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Abstract: Microorganisms play an important role in regulating biogeochemical cycling in terrestrial ecosystems. Microbial
functional structure and related processes are determined by the microbial community. Soil physiochemistry properties affect

microbial community structure. Land uses affect soil properties and microbial communities, whereas most of the researches
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at home and abroad focus on the effect of different land uses on soil properties, and how effect of soil properties variations
on microbial community and functional structure under land uses were unclear. In this study, land uses (i.e., bare-land,
farmland, and grassland) were selected from the long-field experiment ( established in 1984 ). The experimental plot is
located at the Changwu National Field Scientific Observation and Research Station of Farmland Ecosystem in the highland
and gully region of Shaanxi Province, which is a dry-farming and rain-fed agricultural area. Soil microbial community
structure (16S rRNA and ITS) , soil physiochemistry properties have been determined, such as soil bulk density (BD),
soil organic carbon (SOC) , soil total nitrogen (TN) , soil microbial biomass carbon (SMBC), and soil mineral nitrogen
(mineral N). We found that there was a significant difference in the relative abundance of microbial communities and
functional structure under different land uses. Alpha diversity of soil bacterial community was the highest in bare-land, and
followed by grassland and farmland. The relative abundance of Proteobacteria, Actinobacteria, and Ascomycota in the
farmland ( 29.7%, 17.3%, 9.2%) and grassland ( 29.9%, 17.6% , 5.5%) were lower than in bare—land ( 31.1%, 18.
3%, 27.0% ). The relative abundance of chemoheterotrophy and aerobic chemoheterotrophy in the bare-land were
significantly higher than those in the farmland and grassland, where nitrification and aerobic ammonia oxidation were
significantly lower than those in the farmland and grassland ( P<0.05). Saprotrophic fungi were the highest in bare-land,
followed by farmland and grassland. Variation of bacterial community structure was influenced by BD, TN, mineral N, C:N
ratio, and soil microbial biomass carbon (SMBC) , while variation of fungal community structure was mainly influenced by
mineral nitrogen. In addition, the functional community structure of both bacteria and fungi were mainly affected by BD,
SOC, TN, C :N ratio, and SMBC. Specifically, Proteobacteria, Actinomycetes, Ascomycetes, and Basidiomycetes were
more suitable to live in the farmland soil than in grassland. Chemical heterotrophic, aerobic chemical heterotrophic bacteria,
and saprophytic fungi, which participated in soil carbon cycle, were mainly enriched in the farmland. Nitrification and
aerobic ammonia oxidizing bacteria involved in the nitrogen cycle were mainly concentrated in the grassland. Therefore, the
change of soil physiochemistry properties driven by land uses affected the community structure and function of
microorganisms. In conclusion, variations of BD, TN, SOC, C :N ratio, SMBC, and mineral N under land uses change

dominated the microbial community and functional structure.

Key Words: land uses; bacterial community ; fungal community; functional structure

SRR WA D i A 2 R G A A R, SR O R A E AL Sl Y EE A 7RV Rl AR S R
Gt R AEICR M HER AL 2E G IR AR vh B B X B W R BRE OG ah R A e A R 9 T
(92 KB oE K R A M b AN T BE TS BN R AT B ( Acidobacteria ) | it 28 B ( Actinobacteria ) | 45 JE B
( Proteobacteria ) 25 LIRS T8 2 T % ( Ascomytota) .8 F i ( Basidiomycota ) %45 1 ( Zygomycotina )
AL AR S R T ELA 1 R A ) AR DL A 2E 2 D BB LR Sy U TR R T RERE, . 2 5 0
BRI IR S SRV AN B 5 5 2 5 IR IR 1 S R R AN 0 7 B A R B AR SRR, R AL
Bk (SOC) U Fr it L2043 |2 T A5 - e MbR 1 i 2 fb 285 5 o)+ R AR 0 20 R M RN R I A B TR
R AT R FE U P 2Rt S RS2 R A S BRI B et R AR AL S A 1S Ry
RERYFZNE , A7 B T — L TR AAR T Rl AR 25 R G ER AL A IR ER 72

