+ 1£ (Soils), 2022, 54(6): 11751184

DOI: 10.13758/j.cnki.tr.2022.06.011
BIe, RULFE, FAKEL, %, RIS IE 110 S FE R Bk DO RE VA (0B, £4E, 2022, 54(6): 1175-1184,

R 2B SE AT B 3 S 1 R S B B B

’ 2o, A ¥ T 21, O 97 — . < . . SRIEVORE
kR, ARE, KR, Ewms, TEE, & %08 Kk, AER
(P EgR R B PR S A X RITFREET, Rl AT s e il A S =, JbaT 100081)

 E: FEEENAVUILE A 4R S S AU . R 3, AR TR RS R R . ANRIZERIEAN A /5% 43k
YRR B ANTR], IRSE I — A, TEPN S S 2880 i B RS, AR RILE) . F2EGM). HEEPM). FZECM)4 1
A, DRSS SRS BEHEVE R R, S5 RERN], S IERALIE AR AN . 2R . AR, B
LGS S o AN RIZENCRAL AT AL R A 1 TR TS | FHORHEE | DR E B RR B AL Ak S BTSSR 4391 32.4% . 150.4% . 26.8%
H130.1%. A-ZEALBEY TS A- W R W m B R, I BARATEE N 33.2% 1 33.4%. AIRACERTEA ] 1K F_ BRI PLH R
—3, R T(Actinobacteria) . AEJE 1] (Proteobacteria) . FRFTF# [ T(Acidobacteria), 42 [ T(Chloroflexi), JEEEE[](Firmicutes)
SERBAFEE, AIRARMET, A3 IR R D RUE WA AL, AN RIS RIS AT XS T3 T I R SRt 2 =
AW, THEpH. AR, BRI RER S0 F A .

S4B RS, IS, ARES; LUEEREEME; HIERUEWIRRE

FESHES: S158.2; S154.3 XERFRERD: A

Effects of Different Manures on Soil Enzyme Activity and Microbial Community

ZHANG Ying, WU Shuxia”, LEI Qiuliang, ZHAI Limei, WANG Hongyuan, LI Hao, YANG Bo, LIU Hongbin

(Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Key Laboratory of
Nonpoint Source Pollution Control, Ministry of Agriculture and Rural Affairs, Beijing 100081, China)

Abstract: The application of livestock and poultry manures to the field as organic fertilizers can maintain and improve soil
fertility, which is beneficial to the sustainable development of agriculture. In order to clarify the effects of different manures on
soil biological properties, a field experiment was conducted in Ulangab of Inner Mongolia, including four treatments of chemical
fertilizer (F), goat manure (GM), pig manure (PM) and cow manure (CM), soil nutrients, enzyme activities and microbial
communities were determined under the different treatments. The results show that, compared with F, application of manures
trends to insignificantly increase the contents of soil nutrients such as organic matter, total nitrogen, available phosphorus and
ammonium nitrogen. The highest increase rates of soil urease, invertase, alkaline phosphatase and catalase activities under
different manures are 32.4%, 150.4%, 26.8% and 30.1%, respectively. Soil microbial biomass carbon and nitrogen under cow
manure are significantly increased by 33.2% and 33.4%, respectively. The dominant populations are relatively consistent at the
phyla level of bacteria under different treatments, which are Actinobacteria, Proteobacteria, Acidobacteria, Chloroflexi and
Firmicutes. Under the experimental conditions, different manures have different effects on soil nutrients and enzyme activities,
cow manure can improve soil microbial biomass carbon and nitrogen, the short-term application of different manures has no
significant effect on the diversity of soil microbial communities, soil pH, available phosphorus, and ammonium nitrogen are the
main environmental factors that affect the structure of soil microbial community.

