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Correlationship between denitrifying bacteria and physicochemical factors in cow manure composting

ZHU Li—ping, XU Xiu-hong', ZHANG Wen—hao, CHENG Li—jun, LI Hong—tao, WANG Zi—qi, HE Ning

(School of Resources and Environmental Sciences, Northeast Agricultural University, Harbin 150030, China )

Abstract: In the present paper, the community structure of denitrifying bacteria during cow manure composting process was analyzed by
polymerase chain reaction—denaturing gradient gel electrophoresis(PCR-DGGE ) based on the nosZ gene. The relationship between the
changes of denitrifying bacteria community structure and the physic—chemical parameters(temperature, pH, water content, NH;-N and NO;-N)
was evaluated by redundancy analysis(RDA ). Results showed that the Shannon—Weaver index of denitrifying bacteria increased during 0~4
d but decreased during 7~29 d of the composting. Based on the sequencing of dominant bands, Alcaligenes were the dominant species dur—
ing composting. Redundancy analysis(RDA ) showed that the community structure of dinitrifying bacteria changed little at the early stage of
composting(0~4 d), while it changed dramatically in the maturity stage of composting(23~29 d). Pearson correlation analysis showed that
denitrifying bacteria community diversity was extremely significantly positively correlated with water content (r=0.960, P<0.01), and sig—
nificantly positively correlated with temperature (r=0.766, P<0.05 ).

Keywords: compost; denitrifier; physico—chemical parameter; bacterial community structure; redundancy analysis
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N) BHSR(NOs-N)SFIASHEHA TS 800 E . @it
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DGGE )Rt LA nosZ FE PRI 1) S A0 240 B8 o
RNk, N TCAY53#H7 (Redundancy analysis, RDA )
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B IA] R AH DA , 1 FH B ZR A OC R BGE 2 Rk Ak
TR Z R 5 B S B , T2 M s el T
i ety A o] S e

| HR5HE

1.1 #EKR 5HMARE

M AR S5 v ) A 28 5 K RE RS AT 340K A WA IR EE T
Ay, MERE AR o W3R 1o B K REAS F BT B/
Bt (3~5 em) T 5420 R IR S RS 5 40 254
T HE W 13 7RG, I IR G R 5K
RPTTHR 60%~65%, H TS50 % H il i HE R LA
AT A T, HEE S AR P A T R, S HEAE
i FEAERRSE 30 d,

® 1 R EERS
Table 1 Properties of raw materials for composting

SEAE A} CYES BANEK 2R

Material Water content/% TOC/% TN/% CN
H2 28.77 35.22 2.53 13.92
FEFF 12.17 40.93 0.83 4931

FEREIR ) B R =2 AR B4 BIAESS 0.1,
4.7.13.23 .29 d BUFEIFIRSI(T AMFESL ), DAERE K28
JEERBR S  FEHERESS 3,511 .21 d #E47HHE. 7
I PR RAE . — W5 TR S EE | 5
—EBA3 I T-80 CHITF 4 P2/ o
1.2 HEREIR{L S HHME

FEHER b R R R R R R L
THAR ISR B2 IO 4ME, R Bl sk N & R
TR R T E 6 7 A HENERE S 7E 105 °C
THET 24 b SREHH TR A SRR EE . pH Y
W R B A HEAEAE S PR 1 g, % 1:10( BT MR i)
A B F7K, 150 remin™ FH#E% 30 min J57E 10 000
remin” PEATELL, B0 15 min 5t g, UEW BT

pH AR E . NHi-N & AR 6 1 B e fb 43 b
D7 AT E , NOs =N 5 12K F By — ek % L e vk ik
AT,
1.3 DNA f2EX. 4k

FHSEEG 2GR CTAB X HEAEAE L AL DNA #517
FEIRM g OMEGA 4fi 412057 S0P RL S I S DNA
eI Alifl, R alifb 25 5 20 CLAAEE .
1.4 PCR ¥ 1

