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Effects of Manure and, Orgamc Fertlllzer Appllcatlon on Soil MlCI‘ObIal

i

Community’ Dlver51ty in Paddy Fle'lds ) e
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LI Peng', WU .Ila'n qlang , SHA Chen )L&I’l J'IWYE Chun -mei' HUANG Shen fa1 -4 = &
(1. College of EnVlronmentdl Science and Engmeerlng, Dimghua Unlverslty, S'hdngﬂdl 2016201 China; 2. Shanghai’ Agddemy of
Envirénmental S(len(’e%, Shanghai 200233, Chlna) v y J

Abst;,.act 'To 1nvest1gdte the effect of typlcdl manyre dppll(dtlpn on soil microbés in pdddy fields, .a field experiment on manure
apphcatlon in Chengming Igland was carried out. The .eomposﬁlon. and variety of soil microorganisms in rice paddy fields were analyzed
using’ highsthroughput theory (CK) , chicken manure ( CMY<"pig manure (PM) , and organic fertilizer (OF). The results showed that
comparedwith CK, the application of organic manure increased soil organic matter (SOM) , and the application of chicken manure
significantly increased the soil ammonia nitrogen (NH, -N) and total nitrogen (TN) contents (P <0.05). Soil microbial diversity in
the PM group was significantly higher than that in the CK group (P <0.05), and the soil microbial community richness in the OF
group was significantly higher than that in the CM group (P <0.05). pH, total phosphorus (TP), total nitrogen, and Pb were the
important factors affecting the composition of soil microbial communities in paddy fields. The microbial community structure in the CM
group was significantly different from those in the other three groups. Compared with CK, the OF group increased the relative
abundance of Nitrospira, and the CM group significantly reduced the relative abundance of the denitrifying bacteria Ignavibacteriae (P
<0.01) to40. 56%, but significantly increased the relative abundance of nitrifying bacteria Thauera( P <0.05) to 203. 00% . The PM
group significantly increased the relative abundance of ammoniated bacteria Armatimonadetes (P <0.05) to 57.51% and the anaerobic
strain Anaerolinea to 102. 00% . The application of chicken manure and pig manure significantly increased the relative abundance of
pathogens Pseudomonas and Flavisolibacter ( P <0.05), respectively, while the application of organic manure reduced the relative
abundance of Flavisolibacter. Overall, the application of manure increased the abundance of bacteria involved in the nitrogen cycle of
paddy soils and played a positive role in regulating the nitrogen balance in paddy soils. However, direct application of chicken manure
and fresh pig manure increased the abundance of pathogenic bacteria, which had a certain degree of stress on the soil health in the
paddy field.

Key words: chicken manure; pig manure; organic fertilizer; paddy soil; microbial
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Table 1  Physical and chemical properties of paddy soils under different fertilization treatments
LD A CK PM M OF
pH — 7.70 £0.0b 8.03 +0.06a 7.93 £0.06ab 7.73 £0.23b
NH, -N mg-kg ! 12.30 £0.0b 8.64 £2.75b 257.67 =111.51a 3.70 £5.72b
NO; -N mg-kg ! 476.00 +0.0ab 172.67 +34.59b 1057.67 £777.61a 102.63 +34.59b
TN mg-kg ™! 325.00 +0.0d 635.67 +125.13¢ 997.00 +100. 64a 818.67 +£55.90b
TP mg-kg ! 858.00 +0.0b 913.94 +15.59a 844.06 +58.35b 849.40 +31.55b
TK mg-kg ! 17 700.00 +0.0b 20713.34 +304.23a 18 993.34 +3 037.03ab 19 106. 66 +2 550.21ab
SOM g-kg ™! 29.00 +0.0ab 21.00 +7.94b 29.00 +7.21ab 32.00 +3.6la
As mg-kg ! 5.40 £0.0a 4.50 £0.62b 4.70 £0.26b 4.97 £0.15ab
Cd mg-kg ™! 0.12 £0.0a 0.10 £0.01a 0.12 £0.01a 0.12 +0.02a
Cr mg-kg ! 18.80 +0.0a 15.40 +1.59b 16.00 +0.46b 17.27 £0.42ab
Pb mg-kg ™! 11.80 +0.0a 10.37 £0.95b 10.90 +0.78ab 11.77 £0.61a
Hg mg-kg ™! 0.15+0.0a 0.09 +0.02b 0.14 £0.04ab 0.15 +0.06a
) R AN 5 B e AL 5 B (P <0..05) 5 NOy N FoR AL, TK 2677 B0
41 SOM, TP M TK RyIE N vl A2 S ECEIHA A 52 JEHER(Ace) Bl 2 RS 15 55 ( Coverage ) 33 IR

