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FImiZAB Ak, 255 7 d KB 2.671 8; RGEK B IR, 28 LA A RE T B-2TE AN il 5537 1 W AiF AL 18 )8 Uncultured
Nitrosospira sp. FIA~ i] 5535 (4310 filsfb 24 i 1 J& Uncultured Nitrosomonas sp. , 5715 Uncultured Nitrosospira sp. AR &5 1) 24 & A0 40 1
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Research of ammonia oxidizing bacterial community structure and its correlation with environmental factors

in cow manure composting

SUN Xue-wei, XU Xiu-hong", MENG Qing-xin, CHENG Li-jun, ZHANG Wen-hao, MEN Meng-qi, XU Ben-shu, SUN Yu

(College of Resources and Environment, Northeast Agricultural University, Harbin 150030, China )

Abstract; The dynamic succession of ammonia oxidizing bacterial community structure and quantity were investigated using PCR -DGGE
(polymerase chain reaction and denaturing gradient gel electrophoresis) and real -time PCR, the correlations between ammonia oxidizing
bacterial community structure and physic-chemical factors were evaluated using redundancy analysis (RDA ) in cow manure composting.
The results showed that during composting the range of ammonia oxidizing bacteria were 1.62x106~3.8x10" copies- g, the amount of ammo-
nia oxidizing bacteria reached the peak on 14 day; DGGE profile analysis showed that the community composition of ammonia oxidizing
bacteria obviously varied in different periods of composting. Shannon index of ammonia oxidizing bacteria changed with composting tempera—
ture, reaching the maximum(2.671 8) on the 7th day. Phylogenetic analysis showed that ammonia oxidizing bacteria were clustered into two
groups, Uncultured Nitrosomonas sp. and Uncultured Nitrosospira sp., which belonged to the B-Proteobacteria. the Uncultured Nitrosospira
sp. which accounted for about 60% of ammonia oxidizing bacteria were predominant. RDA showed that ammonia and temperature (P<0.05 )
effected significantly on the community structure of ammonia oxidizing bacteria. Significant changes of ammonia oxidizing bacterial commu-—
nity structure occurred in cow manure composting, and it is confirmed that the changes of ammonia oxidizing bacterial community structure
were affected by environmental factors.
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B T 7 B IR 1 R A i, 7 & 2 HE
AR BRI , ST T BRI R, G4 o
NE R — o0 A 2SS HL A S R4 T BE IRk o
I S DN = L B D R R ¥ e S (2
JEAb P 2 AR A AILIE L, SE B T BRI L (HAE
YA AR AR A S A AR R — R
AR BAE ) 17%~76%5, BERES T HEAL ™ 5 i
i, WS B R AR RS A 55 AU, X R 8 A
YRGB I, ) R e R AR T B s A
IR, O AR R IR —

THACVERIE A 2R A e A R B E R 22—, DA
TEAHPRERAE B AR 2 3R A RS PR AR, 2 Ak
TR AL ) 22 S AR SO S il A A A PR AP B fE 4
BRA R AEYM G TP s S n R S, 2 A A TR
J& T PEALRE B IR R SRR 0, K S 2 A AL
J o] F2 38 12k 24 B 4 i (Ammonia monooxygenase,
AMO) AL, 4ifis AMO JE R >k 58 Bl e, Fil & BAC 7
THEYF ORI K i , W 2 S A 20 TR A T 25 A AU 5
WE R T ENSMIFR# G, 40 Yamada SO EZ %
TR TR 1 A ZEHENE A i B T 2 R A AR TR VR 1 B
AAEAY,, Il S SO X T e I 2 SR A A TR o
PEOE AT o (HZEHEAR SR AP, S A A0 T A FEE A
PUIARTEE , Joik A T A 7 52 Bl 23S 48 510
VERT, Bt LA, ¥ 2 B AL AN TA VR AT X 42, ik 5 LA
Th SRR 0 B AR 5 PR IR 22 ) A AR DG, %
THRAREES R P AR RSB AR LA TRTE

