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Abstract: [ Objective] The intrinsic relationship between soil physical and chemical properties and bacterial
abundance was determined in order to provide a reference for precise control of soil erosion in a Pinus massoniana
forest in red soil erosion areas. [ Methods | The study was conducted in a P. massoniana forest in the red soil
erosion area of Changting County, Fujian Province. Four stratigraphic backgrounds were analyzed to

determine their soil physicochemical properties and bacterial community composition and diversity in a
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P. massoniana forest. Those stratigraphic backgrounds were the middle member of the Zhangping Formation
of the Middle Jurassic (J,Z%), the lower member of the Zhangping Formation of the Middle Jurassic
(J,Z"), the early Yanshanian intrusive rocks of the Jurassic (y:*¥°), and the Quaternary Holocene (Q,).
[ Results] The overall performance of the soil physical and chemical properties in the Pinus massoniana forest
with different stratigraphic backgrounds followed the order of J,Z'>J,Z* > Q, > 7:¥. The soil nutrient
content was abundant and deficient in each stratum background. The soil organic matter content of the J,Z'
was higher than that of other strata, the background nitrogen content of Q, was higher than that of other

strata, and the background content of phosphorus and potassium was higher in y£®*

. The number of soil
bacterial operational taxonomic units (OTU) in the four strata backgrounds followed the order of Q,>J,Z*
>],Z' >y, and accounted for 21.62%, 18.29%, 16.79% ., and 12.08% ., respectively, of the total
number of OTUs. The diversity of the bacterial community followed the order of J,Z*>Q, >vi¥ >],Z".
Soil bacterial diversity was positively correlated with soil water content and soil pH value in J,Z' and Q,.
Bacterial diversity in J,Z* was positively correlated with soil bulk density and total phosphorus content.

¢ was positively correlated with soil potassium content and available nitrogen

Bacterial diversity in ¥?
content, and positively correlated with soil total nitrogen content. [ Conclusion ] There were certain
differences in the soil physical and chemical properties of a P. massoniana forest with different stratigraphic
backgrounds in the red soil erosion area. In the process of vegetation restoration, stratigraphic background
factors should be considered for regional governance. Bacteria have certain indications for soil properties of
different stratigraphic backgrounds.

Keywords: soil erosion; soil physicochemical properties; stratum; lithology; bacterial diversity; red soil

A KT B2 b [ R Oy LA AT K SRR X
b K 9k B2 IR BB B T R AR DL B AR (Pinus
massoniana ) SEAK R PG B IX L © IR B XM B
VLIS B AN 115 F (Dicranopteris pedata) i 3, A #%
B — VR TR PR LR SN ENE 55 L 2 B i BB AL 20
IR, S REAABROK T 3t 2% K5 v v B R A 25 T hE
PEF& RN MR TT R U PR, KT R
ZLIRAZ A 20 3k B DU IR, AU S PR B I 1 AR AN
R R B3 B T R D0 AR R s R AR B fEL L AN TR
16 3 DXAE B G A2 IO 22 S ) L S X v 22 e 1 D A
RS TR R UIAH OC . 3 )2 5 M2 B ) - Y
FEH R AR5 5 E AR 22 7. R BB
R A R AR R, R AR — o 2 R
AT BB AR 3 ARG VT 1 8 12 Dol DX A 21 180 R 53 A7 A Sy 22
S E Rz -0,

5T 22 B AN () b )23 o 1 S PR PR A A —
Zese R RHR T LI pH (EAR T JE R R K
T AE O R e R D e ORI R X 1
TR B R A A B ORI B X g
For MR . RHEAMEMOA N R AS RGP E
B A )2 AR b o R A 9 B A R M A O R 2 A
PEAATRE Sz WA 25 2R 58 10 52 2 M 3 R A . b S e A=
BREMAMLST , RIFEHZE ST L
ESZMAE - EER RHREY R ERA S

R B R A HE P AR AM LT B IS
A WA e - IF B A S8 AU F B 5 s A
BL 2 IE A G, AM BB 5+ 8 4 20 Bk & it
BFEEMAKE, XM RSEDPR L. LA AN
KA AR 6 AR BRI T
M EY BRI R E XS, AANFEAEE AT 5
T W BCRE  ANTR A, HIERUE W BGE S — R L
FiAb 2 R M AE 0 A O, RAIT B @ X
PEFP S 25 DLA] B X 4 25 1 25 5 T )2 A S AR
EHHA BT A X S A S 2E2 R0 a2 E
B HATH T B 2T 542 h XA [R) b 2 5 v 5 o
FETE S A T 2RI RN R

ST I, DA T EL AR 0] A 2 b Y] /N 30 38R F 5
X, 2 AWM AR T R g4 B
(J.Z°) KB RZPHRETH T .27 RP 2
WRMEBAEE DB NARS S (Q,)X 4 FE
TR TS 5 ME 4 PP R TS 50T SR AR 4 R AL
R T 0 TR R AL B ] ) R - AL
PEFN AN B Z AR 22 5 o I ER AR 5 40
B 22 ) B PN R 6 2R L DABY) Ok 20 B8 42 ol IX 25 R A AR
KRR XA TR PRI S % |

