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Effects of application of organic-inorganic compound fertilizers on microbial
communities and enzyme activities in tropical paddy soil
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Abstract: [ Objectives ] We studied the effects of basal application of different rates of organic-inorganic
compound fertilizer (OF) on rice yield and soil microbial community and enzyme activities in paddy soils, to
provide a scientific basis for its efficient application. [ Methods ] A field rice experiment was carried out for
three seasons in Hainan Province. Five treatments were set up as no fertilizer (i.e., CK), conventional chemical
fertilizer (CF), basal application of OF once, application of OF less 10% (—10%OF), and application of OF less
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20% (—20%0OF). Soil samples were collected after harvesting rice in the third season. We employed Illumina
high-throughput sequencing technology to determine bacterial and fungal community composition, diversity,
and structural differences. [ Results ] All the three OF treatments had similar rice yield to CF. The three OF
treatments (P<0.05) increased soil pH. Compared with CF, OF treatment increased soil organic matter content,
—20%OF treatment increased soil alk.-hydr. N and readily available K contents (15.40% and 39.75%), OF and
—10%OF treatments increased soil available P (49.82% and 46.02%) and readily available K contents (91.40%
and 30.44%). OF treatments had no significant effect on soil enzyme activity compared with CF treatment. OF
treatment (P<0.05) changed the structure of the microbial community to different extents, —20%OF treatments
increased chaol index and species richess index significantly. The abundance of Proteobacteria and
Acidobacteria in —20%OF treatment was 6.64% and 8.37% higher than those in CF, while Firmicutes was
72.67% lower in —20%0OF than in that CK. The abundance of Zygomycota in —20%OF treatment was 77.40%
higher than that in CF, and the abundance of Glomeromycota in —10%OF treatment was 117.38% lower than
that in CK. Correlation analysis indicated that soil bacterial diversity was positively related to soil available P.
Redundancy analysis indicated that APtase activity, available K, available P, and alk.-hydr. N were the bacterial
community’s main drivers, while alkali-hydrolyzable N, total K, available P and urease limited the soil fungal
community. [ Conclusions ] Organic-inorganic compound fertilizer is more effective on rice yield than chemical
compound fertilizer. Reducing 20% of nutrient input based on OF could regulate soil available nutrient content for
diverse and abundant bacterial and fungal communities.

Key words: organic-inorganic compound fertilizer; tropical paddy soil; soil enzyme activity; bacterial
community; fungal community
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Fig.1 Rice yields under different treatments
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Table 1 Soil nutrient characteristics under different fertilization treatments

e Eoa B0 Bl TR 2R R G HHLF
Treat ) " Total N Total P Total K Alk.-hydr. N Available P Available K Organic matter pH
reatmen
(g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (g/kg)
CK 0.84+0.13b 0.17+0.02a 27.57+2.14b 59.76 +3.32d 7.62+027c¢ 17.58+0.13d 1440+2.08b 5.02+0.03b
CF 1.10£0.07a 0.22+0.03a 28.52+0.78ab 64.74+1.66bc 18.47+1.67b 26.64+1.17¢c 1534+031b 491+0.02¢
OF 095+0.06ab 0.21+0.0la 30.82+0.19a 66.40+3.32b 27.67+134a 5099+426a 1824+0.54a 5.11+0.03a
—10%0F  1.02+0.10ab 022+0.04a 30.74+227a 6142+1.66cd 2697+432a 3475+5.11b 1624+0.09ab 5.00+0.03b
—20%0F  1.03+0.19ab 0.22+0.05a 29.87+032ab 74.71+1.01a 21.10£096b 37.23+0.97b 1629+1.83ab 5.02+0.03b

#E (Note) : CK—AJitiAEXTHR No fertilizer input; CF—fEAE Chemical fertilizer; OF—A AL TLHLZIRAL Organic-chemical compound
fertilizer; [R)F IG5 AN [R) FHF R AL PRIA) 24 53+ 5.3 (P < 0.05) Values followed by different letters in same column indicate significant differences

among treatments (P < 0.05).
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Fig. 2 Effects of different fertilization treatments on related soil enzyme activities
[ (Note) : CK—AJfi X} & No fertilizer input; CF—ALJE Chemical fertilizer; OF—A HLIGHLEZ IR Organic-chemical compound
fertilizer. ¥l AR IRACRERE VLR, A AT RZANRBHG TP E, MR L DREHRAREHE AR S5 D, J7AE BN IR 5 BER R AN ) Ak 22 )
25 3 (P <0.05) The top and bottom line of boxes represent the ranges of enzyme activities, the short lines inside represent the middle values,
the error bar above each box represent the variation, and different letters above the bars represent significant difference among treatments
(P<0.05).]
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Table 2 Analysis of soil microbial diversity of different fertilization treatments

b3 Chao 148%{ Chao 1 index FAHEEU Shannon index YyFh=E & B Species richness index
Treatment HEA Fungi 2T Bacteria HEA Fungi 41T Bacteria HEA Fungi 4174 Bacteria
CK 588.2+81.7b 3564.2+127.8 ¢ 6.35+0.32a 9.65+£0.11b 5254+155¢ 2377.5+99.7b
CF 601.8+93.4b 3642.2 +£129.0 bc 6.73+0.13a 9.81 £0.19 ab 5273+48.7 ¢ 2478.6 £ 69.7 ab
OF 770.3+69.1a 3795.6 +£24.5 ab 6.75+0.21a 9.84 +0.06 a 622.1 £64.8b 2495.5 +60.9 ab
—10%0OF 590.8+57.0b 3819.5+51.7a 6.39+£0.78 a 9.85+0.09a 540.1 + 144 ¢ 2533.8+554a
—20%O0F 818.1+82.8a 3898.2+57.6a 7.09+0.04 a 9.89+0.12a 757.8+47.6a 2527.4+97.1 ab