L5 TAREAE Y IR IE 45 RS,
MAEIEE S S Sk E | ICA As S REYET
CK 41,PM F1 CM 453 HIFEAK T 16. 67% %ﬂ 12:96%,
OF ZHFFAK T 7. 96% . ANFALFEL 1 5 Cd it TC
W25, CK AL Cr frit i T AL 41, PM Al CM 4y

SRR 1 18. 09% 4. 89%, OF QEWEET gitigs.

15 CK A He /M AP 7 A T 124 12/CM i
OF 2443 MG 1 (7. 63% 1 0. 250 . &5 A w1 A3
wm%rﬂ&t%&7mm¢%$§$@“£,

J_T-ﬁ %E?%ﬁi’f@i@ﬁ%ﬁm B R G

mﬂ/“’ffﬁifﬁ ﬁi%i/\)%ﬁ%?%%ﬁ%ﬁ%a‘,%ﬁﬁ“

F“ﬁi%%ﬁ & JE A A S R 19],3{°E7ﬁ

HUAETE HE AP I 72 vt B A8 ) 5 PRSI i B 4 )8 &

%[21].

2.2 AN[FIZEALG RS H AR E A A

A5z A Bk 2 S 2L (Simpson) | BB

ot FH SR b W e T R ﬁ/%$b}#ﬁ#unx
ﬁm%iﬁlﬁ2)mﬁkﬁ@%Cmm$%ﬁf
0.939 1 ~0.941 92 [l %Eﬂiilﬁ#m&ﬂr‘fEA
. Simpson i %%SIHFT“)@ CK > OF > CM > P'M PM Qﬂ
Simpson Taﬁﬁ%ﬁﬂ: CK 4] (P <0.0595 %%HE%

i A B R Eﬂiﬁ%ﬁi%%#@mm,,ﬁc%x@
SERATHUIL A0S, Hui 1) 5 % P16
SRR R B R 0 2 R | SR S S
2. Ace #E.ﬁtﬁlirjﬁ OF > CK > PM > CM, OF 4H Ace
RBBEE T CM 41(P <0.05). AHLELAH T +
BERAEY) OTU B fmr, HUOE CK FI PM 4H, CM 2H
I SR B 5 A T R 2R R
A8 ORI 45 3. OF 41845 36 1 SOM, A=
P A RIS TS R T g R E SR T R, m
TR RE NS F B W 1 A K, T 33k OF 41
Tl R A

R2 TEMELETHEE T EMENEESHEIEEY

Table 2 Indexes of microbial community diversity in paddy fields under different fertilization treatments

I H Simpson FeH Ace TE%L Coverage Ei=2 04
PM 0.002 0 £0. 000 1h 4939. 68 +104.33ab 0.941 8 +0.001 6a
CM 0. 002 4 +0. 000 3ab 4 885.59 £202.57b 0.9419 +£0. 002 S5a
OF 0.002 6 +0. 000 7ab 5115.33 £119.78a 0.9391 +£0.001 5a
CK 0.002 8 £0. 000 8a 5034. 17 £199. 36ab 0.9401 £0.002 7a

