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YRR U R RSB T, B % B 17T (Actinobacteria) #1748 7 B |7 ( Proteobacteria) 4 3 4 % & 2 | 4 2
AR AT ITEE R (29.94%) , K Z A HAK(22.95%) ; AT HAEW L BHITEE &5 (22.32%) , %
40 FE 5 1K (18.85% ) ; B AT 1 |1 ( Acidobacteriota) 4k Z # |1 ( Chloroflexi ) | /& 2 T |7 ( Firmicutes ) 7 £ > 40 32 & By 48 xf
EEERE, 28K 13.39% ~19.71% 10.85% ~ 14.56% 3.54% ~ 12.98% , K M F & P A RS T L EHEF I,
JEEET ] FATH B (Bacillus) YA BB AT ¥ J& ( Pseudarthrobacter) t £ F B T BRAEHITW EZ , 8w 7 L3E2H
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Effects of long-term application of green manure on soil
microorganisms in wheat maize intercropping
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Agricultural Sciences, Lanzhou, Gansu 730070, China; 2. Gansu Cultivated Land Conservation and Agricultural

Environment Science Observation Experimental station, Ministry of agriculture, Wuwei, Gansu 733017, China)

Abstract: Using Biolog microplate method and high-throughput sequencing technology, we examined the
differences of soil microbial utilization of different carbon sources and the changes of soil microbial community at the
phylum and genus levels under wheat-corn intercropping conditions with different long-term fertilization treatments
and investigated the effects of long-term green manure application on soil microbial community diversity and meta-
bolic functions. The results showed that long-term application of green manure significantly increased soil organic
matter, fast-acting phosphorus and fast-acting potassium content, reduced soil pH, and enhanced the metabolic ca-
pacity of soil microbial carbon sources. Under different fertilization conditions, Actinobacteria and Proteobacteria
were the dominant soil bacterial groups, and the highest abundance of Actinobacteria was 29.94% in the green ma-
nure treatment and the lowest was 22.95% in the farmyard manure treatment; the highest abundance of Proteobacte-
ria was 22.32% in the straw return treatment and the lowest was 18.85% in the control treatment. The relative abun-
dance of Acidobacteriota, Chloroflexi and Firmicutes was higher in each treatment, ranging from 13.39% ~
19.71%, 10.85% ~14.56% and 3.54% ~12.98% , respectively. Long-term application of green manure effectively

increased the abundance of soil Actinobacteria, Firmicutes, Bacillus spp. and Pseudarthrobacter spp. and decreased
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the abundance of Acidobacteriota and increased the number of soil microbial populations. In conclusion, long-term

application of green manure not only improved soil fertility, but also enhanced the ability of soil to resist soil-borne

diseases.

Keywords: fertilization ;soil microorganisms ;long-term positioning test; community diversity
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R BE e A A 0 IR M A S &
St QAP I T R, A PR AR S B
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Rode BRI BENTS YR A U

SERAE R —ZE 4l R SR B AL, s G 3B e 3 T
DA RO e A LS S i el e v
T, R P A AR R AP R JTK
A R I 5 Rt AR Y - A HE K0 it
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SEGMEEHE T ik b, v B R e
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(B AL P, RERS HERS 4T DUl T A 1 Sk
NSNS CAV N E A =2 iR N | hE - S b3
b BB H B R 5 A RS R 2 00 K 565 3
Wi AR 6 1 (1988, #E B £ ) , FIHH Biolog £ A LA
e e 30 I 4 A BIF 9 4 it FH 2 A X 38 5% 41
T PR T e B R A W AR R ) T
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1.1 #HRXHER

T 57 A A T T XN AR A
FEHL LR 5 4 M R 5 2 L] 3 56 3t 4 3 7 3k
55 1H (102°40'E,38°37'N) , Hkb iR A7 KBl 55
X AR 1 504 m, AE SR 7.7°C, Bk & 150
mm, 7€ & & 2 021 mm, H FEIEL 3 023 h, LRI
150 d, 50 3 i K E A T 1988
SETTIR  WITEHEHZ (0~20 em) T IEREA BRAL IR IR A .
HARLET 180 mg - kg™ ,pH{H 8.8, A 1.4 g+ cm™,
fLBRJE 47.8% , H LT 16.4 g - k™', 2R 1.06 ¢ -
kg™, W5 1.50 g - kg™, AR 13.0 mg - kg™,

1.2 RIiET

ARIFFERE T S AASFAE AL HR, 4351 Ry 2 A
(G) SEAE(N) KRFKAE(M) NEFEFF(S) ANt
(CK) , B ab 8 3 s 3t 15 /DX BEPLHESY
JNXEFA 31.05 m?(6.9 mx4.5 m), G FE N
BB B (S A ML 455~504 ¢ - kg', 2R
36.9~40.1 g - kg™, &W§ 5.42~7.00 g - kg™, &4
28.4~30.3 g - k), FEFT RE R/ NEREFT SIS
INFEREFF A BIAERT—4F 10 A W8I 20 em ZE 45 1Y
/NEE, BHRTE 30 em WUHE)Z N, BERIEK | LAFIJE
RFNE 42 (FH P 180~220 ¢ - kg™', A
1.78~2.05 g - kg™, 4= 1.83~2.58 g - kg™', 44
23.1~30.0 g - kg '), WEFRATHE H AR #8 J5 B0 TE 30
em MHHEREMN ., S8 /NEREF RENESEHAER
AR — kPt A 48 AL A 2R IR K it H 7 ik
H 20% it +80% B i, L HE FI1/IN A2 5 FF (14 i FH 2
O3 R BRI A T i 2 A 8 /N 22 RS FF () - 34 77 i
AL 5 A 2N 1 it FH £ A7 >4 b e P it P AE e i)
etk BAHEAEALEE (CK) A1, HA A BRI AR /N
FEFIRT IR (P,04) 150 kg - hm ™2, BRALHE &b 34
AR A A P 4 A A AS Pt S, LAt A T 8
#1,

BER T KA FIBA 205" NE R THSS S,
IR HE R /N A E K AR [ (RRAE 3 1 A Rl
2,4 A AR EoK R N — oKk —/)
&), BEAEETE (BIFER T i 7 AR /N, 10
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VR/INEAE M FH 2R HE XS /N F K AR LS W B4 52 i 35

A RIISOR oK WOk 5 G — B kb, SR AE /N2 1Y
TR EK) o BRI/ REFI R 375 kg + hm™ 4
/N2 45 Fh B 225 375 kg - hm 2, E KR T 67
500 Bk - hm™ 5 /32 B KA HR A 150 em 45 15 (/)N
A EAK=70 cm : 80 cm) . M BRE L R
GRBI N THAE,3 AR a4k /NE 4 A k-
AT, 7 A oAk ;4 A o A R R R KL S
AW, 10 ARIOR . 246l —4—24,

x1 HIEAR
Table 1  Fertilization scheme
ppy EIRERE M
- Fertilization Ve
I'reatment Fertilization amount
type
R S o T i (B 15
s B4 45 000 kg + hm™

G The green manure is arrow pea fresh
Green manure . e
grass (Longjian No.1), and the fertili-

zation amount is 45 000 kg + hm™

RN £ AR E, ML & H 375 kg

b + hm™
N Chemical The chemical fertilizer is mainly urea,
fertilizer and the fertilization amount is 375 kg
- hm™
FFNE Dy 2 b 4 Bl 3 i IS
RFE 120 000 kg - hm™2
M Farm The farm manure is the local soil circle
manure manure, and the fertilization amount is
120 000 kg - hm™
INEFEFE EAEEEH 10 500 kg - hm ™2
S Wheat The fertilization amount is 10 500 kg
straw « hm™2
AL it e
CK No R .
S No fertilizer is applied
fertilization

T ARREAL B (N EUIE #E F 7 3 /N Z2 R e B i 20% , /N2
PATWIHEAE 20% , T RAIINEAL 309% , EARKMDUTIHLEHE 30%,
P IR] | FH ) 6 P 45 ) 24 3t 5 ERAS LA X BR AT, G Al Ak SR EESEBE L P, O
150 kg - hm™2,

Note; Nitrogen fertilizer method of chemical fertilizer treatment ( N)
1s 20% for wheat planting, 20% for wheat jointing period, 30% for corn
jointing period, and 30% for corn big bell mouth period. The time and
field management are the same as those in the local area. Except for the
control, the base application of phosphorus fertilizer P, O5 is 150 kg

- hm™.

