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W47 165 tRNA B AT, 45 R 4 4 8 70 8 % NH; N o NOJ N £y % 3 & F 4
F % 5.597 mg/L #10.135 mg/L, sh¥EH AW F AT FH H 3.26 x10° cfu/mL, H & &
89.75% % 5 7 A th F Bl R #4142, 2 31.25% ty & L@ #1 33.50% NO, -N(NO, -N) it & i %
57 NH-N W 4% 5% ,32.45% th A AW 5 5 7 NH, -N [ K;NO, -N % it 2 T EGHEE G
FEEH A (11.26% ) (A A A (4.25% ) Fn 5 B 2k A % & (10.75% ), 1 NO, -N [& 1% £ % & if
15.50% t T2 % Bk A LT 8.75% 1 NO, -N £ JE # fu 10.75% by K (L W £, ZR|T, L &
KREKARFTFERENRFTHBALESSITANEARMRE, BFLAAN AR A TG T
RASWE XEZARXERKAYTEAELCEZ BN REE, R, 11 KTREMEHF5HE 16S
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KEWR: L&, RAARKE; 448 THREAL; RFHE

RESZES: Q938.8; S 965

ARk, K7 FRFH Ml AE 4 R P R
FEE K = FR G O 8 B A IR A R
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Wb % f0 S R A i T T X 3 R
SRR LW AR O T R B HL AR i A 0 F g B
D ARSI B RBE T AN [ 5 a3t KR A
PR A2 S AR SRR B A P PR T o0 B b
A 8 R i TR e R I 1 2 R I il TR R 2R 1Y
T E A W AR, I D B Y AT R R A R
OV i T e R0 P ok 12 8 3L il

UMk

EFESEKH

KA v BRI 8 5 A R BRI A 8 57 Bl B
FRHE (LB H 57 58 ) (1% R R 0. 5% BELEE
0.5% NaCl;2. 5% 35 fig ; 2 W /K I8 i o WK E Ff
AR BTN A, HCAd AR AR TR o 20 5 A1) A )
51 00 1 5 7 B 9% B 1 BE A 1873 1 R < Na, HPO,
7.9 g/L MgSO, - 7H,0 0.01 g/L & IC % 2
mL/L ¥ R4 5.66 ¢/L, 83 pH=7.0 ~7.5,
R 4 A D R0 ) AN (D 4l g A 3% 5 S v s
0.841 5 g/L NaNO, .0. 1 g/L NaNO, .0.25 g/L
HHEMREL NH,C10.529 6 g/L, LIAG A [) 1 4 £

1.1

FHAS PR EL A R 4 | 3 1R A0 = AR ) RE
Jio Horp it JC R L 4r iR EDTA 50. 0 g/L;
ZnS0, 2.2 g/L;CaCl, 5.5 g/L;MnCl, - 4H,0
5.06 g/L;FeSO, - 7H,0 5.0 g/L;(NH,),Mo,0, -
4H,0 1.1 g/L;CuSO, - 5H,0 1.57 g/L;CoC,, -
6H,0 1.61 g/L,pH=7.0,

H PR 21 2 B 300 4 PCR R & 1 e 0T i
A& T, DNA % £l 2 e om0 A ki
BT TR S A RA A, PCR 51 ¥ H
bR BREYHARAR A A S M, pUCH-T
Vector ) H Promega,

1.2 XHEHMEKERE

WU T 4 A5 A8 SR FE K It 2 370 FoRG 97 £
AN 1.33 hm? SR 2.5 m, fi s BlARic N
CY1.CY2 .CY3 .CY4, K SF 80 ] Jy 2008 4E 9
Ho 4 /T 68 37 58 W % 1 BE A OK B2 B 3k 1 fi
7N o JKFEFAEAR BB 45 R AR, R BOHL I 6 4 a5, I
RAM., FEET 4 CRAFAZH, IFEIRE S 1)
12 h A S R 35 4 8, O ik — 25 EAT PR O
B B A3 WA [ TR A X TR 1 R R ARG O

