TRAE SRR May 20, 2019, 46(5): 986-996
Microbiology China DOI: 10.13344/j.microbiol.china.180403

tongbao@im.ac.cn
http://journals.im.ac.cn/wswxtbcn

BASFEERA IS nirk B R AREETESTN
Rul £f BREZ AR NHE ERR OAMNE RAE R HEE

ARACEM R BRI e BT M/REE 150030

 OE: [BF)] iy, TRAMKMENEERAFEXELER, FREBALARMS
Rl AL, T g RIRT . 2R A W TR A m B A M AL, LR RBEEM
5 Ae 2R F 1A AR R a9 E R A R, [ B 6] xP3ied RAba i 75, BER TR
R B RE A S TA, A RATEIRI A RGNS #4038, [ 5] kit — S AB A SR
I AN IE 4 EFaKAGREAT, FI A 18 T FHABFRIEICF nirk BB A 0 B BERLA A B A
b, FFoM B R E E RS B AR agAR X, [4R] fRefEd 17 d BTFUREEk
FBATAB AN FIATRYPRLCEERE . B ZN 25 RA, AR TR nirk B R AHAL
mMAREEMEFRIE. 1TKF L, Ry RAMEE BT ZME 1 (Proteobacteria)f— R4 %17,
BAKF L, % EB 2R TG H B (Rhizobiales). #LAF# B (Rhodobacterales) %214 %, K & B
(Burkholderiales), 3t ARJ% & B (Rhizobiales)d# %3% % , M1t &K F (Burkholderiales) A8t F B
%, Spearman A8 X ESHT R RS K14 KA B Ao R 5 KA B B 09 RAC I 5 28R B
R, AKEUR pH 22 F A48 %(P<0.05), 5K RAFmLRERE EA(P<0.05); HferBE
B sk, BRI, AKEVUA pH 28 F EAH£(P<0.05), 5 YUK RAR A RE R E R 48 £ (P<0.05);
AOEAMA LKA B R EE . AOERNEH R IR EE . ~ A A A4 Pusillimonas 2
Fa &) 3R 1E B (Paracoccus) 54 % RE F 40 X (P<0.05). [48] #5458 R IEH AR T VA% 42 e B
. AEACH) TR HE nirk ARG 4 BE SRS A £ B8, OF L AR 45 H09 R A% B3 AR BB AL
BT 02 EHh, AFEH Y TR TREY R AL, A die T ¥R IR,

XHER): F £, HAMRE, HEENGF, nirk BRALEE, HFEKH

Dynamics of nirK type denitrifying bacterial community in static
aerobic high temperature composting
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Abstract: [Background] In the process of composting, different denitrification microorganisms interact with
each other to produce a large amount of gaseous nitrogen, which not only leads to nitrogen loss, but also
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reduces the compost efficiency. However, the current knowledge about the changes in the structure of
denitrifying bacterial community, especially the correlation between the community structure and
physicochemical factors is still lacking. [Objective] We studied the denitrifying bacteria in compost to reveal
the dynamic changes of denitrifying bacterial communities and to provide scientific data of the mechanism of
compost nitrogen cycle. [Methods] We designed a static aerobic high-temperature composting process to
treat dairy manure and rice stalk. High throughput sequencing technique was used to unravel the dynamic
changes of nirK type denitrifying bacteria community. Spearman was used to analyze the correlation between
the dominant denitrifying bacteria and physicochemical indexes. [Results] The compost was matured as
shown by physicochemical and biological indexes. The community structure of nirK type denitrifying
bacteria was significantly different. The analysis of phylum classification level showed that the main
denitrifying bacteria were Proteobacteria and unclassified denitrifying bacteria. The order classification level
shows that the dominant genera mainly belong to Rhizobiales, Rhodobacterales and Burkholderiales. Among
them, Rhizobiales species were the most, but the relative abundance of Burkholderiales was the highest.
Spearman correlation analysis shows that unclassified k norank d Bacteria and unclassified o Rhizobiales
were significantly negatively correlated with the pH, TOC (total organic carbon), C/N, water content
(P<0.05). There was significantly positive correlation with TKN (total kjeldahl nitrogen) and NO; -N
(P<0.05), the other dominant genera were significantly positively correlated with the pH, TOC, C/N and
water content (P<0.05), and significantly negatively correlated with the TKN and NO; -N (P<0.05). It was
found that only the unclassified o Burkholderiales, unclassified p Proteobacteria, Pusillimonas and
Paracoccus were significantly related to NH; -N (P<0.05). [Conclusion] The static aerobic high-temperature
composting technology used in this paper can shorten the composting cycle. At different stages of
composting, the community structure of nirK type denitrifying bacteria was significantly different, and the
change of the community structure was significantly affected by the physicochemical indexes. This study
will be useful to reveal the nitrogen conversion law in compost and provide a theoretical basis for improving
the composting process.

