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B 1) nirk F nirS JE RG0S N,O 5 EE 1) nosZ HEK[F)
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1.1 RHEEXEDR

RIS YE VLA R R W5 B 2 5 &Kk
(32°0221"N. 118°52'37"E) . % & /K /KI5 EEh A5 75
IKIRK S KARFERIA B h 35 5 B IR K, ARBE A
IO EEHA KRS . TR RAED HEM /K . FKIE RS
5400 m*(K: 120 m. 58 46 m); B /K0 X K IFEL) 4 m,
JEVRANUT TR ECN 41.3 mg/g. 1% KK AL
HIA=5 (%Z) ~39°C (HZ) . FAKMKIEmnEL
LA HEREK, 7R B I A
1.2 FKEERERTE

TR KA AT E W 1R,

N

TE: SRS ERUEAKE, m,
Note: Values in contours are water depth, m.
A1 g AR IRA AR L
Fig.1 Sketch of distribution of water depths and sampling site
located in oxygen-enriched irrigation pond

I BT B IE KR KB D OS R G
B I R PRI 56 U T BT I I SRAY: 5 52 EBE T o LK 1

Ay K HEBCGH K O i e, SRR B, A
FEE KIS FE A X AR (W — AN X3 R, DA AT AT
TR LI BURAF £ DXk A 7K AR 40 Ty 2 0y J2 R AE B R R
JE o (EMSUFRAEAET, A A WA H N R K
2 S EACSRAR AR AR N, SR 24 h S I UAS [ K
JAREM CELEE YST IG5 5286 2 20 A AU FE 45
TAED) R DNA $2H A 98 e /2 PCR) , TAEREK, Fr
DAANZE FER AN R H IR T B, LE KRR 24 5)
JERSE I OU NI 1 ASREE s, A 24 h WIKE
BRI 7E 24 h P, BRI ) s 27K AR 4
AT 3 IKEH.

T 2013 4 8 H 15 H 12:00. 8 3 16 H 00:00. 04:00;
08:00 % 12:00 AT & I E pi sy /=1, 8 J1 15 HA 8 J
16 HE RS E8dE WE 1. R F R YSI Pro
Plus ZINfeAKS M (YSA, FEED XL H 1
AT 3 I, IR 88 7 0 5 A A3 KR Cwater
temperature, WT) . ¥ f#E (DO) . pH fH; RKHKF
23S DB ST (ZDS-10W-2D, D WK 445 i
SRS o KA SR ARG T R AN ) P38 1 L e 5 0 A b
REERERAT b, FURE 7 — i r 38 b, il
IR MR BRI, A ][RI BN TP HR
L5 10 em T H N BICKFE, AR R ZEREKYE 2
KFE (10~30ecm)  HZKEE (90~110 cm) FIFJEK
FE (50~170 cm) , B2 400 il L X A A (1) 3 4> 10 em
5y B AL JKEEIR A1 s 2 BAr BT 3 L KFE, HAg
ANKFEES 3 IR, SRFEMIE A 20 il v e K B AR B
B TKBE ISR REIAT BT UK b Iz [R] s 6 == 30k
T & /KEEEL 500 mL 4 0.45 um fLAE £ 4 £ R R
HUEMEC R, D SRS A B S A s 4 B
{¥ SEAL AutoAnalyzer 3 (SEAL Analytical /%], 4 [E)ill
SE KR NOY-N. NH,-N 2 PO,*-P & i, %I 500 mL
1E A CHAT T ORAT, TF RS TAEY) & DNA & &
JERSE RS AR AR, NG EREIRAT4E R NN, ET
[LEINAN (X8 31 )5 A N S =R 7 v

F1 2013 FiRELHESRUE
Table 1 Meteorological data during experiment in 2013

RE
panEm VR ey Ames BEUR RSO
Monitoring Avefa(}fe Day average Sunshine Minimum air Maximum air
date WG temperature/'C duration/h temperature/’C temperature/‘C
velocity/
(m's")
08-15 2.7 324 7.4 28.5 37.2
08-16 2.8 31.7 9.0 27.8 36.9

