5541 B T W *E &~ 2 Eild Vol.41,No.7
2021 4F 4 A ACTA ECOLOGICA SINICA Apr.,2021

DOI: 10.5846/stxb202006021425
BIEH], XAl IFSE FEAURE, SRR, S 500 S0 iRy L R SR A A DR VR A A SRR IR S A A Sy AR AR SR, 2021,41(7) £ 2783-2793.

LuoZ M, LiuJ X, Zhou Y Y, DuJ Q, Wu Q, Chai B F.Community structures and diversity patterns of the soil protist communities along an altitudinal
gradient in a subalpine grassland.Acta Ecologica Sinica,2021,41(7) ;2783-2793.

TelLEMTREFREENHEZELNNSHEEBR ST
B’

FE? AL BB AR, R R e E
1PN RfE 24 B U FR 2 N 034003

2 WPEKAE B R T, % - SRR A LV A B U932 KRR 030006

3 PrINImEAA B AE Y 2 LTI 034003

4 1LPYAE T L EAARAE BLUR 2R 034300

FEE AW AR ks )R S AERE L RURER A AL, AR AR S 2P i A S, (A W A 32 P ) — A QB ) 2
AL 2 P AR R AL AR X A R A AR X DTk, A TR A A R U R I T A G AR
Wyt v ECE DGR A 0 (L A0 RN ECEE AR LY, AR AR AR M REVR R ML A 2 b 32 H Tlumina Miseq =38 EF A,
3T T LA LT LU AR 25 R T (K 2000—3061 m i Bl P ) 3 St A= A= WU v 2 R 2 REVEZERR DL . 45 2R R, AT
YRR () £ HEGRIS A 50T 8] 520673 5%, 708 T 8 ANHERE .24 11,65 149,125 A H 222 MEH 350 Mg, TR L, 222 1)
I"1( Cercozoa) & ¥l ] ( Ochrophyta) \£F [ 1 ( Ciliophora) AR '] ( Apicomplexa) i EEMLHEISHE, LESe /08787, 17 M EDHr
AR VAR JEE A R AN R AR B B AR TR R SRR AR AR . RO IR FUE AR IR Y o ZREEIRCE B
Wiy, {EL TR B 45 22 48 RUBE S AT (NMDS) FIARBIE 5341 ( ANOSIM ) 45 53 W | Ji Ak A8 W e 20 I R 25 A 7V B B L A7 7t Y 22
5+(P<0.05) . JUARSIHT(RDA) SRk 3K E BRI F 5 B 505 VAR A Wi T S5 M A7 AE 35 4 G (P<0.05)
J7 2250 HT (VPA) Rl Mantel 4347128 BH R 5T PR 1 12 [0) 728 4 o J5 A AR W BV VAR O A s JR Y A B 38 5 i) (E R RS IR 19
AHXFVEI(7.9%) Bl B R T25 [B) 28 & (1.8% ) o T3 AR R W) RF 9K Z (B8] 1Y) Bray-Curtis JE B 53R & 2 B 2 IEMH IR (P<
0.05) , i A VAR 15 T B A2 0 o 1 L0 Rl S S A A R IR A AR SR 1 E IR SN R R, TR AT i — ARG T e P R A
JEUAE A R R T A VR TR T REMLIE R . 2, 5 L0 gy L et 8 S A A A 2 J R 45 F T g 4 1 LA
(AR LS SRy , TRV M A T 2 s P A AR R B 3t R B B0, (EL 8 A A 32 S T

SR S AL YRR s Wi L Bt AR AR S A A S TR R A

Community structures and diversity patterns of the soil protist communities along

an altitudinal gradient in a subalpine grassland

LUO Zhengming"*, LIU Jinxian®, ZHOU Yanying’, DU Jingqi’, WU Qiang*, CHAI Baofeng> "

| Department of Geography , Xinzhou Teachers University, Xinzhou 034003, China

2 Institute of Loess Plateau, Shanxi University, Shanxi Key Laboratory of Ecological Restoration for Loess Plateau , Taiyuan 030006, China
3 Department of Biology , Xinzhou Teachers University, Xinzhou 034003, China

4 Shanxi Wutaishan State-owned Forest Administration Bureaw, Fanshi 034300, China

Abstract: The distribution pattern and maintenance mechanism of biodiversity, namely community assembly are critical