Keywords: Dairy manure, Static composting, High throughput sequencing, nirK type denitrifying bacteria,
Diversity

HEREALA R AL BEA SRS A RN T TE 2 —,

C2AF 2N 2 . (AIRASE A RHENE T 250 1
SRV RS 5 325 18 R O AR S R A R S A
WS S], AMUEIN T RERE, & FEUA NH; 9 ERY
TR VNER, AR T HAEAER. 54k,
THEAR AP IR A, HERE S R 2 B
HEMRR R AR AR IR Z IR AR BL G, SEERIZA
RIZHENERICR A . AR5 R i 2 v i HE AL 1
A, TR HERIEREEIRAL, B A S PR A
AR, T BEAE A (A1 o A R 2 T i B A1
FITRJZ PR AR SR B o

TESENE A b A [ S i A Bl A 0 AR A
AREIER, FEARTRBEACEEAL, [Fn
RSP, Dk, HENE AR T AR L A
A SRR AR SO TR o SR A T 2

S IEFE N NO; -NO, - NO—-N,0—-N,, fF—4#
HB R AL, IRUCR IR ERIA R . RS2
R . — A RGE SRR A — AT R
Fp—FEEER A X N MRS SE DR, B 4 RS A Ak Dh Rk
R, 4394 Nar. Nir. Nor #l Nos®', WiklaEh
W IREE(Niryf NO, U NO, & S ikl f o 2h
—ANAT USRI AR, R R AR S g
AR AR 2 W hRESE R = ThERERED) Nir
FHS W, — R S R R Cu-Nir,
Bl nirk; B—Fon i AR iEEEEEA cdl-Nir,
Bl nirS, HARIXPRNIEH A DIREMIE, (FUE WA
IR S AL S SE AR, FEAE R RE R H R AE
— AP H nirK fEE TS RS LR
TER R TER, W nirS (1 SRS AL AN 32220 (AL
. Maeda 257 il PCR-DGGE i ARBF5 284

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



988 (G

Microbiol. China

NEHh St AN TR IR sh 8784k, S5 R nirS B[
FCREAC AN RETE B0, mirK FHEDR 25 (4T A R 148 I
M7 P A A v AT g VR I 4R R nirk
RN FARic ) 2 W T [l A= 355 e i 1k
HHPAREIE S5 RS, BIAnARAR 38 | Il ICDTR
Ak + 3410 D, K nirk THEESENAE A4y
FHRic AT DAL e R NE PR v S i AL TR R 45 1) o
AWFFELL nirk PIREHEENARIC , 8 5 i 10
P B R A3 A A5 ZERE AT HE AL 20 R rh SRS Ak 4 B 1) A
TREEA TN ZREEAR AL, 5B B E S ER NS i A
rh SR AL ARV 2H U 3 257224k, 8] Spearman
A DGR L 3 B HE A v DI 34 S i Ak 20 T 26 ) 5 2
AR bR Z IA] R AH G
1 MR5TE
1.1 FERFFLEE

DNA #2EBURFI A, Omega /A5 BRI I

F £, Axygen /AT]; QuantiFluor™-ST ¥ (4756 8
A4, Promega 23 F .