D) ARR/NG FREFR R 22 57 2 (P <0.05)
2.3 RIAIZEAE it RS FH 3 Wk v o 4l
AN IR ZE N A BT oA W A % 2 8 ) AR R 8 2
SEMEA M A A 2 BroR. A0 2 T RS L
BEHUE M REIE AL, 5 Liu 2572 B9 0F 5T 45 R —
B ARIZENT AL BE T T A W B I 40 BUAE PC A B
Nl 225 7E PCL il 1 45 Ab 3 20 A e 431k, CK 4
1 OF H F LA 4E 1 J5 1a], 1 CM 20 F0 PM 475
PC1 IEfUsIIA 434 PC2 B b CM 4H 5404 78

7 ], PM 20 3253 A £E IE J5 1), 1 CK AT OF 2 7%
PC2 IE Ul 3 A, 853 W] CK Fi1 OF 4l iA:
YIRETE SRR AL, CM 20 5 Hifl 3 4R ek it
TEEEM 22 30K, CM A = & = UNH, -N | NO; -N
ATN 1] g P BOZ%E 0 B,

AR A A BT A H - S G AR B TR
5] 3 Jit 7. AN IR it b O 34081 4 B R AR, F I 3

(a) AJHI 4 ALB I & T THN TR,
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Fig. 2 Principal component analysis of microbial communities

in paddy fields under different fertilization treatments
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Anaerolineaceae) fiti fL 12 B J& . Nocardioides . % {6 T
W J& (Bacillus) . Gaiella ., Sphingomonas ., HI6 BT
)& ( Thiobacillus ) A1 M 5 J& ( Pseudomonas ) ¢
JFEE. 5 CK AL, PM 41K A 48 0 AL 8 A R
JEREIN T 8. 00%, Jifi FH 4% FE4E o T DR AAUTA A9 AE G
OF A2 & ( Nitrospira ) B4 T 5. 00%, A HLAE
Bt I BE I T 55 U006 PR A DGR A W ) 2 B B EA
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Fig. 3 Composition and relative abundance of microbial phylum and genus levels in paddy field soils
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CM 41, i b ik 58.00%, H vk 23 il OF 41
(17.00% ) . CK 2 (15.00% ) #11 PM 20 (9. 60% ).
WEHUAR R Ty 22 0 BT e T TR B AP RUE )
FYFFXT = B 43 B 45 A 3820 22 1] AR ) 4H Y 22 5
(B 4). WTTAKFRAE K 4 (a)], PM A
Armatimonadetes FJAHXT = B 2% 5 T CM fil CK 41

(P <0.05); CK 4 Ignavibacteriae i % T CM 41
(P <0.01); OF Fl CM £ A & I 2 # #F 5 1"
(Fusobacteria) ,PM £ CK ZH#R T 1 '] 11 3% = F OF
FICM 41(P <0.01). WEKFRE[E 4(b)],CM
175 W B R (norank_ f_Plancomycetaceae ) B HH
X F B B T CKAL(P <0.05) ,CMA L [C

ab
b
a
Ignavibacteriae % a 0.009 569
a
a —
TM6_ Dependentiae_ E X (@) FIAF 0.040 170
a
b
Fusobacteria & 2 0.008 418
a
ab
FLO428B-PF49 E b a 0.013 910
ab
L L L ] 1 1 1 1 1 1 1 1
0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55
novank_c__Ardenticatenia 2 0.037010
norank_o__ Subgroup 7 0.001 599
norank_o__Acidimicrobiales 0.048 180
Hl OF
norank_f Planctomycetaceae 0.012 070 N M 5__.1'
B CM
Bryobacter 0.007 008 B CK
norank_f_ABS-19 (b) Jm A 0.036 900
norank_c__SJA-13 0.005 804
Paenisporosarcina 0.031 760
unclassified_f Nocardividaceae 0.028 070
norank o BI1-7BS 0.013 030
lamia 0.031 590
RB41 0.009 149
Anaerolinea 0.007 834
Flavisolibacter 0.033 980
Thauera 0.034 270
1 L 1 ']
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
T i %

RRNG TR 2253 B35 (P <0.05)
B4 BHIBEMEVITNBKEHADESEERATEDN
Fig. 4 Univariate ANOVA of intergroup differences in micro phylum and genus levels in paddy fields

J& ( Thauera) BT CK Al OF 41(P <0.05) ; PM
AR 20 1 I8 (Anaerolinea) W & T CM 41 (P <
0.01) ; EFFEJE ( Flavisolibacter ) J2— & WL i) 2L
AT 8, PMZHAR X 2 fe g, 38 27. 77 %, &S T
OF 41(13.98% ) (P <0.05).

