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Studies on Nitrobacteria and Nitrification in Liaohe Estuary Wetland Sediments
BAI Jie'?, CHEN Chun-tao', ZHAO Yang-guo'*, TIAN Wei-jun'’>, DONG Xiao', YIN Ning-ning'

(1. College of Environmental Science and Engineering, Ocean University of China, Qingdao 266100, China; 2. Key Laboratory of
Marine Environmental Science and Ecology, Ministry of Education, Qingdao 266100, China)

Abstract ; Nitrobacteria, nitrification and its impact factors were discussed based on the method of on-site incubation and laboratory
simulation in Liaohe estuary wetland sediments in June and August 2009, respectively. The results showed that the number of
ammonia-oxidizing bacteria (AOB) ranged from 0. 54 x 10* to 5. 69 x 10*cells-g ™" with an average of (2.21 +2.32) x 10*cells-g ™" in
June and ranged from 1.90 x 10* to 7.90 x 10* cells+g ' with an average of (3.61 +2.87) x 10*cells-g™' in August. The potential
nitrification rates ranged from 9.72 to 16.45 mmol+(m’-h) ~' with an average of (12.54 +3.14) mmol+(m’-h) ~' in June and
ranged from 14. 66 to 24. 62 mmol+ (m’+h) ~' with an average of (18.71 £4.21) mmol- (m”+h) "' in August. The net nitrification
rates were 0.41 mmol-(m’-h) "' in June and ranged from 0.20 to 0.53 mmol-(m’-h) ' with an average of (0.35  0.16)
mmol- (m”+h) ' in August. The potential nitrification rates were apparently higher than the net nitrification rates. The AOB
abundance and nitrification rates were all higher in August than in June. Ammonia concentration in the overlying water, pH, organic
matter, total nitrogen content, total phosphorus content, ammonia nitrogen content and the number of AOB in sediments were the main
environmental impact factors on nitrification by SPSS 13. 0 statistical analysis (p <0.05) , and it also showed ammonia concentration in
the overlying water, total phosphorus content and ammonia nitrogen content in sediments were key impact factors on nitrification by
partial correlation analysis. The flux of transformed ammonium into nitrate by nitrification process was 1.14 x 10° kg per day,
suggesting that nitrification was important on nitrogen cycle in Liaohe estuary wetland sediments.
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Table 1  Distribution of sampling sites in Liaohe estuary wetlands
T s B A G
S1 121°47'29.5"  41°09'34.3" PMERKH{R
S2 121°36'22. 4" 40°52'11.6"  JLPLMHEERK
S3 121°36'18.0”  40°57'54.9" /b EEHAE K
S4 121°36'09.9”  40°51'53.8" A RESEHHRA K

P EEGR AR (allylthiourea, ATU ) A Sy 44 %8 A /1 HT 64 10
il 7). B R S g e ATU 1 ) 52 56 20 AR ATU 1 i
XFIECZH, R ) ATU B35 3 o (2% 10
mg- L) TIPS T B SR AR SR AT
4 h. 75 SEER T IR FIEE R, 70 1) R 4R 55 IR AL N KR,
FH0.22 o I 5 G T 0SS AL B A R 2 R, %
R PR ] 52 56 38 I 5 A o R B NH N, 85 5
S5 TR0 B 3 IR KA L BRI A 3 P AT S
R XoF HE 2 F 52 50 20 o NH, -N i B 28 Ak 3 53 4 i
R % e - B 7 (1l R
. - V.(cy —¢,)
" 1 000A¢
v LIRS 3 L VT AR/ B U TS ) A VA
[mmol- (m’+h) ~' 15 V,: ¥ 3% #E W b 7 7k (9 & B
(L) seq e, : 230 R 35 32 5296 TR 4R O 1 20 F o 1) 2 35
FEAKM AT B NH, N B (ol - L™1) A 55 F2 AL A
A (m®) se: 55 FREFE] (h).
12,2 WA i A A0 5 0 5 B = A 4 8
Y TE B8 16 VE ] 3 2R ( potential nitrification rate,
PNR) R (B 35 Wik il R 1 B4 7K
1000 mL & F B 5% 0 b, 8 A ¥ By 10
mmol-L~'f#) NH,Cl % # 30 mL Fl 6 mmol-L ™' iy
KH, PO, ¥ 10 mL, ¥R 2] J5 5 B 37 R £ i % 2 TR
WHE50.0 g & T Hop, st &, BLIC I 75 200 i)
B iR W 100 mL, 2351 fm A 6 4> 250 mL
T, o 3 S A, 5y 3 O A B
WAL AESC UG AR 3 A 1 mL 3Bl 2 gL' HY)
ATU 2 28 A A R 4 1 590, 25 13 08 J A AN AT o
AR B BT A HETE M E T 25°C 1 5E 5 B 3R AR b g B
7% 24 h, 3 HI7E 0.6 .12 18 .24 h Hu¥s 57 K HE, &
0.22 pum JEMETUE G & T HUCA B R O EE D,
DU 6 i B NHL NS 5 AR 46 0 R 28 0 S0 56 2
NH," N B2 A8 A T 55 0 78 fiF Ak By 38 %, 3+ 538 07 %
mE
Lo phV(k, - k)
’ 1 000W
b, o, AR B 4K S 3% 3 [ mmol + (m”® +h) 7'
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Fig. 1 Distribution of AOB abundance in wetland sediments
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Table 2 Environmental parameters of sampling