1.3 TEHEMmRE

T 2020 4 7 A /N WO 5 A THURE | SR X £
LR RFEVEAE A F AL FHEL 0~ 20 em #FZ 4L 3 43, %%
3y HRERA ), et 15 A EHHE AR, LBRAR
R AED B R N K B B4 AR K
Hep BRI AR, 7 0] 52 56 % 57 BV i, — 350 40 2ok i v
BT E L RUEY, — 5 B AR KT 7 R AR
17, AT 3B PE iR

1.4 Biolog-ECO MEFHEUR FEENF

B 10 g B 38R 5, B T O KA 90
mL 0.85% NaCl ¥/ = fA i, 25C 200 r -
min~' 25 F F R ¥ 30 min, I F NaCl ¥ & 75 B 5
107 ¢ - mL7J&, 17 ECO AR Y 96 FLH 45l A
150 WL FiB I, B 42 b &1 Biolog—ECO A2 T 25°C
BRI T 1557 10 d, 5% 24 h 7E Biolog 1 #i 1%
BAL EISE 590 nm 5 750 nm %K T OB, 3T
0D590 fH 5 OD750 fH WY 2= {H & % 1 /% i
LT

SERIEI A AR AR ( Average well color development ,
AWCD) FoR HIEREYIA RN RE ST, >R H Biolog
e RS SE 240 h R TSE T, IR T
7% NREZ FEPESE B0 >R F Shannon 45 %8, Simpson
FEEUF Melntosh #8440,

SR A AR L

Shannon FE%K .

Simpson gk,

AWCD = Y, (C, - R)/N
H ==Y p(Inp,)
D=1-23p

Mclntosh $8%%. U= 2 nl2
K, ¢, A i AN EXT BRFLIIOBAE , R X BRFLAY
W SEAEL , N B LAR 7 35 19 31 Pl IR A i s n, AR
i LAY ISEIE (C, - R) ,p, AES @ FLIARXT WG
{5 AT A AR WA S B F i (C, -
R)/ Y, (C.-R),

1 i R il 338F ( ACTCCTA CGGGAG-
GCAGCAG) F1 806R ( GGACTACHVGGGTW TCTAAT)
X} 168 rRNA %K V3 ~ V4 7] 48 X #E4T PCR §" 1,
PCR i 544 . T8 95°C 3 min; 95°C 30 s,55°C
30 5,72°C 45 5,27 MMEIH; RIF 72°C T LEff 10
min, 55 10°CHATIRAE . 1 2% 0 BrONEoA B I Hh Uk
PEATREI , 48 H AXYGEN 73 7] B9 AxyPrepDNA 4
1k 1 g3k F & [l W, PCR AR = W JE,
QuantusTM Fluorometer ( Promega, USA) X} [l f=4)
HEATR 2 4, {81 1] NEXTFLEX" Rapid DNA -Seq
Kit #EAT P - (1) e ka4 ; (2) it LR I 128 2 B
Bk H%E R BE (3) FIH PCR 93 R 47 SCZE B AR 1)
B (4) WEER T PCR P2 4078 BB AR I SCF, B
J5 4 PCR =1 Mlumina 23 7 Miseq PE300 -5
( i3l AR e 25 IR 7)) AT R
1.5 HEEERNE

358 pH (ECR R BT ALk e 0, R
MU | 1 5B | 4 5ok Akl 55 0 1) oR ) FE 4%
FREFAMINGE GB 9834-88 K AE LI 111 GB 7856
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-87 FHBRYL (3 GB 7853-87 MisE ! + 3Rk
SR TR E
1.6 #HiEsE

FIFH Excel 2016 LK SPSS 20.0 #EATHE T,
i Duncan T L2 T L («=0.05) , H Pearson
AT A e, 12 F Excel 2016 & Origin 2019
2, TR Y i e D B T R SR
EYWELREARL A S (hip://edu.
majorbio.com/lesson/1463) #1750 #7

2 RS540

2.1 KHARE A&RAEXT LR AL 4 R R0
AN T it R Ak T - SRR A o Y 5 Ak 2 B

N, AREEAE ST AR G 1Y pH {H 5 A0 N Ak
M CK fA7E i M2 7 HarE 85 2 M 5T
BT 0.75%F1 2.86% ; /b HE G 1Y +EEAHLR & =S
AEFEN AEPE CK fA7E R FEVE 2 5 HATE 85 2 1
QLRSI 42.64% F1 45.67% ; AL HE M 2R &
o T ILAAL B F 45 Ab B R 22 5 A 0 35 A0 3 G Y
BB AR & 2 025 TP N A1 CK, 3
RO T 156.05% 1 233.40% , ACE 4371
PR T 70.66%F1 16.08% ; 4bFH M 1Y 1 55 il 5 o 5k
PR O v LA A B R Bt 2R I T A B
P iRy AR B A ML ST | RSO R R &, Hon]
DIREAIG 14 pH {H,

F2 AEHEABALIE+ B MR (2020 £)

Table 2 Soil physical and chemical properties of
different fertilization treatments (2020)

HPUT =) B AL

pH Organic matter Total N Available P Available K

/(g k') /(g-ke) /(mg kg )/ (mg - kg™")
CK 8.17+0.006a 18.83+0.88cd 1.30+0.06ab 5.30+1.27e 118.60+9.28d
TH9+0.015e 2743+035a 1.79+0.08ab 70.67+5.65b 137.67+0.67bc
8.10+0.012ab 25.73+0.18ab 1.57+0.04ab 67.60+3.44bc 146.00+4.93b
8.08+0.015bc 28.83+0.23e  2.68+0.36a 215.60+4.83a 354.67+5.36a
8.00+0.025d 19.23+0.37c  1.34+0.0dab 27.60+1.70d 80.67+1.67¢

s

Treatment

Z =2 v Q

T SR NG B 30< Ab B R] 22 57 8.3 (P<0.05) . Rl
Note: Different lowercase letters in the same column indicate signifi-

cant difference between treatments ( P<0.05). The same below.

2.2 KEIME SRR LR A AR SR

2.2.1 AFEIEHMAMBEFE AWCD 169 Hrm A
AbFE AWCD ZRfE R ZR AN AN 1 FT 7, 4 Sk A 0ot sk
TSP 1 FH 23 B A e (] %) 386 T i T, H S
RIZARAL  7F 24 ~48 h IEK 2218 ,48 ~ 120 h K3
JERR, 168 h A B IE(H 5 & T g, K 168 h 2k
AWCD {H 45 /5, S HL 168 h AY + e A= AWCD