1.3 REELAREFEENE
1.3.1 48 % DNA 21

22 Yi S AR BUK AR T 41 DNA: B 500 mL
IKARFESREE 30~50 pom 214 25 50 P8 AR 22 B KR A% T
JETR L 0.22 pm ALIERRE CEIEEE, S ED s,
B S e AR IR N Eppendorf &, ZECHE AT N
BT 1~2 mm ), % OMEGA Bio-Tek /K4 DNA 2
HGA 7] & E.ZN.A.® Water DNA Kit (OMEGA Bio-Tek Inc.,
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Doraville, GA, USA) #AEDERIEHUKAA B &L DNA.
1.3.2 ZERIAEEREHEXRL (Real-time PCR)
FIFH 3 355100 (nosZ-F: nosZ1622R!", Cd3af:R3cd
(S0 FlaCu: R3Cu D) 43 5% 6 K ARG A4 5 DNA 3
K4 3 NEFRF B (nosZ, nirS 1 nirk) 347 € 2007
¥ 3 A Hbs i Bodiad 1 e BT 00 il s N ORL, SRS
PEIUE 2 OR. DNA, MLk, THE 8 UL, Pt
JFURE DNA %id% 10 £5 R25VEATER MRS, 1E4 qPCR
MRS AERIRR , 3 A H b g2 DR b oA it 28 110 4 8 Y [ 38 4
1.0X10*~1.0x 107 copies/mL. 7& & PCR JZ M A#JT] SYBR
Green 1F 4 9¢ 644k}, ££ ABI 7500 (ABI, USA) & & PCR
SCEAT E B B RN . RNARRA: 20 ul: 2XSYBR
real time PCR premix (Takara i{ &40, Ki%) 10 uL,
FE it DNA BB FRUE TR 1 ul, | FIF5190% 0.4 uL,
ROX (Takara {73205 0.4 4L, HAMLE Mili-Q
K CH#) ML 20 uLo nosZ HEN B B &4 4. 94°C
5N 2 min; 35 MG 94°CAEME: 305, 54°CIEB K 30's,
T2°CHEH 45 s, fE 72°CHEAHISIEEDS s nirk R nirS F&
AL B S8 45114 - 94°CHUE B 2 min; 35 AMEIR A 94°C
APk 30, 58°CiR K 30s, 72°CHEM 45 s, 78 72°C {EAHI
WAET . FTARER TS 3 IR BRI 45 TR 35 I it

it G R W 18 7 R e
1.3.3 #dEa

KH] SPSS 18 BA XA RN ) iy ANF]ZK 2 D 2
K 4 & 347 One-way ANOVA & 35 1k 2 7 4 b7 A
Student-Newman-Keuls #&%;, NH SPSS 4K AFx Hdhi 2k
AT Pearson FHKVES T, IR Sigma Plot 12.5 4.

2 HR5HH

2.1 EEFUKKEIERERTFH

AN TR I 1) 05 K AN TR K2 B IR B S OK R S M
(NO;-N. NH,"-N. PO,*-P. DO. pH 1. /KA1
JE) W3R 2 Fion o B Zev5 K LK 95 /K i B 55 7K R 38
RGN BREA, BB R ZE 8N . T 10~170 cm
3 E KA R R R B IS R T AR Ak, 12:00 O HE i
N, TR TR R 6 B 43 20 24 34000
58.5 F1 67.9 1x; 0:00 1 4:00 & /K22 [ADGIR K 0;
08:00 LAJ5 75 7K J2 6 HE i 5 12 ¥ 19 53 DO ¥R AT pH {H
FILH O] 0 T O R AU AR EEIE: AE 12:00 B
DO W dg i, MEB#TFFAK, %R 04:00—08:00 Z |7]
DO K ¥ Mk, H. DO IRE —H e R )2 m, 2K,
Ji )2 e

R2 ERERHEKEAPIRESETEZERLSH
Table 2 Main physical and chemical parameters at sampling points in oxygen-enriched irrigation pond

