Hans Journal of Agricultural Sciences R\/E}2£, 2022, 12(3), 196-213 Hans X
Published Online March 2022 in Hans. http://www.hanspub.org/journal/hjas
https://doi.org/10.12677/hjas.2022.123029

EERBFLREE VI FER RS HEERNEFED
T

SREE, H R, BXFR, AR, TEA, BFE", g
T BEAL S S A TR, [ B

WekE H . 20224F2H21H; FHE#: 20224834 17H; &4 H#: 2022483 H25H

R

AT RHIAFREE AR X LR BN, U ERETEMETANIHATINR, X
SHMRFFHER, Alllumina MiSeq B ENFEA, S HAMRER IR E R A RN LR
fiE, R REABFAENEIERE. R, SRR AR RS, Hoo R RN
LRSS HRBEARENARERT . ERRY: 1) IARFHAEE. BRE. EWAEKRKRE
RARBEAREER TN, BEleAE X EEREIEF T RARARNENER, LRMEY
HR G R M Z R AN s &R, WERA —ERAERRNMEXE. 2) EERFTIRAE
HESH. IMEEEAZHEFGUBARNENER. 3) EARBEXRNHAESIRKFEE, FTRFEWE
SRGFTIRAERE SR, ERBMBEOENEEFER. £ITKTFLE, KEFE5FRFEEMRE
TIMAHHALHE VOB E ] REET. RFE]. &5H], EREFEEFE—ENER, §
FRRAEI VAXNEEHEER:; SKELEML, ENUTRENKT, FEBMEERFRAREHN
HESHWEMESR, FAMEEEL, FEEER. HETR, ARAFHEEREFIRAEFESHR
ZHUEEBRARNERN, FRFEIRFLRMEVHESWLKETRER, KUMSAEERETKE
%,

X 5in
EENTH, REFTIREEY, FEEH, WFSHE, FTHRN

Seasonal Dynamics of Microbial Community
Structure and Diversity in the Rhizosphere
Soil of Zenia insignis Chun

Huilian Deng, Le Chen, Bile Huang, Hanye Lin, Meidong Luo, Yongrong Qin*, Xuhui Liu*
School of Chemistry and Biological Engineering, Hechi University, Yizhou Guangxi

TEIRER

ESIH: BEGE, BRI, R, W0l BER, EHER, XEME. (T EARPR LI REE S5 K 2 PRI ZETT
ARb ], MR}, 2022, 12(3): 196-213. DOI: 10.12677/hjas.2022.123029


http://www.hanspub.org/journal/hjas
https://doi.org/10.12677/hjas.2022.123029
https://doi.org/10.12677/hjas.2022.123029
http://www.hanspub.org

=
it
i3
43

Received: Feb. 215t, 2022; accepted: Mar. 17th, 2022; published: Mar. 25th, 2022

Abstract

In order to illustrate the effect of different vegetation on soil quality changes in the karst area of
northwest Guangxi, the rhizosphere soil samples were collected from the endemic plant Z. insignis
plantation in China, and the bacterial community in the rhizosphere soil was analyzed by Illumina
MiSeq high-throughput sequencing technology. The composition and species diversity characte-
ristics of the soil were determined, and the basic physical and chemical properties of the soil and
the activities of invertase, urease, catalase and alkaline phosphatase were determined, and the
correlation between the microbial diversity of the rhizosphere soil and the soil physical and
chemical properties was analyzed. The results show that: 1) Affected by factors such as atmos-
pheric temperature, rainfall, plant growth and development, and soil physical and chemical prop-
erties in different seasons, the rhizosphere soil nutrients of Z. insignis in the karst area of north-
west Guangxi have obvious seasonal differences, soil microbial community structure and species
diversity also have corresponding dynamic changes, and the two have a certain internal connec-
tion and correlation. 2) There were obvious seasonal differences in the bacterial community
structure, species richness and diversity in the rhizosphere soil of Z. insignis. 3) At different levels
of bacterial taxonomy, the rhizosphere soil bacterial community structure of Z. insignis in differ-
ent seasons was similar, but the relative abundance of the dominant populations was different. At
the phylum level, the dominant bacterial phyla in the rhizosphere soil bacteria of Z. insignis in au-
tumn and winter and spring and summer are Actinobacteria, Proteobacteria, Acidobacteria, and
Chloroflexbacteria, but there are certain differences in abundance of the latter. The relative ab-
undance of rare bacteria is higher than the former. Compared with autumn and winter, at all levels
below the phylum, the community structure of rhizosphere soil bacteria in the Z. insignis in spring
and summer was more complex, with more endemic species and higher abundance. It can be seen
that there are obvious changes in the bacterial community structure and diversity in the rhizos-
phere soil of Z. insignis in different seasons. The microbial community structure of the rhizos-
phere soil of Z. insignis in spring and summer is more complex than that in autumn and winter,
and its species diversity is also higher than that in autumn and winter.
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TR R LIRS RGP WL EENERR YR T, BRS SEYEEY B R
RAFFDWANCEE LIRS RGOSR, MEWERK . FNAFIRISE S YRR . S RGIREMIE
WA R RGeS RN 1], TIERUEM AR LR S A DG A KR E T
FE—EREE B DU B H 3RS KRG HFEARDS[2]. BAT, KT HIRFEMZ R, K0S
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ZEF[10] AROME b 18 57 4 ARV AR B 2R 1] [12] [13] IR YRR X TE )
SYFRIIFCIA14] AN A AR BE LI A MR R 450 S ZREVERI ZE R [15] NN T LR RAE M) 2 RE v 5
WA[16] [17] EGJEMHaX LAY ZREPERIFEM[18] [19]. ASFIAEHE 3 REY) 2 FEPERFIE[20] [21]
[22] AS[E] R 5 O - 398 25 14 NG A WD HE TR 40 S AR ) 2 FE I B 2 [ 23] [24] [25] [26] TEAIAE
TP I 2 R et L3R AR W VR S5 A I T RE B B2 A [27] [28] [29] [30] AHAARPR LIEF A Z S
IR R (AR DG PE[3 1] IR 2 FEPE A T I BOR D7V [32] [33155 05T, R T i X 3k Ak
MZ R AR ED, TAEMAERHRN . B8 2R — H oS Fa A ke X A 25 R BE o), ¥
Rt —ue 5 LA BT K AE 2 R AR AR SR FE R, A — e I AR SEAE[18] [21] [34] [35].