AT I 225047, 168 h I, Zb3H G 19 AWCD i 5
LB N Kb CK FE7E M2 5 HATE A 2 4>
AR 5 Y 21.78% 1 32.26% ; /b FE M 543 CK
HREEESR MK CK $#1521.04% ; AR e AL 544
T IR Y AWCD RN G>M>S>N>CK,
AFE G Y HERAE Y AWCD {EAESS 168 h ik 5 i
P (B, L v T Al Ao 1) B G LA A B A B G5 Ak
FHOM 3 AWCD {H 78 4% i 18] B 2 v F
by A 5 K B it 4 A T s MR
1) AR A R 5 R
222 MEEBRAMBEZ LSRRI TR A
) b B+ 3E 6 A= M0 1Y Shannon 8 %% Simpson 8 £
Melntosh F8ECaE 2 E 3 .18 4 Fizx, 168 h B} A4k
M 5403 N A Shannon 8502 [A) 276 I 3 1k 2%
SEOANEE M AN EE N $E T 1.50% 408 G AbBE S
DIRAREE M ) 54038 N 7E Simpson 48 28 I 7 7E i
EEZE S, 3 DAL AT B AL B N 4 T 0.21%
0.17%F1 0.22% ; AL FE G 54 N AbFE CK ) Mcln-
tosh F8 B (B A7AE 3 22 5 A0 B8 G FLAREE N b
P CK 43425 T 18.46% F1 29.07% , 5 Fp A [H) jifi
REZET, 234 Y1) Shannon $5 %X, Simpson 1§
BOH McIntosh TE%07E 168 h Y35 %] THa &, H 5 F
ALFRFY) Shannon #8405 Simpson $8#(7E %5 168 h A
2, 24~120 h, 4L N 4 Mclntosh F8 %44
I FAb 3 CK,
223 s EBEHMAMBRRMEA G m WES
e ANl it BE AR BT 385 A= 6 31 Rl s i) 1)
e NAAAE R M2 R, A3 G 1Y TSR Y ik
DRARIRE 1 5o s b G 5 M 9 -8k AR i R
HKRF 1.0 Wi 2, A 28 F, 5 Ak I 1
90.32% ; 4b ¥ N A HIEHUE AR IRE I KT 1.0 1Y
BRUEA 20 Flv, i BRR TR 64.52% ; /b P CK {UA 14
B, o5 BRTE Y 45.16% , £ AN FRIXT 4-FE R
R r— R TR LA 2R | L— R A WERGE R DL S A
FRIRA & S R RE ST %) a— T EAER \D, L—-
a—Hl H & BE-L- 5 &R R 2%

ALEE N S5A0HE CK Y 4 ik W X iR 2 | sk
DA K — SO G R 25 1A R FH 3R A 2 ) oA 2 W - 1 -k
FRER L-75 2R \L-22 % . D ZLWER v NIE . 1-
IR EEMERE 252 A8 TR | T e A SR8 A T A 4k
P ALFE G OXT R 2 Btk 15 1% A1) FH B 08 s T A Ak
SEFE G A0 M) HERUAE R LRSI =R 1Y
FIFHZ I T B, w7 0L b3 G 5 M X+
SERRIR A BE T Feo
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AWCD
D-3 I D-malic acid ﬁ 1.040
a-'] fifi a-butanedioic aicd
A R Itacomc acid
o r-J2& & T 2 r-hydroxybutyric acid
% 25 Acids 4-F2 3 78 1§ 4-hydroxybenzoic acid
2-%% 7§t"lﬂ_ 2 2-h droxybenzmc acid
D-%4 3 %] %] #% 1% D-glucosaminic acid 1.340
D-J= 3 4 i m§ alacturonic acid
IJ;I"’“_HA i 5-D- %5 %}2 N-acetyl-D-glucosamine
e Sk . RS Putrescme
B2k Amines 2 (5 1% Phenylethylamine
D,L-a-{1 il D,L-a-glycerol
4 " D-H #% I D-mannitol F1.040
= F2 %% Alcohols I-ﬂk/ﬁ&*}?@l er thritol
28 D-3 3, bl 2 fif D-galactosyl gamma lactone
w5 n: 780 Tween 80
= 3 fi % Esters %ﬁ%%g gﬁ"lwee]r\l/lél(t)h ] .
p 5 Methyl pyruvate .
Jé_é H R -1 -4 % 1% Glycyl-L-glutamate | L 0.740
= L-75 %1% L-threonine i
S Lﬁ%%L ﬁ;}rlneh al
S H W K Ami : L-2 % % L-phenylalanine
2 $E 2 7% Amino acids L5 BB K Loaspartio acid |
L-# % [% L-arginine -
D-£] 2 §§ D-cellobiose 0.440
JH- ¥& Heparan
MR AR | a b AOM B a-cyclodextrin
Monosaccharides/glyosides/ %Eﬁ %*%é‘%?% *}% %luézoéeeth;’lhssg{llfggmde
polymeric sugars a-D-3L ¥ a-D-lactose ]
SO by Tose _____— 0.140

CK G M
b H A Processmg type

B 5 f#EW 168 h BRiEF AREMRE
Fig.5 Clustering heatmap of microbial 168 h carbon source utilization
WS RASHAT DA A G 5 M B HEER o 6 25, HIERMUE YN IR R I S SbE W/
AP IR AT RE I AL, AL B N 5 CK W+ SREMEISER IR A4 R F A% DO AR AL, T X e 2 R 2 DA
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2.2.4  XIEMAMBEEG Alpha ZAESAT FIH
AR V- 6 T I AA I P Bs A T B s i, A 15
3R A LIRS 647 949 Sk i HLA R A0 A
KRS, it 97% 1) OTU B 53545 4 640 141
OTUs, W3 3 AT, AFEHEIESET 0~20 cm
+JZ H A Shannon $8 B KARAH L ; Coverage F5
BIRT 0.97, U4 1 HEREAS b L PRy 97 B

HSRAR T, BE A I A A T i S i 45 - HERE A b 41
PRI 0 Z RS B AL B G SA0FE N Kb CK 7¢
Simpson #8047 I 3 25 5, AR [R) 2 A it
B+ SEREA T AU R 7 AR W 2 5, R
H G>CK>NALBE G AbBE S AbFE M (9 OTU ZH 1y
B0 = FALEE N AREE N AL PE CK 1 ACE $5 A
Chaol FEHENLFHA 3 Sab3,

®3 BrEHRBEYSHEEREHR

Table 3 Microbial diversity index of soil samples

ACE 8%
ACE index

Chaol 5%k
Chaol index

Coverage

b3 OTU B AR RS
Treatment Total OTU Shannon index Simpson index
CK 2642+33a 6.64+0.020ab 0.003+0.00b
G 2659+74a 6.51+0.052¢ 0.003+0.00a
S 2700+63a 6.72+0.021a 0.003+0.00b
M 2669+3a 6.55+0.030bc 0.003+0.00ab
N 2608+36a 6.62+0.015ab 0.003+0.00b

3260.81+37.40a
3380.10+26.42a
3348.56+42.06a
3349.54+36.37a
3268.05+39.18a

3244.58+21.87a
3369.27+36.50a
3349.60+45.24a
3354.58+52.48a
3255.81+40.84a

0.977+0.00033a
0.976+0.00033b
0.977+0.00033ab
0.976+0.00058ab
0.977+0.00058ab

225 MEFEMEBNKF LAELEMG Y
AL PR A SRR AL TP A B8 OTU, 7EA R K i 4T
PR, BRI B KT 1.0% BN T 150 B
R TP AR A2 A, IR 6 BT A TRl HE 4%
PN AT T KRR S5 F B A — 2 4 11
Y0 1] . Actinobacteriota | Proteobacteria |, Acidobac-
teriota , Chloroflexi | Firmicutes , Bacteroidota , Myxococ-
cota , Gemmatimonadota , Planctomycetota , Methylomira-
bilota FI Nitrospirota H. & Actinobacteriota . Pro-
teobacteria , Acidobacteriota . Chloroflexi | Firmicutes A
BT, LB G PR ] ( Actinobacteria) FJAH
XA RE R, o R R Y 29.95% , 43 5 LAk B CK
FIAEFE N #2155 T 21.35%F1 16.86% ; L1 ] ( Pro-
teobacteria ) AHXT = 1 20.45% , W& = TALFE N 5 4b
B CK; BRFT ] ( Acidobacteriota ) #H%F F B /%, 5
13.39% , Mi4b 3 CK 5 AHE N 5, 409 A7 19.71%
1 18.23% ; £ 25 B 1] ( Chloroflexi ) 7 He 54K, Sy
11.4%, i kb 3 CK 5 A0 # N Ay AR XF = B2 43 51 h
14.56% 1 13. 43%, 4 3 M [ J& BE 5 1]
(Firmicutes ) FXS = B fe i, 04 12.98% , 4b B CK
fiX, ] 3.54% AL BE G A AR X 3= B2 B 8 T Ab 21
CK S54bPE N,