Key words: Goat manure; Pig manure; Cow manure; Soil enzyme activity; Soil microbial community
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B O E A R Y [l PR R K s A e
A, RIEE B IR A BN 38 42m, ZiE
R 75%1 . VR HLAEHES T34 U2 & & 256 %t
TR Je = 2 N2 — B A HLIEAS B 5 R bk
AT S Z R E SRSy, A ] $R e R,
Wi 45 N BT A 30 A DL 7T 2 3 4 i
SRR AR, RN A S . S IR R
R AR I I SRR Y, RS
TIHEICERFAE AT oy, UNGERERG | DRI . DR
RS Sk R PREF LIRS . RIEHA
HUAE 25 35 i vy L S e , i it P A B X T 1 14
SN, BF T -39t S AL IR i o 137 A7 ) 5 B
i LRSI FALHLE, 3 AL T

LI YR P Y B AL R T S A
L RARVER . RRH AR R | B BB 0 Ak A 5 A5
AR DR R R SR R R 2 R L e
e A3 R i HE 2 A -3 A M s
TR ZRENE, HFERWIE HA AL E s 1 ]
FISLEET AT 2B, IF BRI T IR 3 B
KA AL 2P AR TR R S A L, B U +
HEAN T AL IR REE 125k 3 AN RFFE R W], pH
PR PR R IR E YRR A A
BT, AN FZEAE AL TR A
T P 0 1 e P L S O VR 2 A
SENCAF T e LI R SRR 2R,
TRt A IS 25 + R R s —Ak, 3 B2 fil
3 pH [, FECLERCEYEGE AR K
1, AT TS HE AL I L B M A 2 A AR A X - 3 o
A AT F AR

AR I E & S th TR MR R 22 57, FEA
I IX | AR AR T 30 it S PR AR R
53 RAEPPEIRSE 1 S AF AR R 22 S 11, At
A | ARG T, A it
FEAEI RS E TR M B A , iR WA SR AL A

7 TTZ R SRk AR SR R R AR g
0% W S48 i oK i A R HEAE it RS 2R B
O o WRBAEUERT I 1 2 WAL S T AR e 1
SEFRO T AR N S AR B F L IX 7 I T
KOWWFFERS G, el TR R b2 | 0% | S48
3 Fofr Y b 32 BEFE ALt 5 0T b S R 0 N M 1 52
Wi, I W k- S A WYX AN TR FE AL A O A, DA 25
BV A RIS R FEAT L B 5 %) VR HIOCR , X 148
FHMIACIE | et R IA A RA R S5

1 #RERE

1.1 RIe R

RIS T 2020 AFEHEAT, BB HL S A T NS 52
AT B /R A B AT , A& T AU KRBl T 5
A, ZAFRKIBSANH, PRI 45 °C, AFERK
i 376.1 mm, ZHEP7E 7—8 A BA). %X L3R
T T SR A - by A I A bl o I T
JZ 130 ~ 20 cm)FEAHEL P R UNEE 1 FiR

F1 A IERERIBMER

Table 1 Basic physiochemical properties of tested soil

AL A WA AR B pH
(g/kg) (g’kg)  (mgkg)  (mg/kg) (mg/kg)
23.89 1.25 94.2 9.3 57.4 8.55

1.2 REigit

VEFHRSE | A28 R 3 PRSI X LA B &
275, BALEARFR SRR 2 PR, RS AR
MR, AR AE YR A, IR0 5
4 MAbELGE 3), FAMRFIESR 3 K, BIEL AR
i IR 2 R et A - 45 Ak U A R AR A 24 A R Y
JitE A B E . AR AR, ZEAE Rt
TR A AR SRR I R A B A AR B B
X AR 500 m>. HHAE L TR HUR 9685,
FEFPH MR 2020455 H 6 H,

*2 HIKERBNAESSE

Table 2 Nutrient contents of manures applied

Bl HHLFE (g/kg) 2 A (g/kg) 2k (g/ke) 24 (g/ke) AR (mg/kg) AR (mg/kg) pH

¥ 293.49 9.05 3.01 32.61 1.15 43.05 10.11
i 272.09 33.24 11.46 8.01 0.55 106.09 6.20
43 343.03 14.56 6.39 11.22 0.66 30.17 8.66