sites in Liaohe estuary wetlands

v pE ¥ F 0 A~ »‘”;E{ NH+-N
A e g s TR UVIBRYNH,
/C KR/ % /mg-kg’]
S1 22.3 2.3 44.78 12.91
2 23.3 5.1 33.47 7.83
S3 27.1 4.1 37.57 8. 82
6 H
sS4 2.4 8.7 33.72 6.02
o A 25 2.3 2.7 5.28 2.92
HRER/ % 10 53 14 33
S1 28.8 3.1 51.05 15.98
2 31.7 7.6 19.20 8.31
S3 34.8 11.0 40. 63 10. 26
8 H
S4 31.3  12.6 31.26 10. 69
s o A 22 2.5 4.2 13.56 3.28
AR 2B % 8 49 38 29

HKOE A F 3 iF 6 F 1 S1>94 >83 >82,8 A K S1
> S3>84>82, H S1 i) AOB % B & & T H
BN RPN [R5 A7 22 18] 9 43 A 25 5 BB S5 IR
PINH, -NFr i (036 2) A R0 (036 1) 45 52
AOB [ A4 1 FIE M A 6. NH, -NAE S AOB A K 1)
B e 2 AR A T AR B LN S
BT P USSR AR BRI R, AR
T AOB pIA£.
2.2 A0 T M AR 1) AiE AL R
2.2.1 AL O b O R A A VA A AR R

L] 1 b 3R 2 O R 0 A i Ak B 2R A AR
ULE 2. B AT S AR R AL R 6 ] 7E 9.72 ~
16.45 mmol- (m’+h) "' Z ], 4 (12.54 +3.14)
mmol-(mz-h) - AR Z Rl 25% ;8 A 7F 14. 66 ~
24.62 mmol-(m’-h) "' Z A, FE ¥ (18.71 £ 4.21)
mmol+ (m”+h) =" AR R BK 22% . w] WL 3L ] O
Hb 6 F I8 ¥ 7E Ml Ak TR R 1% 28 8] AR SRR B AH T,

30
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Fig.2 Potential nitrification rates in Liaohe estuary wetland sediments
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Fig.3  Net nitrification rates in Liaohe estuary wetland sediments

2.3 PUAW AOB Bt 5B T 1 K &R

LR AOB % it 5 TURW 30 358 & 09 #H 5C 2
Prafi R W3k 3,0l LI AOB % 5 U pH Al
NH,-NEEESEZRZEEMELR (p<0.01), 5
TIPS KRB A S RERFEMEMLKR (p <
0.05). FWIWFFE X I AOB iy 4k K =2 LY pH
{E NH, -NHLE RS 5 1R

£3 | YWAOBHKESFBERTMHEXXR"