Sl = o IR YR SRR 23 Uh B8 Sy AR SR SRR T B[ 36], A& L3R AR A IR )
LA, RERRE T35 PR AE A RIS AE I 2B R, R 5 2 B T RN TR 54 ME R 3R
MIRZIA[37]0 L IRGVE PEAMN B S B 3 A W) 24 b, T HLRERAE L IR H AL MR RE T 15 5S , VT
IR EESH(38]. ALY N IR se 4 HR i, o LUK HIRARES . BERERG . i AL AR
Tl TR AR A A SR R AE 3T 0 ) 2 B4 A

e RBERA Y, R EEREM X W 2 R, W ERERA R, §i2FE6
1ok, MUARADH:, 2% ok, w{EA4EhIERAEK, BEREEA, SN T35, 2aEhX amEbiaE
FUEMRERAG IR RSB FR[40]. HAT, RTAEZRIBE AR EZEEREM T RE. Sk E41]. T
[42]. AEFRAEZR[43]. ARAGRIT R A LB F7 M [44] [45] [46] HIEELBISYMERE 471551, {HX
FARIZE AT GRS L3RG P 2 R AR A IR 9 /D iR0E o Z8 8 DA bR S AT N TN SO &R,
FIH B PR, WA R 2T G AR PR e A YR8 454 e 2 PRI AR s ST AT 4R 9T, BT L
BT, SR EZE AT AR PR LIRRE MRS SR Z R 2 7 R R R, T R
R FERILE], 0 TR AT R A A B X AR K R AR BRI 55

2. RS EE
2.1. HREIRERALE

AP FC I DX T P A DRI T BN XN, 8 TG RS, IR 203°C,
FEYPEWN R 1448.6 mm, EELEFE 48 A, HrF 5~7 ABRNHRZ. 2019 F3 HE 202045 1 A, EHFE
M X PRE B 75 A Pl R A PR T 25 4E (4T TN TARFEHE, A B AU 15 hm?, A BIEE. 2. K.
K AANANFEZEN, 7 “ST TERFEE, B H AR — IR, R IR A K I A AR R e
B IEE N 0~20 em MIARPRL, i 10 HARAERE, 5 AN KAE sl IR i R /IR A (A RAFE s R
B 200 m), ARJE, FZDY SR A R RN KR IR RER A S T, (RIRORAE, P [ SE S
%=, BMA-86 CHEARIRIKFRF IR, H T TIRZEY DNA FHIE RIAEM Z FEE o —fa+
BERE ST R SR Ie S5 BT AR, B E T R AR A8, i brid Ae sk, BT
AMRAT, AR IR o % SR P 1 5

2.2. SEWFE

2.2.1. BB BRA)IE

3 pH 1 e H EALVECOK SR EE] N 2.5:1), TR & & NE HE &S, TIPS RN E
FE R A N —— e REE, TR BN AR e RUE,  HIRm A A & = I e A
Pk, IR EN 2 HESMER——HEE P 0k, TR E I E R A IR B
—— BRI TS, A R I s A AR AR —— KR T, O R
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H CRRBER B —— K IOL L TH%[48].

2.2.2. HIEESTEMRNE
JUR B v 14 ) 7 P e My W5 BE 6095400, B Tl TR T Vil 1 )0 5 FH R AR — N b 0y [50], 3T AL
SRV PR I 5 F R R AT e v, A RS TR 2 Y 3,5- RIS K IR L k51,

2.2.3. HIERIEY) DNA F5AIE

KH Hlumina MiSeq ~F & X7 FEA AT Xm0 7, B Je RIS IGRE i 15 DNA, #HT PCR ¥4,
T XA 16S-V4, HmiEENFA Miseq X HBEATIF . PR FEaifE&—>DNA #EICS A
—PCR §" 84— =W afifl— S £ K P —Miseq AL .

2.3. BURAE

FE A IEEAL SR e R, MRS I e I 3 NEE, RIS  7E b IREEE T I e
W REMRE R 3 AN IR 1 AN TEE TN R 3 AN TE R R BRI s, R AT A R A
A T AT R e PR I HEZ G ETER OTU, I OTU BAREME T4, X OTU #47+
& Alpha ZFEHETHEE DT, FEFEARNYMES EBSERE R ARFEARE 20 H A7 TR 1
OTU fZ 2% . W End s 73R8 1A R 2 1 97% M — B P 515308 OTU J5, S%d k47 toxt
PAFFERAE B, EREATRELRN OTU, FARM OTU H T /5.

FH Excel 2019 %} DL _EXARHEAT 0T AL B, ] SPSS 22.0 BAFHEAT DS E 00, B/ N B 1 2 ik
(LSD)yX} st & RitkAT 2 8 LT 2 70 M e