B AL, IR () A R
#]; PCR Y, Thermo Fisher Scientific 2],

A E AR AN 1 R, BB E Rk
P B LTI 7 20 emo LD T

P 2 2 [ Al B2

1 HERRREMEESE

Figure 1 Cross section of the composting system
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(1) 6 AANFINLE, B R TR 28R BE T 0 W HA R
JEFEHIIZ (HE B HEARSMNR T 10 em) B i (E 253

R 1 R EZIRUIER

Table 1 Physicochemical parameters of compost material

HENEAT L G IKFEREHAT
Compost material Dairy manure Rice stalk
FIKE WC (%) 48.26+1.34 11.93+0.45
SA LK TOC (%) 33.68+0.96 43.52+1.07
LA TKN (%) 1.89+0.16 0.88+0.09
RA L C/N 17.82+0.82 49.45+3.17

H: WC: §/K&; TOC: HEAPRK; TKN: JLRA.
Note: WC: Water content; TOC: Total organic carbon; TKN: Total
kjeldahl nitrogen.
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Figure 2 Changes of temperature during composting
process
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KrEN ) OTU $liksed s/, WIih HIFE fh(CO)
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Table 2 Changes of physicochemical and GI indices during composting process

i - UGS BeASE HASA A L T 4 2R 4L
Samples P WC (%) NH;"-N (mg/kg) NOs -N (mg/kg) C/N GI (%)
0 8.77+0.09a 72.0£1.6a 864.8+11.4b 55.8+1.4f 35.0+0.5a 37.63+1.78f
2 8.70+£0.03a 71.0+0.9a 932.2+12.7a 57.9+1.0f 32.2+1.3a 40.25+1.98f
4 8.68+0.07a 69.5+0.7ab 881.0+8.5b 62.6x1.0e 28.9+1.2b 50.74+1.78¢
6 8.67+0.05ab 67.0+0.7b 774.1£2.4¢ 71.9+1.3d 25.7+0.8¢ 54.68+2.05¢
8 8.62+0.09ab 63.44+2.2¢ 658.1+5.6d 81.3+0.5¢ 24.5%1.1cd 77.14+2.44d
10 8.59+0.02abc 59.0£1.0d 553.0+15.3¢ 85.1+1.4bc 23.5+0.6¢cd 85.85+1.22¢
12 8.48+0.01bcd 55.0+0.6e 466.2+4.5f 88.7+1.5b 23.1+0.9cde 89.04+1.93bc
14 8.42+0.06cd 52.0£1.0ef 388.444.8g 89.7+0.6b 21.7+1.0de 92.84+1.33ab
17 8.32+0.01d 51.0+0.5f 311.3+£2.5h 95.5+1.2a 20.0+0.4¢ 97.70£1.95a

s R 225 83 (P<0.05).

Note: Different superscripts denote significant differences (P<0.05).

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



TGRS S A el A AL v i K R SR LA TR R S 274

991

C2
C6
B3 FREIHERARECAERESBE S
Figure 3 Venn diagram of the denitrifier community in
the different periods of composting
TE: Cn AUFRMEALHS n K.

Note: Cn represents nth day in composting.
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Table 3 Denitrifier community diversity index in the
different periods of composting (97% similarity)

i A3 32 Shannon $5%%

Samples Optimal sequence OTUs Coverage Shannon index
Co 28 199 206 0.999 3.32
C2 43 040 200 0.997 2.47
C6 19 399 175 0.999 2.44
C12 19 581 146 0.997 2.06
C17 32198 164 0.998 1.86
Total 142 417

AR SO R S5 R T 99.7%, UL P4
RAEEACRIENE R nirk 72 AL A0 BE 75 1Y EL 5K
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Figure 4 Distances heatmap on OTUs level of composting sample
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Figure 5 Dynamic changes of community composition of nirK type denitrifier community during composting process at the

level of phylum (A) and order (B)
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F1 Rhodobacterales J& T a-"FILH N . TEFE 5B HJt
T H 2K LA AEHERE AR I 3 nirk BY S
AL A A RS, (BRAX F A E S,

Burkholderiales TEENEA) 4t 30 TR 3 AH G 5 BE 48
K, I H XA AR AR . BEA RS Y

Fhim, HARXT FEE WAL, HE AR B S g
W BTt Rhizobiales B HEAL E’Jlit_F TRE X R
EEZE ET R, 7R 2R B RS
Unclassified p_Proteobacteria WIFIX} AR {1444
WIS, FEHEREAR) GG BIARRT F B e, BEAE T )
TR Wb, 1R AR B AIK . Rhodobacterales
FEATETHENEWI LG 1, Bl A HEAORLEE AR
JEBW/Y, TERIRIAAE] 0.19%, il H:
A3 BE BRI T 0.01%.
2.4 P nirk BRECHAREEEEKSEL
FEFREVHE X K R IRT