1.3 HEmRESNE
FEF I E K BARAE 0 ~ 20 cm HHERES, 45
NP IR I 10 MRERTR ST, TAT SRR A (] 512

B, shmRsy, —oreEtad 10 s, T
MERASR . SR MY YRR AN S KE,
T3t R B IS CRAFAE-80 °C VKA I 5 S 2k

http://soils.issas.ac.cn



55 6 1] HRBESE . AN[RIZEBIFENT I X b S P S B W R ETR 520 1177

#3 HERITRERARE

Table 3 Test design and fertilization scheme

g Ak B Jiti A& (kg/hm?)
N P K
ALAE(F) 180 75 90
I (GM) 225 100.5 597
HiZE(PM) 225 111 77.55
4ZE(CM) 225 99 171

e AL BRI 2 DL P,Os Fl KoO 3, ZENE BB e I
LR BT P AR K 3,

WA 5o 2T 20 H S AT e
PEPE B
1.4 RKWNEFHE
141 HgEEfedERE A PLICR HE S
TR 25 kAR E 5 2 ACR 4 A shElE
RIEWGE; AR HAE RN 0.01 mol/L CaCl, =
P&, WA PTL(AA3)IE ; 28R NaOH J& -
FRBRPTHCTRI A s 28R A NaOH & Rl K A B
P E s A RWER I 0.5 mol/L NaHCO; 12 $2—4H#6 4t
P AR TN 5 A0 E SR P T TR B 2 K R 0 FE T
FE; pHRH S 1KLLV - m)pH HIRE .
1.4.2  HIERGEEYE BRI RS S
2 AN i R T A, ORISR 2R I A -
PR AN HE (0 i R, R B Ak 1) A By = rp s A Y
NH,-N () BTt 2R ; HIEREMERGER F 3,5- s 3k
P L (8 300 2, A s [ BN, T v ™ A A 2
MR N s I SRk U SR P v R i s v
FEEM ST 1 g THIEMITIEFER 0.02 mol/L
KMnO, KRR Sl mime iR H 95 N B A
AR I V1R B Tl i it 91 8 I 5 -3 AR i
B SRR B 2% g sz

% F Fast DNA SPIN Kit for Soil(MP Biomedicals)
R S PE 1 1% DNA, {# ] NanoDrop2000 %¢4h-A]
LA YEEBE 1T DNA B Mai B, KA 1%
IS BHEE AL FEL KX DNA SRR TR . 3l W e
TELEHSR T 16S RNA MIFFHA, 514131 338F
(ACTCCTACGGGAGGCAGCAG) I 806R(GGACTA
CHVGGGTWTCTAAT) . 2% it JIE B 558 Iz e, ik A6 0
PCR /=¥ . % [ 1llumina MiSeq - &5 R REA FEATIN T
AYE Bt AR A& QIIME2 #E7#() DADA2
T3 R A 0 AR SR Y AR A T B, &
M B, JFHEAER, AL OTURY, AScrpit
F] OTU NAEFR Y HE4RIE ¥ 51 (Amplicon Sequence
Variant), Bl OTU BACEYEFS, SEHEE (16S 2K

1A Greengenes Database 138 {RA[#% 99% ) 51 AH Pk
R HEAT LEXARAF DA REAF B . BT OTU Ay 4a Xt
FELERER, MEBAFEMTE 7 DI
1. 49, B B |, F ERESIECE ST SR
=B s 2 W S 2 LR S [l = N L 7 bR Y S P S W
1.5 HIEREBSHH