3. ZRE S
3.1. FRFHEERELIERER DRBEENESR

AR ZEAAT N AR E R HAR B - e AR B AR P % Il Ve I e 5 SR L% 1. BrkmT %,
ANEZEFAE G AR 3% pH BV 6.81~7.33 2 Ja], J&FrhE[52], H KNS N RD3 > RDS >
RD1 >RD7 >RDI11 >RD9, RIN FPAEFXER, T PEMNEN: fEIRER LIRS, KT+
7K &8N 7.73%~11.17%, ZF T ER R, HKR/MHFH RD1 > RD3 > RD11 > RD7 > RD9 > RD5,
A HFENT IR S EEHTEKE: NIEEVREERNEERKE, NEFENEGN TR L
AR &S KHF N RD11 > RD7 > RD5/RD9 > RD3 > RD1, BEHKZELIEAENRNZRAKHE, (H
ABEZETEANAES LR EE; ARZET SRS LB SR 0.79~1.43 g/kg 2 (A, FHK/MHE
J¥79 RD1 >RD3 >RDS5 >RD11>RD7 >RD9, MR ANEHFEERS, ERERL, 5HESKENZE
TARAAE BUABAL s AN R ZE AT 0 AR b SRR S B 200.09~290.09 mg/kg, HEKHET N RDY >
RD11>RD1 >RD7 > RD5 > RD3, I NKAFR m, HEFRC, HRNMETPERALS 3% pH A
NAZEFE A AR 3 45 B AE 1.23~1.61 g/kg 2 08], HK/MHEF 4 RD3 > RDI11, RD9 >RD7,
RD1 > RD5; 38 3 5 84 7.61~10.65 mg/kg, FoK/MNHEF 9y RD1 > RD11 > RD9 > RD3 > RD7 > RDS5,
B2 TS bR =, AR ZE U S AR R . A R AT T R b 45 A R
PO RS 00H 4.04~4.85 g/kg AT 41.04~55.58 mg/kg, FermikHE/¥ 4371128 RD7 > RD11 > RD9 > RD1 > RD3 >
RDS5 Al RD5 > RD3 >RD11 >RD9 >RDI1 > RD7, W& KHFEIFA—FL,

P IR A A R M A IR O S S M SRR UE[ 53] [54], ASHIF 78 BT 51 2 R - 09 4 B AR 2R
BREE, ARG EDSE, ARBETERZ, 2ETERERZ, B8 TR Z KT, 4
AT P2 E R Z KF
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Table 1. Comparison of basic physical and chemical properties and soil enzyme activities in rhizosphere soil of Zenia insig-
nis in different seasons

% 1. REFHETRIRT RN BRI R TIREGE ML

= HA
FE AT pH MC SOM TN AN TP AP
5 (%) (g/kg) (g/kg) (mg/kg) (g/kg) (mg/kg)
RDI  7.07+0.01° 11.17+0.05* 21.15+027° 143+0.01° 273.16+3.23° 1.37+020° 10.65+0.02°
RD3 7.33+0.06° 10.00+0.04° 21.95+0.10° 1.19+0.00®° 200.09+7.82° 1.61+0.02° 9.08+1.32°
RD5 7.27+0.05%  7.73+0.02° 2224+0.75% 1.10+0.33* 216.04+7.71Y 123+0.05° 7.61 £0.03°
RD7  6.94+0.05 8.64+0.00 22.64+0.78° 0.83+0.03° 247.02+4.04° 138+0.06° 8.66+0.53"
RD9  6.81+0.02¢  7.90+0.02° 2224+0.79% 0.79+0.07° 290.09+0.26° 1.45+0.04° 9.50+0.27®
RDI1 6.91+0.01° 8.88+0.02° 23.79+046° 0.86+0.02° 288.77+2.03° 1.52+0.05®° 9.71 £0.36®

: HA
Ff i TK AK TEMP  MTP cuc URE ALP CAT
5 (g/kg) (mg/kg) (C) (mm) (mg/g) (mg/g) (mg/g) (mg/g)
RD1  4.17+0.15*  42.72+2.65° 10.10° 44.80° 17.45+022*° 036+0.05¢ 1.63+0.01° 0.60+0.03°
RD3  4.09+0.07° 51.74+0.86® 1590¢ 63.00° 16.70+0.14> 0.49+0.02* 1.51+0.02¢ 0.84+0.03°
RD5 4.04+0.03° 5558+2.56° 24.50° 197.00° 16.83+0.19° 0.33+0.03¢ 1.52+0.03* 0.70+0.10*
RD7 4.85+0.01° 41.04+232° 2830* 170.00° 16.60+0.34* 0.44+0.03° 1.60+0.03>* 0.72+0.06™
RD9 4.48+0.06™ 49.19+3.01° 26.00° 87.10° 16.85+0.55* 0.58+0.01° 1.46+0.05¢ 0.74+0.02%®
RD11 4.70£0.59®  50.92+3.26® 16509 6120 16.76 £0.39* 0.55+0.05° 1.75+0.02° 0.71 +0.04*

H: © FERESHNEF RN AN @ F—55EE - IARZRERERT RE0.05 KF); @ KRHFS MC.
SOM. TN. AN. TP. AP. TK. AK. TEMP. MTP. CUC. URE. ALP. CAT /il# R EHE/KE. HGHHE. &
B DR, S0, SBOEE. SR, AR, AR, AREWE. BEVEREIEME . DREEIETE. DRI B ER N M AN
FALEEHEE. FERRA.

M 1 Arsn, ARZFEVAET AR SRR IRBE . BB EREE . 0 A T 1 4 0
16.60~17.45 mg/g.0.33~0.58 mg/g- 1.46~1.75 mg/g.0.60~0.84 mg/g, F K/ 7355 RD1 > RD9 > RD5 >
RDI11 >RD3>RD7. RD9>RDI1>RD3>RD7>RDI1 >RD5. RD11 >RDI >RD7 > RD5 >RD3 > RD9.
RD3 >RD9 >RD7 >RD11 >RD5>RD1, Rl st, Hp=F LIEEEEE — € RFTT 2R

3.2. FRIFEFHHMTIRAE OTU EZREEE

3.2.1. RN FFREEE

1 QUIME 2 34 H ) DADA2 fi {4 X8 Bt A FE A (1) 488 R 46 17 51 (input) i#E 47 i3 F 4% il (filtered), 25
(A IEM AR 4, denoised), % (merged), 3 H ik &K (non-chimeric), /& OTU, %2 HoR 7T
ZA RS PR FRIR T IIEE o JFIRI 7 EE OR R m, 1R 84.24%~87.33% ], W2, %
S5 L Ae LU ARSI S 6 /AN 7] 1 25 A 1 E 3R A0 TR AV