ANTRINE 251, A 30 it 2 AT Ak 2 %) 78 0 TR
"1 ( Proteobacteria ) A X = B 15 T HoAth b BE, R AT
[T ( Acidobacteriota ) . 4% 25 # | ] ( Chloroflexi ) FJAH %
FEI R I A S AR B, SUAFTE T ( Bacte-
roidota ) | Kl ER T ] ( Myxococcota ) | 2f . il & ]
( Gemmatimonadota) A5 fL B2 J5E P& [ ] ( Nitrospirota ) %5
FEA A ] it A A5 42 T - 438 b 9 AR G 3 B AR fE AR
W1, MAh, JEEERRT (Firmicutes ) {AERE FI A& S AE

DAR 2 8 Y+ 8 rp R A TR, 0 0 o R R Y
12.98% F1 7.29% , HAWMEAL L5 FEA I 4.00% .,
226 sEEMBABKBEEZELEMG TR XA
AbPEA-HEANTE OTU £ HEA T 20 AR #E1T 2653
e an /7 B, A B G OBE N T ZE T8 R R R
( Bacillus) \EﬂEEI’;—(%%E(Sk(ermaneZZ) AR HEE
( Pseudarthrobacter ) = £, 43 5| b AL ¥ N 42 & T
126.06% .65.27% 1 317.12% ; Ab ¥ G B8B4G T 4555
B ( Streptomyces ) F1ZE 18 R K ( Nocardioides ) 1) 3
JE S LEALFE N 3 5 T 43.129% 1 27.01%, Tk
G h OTU>500 A 10 28, Ab38 CK P 12 2%,
SEFE N A 11 28, BR T AE X RE 5 B IR Ak
BHAb 3 FAEACAL BRI FEAR T RB4 W, R
ST A TR o S A A A - AR A L DA s Y R
JEKAAAE . I R T LU AR N 54k
B CK X+ 1 20 8 BF 75 & /KT 1 52 ma i L 25 0L, b
S EjAbFE M B0 ARL; T DA A0 T A 2 A AR R R
&, AT B & (Bacillus ) | 357 & ( Gaiella) L&
EHE BRI & ( Blastococeus ) TEAN ] AE 2544 T A0 X 3
JETEBLABL, FH X BE 85w 5 260 K IR TR & ((Nocar-
dioides) W2 5 ML 1R )& ( Sphingomonas ) VA K}
IR % B & ( Skermanella) T LA, AHXT =F BE 4341,
227 AR®ELEIIEREY B S HEIH

AR i B 25 0 R A 38 4 TR T K P 3 A bR 4 A
(PCoA) fI&l 8 Pz, 55 1 EARARMI(PCL) 555 2 &
AR (PC2) X BE A 2H 1l 22 S 00 il B R 43 0
47.59% M 26.69% , 2 > 3 A8 b il 2R B R A
74.28% , UL AT DUACSR R W T 1 RSF P 41
WHHRHIE, AbBE G S5ALHE CK b3 N 7E PC1 il 31
BpIT MALEE M 5 HARFEATE PC2 Bh W] R0 T,



5513

VR/INEAE M FH 2R HE XS /N F K AR LS W B4 52 i 39

ULEHALEE G 5 CK N 7F 340 B A e VR 4544 T
FEAE RS MAAEE M 5 AW FAAAE B 225
2.3 KHEAREMEE &4 T E R F 3T - 54 & B
-3 |

2.3.1 AT Biolog—-ECO K #1 R Fl st e st £ 3 % 4
WEE SRR Hw A T R R
PIRETS SR R T Z A A SR v 155 T Va-
gen AT RDA 208, 45 SR WK 9 iR, & 48 hr H
WL R BR TR, EL K G RN e MRS
FRIE 52 R 7 A0 G R B R/ i Sk iE 4 5 4
Pl e M 2z A 5 N7 S HE P Al A O
HEFF5l1 1) Je £ BN, Z 38 AR 5 HE T Sl R G 1 b
K2 NI 9 AfLIFE Y, 6 ASFREE T A
RS R B 5 M, RDAT Al RDA2 i B3R
A3 9K 66.45%F1 2.95% , Hrb X i A W R v 5 i i
KIFREE A T2 pH {H(r*=0.5651,P=0.0048 ) Il
HLFT OM (> =0.4038,P=0.400) ,

232 BE@EHENKFETATSHAZH db-RDA
oA RIEPRAL RIS AN 1K S R A 10
7 A [ Ak B 7 Ak 26 0 B 7 43 0 SR AR AE AN TRl of
B RIS RI AN 2 (8] A e A e TE A7 D 22
S, FREEIR P X A ) i A A B - 38 AR A ) 4 5 )
AT, pH {H-5H HLTRT A0 R R AR iRk
MK B KR 2A S pH (2 E 1 I A
B BRER R 2 AN A T 5 pH E 2 ]
1) & £ A i A, U BH 3K TL AR PR 858 R - =2 [ 2 1E A 56
KFRHWTE pH EZ 8] B /1 Bl , Wi 2 18]
SR OCOC AR AW 5 A LB 2 [B) 2 A G OG

R*=0.7052,P=0.001000

=1 o CK
s oM 1 AG
* M
-~ 5| o $M3 N
2 S M 2 *s
N _
e
g |
5 o,.,Nf%mS:;Nulwgmm”””,mm”m,”m”m
& CK 3 o S3 A G52 G 3
kK2 ¥ 61 Ot O
g\ N2
< i |
[ : S
—0.10  —0.05 0 0.05 0.10
PC1(47.59%)

B8 AFEEIEEHTLEMAR]
IR REFE ELERTHT (PCoA)
Fig.8 Principal coordinate analysis of horizontal
community of soil bacteria on phylum level under

different fertilization conditions ( PCoA)

Fo HA AR EkE 2R pH (5 AL N
FIALBE CK Y - SEAE A 200 T HE Vs 25 A0 A 7R BRI
S, A YL S A G FIALEE M %) 3 RE A 4H
PRIF I8 S5 A AR R I IE AR DG4

233 KRR ARZMT @mE NAKFFHEAD
FELERBE T AN IR T TKE B
BERT 10 B99FP R H Spearman AH I R %L, 434 4l
AN S IR EE R Z (8] (A OGPk, 45 SR R W (
11), 3 s  sACE A DL L e m N
S 20 R AR Vi S A AE T K B e 2 R A B
o ZFHMETE T ( Gemmatimonadota ) F1H 4 48 1k T
] ( Methylomirabilota ) ROBETE M E B S5A P 4
R HURO R R A TE R A O SR RE TR )
(Firmicutes) 5A ML 2% AW B0 DL LS
TKFAFAE 0 2R TE ARG, BRAT B 1T ( Acidobacteriota)
FIH e AL ] (Methylomirabilota) 5 pH {EA7 1E .
FIEAHG

3 9 i

T R S A 2 Y T B Ay, HE R S
TR B UIAE e, ABESY & B K 00 2 A
R T HEERMUE M R IR, S 20 E
R LE R AR L AWCD {H 2 etk A ¥ BE V& 11
AR 1, S5 78 B 90 20 A AR 8RB ) B0 R 4
PR AT ST, K S0 it 2 B R 2 A Ak B £
AWCD {B 3555 T HABHE AR AL 31 i 4% A0 DL K 4R
FNETT LA IR (4 U8 7 ) FIAR 3R 40 64 , #h 78+
e BT, HETTR 5 S M AR P2

e CK
=G
*M

RDA2(2.95%)

—06 —04 —02 0 0.2
RDA1(66.45%)

T : OM—A HLBT; TN—42 % AP—38 2 B ; AK—3H 5%
B SWC—h kR, T,

Note; OM~-Organic matter; TN=Total N; AP—Available P
AK-Available K; SWC—Soil water content. The same below.