# (Note) : CK—AJitiAEXHE No fertilizer input; CF—fEAE Chemical fertilizer; OF—#H HLGHLZIRAL Organic-chemical compound
fertilizer. [R]1F) AR 5 AR FHE R A BRIA] 22 53 .2 (P < 0.05) Values followed by different letters in same column indicate significant difference

among treatments (P < 0.05).
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Table 3 Correlation analysis between bacterial and fungal diversity and soil physical and chemical properties

IR B EMEWE  ROMEBERRNE  NRWE BREL HE s
Microbial species Index Invertase  Acid phosphatase ~ Urease ~ Alk.-hydr. N Available P Available K pH
M Bacteria Chaol 0.342 0.835™ -0.410 0.555° 0.699™ 0.627" 0.206
Species richness index -0.013 0.725™ -0.414 0.319 0.623" 0.421 -0.102
Shannon 0.097 0.746™ —0.482 0.422 0.633" 0.503 0.032
LI Fungi Chaol 0.585" 0.469 —0.403 0.816™ 0.391 0.670™ 0.529"
Species richness index 0.689" 0.449 —0.690™ 0.828™ 0.268 0.438 0.322
Shannon 0.376 0.377 —0.268 0.696™ 0.119 0.225 0.081

i (Note) : *—P<0.05; ¥*—P <0.01.

2.5 BHNENEREREMEN TIEMELE ] (Proteobacteria) . BT (Acidobacteria). 425
AL 1] (Chloroflexi). H2Jief&|] (Spirochaetes). AT H

WME 3 fra, BHHILTCHLE TR T K =it 4 B4 I'] (Bacteroidetes) . fiffLARHER ] (Nitrospirae). ZHL
CK #1 CF AbPRAIE ST T8 5 8 4, 3l WAL B MFF# 1] (Gemmatimonadetes) FIZ # ]
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Fig. 3 Distribution and composition of bacterial communities under different fertilizer reduction
application modes (phylum and genus level)
[ (Note) : CK—ANJiifILX} & No fertilizer input; CF—fLJE Chemical fertilizer; OF—A HLICHLE IR Organic-chemical compound fertilizer.]
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Fig. 4 Relative abundance of dominant fungal species under different fertilizer reduction

application modes (phylum and genus level)
[7E (Note) : CK—ANEAEXS IR No fertilizer input; CF—/LAE Chemical fertilizer; OF—A HLICHLEZ IRIE Organic-chemical compound fertilizer. ]
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B LSRR, WY 77.40%, WM
—10%OF % CK kb fg 1 2 FEAK + IR m R ek B i ]
(Glomeromycota), FEilE A 117.38%.

mE 4 fros, AHLTCHLE IR IE S H it b 3 4%
CK il CF AbPRAE S E IR S 5 4, 3 i s
(Mortierella). Y354 JE (Psilocybe)., % )&
(Acremonium) . M ER (Fusarium) FEH E B
(Westerdykella), H:H—20%OF # CF HE 2 25 hn iy
& (Mortierella). HME R (Fusarium) FAXF £,
HAWR AR 147.06%A1 124.59%, %5 CK fiE il & A%
Jei IR (Psilocybe) AHXFFHE, MR 41.07%.
2.7 TEETF. BEMNKEIMEYE RSN
A

R T R A IR B A W B T R R R
KH 1A LRSI 7 (2R . 2. 28, Wi
R AR, A, AP, pH. RERERS . FRME
WEFRTG . JIREE) SR Ah A A2 T 1A K By
TIMRAEL, e R 5 iR, ELANEE I S, BRTE
WERRTG . BEACHN . A 250 R0 A SR 5 e 4 TR ] 4
F ) FEEABE N, R IR B A A it A S AR T
T, BRATIETT. ST BBEARTT. BATETT.
A P MR TR 1) A 25 SR AT T T T SR AE AR OG, X T
VRS RER [ 1A TAHCVERT; BUSCE RIAA 2k 5 722
T, BRAFEETT. S8BT SRBERTT . fisfhiR
JE TR D RN 2 B AT R T T SR AE AR OG, XA TT . Ul
FEwETTRERE R A A SCAE ] BRVEREIRR G .
RO L A AR R A R ) AT TR K R
LT, IWERRT LA, KA 2 R ]
ZERAMIAFRAT] . AR TR BE AR 2 R

MEREMEM S, WA . 2. ARk
il 2 52 ) EC TR T T 45 R 19 R B -, Bl U &
PRXTHZ G R T TR T8 1A IEAOCHE R, X3
FTRERE TR 1A O OCHVE T s AR 4w 11
EARETTAEMREN, SHETREITMERER]E
TADG; WREES FRE TR IEMX, SHFE.
SEATATTRERFER T TR ARG AR . IRig. m
A5CERIREE l 2 RE ) L TR 8 KT ) R AR
KA R S AW TR R T2 IEAH,