vE

date time Water layer/cm oxygen/(mg-L") value temp?éature/ Illuminance/Ix (mg-L™) (mg-L™) (mg-L™)
10~30 8.83 8.94 32.44 34000 1.33 1.23 1.42
08-15 12:00 90~110 4.38 8.48 31.60 585 1.11 1.55 1.68
150~170 4.80 8.17 31.33 67.5 1.04 1.92 1.78
10~30 4.50 8.67 31.76 0 1.13 1.41 1.51
08-16 00:00 90~110 2.99 8.36 31.68 0 1.12 1.54 1.58
150~170 0.46 7.60 31.33 0 0.97 2.53 1.95
10~30 2.10 8.16 31.40 0 1.06 1.77 1.87
08-16 04:00 90~110 2.05 8.14 31.40 0 1.07 1.80 1.94
150~170 1.95 8.11 31.36 0 1.06 1.78 1.82
10~30 2.13 8.07 31.30 12200 1.33 1.95 3.02
08-16 08:00 90~110 1.29 7.95 31.22 419 1.03 2.20 2.74
150~170 0.99 7.82 31.19 52.5 1.03 2.47 2.74
10~30 7.28 8.76 31.00 20000 1.17 1.22 1.61
08-16 12:00 90~110 1.45 8.02 31.30 415 1.05 2.10 2.16
150~170 0.24 7.79 31.04 49.7 0.98 2.16 2.25

JKAK NO3™-N ¥R FELEAN A B[] fAR R RS 2 . 10~30.
90~110 1 150~170 cm 7KJzZ NO5™-N ¥ JE 735l 1/t 1.06~
1.33. 1.03~1.11 A1 0.97~1.06 mg/L JulH N5, AN[EIK
J2 ) R0 L I Y () ) AR AR AR, REWR B ey,
EHR, JEJERAR: KA NH,-N. PO, -P ¥ S5 B I 7]
AL NOy N IR AR A A —S,  (H 2 [0 AR ARk T
WSEEMKR, REREER, TREHLK, REHEK.
2.2 BEXFEEFUKEAREUARFEEERTUNE

B2 EFRWKERZ R AN nirk nirS.
nosZ YBEHE R 5 BE I 1) A 2 ] 43 AR AR REAE (B 2)

AL, nirK FERFEEEARIKZTE 24 h B FRAGRFAEIEA
SE4s— 8, LR 3.23%10*~1.50X 10° copies/mL 7t [ P
Wesh, 758 H 16 H 04:00 F1 08:00 I FJEi{t, H 32
JKARIR) F2 e 23, 7F 8 H 16 [ 00:00 AT 12:00 %2
IR nirK F DR B DU A2 25 v T o 2R R 2 K A
FJE (K 2a) 5 nirS FERNFEE S nirk FED AR A
AFABL,  FREAE 1.93X10°~3.81X 107 copies/mL 2 [ 4¢4k,,

HAE 8 J1 16 HEY 04:00 F1 08:00 I FBE AN ARG H. 3 2
KA BB, R FR 8 H 15 HRJZE nirS KK
JEAR T 2K AR Z Ab, JLACRFE I R UK ) nirS 3
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DRI == 1) 3R I A9 AR ) T B AR AR AE R R 2 de v, P )
EHWK, KEEL (B 2b) o nosZ R FEERIFERINH
B SR (B 2SR AE: B 8 H 16 H 04:00 A 08:00 F 3
JZE K AR ) 3 8 B 35 o B HLI AR T LA i 1) i =E
Ah, FLA R I [0] i ¥ 3R I 3R 2 /K R e v 1 1) 2
SR ZIRARIT) nosZ FERFERE (I 2¢) o A
8 H 16 H 12:00 It nirS FJ5 3.03x 10 copies/mL, i
REE ML 8 H 16 H 04:00 I 4 nosZ FEF F2 15 1.54

X 10’ copies/mL.

JKixWater depth/cm

—-=10~30 —©=90~110 —~+=150~170

— == =
O BN O NV AN

(10*copies'mL")

nirK 3£ R = )%
nirK gene abundance/

\ N\ \ \ \ \ \

Q N S S N N Q

NS NN NG
KL ] Sampling time

a. nirK JEH =

a. nirK abundance

nirSHEER F i
nirS gene abundance/
(107copies'mL")

S ® QS
N N N N N N Q
AU I N SN NG
KFET 7] Sampling time
b. nirS FEF

b. nirS abundance

3.5¢
3.0
2.5¢
2.0f
1.5¢
1.0}
0.5¢

tod

b

nosZH:[F £ JE
nosZ gene abundance/(10*copies-mL")

\} Q \} Q Q \} \}
Q AR RN\ N\ N\ NN
RGN

K AL [ Sampling time

c. nosZ F:HE %
c. nosZ abundance

B2 8A158-8A 16 B g RREBBIEKART nirk, nirS £
nosZ 3B F B 4498 AL
Fig.2 Diel vertical variability of nirK, nirS, and nosZ abundances
in oxygen-enriched irrigation pond during 15" -16™ August

