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Isolation and Identification of Heterotrophic Nitrifying Bacteria from
Cow Manure and Their Nitrification Capacity

WANG Jia-li, WANG Zi-yu, MA Yong-qi, JIANG Yun-peng, AN Liang-jia,
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Abstract To reduce nitrogen loss during aerobic composting, enhance compost fertility, and minimize environmental
pollution, this study used cattle manure as the material to isolate a highly efficient heterotrophic nitrifying strain of
NB-2.Through morphological characterization and 16S rRNA gene sequence analysis, the strain was identified as
Alcaligenes faecalis. Further research showed that NB-2 exhibited significantly enhanced ammonia oxidation capacity
under the conditions of sodium citrate as the carbon source, C/N ratio of 15, temperature of 35 °C, and pH of 9.0.The
ammonia nitrogen ( NH;-N) removal rate reached 100% at 32 hours, with a removal rate as high as 33.38
mg/ (L + h). This study demonstrated the potential of strain NB-2 in composting applications to reduce nitrogen losses
while improving fertilizer quality and efficiency, thereby promoting the sustainable development of the livestock industry.
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0.05, VI B3RS % FHTFE R,
TIA 1.5% A3 i il B [ 4 53 B8 B R 2

1.1.3 E&XA 5B XE R . T BN
Gk 2E R B E LR 2R R AR, A
b 85 F246 (LRH-250FN , F 5 AR LR A A A BR A
H)) s AMPEIEEE T (V-50000, 75 JH 22 JFAL 2 A
FRATD) 5 WA (CX23, b5t 28 BB A TR
")) 3 B (SUSL00, H A H <7 B Fr # R4
Al

12 FHik

1.2.1 mieo&imit BREN SRR
TE YR et mAE R 4 OB E RN
HRO A TSR R R (107~ 107) R T 1.



145

35

1.2 Wi R o B 3R 0kl I 4R b
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SICARI IR FTAEIR — 4N NS | T IREN . L RN
FRIR B C/N S 5.10,15.20 .25, B3R E N
25.30.35.40 .45 C, #4715 pH A% 5.0.6.0,7.0.8.
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caligenes) . BF ¥k NB-2 ) 16S tRNA & [H ¥ 5]
(1 400 bp) (Kl 1B) L& = NCBI s % ¥ 17
BLAST HeXF, {f il MEGA 7 ¥ #E R 5 & & W (1A
2) ., BLAST 73 Mrah R L0, Wik NB-2 Jy 26 7 ik
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1 E# NB-2 (i BEEE R (A) fIEXE (B)
Fig.1 The Scanning electron microscopy(A) and

electrophoretic map of strain NB-2( B)
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PEATSIRAEAL (8 3A) o HELT ZRRANFIAT AR TR
ZHBRIENT Bk NB-2 (8 0D, [H 448 52 2.7,
Wik NB-2 7E85 3% 60 h W, NH-N ¥ 2 23 51l i
561.49 542.56 mg/L T2 0 mg/L(K 3B), LU
FrRETR — B R ME— B RIS, R R NB-2 1537 36 h
i, NOS-N (¥ EE N 0 mg/L 3 /N % 48.54 mg/L,
HiF% 36 ~48 h, HRFEHRH TR 0.03 mg/L,Z
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=EN R, B IR A5 RN B PR NB-2 /9 NHG-N 2

BRI 28R L BR % 43 5 R 5.61 mg/(L - h) i
100% , @ & & T HABGRIE (P>0.05) , 76 TLfh A
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4),

Alcaligenes faecalis strain JQ135(KT988067.1)

Alcaligenes faecalis strain RW—-508(KP224304.1)

o7 | Alcaligenes faccalis strain Ni3-1(KF542893.1)

Alcaligenes faecalis strain PNP6(KF531637.1)

100} Alcaligenes faecalis strain KS3(JQ680452.1)

Alcaligenes faecalis strain NB-2

Alcaligenes faecalis strain zjs03(DQ857895.1)
Vibrio parahaemolyticus strain ATCC 17802(NR_041838.1)
Helicobacter pylori strain ATCC 43504(NR_044761.1)