+ 3R A A 53R F Microsoft Excel 2016 4k
FRECHEIFVER, SRFH SPSS 24.0 #E1T AR 220 ¥Hr
G 6 FEE 5347 o ] Duncan 8752 22 2% Hb i AN TR &b
FHE) Alpha ZAEPETE 0.05 KFEF 9225 8 51
iz Canoco 5.0 M R4 53 4T (PCA)FITUAY 43
Hr(RDA). A= a4 R NG A KB A PR
NEPE S HTER

2 HBREHSH

2.1 AEZERE TIEFSHFM

AN R FEAT AL B0 - 373 A2 an &l 1 B, A
| AV IR B RN [R] . CM AR B4 A L
SRR, BOF AR 9.7%; PM AbFAY A A
e, BF AR 11.3%; (HAALB A LR A2 A
FHESYARE ., PIEMESASTERNN PM>
F>CM>GM, PM Ab3 i 530+ HEmi S A & i, &
F. GM Hl CM 43515 23.6%. 73.1% F1 64.6%, 4%
b IR S A S EERALE, PM A CM A3
(R O 5 e B R T o ST S0 Ak BRI A 7
R/ CM>F>GM>PM, H CM 43 & 5 T GM
T PM AbPE, A[RIALHLE] pH 2257 A 8%, 5 F AL
B, MEERAb PR 8 pH BEATREL, ISR
f 13 pH WE A 325 .
22 ARZEREXNTEREVEYERTHNZ NN

AN [ 2 TS Ak 38 %6F - 3B AE A e T 52 i)
WA 2 fT7 o AN TR A B A S0 AR 4 A W s i 1% 31
} 133.55 ~ 177.86 mg/kg, CM kb3 &% 5 T HAb kb
L, 205 F L GM Al PM AR BRI T 33.2% , 32.0% Fil
31.8%. AN[a]4b B+ HER A P A= Py it W S L
24.36 ~ 32.49 mg/kg, HAFEMALBIY KT F 4b#,
Horp oM 4b P 2% 5 H AR B, 435148 F. GM Al
PM AbBEBETN 33.5% ., 21.2% #128.7%.
2.3 AREIZEPERT T EEEFE MR

A RERERG . DREG . R R A A S
TR AT R AR B UIAHOC . A AL BB R AR 4
JIR R TRI AR5 F A B4R 2 1 - EMREG | I |
B P A T i Ao 4R fb A 1, PML Ak B9 JOR G ik
PEBERR B P2 948 F AL FRER 5 T 30.7% F126.8%.

= |
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EER PR (mg/kg)

a

L b
100}
sof

0 .

F

M

GM_ PM
Ak

i

40p

30

b
20+
10+

HeEY YRR (mg/ke)

S

Effects of different fertilization treatments on soil physiochemical properties

F

a

b b I

GM_ PM M
b3

L]

B2 AREMERLE LIREEDENERARTZIE

Fig. 2 Effects of different fertilization treatments on soil microbial biomass carbon and nitrogen

x4 FEMEAELIEX T IREE AR

Table 4 Effects of different fertilization treatments on soil enzyme activities
pusiil Jig ik HEWE Al T A R il T
NH;-N (mg/(g-d)) (mg/(g-d)) (umol/(g-d))) 0.02 mol/L KMnOy (ml/(g-h))
F 0.51£0.01b 10.34£2.62b 7.71+£0.73b 10.77+041 ¢
GM 0.58+£0.07b 2589+1.52a 8.06 = 0.84 ab 12.53+£0.27b
PM 0.67+0.09a 19.76 £ 2.65 ab 9.78 +1.34 a 13.08 £ 0.37 ab
CM 0.64 £ 0.08 ab 13.49+2.37b 8.48 + 1.06 ab 14.01£0.95a

T RIS/ NG 5 RN R 7R Ab B8] 22 55 25 (P<0.05), T &[]
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AN [R) Ak 2L ) RO G P 1 KN GM>PM>CM>F,
GM Kb HRFERE S PR A e, 3% Fo PM A CM (5
150.4%. 31.0% £ 92.0%., CM AbHLid A Ak Sl G P
5T GM M F A3, 43514 F. GM Fil PM 4b 3
5 30.1%. 11.8% F1 7.14%.