LR AR I - AR D R RS R W] st R Oy 2 TR) AN TR AR A R B
Jti S s IR B2 R BN, AR T B SRR T bR ep SR AR AR R
(1.2—1.7 g/em’) BAFH(0.4—0.8 g/kg) B (9—18 g/kg) LIEBRA L (14—22) . Bty At 3t
LI AR (0.5—0.8 g/kg) SRS (9.2—11.4 mg/kg) . BEAM, Wang %17 4 4R H R[] £ 4
FPARRAS A (& NAE A /INAE-ET A R Al A - AR N -BE - R ) o R 3R 1k
ALK (7.9—9.6 g/kg) HIERA(1.0—1.2 g/kg) . XL A IEIRAR IR H 225 HEHE I R 4 A A1)
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AERYECAE T B RFFTHE o A i SR DORE IR 3 B EA TR B R 5 (R T 1998 4F) ,SOC 7t JA 1998 4F
) 4.0 g/kg HETNZE 2006 4EH 4.5 ¢/kg'™™ 5 F] 2014 4F SOC FHEE E 6.2 g/kg, WHHEPIK Z X 15 SOC & &
FIEFEAe R 2.8 o/kg' ™ . HATRZEWF 78 3o Tz X+ b A A 7 Q828 s + e vtk g5 mg >0 (5 +
Hi R FHBIR 21 1) A SR AR AT RAE A 5 A8 RN ) BE 1 52 1 1 R T 20 i 4

LTI, AT AT P4 4 i B R0 (7 W IR, R 9 1 A T) = 3t ) O 2 (Rt A P Bt ) £ + 38
B H PRE S O A5 IR 25 5 A TSR] b R 5 2T 4 ORI B R R S e R SRR R 1 e
AR T AR A A Ak s HETT 204 T 8 Z (A1 G 3R, DA aff - 1 ) O 2028 Ak 25 1 T R 3 M R A
A= WrE T S D Re R E FBLE

1 #MR57EE

1.1 R IXHEA

A SRS AE R U A T AR 28 R G I S B AMEL 7 MBI 9 i 4 00 67 W IR0 (4R T 1984 4F ) HEAT %0k
AT PR T B A B 6 48 K i B B AT (107°407E,35°12'N, 4K 1200 m) , iZHUE T 2EM S0l X, 6
WA PR KRB RERISE(1957—2018 4F) |, iZ b X AEH &K iR 580 mm,7—9 H 3 FfK i
AEREAR R 49% /A7, R R 9.1°C KT 10°C AR R 3029°C , 4F H RIS 4 2230 h, H I3 51% , 448
SR 484 k)/em® . HIEMRRIERTRYT 1 1984 AR BRI HIEA DK S EHN 6.5 o/kg, BA T EN 0.6
g/kg,pH {H 8.4,CaCO, ¥ & 10.5% , Kk & i ( <0.002 mm)24%
1.2 Rkt HE

R A WG T T 36 NAbHR, 3 REE A, S AR FFL AR . FE1Z A 0 s A7 W I3t 6 v BE B 3 A
R R 5 20 (AR THEAC AL 3 ) . DA (/NAZ )« DN 1984 4FEFF I /INAZ e S A A A /N AE |, —AF — 2 4%
FRHh 9 A R A), s BHEEA TR ORI £ | A S Y K — 30, B 6 H A/ INE VR Kb AR )
AT — U UCE B S P BRI N KR 0—20 em T3 HEAT BB, #E10AR 2 5% 20 010 Hokm A L F
AEZERWBI(7T—9 7)) ,9 A G 7 F— R/ NERHERE RN @R (AL ETE ) - bk B AR R B R A
VEFHRTEAE H, L FP Ry S8R H A8 , B 1984 4EREFSEIE B A AR K 245 R R B4 6 H TR 9 H Nty
PR B AR i AR N A 2 AR TR AR s OB . 7y X BRALBE ) [ 1984 4R TF IR i 2
ZAEANFEY) , B IR R A K A 24 B, 45 bR R SCBEALHES . /NXA 5.5 m, T8 4 m, AU 22 m®,
1.3 EHERE AR

2018 4F 6 A T A, /NERETEWCEE  HEAR N 3 om 1 LARSE T KR A T 50 2 0—
20 em H3E, FEA/NXLL S BIBERE 5 AREESCRSE 5 & R TR A B —IRER 0 H 3 RER
Bt AR L 2 mm 055 SIBRAR R R RAE G h YBR[ 9050 % . —20°C RAFHE A Hr B
FEIE A0 s 4°CORAPHE BT TR W) B ik (SMBC ) |, TR A BN B A A (07 B &) 55 5 A dn KT FH T %€ SOC i TN
IR
1.4 DNA $&BCH = 38 &2 7