90

0.10

Staphylococcus aureus strain ATCC 12600(NR_118997.2)

E 2 B#k NB-2ETF 16S rRNA EFF RN RAZ L BH

Fig.2 The phylogenetic tree of strain NB-2 constructed based on the 16S rRNA gene sequence

B3 wRiEXE# NB-2 B OD,,(A) % NH;-N(B) .NO;-N( C) .NO;-N(D) iR ER N
Fig.3  Effects of carbon sources on ODgy( A) and the concentrations of NH;-N(B), NO3-N(C) ,NO3-N(D) of strain NB-2
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TRIHE P RO T FREh L

4 AEIE THE# NB-2 # NH,-N XRRiERMERE
Fig.4  Graph of NH}-N removal rates and NH} -N removal efficiency of strain NB-2 under different carbon sources

NE/NE FHFRRE 5 B3 (P<0.05) 8 6.8.10 [F]

Different lowercase letters indicate significant differenes,same as figure 6,8, 10

B 5 C/NXI&E# NB-2 B OD,,,(A) B NH;-N(B) .NO;-N(C) .NO;-N(D) i E Mg
Fig.5 Effects of C/N ratios on ODgy( A) and the concentrations of NH;-N(B) ,NO;-N(C), NO3-N(D) of strain NB-2



38 M £ W

2 x K 46 &

B 6 &4k NB-2 AR C/N £ T NHi-N ZBRERMERE
Fig.6  Graph of NH}-N removal rates and NH}-N removal efficiency of strain NB-2 under different C/N ratios

2.2.3 pH sT#E 4k NB-2 #9%% pH XFHitk NB-2
) OD g 7E pH {E/NTF 9 RIS T R AN i,
M pHE N 5.6.7.8.9 B, B fk NB-2 54 K #
KW NI (0 pH (BN 10 I, T8 0k 2E K R 1
WREAIL(E 7A) . pH X FREFAR R,
¥k NB-2 76 pH {5} 5 1 6 B, NH]-N #&FF T [%
12,24 pH {H 4 9 I, NH; -N ¥k & F Rt (&
7B) . BEBE NB-2 ZEARRTE S5 F T NO,-N MR i3

hn AR BRE S5 NOS-N He B TR IR R, T NO; -
N & B 7 2 5 0w B 2% 18 F 3 TR (B 7C
7D) . 24 pH {E R 9 B}, Ki g 45 i NH;-N KBk
AN 6.85 mg/(L - h), ZBHREN 100%, i
pH {E 4 5.6.7.8.10 i, 25 B ol 5431 Ky 4.73
6.22 .6.38 4.35.5.58 mg/ (L - h), 2[5 %43 4
}76.41% .68.53% .81.69% .92.53% . 63.29%
(E8),

7 pH X E# NB-2 #J OD,,,(A) & NH;-N(B) .NO;-N(C) .NO;-N(D) iR EHI I
Fig.7 Effects of pH on ODgy,( A) and the concentrations of NH;-N(B) ,NO;-N(C), NO3-N(D) of strain NB-2



145

39

E 8 Tk NB-2 ZEAR[E pH &4 T NH;-N XREEFRMERZE

Fig.8 NHJ-N removal rates and NH}-N removal efficiency of strain NB-2 under different pH

224 REMEH NB2 9 ¥rh  1EARFIRE &
P, AR NB-2 7E35 F 45 )BT 35 C 5 F 1Y
OD g, B 1m0 1.97, R TE PR NB-2 9 fiih 2 K
FE2 35 C(EI9A) . BEPE NB-2 X NH,-N HFIH
e AT A [l 28 4k, 35 °C I %F NHE-N B9 ] %
B, NH-N ¥ J¥ M 377.39 mg/L FFEZE 0 mg/L,
TE 45 C41FF, 4 NH]-N B9 ) B J1 5 55 (&
9B) , L5 N, 1E 48 h i}, NO;-N 1 NO3-N 7£