3.2.2. OTU Venn

AIE P FIREAIL 6 A, FAEZETISHE, 5l ERHSS). KAU(AW). OUT Venn B LL
oA B IR BUREARAE OTU ZKF LRI AL & AL, BIEIHA FAREA I OUT (LK 1). Mt
LA ANFEZETAE SR AR LI A REVR A E A, o, SS AT AW LA ) R4 OTU %4
944, SS HFFAEI OTU A 1126, AW AAFA 1 OTU 640, Al WL, fEAHEZIH, HIEANEBESE
—EZN, BFEFERA MR EVE LKA TEL, Ul B e R VR 25 00 R0 22 R 52 Z= 1 AR I 5
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Table 2. Statistical table of DADA2 denoising process to generate OTU
% 2. DADA2 £ pk OTU BB 1RSIt 3R

percentage of non- percentage of
input merged  chimeric input non-chimeric

percentage of

input passed filter denoised  merged

sample-id input filtered

RD1 44,954 38,326 85.26 32,780 22,201 49.39 21,230 47.23
RD3 43,948 38,381 87.33 33,238 22,481 51.15 21,216 48.28
RDS5 46,679 40,318 86.37 34,879 24,806 53.14 23,811 51.01
RD7 49,307 43,436 88.09 36,843 24,681 50.06 23,374 47.41
RD9 41,573 35,023 84.24 29,689 20,039 48.20 18,990 45.68
RD11 56,508 48,436 85.72 41,104 27,331 48.37 25,730 45.53

Figure 1. Venn diagram of soil bacteria in Zenia insignis survey
plots in different seasons

E 1. TEETEZFHEHTRAER Venn &

3.3. TIEMAE Alpha SHEM S

Alpha 2 HEPERR BUR 0 FEAMREA Wl 22 FEIE 0 3 B, A0 B R A rh B P A LR P = 5 B RT3 5 FE PR
[AI%&, % H Chaol, Shannon A% Simpson Z&FECRIEAL FEAMFEAR TN ZFEPE. 78 Alpha 2 FEEFR 2L
1, Shannon 81 Chaol FRELAIEEER A, VA B IFEA DTN 2 AL 8RRy s Observed species F5 4Bk
&, RAFEAY P S BOBE: T Simpson F8 BB/, UEIBIFEAYI R L A . i 3
RIAL, BSR4 Y Alpha ZAEVEFEEE, H Coverage [HERTE 98%LL b, UL HIFEA 7314
MEIRE & . FEFLIEREYIN Observed species %4, Simpson #5%(. Chaol 8% H! Shannon 5 %#S
KERAEMIREE; WHEEE IR ERE 2 TR A

Table 3. Soil bacterial diversity index
3. HIRME LA IR

R g 2 Chaol Observed species Shannon Simpson BER
s fa¥ f6¥ fa¥ f6¥ Coverage
SS 1031.94 1030.00 9.41 0.998 0.98
AW 865.18 864.67 9.10 0.997 0.98
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3.4. REIKELIEMBRHEER

3.4.1. [Tk

Bl 2 AN R ZE T AT 52 R AR Hh A A T B EVE AR T 1A A = AR B . B R AN [ R 4 5 T2
AFEBEARIS, B E AN Z A R TR AR F RN B 2 RIS 4 w5, 76 AW A0
SS Hrr, AT EERT 1% 40 B T AR E B R0 508 99.10%. 98.23%, i AW 4HA1 SS 4+
AN ARA R TR T BRI BT 285, HEEAR: AW Ak w1
ARTEBE T AR FBE L SS 2, 1SS A IRAT B 1], SR BT A F R E T AW . BIFE T T/K-F
b ANFEZEE A LR AR A AL, B B ER.

100 1

75
. Other Gemmatimonadetes

;\; WS6 . Planctomycetes
b:/ . AD3 . Firmicutes
g Chlamydiae . Bacteroidetes
% . Armatimonadetes . Verrucomicrobia
-§ 50 ~ T™M6 Nitrospirae
% - Unspecified_Bacteria Chloroflexi
% Chlorobi . Acidobacteria
?',' . Cyanobacteria . Proteobacteria
n

254

& i

Figure 2. Histogram of species abundance at the phylum level
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Table 4. Comparison of relative abundances at the phylum level of soil bacteria

= 4. TIEMEA VK PHEMERE LR

FEA G20
IH B 2
BRI AW SS

FRLE T ] (Actinobacteria) 38.05% 27.13%
A1 1] (Proteobacteria) 31.74% 26.52%
FR AT T 1] (Acidobacteria) 9.15% 18.00%
2725 1 | 1(Chloroflexi) 6.77% 8.26%
AEALIETE B ] (Nitrospirae) 5.42% 6.70%
e | ] (Verrucomicrobia) 1.70% 4.17%
AT 1] (Bacteroidetes) 1.87% 2.60%
JEEETE ] (Firmicutes) 2.15% 1.45%
¥ | ](Planctomycetes) 0.90% 2.13%
ZF FL B4 ] (Gemmatimonadetes) 1.35% 1.27%
LEENNES 0.90 % 1.77 %

N VLA [FIRE A Z B R 56 22 5 AR S0 B Rl AR G = B HE P 50 20 BP0 RPdk AT 28, 3@t R4 #r,
FEARFIREA Z B A B2 Sk, S5 L 3. BRI b 05 A2 F SR S g R i AR A rp ()
FENATHAUREEE TR, W AR Z R BE B8, AR R B, RN REAS 2 8] 38 40 1 1)
VIR AE R S =F BERR A AL . ER T 3 W%, MR A SR 28R LU HE RD11 AT RD9. RDS # RD7 A —3K, 4B
B, YW RDI11 Al RD9. RDS Fl RD7 A 3820 B (19 AH X 3= B2 N2 s Ah AL i s RD1. RDI11
F1RD9 IR0 5 RD3. RDS #l RD7 R il i K 4 BoiliE, B8 AW 215 SS ZH 11454
BRI FP SR ANARN = FEAAAE BRI 22 5. NIRRT DA Y, AL i [ T RIS 1R [ T5RoN— 2K, HZRBu
i, VLB REAIETE R | TSR B | JE R i R B AR AR B TSR O R, BARTE TR LA 3.