ABIFFE R FAZ VERS B Bl Hi vk (Denaturing gra
dient gel electrophoresis, DGGE ) #il Real -time PCR 3%
ARG A= FEHE N 1 A rp 22 S A AN T R v Al i e B
HEhAAEA, RIS ITT4 40 #r (Redundancy analy
sis, RDA) J5 13 M 28 S8 AL A TR Vs 45 10 5 HERE 3R 5
PR Z R A AR DG ok T I FR b AR
AL, i D AR WUR SR AR

1 #HH5H%

1.1 #BRFERREE

HERE AR} A 2E K FEREFF AL (3R 1) A28 TR
T IREESEAR £ W 3756 KR RS FHIE 05 /R T
B i AR AR MY K 27 S50 Fe b, o R KRS A AR 5
om A Ay, 5 AR H T 1:3.5 (9l I AR A, I
IR AT iR 65%~70% , B T #k A7 50 cmx50 cmx
100 em (e x G x = ) Al 3E AR AR 01 25 2% 0, B3 30 min

R R o T SO L ARG
U I B o MENE R FR AL 36 d, BRURER ()4 < B bR A
an s 1 d, FHEBY SR 2 d, SR B 3.4.7.11.14
d, B B S 19,25 .36 d, B S 4w 543 51 D1.D2,
D3.D4.D7.D11.D14 .D19.D25 Fi1 D36, HENEAFE S 4
HW : — I TE-4 CREAE, T 3T bR 0 2 5 53
—31E-80 Chitif7, F1T DNA $2H¢,

x 1 HEMBHEZMS

Table 1 Properties of raw materials for composting

HEAE R R} Materials 57K % Water content/% TOC/% TN/%  CIN
H2k 28.69 36.72 2.17 16.92
TEFF 12.14 4263 084 5075

1.2 BLIEFRNE

FI LNI-TUT325 % o 35 B2 11 o e 44
W A E AR  HERE RS A pH SR AR B
AR A3 HT 7 A TN A2 o K S R A LA
2 mol - L EALBR IS IR 32, SR 220 8 o A Y
(AA3, I E H 5. R ERSLRE 11 (PAO)
A SR A He SEMAF ST 7 Vi f Tl . FRE 10 g
HEARFE S, BT 100 mL 25 mg N-L* NH,Cl 8 rpig A,
25 °C, 150 r-min™ fH R £ R4k % 24 h, &fF 4 h BUE
TR, FTELLR S /- Hr O E NO~N & i, 42
T 4 284 31 SR P B 4 R 8 5 et i A L IR e R
ME
1.3 DNA $2EX#A PCR ¥ 1

HUCHEREFE i 3~5 g, R Liu S50 5 i SR BUE R
FEM B DNA, 1 1% B8 B ERE I i kR =,
DNA #lifk 1257 & (Omega, &[] ) zfifk [ml1lc DNA, F
1% 1B R BE I HL VKR 25 5, F-20 CR kAR
e .

PCR 43 % H & F AL 40 T 1) 16S rRNA 5 53 4%
51977 85X PCR(Nested PCR)4™ 3 , 5 [ 115 51 Fl [z
MAREFF LR 2. B4, VKR 25 w427 400
wmol - Lt dNTP 2.5 pL,10xPCR Buffer( & MgCl,)2.5
pl, 51 X7 %% 0.2 pL( ki 5] 9 y CTO189fAB 5
CTO189fC ¥ i® 2:1 W LL BIIR &, FiEsl ¥ h
CTO654r)™ Taq B4 W 0.3 wl, Bl DNA 0.5 ulL, i
INICER 7K B ZAARFRE) 25 wl, PCR 43 K/Nhy
465 bp, K H A B 100 £51F Ry 55 — %8 PCR S (1)
DNA 54 . 25 — %% PCR 3% S i 45 PR 1, 5 [ 9k
i TR S M5 | ) 338f-GC Al 518r™1 PCR 41 74
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& 2 PCR 3| R R R &1