3 hig

3.1 BHENERERERREN IR 5T MEEE
Ed=oEAl)

AP IR NEAE — € F2 B L n] LA AR 7=

o S Ao i A A BC A LA N T KA
FEAR o AN IE A i FH A [ A AL TC AL TR A 5%
F|, —10%OF AbFR/KAFE ™ & fe ey, 3 16 Wit FH 38
B HLICHL IR NE XK R = 2 4 m ek i, ©
AT R, A HLICHUIE B BE 8 ot 585 50k
HLen, K ARBOGR G SIS R, AL
PLIR TR Ko Lot 45 Bt A0 N g 0 Sk 8 8 vy - S ok
RS IR RN+ pH, X vl BE2 A A LG
ML IR R A BT OS2 857 53, RetB AR dEAE
PO AR K R EBOE Z A PR R e 58, JE
Pem TR L RS SR G AR AL
B SRR DR 2%, it A g R i A o A0 2 XoF - S il v
FEA RGN o - MR T R A5 K 1 1 P 1 REE i
SOME RN A AT, BE NS AL 1 U RRIG ER AN A= M1k 2
TEPERY . ARBFFTEE SRR, —20%OF Ah B H- Al it AT
Ab SRR G I - RS S M, A OGS R W]
it % 1 5 A PUIC G F i 2 OE ARG, (AR 5% AR 21
IKAE - L 25 A AR, X ] B R R AN [ A it
XA A A 22 S O, BRI AR = R L
T AR 2R 3 WA R AN ) 5 i - S P 30 o2
BERR R M TIENBER 1k, RBAZRAE HIEN
BEZAC 7, ASHIE 5 45 it A ALk 4 S it A E % 5 4
i RS M R R BTG R, SR ACAE L, R TR
2t 1A HLICHL S TR NE X R Pk W R i A — 2 i P2 THE
HH, 35X HEAERI AR RALSEPIIE SR 25 R — 3, it
M AT R, TR RR BTG5 LIS . 3
SR L e RURD A A O B IEA O, X
Ui BH 35 it B AT ML TC ML TR A e 08 B2 T - S i 0 14
My SR A, IR EY AR, RRKHR
U AR B RS 2R 53 W6 ) g BT 4 b AR T A ) T T
e, A B A RE A O R U RIE Z
[] P R APETEIA
32 BNENEERRERERES TIBEMELH
M FNEE R AR RN

KW RW, A YL E IR IERE 42 1
TGRS FR A A i, R R SR
HERE, MR RUZE Y, (RE RN 2
FEPER-0 - I Y 2R B R BT T i A
B2/, EHBRW RN, Fa Rt
(SR EEL b A BN S a7/ L E S o = A T =K
A ) Z AR RO F 5 BE R BT LR AR AR R GE )
Fasg ke, AWFFEEM, OF fl-20%O0F 3 A jiti I Al
Jiti AR 8 W I 42 e 1 S5 TR R4 TR Y9 Chaol 4540
YIRh & BE PR E, 45 it A A B 5 AN it AL Ach R R 2
T A AR, XS C AR X



W) E SR 50 R

274

626
06 F Bacteroi
Acidobac, \
\’? vi G@/;;,”qh.“ Lo
S ield 7, Firmicut
S 0| =——————————
2 Aptase Urease
(9]
E Proteobc
o~
Actinobc
—0.8 L : .
-0.1 0 1.0
RDAI1 (72.80%)
06 F Urease
Glomerom
9
S 0
N=)
Q
N
<
(=)
4
o b Zygomyct .
-1.0 0 0.8

RDAI (46.27%)

0.8 F
Nitrospr
Anaeromx
Urease
;\? Firmicut
zi Yiel
® 0 | Geobactr X/
et AP
5
I~ Aptase
Candida
MNDI1
08 AN Haliangi
-1.0 0 0.6
RDAL1 (68.37%)
1.0 F
AP
AK
§ Neurosp Urease Acremoni
)
8/ Lipomycs
3 0o 7 G —
g Entrophs
~ Mortier!
v Westerdk
. Redecker \
Rhizophg Psilocyb
-1.0 & ? .
—-0.6 0 1.0

RDAT (28.15%)

B 5 TEMESHEDEERTKRES N
Fig. 5 Soil environment and microbial community redundancy analysis
[ (Note) : TN—4A% Total N5 TP—42# Total P; TK—%# Total K5  AN—Bf# & Alk.-hydr. N; AP—AT % Available P;
AK—# 4 Available K; OM—AGHL5 Organic matter; Inv—BEREHES Invertase; Aptase—BR PEBEARAER Acid phosphatase; Urease—/IKFHf. ]

AT RE & A HLIEHL AR TR B IA H REAS 4R i - 58 Pl
FE 53 AT SR AE W AR . AR IR A5 R L
—20%OF Zb B i B i, X RIAEA ML
TRNEWUIE 20% 7P EATSRECRE K R L3 i 24
P, OGS IIR EA AL TR K B AR B HEAE &
B,

AR AL TCHL R TR N it FH i e T A 38 P 7 0
WITRABIERETT. BRI, SZ R BiEd
FT. AFRTT . SR IERE T, 25 ST B T T AR
LT, XERE AR E R HEERAREK
REZEEN . SRR, ARHEA VLI
SIRNESA Rt NIRRT E R, LHE
—20%OF AbHEHG NG I 5, AHOCHIFE R AT 1A
I T DA TE 1 8 N 75 I W55 5 A e A rh R
HEAEN, AT A0 TR 3= B2 A A AT DA ) - g
BT FAE AR R 9 AR K, O TR) A PG TR
JIE B87 8 I R AT R T MR T T T B A R, U

—20%OF AbHURAE, X 5REFENIFRE R .
P AT AT 1) 40 TR 6 AT 0 B AR 1 o i vh R FE SR BEAE
PR T VAT 1] 200 181 X0 27 4 R ) R A e #E— e AR, e
R A Z R R RZEIE R, RS
4N Fe LR AMEERCS, LR B T4 B T LK £
ey ZHE o R RSN LR, o] LU £ 3 A HL
PIRRARC . A HLAEIE S 7E0 A B i o0 i T T e
g, ART A RAIE R, e S a1
BRE G T TR AR B, A ST 2R P AR R B 1D 1Y
AR 8 0 A 308 P SR AR S (3 IR AR O, [l i 2
RN, AHUICHLE 1R AL AR Ab B AR T 5 BE
ITHBEFERE, CAREY, JERER T4 XA L
e B e O BB, HojE i 2 S W S A R RE G )
YNE 2, S TR T BB BEE A FE 57 0 T 11
RET AR,