B9 Biolog-ECO 5IREEFHI RDA 5347

(BT LR RIEEF)

Fig.9 RDA analysis of Biolog=ECO and environmental

factors (the arrow represents environmental factors)



TR AR B Falt

40
, O B pmm e mmm Simpson $5 %l Shannon $5 ¥ FRAF A= ¥ T g
L= g = - BEPEROTEAR ) KM FH 258 5 T 7 3 4
E“;: ol R R 2R, B R AP BRI A
= E; SRAL IR FH Ry S MR At T O e AN AT
%2?0'4_ RENE A A4 = 1+ A W1 1) Shannon $5 % AN
5 o2f Simpson 648, TEAHFFE 2, A0 BE G TE T M 3
= 72168 h B Simpson fE AL N B ER & T

cK G M N S " N > \
Samples 0.21% , 1} Shannon T4 & BEAC WA 22 53¢, UL B HE

WU 1T Actinobacteriota A ER 1411 M N N ,
[ B3 Pfco::gbzzt:fr;;) ‘ i %%rﬁ I‘J)g;;(::t(ztionadola %%#‘I‘&"%ﬁixjﬁo Sun %[32] E}F%ﬁ}mﬁ/ﬂﬁ $H@

W2 FF 14 ] Acidobacteriota M3 %% 14 ] Planctomycetota

422511 Chloroflexi e AL 14171 Methylomirabilota FEHE 2 5 80+ S A W B VR 2 REPERRAIG, T 28 4%

W 5 BE T ] Firmicutes I it {6 825 74 ') Nitrospirota

I Dactedon 5 Oters 40 BRI, AR 2 S BCE M B

Eo AREEREZHETELIEBEBEEIKRENENEE (RSB , E Y R T RE R B R R,
Fig.6 Relative abundance of soil bacterial communities at B LRI 5] B T A ASBFSE AR FR N

phylum level under different fertilization conditions

| | ] W rorank f norank o Vicinamibacterales

B norank f Vicinamibacteraceae

B e iR Pseudarthrobacter

| ] Fiti K IR 8 Nocardioides

I 5 BP0 B & Sphingomonas

I norank_f noarnak o Gaiellales
norank f  Gemmatimonadaceae

[ nornak f  Geminicoccaceae

— R — 5

D i B R W s skermanella

B norank [ 67-14

1

1

/1

B norank f norank o Rokubacteriales

DB nornak f norank o nornak ¢ MB-A2-108 OTU%L it

Fee 7 T G T

IR s R 7 6 Sircpiomyces oo
I I ] norank_f nornak o norank c Gitt-GS-136 3000
KT 1 S Bacillus | | 1000
norank f JG30-KF-CM45 900
i $ W g Gaiella 1500
norank f norank o norank ¢ KD4-96 300
IR 8 Blastococcus 200

G CK N S M

4 :norank__.. AR HATR L HI AR FH A
Note: norank_ {_... represents currently unidentified bacterial species.
7 AEMREGETE I EAEEEERKEREMNE

Fig.7 Heatmap of soil bacterial communities at genus level under different fertilization conditions

LIPS EF Y0l
Correlaltiém coefficient
1.2 ; - 8-5 Gemmationadota
1.0 AG . :(])(5) - -- I/\\/[ci:]ijol:actéri(;? t
0.8 oM - - ethylomirabilota
0.6 N - Acinobacteriota
;\; 04 +S Myxococcota
;. 0.2 --- Chloroflexi
- 0 - Planctomycetota
5 Bt
5 ’ Proteobacteria
—04 Bacteroidota
—06 pPH SWC OM AP TN AK
—0.8 N N N N
1ok : X 5 Y B0 50 A B T HUAR[R )P, 1153 Spearman AHG
' ; PEZREL R ERREYE P AR EAERTHARSER R, i P EHES
NSO ® VO T+ NSO AN T O X O A _ ) N N
T‘ T c|> <|:, <|: <|:, S S S S = = R, = fRFE P<0.05, = = {0F P<0.01, * * = fLFE P<0.001,
CAPI1(23.44%) Note; X —axis and Y —axis are environmental factors and different
- . . - species respectively. Calculate Spearman correlation coefficient R value and
10 175K q:gmﬁg*i%%ﬂ;jﬁE;m db-RDA 5347 significance P value. R value is displayed in different colors in the figure,
(IBHAIRRIEEF) while P value is displayed with asterisk. * represents P<0.05, * * repre-
Fig.10 db—RDA analysis of bacterial community sents P<0.01, * % % represents P<0.001.
on phylum level and environmental factors 11 AEITKEESHEREFZ ERHEE TR
(red arrow represents environmental factors) Fig.11 Heatmap of correlation between bacterial phylum

and environmental factors



5513

VR/INEAE M FH 2R HE XS /N F K AR LS W B4 52 i 41

5 4b3E CK By 3 T4 %2 ( Shannon 5% Simpson F54X
1 Melntosh $5%0) &5 RAHZEA K AL HE N ) AWCD
{E KT HA AL B, 403 G 5403 N 7E Mclntosh 48
BOEAE V25 5 T S # R 8 T 18.46% , 1t
Bt BB R T A s 1 e 2 Mk, H &
SRR A BEREAR, N R A 45 44 -
AP Shannon $8 405 Simpson $5 81740 Hr
KB, AP N 4 Shannon $8 %X A1 Simpson 84— H
T A 4 ASALEE B F- 2K X AT g il TR A
JIE G ALt A iy 2F DR et PTG A A A1) P ) e T AR 2R
5, BT A R W i AR K A R B il A R
KEMEEMAEY B T8 1EH, R T
A=A A DA BT PR I SR A
JE SR A TS fff 2k R vh SR 03 BRI B A R 21
AL DL RAE DRI A R v i 3R 43 5 R, AN
PE AR i SR 40 R 2 38 AT DAREAR SR 43 1 Ik
IR B PR AR DS i g R W RS AR A 1 LA
Ko 2 WG IE 2 B W RIS 4 5] BERRAR, 5 AT
FEALBE S ) McIntosh $8 5045 R — 2, LY
5% 168 h IEA R K Bk B LB G 1Y
- R s IR AR I e ) B v, ELRE R B YR 1)
FHAR Y 8 v T o A B 5 5 5 SRS A T LA Hh—
SEPRAS SRR IS LU K HE/ R/ R BB 2 IR AE
5 FhAN [A] A BT A S A A A R P 3R v i A Ak B
PIXF a-THARR D, L-a—H il . H & B -L-A Z R A
PRI,

PN A Gl O T 7 = i 2 DRSS
55 At it A 2% A2 ) 4 3 200 s T 7 A B — B, (H 2
VRN I FBER/NMEAE 22 5%, EF G
FERUT, KI FtA E 2 T 3 - A R AR AR T
S 1 = A W N O SN 4 S
TR W AH A A W s 0, AR
1T AR H] AT ] S WA A
T RS AE, o TSRO TR A0 3 G T
FRERGE, 17 29.94% , HALBE G AH LA N e i
FTFEER S T 16.86%,, w25 i 5 £ WK
it FH R NE AT LA 3508 v - B TR OTU %5 i ; 5 HoAth
RS AEAR L A3 G AR A TR A Tl e R )
P25 7.01% , 4R 1) OTU % AH it F A6 I8 b B 42
BT 1.92% , AR AES BF 58 3 B A A 5 0 IR T
it 2 1) - P A TR A Vi R T 4 0 A A e R
PR A AT 5 AN it S 1) S8 200 T Vi 285 R R AR 5 e A
FEIF g A AR AT | 2 A T 2 2 T A
A IREVE AR E I, I B AR AR TR R T T 5 R AT 1R ]
B E R I B 1] & — PP e L b R A7