Table 2 Primer and reaction condition of PCR amplification

#3{, PCR Nested PCR 5|4 Primer [y EX k)N Length of amplification

J¥41(5'-3") Sequence(5'-3")

SR Reaction Condition

—% Stepl CTO189fAB 465 bp
CTO189fC
CTO654r

55 4 Step?2 338f-GC* 234 bp

518r

GGAGRAAAGCAGGGGATCG
GGAGGAAAGTAGGGGATCG
CTAGCYTTGTAGTTTCAAACGC

95 °C 4 min;95 °C 455,54 °C 455,72
°C 45 5,35 MfiFF; 72 °C 10 min

TACGGGAGGCAGCAG
ATTACCGCGGCTGCTGG

95 °C 4 min;95 °C 40 5,56 °C 40 5,72
°C 1 min, 35 MEF; 72 °C 10 min

#:*GC J&F: CGCCCGCCGCGCCCCGCGCCCGGCCCGLCGLCCCeGeecec,
Note: *indicated primer GC clamp: CGCCCGCCGCGCCCCGCGCCCGGCCCGCCGCCCCCGCCCC.

KN H 234 bp. fi i 1% 114 Bt Jig b Jise FEL ok A 00
PCR #1474
1.4 DGGE

{# /] Bio-Rad DCode™ system ( Bio-Rad, 3% [® ) %
AT Y 16S rRNA PCR 973 5 Briff 17 DGGE
I3MT, BRI AR PR EE Dy 30%~60%(100% f4728 5
EAT 40% B T 7 mol - L JRE) R
TN s T e Jed 1R A 2 Ay 8% [ TN s I g = XU TN s TG e =
37.5:1(m- V)] FLUKIB AT 46 : 76 IXTAE HLIKZE il
i fEIE 60 °C,fHE 120 V, Bk 12 h, HIKSERUR , R
SRR AR e et 0 RS KE LI P 3 DGGE 2%
E T KE 1.5 mL BLOAE 45, i 30 wL Joid
K, -4 CAR 17, R 514 338f i1 518r 47 PCR
EI SR I a7/ S U VR /A T R A g
1.5 Real-time PCR

Real -time PCR Jz i 3% i SYBY Green ¥, 1£
CFX-96™ Real-Time PCR 1% 147, R F ity & S k4
4%tk CTO189fAB .CTO189fC Fil CTO654r, [ )i/
K% 20 wl,f1 5 10 wl SYBR Premix Ex Taq 1 1.6
pl 7B 10 f%5 19 DNA B4R DL K F TR iE 519145 0.8
wl, HAx L) 6.8 L TCHE K%M 55, Real-time 2 1V F
SA1:95°C 305;95 C 55,60 °C 30 s 1L 40 ME¥, Real-
time PCR #rifi 4 #5445 |9 PCR 474 DNA, 4
it , %45 PMD-18T A I, Fi% k2R
FF P DH5 o JikaZ 254 H 382 W 1 B, A S 14
M13F(5'-CGCCAGGGTTTTCCCAGTCACGAC-3" ) #H
M13R(5'-AGCGGATAACAATTTCACACAGGA-3") i
TEFAYE ST, $E USRS, SR A260/A280 12 5 111
U S L B, LA 8 35 R Ao R i 2 AR Ab A T
BRI T2 o ARt R 47 3 83 R DG R B0
99.9%7#1 0.94,
1.6 #iRSH

% FH Quantity One #k{4:(Bio-Rad, 2¢ [# ) %} DGGE
EIE AT 5007 , >R UPGAMA 3L T SR 20T - R