K H] Fast DNA SPIN Kit for soil 127 & AR 45 35 W $#2 B DNA, ] Nanodrop ND-2000 UV-Vis 43t B it
(Nano Drop Technologies, Wilmington, DE, USA) il DNA (%505 AT &, AR 4 i e X I A 28 5, 1
Barcode %5 5 51 ¥ 4T PCR 97 4% . 338F (5" ACTCCTACGGGAGGCAGCAG- 3') 1 806R ( 5'-GGACTACHV
GGGTWTCTAAT3") P P HA4NTE 16S rRNA FEH A V3-V4 XI5 I1TS1(5'-CTTGGTCATTTAGAGGAAGTAA3' ) Fll
ITS2(5'-GCTGCGTTCTTCATCGATGC-3") M H4 EL B ITS FEPR X IR alifb 1 7 4 36l 45 75 91 SC %, SR 5 1)
Qubit@ 2.0 Fluorometer( Thermo Scientific ) Fll Agilent Bioanalyzer 2100 & G¢ A&l SC 8 i 7, e Ja 4 b 5t it AR
PRI B3 A BR 2> 5] A Mlumina Hi Seq 2500 PE250 -4 #4755 18 il e

BB i T AR Barcode J741H PCR 473 51 W) 2 4 43 A A FF S B BCHE | K B o 19 P 510485 B
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FLASH(V1.2.7 ,httP ://ccb.jhu.edu/software/ FLASH/ ) #EATHF42 SR Jm M4 QUIME'™ i 44 i A g A7 o 5 16
HRAE UCHIME 33350 LBtk A R 7 31, SR J5 K 8 4% 10 3 9 R UParse Z0EE7 L 97 % 16 AR AL B8 5 25 5 43
OTU, % OTU f%—MEEF5], #F RDP Classifier 275 5 GreenGene $UHE 5 L) 80% 14 15 B {8 47
PR, feJa DAEOE a0 R SO AR XS AR B 1 OTU =F BERE EA T34 — LA ], J5 2211 alpha Fll beta
ZREVE T B0 T 1 — A RS W B
1.5 L3RR T

47 E R FHER TR %, SOC I H,S0,-K, Cr, O, ZM Bk il 52 TN ) F 8L I & Ak e >
SMBC FI| F &5 B 7% - A e 0, H 3 B A AN A ZUH 2 mol/L KCl IR IR #8485 , R 3h 2 #r X
I %E (SAN++, Skalar, Holland ) "' | FEAEAHF S o 3840 25 R NAS 25 U0 2 75 1 2 Aol R 380 R AU
S,
1.6 Bk

K H SPSS 2.0 FAEXT HIEMRIR AU D REVR o- B- AR A T B N 2R 07 2240 #1 (ANOVA) [ IFiEfT F
BRI YA 5 0 I, P Duncan £ 556 AN [A] R O A E AT HEEL (P<0.05) o PR
5556 518 F Sigmaplot(12.5) 322817 40 H YA 7K SF-HE 24 1 9 40 B8 F LR 25 AR X I R
RIET (3.5.1) X Gl Wy e A7 B2 B 38 1o ape 01 ggplot2 4122 il 32 Ak 45 43 #7 &l ( Principal Co-ordinates
Analysis, PCoA) . 4B FEFHIHAESS HIAIFH FAPROTAX 7 F1 FUN Guild ™ #4710, 3 EMBEE £
£ (Chaol $8%5) S Z#£4E (Shannon $5%1) | DI RE 4544 F1 58 #L AL PR R 2 [R]AH G OC 2R H SPSS 2.0 {438 1
Spearman #1475 w57 .

2 EREHS

2.1 A ORI Bk AR Ak

AN R I7 3 (B s AR os. M) HIEMRRAFEER EZS (1), Hh b A ER K (1.4
g/em®) UK (1.3 ¢/em’) S EHL(1.2 g/em’) . BRHLH SOC &M 5.9 o/kg, K H (6.5 g/kg) I
T (10.5 g/kg) Sl B Y 10.2% 1 78.0% , B 54 B 38 TN & 838 0.8 ¢/kg, 1M B HL A 1
i 1.5 f5 . A R HOR A D T B A A R R 12.7—34.0 me/kg, Ho RO 55 (34.0 mg/kg) o

F1 FRMFMAFTXTEER

Table 1 Soil properties under different land uses

R LE2N s A< H Fih

Soil properties Bare-land Farmland Grassland
1325 7 Soil bulk density(BD g/cm?®) 1.420.01 a 1.3+0.01 ab 1.2+0.01 b
AT LI Soil organic carbon(SOC g/kg) 5.9+0.40 b 6.5+0.20 b 10.5£0.80 a
+HERA W E i Soil microbial biomass carbon( SMBC mg/kg) 96.4+8.00 ¢ 152.0+£9.00 b 204.0+13.00 a
IR W i R PLIRZ L