Table 3 Correlation coefficient between AOB abundance and environment factors

BT kR pH A HLB

BA(TN) Rk (TP) NH," -N NO; -N

MR r 0.725" —-0.894** 0. 628

0.880" 0.515 0.907 " * 0. 435

1) # o= Fon i R ETEARSE (p <0.01) 5 = FoR BEMEA (p <0.05) 5 n=8, N

2.4 GEALHE RSB T OC R

iz Ji] SPSS 13. 0 BAF i 2 4> HEAH 5 20 B %
LA 1T 38 R A P AR 3 R 2 A B I
PN BT, 45 R DL 3R 4.l ] DL vk A Al A A
RS EEKNH, -NE B JURY pH {H . &5k
(TP) & Al AOB oo & v 8 B 3 PR A GG & (p <
0.01), SULRRYA ML B R (TN) FINH, -N& & 2
BHEMEMCHKR (p<0.05), 5 EEHIKIEE DO,
NO, -N& SAPURY) & K R A — & M, HA
B#F(p>0.05).

S B0 RE AL YAT 1 M A% A PR T R A AR Y
SRR W AR TS LA 1 AR N 5 Z A
KAMATIMAN K 23 M (MR S) , 45 R R W], BRIK

F4 BEHLEXZSERERFEMNEXXR
Table 4  Correlation coefficients between PNR and environment

factors at study area

e LS LU Il WX R -
pingES 0.412 &K HR 0.539
+h R -0.033 pH -0.896" *
pH -0.383 HHL 0.813 "
DO 0.478 A R 4 0.297
NH, -N 0.895** || TN 0.813"
NO; -N 0. 633 TP 0.840" *
NO; -N -0.173 NH, -N 0.823"
PO~ -P -0.440 NO; -N 0. 189
AOB 0.859" "




12 1) FE T A < AR Rt DT AR A A R R i AR Y 3015

NH, -N& & UYL BEFINH, -N & i £ 45
{1 S W) 5 A, R 2T 0 38 g T AR A o i A 1 G
BRI R

£S5 OWUIERRNE RN R XS

Table 5  Partial correlation analysis of impact factors on nitrification

AT ES i 4 G 2R B MK
[ /K NH," -N 0.956 0.189
JLRR Y pH -0.126 0.920
LR A (TN) -0.706 0.501
PR Y MW (TP) 0. 949 0. 205
PURR YA ML 0.509 0. 660
TUFRRHNH, -N 0.768 0. 443

3 itig

3.1 A0 FHB MUY AOB K i 5 i PRl %

AL 3 UL B v AOB Kt i 5 T AL W
NH, -NFLE A & A, FEEF INH, -NZ& AOB
HE K T T 0 3R T, N Ak A T T A K B
5% 00 5 NH, NS 80 A0 3 2 2, ROt i By o
AOBEHUA S RZAMEELEMAELETES
NH, -NZ B8 Ak 0] 4 52 0 BUR & BEA G UL Y
HiR [ g pH A 28028 AOB 78 K (9 R85, F— A %
i FL £ T P G R A B T A T S B ML O S
B ARHITUUR pH {5 AOB % 3 ) MK 1)
g5 LTI RE S A .

3.2 LA I AR A AL VR B R R TR R

UL 9 8 A0 A 5 R AR A2 2, 57 311 £ BR 0
DRI 22 0 520, G F K BRI 4 0F UURR Y AOB 5 dit
AP 3R AR 17 o 202
3.2.1 AOB *FasAbAE A 520

TERSALAE TG F2 P, AOB 2 F B2 5% H
KO 22 /0 43 BHE S R A0 1 R T R
[l i) 98 858 4% 18 F, R TA) 9 pH A S AT L3 i ek s
AOB fy A= KBRS ma LAY v AOB /= K B
U B A v i) B o RO | AT B R 3T AR
W B Ak VR FH B 3R AOB H AT 7 K 2% 18 1Y A B A
M, RUE Al i R SR Y Ak A A O R R BR A A 4
BRI DR BR O A% 1 1 7 A £ B BRI £ Hb B )
AOB [ Fh BE 45 ¥ 00 80, AT 52 0 A Ak £ 0
s L0121 RIS AL T I b T A s TE i AL A
MR AOB Hrit B B E ML LR RS
A .