- EREE PR S S EREE AR A B YRR G 4
R PR A I PR AR A A B R A T A G
TR 5), LIEMREEESS LIEAYLR . 2. f
AN i IR ARG RERERS M S I pH R
TR s BRPERE IR TG 1E S H A A S R R B E IE
FHG, 5 pH 2R EMAG; A ARG 145
HEEY e T A B

F5 LEEGENS TR RAELM

Table 5 Correlations between soil enzyme activities and soil
physiochemical properties

JiR Tt REVERG  BRVERRERRAE I S

LT 0.733" 0.177 0.471 0.068
Ext 0.776" 0.430 0.551 0.106
HAA ~0.498 —0.012 —0.163 0.777"
BANA 0.573 0.513 0.567 0.083
A -0.236 -0.521 —0.427 0.233
A R 0.602" 0.250 0.577" -0.476
pH ~0.441 -0.760" -0.586" 0.373

e *, R RIRTE P<0.05 Fll P<0.01 /KPR K .

24 AEZEEX T EREMEERNR

2.4.1  N[]Ab B 4 S A0 B BT 22 RE TR AT 2k
AN 7 53 B 45 3] A HERE A 7 R R A B 38 X
OTU %t (Kl 3R 2 FEMETe 8GR 6)f T,
AT fif SR IR R R R R A 4 4k
AT OTU #0h 654, ARALE OTU i K/Ahh
PM>CM>GM>F, Hif' PM 4bH OTU i EZH
1122, /& FAbPERY 2.88 f5; CM 4b# OTU A 550,
2 F ARFEAY 1.41 £%; GM 43 OTU K 405, =& F 4k
B 1.04 15, 13 6 AJLIEH, CM 43 Shannon
Fe¥UR T, PM ALFH Simpson FEEU4EK, Chaol 5%k
KT PM>CM>F>GM, #52E fl 4= ZE 40 PR )
Z R T A

2.4.2  N[F]Ab B A 598 20 B RE TR 2 AR ENEIEi
PG VR 22 SRR IR 4 FR, S — R
(PC1)FIEE — 32 W43 (PC2) 53 1) it AN R A A 240 8 7
7K S S 38.72% I 15.31%, A[EILLFRTE PC1 %h
&R Ef g, 76 PC2 Bl 1 F 1 PM AbFH
SAARTES R, GM A1 CM Ab3 32 B4 AR 76 1F 21
BRORT , PM AR H A AL BEG A WIS 45 2 57
PR K

GM PM

&

3 OTU 7XFHJ Venn
Fig.3 Venn diagram at OTU level

x6 ARELETIEME Alpha FHMEIRH
Table 6 Alpha diversity indexes of soil bacteria under different
treatments

Ab¥E Shannon $5%% Simpson 5 %% Chaol 8454

F 9.1247+0.101 5a 09963 £0.0008 a 909.39+81.94 a
GM 9.1289+0.0660a 0.9968+0.0001a 868.05+57.12a
PM 9.0876+0.3505a 0.990 8 +£0.006 8a 1060.97+22.14a
CM 9.2414+£0.1956a 0.996 6+ 0.000 8a 989.75+138.01 a

..
*
*
2 *
S |e
= 'k oF
I U o il w1l * GM
= u PM
I & CM
£ ‘l:
-2
(]
-4
. 1
0 4 8 12

PC1 (38.72%)
Bl 4 R[] E A B AA: Y Lo

Fig. 4 Principal component analysis of microbial communities
under different fertilization treatments