EEWE  HE H AR AT (31772450, 31801962 ) ; LT 1N AR AT 5T R0 B (201901D211457 ) 5 4 MG 2F e T 43 L SCAR s R 2138
fLe I H (WTSXTCX-05)

175 B #5:2020-06-02; 7 4% HH ki A A :2021-01-28

# JIAMEZH Corresponding author. E-mail ; bfchai@ sxu.edu.cn

http ://www.ecologica.cn



2784 JAE = 41 4

issues for the community ecology. A key issue in microbial ecology is quantifying the relative contributions of deterministic
processes and stochastic processes to microbial community assembly. Although protists are an important part of the soil
microbial communities and play a key role in the microbial loop, compared with bacteria and fungi, we know very little
about the elevational distribution patterns and assembly mechanisms of soil protist community. In this paper, we used
[llumina Miseq high-throughput sequencing technology to comprehensively analyze the community composition and diversity
maintenance mechanism of soil protist community in the subalpine grassland ecosystem of Mount Wutai ( altitude of 2000—
3061 m above sea level). In total, 520673 valid sequences, which belong to 8 supergroups, 24 phyla, 65 classes, 125
orders, 222 families and 350 genera, were obtained from the soil of the four altitudinal gradients. Cercozoa, Ochrophyta,
Ciliophora and Apicomplexa were the dominant soil protist phyla in the study area. LEfSe analysis showed that 17
biomarkers were very sensitive to elevation gradients, and different elevation gradients enriched different protist populations.
The altitude had no significant effect on the a-diversity of soil protist community, but non-metric multidimensional scaling
(NMDS) and similarity analysis ( ANOSIM ) indicated that the compositions and structures of protist communities were
significantly different among the elevation gradients ( P<0.05). Redundancy analysis (RDA) showed that elevation, soil
waler content, total nitrogen and plant richness were significantly correlated with protists community structure (P< 0.05).
Variance partitioning analysis ( VPA) and partial Mantel analysis showed that both environmental factors and spatial
variables had significant effects on the altitudinal gradient distribution pattern of protist communities, and the relative effect
of environmental factors (7.9% ) was significantly greater than that of spatial variables (1.8% ).The Bray-Curtis distance
between soil protist communities was significantly and positively correlated with the elevation distance ( P<0.05) , indicating
that the selection process may be the main driving factor for the distribution pattern of soil protist communities in subalpine
grassland. The Null-model analysis further confirmed that the relative role of deterministic processes in the assembly of soil
protist communities was greater than that of stochastic processes. In conclusion, there were significant differences in the
structure and composition of soil protist communities in Mount Wutai subalpine grassland along the elevation gradient, and

the assembly mechanism was mainly determined by deterministic processes.
Key Words: protist community; subalpine grassland; diversity; elevational distribution patterns; assembly mechanisms
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database , PR2) X} JfU4: A=) OTUs 1702822 b xT . 15354 49 OTUs 4328 K44 26, iR U5 Zhao s N1
B9 35 5 1T K S A B9 41 3 1) ( Rhodophyta ) , £% T2 A5 % ( Streptophyta ) , B B ( Fungi ), J5 #f & = 9

http ; //www.ecologica.cn



2786 JAE = 41 4
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Table 1 Soil physical and chemical properties and plant diversity parameters under different along elevational gradients

B ¥ Parameters El F2 E3 E4 r

T HEFRERE Soil pH 6.16+0.11a 6.07+0.15a 5.76+0.06b 5.71+0.07b -0.652**
T HERE Soil temperature/°C 18.59+0.79a 15.52+0.26b 14.06+0.16¢ 12.39+0.41d -0.887"*
5 KA Soil water content/% 37.32+2.03a 29.17+0.60b 40.21£1.47a 31.13+0.59h -0.180
H 53R electrical conductivity/ (ws/cm) 95.16+14.55a 92.66+2.72a 127.80+6.77a 130.27+18.00a 0.522*
JA Total nitrogen/ % 0.48+0.07ab 0.47+0.01a 0.63+0.03ab 0.65+0.09hc 0.522*
S Total carbon/% 5.93+0.24b 8.12+0.24a 6.54+0.21b 5.68+0.27h -0.220