1 Met5J5ik

1.1 REE bR R
1k 56 b < YR ) RN 2 Ml T N R S T AR A KT



553

PR A - 2390 4R ot DS [ 34 2 79 55 5 R A B 398 TR A0 e 1 % A 1 20 A 1 89

S FH B, M BE AR AR AR 116°23'—116°30", Jb 4
25°36'—25°41", JE T B ALY 2T 58 X, 4 1 ) Ak
ANEEJEE—B/NT 50 em, AHE SRS EEL
A A AR A T L AS [R] DX 8 R B 4 it A
HF . 205 30 a 2210 3R B, b 36 A8 4% 7 35 A I 2 vk
L AW DEEMR P HCY ., N R

R ZREXH T E(J,ZH), k% REF 4P B
(J.Z°) R % ad el ) B 4= A s DRI
RAEFGE QA FiH 275 5 4 b2 75 5A MR iE 2
UL 1, B E T SR E 100 A 47 iR
300 mZc A7 IR 1A —EA 4 SRR, 45 RE b R I T
TR L2 2,

F1 KITEREMES ZEERE

o2 AR i A i
J.7° R B Z h G5 8T 4 B LT (D KAkE
yi® Rk UECE YN BRI LIS S
Q. CHLESS ) BRI A7 B b D IR U L e 1 5 IE S ES
J. 7 B R PG4T B TR D KARE

®2 KITEMBHWEETF BW2haHRE, HTIHTEREHKE RS, B

WIZAF PR S W jig 3% e 1) A8 WG R E . I F it A /MK & e m . it T =1

1 6.93 296 b1 i, AR E ARG KE EEARMEEE
1.2 2 8.30 289 A 3 FLBE .
: 3 6.38 313 B 3% _ . -
4 13.49 336 B KA ALK HE 2.5 ¢ 1 & +3E pH {5 R H
. 7.91 330 Bt AP (2 E Elementar. Vario max) | 58 1 1%
y 2 6.88 300 B MR A& R HF-HCIO,-HNO, 4%, f &
22 5 9.85 305 GE A 5B TR R SHERE (36 B PE-OPTIMA 8000)
4 8.0 286 Wik W5 A R A B i 5 R T L B AR
1 7.95 331 Bk IS Bk TR L 0 35 3 3h 49 H7 4 (4 2% Skalar San+
Q : e WL HGEEUR & R R R R B
1 7.95 304 VA g BT L 9 2 D) BE i AR A (35 [E Spectramax M4) il
1 8.64 320 [H 37 %iﬁéﬁﬁ&@ié‘%,%Fﬁlﬁﬁéﬂ{%?z‘%ﬁ?%ﬂ&%ﬁ%%
2 11.95 301 (4F7 JE T (TAS-990) P + ek B A o &
" 3 12.13 315 e 1.4 HBEEENESE
4 9.93 295 ik>3

1.2 BT 5 T EERRE

M A 3 0 b b J2 1 0 o E SR R VAT /0N ik L & b YT
ANRIRIERE 4 A FEM BT KNSR 4 DA
FEHh, SAEEICT 16 NFEHL. T 2020 4F 9 A fE A
FEML Y b R S e, 4 0 R % 020,
2040 cm + )2 HIEFE AL 1 kg BA L HERFEAR
oy S N R T R A+
FE 96 A s FE RS RE LY b b E R ) 4 R4 0—
20 cm,20—40 cm JFAR & T 5845 3 A RE KRR
W IR 4E 96 A [ FE R FEH E P R
R 0—40 em )2 T IEAE IR G SRR T
16 s TRNA 2057, R4 16 4> L3R,
1.3 TEBAEHENE RS ZE

R L RE KRR AL B R ER T 95
E N CRARJFR R Se AR IR K 24 h(P D)
o LR B KA RS PR, PR R REK & R )5

% 1] HiPure Soil DNA Kits M 1 3 k¢ 5 £2 it
DNA , 38 2o Byt i B 5 e L Uk 32F 47 DNA T & f il , K
BHARRE LM, RSG5 Y., AWA barcode BY
RS 5%t 16 S rDNA ) V3-V4 X 4T PCR §74 .
S5 341 F(CCTACGGGNGGCWGCAG) Fil
806 R (GGACTACHVGGGTATCTAAT), PCR¥"
WA — Y 1 94 CAEME 2 min, 98 C AP
10 s.8RJ5 55 CiB & 30 s, F 68 “CZE{H 30 5,30 MEFF
J5 68°CHEM 5 min, 45 4 ¥ 1 94°C A5 P 2 min,
98 ‘CAEME 10 s, 885 65 “CiR K 30 s, 1 68 “C #EAH 30 s,
BHE 12 K. #ifl AMPure XP Beads Xt 43 14
ey kA a4k, A ABI Step One Plus Real-Time-
PCRSystem (LifeTechnologies. J= # 3¢ E) # 1T & & .
I Novaseq6000 ) PE250 ¥ =, pooling EHLINF .
1.5 HELESS