R1 EGEFEMENERKRSHY

Tab.1 Water quality parameters of grass carp culturing ponds
Tt I 2 5 /T COD/ NO, -N/ NO; -N/ NH," -N/ R SR AR/ (A% mL)
pond number temperature (mg/L) (mg/L) (mg/L) (mg/L) concerntration of culturable bacteria
CY1 28.8 8.5 20.13 0.113 0 5.016 6.44 x 10°
CY2 29.0 8.2 23.22 0.144 0.382 5.682 2.92 x10°
CY3 28.8 8.5 19.48 0.184 0 5.872 1.84 x10°
CY4 29.0 8.5 20. 05 0.100 0 5.818 1.84 x10°
1.3 KL ZFIEIRNE FEN B IR 24 h i 2 P 0 SR AR I A [+) TR Rk

JKHrh NO; -N NH, -N Al NO, -N & & jil] &
2 B CORFBE KK 43 47 05 25 ) (AR i) ) 1R AT
K 7210 BUR] L4360 BE AT B A A, o,
NO, -N ¥ B i)l 7 >R FH 58 40 43 06 2 7 NO, -N
VR I D R ) N-(1-28 0% ) -2 O BE 7L NH, -
N 114 0 22 SR F A0 ERAR R 43 Y6 6 BE Tk
1.4 B#HSBERAREKFARNBRIEERSH

R T & IKAE 3 3 H B 1A% (10
% 100 % F1 1 000 %, B 200 pL 557 % A T &
FRENG A b, F 37 CHEEEFE 24 h, #1740 W
T TR I, B A KRR O A1 10 7 B R BE AL Bk i
100 /> LA V% $ P T W IR 7 FR B 3R Sk p 37 C R
M5 24 h,

T 1% B R RORE DL B PR VR B0 5 R TR
ol 1) 55 A [v) SRR A VAR M B R e 37 CHER

I A [ 005 1 1 2 o

MR &R AW Tr ik HEHE A ) &R 1Y
A2 5, R R 1 1 S 390 43 ) 5 g A 1 e )
FH 32 S 5008 e 7™ AR 0 A W 2R AT RO, AR 4
A BRI e R E A RS S 5K
TR A DL R AE RAE 2 b i AR

LAY R 5 A (NO, -N) (1% 5 Pk DU - 35 3% Wi
VA PR R 06050 R, A AT € U ) R
T A A PR A, L0 0 B TR A R v R

ZUA (NH, -N) Y 5 PR 0 F 4l 1G5 A
B AR A N, BRI B R A E A B
0 7 TR A R M B K

PR A (NO, -N) 14 7 LA -

(1) X5 0 12 6 S0 0 3 25 0 A 00 A 7R
ST, AT 1 mL B SR R AR A 0 Al R R A

http : // www. scxuebao. cn



1574 Koo

O 36 %

(M FE <150 mg/L) , & 56 A 1 mol/L 1k 50
pL RS, A 50 g/L 1 24 5& B R Bk i W S0
pL IR AT, LATH BRI IR #h A 0 i IR #h AL 6 1
. SRJEH 2 pL BYIZRE SRR A 10 pL (1
AW AR A s A S A TR, )
AW R PR A S BN Z D,

(2) X T A A WA R 5 2 55 5% WA ) A
FRER AN 6 T 1 mL AR AR I B 520, T2 A
R PAEAH VAR, T 5K 2 pl 1%
KSR WA 10 pL 1 KB woh i 2 5
71N WA 0, R R € 1 TR, 0 A0 A ki B R P A R
REmEMZ D,

B #& 16S rIRNA /73] 2 = ] IR 4 1L 4
R 5 P J 8 S5 0 A I 25 R, DAk HBCAY 400 A FL TR
P BERLEEICT 11 #RFET R AR 16S rRNA ¥ 51 1Y
YE . DA SRR 2] DNA AR 1% 16S rRNA,
PR —Xt@ H5 Y. EiEgl Y (PL).5'-
AGAGTTTGATCCTGGTCAGAACGAACGCT-3';
FWEel ¥ (P6) .5 -TACGGCTACCTTGTTACG-
ACTTCACCCC-3', PCR JZ W& Z (50 pL) ;10 x

Buffer 5.0 wL,dNTPs 4.0 pL, I8 %F1 R 5]
P4 1.0 pl, B K 38 pL, .0 E A
DNA #i47 0.5 pL,Taq fiff 0.5 wL., PCR JZ )i
KT :(1)94 C,5 min; (2)94 CTAPE 50 s;(3)
52 Tk 60 s;(4)72 CHEAH 90 s;(5)72 C,10
min; (2) - (4) L BRIEFE 30 YK, AR B BE e H K
(1 x TAE HLyk 22 M, 1% BEJKE) 53 PCR 45 2R .
PCR 74 (1) 2 Ak #0007 By 0 28 T AR T
A PR F) 52, P 45 5 38 17 GenBank Blast i
17 X5 BT
1.5 HiESH
I B T Y8 + AR 22 R0 .