S NE 2o A v S A Ak A8 TR R A I DA nos Z2E IR R
e, B HI%} nos Z-Finos Z-1622R 347 PCR ¥4,
I HAE nosZ-1622R #Y 5"smisJil GC ", PCR 974,
A% %y 50 wL, H:H : 10xPCR Buffer 5 pL,dNTP 5 pL,
B 1 wL,Taq B 0.6 L, F R4 0.8 L,
ddH,0 #ME % 50 wLo § G4 R . FAEHE 5 min(95
C) ;535 MEFF PR AEYE 45 5(95 C), 1B & 45 s(61
C), &M 1 min(72 °C) ; 5 FFEEAH 10 min(72 €)™,
T 4 CTHRAFIHE IS
1.5 DGGE B &l

M Deode™ R G5 PCR =447 DGGE 2256
{5 FH PR 2546 BE YT R A 35%~T0% 1) 8% 5 TN s I iz 15
Ji& (PR M ot e R P s e =37.5:1 ,m/ V) o B UK 25 A 7E
60 CHEIR Y IXTAE HLIKZ2 vy, 120 V H & HL
TFHLTK 12 WY YRS S % DGGE kA g ta gt
M YT FEEAE TKE , A GC JF+15]
Y T PCR &3, 07

M2t R AE 2 GenBank RIS E RS, H
BLAST L RIS E e 5151 T 2K, (] MEGA 4.0
T2 ¥ 19418272 (Neighbor—Joining ) A4 i 22 Ge HEALAY
1.6 #iEabiE

DGGE 343 2% F Quantity One 4.6.2 B4, /R
Wi A H=-2Piln Pi 7150 RS A 40 08 1) 22 AE M4
B CH ) 5 I AR A B 7 4510 2 A 5 FRAL S B0 A oG
PR3 R Canoco 4.5 A 34 , 18 Skt o A Eicdle i
BRSNS R 4347 (Detrended correspondence analysis,
DCA), SHE Pl B R AR B R s (<2) , BE I TT
ROHT T IEIEAT A, B Canodraw 4.5 B8 744 4=
LA ESHE ST A TR 3 s F1 P SPSS17.0 B
B IR AMHOC R FE AT R AL A T RV 2 FE 1 B
Sz AR e

2 ZREWR

2.1 BUSHITL
P 1 S HEAE i i I RE AR A , AR R 7 v
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FE RS A AT DK HE AR AR 43 = AN B BE . 0~3 d T
VR 4~12 d A7t s 13~29 d MREIRIE B . HENETT
UG IR T, FE56 5 d iR R i i 57.6 C,
It HIRFE L 55 CRyEAE R falfEL: 7 5 d, nl7EHE AR
TR R IE AP S A L Tl AR [ HENE A BR Y,
HEURIE P AEE RS 13 d JFRA TR R, HAEMEAL)S
W1 (13~29 d) ¥ B2 AR fb s F PR, 3 IE o i &5 A el ik
JEFEE T 25 5 o MEAE S A v LR A AR Ak 5 e AR P
Y B A G, AR B s AR ) 8 K Bl
SEEARIREE TR, RIS v TRt 25 5 sl 2 A P 1)
Mg o P LA, B R R i S N 2o A Bl A e v
TR B R 2, QU PPN HE AR R 75 TR B R fh i
Zefnel,

Bl 2 MHENE R AR S K3 pH A8k, HENE L
T BRI AR IR ZARFFAE 40%~T0% [T R
HAR PR BRI RS, 7EHE AR (0 d) HEE 5 7k R
K, IRE] 65.7% , Bl HEAIRE T+, 3 K 6B AR
AN AEHEREZE SR E B e (IR 42.1% . KA AL HLH2
SR PN RCAE 0 AT, T L 255 M 3 S )8 28k

JEW, HENE S AP B pH 280 AE 8.06~8.57 Z 1], TEHE
MEAE 1 d B % SR (8.06) , 45 7 d B ik 3 & K (i
(8.57)  AEHEAR IS 1 (13~29 d)iZ M FRE. Pl 7EHEAR
VI A o R A ML L R R = A LR,
TSR pH (R J5 WIE PLER R # Sz NHi-N 11
R RS HE R pH BT =1