The ratio of soil microbial biomass carbon to soil organic carbon 16x1073£0.74 ¢ 23x1073+0.74 a 19x107%+0.74 b
(SMBC/SOC)

+ 384 Soil total nitrogen(TN g/kg) 0.8+0.02 b 0.8+0.03 b 1.9+0.03 a

+ 385" Fi A Soil mineral nitrogen( Mineral N mg/kg) 18.1+0.10 b 12.7+0.01 ¢ 34.0+0.10 a

] AT/ NG P 1 Fon A B 22 53 .35 (P< 0.05) , BUHAR AR IERR (n=3)

22 fEYMIZRENE

- SEREA P 0 R R B VR A AR S 64246 F1 31162 i@ E S, 4 AEE OTU B0 3t A Oy
RE TR ELZS, MERETE Chaol T8RN E (P<0.05) (F£2) , K/NHEFE N A H (4921) >#Hb (4831) >
Hi1(4202) , JHEEREYSE Shannon FEACRIAE B B 25 (P<0.05) (£ 2), K/ANHEF R R H (10.2) > 5 i
(10.1) >#RH1(9.9) . EFHHEVE Chaol TE%05 Shannon F85 4 F il | 55 A U AR, (834 oK 3k 2] (g 25K
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o R 7 SO0 AR A LR R B- AR E A — e (& 1) B IEAN TR RV B- 2 R B
1 (0.3) , A AR b A R AIG 31.0% . 13.8% , #RHLH BRI BEYE B-ZHEMEFE N 0.8, A& H AL 37.5% , 1
TSR H 14.3%

Fz2 1RIE 64246 FWEEF IR 31162 £EFFIITEEREFFIEIAE A 97 %R &) alpha ZHEMEISE

Table 2 Microbial alpha diversity indicates at 97 % sequence similarity of gene sequence calculated based on 64,246 bacterial sequences and 31,

162 fungal sequences for each sample

[GRY| T T OTU %k Chaol F5%L Shannon 84X
Microbe Land uses OTU number Chaol index Shannon index
YHTH Bacteria HRHD 4386+119 a 4831+365 a 9.9+0.09 b
A H 497531 a 4921+744 a 10.2£0.02 a
i 4871+382 a 4202+272 b 10.1£0.34 a
H A Fungi it 637+85 a 859+106 a 4.0+£0.65 a
A H 750+63 a 1005£116 a 5.3£0.05 a
FHl 508+94 a 649+118 a 3.3+0.83 a

AT ELE A5 E X RS R RN FRER R AL BRI 25 5 25 (P<0.05) , BUHZFRIR IME AR HELR (n=3)

a g 0.90 | i a
b
0.35 0.80
z
§ 0.70
i 70 +
& 0.30
:
b b 0.60 |
£ o025 | .
QU 0.50 |
C
020 [_L,—l ‘ 0.40 |
i 4 H HiHh i e H HiHh
Bare-land  Farmland Grassland Bare-land  Farmland Grassland

1 HEMEEEE beta TiFE
Fig.1 Beta diversity of bacterial and fungal communities

P& Hp R RN 7B e /R Ab B R] 22 57 2 ( P<0.05)

2.3 WUEWREE A

IR VA H RS KOE A BN [E) E s AH  RRA AR 22 S (R 2 3) L AR
EAET 1K |, A2 ( Proteobacteria) | il ZE T ( Actinobacteria) IR AT # ( Acidobacteria ) ¥ M L #HE ([ 2)
(29.8%—31.1% ,17.6%—18.3% 17.6%—19.5% ) A0 S AH AT [ 17 7E 8 22 5, A% H AR b AR T 1R ]
AHXTFEBE R 29.7% 1 29.9% , 43 AR (31.1% ) 1% 4.5% F1 3.9% ( P<0.05)

HEAFE T, F2ET ] (Ascomycota) FHF [ ] ( Basidiomycota) | #% /% #i [ ] ( Mortierellomycota ) F1 57 [
I"T( Mucoromycota ) 24t 3B, H 76 + R 7 X AE AR 38 RS S (81 3) b v 7 8 57 1] 4 X = 1
(5.5% ) BAR, A 1 (9.2%) FIHE (27.0% ) A8 dh =t 67.3% 3.9 A% ; #i b o 40 0 1T AR X = B 3
(24.7%) ,ACH (12.8% ) FIHHE(4.2% ) 53> BIELHEHAE 48.2% F1 83.0% ; 4 T v i 725 1 1 T AH X = B e s (A T
vs. LM vs BRI :5.7% vs. 3.6% vs. 1.8%) ,fHAEANIR] 14t ) I 75 =X R TG 4 35 25 55 5 AR 1 (4.3% ) AR (0.9% )
T BRI AR 24000 s R 16.9 % 2.8 % (P<0.05) ,
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2.4 EYITIREAR L