Spearman HHICERAE] (Heatmap) /R & Tl AE
VIR SIS R LU, AN TUE 3 2 S A5 AR
A OCHE, BEA T R — R, R
INHETE AR ) 5 A I R R 2 (Rl A A
K ZETEK 6 1, Unclassified k_norank d Bacteria

e

ﬂlll

\so%e‘\ 250
h 6\
o 6\‘)‘0 Qm\e <@ $\q@»
>
6 Spearman tHXMHAE

Figure 6 Spearman correlation heatmap

TE: AR R ERB O, HEARIENE, 0<R<I;

P<0.001.

& .- Unclassified_k_norank_d_Bacteria

Unclassified_o_Burkholderiales

.- Unclassified o Rhizobiales

*  Unclassified_p_Proteobacteria

- Unclassified { Alcaligenaceae

Unclassified d_Unclassified 10

% Pusillimonas

Ochrobactrum 0.5

LAl LL Paracoccus
0.0
Rhizobium

Mesorhizobium -0.5

Afipia

%““

HO CERTAE, —1<R<0. *; P<0.05; **; P<0.01; ***.

Note: The color card on the right side of the heatmap is a color partition with different R values. The blue color represents positive
correlation, 0<R<1, and white represents negative correlation, —1<R<0. Ammonium nitrogen: NH,"-N; Nitrate nitrogen: NO;™-N. *: P<0.05;

**: P<0.01; **%*: P<0.001.
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5 TOC .C/N WC Hl pH 2 [H] 2 i T AH 5 (P<0.05),
5 TKN F1 NO; -N Z[f] 5 i 2 IEAHE(P<0.05).
Unclassified o Burkholderiales 2.5 NH, -N 22 |f] 5
i F IFAHS4(P<0.05). Unclassified o Rhizobiales 5
NH,-N Z A2 8 & FA1 56 (P<0.001), 5 WC,
C/N. TOC Fl pH 2 [a]4 5 & MAH3(P<0.05), 5
TKN F1 NO; -N Z[f] &£ i 2 1F AH ¢ (P<0.05) .
Unclassified p Proteobacteria 5 NH, -N 2 [A] 5 H
i IEAHE(P<0.001), 5 TKN 1 NO; -N Z b & i
FHMI(P<0.05), 5 WC, C/N, TOC #il pH 2 [f]
18I0 IEAHE(P<0.05), FZHsAT B Pusillimonas
&5 NH, -N 28] 2 4% & 2 IE A 5 (P<0.001), 5
TKN 1 NO; -N Z [l 5 8 % 7M1 X(P<0.05), 5
WC. C/N, TOC F1 pH Z [a] £ i # 1EAH & (P<0.05).
B BRE & (Paracoccus)5 TKN Fl NOs -N Z [a] £ 4%
A (P<0.001), 5 WC. C/N. TOC # pH
Z A 2 IE A 9E(P<0.001), 5 NH,'-N 2ZJa] 5
2 TEAH DG (P<0.05) . PR A DL &8 S5 WA A
Kbk,
3 W54

N AR, AR TR, MR A
PR P 2R P L e SCR 16,22-25 [ 78 7 i
W1, WA I TE A ML) I B A h e M E A
o, REMSREAREEIT 2/3 MIARIRER, MERGHEY
PR S KR A ALY, ULEZEHEAE A R rh s
BRI R T DR A MU R R, A
MIERR , 4 HENE . AF I Rk 17 d,
HEPRILEE 55T 40 °C LA FAAEI T 16 d, fEM IR
AT A AR, A MR
RS R T RAF AR AR AT
B THENE BEAL S B DL T AR ) dE bR R AR € 42
FEA TR AH ARG 0 — A A 40-63 d Y [ ARHEAE
JEIAE S R R IR IR ARG T HEAR I

I R 0 5 AR 3 A A ZE UK RS A5 AT R
G HENE R FR D nirk B AEAL AR VR S A2 AL, &
it 1) 7 5 S5 RS o Hh 4 D00 B DN 1 25 SR BB B AR 3R