& 3 o NHi-N 1 NO;-N 848k, NHi-N & &
FEHEAEATHA(0~4 d) T I ZEHENE I 1A (7~29 d) 2
SRR A AR Tl e 5, FL 5 A HE IR 4R I B2 (0 d) 1Y
767 mg-kg™ I NFEE 4 d BFEYEHRKAE 1159 mg-
kg™s Bl HENE A EA T, HE AR FE 2 T, K NH;
PRI N33 NHI-N A 2 i dd 2 (4~29 ),
HERE S5 o T B %8 fe/)ME 453 mg-kg™o 1 NO5-N &4t
TEREAHERE R R B T3 TEHEAERI ) NOs-N
AR 105 mg-kg™, AT REE HH TAERI(0~3 d)
B ELA A AR AR I A A 4 1 T 1 22 3 T e R A
NH;-N SR FL 2], Sl NOs-N ()4 pigs 2 s
U8 ZEHEAE 4 d LAJS NOs-N b fin, e 2k
TR ] 425 mg- kg™,

= 2 i Normal temperature

=2 HEAIELBE Compost temperature
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Figure 1 Changes of temperature during composting process
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Figure 4 DGGE profile of compost samples
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SITEHENE R (1 ) A (13 d) Al 2, 2800y
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Lum ) A B R B AR AR 5 2548 B LC AT FACAE i 0
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o 5 % 240 DA R BB TR (Pseudomonas )4 #5514 [F]
PEYE.
2.5 BUSHE RELAREBEEHNEXES T
A A A P S A AR TR R P 4G A AL S ]
R 2 RFELHABER SRR
Table 2 Diversity index of denitrifying bacteria
AL} E] Composting time/d
1 4 7 13 23 29
£ %% Band 5 9 13 7 7 8 6
SRR

Diversity index

Ui H Ttem

1.803 2.094 2.536 2414 2390 2.273 2.259

H(KU246125)

97} Archromobacter xylosoxidans (AB969828.1)

Archromobacter xylosoxidans ( AB969827.1)

TT'B(KU246119)

A(KU246118)

68" Azospirillum sp. TSO41-3(AB545691.1)

C(KU246120)

84% Uncultured bacterium(KM580356.1)
601 D(KU246121)
Pseudomonas sp. 3-7(DQ179252.1)
55 G(KU246124)
77" Alcaligenes faecalis(A¥F361795.1)

r E(KU246122)

63 L Paracoccus denitrificans(AF016058.1)

[ Pseudomonas denitrificans (AF016059.1)

98l F(KU246123)
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0

5 RELBEREHELR

Figure 5 Phylogenetic tree of denitrifying bacteria



ORI, 5 - SN o S P2 1 5 SR K 3 1785

TORGT AT A R 6. T 2 ASHET A AR T
57.5%F 21.1% 0 AL M A A REAE AL, 1B X SE P
e SO0 HERE 13 7 v SR Ak 20 TR 9 25 A i AR AL A
WS 7E RDA “4EHEF 45 R v i i Sk i R
LB A ERAL SR, 15 B AR AEAS [ HE AL K5
HURERE o 7 Sk B R SR B P AR AN R B 28K
YR Z B AR DG, LR S A, A MR
JCZ N A RDA HEFFEIFR AT LUE 5K
T SRAMEAESE AN SEINELAN A, UL e
JIE 1o R r o 4 PR 250 S A A 2 R RV 4 A AR AR 1
M4 K o 76 RDA 43, [l 2 0] i HE B8 3R 7R TR 7 45
FAI I 22 Sk (3 P ) 2 b e, 25 S bl Ny T
Y, SR A 20 TR P R 8 4 A HE B R (0~4 d) AR fE
BN, TEREIR IS B (23~29 d)AS b4 Al 51

08 .................................