4 category1

RD1
AW

RD11 SS
3
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RD3 5
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| |
2
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Figure 3. Heat map of species abundance of soil bacterial community at the phylum level

3. K FHIRME R Z Y MF EAE

DOI: 10.12677/hjas.2022.123029 203 Al


https://doi.org/10.12677/hjas.2022.123029

X3

E=
=

i

%

3.4.2. HikF

FENAKF L, AW AR5 B 9N 45378 Alphaproteobacteria (20.27%). Thermoleophilia (19.74%)-
Actinobacteria (8.58%). Acidimicrobiia (7.62%). Acidobacteria 6 (5.73%). Deltaproteobacteria (5.54%)-
Nitrospira (5.42%), iX 7 2N LB 40 B AR X =FFE 35K T 5%, HiH, Alphaproteobacteria &5 Thermoleophilia
() L IR A F= FEIR T 19%: SS AL #4443 51l 9 Alphaproteobacteria (14.74%)+ Thermoleophilia
(13.69%) Acidobacteria_6 (13.03%). Nitrospira (6.70%). Deltaproteobacteria (5.84%). Actinobacteria (5.66%)-
Acidimicrobiia (5.43%), ., Alphaproteobacteria. Thermoleophilia 55 Acidobacteria 6 FJ 33241 1% AH %}
FEEBRT 13%. BB TR, ENKF L, AW LRSS 20 1 13840 B B s 5 i AL, R AR
FEARKRESR.

3.4.3. BK¥F

FEHKT L, AW A5 SS A -S540 B ARG £ BER T 1% 040 B B A A X =2 B2 B R 430 R 82.36%FH
78.05%. AW LRI H 4K %A Rhizobiales (15.86%)+ Gaiellales (15.67%)~ Actinomycetales (8.21%)-
Acidimicrobiales (7.62%)+ Nitrospirales (5.42%)- iiil 15 (5.36%), iX 6 MUAE H M EEH KT 5%,
SN EE RN 58.14%; SS MR B H AR AARTE BB A iiil 15 (11.74%) Rhizobiales (11.40%)-
Gaiellales (10.86%). Nitrospirales (6.70%). Acidimicrobiales (5.43%)+ Actinomycetales (5.36%), X 6 ™Ml
B H A EE S KT 5%, RiFMHXTFEEN 51.49%. WHIEHKTF E, ARG AR 115
B )b 2 RSOAE AL, AEURE O 32 22 R AR

3.4.4. BKFE

HERGAKT L, AW 43 A B BN Gaiellaceae (15.46%) . Hyphomicrobiaceae (12.10%)
0319 6A21 (4.76%) - Unspecified iiil 15 (4.55%) - Unspecified Solirubrobacterales (3.46%) -
Syntrophobacteraceae (3.12%), LA 6 ANFHA-IELHE AT KT 3%, RIUFFHXTFEE R 43.45%:;
SS H I H BN Gaiellaceae (10.75%)~ Unspecified iiil 15 (9.41%). Hyphomicrobiaceae (8.28%)-
0319 6A21 (6.05%)+ Chthoniobacteraceae (3.63%), LA 5 NERHE - IRAHE AN FFH KT 3%, RitH
Xt =F RN 38.12%; Gaiellaceae. Hyphomicrobiaceae. Unspecified iiil 15 F1 0319 6A21 TS A A £
TIEMEBE AN FEE RSN 4 DR, HXNFEREY KT 450%; £ AW A Gaiellaceae 5
Hyphomicrobiaceae fIAHX £ E 415 T SS 41, £ SS 41+ Unspecified iiil 15 15 0319 6A21 [T
BET AW 4.

3.45. BK¥F

TEJEIK by PIANFEARZH 2 (8] () - S5 AR R P Fh 2 o R B[R], AR S AN E] . AW 245 SS A L3
P BN Unspecified Gaiellaceae, A1, AW 4R34 56 & N 40078 1 J& (Rhodoplanes) A f5 B B )&
Unspecified 0319 6A21 A Unspecified iiil 15; SS MR B JE N ARIEWIH 8 Unspecified iiil 15 5
21975 % J& (Rhodoplanes) 2 A fi B i J& Unspecified 0319 6A21. AW ZHAHXSFE KT 3%HEIHAE 6 1,
1M SS AR F=FERT 3%HEIE 4 1.

3.4.6. Fhk

ANTRZE AT S A 9 R ZE P KT A =2 B DL ] 4 e 5. lukRT e, FERIKSE B, AW 4
55 SS 20 (1) - 3540 B AL 5 F145°4 Unspecified Gaiellaceae, 2o+, AW IR fIL#AFH 4 Unspecified Rhodoplanes;
SS ZH IR HF 4 Unspecified_iiil_15.
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Table 5. Relative abundance comparison of soil bacterial at the species level