HENE H nirK P SSAH A0 A B AEV ) FL S 1 . 5 L]
IR RIS AR AN nirK TSP AN TR R
Fw AR CO>C2>C6>C17>C12, a ZFENE
YWT IR nirk B RCRS AL AN TR RE TR 2R
ey, HEAEJS IR, Shannon F& B84k YL A
1.86-3.32, BEAE 20 B4k S 3= W HE A AS [] B HA A
KPR FEE M ERBE, L& iRE
NE R nirk T SORS A0 TR 22 5 A0 A0 B 25 L Bl AR
FH 25 28 R0 v 2 3 0047 Mk R 22 B0 200 TR 7 S A s ek 40
RS AR RE 2 A T AR KA AR LT X AR RIF ST 45 1
AT

BEXF A FIABERE S AT B0, e DL I B A
LA TEER R TASTE AT, STk N AN el 5
T HENE b SR Ak AR R 2 I i 1 3 A
A RNl S S N RSP B S b o e ==
FUKREFEAFR SR nirk RS RS AL 20 RETS 20
BGHAT T 534, 25 R TEHENE Hh S A A 2 TR 3 22
HABTETT T 58, RPN & b gk
K, RUTEHENE I AAAE R B AR R RS A TR o B
M6 27 2 OV e 3 e R 3 e T G 4 T
SOWAKAR P SRS A A BRI EEEAE , R B S 2SS A
FEHER Y o ELER, X S AR 45 RS . 7ET57K
ARFRrR pirK R RSALANTE 22 02T 4400,
FEREH R nirK T RAEALANTR 202 o- 8T8 TR AR
B H S5 AR oA AR nirK BT
FEAER o el K . B 23 28KF nirk R SCRS AL 20 T
FEE LSBT R, SRR AR SRS AL A R 22 o
ASE TN T BN T H AL B, LUK B-AE TR
W IATRIE H . MR PCR-DGGE R4y
Bl 2 S HENE v R RS AL AN TR 1 2R, &
BAEAOM I S HERE I FE R nirK JER R T
ATEUET], HA s o- 28T B A9 ARE B H i
FBE SRR TERL . AR BRI AR, 20T
B H AT AR, KU B2 W A vC FR i H ™
BFF RN, AT 45 AT

Spearman AHICHE IR B, BR 1 ARS8 I8 77 il
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RIS S B AL A1 TR (Unclassified f Alcaligenaceae)
A IR & (Ochrobactrum)dbh , Hi4y 10 A nirk 1
S A A TR A2 A S P R ARG, B EENE
P ERBE IR 3 5 R Pk At AT 2 A A OB, 1
ABFFE SR EEREHITE 40 °C LA b, HHENEREA
T FE R BE AR AN AR R, R AEHEAL 5
FEARLERFAE 40 °C Zity, I nirK 7Y S G AL 20 T A
TR AR AL SR EE Z [AASHA G B T Unclassified_k_
norank d Bacteria 1 Unclassified o Rhizobiales 2.
b, F4 8 MNEJEHS TOC, C/N, WC., pH H1E
FHE, 5 TKN.NOs -N 2 AH¢, 1fif Unclassified_k_
norank_d_Bacteria Fl Unclassified o Rhizobiales 1F
BFAE I o 758 e 2 R P 0 SR e e 1 e R
IMTAONIE S EHENE IR R X nirK . nirS
nosZ REHYFEN , GIREW nirk BYRAEILAN TR S
pH W IEMK, SEKEA MM, EAR
% 5 NOs -N BAMKNE. SRR MENE i
A W) AR B Sl O SR ) o VA R AL A
J, A P AT AR Y A B R
HERE B KA, AR R A R 2, T
RESTIE URTIRD ARG, AT T R i A e A 1<
BHH, R SRR AN Bl IR AR e
NO; -N E R R R 752 14, X R itk 4
PR AR A F B O Th a2 S0 R 2R
NEid b &R A RIL BB S W YRR 451 2
PRHSC A T 200, A5 R S i fh 4 i i 5
NO; -N FIER G RENHK, SAUFRE R,
MR, A 4 s L B A PT L 4 e o
EJEIA . FEHEREL AR, nirK PR RSN B VA 45
AL B 2 HLZ B HENE L R 7 B 2 . ASBESE
F & N A RGPS UG HENE T2 A4 it
T8 IR
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