o o B L)
EIS4 NI AR AT IR R YR TR KT b Bt~ ARG = BEFITEAT: it ot B e )
ESs HETREMAYRSR. F BRI TR AR

EIS6 L 3E TR G A YRR IR L SRR I T A SE R

ES7 LHERIZMAEY)E R BT AR SRR BRI N T A9 SE AR

EIS8 T3 T R HLE Y F W AT AR S AR IR L BRI R T SC R

EIS9 LIERIZAT )2 IR PR i B SR SCIR AT (CCA) B S T CCARIT 2230 1At

AR LA b AR FE AR P 28 ffiesb.scichina.com. Fh T AR A 1 & 1R Gk B0 B AR HHE, 1R X R E A A A 5

2926


https://doi.org/10.1371/journal.pone.0096182
https://doi.org/10.1641/0006-3568(2000)050[1049:IBAABB]2.0.CO;2
https://doi.org/10.1111/j.1461-0248.2006.00931.x
https://doi.org/10.1371/journal.pone.0016055
https://doi.org/10.1111/j.1654-1103.1996.tb00489.x
https://doi.org/10.1016/S0140-1963(03)00048-X
https://doi.org/10.2307/3236601
https://doi.org/10.1111/j.1461-0248.2010.01509.x
https://doi.org/10.1016/j.tree.2012.01.004
https://doi.org/10.1073/pnas.1414261112
https://doi.org/10.1088/1748-9326/5/1/015101
https://doi.org/10.1002/hyp.6892
https://doi.org/10.1002/2015JD024728

Summary for “¥ 5= Ji i FEE L3R AR YIREE T MR

Soil microbial communities in alpine grasslands on the Tibetan
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As an indicator and regulator of climate and environmental change, the Tibetan Plateau is an important barrier for ecological
security. However, despite the importance of soil microbial communities in almost all soil biochemical processes and ecosystem
functions, the biogeography of soil microbial communities on the Tibetan Plateau is poorly understood, especially at large scales
over different ecosystem types. In this study, we collected samples from 64 sampling sites representing different grassland
ecosystem types and spanning 2121 km across on the Tibetan Plateau. We then used next generation high-throughput sequencing
to investigate the soil prokaryote community (i.e. bacteria and archaea) diversity and spatial patterns and to explore their
relationship with biotic (e.g. plant functional group diversity and biomass) and abiotic (e.g. aridity index, soil carbon and nitrogen
levels) factors. Among the four alpine grassland types (i.e. alpine meadow, alpine steppe, alpine shrub and alpine desert) sampled
in this study, alpine meadow had the highest soil microbial biomass and alpine desert had the lowest soil microbial richness and
Shannon diversity. The soil microbial diversity in the alpine grassland correlated with plant diversity and climate factors. Soil
microbial diversity negatively correlated with the annual average air temperature, but was not correlated with the annual average
precipitation, indicating that temperature, rather than precipitation, may be more important in controlling the soil microbial
diversity in alpine grassland ecosystems at cold temperatures. Higher air temperature likely led to an intensified aridity under
limited precipitation, and thus decreased microbial diversity. As a result, the aridity index combined with temperature and
precipitation explained more of the variance in the soil microbial diversity than air temperature or precipitation did individually.
Moreover, after separating plant species into four functional groups (grass, forb, legume and sedge), microbial diversity positively
correlated with plant functional group diversity, explaining more of the variance in microbial diversity than plant species diversity
did. Results of structural equation modeling revealed that the aridity index and annual air temperature affected soil microbial
diversity, directly or indirectly, through influencing plant functional group diversity and aboveground biomass; while
aboveground biomass changed the soil carbon to nitrogen ratio in the upper soil layers and thus impacted soil microbial diversity.
However, in contrast to microbial diversity, soil microbial biomass carbon was not correlated with plant functional group diversity,
plant species diversity, or the climate factors annual average air temperature, annual precipitation and aridity index, but were
linked to soil nutrient status (e.g. soil dissolved organic carbon, ammonia, available phosphorus, and carbon to nitrogen ratio) and
plant biomass of sedges and forbs, demonstrating that microbial biomass and diversity were likely controlled by different factors.
In summary, this study investigated the spatial patterns of soil microbial communities across different alpine grassland ecosystem
types on the Tibetan Plateau and enhanced our understanding of biotic and abiotic factors controlling microbial biomass and
diversity, which will be important in predicting microbial changes on the Tibetan Plateau under future climate change. Under
future warming and wetting scenarios on the Tibetan Plateau, it is possible that the aridity index would decrease, leading to
increased soil microbial diversity. Results of this study also suggest a focus on the aridity index and plant functional group
diversity in future microbial biogeography studies in order to further determine their roles in controlling or mediating soil
microbial biomass and diversity.

soil microbial community, microbial diversity, microbial biomass carbon, aridity index, plant functional group
diversity
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