3 3o X R M AR HH R M R A ) AR AR AT 12 .
PCoA 5387 , % B E Wyl R 75 1 M ) P 7 = ) £ 75 Ji o e o KHI
B 4) . MDY RIS 1 ARG TEAR R "
39.8% , HEFF RS 2 flif0 BTRkR R 25.7% , 1 2 fil R
BN 65.5%, Horb BB —F ol b AR R R i
WEKH] . MR FAPROTAX 83k, 2 RHE4 el T T L
RN RE VS oh A X S B HE 4 BT 10 69 T B 4 4L (1A 5
5) . ANERREVEDIRE L b o5 AR O A 2 Ak BE S 3R B RN S ——
HEALRE SRR G, X AR ¢ o P AL e S 57 R A1 1 PC1 (39.79%)
MATEEBER (10.3%) A (9.6%) Al LML (8.2%) I B4 RELFEER T EAEEEE TR ETN PCoA 547
%Uﬁé%%i‘mﬁ& 6'8%$ﬂ 20.3% ( P<O'05) © ZQEEI%H%:H@':P% Fig.4 PCoA analysis of soil bacterial community predicted by
SAALRE SR RN TR AR T =B R 8.9% F11 7.5% , 73 5 HE  functional genes composition under different land uses
HAK 4.3% F 19.4% , HEAb, i 10 750 248 TR 76 BR L AH 6
FREHAR (1.0%) , 4 T (1.4% ) FIH L (2.3% ) B4

PC2 (25.68%)

#1140.0% 1 1.3 £ (P<0.05) . Z{bl i, #Hl  dp 45 l
AL RN A 5 B AR (0.6% ) , 4% 1T (0.9% ) R ol T ) ; gﬁ
(1.9% ) 73 AR L= 50% 1 2.2 £% (P<0.05) . 'b Ta

AWFFE A B FUN Guild 78 28 8085 F 4 (https:// QE s (A (e
github. —com/UMNFuN/FUNGild) B ELBEE R p 20 A - B2
7] 9% 9 8 (Trophic mode) MIEALRE(Guild), EZH BT °
FRDRIEAET VORI R, SOt B |
S BRI PR LR  F MR s .
s> > B0 (1 6) . Guild S — R ol T BRI 1 2t wap o
WROBT AT RO DR 4336, b LR S I R | ﬂﬁﬂ a%ﬁuﬁﬁ% ag asa ga
JE A AE AR, X Guild BT, AT LU 53 4 ’ L SVELEE TET T
fl P AR S E RS BRI IR IR, 6T I 5 9% SiEEREIEIZIEEEYS
TR ASBIFTE P B REEAT T 4 B AESE e 0 Jl 43, Ik fEIE: FEEIRITS
RN BT - PRIV 0 L3 h  SUB T . S5E
HDRRIR A A B AT RE B (1 7). Mook ) D A

R SCJEE A TR AFDRT 3 5 i e (R M vs. AR T vs. B M. 23.8%
w5, 17.2% w. 5.50)  FUCRHPIRIR . WANELHS s XEiM%Uﬁﬁ#iﬁﬂj@“ﬁ?ﬁ“ﬂJﬁ&%@ﬂig
AU, IR o [, T2 O T T
SR AL - AR I A T 2 2 R TR AR IS oy g 4 5 D 2257883 (P<0.05)
WA AR RE] 37 A Guild, #R3 4& B A EE
b o RS 31,35 F1 28 > Guild, AR AR X - S FL TR D e 2 AR AL (LR 3 2 e 5 DR AR X =
ZEREK,
2.5 EHEMRR A W BT AN ) RE Y 5 )

PR -t A7 20T AR bR S A Wi I A Y T e SRR R 2 IRl 4T T Spearman AHOG
PEOTHTIE BB, T VTR AT e 5 T PR AL R Z A EAR AR A C R (R 3 K 4 K 5)