5. BIRAEEMOKT B FE R

s FAA
: AW SS
Unspecified_Gaiellaceae 15.46% 10.75%
Unspecified Rhodoplanes 9.14% 6.30%
Unspecified iiil 15 4.55% 9.41%
Unspecified 0319 _6A21 4.76% 6.05%
Unspecified_Syntrophobacteraceae 3.12% 2.89%
Unspecified_Solirubrobacterales 3.46% 2.16%
Unspecified EB1017 2.64% 1.94%
Unspecified_Ellin6529 1.60% 2.56%
Unspecified 0319 _7L14 1.85% 2.12%
Unspecified C111 1.86% 1.29%
Unspecified AKIW874 1.81% 1.24%
Other 49.74% 53.29%
100 1
754
. Other Unspecified_C111
;\;; Unspecified_Hyphomicrobiaceae . Unspecified_0319_7L14
}{:‘; . Unspecified_DA101 . Unspecified_Ellin6529
g I Unspecified_Rhodospirillales . Unspecified_EB1017
F H ]
. I Unspecified_Bradyrhizobium Unspecified_Solirubrobacterales
2, == = . o .
;E; ] E— Unspecified_Pedomicrobium Unspecified_Syntrophobacteraceae
% ] . Unspecified_Candidatus_Xiphinematobacter Unspecified_0319_6A21
g Unspecified_Micromonosporaceae . Unspecified_iii1_15
‘%’ . Unspecified_Rhodospirillaceae . Unspecified_Rhodoplanes
Unspecified_Betaproteobacteria . Unspecified_Gaiellaceae
. Unspecified_AKIW874
254
0
& i

Figure 4. Histograms of species abundance at the species level
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3.5. XD

3.5.1. HRAFMAES TIRIRLEROE XN

N T Ui B B AR S SRR VS YA 2 BEVE RN, XS R S B A A
RS AN AR XS S BE AT 10 (91128347 Spearman IS AT, ZERILFE 6. BT FEME 1S
3 pH LW IEASC, HARW1E 13 pH 22— @R IEARE R, HEARE, SE15 %S
KE, AHUREE, 2SR, BEYUISE. 2SR LURENA MKt HEARE, Y
BT BRAT BT PEAes AT 2 1 1145 Rl 20 B 32 0 38 IR MO B 28 G R BE 1] 5 10
ERGEEWEE VIS LR, O ETANEER 55 RS B R B 1IEMHG, B3
PR SRAIR R & O G A B RS xS 1 T I AU I [T 2 B35 IEAH R, 5 AR ] 2 18] A — € A
Kk, EARZE.

3.5.2. HIRERTEMS TIRARE AR AEXM

R0 g J U - SR v A2 5 AN () 20 A A A SR T 1 SR AR R R T 2 R L2 7 R A,
AR EARFR AR B E S A AR I [ ] 2 B35 A oG RERE . BlPE IR DL S S A s Ve SR
MR P - 3G T S5 S Rh 2 A PR RO OGP EAN 3

Table 6. Correlations between soil physicochemical properties and soil bacterial species (phyla)

= 6. HIMBAES DIRAEM)AIEXM

e Act Pro Aci Chl Nit Ver Bac Fir Pla Gem
¥
pH -0.657 -0.667 0.667 0.088 0.319 0.812" 0.207 -0.772 0.679 -0.393

MC 0.486 0203  —0.203 —0.794 —0319 —0.145 —0.621 -0.802 —0.463  0.131
SOM 0232 0279  —0279 —0.045 0265 —0.397 0315 0.626 0.000 0.664
AK  -0486 —0.290  0.290 0.118 0.087 0.406 0.000  —0.062  0.463 0.131
TK 0.600 0.406 0.406  —0.294 —0.087 —0.580  0.000 0370  —0.463  0.393
AN 0.771 0.812°  -0.812° —0206 —0.406 —0.899" —0.414  0.617 —0.833"  0.393
N -0.086 —0.087  0.087  —0.324  0.174 0290  -0.207 —0.926" 0.123  —0.131
AP 0.886" 0754  —0.754 -0.765 —0.522 -0.725 -0.828" —0.247 -0.926"  0.393
TP 0257  —0.087  0.087  —0.647 —0.696 —0.029 -0.621  —0.093 0309  0.393
MTP  —0.771  —0.580  0.580  0.883"  0.464 0522  0.828"  0.525 0772  —0.393
TEMP  -0257 —0.203  0.203 0.618 0.203 0.029 0.621 0.802 0278  —0.131

FE: HASMELE 0.01 ZAIGWUR)EE R bR, 7E 0.05 ZOCWRE) A bt o A 3R 2 4 I AT = AN FRER R 40 8

1128, THE, RAENE 4.

Table 7. Correlation analysis between soil enzyme activity and soil bacterial species (phylum)

F 7. LIREEM S TIRMEIPA(DEIE R

it v Act Pro Aci Chl Nit Ver Bac Fir Pla Gem
URE 0.486 0.261 -0.261 —-0.412 -0.812° 0435 —0.621 0.463 —-0.617 0.393
SucC 0.314 0.522 —0.522 0.029 -0.232 —-0.406 —-0.414 0.031 -0.494 —0.131
ALP 0.600 0.638 -0.638  —0.559 0.464 —0.551 0.000 -0.309 -0.278 0.655
CAT -0.257  —0.551 0.551 —0.029 —0.609 0.377 —-0.207 0.185  0.093 —0.131

JE: R SUC. URE. ALP. CAT 7)3&Fox HIEREERG . IREE. BUrEREIREe. ALl T
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3.5.3. TIREETEMES TIRIR AL RME S

ANTR) 23 A S U R SR R S B AL DR T RO SR AT AR W 8. b mr A, HAl 4
P AEEEE TR 5 IR pH 2 AFRRRE NG, 5HAL IR0 BOASN 7 B A —E WA RE, HA

.

Table 8. Correlation between soil enzyme activity and soil physicochemical properties

8. TIREEM S TIRIBACE AR

FgistE pH MC SOM AK
URE  -0.657 0.029 0348  —0.143
SUC  —0.200 0.086 —0.522  0.029
ALP  —0.086 0429 0319  —0.257
CAT  -0.029 -0.086 0.116 0.086

TK
0.486
-0.371
0.371
0.143

AN TN
0.600 —0.600
0.486 0.257
0.143 0.314

AP TP TEMP  MTP
0.371 0.771 ~ 0.200  —-0.257
0.543 -0.429 -0429 -0.371
0429 —-0.143 -0.314 -0.486

-0.143 -0.429 -0.257 0.771 0.314 0.200

Overall permutation test: P=NA

0.6+ unclass.ified

0.31

Unspe’d’iﬁéd:Bacteria

RDA2: 29.56%

0_0_ ....................