AMFRAET TR L, A PLICHLE IR AL 3
AT FERTT . RIS SR, X



44 Wil 25 A HLICHUI IR AL B 7RO - A e v R T 11 ) 32 ) 627

HEATFE -2 AR, A RA YL
HUZ IR ML REAS B o 7 S B T T H B AO AR 8, X2
P74 ) H A RERS [ i TSN A HLY, 2
YR MR G Y EE e, HiE APl
DU RN RE NS £ i L M i s R o AR L &
TRE TR )L R S AR XA R AR A, ARBIESE
25 2R R T B )R T A R R A A
K, EMHEABTEIGERAA . R
HLICHLA RN A B rb 12 B 1) EC A E Rt T
ASHERE G AL AL AL BE, AR SCRIE TR WIS B 1) EL
FRO=F B AN AE BA B A G . s 7K |
A, AU AP IR AT I 1 e
JE . AR . ORI | MR R R
ST AR R

3.3 TIEWMEVIZHMMETRERS TIREAM
B9k &

IR U Y S M, PR AR
SEN AR . FCg A B RS, ]
MY T H M E 2SRy, R AR R 7 i n] LA
] R WA Gl R R v 4 A it A HTLICHL S IR HE e
i S0 25 B R KR A R A R L AR AL
A pH, ABEFEE S TUAR TR, AFRA L
TCALSZIRNEAL BT - e A B i v 5 PRV IR Tl . 3
ROE AT R AR R AT A OCOC R Ry L
BN, LI IR B Z A T e
WA o AT IE SRR P W A . R A
AR Y EE KB N 5, R I A e S A
IR REASG, XM A DI —E . TR
B o S WU R AR SC A K e i, H: 32 B AR AL W
TR BN A5 1) v B TR L e L W ol W PR BI85, A
AR g L EWEIR I 9 A W3 1, R P A TR il 1) 355
RNEIAS I RES TR IR, [R] I i S A
RIS RMAN G o 3 pH IR WA Rl M v 2
a1 B BB N T, (R AE AR 5 R e I A
K, Al ERE W A PR IR AL 7 i te , (A
A HLTCHUR IRAC AL BT 58 pH 7R3 P R 3 s
R . 5 PAESCRRBTSEA R AN R A, ASBESE4S
SR B2 e LT R 7R S5 A A [N 7O e B FR I, X
A BEE DA A R AR, TR R S
T, ARG HE 2 Xk R BB T BT A TE AR A
A, P2 O B R BRI K R
OMFRRER I EEAE I, HE TR RN S e R R
FIERRD, T 4 U ECRR R ) R BRI T
XAGAHICATFE> MER . AW E—E R i

BT KR it A HLICHL A TR AE X /e Jr 2T 4 it A o
TR g SO A M R B R . SR
M IEREAEYERD — B RNRSE, HIERR
I I P DL K B A AR W e T A AL TEHL AR
TR N e Rz 155 ATy 5 32F— 25 5
4 Zh5ig

223t 3 ZOKAEFAE, WU 10% F1 20% B HLIG
MUE IR AL IR 33 R I B A B ARK R = 1, [R) B i
A AS [) R B b ok 3% 08 pH, 427 HIEESGR &
i, —20%OF Ab ¥ 25 58w AL . R AU i
OF F-10%OF 4h BRI ik i 5 5 5 1A 2l . sk
PSR, OF AbFAR R 48 & HIEA L & & . Wi
20% HHLCHLEIRIES CF ZbBlHEHE = + e BTG
M, BEMEE R 51.91%, [FIEiEHA LIS IR
Rt HIEMUE YRR 2, Hh-20%O0F 4b3
A CF AbFRE I 245 5 1309 Chaol 5%k, [RIA
REfS W4 o IR AR R B A A L
T RN RE S 3 & - SR E W R B T TR AR
J#, —20%OF A8 &% $2 = - 40 0 A Y B T TR R AT
PR TR TR, A 8 R AT 48 P 200 1 b R B D 1 1 A
XFERE, RIS AT ARG 4 98 B R B A B T A ARG
FHE, AR F R YRR S, AR R AT
WAy Ty, Hoh A A R S R
WERRMG . SRACH . AR A SN 2 B IR
AHIG, MiZKAE - ECTR R TE S A B0 IR 2 2 O
G P, 76 RS 7 KRG Fp AR b B 12 EE LA A AL
THLRIRIE.

s % 3 #h:
[1] #MVER. H B et r s R ey Jr & 0], AU, 2005,
(6): 4-7.

Sun X L. Harm of blind & excessive applying fertilizer and development
of new type of fertilizer[J]. M-Sized Nitrogenous Fertilizer Progress,
2005, (6): 4-7.

[2] Kusliene G, Rasmussen J, Kuzyakov Y, et al. Medium-term response
of microbial community to rhizodeposits of white clover and ryegrass
and tracing of active processes induced by 3¢C and "N labelled
exudates[J]. Soil Biology & Biochemistry, 2014, 76: 22-33.

(31 B, SRZA, W B, & KW FEACRS ) L X 4/ Nz i
Be -SSR IREAL]. R E TR S LR, 2017, 23(2): 304-312.
Wei M, Zhang A J, Zhuge Y P, et al. Effect of different long-term
fertilization on winter wheat yield and soil nutrient contents in yellow
fluvo-aquic soil area[J]. Journal of Plant Nutrition and Fertilizers,
2017, 23(2): 304-312.

(4] TH=m, w653, X, 5. AYLICHLECHERS 15750 3hhE /N2
B RE RS [T]. Al B R 2 23], 2010, 2903 T):
135-140.


https://doi.org/10.3969/j.issn.1004-9932.2005.06.002
https://doi.org/10.3969/j.issn.1004-9932.2005.06.002
https://doi.org/10.11674/zwyf.16275
https://doi.org/10.11674/zwyf.16275
https://doi.org/10.3969/j.issn.1004-9932.2005.06.002
https://doi.org/10.3969/j.issn.1004-9932.2005.06.002
https://doi.org/10.11674/zwyf.16275
https://doi.org/10.11674/zwyf.16275

628

W) E SR 50 R

27 4

[5]

[6]

[7]

[8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

Xing S L, Han B W, Liu M C, et al. The effect of NPK fertilizer
combined with soil organic manure on soil nutrition and wheat yield
increasing[J]. Journal of Agro-Environment Science, 2010,
29(Supplement): 135-140.