3.2.2  EFERXTRALAE 0 5
A BF 5T 25 SR 32 0, 39T 19 b T R 0 R AL

VEH A 5 NH, -NFLEE (TN) & &5 BEAR G, 32
J2 DR O NH, NS AV R L e, K
NH," -N3Cn] DL jd i + 58 L B2 i A3 00 R ) vhoi 5
M UAR A v NH-N B i, i — 20 52 i i A A 5 i
DU A 2 LA LA WL XA TE  TE )
YEJUTR , UUAR ) v U v 18 A AL AUAS Wt 3 3o o Ak
P FHE A HLE G A N N2 TEHLR 7 N i A
Xf A AE 0 52 e 3 22 02 i o 2l 28 NH, -N & 4t i
RGBT R R MU E W AE KRN —EFRoT R,
DU R B 7R A AT AOB A K Ty HLB R £
4 17 76 AL B 8% 1 Bl TR 46 2 h AR 3R, W) 8 I S 2%
URRYY 5 A A AR JH 3 80 pH R B, A R T i 4k
VERTAY S A= 7 R M 3T 1 38 3 350 AR 40 oh s 2 B 10
A XS A AE T A B S 52
3.2.3 A HLJT A5 B0 5 DA 2R 6 AF AR A FH £ 52 v

A WESE R, A LT B A7 AR AT A1) T 28 S5 5 i
A Al B A AR R AR B R AR F ST
AU S RS MAREE D EEM RS MA
Ko IKAAURVE 2 HE W) 2 3 RE BT L 200 B 5 0, B
A AL S RO RE RO AE D ol TR AR R A L R R
PR AT 0, DT B 7K 3R M 2s 5 e A RORNE SR
WY e AR b i A% i, PR TTORR W 25 K X i 4k
VBB 52 Wi 5 50 <0OR 3 37 9 B Y T 3R A5 1 5K 9% A
Ko Wb AT WFTER B e — 5 T EE AR S L Y
A Al R 5 B R B AR A O T A BT 5T
A KO B AR B Ak SR A OGN 3 T
5 S T 8] A5 57 A B A G PR B AR 2R AR LT
ek B R B A AR Ak R AN LA B A A A i 2D
A%
3.3 5HE XU 1k R A L

] A A7 O TRT 11 948 9 7 i A 3 3 ) 40T 5 R
B> B W I HIE , 38 [E Savannah ] [ 35 78 18 L I0
Y W 7E M b 3 R B 0.051 ~ 1.486
mmol- (m”+h) ~'""' ¥ E Colne 07 177 FL 4 1% 76 1Y
L % K 3.33 ~8.89 mmol- (m*-h) ' KB
IL] 3 e T AR Y TE A AL R R 9. 72 ~ 24. 62
mmol - (m”+h) ", & WL VAT 113 3 7 400 1) 985 A i
L R B & F Savannah /] [, i & F 3% [/ Colne
.

[l A AP AS TR AF 5 IX ST BR 00 ) 4 il A 3 38 L
6. A U, L7 1 b 350 FR ) 4 A Ak AR P R R ]
THEW O 5K A BRTL 558 500 A5
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Bl — MO0 T M DX B T B K
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o R, HLE A5 B IR XA AL A0 B A A R
T 75, 9] 10 0 AR B 58 2% 1 35 S B 1 9 3,
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Table 6  Net nitrification rates of different areas
WF 5 X 3k A AL %/ pmol - (m® +h) 7 SCHK
L3 1R 202. 61 ~528. 31 A5
KILH 100.3 ~514.3 [15]
ey O 30.3 ~76.5 [15]
BRI 320 ~2430 [29]
Ringfield Marsh, Virginia, USA 370 ~2 160 [30]
Newport River Estuary, North Carolina, USA 0 ~700 [31]

3.4 GEALAE F XTI VR e A A IR B A9 52 T

TRRTE A Ak 52 I T % S 1) PR SR R i b i A 1)
NH," -NF1 i i 19 B o0 2 J5 76 fic il i (— i
25°C) FA40 T DS 1 g Ak 1 S O D T A
fil§ Ak B N 38025, 1] DL LG 3RS [] R B8 2% 40 i B o
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