WS2 Acid&bacteria

.
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Bacteroidetes— OP1

G.AL1 5
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Cyanobacteria
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-0.6 -0.3 0.0 0.3 0.6

OEZ/EL S

RDA1: 45.8%

YiW]: £ RDA YR EIN, SRR 7 HIFEk RN, fkE L KR
RIEAIRGEN 15 3G GV 73 A7 R 288 2 A 18] A DGR B B0 K/ (R R
TIZRIRN), Bk, BEMIAORVERCR, ez B, ST 2 [ f)
BRI FOR ISR T 2 (A R IEAR GG &R, B AR R
T AR R, ROBOR, X R B, Kt AR IR

Figure 5. Correlations between different environmental factors and soil bacte-

ria at the phylum level

B 5. ARIMMEREF 5 IR 1K FRIHE X

3.54. TRWEYSHERFHBEXESH

3T RDA 73T SRR, A RIS 70 3850 A R 5

Wi o FEAN [F) 2 1A S A
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X 5

BAAME T, pH. TP AP Al AN 55 -4 B R 7% 45 M ARIE Z3 A0 AR MR B K ANV R 1K
MTP 5 - 3520 G B I8 RURIRE 20 O M SV B K s M -3 BE 1 SR, URE 5 3R 40 B R 94 45 W AR e 4
i LR S RO . Herb, ABJEE TS TK. SOM. ALP. SUC. URE. AP HIEAMH>E, 5 AN H i
FIEFE; ML T]S ANL TP, TK. ALP. URE A IEAHE, 5 AP H W3 FMHC; BRAFHE 15 pH. TN,
AK. CAT HIEAHX, 5 AN FRENMG: ST W15 MTP AIREE EHX, 5 AP A B3 7K,
HAIREE 115 pHy TN. MTP. TEMP F IEAHK, 5 TP. URE F &3 AUAHC; JEMEE 15 pH. TN, AK.
CAT. MTP FHIEME, 5 ANFEEFAR; WATHEITS TEMP. SOM F1EME, 5 MTP A ZE EAM
5%, 5 TP, MC HEEMA>; JFEERI ]S AN, SOM. URE. TEMP f1EM%, 5 pH. TN H&&
FHG; ZFHMITE TS TK. ALP. AN, TEMP fIEAHX, 5 SOM H&3F EMK. ZahdiRs 3.5.1.
3.52 M13.53 ML FAAL, BB L 5 FIE 6.

WS3

Armatimonadetes

WSs6 p__AD3
. . - p__Armatimonadetes
Nitrospirae p__Bacteroidetes
- BRC1 p__BRC1

—‘ p__Chlamydiae
Planctomycetes 05 - p_Chloroflexi
Cyanobacteria . p__Cyanobacteria
Chlamydiae . p__Firmicutes

__GAL15

GAL15 . p__Gemmatimonadetes
Acidobacteria | |p_ Nitrospirae

Verrucomicrobia

Unspecified_Bacteria -
p__Unspecified_Bacteria

) p__Verrucomicrobia
Proteobacteria . p_WS3

Actinobacteria

Bacteroidetes p__Wsé

Chloroflexi

™7

Firmicutes

AD3

Gemmatimonadetes
5§33 2 558 R % 22 g3 g

Vil X FONIRIERF, Y v, @it AR R HEAM IO P E. R ELEFUARGIERER, PEI/N
F0.05 WA SFrdt, A0 EGRAF RAGMGIGXE, R, 2drtgrss T RinEi153E. 70.01 <P <0.05,
*0.001 <P <0.01, P <0.001.

Figure 6. Heat map of the relationship between microbial species and phenotypes at the phylum level

6. I VKRR MIT S R B Y AR X R E
4. g
4.1. FEEPHEITHBTRBAENESR

A TS L TN TR E R 20 20 90 AT 5 HIREBHE MM, 1 L E MK, H
RESF S HUEY), BHHEMG, BAMEEM CIX 25 F2 A, FIREERAREMERATEE, TR,
L HEIRER I E R, A AE N AR DT AR HARIRE, ARFIEEIAE] 0.8 A, MR
fEWE G R, YRS, EVMZAEEE, FVEBELILR S, R, v IREh YA
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AP KBTI T RIFY TR, TIRRE S S TR RO RE, o IR R AR RE
B A A EENER . LIEMEMREVES L 2 P S LI R VARO[ 1] [2]. fERmT N T
MG T 11 2 R T, KRB AN E L — N EENFE R, W ER RDA 24 Rl
EN: R S (MTP)-5 L EAH B B V& 25 W AR BE RO DG Vel R, — ekt RKAURBEIE B . /K 4r 78 2 1
T, LIEMAMAEYIERR, ARSI R, VIR Z VRS . AR TR R S A A
H, HARPR LI REAS DR B TR AR 2 S A 5RUR(TEMP) 2 1EAHC, 5 H FEm EMTP) £ 1EAH
Ky BFIEAHCEMN . IEAHC . %4 R R0 R M2 N B 45 RAHAA[30] [34] [55] [56]. A&
1 SEIGHAE /T LAE e AT G N TR AR e R 2 R LU 2, B P A R i 3581 pHL /K
SEE. A A, BEREERETAEN S TREN AU AR, SR AR 2.
JIRE & 1 BRVEBERREEVE M . i E A SRR A X B R, (H A B R AR 2 AN B . R S E
MsEIegE R, BEZHMX LT PEEMANSEEABENER —EMRR, HFZEEA RN