Zhao J,Ni T, LiJ, et al. Effects of organic-inorganic compound
fertilizer with reduced chemical fertilizer application on crop yields,
soil biological activity and bacterial community structure in a
rice—wheat cropping system[J]. Applied Soil Ecology, 2016, 99:
1-12.

Liu E, Yan C, Mei X, et al. Long-term effect of chemical fertilizer,
straw, and manure on soil chemical and biological properties in
northwest China[J]. Geoderma, 2010, 158(3): 173—180.

LiuE, Yan C, Mei X, et al. Long-term effect of chemical fertilizer,
straw, and manure on soil chemical and biological properties in
northwest China[J]. Geoderma, 2010, 158(3/4): 173—180.

ERAE, XE, BRG], S TR H I Y . B SS
FRITE PR SENALT]. FREERE, 2018, 39(1): 430437,

Wang W H, Liu Y, Tang H M, et al. Effects of long-term fertilization
regimes on microbial biomass, community structure and activity in a
paddy soil[J]. Environmental Science, 2018, 39(1): 430-437.

Chen X F, Li Z P, Liu M, et al. Microbial community and functional
diversity associated with different aggregate fractions of a paddy soil
fertilized with organic manure and/or NPK fertilizer for 20 years[J].
Journal of Soils and Sediments, 2015, 15(2): 292-301.

X, BRIGEZE, XUBA, S5 At A 5 b 2T 398 40 T A4 1 52 i [T,
FHEEIR, 2020, 57(2): 468-478.

Liu J, Chen X F, Liu M, et al. Effects of long-term fertilization on
bacterial community in upland red soil[J]. Acta Pedologica Sinica,
2020, 57(2): 468-478.

Ran W, Wang B, Xun W, et al. Significant alteration of soil bacterial
communities and organic carbon decomposition by different long-
term fertilization management conditions of extremely low-
productivity arable soil in South China[J]. Environmental
Microbiology, 2016, 18(6): 1907-1917.

ZengJ, Liu X, Song L, et al. Nitrogen fertilization directly affects
soil bacterial diversity and indirectly affects bacterial community
composition[J]. Soil Biology & Biochemistry, 2016, 92: 41-49.

Zhu J ,Peng H, Ji X H, et al. Effects of reduced inorganic
fertilization and rice straw recovery on soil enzyme activities and
bacterial community in double-rice paddy soils[J]. European Journal
of Soil Biology, 2019, 94: 103116.

LW, £, AN, S KR RIMEAL 26 T 2P R RS i
REE LSRRI T]. IR, 2015, 52(3): 697-705.

Xia X, Shi K, Huang Q R, et al. The changes of microbial community
structure in red paddy soil under long-term fertilization[J]. Acta
Pedologica Sinica, 2015, 52(3): 697-705.

W, S, XV, 55, R & S IR OR ) S WAL
FRAGRERE S350 HT (9], Al BRIEEARF =241, 2019, 38(11): 2609-2618.
Yang X, Huang Y Y, Liu H L, et al. Potential for the environmental
carrying capacity of livestock and poultry breeding to substitute
organic fertilizers in Hainan Province, China[J]. Journal of Agro-
Environment Science, 2019, 38(11): 2609-2618.

SRR, /R, XL, A5 BRI R R R B OK R
JERF A R BRI A R [T]. BRBERLE, 2021, 42(1): 443-449.

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

Shi D L, Wang X L, Liu A K, ef al. Response of microbial biomass
carbon and nitrogen and rice quality in yellow soil paddy field to
biochar combined with nitrogen fertilizer[J]. Environmental Science,
2021, 42(1): 443-449.

R, SRR, R AF K RERS AL R LR AR h e 2R
PEWFFEN]. AU AL, 2018, 49(7): 228-234.

Zhu L, Zeng C L, Gao F, et al. Characteristic analysis of microbial
diversity in crude fertilizer from compost of rice straw[J].
Transactions of the Chinese Society for Agricultural Machinery,
2018, 49(7): 228-234.

Bandp. HHERA AT EMI. dbat: thEgO R H iR, 2000.
Lu R K. Methods of soil and agricultural chemistry[M]. Beijing:
China Agricultural Science and Technology Press, 2000.

JEALAE, sk, LSS PRI Tk (T]. MR, 1980, (5):
37-38.

Zhou L K, Zhang Z M. Soil enzyme activity determination
method[J]. Chinese Journal of Soil Science, 1980, (5): 37-38.
FEPENE, XN, F%, 45 KM IR AL f] B0 £L3A HALRLF
RINSE ). R E R S ILEREAR, 2008, 14(2): 277-283.

Wu P P, LiuJJ, Zhou Y, et al. Effects of different long term
fertilizing systems on fertilizer use efficiency in red paddy soil[J].
Journal of Plant Nutrition and Fertilizers, 2008, 14(2): 277-283.
PN, XSO, R AR, 45, A O X - SR I M 1) S B
FCi 2 AL Ty AR D] A5 3R S IR R, 2003, 9(4):
406-410.

Sun R L, Zhao B Q, Zhu L S, et al. Effects of long-term fertilization
on soil enzyme activities and its role in adjusting-controlling soil
fertility[J]. Journal of Plant Nutrition and Fertilizers, 2003, 9(4):
406-410.

ek, THEL 5KOR, S5 A HLCHUIC AR i i 2 1 R0 A AL
MRS EELT]. A 35 S AR, 2019, 25(4): 544-554.

Liang L, Ma C, Zhang R, et al. Improvement of soil nutrient
availability and enzyme activities in rainfed wheat field by combined
application of organic and inorganic fertilizers[J]. Journal of Plant
Nutrition and Fertilizers, 2019, 25(4): 544-554.