http ; //www.ecologica.cn



20 14 RAER A MR TR S ) LIRS A e A A T 4 ) R 7997
2 o Mt 0l ¢ o M
30 ISEidii| & = &H
° = Fiih é = Fiih
§ 2 20+ ||a
e s I a
£ 20 f || z
% m 10 + a
~ H# a
5 7
10 + a E a,
;’E a 0 _gl ad Sf Dzbb afa bgb 32 a3a ada bba
B EEIEEEIEAEIEFEFEL
HEmoE oW Em b H PR o
a a 2a R E B ECEGEEECEcE-E:
A g < < < = <
0 fa aka |[f2 (10 %20 a2iaaa W EIEERIFEISIRZC BN ENS
P g e =gpEcspeis: £ 2N
SEEESEREREREEE R : “iEiEiili I osgd
BE S X5 KE K mS K5 K& © fEipEwmgEZ o4
a8 ™ M58 s Mo Ta 1. s ERE®y =& % xN
4 & E EEEEEZ EE EE e 2 % g E
@ REHE R P HP =s £ 2 2 S
e &E o &7 &7 Yy < = g
Swms 5 2 %2 £z g
E§E8 £ 2 =8 ®E =
£ B £ g Eg %
& ESg g B z
= 8 )
2 & g
= <
& &= g

B7 AELHFAAARLIEERNRERERERE

Fig.7 The abundance of soil fungal community functional genes
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Fig.6 The abundance of soil fungal community nutrient under
under different land uses
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R3 WEMBEFERSHNHEHSIEMERZEEXXE

Table 3 Correlations between the abundance and the diversity index of microbial and soil properties

ANTH 4 BE B alpha ZHREPEFEEL

Bacterial abund d aloh BD/ S0C/ TN/ CN rati SMBC/ SMBC/ Mineral N/

acterial abundance and alpha :N ratio N

o P (gem®)  (e/kg) (&/kg) (mg/kg) s0C (mg/kg)

iversity index

Shannon #§%% Shannon index 0.47 -0.53 -0.75* 0.59 -0.54 0.02 -0.47

Chaol $8%X Chaol index 0.21 -0.36 -0.56 0.38 -0.24 0.03 -0.11

OTU #{ OTU number 0.63 -0.70" -0.88"" 0.66 -0.64 -0.07 -0.47

FUE B K alpha ZFEPEFEEL

Fungal abundance and alpha BD SOC TN C :N ratio SMBC SMBC/SOC Mineral N

diversity index

Shannon $§%% Shannon index 0.21 -0.13 -0.24 0.62 -0.08 0.48 -0.74"

Chaol 84§ Chaol index 0.32 -0.16 -0.15 0.70* -0.27 0.18 -0.63

OTU %{ OTU number 0.11 0.01 -0.26 0.64 -0.01 0.53 -0.69 "

L IE R

beta ZAFHLITAL BD s0C ™ C:N ratio SMBC ~ SMBC/SOC  Mineral N

Beta diversity index

4174 Bacteria 0.50 -0.48 -0.11 -0.42 -0.48 -0.95"" 0.50

H A Fungi -0.50 0.48 0.66 -0.93"" 0.48 -0.48 1.00 "

ZILH (4X) Proteobacteria( class) BD SOC TN C :N ratio SMBC SMBC/SOC Mineral N
v JE T Gammaproteobacteria 0.74" -0.70" -0.65 0.55 -0.74" -0.20 -0.53

oL H Alphaproteobacteria 0.90 ** -0.81" -0.79 0.59 -0.86*" -0.43 -0.53

3-AFJE T Deltaproteobacteria 0.42 0.63 -0.75" 0.80" 0.49 0.13 -0.69 "

* % FRon P<0.01 By 5K 5 + 7R P<0.05 Y ik F K

R4 AEIEERFESTEERZ BEXXER

Table 4 Correlations between the abundance of bacterial functional genes and soil properties

A DIRERY BD/ S0C/ TN/ CON rai SMBC/ SMBC/ Mineral N/
Bacterial functional genes (g/em®) (g/’kg) (g/’kg) o (mg/kg) SOC (mg/kg)
R E ]
flges 31 0.79" -0.83"" -0.80"" 0.65 -0.83"" 0.33 -0.63
Chemoheterotrophy
He 5 e
S RER 0.79* -0.83"" -0.80"" 0.65 -0.83"" 0.33 -0.63
Aerobic chemoheterotrophy
o £ 7 A AR T
ARARFLE . 0.47 -0.44 -0.79" 0.87*" -0.54 0.32 -0.79"
Predatory or exoparasitic
4 1]
EHH:LF: . -0.95"" 0.83*" 0.69 " -0.44 0.88"" 0.13 0.47
Nitrification
4y
RTﬁﬁﬁ% 0.16 -0.23 -0.12 -0.26 -0.16 -0.04 0.47
Chitinolysis
AL
ﬁ?i—iﬁﬂﬁ: L -0.84"" 0.70 " 0.68 " -0.55 0.80" -0.03 0.58
Aerobic ammonia oxidation
i‘|\
by Rk AR 0.32 -0.35 -0.70* 0.73* -0.45 0.57 -0.63
Aerobic nitrite oxidation
s N 7
ﬁﬁﬂg daiad . 0.47 -0.53 -0.75" 0.59 -0.54 0.47 -0.47
Aromatic compound degradation
WAL b
AL eI -0.53 072" 0.39 -0.25 0.49 ~0.39 0.26
Respiration of sulfur compounds
iR
Gl -0.53 0.72* 0.39 -0.25 0.49 -0.36 0.26