- R Ak RE TR RS R AR ) 2 R M A 1
SPSS 25.0 Geit 8k #4773, SR B R 22 40 B



90 7K R E

%12 %

(one-way ANOVA) 3% 43 ¥r. Raw reads R H
FASTP 0.18.0 ¥ i 38 J5 Pf #2158 2| Effective tag,
Effective tag K Fl Usearch 44T R K001, #1E
ARBIC(OTU R R #7FH VennDiagram i 17
Venn 73#r. Chao 1, ACE, Shannon,Pielou 2§ a« £ £
PEAE B RE A B R QUIME 440 Hr . 40 5 2 7]
Z% RH R BT vagan 17 NMDS 1 ANOSIM
22503 . AT 22 W R R AT LELSe 33647 5347
M ZFEPE S R D 1 AH B C R R Canoco
5 A AT ICAR ST AT .

2 RS54

2.1 AEMEE = TEEAIFELILE

2.1.1 EXEMHEMF AFEHZEEFD RN E
YIFRMERR WK 3, 020 cm +)2, ¥ M2 =+
WARERK T Z /N T2 MQ, B2 HE

B R R KR HE KR, BERKEMNE
EABRBYEK T 27 M Q, Hik,vi™¥ &/, H J.Z'
M2 7F 5 X 3 N REKMEIR AR B B E KT 2 (p
<0.05); FIEAEEBEARER . i >Q, >7.2°
=)L 2 H i WEERREKRT ]2 M T2
(p<<0.05);20—40 cm + 2. HIERE .27 WEH
SR HIR Q) M yi P T, 2" Fe/h; .20 WiRE
R KA K R R K BE KR MEE
FLBR ¥ K, B S W R 5K & B R K E B K
T H A2 5 (p<<0.05), BERF/KEMEELKR
ERN T, 2" >],2">Q, =i, H i KK
WRWAN T2 >Q, =iV >, 2%, | Ff K it N
KN J,Z2'>Q, =], 2 =>yi¥, DL EgEREN . R
Wl 295 S I B A — R, ). 2 )R
T 5t b ) B R M R OO T Ol 2 A S
X2, T, 2° FQ, FE.

£3 KITEFAHEERIEMKTEYMENER

i 2 TE/ A/ HAR & KE/ R RFEKE/ EERKE/ FH [E) 55K &/ EEE TE
= cm (geem ) (g kg™ (g kg (g kg™ (gekg ") LB/ % 1LBR/ %
o 0—20 1.2840.03* 135.59410.63"  344.664+23.55"  265.60+8.43" 237.034+14.36®  9.6940.56" 33.9243.05°
h
20—40 1.2940.02%  140.52+12.46%%  361.95+18.67*%  270.04+£18.93*  247.05+£19.21®  11.50+1.91° 34.5042.58"
I 0—20  1.2540.05* 164.40+23.91>  377.89+13.26>  315.56+8.22° 267.6746.76" 7.71+0.13° 38.3541.05°
’ 20—40 1.2840.06% 160.83+2.69" 376.244+17.81%  322.30+17.87°%  284.45+16.59¢  9.4341.0178 38.934+2.917
1.2 0—20  1.2840.06° 159.21424.67"  359.37+14.47""  281.70£20.49°  229.79411.67"  8.34+0.34 33.1943.72¢
’ 20—40 1.34£0.02% 157.68+18.39%"  337.49+28.13%  273.85+25.02*  218.10£9.86" 8.66+2.12% 37.75+3.84"
s 0720 1.33+0.12° 130.95+13.58"  333.31431.01°  255.28+22.65°  200.87+43.34"  10.29+1.33 33.6144.78°
ye
20—40 1.2940.04% 138.68+£17.71%  345.43£22.46*% 262.23+£17.72*%  210.90£16.97*  10.38+1.26*"  33.80+£5.12"

T R A — B B 5 AN RN T FOR 020 em R R AR

EIcN=X
[EBY

[i] 22 5 .3 (p<<0.05) , AN K5 FH R IR 2040 em + 2K 6] 4 2 75

FAZERBFE(Pp<0.05), FH.