FHK, LT, ik, 55 i A DL 0L 1R ma[)]. Ay
HIRENEEEH, 2009, 15(5): 1057-1064.

Yu W T, Jiang Z S, Ma Q, et al. Effects of application of manure on
soil fertility[J]. Journal of Plant Nutrition and Fertilizers, 2009, 15(5):
1057-1064.

Kandeler E, Luxhei J, Tscherko D, et al. Xylanase, invertase and
protease at the soil-litter interface of a loamy sand[J]. Soil Biology
and Biochemistry, 1999, 31(8): 1171-1179.

XU, BRHEZE, PPy 3C, 25 =R RN MR 2B A A R A e
FEE PERYSEMA D], A= 252%4, 2013, 33(11): 3332-3339.

Liu P, Zhao H J, Zhong Z W, et al. The effects of three root exudated
fatty acids on peanut (Arachis hypogaea L.) growth and soil enzymes
activities[J]. Acta Ecologica Sinica, 2013, 33(11): 3332
3339.

BITFRE, 56K oY, B, 45, L3S FORTT AR H 3R v i<
WIREAC A e N 7). A 3 SRR, 2018, 24(6): 1610-1618.
Liu K L, Han T F, Hu H W, et al. Response of soil enzyme activity in
flowering stages of maize to long-term fertilization in red soil[J].

Journal of Plant Nutrition and Fertilizers, 2018, 24(6): 1610-1618.


https://doi.org/10.1016/j.apsoil.2015.11.006
https://doi.org/org/10.1016/j.geoderma.2010.04.029
https://doi.org/10.1007/s11368-014-0981-6
https://doi.org/10.11766/trxb201810090507
https://doi.org/10.11766/trxb201810090507
https://doi.org/10.1111/1462-2920.13098
https://doi.org/10.1111/1462-2920.13098
https://doi.org/10.1016/j.ejsobi.2019.103116
https://doi.org/10.1016/j.ejsobi.2019.103116
https://doi.org/10.11654/jaes.2019-0669
https://doi.org/10.11654/jaes.2019-0669
https://doi.org/10.11654/jaes.2019-0669
https://doi.org/10.6041/j.issn.1000-1298.2018.07.027
https://doi.org/10.6041/j.issn.1000-1298.2018.07.027
https://doi.org/10.3321/j.issn:1008-505X.2008.02.012
https://doi.org/10.3321/j.issn:1008-505X.2008.02.012
https://doi.org/10.3321/j.issn:1008-505X.2003.04.005
https://doi.org/10.3321/j.issn:1008-505X.2003.04.005
https://doi.org/10.11674/zwyf.18182
https://doi.org/10.11674/zwyf.18182
https://doi.org/10.11674/zwyf.18182
https://doi.org/10.3321/j.issn:1008-505X.2009.05.011
https://doi.org/10.3321/j.issn:1008-505X.2009.05.011
https://doi.org/10.3321/j.issn:1008-505X.2009.05.011
https://doi.org/10.1016/S0038-0717(99)00035-8
https://doi.org/10.1016/S0038-0717(99)00035-8
https://doi.org/10.5846/stxb201203210382
https://doi.org/10.5846/stxb201203210382
https://doi.org/10.11674/zwyf.18155
https://doi.org/10.11674/zwyf.18155
https://doi.org/10.1016/j.apsoil.2015.11.006
https://doi.org/org/10.1016/j.geoderma.2010.04.029
https://doi.org/10.1007/s11368-014-0981-6
https://doi.org/10.11766/trxb201810090507
https://doi.org/10.11766/trxb201810090507
https://doi.org/10.1111/1462-2920.13098
https://doi.org/10.1111/1462-2920.13098
https://doi.org/10.1016/j.ejsobi.2019.103116
https://doi.org/10.1016/j.ejsobi.2019.103116
https://doi.org/10.11654/jaes.2019-0669
https://doi.org/10.11654/jaes.2019-0669
https://doi.org/10.11654/jaes.2019-0669
https://doi.org/10.6041/j.issn.1000-1298.2018.07.027
https://doi.org/10.6041/j.issn.1000-1298.2018.07.027
https://doi.org/10.3321/j.issn:1008-505X.2008.02.012
https://doi.org/10.3321/j.issn:1008-505X.2008.02.012
https://doi.org/10.3321/j.issn:1008-505X.2003.04.005
https://doi.org/10.3321/j.issn:1008-505X.2003.04.005
https://doi.org/10.11674/zwyf.18182
https://doi.org/10.11674/zwyf.18182
https://doi.org/10.11674/zwyf.18182
https://doi.org/10.3321/j.issn:1008-505X.2009.05.011
https://doi.org/10.3321/j.issn:1008-505X.2009.05.011
https://doi.org/10.3321/j.issn:1008-505X.2009.05.011
https://doi.org/10.1016/S0038-0717(99)00035-8
https://doi.org/10.1016/S0038-0717(99)00035-8
https://doi.org/10.5846/stxb201203210382
https://doi.org/10.5846/stxb201203210382
https://doi.org/10.11674/zwyf.18155
https://doi.org/10.11674/zwyf.18155

4 4]

Wil 25 A HLICHUI IR AL B 7RO - A e v R T 11 ) 32 )

629

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

XIS, WA, SR AET, 5. KM AT S A AE PR P IR R Y
SN AR 25223, 2008, 28(8): 3898-3904.

Liu H, Lin Y H, Zhang Y S, et al. Effects of long-term fertilization on
biodiversity and enzyme activity in grey desert soil[J]. Acta
Ecologica Sinica, 2008, 28(8): 3898-3904.

ZRfRAE, BUMOR, RN, 45, AR EACAS RS S 3R )
FEE 12 SRR AT]. 3R, 2012, 49(3): 567-574.
LiCH,JiaZJ, Tang L S, et al. Effect of model of fertilization on
microbial abundance and enzyme activity in oasis farmland soil[J].
Acta Pedologica Sinica, 2012, 49(3): 567-574.