1B BRI AR 22 Fh 25 1 A2 TV 1R A T LAAE -+ 45
Hh O FE U A AR 9 45 it AT Ak ) - 36 AE
JETRT TR 2 3= B 34 5 T A i AR X6 & 158 B 0 it A
AT HHEE R e R E YRR R E, R
JESF S TR g 2 SRR A DA AR R 35 O A T, R
f R+ e rh — BB A5, O LT LU AL iR
— SRR T A SRR T R 2 A
FH 3 K30 FH A 52 B AN S8 A G 4 SRR A | TR RE TR
P10 S Y 12.98% F1 7.29% . K it T
SRIEREA AR R R D R Ty, BRAT A
ITETEA S RGP A EEBENEN, AR E
B, Jiti 23 N it A 28 N 19 = 38 v BR A B 1 1) =F AR
FHABREAR A T 9 458, H -4 168 h #E gk
JIES Ak 34 P I8 o T R A e VR 1 ) R 33X T BB
FLRNL S AR G L 2oy 3G I T - Sen A | 5
2 it FH 2 A 5 B30 23 Al 105 e JEL At o A 0 K 1 R

T RAFE I AERES, FEOLE R,
AR AE )R K B9 Heatmap B (E 7) B, A~
[vi] A - 9 200 TR B R 76 T8 KO 4 R AR — B
ZEFURT TR S — Rl B A A | RS AR T
PITRAED) A R T3 S AR Y ™ i, B2 b
PELF, T2 ARG (RIS o BE R A 3 R
R ZERAT S A R A S BT R AR Bk M A
AP K T AR R A RO A
T BIF 5 2 B 00 it o I 42 S 2 4 4 b 2 f AT
BRI K- 157 s ASBIE 9 2% B U i FH 2 B A 3088 n
TEERFE B A R, e i IR A B R T
126.06% , 5HAF T4 R — 3, X T g S i T4 E
BHE ISR T b e AT R i
P& 7 2R FAF TR 0 32 B, R Dt FH 2 I A 2442
e BT AT R B, B PR AU A B AR T
317.12% B AT IR E A R A ML A Bt T
ISR AR Ty, B KW
SCA R T R SRS E, iR e T
T AR TR AR,

X Biolog—ECO I LA Kz & 38 & 0 ¥ I 1) B i
HEFT RDA AHOCH: BoAH MR B 4B, T LA Y, pH
1B 54 LT R 52 ) - i MR v 2 R 1 B 2
SLRBEN R HIEA R pH (H IR DL R 5K
R A W IEA D (P<0.05) , M4 IE £ & 5 R
Ve, BER R [ 5 25 AP O &L, e LB 1, ]
ARG TR E . ARG AT LA P
P ey - e | A i DL R RS OKEH
AT EHEAC J7 B4, Biolog—ECO™ il 2 8 &t
V¥ 75 1 0 A W B Vi 22 PR A BT B 0 B AN T



2 R R A B

541 45

Biolog—ECO = Z 0 M i 2 My A QI 1 , i v 1a 4
P 3 203 B 0 b B A Bl A W S D R 2 A
AWEFESE R I AR NE LA B AR ZZME A A T L HENE
fR i , PR 7 2 A0 5 EIE, A1 Biolog—ECO 43 #7115
HH il 2o LS8 A4 PR S B 10 ) M) P 23050 s T vy 0
FPEs A3 B A H il P 2% AE S B AT B 1) AR X 52 52
WA e ol 2k 0 0 5 & b 0 2 5 S5 A PILJS
R W ISR X pH A AL 4 S A
Kb, X L8 B IR 1 B A A X B A A v AR A A

75210 et
4 Z5 B

1) it FH 2 NE A )T B 8 S A W B v
(R ZFEE, Bt ZUIE B AS T i W 1) 2 A 1
ZRAE AL B A HE ZOAE AL B AY Mclntosh #8403 & T
18.46% .

2) Bt S AE BB AR T - BB % B A
RAWESRBRE J7 , 1 A7t 2% A AT L34 o + 15
A M TR AR R, HL S 4R T X R 2K ik
TR AR T IR AT T T

3) 55 it AR H K I Tt FH 2 I A 3 v ik 2
FI TR T 16.86% , A H )R JERERE ] .
A TR ARG S R A T e, TR T T 4
FRAE T AZ R FE BT

2 % X #k:

(1] FW, RS, 2905, B PLFA J5 3k KA R G AC A X
FokH U EIRER SRS T]. AR5, 2008, 28(9)
4221-4227.

YU S, WANG J K, LI SY. Effect of long-term fertilization on soil mi-
crobial community structure in corn field with the method of PLFA[J].
Acta Ecologica Sinica, 2008, 28(9) ; 4221-4227.

[2] PIOTROWSKA-DLUGOSZ A, DLUGOSZ J, FRAC M, et al
Enzymatic activity and functional diversity of soil microorganisms along
the soil profile — a matter of soil depth and soil-forming processes[ J ].
Geoderma, 2022, 416; 115779.

[3] NIKITIN D A, LYSAK L V, KUTOVAYA O V, et al. Ecological-
trophic structure and taxonomic characteristics of the communities of
soil microorganisms in the northern part of the Novaya Zemlya Archi-
pelago[ J]. Eurasian Soil Science, 2021, 54(11); 1689-1704.

(4] ZBK, FER, Bz, KWL T efd: YA Y A

PSR G AR ], AYE TR SRR, 2010, 16
(2): 321-326.
LIANG B, ZHOU ] B, YANG X Y. Changes of soil microbial biomass
carbon and nitrogen, and mineral nitrogen after a long-term different
fertilization[ J ]. Journal of Plant Nutrition and Fertilizer, 2010, 16
(2): 321-326.

[5] ZEMER, BURSC, TmRE, &5 RS HUE FA A M e
AW ZEERGENA LT ] RERIAEZS 4R, 2003, 14(3) ; 349-353.
CAI'Y F, LIAO Z W, ZHANG ] E, et al. Effect of ecological organic

fertilizer on tomato bacterial wilt and soil microbial diversities[ J ]. Chi-

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

nese Journal of Applied Ecology, 2003, 14(3) . 349-353.
AIER, S4ks. IREIRER AL 2 RHRE )], mYESRS
Akl2=4R, 2013, 19(2) ; 259-273.
ZHU Z L, JIN J Y. Fertilizer use and food security in China[ J]. Jour-
nal of Plant Nutrition and Fertilizer, 2013, 19(2) ; 259-273.
K, ek, B, A KB SREFRE B XA A
ML DA 1 e LS R S [ ], A E IR S LA,
2008, 14(1) . 106-112.
TAN D S, JIN J Y, HUANG S W, et al. Effect of long-term
application of potassium fertilizer and wheat straw to soil on yield of
crops and soil potassium in fluvo-aquic soil and brown soil of northcen-
tral China[J]. Journal of Plant Nutrition and Fertilizer, 2008, 14(1) :
106-112.
JUXT, XING G X, CHEN X P, et al. Reducing environmental risk
by improving N management in intensive Chinese agricultural systems
[J]. Proceedings of the National Academy of Sciences of the United
States of America, 2009, 106(9) . 3041-3046.
TAKE, AP, FETRAE, 55, SEVELRIEXT b ol T 5 X L
AR RS RO R [T ], RS R, 2020, 40(5)
116-123.
TAN J H, FUSJ, NAN L L, et al. Effects of green manure crop rota-
tion on soil microbial quantity and enzyme activity in semi-arid region
of the Loess Plateau[ J]. Grassland and Turf, 2020, 40(5): 116-123.
KR, EEES, FISCHE, 45 GRMRIESHEI SR g A S A
BARETHE SRR 1], H3EEH, 2017, 54(4) : 999-1008.
DU W, WANG Z Q, HE W X, et al. Effects of leguminous green ma-
nure on soil nutrients and their ecological stoichiometry characteristics
in Weibei rainfed highland [ J]. Acta Pedologica Sinica, 2017, 54
(4): 999-1008.
TIKEE, A2, #OUH, 4 RS SR IR YRy
AERERI = BERsma [ T ]. S0k, 2016, 25(6) : 109-117.
WAN S X, TANG S, JIANG G Y, et al. Effects of purple yew with
chemical fertilizer on soil microbial characteristics and crop yield[J].
Acta Prataculturae Sinica, 2016, 25(6) ; 109-117.
A, TR, HAAE, G5 IRIIRE-TE- AR Ak A ik K
THACARALT]. AR, 2013, 39(2) ; 343-349.
GAO J S, XUM G, DONG C H, et al. Effects of long-term rice-rice
green manure rotation on rice yield and soil fertility[ J]. Acta Agro-
nomica Sinica, 2013, 39(2) . 343-349.
BT, taEbg, BARE, S RHmSELRIEN S P
NET3 K BT 7 B [0 ], P B AR BE22, 2019, 52(15)
2664-2677.
LI W G, YANG X X, HUANG C G, et al. Effects of rapeseed green
manure on soil fertility and bacterial community in dryland wheat field
[J]. Scientia Agricultura Sinica, 2019, 52(15) ; 2664-2677.
e, e, 1REDE BIOLOG & - e MR TR DIRe 2 REERT
FERRIBIHILT . B4R, 2016, 10(21) : 242-243.
TANG P X, JING Y, XU Z Y, et al. Application of BIOLOG in the
study of functional diversity of soil microbial communities[J]. South
China Agriculture, 2016, 10(21) ; 242-243.
BOKULICH N A, MILLS D A. Improved selection of internal tran-
scribed Spacer-Specific  primers enables quantitative, ultra-high-
throughput profiling of fungal communities[ J]. Applied and Environ-
mental Microbiology, 2013, 79(8) . 2519-2526.
BEBR, IR, 2RI, il PR R A L3RR Y 2 R RS
B SEHEIEL ) ). A, 2014, 30(15) : 256-260.
LOU J, LIU Y, LI Y. Review of high-throughput sequencing tech-
niques in studies of soil microbial diversity[J]. Chinese Agricultural