Sulfate respiration

# % PR P<0.01 8K « FIR P<0.05 1 1 E /KT

W FAREE T AL T AR R AE RIS O, s S AW BRI S5 5 R ARl SoC 5 TN
TR TR (R ) X — BT hE %KlﬁliﬂﬁﬂﬁﬁﬁﬁﬁjﬁlﬁlE‘J#ﬁ%ﬁ%ﬁﬁﬁ/\u&ﬁ%ﬁ%%ﬁ%
)y, AT FE4E R s HH  SOC A TN & i ?Z%EHEP A e PR A T AR ) S e AN A R
HBEHE YRR, TR e if%%ﬁm HERREDY AN, B RE Y AT R B A
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AET , AT S R 3 A M PP AR TR R W AR KR SRR 5 T SMBC R, X 5 A
SO R RIFE L SRATAE 2 57 | 2 B DT DRI T R A RV R DX i AR 4 FH AR 28 4 AR T T 8
%5 AEPEDRERALEREESHREMMRZAAXEER

Table 5 Correlations between the abundance of nutrient and functional genes of fungal community and soil properties

. BD/ S T SMB MB Mineral
Ee3i] Trophic Mode 5 o/ N/ C :N ratio =4 SMBC/ ineral N/
(g/cm”) (gkg) (g/kg) (mg/kg) soc (mg/kg)

J&H: 1 Saprotroph 0.21 -0.29 -0.44 0.60 -0.21 0.52 -0.58
J9 B Pathotroph 0.63 -0.57 -0.48 0.43 -0.49 -0.18 -0.47
F:A: B Symbiotroph -0.05 0.08 -0.22 0.39 0.04 0.23 -0.21
FEABE Guild BD SOC TN C :N ratio SMBC SMBC/SOC Mineral N
IE%%/}:E‘ 0.21 -0.29 -0.44 0.60 -0.21 0.52 -0.58
Undefined saprotroph
FEYR I Plant pathogen 0.63 -0.57 -0.48 0.43 -0.49 -0.18 -0.47
WEEEYIRIR 0.79* -0.70" -0.59 0.34 -0.61 -0.38 -0.32
Endophyte-plant pathogen
Sy I - P A AR S A T
Animal pathogen-endophyte-plant 0.90 ** -0.81"" -0.71" 0.52 -0.76 " -0.33 -0.53
pathogen-wood saprotroph
25 SR
%félzitﬂ/\[i]'?]‘ﬁ%ﬁﬁﬁlﬂ -0.03 -0.05 -0.34 0.40 0.11 0.39 -0.27
Fungal parasite-plant pathogen
SSIL/E JEi- iu‘j iis B
Zj]ﬁ!://jﬁ;’_\i)—%'_ i&%i@ 0.05 0.04 -0.23 0.65 0.09 0.73 -0.74"
Animal pathogen-soil saprotroph

. B
HPIRIR AP L 0.36 -0.12 -0.25 0.19 -0.13 -0.23 -0.16
Plant pathogen-wood saprotroph
MEEAR Arbuscular mycorrhizal -0.37 0.29 -0.19 0.43 0.29 0.53 -0.21
22AEEAR Orchid mycorrhizal 0.20 -0.12 -0.32 0.73* -0.18 0.56 -0.84"*

* % Fn P<0.01 By LK 5 + R P<0.05 #Y ik K

3.2 TRAIRETE S AT A SRR A o i

PR B S G RIS AT ARBFSE R SOC FI TN SR AN RETS OTU B FE BN £ (% 3) ,
M ELERETS OTU B0 I A & 52, 53X 5 Guo 250 ISR 45 5 — 3k, AR W P40 % 3 4 B i A
Y Shannon #8405 SOC | TN FAH X, AR LR 52 A EAHRI Z AL, b, B-Z MM 258w [ R 2
SMBC/SOC .C :N KA i & & i, X 5 Landesman % A B-ZFEMEARZ L HER MM S E 7R
PR AT BB A ST XA ] = A 5 20 A8 A 1 i 0 A TR B0 2 S W e 2B K KT AT 24
R EEREN