ZAEEFRE(H) Y5 T8 5 (BE) ML= & B (S) R Hr
SAALANTT 16S rRNA LR B ZAE0: 3B AT

H=-3PiInP,

E=H/InS
s :H 2 Shannon ZHE T8 %GE ISR 5L S
> DGGE fieHr 25 H , B & B PO i 450 K
J (%R R B ) L

T Blast F 7K A UL 88 415 10 7 51 5 2 AT
H AT HOX, SR AT Mega 6.0 44 it 2 S AL AN 14T 168
rRNA LR TSI R 5k B 5 R Canoco 4.5 #f:
X HE A it o B2 SR A A TR R VR 45 4 5 BRI IR 2R 1 7
UG

2 HR5E

2.1 HEPRIT AR PEBILIERRAI T

PALSE PR B0 E S5 R I 3. BE MEAL A K I8,
LRy bR o3 A BILISE , TR A PRy R, e A
JE R BT FESR 7 d MEACHLEE Ik B B el OF B
TR 55 CRUMEAE I B #54E T 11d, RIEKEM
o T, K B T REARHE AL A9 TLAR AR o, e A I B2 7R
55 14 d UGS T I, EEAL IS I BRI % i . 7
HERE AR, pH A8 LT Y 8.85~8.14, 147 4 d i5 ]
FRRAE, — AL TS5 B e RS o FEHERE R, 5 A
DL PR AR, SRR, AR pH
{ELANIBT b, TAEHENL S , e sl , A pH (i
TFIR T RER, CIN JE AN HEAL I EE i — 7 125, 70
AHMERE IR rp C/N HF2E T K, 7EMEARSS SR T a3
19.6, i n] LIAHERL L 16 21 bR iR,

TEHERE R, B R A BE B TR M
e, M ESERE W3, Sl Ay A R R eV T
BRI, R DA I I B A R AN Y
Z s ENL S 9, o T3 B S WAL NS H A
SHERFIRIN, SRS RS RS, AR S
PP E BT S S R, R
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Table 3 Changes in physic-chemical properties in composting

NH:/ NO:/  PAO/ng

mffE/d  T/C pH CIN mg-kg? mo-kg? Negi-ht

1 17 8.69 35.7 519.2 78.2 41.4
2 40 8.75 33.9 553.2 105 55.6
3 55 8.79 32.2 685.6 117.4 478
4 61 8.85 30.6 984.2 126.2 59.2
7 65 8.71 294 740.2 2214 94.5
11 59 8.55 28.1 583.8 310.3 54.9
14 55 8.33 259 451.8 376.7 49.9
19 47 8.32 23.7 440.4 405.6 38.5
25 27 8.29 21.2 413.2 432.9 33.0
36 21 8.14 19.6 406.6 465.2 34.1

AT 2 A RN o TR, 7 — e R L il
TED R TEE (RS A R AR R I ZE Y, PAO (1)
A AL Bl & 33.0~94.5 ng N-g*-h, 7E45 7 d k5|5
KAH
2.2 &5 DNA R9REXAN PCR Hy¥ 1

KA Liu SE SR 58 7 1 B2 o B2 T i
HEFE L4 8 DNA, HAK B2 23 kb, H54lifk )5 () DNA
YRR TH S PCR S —A0 RN, BT A FE 34315
TSV ) RNy 465 bp e AT B HA
100 fEfE R 55 — % PCR ) DNA #ifl, ¥j155] T 234
bp Ze 47 1 RE S B o
23 KENHEEEENSH