2.1.2 EEAFZHE ARMETRDREMK L
PR LR 4, 020 em )2, Q, HiJ2 75 5 1+ 4%
pH A . 4= 50 R 3 8% /3 e KL i kL J.Z2" R
J. 20 Feff 0 B Q, M2 5+ HE A AU A A B
BT Al 3 A HZ A 5 (p<T0.05) 579 )2+
e wE A O R L ). 2 HORLQ, M T .20 AR,
Hop i W29 5t E & R w T HAL 3 A
MR S HIER MM RN i > .2 >
J2Z°>Qy s Hoyi® b2 5 3 FR AL O
WS THAR 3 AMZEE .2 W2 LA PR
e o). 20 ok, Q, My 28K, B .2 H)2
BREEEST Q. M yi¥(p<C0.05), 20—40 cm +
LR pHMERA N . v >Q, >T.2' >]. 2" 0
BAME TR EE R (p=>0.05); HHES % . 28 .4

PO AMAIE S EMAES 0—10 cm H)E A
—HG RS ERI . >T,2P>Q, >
JZ s R S /RN . .2 >, 27 >Q, >
yEOOLH JL.ZV MR R B E S T HAL 3 AR E R
(p<<0.05), LA EZEREH] A HZH 5 RS 5
WA - EEF . SHEWAFH.T.Z2' 2T
FEEAVRE.Q MEF R TIEARTERS,
VIO MR R TR R AR S R .
22 AEMELESTIEME 16 S rDNA MFE S

A TR Hb 2 85 5o S A AR - 8 4 TR A R N 2R
FKEFEILIE 1. MK 1a 0T F H .4 B2 50+ 540
TR0 R S ) A 1 J AT B 1% 4 e o W A
the M 1b AIA .4 Foith )22 4 840 T 9 Fh 3= 5 B2 3
WK S AR A, 4 R )2 S AR 1+



%53

PR A - 21390 AR ot DS [ 34 )2 79 5 5 R A B 398 TR A e 1 % A 1 20 A 1

91

200 T B i AR RO TE 99.6 06 DL B SR W F HdlE S
B HBEAE SN 4 B 2 T S 0 AR B K 2 S

o, afEEEHEME2ES OTU RN,
Q. >J, 2> ], 7 >y, Iy il )& 485,420,327, 234

T, A E & OUT My 21.62%, 18.29%,
ARHZEST S DREMMAEHEME OTU 5 H W 16.79% 1 12.08% .
4 KITEFARAMEESIENKTEAEMER
W + 2/ H LR/ LW/ By AR A, AL / AL,
= cm P (g+ kg™ (mg+kg™ (g+keg™) (mgekg) (mgekg') (mge+kg™) (g+ kg™
Q. 0—20 4.84+0.24" 0.494+0.006" 51.73+£6.41° 3.6540.60° 46.94+6.47*  8,1340.42° 39.634+4.22¢  5.345+0.250°
20—40 4.9240.19" 0.464+0.016" 64.85+4.65" 2.86+0.66C 37.33420.39" 8.304£0.41"  26.73+£2.58°  4.66041.345"
1.7 0—20 4.78+0.18" 0.149+0.082° 57.61+£12.25" 5.1940.45" 8.5440.66"  6.8040.46° 53.95410.20" 8.04040.310°
: 20—40 4.754+0.21% 0.150+£0.081" 75.6+3.46"  4.8440.24" 8.03+1.12°  4.21+0.51*  36.13+£3.77%  7.29040.330"
1.2 0—20 4.63+0.24" 0.211+£0.061° 65.414+11.26" 4.4440.60° 10.50+3.45" 11.6541.04° 41.4846.73°  7.82540.230 6°
: 20—40 4.69+0.22% 0.168+0.078" 103.754+9.16% 4.734+0.88" 8.90+£0.39"  8.14£7.91*  33.54£10.53¢ 7.170£0.380"
s, 07200 4.7970.33" 0.25140.049" 93.51+10.74" 5.8040.38" 23.754+4.90"  20.16+4.17"  65.19%+10.58" 5.11040.380"
7 20—40 4.96£0.35 0.230£0.038* 125.25+18.575.77+£0.43" 14.35+10.73% 14.62+£3.55" 54,78+3.10* 5.33040.395¢
2000 . -1 .
a #ifEd & [ b REHEK ﬂsE—ﬂZf—E
Ys
1600 | 2 \ o,
VA
4 il
I8 1200 ¥ nJz
% ?1;» 3r ‘\\
2 wERE =
o 800} Iz n
/ 5,z
400 m oy
/ .Qh -5k
0 L L L 1 J L " " " )
20000 40000 60000 80000 100000 0 500 1000 1500 2000 2500
LEFNEFIE LEFN g
1 KiTEARRMELES TIEMBE 16 S rDNA ST HE BB LT