3 iFie
3.1 ZEAPE X AR O B A R

AR 2 A e i A T L S rh AR T TR 1] R R
I RO BT TR AR B 1 4 A AT T ik e 2 T



4268 ®

B 41 %

AT RETE K ABIR PR AR ZVEM]. 55 CK M HE, XS 3%
A ML A it FF 28 0 T RS E - B e AR T B T AR R
B T8 26 0 e P A AR T L AR X S L Lesaulnier
R R R E T S5 LT
Y50 B L IR ER AR B 33 b s e A T D
ART L HEAE S R R B AR T R R A
TGN T 4R B A X B, PM 4
DT R ZEAE Y R A B DR, e
A LOKEE RN 2200 2% e AT HLER A >, e H%%a M+
e LY B 4. S T 26 A0 i FH 2T R ARG T R T 1
XS B | Calleja-Cervantes 252 B HIF 5% 2 B ik 2%
B 115 M BT R G, 2 It S O T
HAXHF BE (BRI RT BB AT E A ML Y R

4 G AR v R AR 4 AR R T R Ak R B T 4R
H @ 8. 5 CK AL, OF 1 PM 4L 1 R A48 4
LA R AR R B RESE T AR TR £
SRR A AR AT HLAL A s 38 0T A SR TR 1Y
X2 2% % T I TR AL R 6
FERE AL R Pkt 3 T A T R 2t P S

3 D L P RS P A Xt S B (P <0. 05)), ﬁﬁ%z’f_;

ﬁ'@ﬁmﬂﬁkﬁ,ﬁjﬁxﬂéf @iﬂ@-)ﬁm r“';ai
HEPN A %Eﬁa@” CM #H 45 a’iﬂ’) TN
T Al 1 ol i‘huﬂﬁaz%ﬁlﬂ

32'ﬁmmmﬁmmi%M$%@@§#m%m,
"Ilﬁ‘]i'fﬂﬁy@ﬂﬂ}:*aEiﬁ%ﬂé%ﬁ%@lﬂﬁﬁ y

ﬁ:’é‘“#_ﬁ# PM 4 Armatimonadetes A Xf$rﬁ.i§.‘m
F CK ?Fl] CM 41 (P <0.05). Armatimonadetes J&—2%
GALHNT RS N REUSTHFE S, AR TR S 2
77 A ™ AR i s L, — R AR W AR Y [
b, —FR oW A8 A AR AR 0 R AR B AT
R AR E 2 0 Z 5 A BB ) B A
@A R & B DL 2 A HL AR )
R B RTHE. P, A8 B e n T fk s 2 Ae Ve
E’Jgﬁfﬁ/}'ﬁ%“ TE— R b R i+ e i I AR
MK AERK AT, Klﬂf’fﬁﬂﬁ@ﬁﬁiﬁf‘&ﬁT
Igndwbdcterlde S SIS N S A L <= W < N T
Ignavibacteriae 7F i 48 5% 1 38 i S A A AE HT g 8
PRTCH i 2 5 0 VA TR 3 380 J5 o S AR P AR
TR 3 P AR R S i, RS R
SRR M FH AE A 2 4 0 P T EC T i 1 A
FJE(P<0.05), Sun %1 SRHT T A 28 HNRE R AL
LR P A0 TR R I A5 1 S AR A B R AL
PRS2 i M T TG TR s 7 B i Ao 78 e = 5
YEF. PM ZH IR S48 11 Jas Y AFDRT 5 32 v T HAth 3 4
Zhang % ARFFY & BURS FH Hh DR G208 B RE A 70 IR
M TR ORI Y. KREAH B S 5REH 4