2 4

21 ANEEFEHENRERSEREUY
E R

MRS B8 3 308 AT 53 5 114 20 T AL Pk R
100 A~ER AR, 20 17 A2 R A0 2 R0 % I il R £
(5 P S S 5 AN ) SR R A2 A R) T BE T 119 L
#(%2).

R2 EAUESSERUEENEEIN

Tab.2 Analysis of cultivable heterotrophic bacteria involved in nitrogen transformation in grass carp pond

Rtk

nitrogen transformation

®E He i)/ % *
pathway ratio

% [ i &k protein ammonination

NO; -N/NO; -N if Ji reduction

NH, -N #54f, NH," -N % i production

transformation
NH," -N &% reduction

B R B %% 1k protein direct transformation
&4 Ak ammoxidation

NO; -N ifJ5i reduction

NO, -N % 1k oxidation

NO, -N i J& reduction

JZ fi§ 4k denitrification

NO, -N #: i production
NO, -N 1L
transformation

NO, -N [#A{% reduction

AZ 5 H AL out of circulation with nitrogen

44k ammoxidation

31.25 +17.10
33.50 £23.27
32.45 +8.98

11.26 +7.04
4.25£5.25
10.75 £6.87
15.50 £14.39
8.75 +7.34
10.75 £8.04

10.25 £9.00

VEra. B R R I T O RS T LU
Notes ; a. the rate of bacteria participating in the pathway.

S5 R R L, B R G IR PP 1Y 89. 75% 1Y
SEWZSH T ARG R, P f A
PLAM B R 35.50% . NH,-N L iR 2 E 8 A
wmE A (Z L) Al NO; -N/NO, -N if Jit .
BACH A 31.25% , Hird 5.25% f i al [ i 2E A
NH, -N fil NO, -N;NO, -N(NO, -N) ifs J5i 4 i, %
RIIHA 33.50% , Hoh 17.25% ()8 T &1L .
NH, -N (% 3= 22 i 20 A 1L 523, 32. 45% 12

AAE A 7.5% 8 T ALK, 4. 25% 1 B AE R
WA PA NO, -N LR,

NO, -N A g e B2 H R B (EHB
B E R AL T L B R R 11, 26% , o ]
A8 NO, -N [0 4.25% ) V& AL (AL TE N
4.25% ,Ho 1.5% Jg T2 AL ) HAE R # Rk I
(AE R R Rk I o 10.75% , b 2..0% 1Y 1 fiE
MR JBUE 542 i NO, -N, 1. 0% A 2 A AL I

http : // www. scxuebao. cn



10 3

G254 R RAUK A T 2 5 R AR AR 19 5 97 1 2 i 1575

RERIAE G AL, 7. 25% 9 AN F [ 28 R I 1 R 46
e AE L) . NO, -N F& A% 3 % i 43 NO, -
N A (MLl FR %A AL 1 15. 50% ) \NO, -N it Ji
(NO, -N i Ji i Ay 8. 75% ) 1 S fiid A 52 B ( B
A 10.75% , KR ZHCE AL D fiE

WAk, Bl 3% A R 72, 25% 1) R 57
W5 7T &AM NH,-N NO, -N fl NO, -N Z
MR, o 29. 5% MR FHHE A S 5T —4
AR, 4. 2R HFEES 52D (— DU
) AR (R 3)

®3 EH&MEHISERHR.NH -N.NO; -N # NO; -N Z ALK EEH SN

Tab.3 Analysis of cultivable heterotrophic bacteria involved in the transformation among protein,

ammonia nitrogen , nitrite nitrogen and nitrate nitrogen in grass carp pond

Z 51 e A i 2

amount of processes participated

0 1

3 4 5 6

i/ % * ratio

27.75 £3.56 29.75+9.36 20.25+4.97 14.25+7.08 7.67 +2.49

2.00+1.87 0.25+0.43

a2 5IR R 0T G 84 5 L
Notes: a. the rate of bacteria participating in the pathway.
2.2 HE# 16S rRNA FH RS ERELER
a3