7dpH
T I
5 :E? 13d AR
‘Q\c \"\-\. ::_ .-"..
=) e
a P
@ .......... .-..\,J-\. ........... {
;% - T 29d &
Lagsm o4
s
L 20d
Bk : i
0.8 : 1 1
-1.0 TIMk{E 57.5% 1.0

B 6 RIEUARERFIHFTLSENLSER RDA
Figure 6 RDA of denitrifying bacteria community and

physic—chemical parameters
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10 F ESR5 RAS AL  BE AE DT C B &R (AR R
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T 2/ A AR T A ™ AR S o AR R A
WAERT AN B 354 - S HE R e R PO 5 R B, &
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2.6 BUSHE RBUARESESHENMBEXES T
SAEAL AN T S Ak AR BRAE LR I 28540 5 20
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FEHEIEIN, 52 2 052 T B A3 (B TR A 25
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Vo S S KRS D R A RE ), DA T 2 g A 240 7T 11
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TEZREME R R T A 2 B AR DG, BB R A Ak
Y TR T T 22 FF P X HEAR I 5 AR R/ N AR AR
R, FEANTA AR AR AE S R AR A 2l

®3 BUSHE REUAREESHERN R /RBEXSH
Table 3 Pearson correlations between physic—chemical parameters

and diversity index of denitrifying bacteria

L Ry &

I H Item
Temperature Water content

NH;-N NO;-N

ZREVER B
Diversity index
T FR BTN R , P<0.05; %% FR R #H TEA KR
P<0.01;ns J7 i FHEHIX R (P0.05).

Note : *Indicates significant differences( P<0.05 ); **Indicates signif—

0.766* 0.960%* ns ns ns

icant differences (P<0.01); ns indicates no significant differences ( P>

0.05).



1786

M IRERFFIR EIRRE AR ]

B2 AT UG A B AL S 0™ A 2, DA T [71) 4
WM RE I BACNE 3. AEMERE AR P, R R
PCRATHEAARIN S KA BT, 8 KRR/
SRR PEAF AR — E BIAHSCE . HEMR N 5 KSR,
VAR AR BUR, 2 R AR S R AR
FRBIFTE AT, 45 A SR P A — i 1 Y0 T PN I, S A
POA AT PR35 A 2 52 3005 ik e P PRS2 M B0 214 77 i
SRR A BEAR T A ANEL A A6, ISl T 200 T P 355 P i
AR SRR P A R AERT T e o Cl  H 2  S i Ak
AR R I P PR A SRR B AT A — IR BRAEL, PR [
(B! S AT i 4R A AL AL T RESZHENE K 7 O 20
A S 2o R P S i A 0 B R 9 2 R P i 55 7K 3R 1 R
PNIIPAN

3 £

(1) FEA-FEHENE 1 R b, i A AN G A 7 4 A T
HEREHTHI (0~4 d) 2B BN AEHEAL J5 1 (23~29 d) 728
BRI s RS AL AN TR T I 2R SR S IS Ty
(0~4 d)JF FEAR A A 3 (23~29 d) 5

(2)Alcaligenes( 2k GAAE T AW LT,
A BRI 2, 2 HEAL AR S A 40 i A OGS
J& ;Achromobacter (5547 B) REEFR M (554 C)FN
Pseudomonas (&7 F)ANH BUESEAE SR 4], oA 4
SR TR v T , S e TR B A TR R

(3RS KA A RS B VR 454 42
A E AR EE (5200 o B 7K 25 RO L A A 2
FEPESAR B & IEAHDCOC R IR 5 RS L Al i v 2
FEPER W5 IEAHR KRR

S k-

[1] Jusoh M L C, Manaf L. A, Latiff P A. Composting of rice straw with ef—
fective microorganisms(EM ) and its influence on compost quality[J]. /-
ranian Journal of Environmental Health Sciences and Enineering, 2013,
10(1):1-9.

(2] SR EFr XITFIE, T A, S5 SRR T R e K R A A 5],
Lol HEERLA2E4R, 2005, 24(1) 1 18-25.

ZHANG Yu—qin, LIU Kai—qi, WANG Ge, et al. Screening of denitrify—
ing bacteria and determination of the culture conditions[J]. Journal of
Agro—Environment Science, 2005, 24(1).18-25.

[3] Jiang T, Schucharde F, Li G X, et al. Effect of C/N ratio, aeration rate
and moisture content on ammonia and greenhouse gas emission during
the composting[J]. Journal of Environmental Science, 2011, 23(10)
1754-1760.

(4] EFH, FBRE, M/l LAY 5 F A A 0T i e B
R[] fOll FRERE2, 2013, 32(10):1915-1924.