A BB Soil organic carbon/ ( g/kg) 36.83+2.09h 40.35+1.01ab 43.06+0.82a 40.92+0.89ab 0.455
B NHE-N/ (g/kg) 50.01+4.41b 62.96+1.29a 54.95+2.95ah 48.30+2.95b -0.156
A A NO3-N/ (g/kg) 6.54+0.41a 5.48+0.61ab 4.40+0.28b 4.40£0.12b -0.721""
WA A NO5-N/(g/kg) 1.50+0.11a 1.43+0.06a 1.53+0.14a 1.46+0.04a 0.054
W) =E & 4550 Plant richness index 24.80+2.13b 35.60+0.81a 27.40+1.81b 24.20+1.36b -0.181
HEY A TEEL Plant Shannon index 2.02+0.08a 1.74+0.170ab 1.58+0.10b 1.01£0.09¢ -0.831*"

Bl 1 R I8 O I AR iR W —1 7 O R B PR FOR P B 2 (B B P<0.05 /K BZESR:, * + P < 0.01; * P<0.05;r: 35S
B 5K (AR E 3L correlation coefficient between environmental parameters and elevation ; E1 ; 4% 5 Fil 2000—2100 m Elevation range of 2000—2100
m; E2 . M35 F 2000—2100 m Elevation range of 2300—2400 m; E3 ; ¥4 712 [l 2600—2700 m Elevation range of 2600—2700 m; E4 ; 1443t FFl 2900—
3000 m Elevation range of 2300—2400 m

VRS 5 B MR SR (r=0.522, P<0.05) ML & (r=0.455, P<0.05) L $% (r=0.522, P<
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Fig.1  Relative abundances of dominant phyla ( with average relative abundance > 1%) of soil protist communities in different
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Fig.4  Non-metric multidimensional scaling ( NMDS) of soil protist communities along the elevational gradient based on Bray-
Curtis distance
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Table 2  Relationships among dissimilarities of the protist community, environmental factors and spatial variables identified by partial
Mantel tests

ARt Variables P25 & Control variables r P
B K F Environmental factors 75 [ A5 0.297 0.005**
25 [B) A5 & Spatial variables WA T 0.115 0.045"

* % P<0.01; * P<0.05

2.4 TR A R T
WAL IET B BRI ZAE R 71k A A T I VRO B i A T o R AN B AT o PR A S A A R O e AR

http ; //www.ecologica.cn



2790 JAE = 41 4

HRYAHXT EE EE (I 8) o 4 MR RE R A 2 fi 22 (R B0 AT R F 9 22 5%, B/ T (-0.352—-0.404) 4l 4
AN E T b e iU A AR RV R e A v PR SR R 8 LU R AL R AR B PR T2, U T M AR 9K )
T BIFSE X I S A AR M RIS A L R

1.0 — 1.0 Altitude
g
= § 0.8 - I - ",
’5"5 S
£E ~
=] o
Q3 $ ", I
2 > N
] =
ey < 5
# £ [a) A EAPlant richness SWC
N E = o
H £ b ° |
(=} H
ﬂ Qo i @
% . o
€ o2l | L 3ol
&~ Pearson r=0.375 P<0.01 i AE2
! ! ! ! ! ! Pseudo-F=2.6 P= 0.022; ¢ B3
0 200 400 600 800 1000 -Lo | . i . BB
A 2 8 (K G L 5) -1.0 1.0
Elevational distances(Euclidean distance) RDA1(25.93%)
Bs5 THFEEEYBESHESERES(MAEE)HXER Ee TEEEEMBELEMSHEETFHIITRIM(RDA)
Fig.5 Relationship between soil protist B-diversity and Fig.6 Redundancy analysis ( RDA) of soil protist community
elevational distance( Euclidean distance) structure with environmental factors

TN 5B & & Total carbon; Plant richness: F4) & 45 5( Plant
richness index; SWC: T3 /K& Soil water content ; Altitude ; 4K

