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Abstract: [ Objectives ] Comparing the differences in the bacterial community structure of yellow paddy soil
when applying different fertilizers over a long time, and analyzing the effect and mechanism of long-term
combined application of organic and inorganic fertilizers on sustaining soil bacterial diversity. [ Methods ] The
study relied on the long-term experiment located in Scientific Observation and Experimental Station of Arable
Land Conservation and Agricultural Environment (Guizhou), Ministry of Agriculture and Rural Affairs. Soil
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samples were collected from five treatments, no fertilizer control (CK), chemical fertilizer (NPK), 1/4 manure N
plus 3/4 chemical fertilizer (1/4M+3/4NP), 1/2 manure N +1/2 chemical fertilizer (1/2M+1/2NP), and total
manure N (M). High-throughput sequencing technology was used to analyze the microbial composition and
diversity of colonies. The influence factors were discussed. [ Results ] Analysis of soil bacterial o diversity index
of different fertilization treatments showed that long-term application of organic fertilizers increased the Shannon,
Simpson and Pielou, with limited effect on Chaol index. Compared with CK, long-term fertilization increased the
relative abundance of Proteobacteria at varying degrees, and the effect of chemical fertilizers was more
significant. Compared with CK and NPK, the application of organic fertilizers reduced the relative abundance of
Rokubacteria and Nitrospinae, and increased the relative abundance of Bacteroidetes. The difference in other
bacterial phyla was not significant (P<0.05). The results of principal component analysis of soil bacterial
community structure showed that the soil environment of the 1/4M+3/4NP and 1/2M+1/2NP treatments was
similar, and the bacterial community composition was similar, while the CK and NPK treatments were at par in
terms of the bacterial community composition. Redundancy analysis of soil bacterial community structure and soil
environmental factors showed that soil physical and chemical properties affected bacterial community structure in
the order of total nitrogen>available nitrogen>available potassium>pH>available phosphorus>total
phosphorus.Total nitrogen, available nitrogen, and available potassium were the key factors. [ Conclusions ]
Long-term application of organic fertilizer improves the fertility of yellow paddy soil, changes the growth
environment of bacteria, further alters the structure of bacterial community, increases the diversity of bacterial
community, and promotes the stability and health of the soil ecosystem.

Key words: yellow paddy soil; chemical fertilizer; cattle manure-combined application of chemical fertilizers;

bacteria; influencing factors

PRAEM A - AR 25 R G S R AL AN BE A 1B 45
AR B EREZ AR, AR S e EE
[F1) 2 M S e 0 S NIE T AR 7 30 it I Sl A 7
Hhf DL B LR, O A T SR AR
AP A AR W Tl A= W B0 A K B, R
TIERUE YRR SR E R R RO 1A REAE
LR IR T S A A TR AR AL XA T e
E K A S8OR T BAT E 20

SEAC I NE S 1R R, FEAC TH A= 25 R e i L
F it A A it P A TS | A BILAC F0 A BIL TS AL IE S
Jiti AN T it A AR 20 S Bl Ay B R 45 2R A — 1
REAE SR THAA = i D5 i B AR, HLAH
TP . DA PR A e 5 T A 2 A IS IR, Bt AL
MEB B o WFTERI, I R - 1487 7t ]
AT s SRR R, SO R R Bl
FEBEMLHE, wRefet M IIReZ Y. b
IE it it 5t P A TR E A, A
AR TS DE PR Z R A HLIEAE 9 e Y
HEAE, it FH S e 6% 1 A 5 5 Pk e
PR, AR Bl BB ARSI, AR TR
MRCEY B ARE IR B TR
AT E PR 2R T 0 X v [ A T DX R it

NE XA M i s ma i e 2 B, it P A FLA R AL BE Y
A YRR AR DT R i . RRORIT AR s A
JERY 2 fi5 2L B0, 2 sk, A HLCHUIE R
FAHMTHEMEY AR, TAERSEIRAR, A
MLIEHUIEFC i RE O P2 A B . ELR . 2 IRBA A
A 22 G P B W AR G e & A F 22, BHA
PUIE AR RS AFBCR A i W] 0 R R
A HLICHLECHE A ) 25 R H AR Br ik A P % 24
PE, A A PURSCR T B3 . (HAHLICH LA Akt
A sE ML 4, H AT e B 8 AS B
W, "RES R e TR B K, A, A
HLEHLUIE FCit i EAE =0T, 3 A W 2p Rk
Z A AR SRR R, AR RIS AR
WFFT BB, AT 2 XX it A HILAE Eb R AT KBt <
A DXk 25 XA DXt FH B A R e o T -3
fEY R b e A E R R M 1 it
FHAR B R WA, Rk, DR B 5 AT AL IE LA
e it Xt S A= M s, O DX e A i e 2L
A PSR S B TR VY R b X R
T, Hr, SN S A 25.3%, A5+
SR 46.4%, FESNARD A = Hh A 2 56 Z b,
A BB HILTC AL B it T 8 S ol A A B A



986 R R R L S 28 &
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9201 m*, IR HIEAAPERTCh . pH 6,75, AL
JiT 44.50 g/kg. 4% 1.96 g/kg. W 2.30 g/kg, 48
13.8 g/kg. BRAEAE 134 mg/kg. AW 13.4 mg/kg.
HUKAR 294 mg/kg.