E I, B, XI5K, 55 R RIZEAUKAE 1 e E Y REE S5 H R AE &
HE IR [J]. £HE2EIR, [2019-11-22], http://kns.cnki.net/kems/
detail/32.1119.P.20191122.0954.004. html.

Wang X J, Bei Q C, Liu G, et al. Microbial abundance and
community composition in different types of paddy soils in China and
their affecting factors[J/OL]. Acta Pedologica Sinica, [2020-10-19],
http://kns.cnki.net/kems/detail/32.1119.P.20191122.0954.004.
html.

R, ZRELH, XIS, 5. KT X LUtk K A AN e VR 2
FFIEC AR, hE A AE, 2011, 44(22): 4610-4617.
Yuan H Z, Qin HL, Liu S L, ef al. Response of abundance and
composition of the bacterial community to long-term fertilization in
paddy soils[J]. Scientia Agricultura Sinica, 2011, 44(22): 4610-4617.
Waar, WA, BB, 45, B FebR DORBHE MG X 320
RETRLSHIIEIR[T). FRERI:, 2018, 39(4): 1824-1832.

Chen M L, Zeng Q C, Huang Y M, et al. Effects of the farmland-to-
forest/grassland conversion program on the soil bacterial community
in the Loess Hilly Region[J]. Environmental Science, 2018, 39(4):
1824-1832.

JEMG, SRR, VRME, 5. ZER0AE HUACHE G Ak M
TEZRAER[T]. FREIRE, 2020, 41(9): 4262-4272.

LiP, WuJ Q, Sha CY, et al. Effects of manure and organic fertilizer
application on soil microbial community diversity in paddy fields[J].
Environmental Science, 2020, 41(9): 4262-4272.

Lesaulnier C, Papamichail D, McCorkle S, et al. Elevated
atmospheric CO, affects soil microbial diversity associated with
trembling aspen[J]. Environmental Microbiology, 2008, 10(4):
926-941.

Chaudhry V, Rehman A, Mishra A, et al. Changes in bacterial
community structure of agricultural land due to long-term organic
and chemical amendments[J]. Microbial Ecology, 2012, 64(2):
450-460.

58, A, W, S W L A0 B RO AL A HLAE
ARG AT AN B[], FREERE, 2020, 41(10): 4669-4681.

Wu X, Wang R, Hu H, et al. Response of bacterial and fungal
communities to chemical fertilizer reduction combined with organic
fertilizer and straw in fluvo-aquic soil[J]. Environmental Science,
2020, 41(10): 4669—4681.

TR, XURA, THUE, 5. L3ERT o) 400 A S 2 o0t e
1. A=Y AR R, 2016, 32(2): 14-20.

Wang G H, LiuJ J, Yu Z H, et al. Research progress of acidobacteria
ecology in soils[J]. Biotechnology Bulletin, 2016, 32(2): 14-20.

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Podosokorskaya O A, Bonch-Osmolovskaya E A, Novikov A A, et
al. Ornatilinea apprima gen. nov., sp. nov., a cellulolytic
representative of the class Anaerolineae[J]. International Journal of
Systematic and Evolutionary Microbiology, 2013, 63(Pt1): 86-92.
TRBE . AU AR A AR AR B 3% H S P SR AR 4
FRAERZNAD]. L5t ROl B B 124 18 3, 2018.

Rong Q L. Effects of partial substitution of chemical fertilizer with
organic amendments on microbial characteristics of soil aggregates in
greenhous vegetable production[D]. Beijing: PhD Dissertation of
Chinese Academy of Agricultural Sciences, 2018.

K. BB R B0 b - SR MR T R E AV B LR
[D]. K Az: RALIMIEI =248, 2016.

Wang X. Effect and mechanism of simulated herbivore foraging on
soil microbial community in Grassland[D]. Changchun: MS Thesis of
Northeast Normal University, 2016.

EFE ARG LD KA L Al 2R M D], I e
AP RG24 V18, 2009.

Wang X. Effect of long-term fertilization on bacterial diversity in a
red paddy soil[D]. Wuhan: MS Thesis of Huazhong Agricultural
University, 2009.

Chen C, Zhang J, Lu M, et al. Microbial communities of an arable
soil treated for 8 years with organic and inorganic fertilizers[J].
Biology and Fertility of Soils, 2016, 52(4): 455-467.

LinY X, Ye G P, Yakov K, ef al. Long-term manure application
increases soil organic matter and aggregation, and alters microbial
community structure and keystone taxa[J]. Soil Biology &
Biochemistry, 2019, 134: 187-196.

TN, DI, R, 5. S s KA UG X L B RS
U S 2 REEIEMAT]. B AR 252441, 2020, 31(3): 890-898.
Wang X L, Ma K, FuY Z, et al. Effects of no-tillage, mulching, and
organic fertilization on soil fungal community composition and
diversity[J]. Chinese Journal of Applied Ecology, 2020, 31(3):
890-898.

Deborah A N, Thomas R W, Scott T B, ef al. Changes in bacterial
and fungal communities across compost recipes, preparation
methods, and composting times[J]. PLoS ONE, 2013, 8(11): €79512.
THER, 207, T, 25 KA HLICHUIEECHEXS AR LR b A
TREER IS IRT]. RIS 37 S IR, 2017, 23(4): 914-923.
Ding J L, Jiang X, Ma M C, et al. Structure of soil fungal
communities under long-term inorganic and organic fertilization in
black soil of Northeast China[J]. Journal of Plant Nutrition and
Fertilizers, 2017, 23(4): 914-923.

B, BREAS, Bss, 55, KRR AR R A AR B 1 W R TG P X % |
A L[], HELORFE, 2018, 51(9): 1653-1663.