0 —
= g -02 |
5%
ol S 0 B
£ -04 |-
23 =
Eg
w3
Z
-0.6 |-
IR
71.3%
El E2 E3 E4
B7 RERFNZETEMRREEVHETRESENAZ B8 FAEESHEBETEREENHEZNSRE
HDESDHFT(VPA) Fig.8 Plots showing the null deviation of soil protist communities
Fig.7 Variation partitioning analysis ( VPA ) showing the in different elevational gradients

percentages of the variance in the protist communities explained

by the environmental factors and spatial variables

JEUAE ERZ AR AR G A TR B0 AT )iz e P, R 2R X408l S Nt s 2 A 35 ol A A
Wi E 22 5%, MLV Z R ELERAILEI 0 T, A B IR AR B AT A A R LA

http ; //www.ecologica.cn



7 39 HIEW] A5 0 ey L SR AR A WA S5 A AN 2 R TR A R 2791

FINRERIFZMR . ASWFEAE R W | 6 1L 1 e bt - 38 Ji A A D 0 00 D A A DU A 4R B0 B R A —
B 1) BLEARXS - EAFTE2E S T HL A R OR R A MR A S R R (181 2) , U 3 s AR AR )
FETEZH AN AR X =F B2 A B 2 W 4R 53 o AR BIESE DX A DL 3 T T AL 4%, 22 J& U TT] ( Cercozoa ) | 48 3 17
( Ochrophyta) \£F %[ ( Ciliophora) FITH 4 ] ( Apicomplexa ) , 3X 5 DL %o 4 [ i o 5 5 -3 EARIC R+
JAAE—Z, (1 54830 ( Chlorophyta) |22 /& Hu T ARG 31T o 25 S b0 (14 W e B 206 R AR [R] 202

g L A 2 ZR G D AR WD R T AR R AR B e W REUER . FRATTA A5 SRR AR R M S A A= )
HEIE Y o ZFEMEIA W20 (K 3) X 5 Z AT A PR 7120 55 X0 1 33 40 T8 L TR A SR 4 SR AN — 4
UNBATEVE o Z2REME BETRER 0 3 D8 I i 3 0 T R o Z0RR R A TR R B B i S R e Y R
WA [ BT DRV oo Z2REPE X TR B2 A i B A O[] AR 2R W) oo Z2REHETE R [ T4k 2 TB) 0 0F
FH2E 5 KT e T C RN R CRLAE KR 3 i 3l ) i iy N BB S A i, oAb PR 2 AR A )
AT AR S80I 1 S5 A 2B A (ceyst) Bl 2 RIVEE R 7™ i ) PR B8 2% 1R, T DATE K it 1 BB 1, ]
B S B MM B S A AR R VR AU A T W 8 AL B o ZREVES AR 2 0 fey L 2 - 5
SR A A IR IS SR (B ZAENE) BRI SRS B 2240 B35 (I 4) JF B RS IsUAE A Wi Vs 22 1] 0 BE B (FH 521 ) B
VEEHRE B R (B 5) , SR G WS I AR R G AN R R L Y B2 AR T 4K 43 A B A
[ 2240 3 B BRI e P Aed A T B S [V Aot o - 9 A 2B RS o A A 2 R B IR S ML . [RIB, VPA
S M F G Mantel 43 M4 SR WY (3R 2 TR 7) , BREE PR 102 8] 28 5 0] St A A= YR D i 450 o0 A ks Jry S48 i 3552
), {E2 PRI R AR R VE T (7.9% ) W1 8 K T3 [R]85 (1.8% ) , iX R WIAE L6 LI ey D RE i A S R e b £
S A A R T VT AR BE AR ok AR ep e M AR (e ) B AR, X S AR S IX 4 B R L e
AT S SR — 2022 U B A P 5 ) 0 B2 A7 B M o R (PR BE e 8 ) S M, 11 4 ) 25 ot o VA
AR 8555 o Ak TR AL A3 T e — 2D IE S 1 P el R A D 2 2 W e 7 A e v B ARV JH R T B AL ot
R 8) , Bk, e Mt B 5 1 F 65 LW &y L R AR R BE T 38 I A AR T o A A AR R R B 1Y
AR5, H TR A AN RGN [A)I  X [] B PR R B A [R]  TEAS R4k b 0% S5 A A W RV A3
B RE WA TR] X - A ™ A T BB i B R T DT 5 350 It A 2E W T 1) 45 4 R 2 B AT
AR AT AE B Y 22 57