H2 KITEAA®EESTEMAREET OTU 9 Venn B

23 AEMEESTEMAEFEHEANRERY

231 FRAREFZELE@mABELAR AFMZ
T o b A TR L 3 W Pl AL R B 8] R AR R AR Y 4y
VLA 3. MIE 3a n] & i, 28 JE & '] (Proteobacte-
ria) V4825 1] (Chloroflexi) « iTZRE i '] ( Actinobacte-

ria) . B8 1 B '] ( Acidobacteria) . J& ¥ B '] ( Verru-
comicrobia) FIZF B B[] (Gemmatimonadetes) 4il [
15 4 B 2 1 S 20 v P 2 g A A L X 6 SRR T
XSRS 91.3%0 LA by 72 32 1 e e i 1)
(Verrucomicrobia) fAX} £ B i & & T J.Z' M )2,
JoZ" )2 A e ZF B R ] (Gemmatimonadetes)
FAXTERE R & T QMR (p<<0.05); WA 3b W &
A v 2B R 18 [C B & (Burkholderia-Caballeronia-
Paraburkholderia) AR W J& (Acidothermus) . Can-
didatus Xiphinematobacter . FR ¥ & J& (Acidobact-
er) HSB_OF53-F07, 5% i J& (Streptomyces) JAf X
FF W& (Bryobacter) ¥ 2 4 Tl JZ= - 53 240 18 (1 3 9
i, 3X 7 SEANTE & B AR X E A 23,000 DL B Hod,
MR W JE (Acidothermus) fl Candidatus Xiphine-
matobacter @AM FEH R K v >T1,722>Q,
=2 MR REBT 1.2 Wy
)2 + o 5 W B (Streptomyces) B FH m T
JoZ'\J.ZF M Q, Hi)Z (p=<<0.05),



92

K - PR 4R

142 %

- \;’
~\

b

HERE
J,Z'
L7z

,Y :(3)(»

Q

—HEHER
= Il Patescibacteria
Il Gemmatimonadetes
y I Armatimonadetes
I I Bacteroidetes

Il Planctomycetes
M Verrucomicrobia
M Acidobacteria
B Actinobacteria

| Chloroflexi

Proteobacteria

a IMTK-F

§ HEE
"~ [ M Conexibacter
M Candidatus_Solibacter

' W 1921-2
BN Bryobacter
&
-r 4

Wl Streptomyces

_.—7‘-
H
4

I HSB_OF53-F07
M Acidibacter
M Candidatus_Xiphinematobacter
| Acidothermus
Burkholderia-Caballeronia-Paraburkholderia

» './
b & K-F

L EFROR AN RME ST WA O SR R R RS R R A R R 5. R R AN R B R R AR R YRR R R ORI
TR T 285 5 b B AR T2 BE 5 T 2 BB R 1% 43 2824 K T AN R R R S TR b 2 57 R B9 430 LU B 20 L A0 2 R i AN TR RS R R L Y 2
N TR B 7 AN TR 4 2 8 5 R K BE RS AN [ b J2 TR 3% 0 i 43 A LU A . AN T T A0 9 TR SC AR BRI IE SC 2,311,

B3 KITETRAMWESELKTEAEYMMAR

232 ARMEFRLE@MEZFHAN J.Z' M
J.ZF MR A E 2 SR A da iR T, 2!
Mo 2T 5 - HE AN R R A W) B A Phycisphaerae 7 1T
H# H (Enterobacteriales) . 7 #F B £} ( Enterobacteri-
aceae) ; J,Z° HbJZ T & M PR - 33 40 TR R A W) AP OR
URHDO 088,Edaphobacter , Subdoligranulum ,

JoZ' R R H T RN TR R 22 R Y A AN
4b iR, J.Z" W )E H IR E AR A W RA R E
(Enterobacteriales) . 5 ¥ & F} (Enterobacteriaceae) ;
VIO MR SR AR A YA BB IR E H (Desul-
fovibrionales) ./N 41 B H (Micromonosporales) . fi%
% H (Streptomycetales) . i #i 9K # £} ( Desulfo-
vibrionaceae) . /)» B 4 B Bl ( Micromonosporaceae) |
7% %5 & FF (Streptomycetaceae) .\ JG30_KF_AS9,Eda-
phobacter JNFLFF B (Lactobacillus gasseri) .

JoZV Q. HuJZE TS AN TR R 25 W R I AT dc
FiR. J.Z" HuJ2 1 5 40 5 A Y A A Phycispha-
erae, Tepidisphaerales, WD2 101 soil group; Q, Hb
JZ S AN AR L AR TR R AT W) RO 2R ] (Gem-
matimonadetes) , 2 H }f 18 2 (Gemmatimonadetes) .
PO M H (Gemmatimonadales) . 2 ¥ il & Fl

(Gemmatimonadaceae) , Edaphobacter,

JoZ7 Hu)ZH v )R A R F R 2 e
IR INE 4d firR, J .27 Hb )2 I R AN Ak 4 18 41 B
HEYFA . 8 WA N (Acidimicrobiia) . vadinHA49;
VO M L R MA K L A R A W R R FLER AT T
Bl (Lactobacillaceae) . FLER ¥ J& (Lactobacillus) A&
R ALBR AT (Lactobacillus gasseri) ,