AR Z A R KA 2 5 B
B R AR S, WL B Ir R 45 1Y 400 4k 1 Hh Bl AL 38 X
T 11 BREJEAT 16S tRNA J7 81 %58, I iF— 20
I3 e AT R0 B 7 A A TRk U
TSR AR A S 00, 45 R & 4 Pros o DN AR 1 1]
PR 53 A a5 SR mT LU ) O 11 Bk 400 )8 T

v H A K R R (Klebsiella sp. ) | B9 i &
sp.-) . BB OB MR
( Stenotrophomonas sp. ) f 5T # J& ( Enterobacter
sp. ) o HiHSE SR BB BT 7 R F A B L 1T B
® A 6 PRJE T 55 2 M, T v ER A IR A
JatF i B 1Rk, o 3 MR IR B T . DA ]
RGO n] DL 40w 0k 2008 0 R B A i
RAE S o

( Pseudomonas

®4 TEEMIS RNA FHLEELRREESERBRUERSWN

Tab.4 Analysis of bacteria 16S rRNA sequences and their role in nitrogen cycling process

R4

7R EAN R A R 0L

FiI L L utilization of different nitrogen

" A W s s W s s
strain homology generation of AHHILA HWA WAERERA  HRHA
. . . organic ammonia nitrite nitrate
number analysis different nitrogen
nitrogen nitrogen nitrogen nitrogen
B Ffr % % ammonia nitrogen - - +
F1 Stenotrophomonas sp. WA R £ % nitrite nitrogen - + +
100% R £h % nitrate nitrogen - - -
1 B % % ammonia nitrogen - + +
F2 Pseudomonas sp. i 2 £5 A nitrite nitrogen + + +
98% fil§ B £ 4 nitrate nitrogen - - _
B B % %A ammonia nitrogen - - -
F3 Stenotrophomonas sp. WA R 2R & nitrite nitrogen + + +
99 % T li2 5 % nitrate nitrogen - - -
TP (R % % ammonia nitrogen - - -
F4 Pseudomonas sp. Vil 2 £k %( nitrite nitrogen - + +
98 % AR £ & nitrate nitrogen - - -
T EAN AT % % ammonia nitrogen - - +
F5 Klebsiella sp. Al R 28 & nitrite nitrogen - + -
100% T4 2 5 & nitrate nitrogen - - -
PR RN 2 & ammonia nitrogen - - -
F6 Pseudomonas putida il 182 18 %( nitrite nitrogen - + +

96 %

fil§ 2 £ %&( nitrate nitrogen

http : // www. scxuebao. cn
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gk 4
FIFH A% 5L° utilization of different nitrogen
bk b 5 o S 25 L o - Y
strain homology generation of LA A AL R R
. . . organic ammonia nitrite nitrate
number analysis different nitrogen
nitrogen nitrogen nitrogen nitrogen
BT P % %l ammonia nitrogen - - -
F7 Stenotrophomonas sp. WA R £h % nitrite nitrogen - + +
99% 5 R £h & nitrate nitrogen - - -
B % % ammonia nitrogen - - -
F8 Stenotrophomonas sp. i 2 £5 A nitrite nitrogen + + +
99% fil§ iR+ 4 nitrate nitrogen - - _
[ 7] % % ammonia nitrogen + + +
F9 Enterobacter sp. i 182 18 % nitrite nitrogen + + +
97 % Ti§ i2 5 % nitrate nitrogen - - -
LR R SRR % % ammonia nitrogen - - -
Stenotrophomonas X N . .
F10 Vil B2 £k A nitrite nitrogen - - +
maltophilia
96% Tl 12 £h & nitrate nitrogen - - _
(4
B P % % ammonia nitrogen + - -
Fl1 Stenotrophomonas sp. WAl R 2R & nitrite nitrogen - - -

97 %

T PR £k & nitrate nitrogen

T :a. 15 GenBank H8 ili iy J3 51 HEAT LU X, B 45 20 4 [R) U5 0 71 20 BOR BT AR R I TR Bk o b 32 b i A7 AR 3 B R R FH AN T) my 800, 51 AR 1
X B B SRR A R A PR AR AR AR A Ol . - T RN R L, £ RO R+ RN . AN B FL R DIREH oA
LA =&, & WA R , W AS R AN 7 &, A R 7™ S AN 7 IR R