MR RIE SRS B EUREY) £ B AR RO 5 A Y R v A RO 25 R A2 A RS (Kl 6) .
PR B B PREE R, B ANSCAT RAGE sk 3875 /NSRRI SR S A RO | 1 T DL o b 2 Bk 5 e A W R
Ve TR R A TR S ] S TR SRR B ASTR] 4 A T R AR A B P
TR ST P R B 5 X e AR AR R AR A R B J) A TR TR BE ) b LR 5 A 2 %o Ji A
AW 3 A A SR 7 LR BRI s e (16 4 BT 5 Fnk 2)

TSR AR AR YRR A 0 S — NN R IR AR Y EKORER A BT
DIREHR 32 B AL BRZS [RIK 34 RCHE I Ak B S o DAL AR B8 31X, + K S 2 31T R A &
FEVE 2% B AL G 3R 202 SR I AR ) R R FE RS () 3 Pk (Y (R
B AR AR B ) Bt TV A8 A SN R — 00 4R RUBE S B A IR 9t UE S, 5K
15 55 AFAT I K A s ol 3 S A A e

R G R A R A DG , — SRR T AR T X — 8 R E R R AR
PeE T e AR I 2R R I A TR AR T SR 2R A 2 R R R Y RS B AR AR Y R
TR INBE N T A AT U 2R R, 5 Z A0 R, BB A T ZRE PR N3 ) . Zhao %51 & R fIE
AT LASA i A S W ) W R 2 T A A R o it RUNE e U A LR D 2 T AR AR A LR R bR

WEIE L RUE S A Y F 5 B LA A W RV 4 A0 P A L B, AR AR ) SR OC R AR 3 D) A A
R AN T LG 1 AN TR] 4 =5 o - R R R AL T P AR R - I I ST i 25 5 NV R
PRV Kt 40 BT T L R R TA (R R, A S R B RO [ 3 R A AR PR 25 57 . S5 5 i LT B R E Y

http ; //www.ecologica.cn



2792 JAE = 41 4

THY 2R I AR A W 0 BEBGS  AEA BRr  AE oh | A I (B RS | 25 AR s Rh
JFEREHE e

ARG P BRI PR3 24 [ A k4 iR AR O AR 3B AT 24 73,19 W28 S JC il e (181 7)) | IX SE TRk i
TR 1710 5 T Rt ph LA A I (L T 2 Y PR A DR (BRI R 3R S i i R PR s Y . 53— R
RORLEMRER 40 b3 i A A W 5 Al 23 SIS (AR o P LT ) 2 [ A A= AR LA (SE 4 Al B ANl 2
) T SRR DA A E ORISR A R A AR S W IR LA P L AR A o 0 TR AE
PRI I AR A Pt DR A T 2 PR , AR X A A AV A AL R A T S R RO, Bk
A= W TEL AR B A FH A AR STk AN T 20

4 ZHie

V. L1 M A 25 2R G0 H IR A R 7 23 X T AR 2 ) i IO TR, i 1] ) AR S e it 2 T A B 2 ) 8
RFETEG . PTG AR A S A R MR M e AR R A T BRI IR T S 2 S O, Tk o
FOKE R AR T AR RO JFUE AR MR 2 ORI A R R A R B IKE N , B, Bl E P B (BRI
PeF) S T LI i 1L R A A eV Sl AR RN AP ) 0K S) g

5% 3Lk ( References) :

[ 1] pEwesn, dhl, TR, XM, T w b i ion RS AR AL PILHEY)=A4iz, 2016, 36(8) : 1678-1686.

[2] LuoZM, LiuJ X, Zhao P Y, Jia T, Li C, Chai B F. Biogeographic patterns and assembly mechanisms of bacterial communities differ between
habitat generalists and specialists across elevational gradients. Frontiers in Microbiology, 2019, 10; 169.

[3] LiuD, Liu GH, Chen L, Wang J T, Zhang L M. Soil pH determines fungal diversity along an elevation gradient in Southwestern China. Science
China Life Sciences, 2018, 61(6) ; 718-726.

[4] YongXC, BingHJ, Fang L. C, Wu Y H, Yu J L, Shen G T, Jiang M, Wang X, Zhang X C. Diversity patterns of the rhizosphere and bulk soil
microbial communities along an altitudinal gradient in an alpine ecosystem of the eastern Tibetan Plateau. Geoderma, 2019, 338. 118-127.