HH LS AT, ZEAHTA T 1T B A DL B A T4k
T [ ](Actinobacteria) . ZFJE | ] (Proteobacteria) , FRFT
# 1 J(Acidobacteria) . 2825 B[ J(Chloroflexi). JEEEE
I"J(Firmicutes), 43514 H3EANABEE Y 26.42% ~
41.12%. 21.41% ~27.69%. 9.23% ~ 15.14% ., 8.80% ~
11.63%. 3.72% ~22.54%, JUFpOEEFRREIL (5 40 B 7
V&I 85% LA b AR+ 3EANTA 1 KF KA —E
TR AP AS | Actinobacteria AHXFFJER/N N CM>
F>GM>PM, Proteobacteria #H X} =F £ K /N Ay GM>CM>

http://soils.issas.ac.cn



1180

554 %

101 commm

0.8

AR EE (%)

0.4

02F

0.0

posiil

CcM

m Actinobacteria
Proteobacteria
Acidobacteria

m Chloroflexi

m Firmicutes

® Gemmatimonadetes

| Nitrospirae

B Bacteroidetes

m Planctomycetes

m WS3

® Verrucomicrobia

u TM7

® GALI15
Cyanobacteria
Thermi
Armatimonadetes

= Unspecified_Bacteria

= OD1

m Chlorobi
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B 5 fRETKE LB IEEE YA R

Fig. 5 Composition of soil microbial species at phylum level of bacteria

F>PM, Acidobacteria fHXTK/NFEJE R F>PM>GM>
CM, Chloroflexi FH*} & K/ F>PM>GM>CM,
Firmicutes #%J=E [ K/NK PM>CM>GM>F, PM 4k
A Firmicutes AH XJ = B ¢ H il &b B &, 0
Actinobacteria #1 Proteobacteria AJFHXTF AL, F
A FHATRFF ] Acidobacteria £ Chloroflexi AHX}=F
JERE, T Firmicutes AT £ EHAL. GM Hil CM 4t
A Actinobacteria 1 Proteobacteria #HX £ B4 &,
Acidobacteria AHXJ 3= B

ARV EET AR FFKF E Y A A Yy R A
W 7 Fros, RN (Gaiellaceae) . M EK R}
(Micrococcaceae) . i [GHFH(Nocardioidaceae) . H.
140 R (Solirubrobacterales) i A X = B85 =5 . Al LA
F i GM..CM I F b3 B AR P Fh 28 i AR AR
PM Ab38 5 FLA A SR A E D AP AL AN IR] . PML Ak
BRI R (Clostridiaceae) 88 HL A AL BEAR XS £ FF 455 ,
R R (Gaiellaceae) FIGIER B £l (Micrococcaceae) ]
X RERR

F7 WHEBKE LR TIEREDITER (%)

Table 7 Composition of soil microbial species at family level of bacteria

TR

F

GM

PM

CM

Gaiellaceae
Unspecified iiil 15
Micrococcaceae
Clostridiaceae
Unspecified_Solirubrobacterales
Nocardioidaceae
Unspecified JG30_KF CM45
Rhodospirillaceae
Sphingomonadaceae
Rubrobacteraceae
Geodermatophilaceae
Bacillaceae
Hyphomicrobiaceae
Unspecified 0319 7L14
Bradyrhizobiaceae

Unspecified Gemm_ 1

0.055 +0.003 a
0.068 £0.007 a
0.051+£0.016a
0.001 £0.001 a
0.034 £ 0.001 a
0.032 +0.004 a
0.036 +0.002 a
0.028 £ 0.004 ab
0.024 £0.001 a
0.032 £ 0.005 a
0.025 +£0.002 a
0.023 £0.002 a
0.018 £0.001 a
0.028 £ 0.004 a
0.020 £ 0.001 ab
0.016 £ 0.001 b

0.059 +0.006 a
0.040 £ 0.002 a
0.045 +0.007 a
0.002 £ 0.001 a
0.038 £ 0.002 a
0.039+0.014 a
0.033 £ 0.006 a
0.031£0.001 a
0.025 +£0.005 a
0.026 £0.001 a
0.025+£0.003 a
0.023 £0.001 a
0.023 £0.002 a
0.023 £0.004 a
0.026 +0.002 a
0.021 + 0.002 ab