Liu Y H, Wei X M, Wei L, et al. Responses of extracellular enzymes
to carbon and phosphorus additions in rice rhizosphere and bulk
soil[J]. Scientia Agricultura Sinica, 2018, 51(9): 1653-1663.

ek, fLRR, Hhar e, S AR EAL Iy 20 R Mk el L3 AT R
IR [I]. = 4530, 2018, 38(22): 8158-8166.

JiLF,NiK, MaLF, et al. Effect of different fertilizer regimes on
the fungal community of acidic tea-garden soil[J]. Acta Ecologica

Sinica, 2018, 38(22): 8158-8166.


https://doi.org/10.3321/j.issn:1000-0933.2008.08.049
https://doi.org/10.3321/j.issn:1000-0933.2008.08.049
https://doi.org/10.3321/j.issn:1000-0933.2008.08.049
http://kns.cnki.net/kcms/detail/32.1119.P.20191122.0954.004. html
http://kns.cnki.net/kcms/detail/32.1119.P.20191122.0954.004. html
http://kns.cnki.net/kcms/detail/32.1119.P.20191122.0954.004.html
http://kns.cnki.net/kcms/detail/32.1119.P.20191122.0954.004.html
https://doi.org/10.3864/j.issn.0578-1752.2011.22.007
https://doi.org/10.3864/j.issn.0578-1752.2011.22.007
https://doi.org/10.1111/j.1462-2920.2007.01512.x
https://doi.org/10.1007/s00248-012-0025-y
https://doi.org/10.1099/ijs.0.041012-0
https://doi.org/10.1099/ijs.0.041012-0
https://doi.org/10.1007/s00374-016-1089-5
https://doi.org/10.1371/journal.pone.0079512
https://doi.org/10.11674/zwyf.16357
https://doi.org/10.11674/zwyf.16357
https://doi.org/10.11674/zwyf.16357
https://doi.org/10.3864/j.issn.0578-1752.2018.09.004
https://doi.org/10.3864/j.issn.0578-1752.2018.09.004
https://doi.org/10.3321/j.issn:1000-0933.2008.08.049
https://doi.org/10.3321/j.issn:1000-0933.2008.08.049
https://doi.org/10.3321/j.issn:1000-0933.2008.08.049
http://kns.cnki.net/kcms/detail/32.1119.P.20191122.0954.004. html
http://kns.cnki.net/kcms/detail/32.1119.P.20191122.0954.004. html
http://kns.cnki.net/kcms/detail/32.1119.P.20191122.0954.004.html
http://kns.cnki.net/kcms/detail/32.1119.P.20191122.0954.004.html
https://doi.org/10.3864/j.issn.0578-1752.2011.22.007
https://doi.org/10.3864/j.issn.0578-1752.2011.22.007
https://doi.org/10.1111/j.1462-2920.2007.01512.x
https://doi.org/10.1007/s00248-012-0025-y
https://doi.org/10.3321/j.issn:1000-0933.2008.08.049
https://doi.org/10.3321/j.issn:1000-0933.2008.08.049
https://doi.org/10.3321/j.issn:1000-0933.2008.08.049
http://kns.cnki.net/kcms/detail/32.1119.P.20191122.0954.004. html
http://kns.cnki.net/kcms/detail/32.1119.P.20191122.0954.004. html
http://kns.cnki.net/kcms/detail/32.1119.P.20191122.0954.004.html
http://kns.cnki.net/kcms/detail/32.1119.P.20191122.0954.004.html
https://doi.org/10.3864/j.issn.0578-1752.2011.22.007
https://doi.org/10.3864/j.issn.0578-1752.2011.22.007
https://doi.org/10.1111/j.1462-2920.2007.01512.x
https://doi.org/10.1007/s00248-012-0025-y
https://doi.org/10.1099/ijs.0.041012-0
https://doi.org/10.1099/ijs.0.041012-0
https://doi.org/10.1007/s00374-016-1089-5
https://doi.org/10.1371/journal.pone.0079512
https://doi.org/10.11674/zwyf.16357
https://doi.org/10.11674/zwyf.16357
https://doi.org/10.11674/zwyf.16357
https://doi.org/10.3864/j.issn.0578-1752.2018.09.004
https://doi.org/10.3864/j.issn.0578-1752.2018.09.004
https://doi.org/10.1099/ijs.0.041012-0
https://doi.org/10.1099/ijs.0.041012-0
https://doi.org/10.1007/s00374-016-1089-5
https://doi.org/10.1371/journal.pone.0079512
https://doi.org/10.11674/zwyf.16357
https://doi.org/10.11674/zwyf.16357
https://doi.org/10.11674/zwyf.16357
https://doi.org/10.3864/j.issn.0578-1752.2018.09.004
https://doi.org/10.3864/j.issn.0578-1752.2018.09.004

	1 材料与方法
	1.1 试验地概况
	1.2 试验设计
	1.3 样品采集
	1.4 测试项目与方法
	1.4.1 土壤基本理化性质和酶活性测定
	1.4.2 土壤DNA提取和PCR扩增

	1.5 数据处理方法与作图

	2 结果与分析
	2.1 有机无机复混肥及其减施对水稻产量的影响
	2.2 有机无机复混肥及其减施对土壤理化性质的影响
	2.3 有机无机复混肥及其减施对土壤酶活性的影响
	2.4 有机无机复混肥及其减施对土壤微生物群落丰富度和多样性的影响
	2.5 有机无机复混肥及其减施对土壤细菌结构的影响
	2.6 有机无机复混肥及其减施对土壤真菌结构的影响
	2.7 土壤因子、酶活性对水稻土微生物群落结构的影响

	3 讨论
	3.1 有机无机复混肥及其减施对土壤养分和酶活性的影响
	3.2 有机无机复混肥及其减施对土壤微生物多样性和群落结构的影响
	3.3 土壤微生物多样性和群落组成与土壤理化性质的关系

	4 结论