[5] RenCJ, Zhang W, Zhong Z K, Han X H, Yang G H, Feng Y Z, Ren G X. Differential responses of soil microbial hiomass, diversity, and
compositions to altitudinal gradients depend on plant and soil characteristics. Science of The Total Environment, 2018, 610-611; 750-758.

[6] LiJB,ShenZH, LiCN, KouY P, Wang YS, Tu B, Zhang S H, Li X Z. Stair-step pattern of soil bacterial diversity mainly driven by pH and
vegetation types along the elevational gradients of Gongga Mountain, China. Frontiers in Microbiology, 2018, 5. 569.

[ 7] GreenJ, Bohannan B J M. Spatial scaling of microbial biodiversity. Trends in Ecology & Evolution, 2006, 21(9) ; 501-507.

[ 8] MWIE, T4, +HU A Yk h s 5 i as AR, 2R A4, 2015, 35(20) : 6575-6583.

[9] WuWX, LuHP, Sastri A, Yeh Y C, Gong G C, Chou W C, Hsieh C H. Contrasting the relative importance of species sorting and dispersal
limitation in shaping marine bacterial versus protist communities. The ISME Journal, 2018, 12(2) ; 485-494.

[10] Zhou J Z, Ning D L. Stochastic community assembly: does it matter in microbial ecology? Microbiology and Molecular Biology Reviews, 2017, 81
(4): €00002-17.

[11] Dini-Andreote F, Stegen J C, Van Elsas J D, Salles J F. Disentangling mechanisms that mediate the balance between stochastic and deterministic
processes in microbial succession. Proceedings of the National Academy of Sciences of the United States of America, 2015, 112 (11):
E1326-E1332.

[12] Xiong W, Jousset A, Guo S, Karlsson I, Zhao Q Y, Wu H S, Kowalchuk G A, Shen Q R, Li R, Geisen S. Soil protist communities form a
dynamic hub in the soil microbiome. The ISME Journal, 2018, 12(2) . 634-638.

[13] Geisen S, Mitchell E A D, Adl S, Bonkowski M, Dunthorn M, Ekelund F, Ferniandez L D, Jousset A, Krashevska V, Singer D, Spiegel F W,
Walochnik J, Lara E. Soil protists: a fertile frontier in soil biology research. FEMS Microbiology Reviews, 2018, 42(3) . 293-323.

[14] Geisen S, Bonkowski M. Methodological advances to study the diversity of soil protists and their functioning in soil food webs. Applied Soil Ecology,
2018, 123 328-333.

[15] Tz, HochE, 3k, ks, HEBL ERE E A ) A B MR R, 485250, 2017, 36(6) : 1614-1621.

[16] TRz, Bk, FECE, Raal, DAk, 13Tt X R [ R B B A A i . A= 352441, 2018, 38(10) : 3628-3638.

[17]  feZs, BREF, BREG, WRBE, MRS, w0, mll, mitepe, sie, Seite | Jesl R, BiEte, R, 800, fids, R, 48R, gt
B, SCRFL, RZER, REM, skRBL, SRVGED, BXOTHE, REE. s AEAE SR . PRSI SRR, hERR . Rk,

http ; //www.ecologica.cn



7 39

HIEW] A5 0 ey L SR AR A WA S5 A AN 2 R TR A R 2793

[18]

[19]

[20]

[21]

[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]
[36]

[37]

[38]

2019, 49(10) ; 1301-1322.

Stefan G, Cornelia B, Jorg R, Michael B. Soil water availability strongly alters the community composition of soil protists. Pedobiologia, 2014, 57
(4/6) : 205-213.

BIEEE, VLR, XVAAl, Fisif, PA. 6 s L S0 iR LU e AR 40 i 23 A1 1 BRBE A BE 3 BT RIR 2 300 3. B RRAE ) 2009, 26(11) -
12-18.

ZhaoZ B, He J Z, Geisen S, Han L L, Wang J T, Shen J P, Wei W X, Fang Y T, Li P P, Zhang L. M. Protist communities are more sensitive to
nitrogen fertilization than other microorganisms in diverse agricultural soils. Microbiome, 2019, 7(1) : 33.