5513

VR/INEAE M FH 2R HE XS /N F K AR LS W B4 52 i 43

[17]

[18]

[19]

[20]

[21]

[22]

[24]

Science Bulletin, 2014, 30(15) ; 256-260.

Miwf, FK, @Rl FET Biolog WTARE A BT AL DOHE
AP BT[], LA R4, 2020, 47
(2): 275-282.

LIU B J, WANG Y, JIN G. Analysis of microbial metabolism
diversity of coal seam in typical coal mining areas based on Biolog mi-
croplate technology [ J ]. Journal of Anhui Agricultural University,
2020, 47(2) : 275-282.

JUR, BRI, R0, A AN | FORFIR G LA
YIRS DIReZ R [ )], TRMXCRALIFSE, 2019, 37(6)
171-177.

YAN J, HAN X Z, CHEN X, et al. Effects of fertilization on soil mi-
crobial community and functional diversity under continuous cropping
of wheat, maize and soybean|[ ] ]. Agricultural Research in the Arid
Areas, 2019, 37(6) . 171-177.

FAh, BILIME, BEREME, A5 BRI i BORE AR SR
HRPr MR AT [T ], ARdbesAdle, 2021, 36
(4). 82-89.

JIANG W, BAI H M, XUE G P, et al. Analysis of bacterial commu-
nity structure and diversity in rhizosphere soil of different fruit vegeta-
bles in greenhouse continuous cropping on high-throughput
sequencing[ J ]. Acta Agriculturae Boreali-Sinica, 2021, 36 (4):
82-89.

ZEEFY. T pH (H I E——HALIE [T ], AR 515 A,
2011,(13) ; 47-48.

LI H L. Determination of soil pH by potentiometric method[ J]. Infor-
mation of Agricultural-Science and Technology, 2011, (13) . 47-48.
WS, ARJRE, B, SF FDR S4TRINE H30K 5%t e 4y
HrLI ] WA 2R (FLAARIARR) |, 2013, 44(2) : 190-192.
XU XY, CUI Z Y, HUANG H, et al. Comparative analysis of soil
moisture determination by FDR and drying method [ J ]. Journal of
Shandong Normal University ( Natural Science ), 2013, 44 (2).
190-192.

TEHME, FRIEE, XA, 45 FT Biolog-ECO /M £+ A HIFE
B YAR H SRR YRR DIRE 2 R T ). N SRR A
i, 2021, 27(6) ; 1485-1491.

WANG X M, HUANG L Q, LIU C, et al. Analysis of microbial com-
munity functional diversity in rare earth element, lead and fluorine
compound-polluted soil based on Biolog-ECO[ J]. Chinese Journal of
Applied and Environmental Biology, 2021, 27(6) ; 1485-1491.
XURBE, XSk, A, & KGR - MYy e 1
PG PERIENA ) ], ARSI, 2008, 32(1) : 176-182.

LIU E K, ZHAO B Q, LI X Y, et al. Biological properties and enzy-
matic activity of arable soils affected by long-term different
fertilization systems[ J]. Chinese Journal of Plant Ecology, 2008, 32
(1) 176-182.

MILRE, R, U, S KGNS B 21 H e
AR RANHCE Y Z BRI R [T ], P ELL AR, 2010, 43
(16) ; 3340-3347.

BU H Z, WANG L H, YOU J C, et al. Impact of long-term fertiliza-
tion on the microbial biomass carbon and soil microbial communities
in paddy red soil[ J]. Scientia Agricultura Sinica, 2010, 43(16)
3340-3347.

ThiGiET, EREE, BHEE, & KWIGALS TORAEF I A
Y ik A/ ST R R[] ]. A A AR, 2012, 32(17) .
5502-5511.

MA X X, WANG L L, LI Q H, et al. Effects of long-term fertilization

on soil microbial carbon and nitrogen and enzyme activities during

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

maize fertility[ J ]. Acta Ecologica Sinica, 2012, 32(17) ; 5502-5511.
FEIEY, B/, 530, S ARIIREAC T XU I e HE ORI
KEENRER AT ], A4, 2017, 37(22) : 7668-7678.
TANG H M, XIAO X P, TANG W G, et al. Effects of long-term fer-
tilizer treatments on CH, fluxes and key functional microorganisms in
a double-cropping paddy field[ J]. Acta Ecologica Sinica, 2017, 37

(22) : 7668-7678.

BB R AT [ M) JEat: b E RO AR, 2000:
42-108.

BAO S D. Soil and agricultural chemistry analysis [ M ]. Beijing:
China Agriculture Press, 2000 42-108.

LUO R Y, KUZYAKOV Y, LIU D Y, et al. Nutrient addition

reduces carbon sequestration in a Tibetan grassland soil;
disentangling microbial and physical controls[ ] ]. Soil Biology and Bi-
ochemistry, 2020, 144, 107764.
Pradtde, W, B, & ORRDE AR T B E K
TEATIG I MR RECRHEROSE R [ ], Ttk iF5E, 2020,
38(1) : 101-106.
CHEN J Y, LUO CY, QIU H Z, et al. Effects of application of dif-
ferent nitrogen levels on decomposition characteristics and nutrient re-
lease of returning straw[ J ]. Agricultural Research in the Arid Areas,
2020, 38(1): 101-106.
LI C, LIU X, MENG M ], et al. The use of Biolog Eco microplates to
compare the effects of sulfuric and nitric acid rain on the metabolic
functions of soil microbial communities in a subtropical plantation
within the Yangtze River Delta region [ J ]. Catena, 2021,
198 105039.
B, ESS, WA, S5 S INEIRE B EERIC VR & 1
LI AR RS L) ], PR B2, 2021, 49(3):
305-310.
LVZC,LITL, XIEY H, et al. Effects of planting green manure
crops on soil bacteria diversity in summer fallow period of winter
wheat[ J]. Journal of Shanxi Agricultural Sciences, 2021, 49(3):
305-310.

SUN L, XUN W B, HUANG T, et al. Alteration of the soil bacterial
community during parent material maturation driven by different ferti-
lization treatments [ J ]. Soil Biology and Biochemistry, 2016, 96:
207-215.
oA, SREEOE, SKIRAL, A RIS IR AL S Sl - e I
S UImsIERI FRAE L[ ). REE TR SALRAAR, 2017, 23
(1): 44-53.