WANG Hai-tao, ZHENG Tian-ling, YANG Xiao—ru. Molecular ecology

research for soil denitrification and research status for its influencing
factors[J]. Journal of Agro—Environment Science, 2013, 32(10):1915-
1924.

[5] Wang Q L, Hu N, Ding D X, et al. Removal of NO; -N from polluted
groundwater in decommissioned mining area in an in—situ leach urani—
um mine by denitrifying bacteria bioreactor[J]. Atomic Energy Science
and Technology,2013(8):7-13.

[6] Barrett M, Jahanigir M M, Lee C, et al. Abundance of denitrification genes
under different peizometer depths in four Irish agricultural groundwater
sites|J]. Environmental Science and Pollution Research, 2013, 20(9):
6646-6657.

[7] Wei L, Ma F, Su J F, et al. Rapid quantitative detection of denitrifying
bacteria in terms of nirS genel[J]. Journal of Harbin Institute of Technol—
o0gy, 2008,40(10):12-18.

[8] 1+ H.. + R/ HTIMI. Jbat : AR H i, 2000.

BAO Shi-dan. Soil agricultural chemistry analysis|M]. Beijing: China
Agriculture Press, 2000.

[9] Tago K, Okubo T, Shimomura Y, et al. Environmental factors shaping the
community structure of ammonia—oxidizing bacteria and archaea in sug—
arcane field soil[J]. Microbes Environmental, 2015, 30(1).:21-28.

[10] SuJ F, Ma F, Gao S S, et al. Aerobic denitrifiers dispose the wastewater
of NOs—N and the analysis of the diversity of microbial species|]]. Jour—
nal of Basic Science and Engineering, 2008, 16(1):45-50.

(1] E B, A, skIREE, 55, S AR SR REEE ] (nos Z) PFHY

AN TR R Geh i) RAEAR T ()], PR32, 2012, 33(4):1306-
1311.
WANG Xiao—jun, CHEN Shao-hua, ZHANG Zhao—ji, et al. Denitrify—
ing bacteria of constructed wetland system based on the nitrous oxide
reductase gene(nosZ)[J]. Environmental Science, 2012, 33(4):1306—
1311.

[12] Angnes G, Nicoloso R S, Sliva M L B, et al. Correlation denitrifying
catabolic genes with N,O and N, emissions from swine slurry compost—
ing[J]. Bioresource Technology, 2013, 6:368-375.

[13] Valentin—Vargas A, Root R A, Neilson J W, et al. Environmental fac—
tors influencing the structural dynamics of soil microbial communities
during assisted phytostabilization of acid —generating mine tailings: A
mesocosm experiment|J]. Science of the Total Environment, 2014, 500,
314-324.

(4] J  fd, BEUEEL, 4% I, 55 JETOUR T i S B M1 IX
- AEA R SRR, 2012, 33(6):2132-2137.

LONG Jian, LIAO Hong—kai, LI Juan, et al. Relationships between soil and
rocky desertification in typical karst mountain area based on redundancy
analysis[J]. Environmental Science, 2012, 33(6).:2132-2137.

(1517 Bk, IR, SO0 SN AL KB BN B 5 D).
R AL R AR R, 2011 85.

TANG Zhu, SHEN Qi-rong, YU Guang—hui. Characterization and in—
dentification of maturity of pig manure composting|D]. Nanjing: Nan—
jing Agricultural University, 2011 85.

[16] SeleR], 5k A, B A B DA I B S HOR M. b s k2
ol Hipie, 2005:83.

CHAI Xiao-li, ZHANG Hua, ZHAO You—cai. The principle and tech—



ORI, 5 - F SN o S P2 1 5 B S K 3 1787

nology of soild waste composting[M]. Beijing: Chemical Industry Press,
2005:83.

[17] Liu S T, Wang G F, Xie X F, et al. Effect of matrix on denitrification ef—
ficiency and distribution of nitrifying and denitrifying bacteria in con—
structed wetlands[J]. Journal of Southeast University (Natural Science
Edition ), 2011, 41(2):15-18.

[18] Li H B, Lian J, Li M, et al. Isolation and characteristics of denitrifying
bacterium strain GW1[J]. Journal of Hebet University of Science and
Technology, 2012, 33(2) :20-24.