Tucker C M, Shoemaker L. G, Davies K F, Nemergut D R, Melbourne B A. Differentiating between niche and neutral assembly in metacommunities
using null models of B-diversity. Oikos, 2016, 125(6) . 778-789.

Chase J M. Stochastic community assembly causes higher biodiversity in more productive environments. Science, 2010, 328(5984) , 1388-1391.
Venter P C, Nitsche F, Domonell A, Heger P, Arndt H. The protistan microbiome of grassland soil ; diversity in the mesoscale. Protist, 2017, 168
(5): 546-564.

BIEY, XIEAL, BEIE, £I7, R, S5, 06 10T L LR TS i R SR AR, 2020, 40(19) :7009-7017
DikE, Dhyell. LIERUEY Z R RAR R DT RUERE. A 35244, 2018, 38(5) : 1521-1529.

Kennedy A D. Water as a limiting factor in the antarctic terrestrial environment: a biogeographical synthesis. Arctic and Alpine Research, 1993, 25
(4): 308-315.

Krashevska V, Sandmann D, Maraun M, Scheu S. Consequences of exclusion of precipitation on microorganisms and microbial consumers in
montane tropical rainforests. Oecologia, 2012, 170(4) . 1067-1076.

Tsyganov A N, Keuper F, Aerts R, Beyens L. Flourish or flush: effects of simulated extreme rainfall events on sphagnum-dwelling testate amoebae
in a subarctic bog ( Abisko, Sweden). Microbial Ecology, 2013, 65(1) . 101-110.

Cavender J C, Landolt J C, Romeralo M, Perrigo A, Vadell E M, Stephenson S L. New species of Polysphondylium from Madagascar. Mycologia,
2016, 108(1) : 80-109.

Bates S T, Clemente J C, Flores G E, Walters W A, Parfrey L W, Knight R, Fierer N. Global biogeography of highly diverse protistan
communities in soil. The ISME Journal, 2013, 7(3) : 652-659.

Clarholm M. Bacteria and protozoa as integral components of the forest ecosystem-their role in creating a naturally varied soil fertility. Antonie van
Leeuwenhoek , 2002, 81( 1) ; 309-318.

Acosta-Mercado D, Lynn D H. Soil ciliate species richness and abundance associated with the rhizosphere of different subtropical plant species. The
Journal of Eukaryotic Microbiology, 2004, 51(5) : 582-588.

Krashevska V, Sandmann D, Maraun M, Scheu S. Moderate changes in nutrient input alter tropical microbial and protist communities and
belowground linkages. The ISME Journal, 2014, 8(5) . 1126-1134.

Acosta-Mercado D, Lynn D H. Contrasting soil ciliate species richness and abundance between two tropical plant species: a test of the plant effect.
Microbial Ecology, 2006, 51(4) : 453-459.

Ledeganck P, Nijs I, Beyens L. Plant functional group diversity promotes soil protist diversity. Protist, 2003, 154(2) : 239-249.

Bernasconi S M, Bauder A, Bourdon B, Brunner I, Biinemann E, Chris I, Derungs N, Edwards P, Farinotti D, Frey B, Frossard E, Furrer G,
Gierga M, Goransson H, Giilland K, Hagedorn F, Hajdas I, Hindshaw R, Ivy-Ochs S, Jansa J, Jonas T, Kiczka M, Kretzschmar R, Lemarchand
E, Luster J, Magnusson J, Mitchell E A D, Venterink H O, Plstze M, Reynolds B, Smittenberg R H, Stihli M, Tamburini F, Tipper E T,
Wacker L, Welc M, Wiederhold J G, Zeyer J, Zimmermann S, Zumsteg A. Chemical and biological gradients along the damma glacier soil
chronosequence, Switzerland. Vadose Zone Journal, 2011, 10(3) : 867-883.

Gao Z L, Karlsson I, Geisen S, Kowalchuk G, Jousset A. Protists: puppet masters of the rhizosphere microbiome. Trends in Plant Science, 2019,
24(2): 165-176.

Goberna M, Navarro-Cano J A, Valiente-Banuet A, Garcia C, Verdi M. Abiotic stress tolerance and competition-related traits underlie

phylogenetic clustering in soil bacterial communities. Ecology Letters, 2014, 17(10) . 1191-1201.

http ; //www.ecologica.cn