K JH Real-time PCR 7 A X i AEAE 5 2E 17 & A
FLAHTE 16S rRNA I R 1 2 540 M7, 2R A5 19 2 S A 4
PSR A 1 R, EEAHEA R T, 2 A A
NP SER FERE R, D8 DUBUR AR RS Rl 1.62x
10°~3.8x107 copies- g™, 7E M AL Fi 1 22 S0 T 40 78 114 3 [
P VUSRS TR 26 14 d RS ie KM . 2B b 5
DR 2 AR ARAL T (R — BRSO AN 2
AR X5 Lu PRI 45 R — 20, FEIR KK 37 5H
b3 S A A TR 1) 35 PR = BRI Bl HE R A &
P v T, 2 SR T2 T B PR 4 DA S PR A1 . X T
5 EE A DG, R Bk A T 280 Y A
BT, A — i P A W AE e AR K, T DA e i
1) B2 S A T AR X B T AEHE AR 2R 14 d, HERIR
JEIR B 55 C, Bl i A RBEIR B B, A R T et
A, Bir DA S AL A TR A L R 48 DU i 22 . fEAR
TR Fh e e B W B T g R B A A T = AR
() 55— BRI R Bl R A R R R R e —

1.00x10° -
1.00x107 -

1.00x10°

copies-g?(DW)

FLRH% DL Glene copy humbers/

1.00x10° 13 L) L) L) 2 13 1] E
1 2 3 4 7 11 14 19 2

HEJIE R 7] Composting time/d
1 #EI PR AEEREEE NE

Figure 1 amoA gene copy numbers per gram compost sample

36

during composting

FRRE RN T 2 S L N i A K FEE IR 5 I 2 4
R 2, s LA AR K 5%, R BOLH &
JEE TR, 3 5 Wuchter 28R ffF 78 45—, 7ER K
Hh S AT A 1 S DR = B S S S R R SR T
FH
2.4 SELMTE 16S rRNA B FEE% S M AT
SR E AL AN 16S rRNA JEF 4 St s [ it 5
=Pkt T DGGE, 15 81 i 2 S fb 4l i DGGE [&l3&n
K 2 iR, BERSAKE AT A RR I 2E5 Ul
) M N 45 Bt 30 2 SR A A o P TS A AR i 2. R
Quantity One 4 E4 780 ALF] , I (] 3)
SERAD R T R A AN B A HE N I AR R IR S5 A A
FEW R A2 5, Vi 3 fi18.6 A1 10 .5 A1 7.4 1 9 %
WERE, AR B35 49% 31% .46%F1 59%.,
X150 B AUk B TA A AR LM B s, TPk 1 2 9
A5 HA KA R —2 , R il 5 2 A k4
PR R L A & A T TR AR Ak