24 AEMEERTEAREESHFEN

AR 5 IR RS o« ZREMENLR 5. 4
Fivith 2285 5 T S AR L5840 7 Chao | $5 %k . ACE 45
% Shannon 8N Pielou I8 5 £ N ., 27 >Q,
B R BVANE [ = R BVARE: 3 =g vk & B i 40
Chao | #§ ¥, ACE 48 %t fl Shannon 5§ 8 & & & T
JoZV R R MR (p<0.05) ;s YW T, 2% 2 4
MEY I ZHEVEM RS T J.20 F i )z,

A il 2 T R R A PR A A TR R I A5 A
25 Z 48 R & 4> ¥ (non-metric multidimensional
scaling, NMDS) , 3f 45 & ANOSIM 4 6] # 5 & 5
(R=0.255,p=0.001) . Z R ILIE 5, 4 P )27 5t £
AR VR 5 22 e W L 2 M T 20 R LA
TR V& 4 1 22 e R i 35

x5 KITEFTAMEEZIEMRKTEAEER o« SHK

Hb 2 AT Chao 1 8 %% X 10° ACE #5 % X 10° Shannon 3§ %% Pielou 5%k
VA 1.70640.186° 1.68940.163" 7.37440.381° 0.70240.030°
VA 2.04740.134" 2.04740.135¢ 7.964+0.398" 0.73640.035°
yie 1.72940.179° 1.73740.179® 7.41640.305° 0.70240.021°
Q: 1.975+0.361% 1.98040.357" 7.86240.463" 0.73040.029°




a Edaphobacter

¢ Phycisphaerae
d URHDO0088

%y ER®B
e .z
mm .z

BEMAERAR
a Edaphobacter

ez
==}

HHEMEEER

b Subdoligranulum

e Enterobacteriaceae
f Enterobacteriale

b Gemmatimonadaceae

¢ Gemmatimonadales

d Gemmatimonadetes » ®
e WD2101_soil_group

f Tepidisphaerales
g Phycisphaerae
<
8
3
<
P
g
El
2
g WERE
0

PR A - 2D 39EAR ot DS ) 34 2 79 55 5 R A B 398 TR A e 1 % A 1 20 A 1 93
b J,Z'Fe yIE B HEMEE R
v fg a Edaphobacter
T p b Unknown_Family
\ \ \N\\ H"”M ¢ Unknown_Order
\ \\\\WI\N"[, d Micromonosporaceae
o ©Micromonosporales
f Streptomycetaceae

g Streptomycetales
hJG30_KF_AS9

i Lactobacillus_gasseri
j Desulfovibrio

k Desulfovibrionaceae
1 Desulfovibrionales

m Enterobacteriaceae

n Enterobacteriales

WENRD
[

20)e

B v

HEMARER

a Acidimicrobiia

b Lactobacillus_gasseri
¢ Lactobacillus

d Lactobacillaceae

e vadinHA49

R R
.z

2(3)c

. Y s

OB AE N H B8 SR 2.3.2 IE3C; ORBIREE AN BISMUER T W FEE 1 7 A58 K A R B AR TR L7 280K F b

B AR 2 T 2K 22 e KOF 3 (T R AR 2 ) G 22 e Y A R

B4 RITEARBESSRTIEARAEBZRYMHELSZHE

0.3
stress=0.083 i) e
: A JZ
0.2F : u J,7
E Y ) ,Y:(S)n
° * 0,
0.1 ° ;
2 ol -
0 _____________________________________________________________________________
= L *
z - :
R .
-0.1} : .
P A
: A
-0.2
A
0.3 . . i . .
-0.3 -0.2 -0.1 0 0.1 0.2 0.3
NMDSI1

5 EFOTUGEHNSHERENH

25 ARMEAELESEESHEERHELRSN
AT Ml JZ 5 57 1 R FAAR T SRR S A0 TR VR TUAR
I UL 6. yi HJE LA B AR S e
ALBE R @ Sl i o 1 S TR e o 3 o = QUi i P S
J.ZV R Q) HJZE AN TE 2 A S A kR

A+ pH A 1E A6, M5 4+ 58 4 B & & M O
Jo 2% )2 AN 2R e A TR A R
AHSC TS 1 pHEAARSE; .2 )RR J.Z2°
2 AT 2R S RO P S i E ARG,

51 R R
° ,Ysl(3)c
4 * 0,
TK A JZ
n 7

w

RDA2 (10.94%)

-2 -1 0 1 2 3
RDA1(78.59%)