Pifkaz €. N S il Fe MUTHIR, A% FIE A B AH BLAE
FH NI E - S8 AE g A 18 K. 28t FH mT fnb 2 1 m
s i TR EECFT D i AR =R B2 (P < 0..05) 1T XS 28 A
LA il FH AT ARG LA ) 3 B R TR B A X
JE 5 3 TP SR AEARSE " PM 4]+ A i
() TP 7] BB A P = B i i) F= 22 A
3.3 IREERE T AR LR H 3R Y R R
AR T R BT F (NHS-N, pH fA,
NO; -N, TN, TP, TK £1 SOM) fil 5 Fh & 4 J& (As.
Cd. Cr, Hg Al Pb) Ak B XF R A A 901 T 1KF
AR STk (1] 5) . 45538 W], pH (&, TP, TN F1 Pb
SERCMA A PR ) B IREE K T, pH BV AR T 1
U] BRATHE T TSRS T | 1A IEAH SRR, X R RE B ]
(Firmicutes ) AR # | 14 FAHICAER] ; TP Fl Ph Xt
RS VRIRRAT TR 1 147 TEMICHE T, X i e PNE
BT TRV IR T ST TN AR gl ]|
LT ] R R | Ak T I?ﬁﬂi*ﬁﬂéﬁf}ﬂ xu“
%%ﬂﬁﬁﬁﬁ%% \ y.f J

i
’,

80 F
¢ CM

! CK

pH i e OF
6.0 - \ ! A PM

RDAZ2 (17.58%)

=60 ~40) =20 0 20 40 60
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Fig. 5 Redundancy analysis of microbial community gate levels

AN ZE I it FH AT 4 i el SR Ak
i) 422 5 e g T - 3 26 9, AR S 2o AH M A A
[ii] &b L £ PR 355 PR 7% e FH 353 0 s /T 9 21
AR FERE (I 6) . 45 BB, OF 4 b 21 1 )
J& (norank_ f_Rhodobiaceae) 5 Pb . As Fl Cr & .3
IEAHK (P <0.01), 5NH, -NE B AL (P <
0.05) ; norank_ f_MSB-1ES 5 pH {f 4 . % A 56
(P<0.05); BAFAEJE S Cd 2B EFEAMELE(P <
0.01),5 TK £ B EIEAHE(P <0.01). BifFF#E N
MY 8 S A BRI SR, 7 1 AU HL Y [
I Fe () Ay i, BEAE S 6 710 1 HH 68 i 7= A=, DA
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Fig. 6 Heatmap of the correlation between environmental factors and microflora in different treatment groups

g/ SRR HERL . BRAT R S TK 831
(P <0.01) X AT fEZ& i T OF 45 9 SOM
FTK AT s s S 4L 1w A E IR IR A R
THARZH.

PM 20 2E 0T 5 J& F1 norank _c_Ardenticatenia
5 Hg 2 3 EAME (P <0.05) , BRAT 1 49 5 )& Al
norank_p_Latesctbacteria ) 5 Hg B REAHL(P <
0.05) ; norank_c_KD4-96 5 TP 2 W F A (P <
0.05) . ZF AT I s R K FEAR PR i) S i AL 40 T4, B g
S TE DR ARG T i oK F Ak i R 30Kk & 4 )5 7T g

P AR X A B ZE AT R S He S IE
AHIE B JE A

CM 4 12 DA F S5 EAHE A B
FHP R AL R S Ph IEAHSE, 5 pH (H
M, MRITHENA R KA 4 EH R 8 A norank_c_
KD4-96 Y5 Cd M5 ; norank_c_KD4-96 5 TP 1EAH
X, 5 SOM Fl TN i M 55 Nocardioides 5 SOM Fll
TN fiAHX; HI6 5 As I Cr IEAHG, 5 SOM 11 TN
Ak