0.041 £0.017 a
0.050 £ 0.021 a
0.030 + 0.005 a
0.091 £0.073 a
0.025+0.010a
0.023 £0.005 a
0.025+£0.001 a
0.019 £ 0.004 b
0.022 £0.001 a
0.019 £ 0.007 a
0.016 £ 0.004 a
0.022 £0.002 a
0.019 £0.003 a
0.022 £ 0.009 a
0.015+0.003 b
0.016 £0.003 b

0.070 £ 0.007 a
0.040£0.017 a
0.052+0.016 a
0.005 +£0.003 a
0.044 £ 0.005 a
0.035 +0.006 a
0.032 £ 0.003 a
0.027 £0.001 ab
0.025 +£0.007 a
0.018 £0.003 a
0.024 £ 0.002 a
0.023 +£0.003 a
0.025 £ 0.002 a
0.014£0.004 a
0.023 £0.002 a
0.028 £ 0.005 a
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R T
R F GM PM CM

0.017 £0.001 a
0.028 £ 0.004 a
0.024 £ 0.002 a
0.017 £0.001 a
other 0.423 £0.002 a

Unspecified Rhodospirillales
Unspecified RB41
Unspecified_Ellin6529

Sinobacteraceae

0.019 £0.002 a
0.017 + 0.002 ab
0.018 £0.001 a
0.016 + 0.002 ab
0.450 £0.021 a

0.014 £0.003 a
0.016 = 0.007 ab
0.017 £ 0.006 a
0.011 £0.002 b
0.486 £ 0.028 a

0.021 £0.001 a
0.012 £ 0.004 b
0.014 +£0.003 a
0.018 £0.001 a
0.451+0.011a

T R AT RS TR R 2 AL T E] 22 53 .25 (P<0.05).

2.4.3  IREEE T 50 PR AR O AT K 6
it R TR S A0 5 - 3R 5% R 7 %o + 3 il A W R
HYsZNR , it RDA Z3HT, Al AR % 4
WAERT KRR Z IR . R D A AL
Fi. R, . 2. BAE. MER. AR,
WA . pHo PR, S—E o s —
B ERER AT BN 49.97% H1 12.49%, pH. A RLHEA
B S BT 1K A W TR ) S R e K, 2 5
IR R I OGRS R

*
2
L]

L1
o)
<
IS
Z of
S * GM
E = PM
~ * CM

-2

RDAL1 (49.97%)

6 [KTEHMEYYFEIMEEFZ B RDA 247
Fig. 6 RDA analysis between microbial species at phylum level and
environmental factors

2.4.4 - SEREARE SR G S M5 TR W AR A OC
530 K7 St AR ZEAL S AR % +
AT RRERYSENT , 45 7R, NKB19,

A YEAF I ] (Fibrobacteres) . TM6 AHXT =1 -5 1 e,
PEWEIRBES M5 25 IEAH G . GALLS AHXTFERE S 1
R, AR EERFENMC, BRITHE
(Acidobacteria) , WS3 AXf - 5 NH3-N & i i %
A, ZEPAAE ] (Gemmatimonadetes)fl OD1 A
XFFEES NH-N & & 5 B 1EA G, NKB19 FliE4H
B[ 1(Cyanobacteria) 547 08 it &2t W 25 IEAHOC . TM6

I BRC1 5 pH 2 B E A, JEBER ] (Firmicutes)
L5 RO RN DR 5t B 25 I AF G . OP3 S5 IRl &2 1 3% 1
K. OP3 . FRITHII ] (Acidobacteria) . P 1]
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Fig. 7 Correlations of bacterial species abundance at phylum levels with soil physicochemical properties and enzyme activities under different
fertilization treatments
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