Notes:a. the homology percentages and representative strains via comparing with the sequences in GenBank. b. the rows in the table show
different nitrogen sources the strains utilized by the strains; the columns indicate the level of ammonia, nitrite nitrogen and nitrate nitrogen
means a small amount of production, “ + ” means having

produced by corresponding nitrogen source. “ — 7 means no production, ¢ + 7

production. For example, the function of strain F1 is that couldn’ t use organic to produce ammonia,could use ammonia to produce nitrite , could

not use nitrite to produce ammonia,could use nitrate to produce ammonia but no nitrite.

3 dhe

3.1 E&EFENUEPERMIEBRERKRE
T

RAE I IE K7™ I3 58 A 2 R G0 W) 1) B 1) T
BN FRBH K AR A £ 0 RE AR 32 B BRI K T 3R
FEA S R G AR & B e A, IR TEAR R AR BE b R
AR L FEK R R, R R
RE 8 1 A A8 0 B b i 4 3 oA W o Ak L Ak
GHAL N A SR WS A FA FWE, I HoK ™
TN — oL HE = WA R R R A
HAR AR I HEBR AR SN I I & T W e WA AL X
FELIRIG IR R S A M &R, M ESR
TG 1 800t JR At s LA AR s i e o ik
EFRFE KR &, 2 AT A SF mE g
B 20K SR R A T

—AE LR, SR A K S b NH-N vk B
5 mg/L NO, -N ¥ EF 353 0. 1 mg/L, i< %t 5758
YR E . MK NOS -N HUA 1Rk T

(60 mg/L) B [ # A B, A 45 77 A — 2 1 fE
S NGIERE 37 Rip L N PO N R
SRR A e DA 0y SR A L R G 8
AN o L 3 v 3 A3 R R R AR, AT TR
1283 d [y FRFEIE M E T A 5% K o NH, -
N.NO;-N fI NO;-N fi§ & & 4> % 4 0. 28 ~
0.92 mg/L 0. 03 ~ 0. 13 mg/L #1 0. 08 ~ 0. 75
mg/L, SIRA RIS 7—9 A a5
WP LA L 3 A AR & E 4151 0,40 ~0.53 mg/
L.0.076 ~0.102 mg/L F10.52 ~0.66 mg/L, ifi
ARSI BRI 1 4 A AR 35 G It R R B NH-N
NO, -N 1 NO; -N [ ¥ & 5 43 5 A (5. 597 +
0.395) mg/L. (0. 135 + 0. 037 5) mg/L A
(0.095 5 +£0.191) mg/L, 7] LLF th, 4% 52 5 fr il
SE I 4 A 568 7% 5 w3 b NH, -N f1 NO, -N
WA AE — R L R T O SR A AR W I A A vk
JEE 3 B 5 R B — S 1 4 4 i
3.2 EEFEMERTSEREUERFELSN
SR KSR RGPS A A
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# ,Hovanec %" [y B} 55 % B, 37 5 K 4 b 119 57
TRV AN ) 80% , i A BT A 57 i 5L
o van Rijin % BRI W], B A #0476 BFOK S5
KA S FR 3 107 cfu/mL, F 40 1 £ 7K 4
HiIfAE 5] 43 Aii . Leonard %5 41 43 7 1 i 6 £
TEHKFE RGP R W, KIIZ R G K
PR R BRI A F 107 ~10° cfu/mL Z 0], H
X K SR B S 5 o 3 b R 85 R S AR A AR
TR ¥ TG AH OGBSO AT 22 A SR % 4 A iR B A
I B U I v ST A TR AR Y I 2 R AR B U
FRAT B FE 4N 2 ok (3,26 £2.18) x 10° cfu/
mL, iX 5 Hovane %' fyF 57 45 S LA — 5,