LI M, ZHANG E P, ZHANG S H, et al. Comparison of soil enzyme
activities and microbial C metabolism in installed vegetable fields un-
der long-term different fertilization[ J ]. Journal of Plant Nutrition and
Fertilizer, 2017, 23(1) ; 44-53.

PARHAM ] A, DENG S P, DA H N, et al. Long-term cattle manure
application in soil. Il Effect on soil microbial populations and commu-
nity structure [ J ]. Biology and Fertility of Soils, 2003, 38 (4):
209-215.

R, i S DR R AR B K SRR R R Y
RO MR D] A5 . THALRMBHEIE, 2016.

ZHANG D B. Effects of leguminous green manure on soil water and
nitrogen supply and its mechanism in the Loess Plateau [ D ].
Yangling: Northwest A&F University, 2016.

BHh, MR, PR, S5 KIBIARIRREAL YT AE H LS G it
FRUIREZHEERIREWIL )], A2, 2009, 29(2) ; 740-748.

LUO X X, HAO X H, CHEN T, et al. Effects of long-term fertiliza-

tion on the functional diversity of soil microbial communities in rice



44

T F XA 5T

541 45

[37]

[38]

[39]

[40]

fields[ J]. Acta Ecologica Sinica, 2009, 29(2) ; 740-743.

I, TR, R, . OREEALH X LR
Wi R FE 5 N E R [T ], P EAROL AR, 2005, 38(8):
1591-1599.

LIX Y, ZHAO B Q, LI X H, et al. Effects of different fertilization
systems on soil microbe and its relation to soil fertility[ J]. Scientia
Agricultura Sinica, 2005, 38(8) : 1591-1599.

AR, S, akEr AR, A IUTHE A A H SRR M REE S5
LRI D Re S e SR [ 1], RLE 3R S IR IR,
2020, 26(12) ; 2158-2167.

70U X, YI B, ZHANG Q C, et al. Effects of long-term fertilization
on the microbial community structure and the population of N cycle-
related functional microorganism in paddy soil [ J]. Journal of Plant
Nutrition and Fertilizer, 2020, 26(12) ; 2158-2167.

iy, XS, ZEIEMS, 45 FESR AL EY) P AN RS IR E
PERZIALT]. T EREER, 2021, 41(11) ; 5382-5390.

HAN M, LIU R, LI Z P, et al. Green manuring increased crop yields
and the stability of bacterial community[ J]. China Environmental Sci-
ence, 2021, 41(11) ; 5382-5390.

LVNN, LIUY, GUO TF, et al. The influence of Bt cotton cultiva-
tion on the structure and functions of the soil bacterial community by
soil metagenomics [ J ]. Ecotoxicology and Environmental Safety,
2022, 236: 113452.

[41]

[42]

[43]

[44]

KIEFE, TF, XFAE, . o FIPE UL PSR P A AR TR ]
ZREELT]. AR, 2015, 25(5) : 481-486, 436.

SONG Z Q, WANG L, LIU X H, et al. Diversities of Firmicutes in
four hot springs in Yunnan and Tibet[J ]. Biotechnology, 2015, 25
(5): 481-486, 436.

ZEM, BREFE, KEZ, R TRE LSS KORRE LA
FHEETY L ST B SR R E eS0T [0 ). TR KR IR S 3R,
2017, 31(9) : 150-135.

LI'Y L, CHEN J X, ZHANG Y, et al. Analysis of culturable microbi-
al communities in different land utilization types in semi-arid loess
plateau ecological zones[J]. Journal of Arid Land Resources and En-
vironment, 2017, 31(9) : 150-155.

R, SRR LSERE RS SRR IR [ D], BR R
AAupoll I, 2019.

ZHAO D X. Effect of green manure on the diversity of soil microbial
communities in planted tobacco[ D]. Harbin; Northeast Forestry Uni-
versity, 2019.

THEH], 0T, R, AF RICR TR YR R AE A
VERmaz[ ) . REARLRRE, 2016, 49(22) : 4408-4418.

DING J L, JIANG X, GUAN D W, et al. Responses of micropopula-
tion in black soil of Northeast China to long-term fertilization and
crops| J]. Scientia Agricultura Sinica, 2016, 49(22) . 4408-4418.

(L#% 32 1)

(9]

[11]

[12]

YAKUBOVICH A, YAKUBOVICH I, et al. Using the response surface
to assess the reliability of the Russian cryolithozone road network in a
warming climate[ C ]//International Scientific Conference Energy Man-
agement of Municipal Facilities and Sustainable Energy Technologies
EMMET 2019, Cham: Springer, 2021 486-495.

TREKET, Bhie, IRINA, 5 SRFRUT R ZFSO A A
KM AR T S IAA DN AP R [T ). A8 375 ek
¥4z, 2010, 16(5) : 1276-1281.

ZHANG Q X, ZHONG Z T, XU Y C, et al. Detection of
Paenibacillus polymyxa spores by fluorescent in situ hybridization
(FISH) and its application in organic compost fermentation[ J ]. Jour-
nal of Plant Nutrition and Fertilizer, 2010, 16(5) ; 1276-1281.
R, W, L A RUEY SR EOR [ M. dest:
kL, 1996: 178-181.

LIF D, YUZN, HE S J. Experimental techniques of agricultural mi-
crobiology[ M ]. Beijing; China Agriculture Press, 1996; 178-181.
HBEH, AT, HSS, 45 KRR S A AN R X e b
el -3 KRS TSR [ ], T RIS, 2016, 34(5)
180-184.

SHAO Y, CUI M Q, TIAN X H, et al. Effects of Bacillus subtilis and
phosphorus solubilizing bacteria on soil and fruit quality in rhesus
macaque peach orchard[ J]. Agricultural Research in the Arid Areas,
2016, 34(5) : 180-184.

SUN B, GU L K, BAO L J, et al. Application of biofertilizer contai-
ning Bacillus subtilis reduced the nitrogen loss in agricultural soil[ J].
Soil Biology and Biochemistry, 2020, 148. 107911.

ZHANG N, WU K, HE X, et al. A new bioorganic fertilizer can ef-

[15]

[16]

[17]

[18]

[19]

[20]

fectively control banana wilt by strong colonization with Bacillus
subtilis N11[J]. Plant and Soil, 2011, 344(1) . 87-97.

THOMAS L, LARROCHE C, PANDEY A. Current developments in
solid-state fermentation[ J]. Biochemical Engineering Journal, 2013,
81. 146-161.

KUINAR M, OU Y L, LIN J G. Co-composting of green waste and
food waste at low C/N ratio[ J ]. Waste Management, 2010, 30(4) .
602-609.

DE BERTOLDI M, VALLINI G, PERA A. The biology of
composting:a review [ J ]. Waste Management & Research, 1983, 1
(2): 157-176.

B, FET ST R A KAERIBESE [ D). 4t Wi
A, 2019.

HUANG Y Q. Study on microbial growth model based on metabolites
[D]. Jinhua: Zhejiang Normal University, 2019.

Bt 2R, SAER, A TRBERAR pH XAl B A
TSRS J ). R T AR, 2019, 13(9) » 2233-2242.
JIAX, LIY X, WU Y N, et al. Effects of temperature and initial pH
on the hydrogen production by dark fermentation of agricultural solid
waste[ J |. Chinese Journal of Environmental Engineering, 2019, 13
(9) : 2233-2242.

H/INEE, KBS, JEPEAR. AETOZFAUFTIA Bs2004 [EA KBS T4 T
T[T ] BARAARH, 2011, (1) ; 186-187, 190.

HUANG X Q, LIU Y, ZHOU X Q. Study on solid fermentation and
drying process of Bacullus subtilis strain Bs2004[ J]. Modern Agricul-
tural Science and Technology, 2011, (1) . 186-187, 190.