R I] b 2RI E T8 TR 149 o A P O3 BT 1T (&1 2) , A8 0 TR EL A o A PR 5 I 2 G
ASTE TR AR R A T R ASE N, 5 TN IEARSE | (HAEARHSE o AR T Fly- 25T 1 5 A
ZRFR G Z A, H SOC TN Fl SMBC 5 o~ W Fily-2 T W AETEAH GO R (R 3) , X Alie 5 =4 )@
TFRFRIGE A o by S o285 T B A0AR X = B J 5 T 2 i A T gk — 2B 5
TUAE(E2) , FRE PR MmOy BRI, SR AR A SRS S e
FEARZ IR TSI R X 5 Bahram SERRF TS5 AR AT AR 2 R R 12 08 A 4H F BRI AL FE AR I R
FHIKF R e o A TR RR B A i
3.3 A MR T RHEHIR A AR TR ) - e P T g

AWFFELERFEW , S5 L HEm AR B AN 32 B AL RE R R IR AL BE S R R, X Liang %79
WFFT e - —5, 2021 4F Hou 45" K BUAL fE S 9% I 4r- S8 Ak B S5 5% 00 40 AR 0 = B Bt + 18 7 SOC Fn TN 7%
i BTN, AR 45 5 2 A0 2, — 5 AT RS K R SOC & dask e B S i) 1 Gl A= 40 % sk 1) [) Ak A )
FH, N8O 35 B Wy s /0 5 95— 7 10 AT RE 5 Hou BYBTFSE kR v B DURRIR YD | 1 A 5% v ol 52 b
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A, A R 7B A R AR A R AE L R A Y AN, 2 5 R S
il A TR R e 4 2 AT 2R 200 R A 0 2 B i S S EE B T RAIC, Bl SOC TN}z SMBC & s 3 ininii A& . 2015
4E Cheng 25" & BIAC HI 338 NG SOC K C =N AR #E T RS0 /E 0 & 48 | X RN B0 3E T _E R iF 5 4%
H TR A AR S SRR, R 7 5 TR] A A i A B RV (SOC TN 2% SR 25 T e
T R A3 e A ORI R R, 25 3 RUIGPR 00 40 T AE S P 35 T & %5 . Huang %5 &
A3 TN 560 &P F R ARG, S8 EAR G, A58 h 2 5 G AR AL B I A 40 7 3 5 SOC 2
TEHIYE(P<0.05) |, J5 D T B S (ol A 4 7 B Sh R AL & 00 1) S A 8 Sk st et R b 7 25 (B AN 80558 ) 1A A
AP,

SYIEE AR, L A 7 SO0 LR SRR AN (£ 5) AT RIS E MR O AL T AR R S
HAEEEZ N (R e IR 2 R TR A LR (R 5) . R TR SOC X A A AE W
FSI 490 - AEL) PN A 390 DR - A A 6 A T 5 408 R B s % s e i — R A B 5 R0 C N R R RO
TERRAR LA D BB L7 B 7 S B 3 LU 5 v (181 7)o 2018 4F 6 T K WIK 8 9 — IR A 5 %% B, i
Y19 R AN 32 - EREAL MR (452 00, Sl 4000 Din TR 2 A6 5 o3 B AR PR v AR A7 T AABSCBRTAR A B B AR TR TR
Dl TR B i LR ) X G ARBRSE 45 A — B SR T R4S R B AR A 6, 2021 4F Zhang
AR A A - SR A R TR ARG T R B A L A B TR, X S AR R R, SR Bl —
PRGBS DR AT B 2 AN [RAIF 5 H FE ) A8 RS il ) AR ] 5 A T A i R e o e, e AT 5 AR 3R % )
AHG, il - e B A R T L R A L R 0 R

4 #ig

AN 3t R D5 2 Qb b S A WA S RS S B S D RE S AR 2 AP A 22 57, 2R AR &
AT 205 A SRR AR R . AR AR L BB S AR TN 67 C N IR E Y i A
5K, TR S L A 5% LR IR L A4 AL RE S I B AR A Y o SR R SR AL B A o 4 JEE X B
H . SOC TN K fdA= Wit A8 AL ; 5 A AN 6], M D7 SO0 B s R B R B/, PG AR LG T 3, 4 i
RS TERF ST TR B, DA S TR O 3 R R - R R B B E A A TR L5 2 5 R IERRAG 31 19 fk e
S 7 BN SR A RE S 77 S 200 A B I AR R OB s T B AR AR T b s T2 5 U A A i A B AN e S = AL
RUA T 2 2R AR R o BT LA R P SR 5l Y 32 T i 82 TR o A W B e Vs S A I RE
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