R 14 S 0HE, AHFSE BEHBCH 5 A~ 4b
B 1) AHEAE (CK); 2) sl (NPK); 3)1/4 48
B +3/4 ALIE (1/4M+3/4NP); 4)1/2 2R JEIE+1/2 L0
(1/2M+1/2NP); 5) w4 (M), H AR & UL
F 1, IEEIRE (N 46%) . 455 (P,0.16%) FI4
LA (K,0 60%); A HLIEAABEAL, V& (C)
10.4% . & (N) 2.7 g/kg. B (P,O;) 1.3 glkg. # (K,0)
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12 #HmRESMNERE

1.2.1 BUREHE T 2019 4F 11 HKRUGRIG, F*
EHHZE (0—20 cm) RS IFINE HIEAE . R
“S” JE RS EUREYL , BEALEL 5 AL RIEREIR A
AR 3 RESE . FFIREGYSE 2 mm GRS
FJ, — A AFAE-80°C vKAE I T HEHU L 1 DNA,
D P R = e e 51 =

1.2.2 40 7 I + HERE 5L DNA 2 B 3
FastDNA {7 & (MP Biomedicals, Cleveland, USA)
VLA B T, SER3E N4 DNA $#2£5U5, I ND
2000 436EEH (Thermo Fisher Scientific Inc., Waltham,

Fx1 ABRLESEFREESE

Table 1 Test treatment and annual fertilization amount

AEARES  AHUE (Yhm?) F%47 i Total amount (kg/hm?)

Treatment code Manure N P,O; K,0
CK 0.00 0.00 0.00 0.00
NPK 0.00 165.00 82.50 82.50
1/4M+3/4NP 15.28 165.00 82.50 91.70
1/2M+1/2NP 30.55 165.00 81.00 183.30
M 61.10 165.00 79.40 366.60

MA, USA) #E1 7K . 207 16S rRNA i) V3~V4 [X R
JH 338F (5'-ACTCCTACGGGAGGCAGCA-3") #l
806R (5'-GGACTACHVGGGTWTCTAAT-3") #Ef14"
e, Gl ak 2% IS E GE RS B UK EEAT ARSI, O
PCR =AUl ie [mIic o o il Al P 25 48 L1 IR AR
Wi e MR BRZS 7] SR H Tllumina Miseq 12538 & i /7
FHTER, R SE SRR
1.2.3 a3 Ak o il TIERE R AT,
pH KA EALE KL 2.5 2 1), TR PR R
BB, 2ARME MR E AL,
FUOR Y B0k, 2. AR A LT WAy
GRS, AR HS R FH A RETE I A
1.3 HiESh

HR A 7 51 K A 17 5] 73 B 43 4% SRS, IR
FH QIIME (v1.8.0, http://qimei.org/) 3 JEAR T =751 .
XU 548 F FLASH (v1.2.7, http://ccb.jhu.edu/s
oftware/FLASH/) 41%& . USEARCH JH T4 & FIH ER
A5 (Edgar, 2010). #i4r)5, W QIIME Hi
FEAI AT T E. UCLUST LA 97% F4 51 AR B0 #) 45
YESP 2050 (OTUs) FREAERE . FEFAERE, fdTH QIIME
AR BANFEARTENT. . H. BRI 5 452400
()53 FELL AN E B

K H] SPSS 20.0 A #EAT S 400, BRI
# ANOVA J5 Z 0 Hrit Bk 5 22 5 1 %M (Duncan
R, P<0.05 A2 E3E). i2H Canoco5.0 {44
F G5BT (PCA) FITUAR 74T (RDA), K Origin
2018 F1 Excel 2010 21l &l 2.