H:TN.TP, TK. AN, AP, AK.C, Wc,Bd 43 #fe % L . 4

WA RO RO A A L L R OROR LA

6 KITERRMEERIERENERERFIRSN



94 7K R E

%142 %

3 W

MO JZE A 25 S DR GE T S PR Y S I L A giE RAE  a
G SRR L HERR MR B R AW R Bk
BRI AUE B S S OK R R T A )
X AT BE G % R A D e R A O B D AT LA
WNBEK A R KRR . ARSI R 4
AR TSI SRR A A — E 22 5, XS 2 S A
WEEFA—ERLR. 4 MHEEF L pH [HIYHK
% b AR B g 0 R R A TR A KT 4
A oA T3z T AR RS R A XA 500 L
BE s 27 5 AL T RRYEAR A e Ik & e gk 2L g g 30, I
B XARTE Y 38 pH (R 3X AT AR KT 200
R DX i TR Y B TR 22— 5 20 DU AR i G = o=
b B T R R AR R DR O
ROk ] LIS A ML) R 455 T8 L OJC A —A BIL AT 2R
PRI 1 B AT LY SR W B RE D . T 95 00 LA L
AR T AP BT X 0] fE 2 A &
i B IR TR 2 2R v 4 T 2 R BERIER B AR R 4
FEF- 2T BEor B DL AOR RS S VAR 0 D BRI
e R A X R S AR AT S B 5 —
B RPN R R A S R R
Bes 2 E R LUV A B R e o B 0 A R RO A
LS R by R B B A TP A A 5y 5SS R B RI Y 52
BRI A S TR X 0t T HUR Y e R R A S
b A B B O B SR 2 B AT AT X A L
WAL= MRS R PG A P BOR T BOW A
PR SRR PR A E oy R, T L
AR B e UL SR A PR T S A S

T SREAN T F B DL N L A VR A5 A S R
BRI R . AR M. T, 2" )2+
SN T 2 ARV R O HRIE TR T AR A2 B2 v T A
SRR, J.2° R IR R A oy L 5
TR A D R IR A L T, 20 )R
T T TAR 2 B e i 5 T, 27 W)= 5t R b £45
Rk B 4R W T O B8 B S B B AR T 4 iR 2
[ B 4 ik R % O 3 A, DA TR o A T B VR K
JEUO i MR A RN A A 2 o T RIS R L X 5
24 T E U B DR PR B L (AT 2 R R IR
IR B s s R PR B, 4 FH2 R T -
SN BRI AT v 45 P 22 5 10 ARAE DK RS T AR X
FEHBEERN L3N UL RIUAFMZFFT -
SR AN TR RE U5 A R 25 e B R AR A R A W b
X 5 ol A R R Y AR AT Y — B

A 5T R B L 5 VU AR 40 Gt il = - HE AR T 2 R

HEHESKEREMELR EEHEE R B L
A KE R BT H IR A E
MR 72—, ARUFITE & IR &R o 68 5 4l B
HRS Zh G AT B AL S &S L
TR Z AR P TE AR O, D DR A AL o 2 A 3 400 TR A 32 ik
U5 A LT = Bl R S T AN Y 2 RN
AN RS Zh GRS A B IR E S 11
S R O R A OGRS Rh AL B
TIEME S IR S R IEA G X T
B EEORIE R A AN B TR M ER SHZS
P22 S5 B O SXF 0 A 22 55 B HE  3) 4 HE 2
ZREPE RP AR IE A SRR T
MRS LIRS A S EE RS R
MATHEZEMX, X EN N HHEANE T LSS
R SR AT G I L X6+ 58 4 U0 B 00 5 e e /N
LR b ARl )ZE T 5 T SRR - R AT 2% R
B, H 45 b2 52 ) - B 2 TR 22 4 M Y B Bl R AR
ARTE] S VT 20 38 47 1ok DXGR Ak sk 5 o 2 v By 2% 18l 2
BRI R, H A 0 X AN ) 2 7 o R e AL
A —E e sEH
4 5w

(1) 4 A2 75 5 5 AR - g8 8 b 1 ot A7 7 —
XS 2 R R AR KR LB
LRI, .20 A1 Q, HR, vi® &4 MHEE
sHER S EREAAFE,Q, H)ET R LIELAAM
WA T ER .Y WZE R L ERMA ST ER
[CIVEVAR |BEVAR: V=5 LR INjiEn

) AR RS RMWK BN ERA OTU
RN .Q,>T.2°>],2' >y ], 2" 2
fih 3 AMHLZ R L2 F YT Edaphobacter; J,Z° F
Q, MJZ TIEME MR T J. 20 Al yi® Hb)2

(3) Q) Hu)Z AN Z e 1E S 1585 K& IE A
K. H5THELHERAMI; T2 )2 HIEMHEZHF
5 AL & R IEA DG, 5 4 A i i A OGS
J.Z2° W2 IBEME RS LA LA e =
IEAG, 5 pH E G ;72 )2 - HEA T 2 AP
5 A AT RIEAAG, 5 E R A S RN,

[ 2 % x @ ]

[1] Wang Bangwen, Wang Yungiang. Relationships between the
characteristics of soil and understory in a Pinus massoniana
forest in Southern China [J]. Catena, 2019,176:352-361.