2.3 REHCHEFRNERTHSFESIMNEREFHEHXMNE
TR S A B eSS DR =F 5 55 K AR IR DA 7~ AR DG 1
£ 3 e nirK. nosZ 3N FEE LK KL TR bR DO K
JE RN pH {H I 2 35 1EAHOC (P<0.01) , 5 NH,-N
WSE e POST-P M FE M B3 SR (P<<0.01) 5 nirS %%

WEELS DO WE. pH HEZFE IEAAX (P<0.05) MMy
NH,'-N 3K JE K& PO, -P i 5 & B & fib o6 (P<<0.05) ;5 3
KR AEA D) RESE DRI G IR B R B AR OG,  Horp nosZ 2
F 2L i 2% . 1 nirks nosZ. nirS F
B 57K AR NOs-N IR BEAR G HEA W2 (P>0.05)

F 3 nirK.nirS # nosZ FE FEEFAK RS EE) Pearson HX1E
Table 3 Pearson correlation coefficient of nirK, nirS and nosZ
genes abundances in eutrophic water with water quality parameters

KB nirk Ji S I nost 1k
Water parameters ~ nirK abundance  nirS abundance 110§
abundance
DO 0.755%* 0.623* 0.813**
pH & 0.744%x* 0.634* 0.799%*
NS
A 0.623* 0.528* 0.730%*
Water teperature
NO5-N 0.292 0.227 0.398
NH,"-N -0.679%* -0.573* -0.692%**
PO, P -0.626* -0.577* -0.650%*
A
JEREE 0.339%* 0.272%* 0457%*

Illuminance
W ORI (P<0.01) 5 *REHX (P<0.05)
Note: ** is highly significant correlation (P<<0.01); *is significant correlation(P<<0.05).

3 it it

ASCIWET s IR T A T WRFE B, Wk
A 40 A e A A 2B T K S R A A A ) S R S T
HiRFIE . BRAN RIS DLAh, SO0 T AEAS R VR K 2
PR S ARG TR 3R ) SO A R T B v T R R )2
KA. — UL R, BTG K& KRS e AR Ny
FHAMXIR, KITRKAEIEPEEN N, KI5 4% e
EE B R A Rk, R ZRKETHIR R, {H R0}
BRI 1) A3 (] IR B AR o IXFERE T ER JZ2 K
IABEE R Z K7 iR, IR E AR = R
EIKRIR ARG, BT ARE T2y 2 5
Ah, EE IR KRR RN E S, B
[l RN i F= S VY A |5 e L B AV P = S22 TTp A
HE— D BHAT T WS K AR 23 17 JIC 2 (15, s T 4
NN ZRB e . o M) 200 2SI 1 »
BELAS T FRINAE L. NAKBZZ AT IAsHe, AWF5TH &I
NH,-N. NO;-N. PO,*-P ¥ J& S 4745 W] &k () 3 ) 23 ) 7t
JRATIG, XU IS LA B A . B AR
SRS B U, SR R I AR K 2 22 184 A AN
B SRS ER A O, WREAEKIE Z A 2
S, &G T AW AT KRR K E DO pH
B HAT W A 2 ST ISR IR (10 T ) 93 A 25 e 2
T I A0 1R A5 AN [R) S 7K 2 1R 3 [ 245 8] 2 JBURFAIE

[, 7K 2 AL 4 v =F B i AT B Eh 54810
PRI TR o 1 R ZK A HR S A 41 T B i ik DR = B L
A XA RS TR B B HIT R M aE
R TE ) EIE R 3R A 78 2 IR R A2 e A 1E FH 1 7
K, B TEE ) IE RO R RN SR AR
TR A M E . BT a2 A ER A
KRS T =1 DOC AT DO MRS, M a2 A2 328 40 B 1
ARG, SAL, s ARt A I BB R AR
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%, TR RN Y R AR ROE B e 1
R0 3 T SR K 22 40 A A5 3R 2 K AR I3 3 ) o3 A A
JEJZAARRY, 38 T R R Z KR R AR e . X
2 5 3 2 K A S i A 4 B 3 R v 1R — A 1T BE R
K. NJGE, #2 TP, DO #l DOC #kEHEHEEM
(P REARTT BAR, 52 m T 4l e 1 S AR K AP B 7
WeshW) B, R T XA IR EN, R BRI
SEACN TR PG BRIk, ABFFT A B ) — 2Kk
T A4 4H TR 1 Dy B S DA = B2 2 3R 0 L B Sl ) A A A A A A
FFIE