CK 2 b W0 7§ Ak 50 a3 B 5E J& - (norank _ f _

-
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Nitrosomonadaceae) 5 As 2.3 1EAH K (P <0.05) ;
ZE 0T 1 JB M norank _ f_MSB-1ES 5 NH, -N Al
NO; -N& B FIEM (P <0.05) ; Nocardioides FIHi
FIEES TN 2R EAMHE(P<0.05),5 Hg 21
FIEM L (P <0.05) ; LN HIE (norank _c_
Actinobacteria) 5 TN 5 i F 1IEAH R (P <0.001) , 5
As RHEMAHE(P <0.05), 5 Hg & W 7 AH %
(P<0.001); IREASEWAHLE S Cd 2 W #F A
(P<0.01),5NH, -NFINO; -N& B FHAHE (P <
0.001) ; H 28 B 40 5 )&/ A1 norank _c _KD4- 96 5
NH," -NFINO; -N£ 5 3 fAH ¢ (P < 0. 05). 2R AT
PR AR DR AU B A U TR ) 2 K R AR B
AN e Rk R AR
KR AT R A 1) R, XTI RE R 2 A B S5 NH, NI
NO; -NEIEAH A JE A, iR N8 5 TN 2
FH A, HERRY Mg 4 R — 5 .

OF 44 Pb, As., Cr, Cd il TK J& 5 figH +
M 90 IR KT 9 2 B SR8 R T, PML 4
S Hg 1 'TP, 1 CK4LMIENH, -N, NO; -NFIIN. fiF
7 A B 2 ¥ B T ERE R TR A
He 2 T HIX R T o T
MOTE |7 f P R T, 8 IR TR0 e AT
ot LA e B A ﬁﬁﬁ%ﬁziﬂf@ﬁﬂéjz‘é ] ke
RS T R HERRBE A T X — W AR
i A 2 A 7 p A =

R B IR BT 00 2 A A R A S
CM 27775 1 B 52 8 B AR AT = 3 e i, Nie 26190 (4
F5% & BUAE ARG FH 3 b 2 35 R R S % - 38 1) /U0
A 2. CM 4 -8 NH, -NFI TN & 5 25 5
FHAB 3 4 (P <0.05),NO; -Nw&5 T Hifth 3 2H (£
1), CM ZH - 38 v 37 55 B RE S Ja AR X 3= B A 1 vl
RS HIA & A . CM 4 & /N0 -NAl Ky
ZFE YRR SR AT R R, A R TR A
W BETE I RA EY. OF 41 SOM 1Y 7 B &,
NH," -NFINO, -NA§ & 5 e fi%, Ho s N nl e & e = A
BURRFR 82 T X0 & 2E T v - SRS ALVE T, 5 K A
FR R WENH, -NFINO, =N, TP A% OF 41+ 4 vh
NH, -NFINO; -NAy & i L2 8 5 N0, -N2
BEIEHIE(P <0.05) , #riRyr ) pmk 5z 2 WA A5 H
A EINO, N NS A A AL AN R AR L T S
By, DT EL A fh ik A2 i L, - SR i SR A o A
HH A 5 T A R b e AR, R
SRS 20 TR 1 BT 2 s 2 A AR L
R Z R B S NVE A, T RE A 4 41 4b B
NO; -N¥J/& FNH, -NAy 2 . PM 4] TP % & i

o

F(ELD,REHEFHEBES TP RREFIEMEL(P<
0.05) , 3% A e PM 20 IR 42 40 1 & AF 0T 2 BE A i
JEUEA.

4 Hig

(1) 5 Al 3 20 A0 L, % 3% it I g 0% 1
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{ . TP, TN Fl Ph & S0 P REVE 285 1) 3 B3R
B R, AN R A0 P s T R R LA TR, K
I 42078 T R L 48 fM 2 20 P RV 4L

(2) G PR 3 T S 3 86 0 R T L 00 A )
e, FHAE BLAE 00 7 6 35400 - S 4 B T X
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B SN R A ] SR L i
EREATT RGBT b DA A T, DR S TR ot
WA I A B i s AT LA T 88 o 2 e
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a0 A a e
Ignavibacterige [\ A XTS5 . —

(3) RIS 1 F RN T 2 55 R5 B 439 00
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