R FOIE LA 2 2 5 1 U A TR 58 26
BRI B 8 1 B 0 AR X A~ 3 78 v o kA
TR RBAEY , WMAEY S 5 AR B £ F
o AR AR E AR T S AR AR T LR AR VR T R T
RAEMEE o AFXT LA b 52 50 235 2R BT 45 31 19 2 £ 55
W B NH, -N il NO, -N ¥k i 3 75 — & 72 i
X SR B A W) ) A R R L, B 9 i U
hS R AT (FEZRME) N T A H
P AR b i B AE I L R AR s AR R A
i HA TR S B HATN I AR A X
FEHH M IE 102 5 JAE 0 555 T R OF R B AT 2
F o ARSI A S S AR R L R &
W, 55 £ 37 S IS o 24 89. T5% M S M A 2 5
TRMAE @R, L AR RN ES R
Geh R YEE EEWAE M . KA 4 R 3 E R
F o Ak i Rk &0F i R R A Y 3 i A il 2
A A AR AR i AL B AL Y 100
PRI T K2y 65.75% MW 25 T &AM A B, i
HE31%WMES 5 T 2 A0 B, 05X 02 5
1SRG K A R S R R R . TR A, K
TR 25 26.26% 1 35. 0% (#4301 2 5 T /KK
il 2 5 2801 2 RN A o

7 BTt v 20 R ) 2 B SR G K A A R A
Bi OS2, AN AR, pHL Ll RE B SR B 0 A AR
P RE v 45 I AS [ 5% G b 3 o 10 A9 2R 25 S A
Bk Leonard % BfHLYEE T 20 F it b5 £ 4%
PROK %51 22 58 00 S 9% T A O BB MDA
putida ). W T B W B
( Oceanospirillum) i ¥ % ( Marinobacter) . ] ¥k
Wi ( Paracoccus) | 7% 40 & ( Erythrobacter) | ik
( Vibrionaceae) I "<, . M 1 ( Aeromonas) , 75 55

( Pseudomonas

B BEALIE I T 400 AR PR 11 ARIE AT T % 5E,
HNHEPHO6HKETERERME
( Stenotrophomonas ), 3 ® & T & ¥
( Pseudomonas) , T 7 55 1A & & ( Klebsiella) 1 i
FF 18 ( Enterobacter) £ 1 #k , T H. 20 T XF 0I5 14 41
FHEA BIRRRR 5 1 o 0 JH A e 2 1 BT i 1R 6 A
RACR B A T AT 10— 2D AR5 ] Ry P K
FrF b A K 5 i S8R R 07 2B 4 AR S R

LR e

(0] 8 S MRS B 5 ik 2 48 gl 3R [ 7K 7™ 57 58k AR
fRLI]. ol ALAL ,2001(5) 11 - 13.

[2] ChenJ X,Guang C T,Xu H,et al. A review of cage
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Analysis of cultivable heterotrophic bacteria involved in
nitrogen cycle in grass carp ( Ctenopharyngodon idellus ) pond

FU Luo-qin, SUN Jian-dong, DENG Bin, LIANG Quan, ZHANG Xiao-ping,
ZHENG lJia-jia, HU Cai-hong, LI Wei-fen "
(Institute of Feed Science, College of Animal Science ,Zhejiang University ,Hangzhou 310058, China)

Abstract; The aim of the present study was to detect the levels of NH, -N,NO, -N and NO, -N, and to
determine the numbers of ammonifying, nitrifying, and denitrifying bacteria, which are responsible for the
nitrogen cycling process in four representative grass carp ( Ctenopharyngodon idellus) ponds. After sampling
water from 4 grass carp ponds, one hundred strains selected randomly from each sample were tested by
qualitative color reaction,and on the basis of the test, 11 strains of heterotrophic bacteria were selected for
16S rRNA sequence analysis. Results showed that the mean levels of NH, -N and NO, -N was 5.597 mg/L
and 0. 135 mg/L ,respectively. The cultivable heterotrophic bacteria density in fish pond was 3.26 x 10° cfu/
mL and 89.75% of them were involved in nitrogen cycle,65. 75% and 31% of which were involved in
NH, -N production and degrading, respectively. This result indicated that the overwhelming majority of
nitrite-producing bacteria resulted in high level of nitrite in grass fish pond. The identification results of 11
strains of heterotrophic bacteria were as follows:six of them were related to Stenotrophomonas ,three of them
were related to Pseudomonas, and the other two strains were Klebsiella and Enterobacter, respectively.
Moreover, there might be strain differences on utilization of nitrogen resourses.

Key words: Ctenopharyngodon idellus; cultivating water; ammonia nitrogen ; nitrite nitrogen; heterotrophic
bacteria
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