D1 D2 D3 D4 D7 D11 D14 D19 D25 D36

B 2 4R R EE DGCE Eik
Figure 2 DGGE profile of ammonia oxidizing bacteria in cow
manure composting
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#l % 5 DGGE LB EHFFILL 4R
— 015 2 Table 5 Results of BLAST analysis on the sequences of dominant
0.49 8
#3 DGGE bands
L s SRk EED i
47 Band No. number Relative bacterium Similarity/%
0.40 04 45 1 GU472975 Uncultured Nitrosospira sp. 93
0.59 zz 2 AM418431 Uncultured Nitrosospira sp. 90
3 JQ673436 Uncultured Nitrosomonas sp. 92
3 SR ME DGGE EIEREE ST 4 HQ230329 Uncultured Nitrosomonas sp. 98
Figure 3 Cluster analysis of DGGE profile of ammonia oxidizing 5 KF935269  Uncultured Nitrosomonas sp. 90
bacteria in cow manure composting 6 EU127381 Uncultured Nitrosomonas sp. 92
7 AB713950 Uncultured Nitrosomonas sp. 94
i 1 Quantity One B4 144 H 2 S8 AL 20 TR T VK 8 GU097361 Uncultured Nitrosospira sp. 93
2 REEFE 8 IS BB E S E T8 803 4), 45 9 GU473117 Uncultured Nitrosospira sp. 94
%Eﬂ? ,i@’ﬁfﬁ%‘éé&/}{kﬁjﬁ,{B%ﬁ‘fﬁ%‘é%ﬁﬂﬂiﬁé 10 FN562083 Uncultured Nitrosospira sp. 93
EE"E?&L‘H T %EE@E&/}Z‘Q Fﬁﬁﬁﬁﬂlﬂ E"JJ}_MT ) ﬁ/ﬁfjﬁ‘ 11 EU127381 Uncultured Nitrosomonas sp. 92
A SHIERH T RIS R T Ok T
iﬂf’ijt{ﬁ 2.6718, ﬁﬁ[ﬁﬁ%jﬂ’fﬁ&ﬂﬂﬁﬁ,ﬂﬂ ’ %7'}9:;& 14 EF042986 Uncultured Nitrosospira sp. 98
%ﬁlﬁ’fh’f/ﬁmﬁ%@iﬁ/@ ’ ‘%’?%%E\%EE% s %U:F%j&éﬁ 15 DQ497441 Uncultured Nitrosospira sp. 97
TR A s SRR LT 5 T il o S JE 1Y) 16 AY722814 Uncultured Nitrosospira sp. 94
W T RS TS A S m e B B R R, SR 17 GU097360 Uncultured Nitrosospira sp. 94
TR K2 S TG, bty 18 KPSe8 Nivosomonas marina swain 05
@iﬁ‘@zd\mo 19 GU097354 Uncultured Nitrosospira sp. 93
25 REREN 20 HM134871 Uncultured Nitrosospira sp. 95
ﬁ%’fhéﬂﬂ% DGGE I@%ﬁc%“%ﬁ@]ﬂ@ﬂ'ﬂf? He X 21 JX505297 Uncultured Nitrosomonas sp. 95
G 5. ISR K R0 A 5 A AT 2 vios Nitrosospira sp. 100
i%?‘%ﬂ@ﬂﬁﬁ{{@?%}% Uncultured Nitrosospira sp. A 23 FJ446563 Uncultured Nitrosospira sp. 99
Hfl%?%ﬁ‘]ﬂfﬁﬁﬂﬁﬁﬂ@}% Uncultured Nitrosomonas 24 EF175101 Nitrosospira sp. 99
25 AF386754 Nitrosospira sp. 99

Sp. X I T 14 4 BT AH L RE 4 5 , 7F 90%~100% 2 [1] ,

x4 HEEERESMLMAE Shannon I5H 195 EIEEANE

BEEREYHEN

Table 4 Changes in Shannon, evenness and richness index of

ammonia oxidizing bacteria in composting

HERERSE)/d Shannon $5%t  HSJEAEEL By
Composting time  Shannon index  Evenness index  Richness index
1 1919 2 0.873 5 9
2 2.580 4 0.930 9 16
3 2.082 3 0.868 4 11
4 2.654 5 0.886 1 15
7 26718 0.963 6 16
11 2.378 0 09011 14
14 2.528 3 0917 5 12
19 2492 2 0.897 7 12
25 21910 0.881 6 12
36 2.508 7 0.956 1 17

HH#p, 5 Uncultured Nitrosospira sp. AL & i 2 L1k
B AL , 249 5 60%, 1 Uncultured Nitrosomonas
Sp. R HEZ i 40%. H T ARAS DL 3T Ty 41 A 1 2 4
CME RS R B I 4, AL, A e dn iy
F| 4% %1143 1% Uncultured Nitrosospira sp. #1 Uncultured
Nitrosomonas sp. ¥ K433 , H:/ Uncultured Nitrosospi—
rasp. 73 3 di

I 2 AL AN T 16S rRNA LR R 48 & W40
LR, TR M AR P AL AR SRR T B4
RN, Z%J)¥ 45 Uncultured Nitrosospira sp. Fil
Uncultured Nitrosomonas sp. AR E . X 5E K
GG R — 3, R AR A A L 2 B T Ni-
trosomonas sp. £l Nitrosospira spAL#VE#E. HI L AEN]
TEHENE 3 7 2048 A A T 3 22 /2 Nitrosomonas sp. Fl
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Misraaspdna ip. A T 125803