FEGRNHARBUE S @ AR BT TR AR [42]. FEREPUAC A AEHLIX, FREAIRETE, FErEmn,
WAL, TIEFREFELLER Z, B LRI KA IR & B — e RIS, 4R 59
MRS AT ALy P N TARHOBE 75 BT 19 1 46 RARL57]. TRV T5, [ES T, mYrA
KIS, ESW D v, LIRS TR A, @ REE Y A R FEIR R W e,
AW R NE Y, TGN T IR IR, BTCA R R AT SR PR LA AU . A R &
R, A4, EBER S EA SRR, IRE R R R A — e R IR e, (IR
ity B ot SR A SR T B W R AR Ak, SR R AT o B I 5N AR A b 3 ) Al
RS, AT A IR A IR o N — AR AE(S3] [54], WIREA H T RART AN LIE AT, (2
&, EREER SN, LIEP A S 5E S S TE BB EY, W SFSCRIER A
RO = [58]. MR RIBELLAEE =, HBEIE T A EAIEFR, ATLL, 12 ) 39 R0 & B RUIK, Y
LB KT [53]. BT S BAMRBE, el K0 TR SR ERRE[59], W7 LEme s, Ik
fig th A ZAERI[60], FrDME SN TR AR AR bR T i a & B L s, BBIREERKE, 5
T IRE NI R —3[21],

4.2. TRWEVHBEUESHEENFLER

TR YIS A AFIRIAAAR R UR,  HRER AR SR 2 AR B, W AR SN
W 38R 73 e 5 P NIRRT AR AL o A S AR B 3R R A 2 T B A AR R E DT R S R RO R A
RS ZEDA S LIRAE S RGHATY I HA G EALE R EZ I B, LGS E iy 53T i
YRR A, BRI PIE IR IR . fE HEIR DB MEOLT . AR LU
WRBR IRV NS 71, AW E 2 I M AhE, 3R IRER IS T, el ISR RO B4 23
fif, D LA RGNV RAEIR[61] [62]. TEREVEALEAIIX, DU H, HREMKELENS
KA ZRER, TR TRNARE. BRI, MW, TMET, BERUEKIEZ,
YT IEWBE, JTeE TR IAERK, POVERERURER, Ao E AR TR b gete, =
RATBHEITH RS SR RIE AR AV, BN T IRE R AERTST, SRR 3R R R
BORHE, LIRRCEY B B AR AR BRGESR s A WLST R VI T i AN e Ak, D a R Bt
A AE IR UK KRR IZHED, R T, AR SR BT U 1A 3 5= 7 Y e ia )
R f# e, DME R I R, IS N A RRIA T AR BI, R EED, EYK
AT R R AIC, X IR R SR MR R N o SEBR b, LIRGUEVIRETE S5 R AR AR, S
HIR D ARG B MR M. R AERE R X, i T KGR RLT, T BAE S RVE I & R
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B, UL R L LLACER, PTLL, fERZH 3T, (SRR AR 5 R
REVE G50 S AR ZE AR AR AR R AP HI[55] AWFFC R, T SRR 20 T RE v 45 ) B 22 R 1A
FEPERFETZR, AREEFGTREASE, 2R SAES AR RAHEI12] [63] [64].

IR L, AW 45 SS A RSA TR ] BTRET] AR S5R1], (HFEE
FE—EMZESR, X E5FB LT RMPI65]. AR NREE T, BT TR 12 3 m it
HHEVE, AR E T ENADAF 2 A F R fm, AR AW 41 B m AR 25, WTfg
R TREERRE TR T 2T R X oA (58, Fm 22 40n] DR L b (s e, v e Sk
BRI [66]. TRLHE IV 2 @A BA T I EEIEERE, 2T 5. SR b B E R 67]
AW 1S 2 AR SRR, FR R, IR RE ek, HL 2 MO BT 40 [ SR TR
AHTFEERR TR S ENR (68 EEMATF L, AW 45 SS AKMKHEREE N
Unspecified_Gaiellaceae, HH: 5 HEANA] . ] IR0 B S5 R A 5 21 A B IR &

4.3. FREETFN HRARBESA R SRR

BT, TR LA A EACR T A T AN FIREEE R BRI A EAR B SR A T R v
Gk R 2 REVE R AE RN AR . ARSI AR, B AR N SN R R 2 A R R VR R VR A R R
JetE. HIEE 1 AT, SS AHAFA I IEANE OTU Bl & T AW 41, E& TSR, K SUREE(TEMP)
AN B R R (MTP) X - S5 40 B e v S5 A RN 22 FE RSN B 0K, 2SR SR 45 R 5 W TH69] S 75 W[ 70155 N H)
WETCEE AL, (EHAE AL [ 1 2 i A A RRAR AT

5. &t

HRAR DA bSO B T, TTOARIE B Ll R 46 SRS AR, B, fEK
R Tk LA P TR TS0, B AL VA I AT SRR LA FLAT T B 5, e
R T S SR S R R A RIS, P LT 5 A FE R R RIAT e . SRR e
BEVELEN . WURDE B B REPEAT R O R AR R oK L, RS ED
FRBR - SR B REVE S AL, (AR RD BEROAN I — R 5 EITKF b, RASSHEERME
HRBR L AN B O R 3% B T R BT ASTR BT RRFFBET. SRSETT, (PIHE I — %5,
MR B AR E L 5 T 8 SRR, 51T R IS AACE, %5 2T SR bR L
FOBEELE RTINS Ze, EATRIBCR B %, R . AT L, IR 1 A S B - B T 4
B REEAT BN AL, 75 T SR PR L B S M LK S TS 2, FUMIRN & P 7 TAK
'’z

E&WE

I ERREEE ST H (R E 0832273), v F B 1 E Mk 2R A 2 B FE 4R R(201 6HTA007), JAjh
R R IR A B S 3 375 H (XI2018GKQO016), ik 24 B f 986 = I H (R BUR [2016] 91 5). [ F
KEACFT AN RV 250 H .

SE
[ 2., &%, TH, Paul C. Struik, 4. Y- SEHCENSE S BB R AR, o [E S 4,
2022, 44(1): 95-103.

(2] 3, WYEh, 220725, S5 LIREGMNUR GO IR I RETE ORI D] NS BT A AR, 2021, 27(6):
1725-1731.
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