A R U S IR AR X NOS-N FiT NOS-N
AL RZ B R (B 9C .9D) . TR FRNB-27E 15 5%
ZETR A AE P 5 53 1 2% (P<0.05) , 7E 35 C I
PR NB-2 1) NH;-N ZBR AN 2 BRHE F o 5,48 h
I NH;-N £BRE K 100% , EFREFE N 7.86 mg/
(L« h), HAE & TR BENB-21) NH;-N 2
BREREAIG, 45 CHF NH-N LBRRUN 9.3% (K
10) .

B9 BEXE# NB-2 8 OD,(A) % NH;-N(B) .NO;-N(C) NO;-N(D) iR BB

Fig.9 Effects of temperatures on ODgy( A) and the concentrations of NH-N(B) ,NO;-N(C) ,NO3-N(D) of strain NB-2
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2 x K 46 &

E 10 E#k NB-2 EREIRE &G T NH,-N ZRIERMERE

Fig.10  Graph of NH}-N removal rates and NH} -N removal efficiency of strain NB-2 under different different temperatures

2.2.5 HRACHKIBL B F A H Ak NB-2 AL AR A7 4
Fem AR NB-2 7Em A3 F7 551 T /Y 0D, LA
K NHj-N NO;-N FI NO;-N )3 B B 15 55 i ]
AL WLIE 11, TERAE ST, Bk NB-2 1F
40 h 1Y OD, fEHer= 4 1.956 (El 11A) ,7£32 h
SE4FBR NHI-N (940 1 068.35 mg/L, %

B %R K 33.38 mg/(L - h), £BFikH
100% (& 11B) , B ¥k NB-2 % NO;-N £l NO;-N
) B 2 75 A2 B 4y ) A 364,39 mg/L Al 43.08
mg/L(E 11C 11D) . H NH}-N ZBRAHH L R
WA Em T HATF R K255 i
TR

11 RUKEREFIE % NB-2 B 0D, (A) & NH;-N(B) NO;-N(C) NO;-N(D) iR B K201
Fig.11  Effects of the optimal condition on ODg,,( A) and the concentrations of NH;-N(B) ,NO3-N(C), NO3-N(D) of strain NB-2

3o

B R 2 i 40 TR IR R AR ROR T R EE AR Y
JE, AN [ 240 T 0 B DR A M AT 22 5, R 5

FAHAL A W A o M N T, Rl =
VRIS LT R AN R AR R — A R B TR
B, 2EP= 08T 18 ( Alcaligenes faecalis) Ni3-1 1) NH; -
N LBRFEH 97% , 1 2 5 T HAbRE . BAKZE
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BN TR R 7E B BN RS R R AR K H B bR
NB-2 764 & BRI P LA K XTS5
(AR = 43 figt A3 4 W R0 TR A R S il 5 T
BRI R RE BT S8OF FIAT A2 R — 4R T R A 1) Ji
SR = RIRIEHA 7 Wang 451>
kB BA ML B ( Pseudomonas reactans) W120-3 Xif
A PR RT3 TR, X 5 AR IR 45 R —3K,
FEATFFEH ,NOS-N ZERIHR (0 h) HA 52 m e
X2 B R RT BRI 45 S — 20 B R
HWRIR T RE SR — AR IR E &R
B AR A A G, EHAE 220 nm 2R 241K
SEHRE AT HE S NOS-N K I 45 H i . 7R 14
MR FEFE BT B AT LA NHS-N, 38 B
NO;-NPY B ik NB-2 Rl EAG sk Rg g .