(2] SRR, E576, B bk, 45 b J2 45 M X AR W B & 43 0 R AE
4 S [ ). H ] 59 £ . 2021, 8(6) - 78-86.

(3] HEE XNFHE PR, AR B SRR TR



553

PR A - 2390 4R ot DS [ 34 2 79 55 5 R A B 398 TR A e 1 % A 1 20 A 1 95

7]

[8]

[9]

[10]

[11]

(12]

(13]

[14]

[16]

BT R R AR L) AR AR 5 BB 2 40, 2021, 41 (5)
456-463.
B AR BRI TR L AF R TR) AR IR T AR T A [ AT
P 8 I R A bR B K 3 R R AR LT LK B AR 45522 4z, 2020,
34(1).:27-33.
AR RSB ORI, S5 AL T b BT S LA Ak A
L IAL Ty A T o e L1 . 22 55 ARBT 52, 2018, 36 (4) :52-58.
Panke-Buisse K, Poole A C, Goodrich J K, et al. Selection
on soil microbiomes reveals reproducible impacts on plant
function [J]. The ISME Journal, 2015,9(4) :980-989.
Card S M, Quideau S A. Microbial community structure
in restored riparian soils of the Canadian prairie pothole
region [J]. Soil Biology and Biochemistry, 2010,42(9) .
1463-1471.
Y IR LA ] T B A5 X i TR A A [ A
B 5 DA AR LT TS A5 S R R R e [T R R R
2£,2017,38(3):1253-1261.
XIB K, B R B A5 ) A AR S A
WA S5 AR RLT] S M ML K= AR CH A
B RO 52007.25(3) :11-16.

TrRK e o FEAG D L 5 A A o SR R W SR T Bk e Y AR
DCAN [R) A8 9 28 B 1 3K Zr RR A [T ). A 48 B IR % 3R
2015,30(3) :459-469.

Wi e, 5 75 0, BR Ak % 55 0 W B KUK L AR R AR
WA Br L A S pH FRAELT ] L 2= 4. 2016, 53
(5):1334-1341.

SRR E W B R B R
73 A LA A 5 [, i 41 . 2022, 53 (1) : 195-203.
TN XA 7 5l L S5 A% FEL VD 8 B 5 A T VbR
S R5URL A 53 I A B S R A S IO Y s e [ ). 0
A .2019.30(2) :525-535.

Rl BE ™ Sr e, 2R RKER , A5 VR I I R HEX M ER R
ST IR )] A A 2% 4], 2016,32(6) : 1851-1876.
B AT 25 4 T e, AL B b U () g B Rk
g A B B T SRR A R AR LT 0 A A
2017,28(5):1626-1632.

R LR RS, % VR R FE A LR
A LA AR R AR R A (T ] A A5 2 4. 201333 (2)

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

416-424.

Ve k4, 50, e SCIE L S5 A6 R B S 55 0 B0 BT A g
BRI AL B 4 R B T Ak 2 B A R R 2
[J]. M2 R %% ,2015,22(2) : 64-78.

Herold N, Schéning I, Gutknecht J, et al. Soil proper-
ty and management effects on grassland microbial com-
munities across a latitudinal gradient in Germany []].
Applied Soil Ecology, 2014,73:41-50.

Bl ALHERE L 20 2%, AF L - 198 45 0 R B e b A
YREIE 52w L] 00 T 5 PR A W % 4. 2021, 27(6)
1725-1731.

Yang Yang, Dou Yanxing, Huang Yimei, et al. Links
between soil fungal diversity and plant and soil proper-
ties on the loess plateau [ J]. Frontiers in Microbiology,
2017,8:2198.

Hemkemeyer M, Dohrmann A B, Christensen B T, et
al. Bacterial preferences for specific soil particle size
fractions revealed by community analyses [ J]. Frontiers
in Microbiology, 2018,9:149.

R ok L W O L SRR B S BR AR R 4 W W) N EE
VG IR W R VR M R e [T R B R 4, 2022, 43
(2):1077-1088.

WS E G, 5RAY L A H R e TR R ARl R P
FOAL R T AN A W B B A AR LT ] K AR R
2019,33(3):138-145.

Wang Tianyang, Flint S, Palmer ]J. Magnesium and
calcium ions: Roles in bacterial cell attachment and bio-
film structure maturation [ J]. Biofouling, 2019,35(9) ;
959-974.

Xiong Jinbo, Liu Yongqin, Lin Xiangui, et al. Geo-
graphic distance and pH drive bacterial distribution in
alkaline lake sediments across Tibetan Plateau [J .
Environmental Microbiology. 2012,14(9) :2457-2466.
Bowles T M, Acosta-Martinez V, Calderon F, et al.
Soil enzyme activities, microbial communities, and car-
bon and nitrogen availability in organic agroecosystems
across an intensively-managed agricultural landscape

[J]. Soil Biology and Biochemistry, 2014.,68:252-262.