Nipropolabig mulefemiy (L33509)
Uneulhssed Nierossapirg ap JEL16005T)
Vmenlimed Wieromalng spu TS PR

Uneedtured Mirasogsice ap (AB107B51)
Uneaitmee Mirrssupdeg ap [f M SO20H3)

a7
mm Wlarosamernan sp AT 3950

- — Uinouitred Vimsassmoress ap JLETG3 14
b Wt e ¥imreutnapir a (AN 14431)

6 A5
— ﬂ_:‘"

A 13
m A7
T Al
R A 18
&1 &8
_ﬁﬂ: Uneulbered NVirowopsirs s [CUDST361]

B0

B4 GEHEEDERAEHAE 16S RNAEENRFEL B/
Figure 4 Phylogenetic tree of ammonia oxidizing bacteria based on 16S rRNA gene in cow manure composting
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Nitrosospira sp.[# . TEAWTZE 1, LA Nitrosospira sp.J& it
RN PG RE , AT RE A H T = v B B S A
TRTGER . Enwall SFEPRBFREEE R EY 7EES
R SE B = B 255 L Nitrosospira sp. T8 £E K B O HE
J%

MiliNe]

26 SELNAREEEMEHIERMERTFH TR

K FTUAR 5300 51 43 A HE NE b 2 v 2 AR Ak 4 R
TETE S5 AL S PR T A A OG I, 45 SR LI B, —
AEHE et A HE Sl o3 R T RN S R Y
TR A Jy 79.2%H1 24.4% ., 16 _HEHEF & d , i
Sk 2 MK A0 RO IR IR R - X (R AH G R 3R
PRI, i ki S HE Pl e f Fom iz G I 1 5
HEFFSAR DA A DN, T R, HORH S /N2 i
AZ M PAO i kiE LK, A% (CIN R F1 pH
BT Sk R SR B H, T AR 9 157 S 1 26 A BE TT 0, 2R
5% DR %o 2 S A T TR 7 8 ) 552 Wi (18 R S AR TR/ IN I
¥ PAO> S A > A A >CIN>TRLE >pH . M & Hs,
ATLLVE B, WA HENE AR T T, 2 S A A T i A v 45
AL 3 AR TR I B (day2 F1 day3) , 22 S A0 40 T i
T AR B ARARL , T AE e T B B S R IR I e, AR
YT B LR B AR AL

WL TCAR ST AT AL RS PAC SR A
A1 pH X B AR 40 T VR S5 H B K, BT T8l
VR TUA 70 B 22 B TR B AN e A U s i Ay W 3
(P<0.05), 1% 5 Zhang 2RI 45 AR, BN EREE R+
255 R AR TR DTV S Ah A8 Ak TR RE AR 5Y
i) 22 AL PR A AT P A A R B it S 1 8l 7 2 LA A
)5 figp P85 A 2 6 2, S AN TR R 9 5 A AR I
IS FEASBIF ST R NEAR R b, Bl R I T T L 2

10
70
PAO
~ . H [
B || g
Q4 AR
25
[e]
e
pH 3 019 140
20
011
CIN
ol
-10
-08 10

5 SRENEREEEMH TR (RDA)
Figure 5 Redundancy analysis(RDA) of ammonia oxidizing
bacterial community structure during composting

FALAN B RIS 4540 &k T IR A1k, R A fk
S TR Y 1Y IO 17 D A5 AN A ] A T 1 1 2 4
AT FEi . X 5 Yamamoto S5 5T 245 5 —2, B]
T HERE 1= T 0 S S A A TR M — P T AV T2 R

RS RN AN () B3R, R P 5 44
AL B SRS B RS, RIFIEEY
WFFEHE H i v B mT AR A0 - 2 S AR AN B 1)
A, XA DA R S5 A0 R Z R R
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