[19] # PG 7. SAl AL 20 T 0 25 5 T W Fe (1) EDTA Fl Fe(11)
EDTA-NO [ J[D]. Joik - RIEH T R4E, 2013:19-23.

DONG Xi-yang. Reduction of Fe( Il ) EDTA and Fe( Il ) EDTA-NO
by dinitrifying bacteria in a NOx scrubber liquou[D]. Dalian : Dalian
University of Technology, 2013 :19-23.

[20] Yi N, Di P P, Wang Y, et al. Diel vertical variability analysis of denitri—
fying bacteria abundance in oxygen—enriched irrigation pond[J]. Trans—
actions of the Chinese Society of Agricultural Engineering, 2015, 30
(15):22-26.

[21] Zhu L, Yin L H, Pu Y P, et al. Optimization and application of fluores—
cence in situ hybridization assay for detecting nitrifying bacteria in en—
vironmental samples[J]. Journal of Southeast University ( Natural Sci—
ence Edition ), 2005, 35(2):21-23.

[22] SuJ F, Ma F, Wang J H, et al. Nitrification and denitrification charac—
teristics of new heterotrophic nitrifying bacteria[J]. Journal of Tianjin
University, 2007, 40(10) . 7-14.

[23] Miao Y, Liao R H, Zhang X X, et al. Metagenomic insights into salinity
effect on diversity and abundance of denitrifying bacteria and genes in
an expanded granular sludge bed reactor treating high—nitrate wastewa—
ter]J]. Chemical Engineering Journal,2015,10:116-123.

[24] Ligi T, Truu M, Turr J, et al. Effects of soil chemical characteristics and
water regime on denitrifiction genes(nirS, nirK, and nosZ) abundances

in a created riverine wetland complex[J]. Ecological Engineering, 2014,

11:47-55.

[25] W&, BRRE T, k32, S5 Al B2 W) 0 eUHE JE v B35 [ X
nirK .nirK F1 nos Z 3= 152 [T]. FERE, 2013, 34(3): 1196-1302.
HU Chun-xiao, CHEN Yao-ning, ZHANG Jia—chao, et al. Effects of
physico—chemical parameters on the abundance of the denitrification
associated genes nirK, nirS and nosZ during agricultural waste com—
posting[J]. Environmental Science, 2013, 34(3):1196-1302.

[26] Zhang L. H, Dou C L, Shi H F, et al. Experimental study on the nitrifi—
cation process in the bio—cathode of microbial fuel cells[]]. Environ—
mental Pollution and Control, 2012, 34(9):26-30.

[27] Chen Q Y, Jiang L F, Chen J Q, et al. Isolation and NH; —N removal
characteristics of a high—efficient heterotrophic nitrifying bacterium al—
caligenes faecalis Ni3-1[J]. Environmental Engineering, 2015,33(5) :3—
7.

(28] 2= I%, FRAEE, 5K/, 55, S ARG S H PR R0 K] 7 o RIF 7 ik
JE[T. AKAEAE AR, 2014(1) : 166-170.

LI Wei—fen, ZHENG Jia—jia, ZHANG Xiao —ping, et al. Progress in
studies on denitrification enzymes and environmental impact factors[J].
Acta Hydrobiologica Sinica, 2014(1) :166-170.

[29] Michael -Kordatou I, Michael C, Duan X D, et al. Dissolved effluent
organic matter: Characteristics and potential implications in wastewater
treatment and reuse applications [J]. Water Research, 2015, 6:213—
248.

[30] 5K . & 3 FEAHHENE A ik P AU AL LA S L2 P4 R it 1) 52
WA[D]. #5 : THILARMBHE I, 2014,

ZHANG Xue—-chen. The transformation of organic carbon and nitrogen
with different regulation technology during the livestock manure com-
posting process[D]. Yangling: Northwest A&F University, 2014.

[31] Niu T H, Zhou Z, Shen X L, et al. Effects of dissolved oxygen on perfor—
mance and microbial community structure in a micro—aerobic hydroly —
sis sludge in situ reduction process[]J]. Water Research, 2016, 5:

369-3717.