ARG R IRAN A 1) 55 AN R JZ R nirS HEPRE
P T nirk BEDERE, R PR I AR REAE AR A A
L, B nirS Y SAHACAN B BE REIE N 5 AR RE I IE 7K 5
WL, X5 DRSS R IEA—5, Knapp 'R
nirS —AEAREX, 10 nirK B OAEA AN B — AV SE IR
PR KIS -2 SO AR AN TR B AT R AR A I
Peo MIAWFFTL RNILF 5 2 A, IX 0] BERN nir- AL 41
BRI 52 A FE DO S5 3R HH 6T DO R 1 3 W AV 434
He Bk, A5 nirk F1 nirS Gmiic iF) VAR £5 148 i B HL
HHF AT RE, HIHX KI5 2Rk JC & DO
WAL N A —E, AR EE B ZE R,
AR R Z IR AR, HEHE— P,

S AX A1 TR EE ) 2 [A) 23 A R AR B R 0 I 5 DR
DO-. pH 15 A B F MIAHSM . sEm KA B 3+ L AR
N Z 24 KE. DO WK pH . A HIITE SRR
JE . TEHLER R SR BT R IR S, Ak A R
Bl nirK, nirS M nosZ [NFJES DO W HA W FHMH K
Pk, DA AR, VRGN R A KR R A
TR OO, VRN B AR AN e A R
TRV AR, UL IH AR T s i A 1 2 108 At T 3 5 % R
YrE A RN — . RELG RN AR
FHIRAE K RS R AR, Oy BN K 2 T 4 fe
AR SR A IR 22 2 — 23, SR, Bl U S R s A
J AR A A 2R AN A, S AR R AGAE FH I G
NPT RE . K 22 U A A AG A0 B R R 0T TR 52 3 mg/L A
NI, A TR AT SR N R A ATE
M, ADBATTR 52 5~6 mg/L R R, 4, Korne
SO Y R W AR B IE S5 G (nirK AV ninS) X 4/SHB
JEARH U Berks 25PN B SR RA S FAEK KR
AL & He 4l T NLO I 5, R IAAT T LA AL A,
i I —LE S AL A1 B 1 NLO 3 S g P AN 52 48
TEASESAE N, A AR BE A5 NLO 3B K Nyo
IXLERIF 5 R BN T Fn 9L 5 i e s i p A i B A T
i s AR AR R RE 0, DRk, FEARWFR X MR 2
TR IR AT N, AN B = 1 R R (R I 4
WA AT RESE BT ARV KR RR S & A, RAEALA
PR VAR B R B (R AL, B T AR TR B TR AR
MR — 8 FIRFEYE . R, BUARTE B AR & UK R
AT BEAFAE I S R A A AN B 1 = BB TR O, (ELE Al
B8 7 S SR A it £ M 2 75 20— 2P R

UM E R nirK, nirS M nosZ FEE L pH 18
B BEMNE . N nosZ 5 nirk WFE Y pH HK
FHOR S MR = T nirS L, U000 pHAEXY nosZ Fl nirk
RS A A B (1 A A BT HAT Sk W5 (RS2, TR nirS
TR S A A0 T A R L ) S i S B Ak g 258 S A A 4l
N, XS HABRISE R I nosZ %% pH HFE M AR K
BIX 3 28 A Ak D REFE RN pH I TCAH SR I 45 A BT AN
1P, ST RE T AEAS R I RS 4 1 (¥ SR A 40 1 %
pH BRI N AN —HF, 73X Wi AL ) A 32 AR A 855 A
THIATFIGIZ, K, 256%5E DO pH i A AR
SRRl 0) SRR A A v A PR S, 1E A B AR A
PR HERE KA R i A B, 3L B g RR ) 1 [RD I
D I B Y T REBE L v () BT