Li BRI A8 DUFFRBEIR = SMAE b ME— Bk U 1Y
S, H AR NB-2 7E 48 h BFSZBL T 100% 1Y
NH;-N LB, R4 2 Ak fE S, /N
VER—ATEE R 2, XA g A 1R K,
$ = C/N XTI RE 1A (VR Y R TE A B
FEH 4 C/N Ik F 15 BF ENEEEE C/N 25 & 20,
25, NH;-N ZBRAE ST FEA PR AR X — 25
5 m %P R s R —a, — RIS, b
PR K IR B AR Y C/N 5] 4 e AR 240
( Pseudomonas putida ) AD-21, #R J&& 4 T
(Agrobacterium tumefaciens) LAD9 ) #i& C/N 43
B 8 135 i E M C/N &S HEUL ST AR
(COD) .NO;-N Fl NO,-N ¥ & 54, M i {5 7K J5i
WAk, PRIBL, FESEBR R K AL BT R P e 24 1
C/N AEH B, Ab BB K iR 3k B e C/N H
5,924 C/N Jy 5 B, NH;-N Z2BR5%AE 48 h IAE
K] 85.22% , LT NO3-N NO;-N [y 2 A,
LA B (0 B U i A 5 7 228 T Ak NB-2
(0 F 40 A oK T 3 0 T SR A IR
NH, JlHE , 3800 HERE i A A % BT DA e B 1)
il C/N A 15, T RS 3% pH A B 3k
WU WFFE T P= AT 1 & (Alcaligenes ) BYTE
AR Z R pH 9 7.0 5% 7.5 B H ik di e i
BT, P RE S PR hy e v e B 1 U B A B T EA
TNAEEE (AMO) (9 8k B P IR AT
(pH fH>M 5) NH;-N ZBRF AT 2 40k K
ZFRET . bk NB-2 7E R BRI 45 1k F NOZ-N

FEHEIM ,NO,-N 7= A= S AR K, FRIA T bk NB-2 7F
FRYEIREE R A F T NO;-N A M EEF 1
A AR IIY pH (Hh 6 I, 28 AT Cl6
WG R NO,-N, WA w5 R, &85 bk e
g 52 MRV B T AT = AR R AL, AR S A
)& (Acinetobacter sp.) JR1 (pH 4.5) " & K
5T, 24 pH {E>M 10 B, Bk NB-2 ) NH;-N 2%
FRACFEART pH (B 9 B, U BH a5 %) Bk 14 24 55
AT BRI 4 R AR, AT 80 NH -N RBRRE T
RO BRR NB-2 ZEARBMESE T, NO;-N W BT
U6 R R, T NOS-N MR BEFE IR 5 B A5 10 T~ ¥R
K (HER & BE SR UL, pH (B 9 BEAF S A5
AESR, AHESE TP RE NB-2 78 35 °C F A R4F
(R Ak BE 1, X 5 1l 48 o B A [K B ( Klebsiella
pneumo-niae ) CF-SOU! & 7= i AT 56 (Alcaligenes
Jaecalis) NR' FEHEZE AT B ( Bacillus litoralis)
N31 AFEBRAREL S, RIS T, A K KA
AR STt 19 e £ 35 P A2 1) BRI T e 3 2 572
it FRZ IR 5 B, BELAS 0 A il , B 2 S BUAT A S
T=o PR, I R0 vy 6 1Y o oy ok e e, (H
e B M RE 7R 7 R TS R N A RER Y L i
2R ZHC AR AR IR T (28 ~ 37
°C) T BT RE NB-2 1 f5l A K IRLEE K35 C

AR ZERE P ) — bR R R A A 2 T
F AT B NB-2, AR S5 il A iR
=HN,C/N LR 15, pH (R 9, 35 FRIREER 35 C.
TEMAE R B#ifk NB-2 E 32 h NH-N L[S H
1 068.35 mg/L, NH;-N BRIk 3] 100% , 2 5
N 33.38 mg/ (L - h) o ABFFEH NOS-N Fl NO, -
N ¥k B AR fb B B AR NB-2 AU EA S Ik e
I, BA B I i fe e 71, HaX Fh e gy ok
T HATHESE B K 53 5 T A A TR 30 ol 25 )
TEALRE IR T R MENE i FR i A R R LA S s R,
TS, A EEAE N, Wik NB-2 7] T4
AL v O AU A P o R Ak s 2k mT DL
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