2 RS0
21 KEREIHEABALIERS L5 53 HOR

KM AC S 1 S i W B 2= P T (3R 2).
HAMNE (CK) Wi, HAtim 1AL, 4xik
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Table 2 Soil physical and chemical properties in each treatment

Jas: ] AHLT (g/ke) R (gke) W (gke) H (gke)
Treatment pH Organic matter Total N Total P Total K
CK 7.02+0.14 a 39.73£0.90 b 1.90+0.10d 0.83+0.06 ¢ 17.20+0.80 a
NPK 6.74+0.09 ab 48.16+15.6 ab 1.90+0.00 d 1.07+0.06 b 16.67+0.80 a
1/AM+3/4ANP 6.74+0.24 ab 53.17+0.29 ab 2.53+0.06 b 1.23+0.06 a 18.67+0.57 a
1/2M+1/2NP 6.53+0.15b 48.57+1.85 ab 2.40+0.00 ¢ 1.10+0.00 b 18.87+2.21 a
M 6.42+0.18 b 57.23+1.78 a 2.7740.06 a 1.10+0.10 b 18.13+£3.09 a

Qb3 WA (mg/ke) BB (mg/kg) HRT (mg/kg) Z5H (g/em?)
Treatment Available N Available P Available K Bulk density
CK 116.67+10.07 ¢ 8.33£0.46 ¢ 250.00+18.52 ¢ 1.25+0.07 a
NPK 122.00+7.21 ¢ 15.43+1.62 b 264.33+10.79 ¢ 1.26+0.03 a
1/4M+3/4NP 168.67+19.04 ab 20.57+2.76 a 3573342542 a 1.26+0.02 a
1/2M+1/2NP 153.33+10.07 b 16.93£1.85b 296.67+8.74 b 1.2740.03 a
M 188.67+4.51 a 16.83+£0.42 b 335.00+9.54 a 1.16+0.03 b

T [FFVEER S A )N TR R AL BRI 22 57 B35 (P<0.05).

Note: Values followed by different small letters in the same column indicate significant difference level among treatments(P<0.05).

MARBES R, SRS T 21.22%~44.05% .
22.43%~48.19 Fll 85.23%~146.94%., jifi AL T2 + 4%
pH AR HIREAL, 5 CK A HREIRT 0.27~0.60
A, Hod it A AL (M) FA HLICHLAE B it
(1/2M+1/2NP) AbBRFFEARIR BE R R SRk on, il
FHAPUEALEE (1/4M+3/4NP . 1/2M+1/2NP Fl M)
EFRE T HESA . A MESH SR, 5 CK
M, T 26.32%~45.79% . 31.42%~
61.71% F1 18.67%~42.93%, {H5%f AT L4 EALiE
Jit I (NPK) X 388 420 . Bl e a0 R s 3 % 15 i
PIRRE,
22 KHEAFREIHMEABALIE ST TIBME o ZAFE RIS
Jita NS ik 35 52 ) - S5 240 T 2 FE M 48 £ (Shannon)

P BE 85 (Simpson) FI¥ 4] FEHE %L (Pielou), *fF:
& JEHEEL (Chaol) s/ (% 3). 5 CK L#L, A
BEER (NPK) Jiti FHFRAIR T 23405 Simpson #5481, {H
Shannon 11 Pielou 6445 CK b FR A ZRARE ., 5
CK Fb&&, JtifHAHLIE 1/AM+3/4NP ., 1/2M+1/2NP F
M AL FEAY Shannon $6%% . Simpson F8%UF1 Pielou F5%%
PIE S, RS 1.67%~1.86% . 0.020% Al
0.73%~0.95%, AFEAPICLEEZERZARE,
2.3 YHERRE % 2E A X KBRS [] e AR A el S
TET K B, ARG 48 NI, HirpAIxS
FREE>1% BY2EHF 104, R ILE 95.77%~
96.68% (141 1a), HHEFHAAMET T (FIXFFE>10%) =
BT (Acidobacteria) 30.76%~36.44% . Z51E

*3 TEMRBLEAE o SHMER

Table 3 Soil bacterial a diversity index as affected by different fertilization treatments

ALPE Treatment FH BEFEH Chaol index ZFEMEFE % Shannon index L3 F5%L Simpson index Y51 EEFE %N Pielou index
CK 3434.214+88.20 a 10.20+0.02 be 0.9984+0.0000 b 0.8873+0.0013 ¢
NPK 3276.15£276.57 a 10.12+0.08 ¢ 0.9981+0.0000 ¢ 0.8845+0.0045 ¢
1/4M+3/4NP 3340.484+462.04 a 10.39+0.18 a 0.9986+0.0000 a 0.8996+0.0028 a
1/2M+1/2NP 3689.17+117.14 a 10.37+0.03 ab 0.9986+0.0000 ab 0.8938+0.0010 b
M 3681.13+60.53 a 10.39+0.04 a 0.9986+0.0000 a 0.8957+0.0012 ab

T [FFVEE IR ARG PR R AL BRI 25 S (2.3 (P<0.05)

Note: Values followed by different small letters in the same column indicate significant difference among treatments (P<0.05).
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Fig. 1 Bacterial relative abundance of bacterial communities at the phylum (a) and class (b) classification levels
under different treatments
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