REARAEE T KERG AR RH TR KA
T N AT ARME R 1L, AR IR B 51
NI BRI, — AR R AR AR AR B i A 4 T -
FERRAL AR FURI AR SR A BRIK o A5 22T 5T,
S DO 1, 583 W TS KB SO A 4
PR A AE, 4e A HE RS AL T e R Dh e i AR
WS Stk
4 & it

D) 8 FM I K TS 203 JE RN T B nirK s nirS Fl
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Diel vertical variability analysis of denitrifying bacteria abundance in
oxygen-enriched irrigation pond

Yi Neng, Di Panpan, Wang Yan, Zhang Zhenhua, Liu Xinhong, Zhang Li, Yan Shaohua, Gao Yan™

(Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract: In China, there are an increasing number of ponds receiving sewage effluents with high concentrations of nitrogen
(N) and dissolved oxygen (DO) for agricultural purposes. Therefore, it is worthwhile to understand the essential N
transformation processes as well as the characteristics of N-cycling bacteria driving these processes under the condition of high
DO concentrations. In order to evaluate the diel vertical variation of denitrifying bacteria in the water column of the ponds
during the process of accumulation and storage of sewage, an experiment was carried out to monitor the changes of
denitrifying genes abundance and chemical and physical characteristics at the different depths of sewage water reserved in a
pond at Jiangsu Academy of Agricultural Sciences, Nanjing, China. The water samples were collected from a sampling site
where had the most stable hydrodynamic condition and least disturbance due to the discharge of sewage water during irrigation
season. Water samples were collected from the different water depths of 10-30, 90-110 and 150-170 cm, periodically (5
consecutive time points, 12:00 pm, 0:00 am, 4:00 am, 08:00 am and 12:00 pm at the next day), within 24 hours during 15th
-16th August 2013. The collected samples were then analyzed with the abundances of denitrifying genes (nirK, nirK, and nosZ)
using real-time polymerase chain reaction (PCR), and water parameters including pH, water temperature, illuminance and the
concentrations of DO, NO;-N, NH,"-N and PO,*-P . The correlations between the changes of nirK, nirK, and nosZ genes
abundance and water parameters were statistically analyzed. The results showed that the strong and persistent stratification
formed along vertical profile of sewage water with regards to all above monitored physical and chemical parameters. The
relatively higher pH, water temperature, illuminance, and the concentrations of DO and NO;™-N were observed in the surface
water layers (10-30 cm), decreasing with the increase of water depths. On the contrast, the higher concentrations of NH, -N
and PO,>-P were observed in the bottom water, which means that they were increased with the increase of water depths. Due
to high photosynthetic activity of microscopic algae in the pond, the concentrations of DO concentration increased during the
daylight and decreased during night. Diurnal variation of pH was positively (P<0.001) correlated with DO concentration in the
vertical profile of the water column in the pond, with pH in the ponds also followed the diurnal cycle of sunlight intensity. The
abundances of nirK, nirK, and nosZ genes were strongly affected by the diurnal distribution patterns of pH and DO
concentrations along vertical profile of water, with significant higher abundance during the daytime while lower abundance
during the night at all the different water depths. Heterogeneous distribution of denitrifying bacteria abundances along the
vertical profile of sewage water column were also demonstrated, with the least abundances in the bottom water (150-170 cm)
and the highest in the surface water column (10-30 cm). Although the nirK and nirS are functionally equivalent, denitrifying
bacteria harboring either nitrite reductase seem to be likely not under the same community assembly rules. The abundance of
nirS gene was always greater than that of nirK gene in all water samples, suggesting that the sewage water in this study was
more suitable for the growth of nirS-type denitrifying bacteria. This speculation was consistent with previously identified
habitat preferences of nirS- and nirK-gene bearing organisms. The abundances of nirK, nirS, and nosZ genes were significantly
correlated with DO concentration and pH (P<0.01). These results demonstrated that the diel vertical variability of the water
physical and chemical parameters, especially DO concentrations, in the oxygen-enriched sewage water could affect the diel
vertical distribution patterns of nirK, nirS, and nosZ genes abundances. This may suggest that a large number of aerobic
denitrifying bacteria could have extensively developed in sewage water under the condition of high DO concentrations during
the process of conservation in the pond. These acrobic denitrifying bacteria can have an important impact on the nitrogen
transformation processes in the vertical profile of sewage water column.

Key words: eutrophication; irrigation; water quality; denitrifying bacteria; day and night change; oxygen enrichment



