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Abstract: Direct uptake of nitrogen (N) by floating macrophytes was widely studied with the aim of removing nitrogen from eutrophic water, while the
contribution of nitrification and denitrification process was ignored in the past studies. In this study, an innovative method of collecting N, O released from
water cultivated with the floating macrophyte, water hyacinth ( Eichhonia crassipes), was developed to study the effect of Eichhonia crassipes on N, O
emission through the nitrification and denitrification reactions in eutrophic water. It was found that cultivation of Eickhonia crassipes stimulated the
nitrification, denitrification and coupled nitrification — denitrification reactions. Under the conditions of this experiment, concentrations of N, O released
from water with cultivation of Eickhonia crassipes ranged 453 ~ 4055 nL-L™", and the N, O-N loss accounted for 1.36% of the total N removal (in
treatment without addition of nitrification inhibitor) . This proportion was 4.31 times higher than that in water without cultivation of Eichhonia crassipes.
During the experiment, the amount of N, 0-N loss was significantly (p <0.05) correlated with the changes of NH,” or NO; concentration in waler with
cultivation of Eichhonia crassipes, indicating that N, O emission was influenced by the change of NH,” or NO; concentration. The quantity of nitrifying
and denitrifying bacteria in water was increased by cultivation of Eichhonia crassipes, but was still much lower than that attached to Eichhonia crassipes
roots. However, there was no significant correlation between quantity of nitrifying or denitrifying bacteria in water and concentration of N, O released from

water. This may indicate that bacteria attached to Eichhonia crassipes roots were the major contributor to stimulate N, O emission through nitrification and
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denitrification reactions in water.
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1 5| F (Introduction)

KEEEFRAREESEF EE RN KFHRR
Bz BBt ASENRERN. AT IRE
BMARFEAR I i LB R EAR EER, HNFEE
EEBFREKEHKEAEYGEATEHET T RKE
B, IR T — & R (B 44,2004 7h A
34,2000 8 25 ,2010) . BF L5 BB R, WA
IR IR b S K A ke K R VR VR A ) RUER 3 AT
B0 Tl Ak o AL, R PR R RSO WA K R R RUBE, SR E
B AE R HE A R i, o R B RURE R TB KA
PLAC AL, AU AT k38 K AR K B, iR SE 3L T RKUER
R PTIRAL R (B 4% %5, 2009; 255 F 4, 2010).
B AT, ATE 76 A8 L H o 0 8B FE T 45 il A
RIBEMREABEE LB ARHR (FENF,
2008 ; X[ %8 B ,2009 ) . SR, A 58 KBk A4 IR A )
BE BB FAKER YL MR 5.

R 3 ( Eichhonia crassipes) B e # & B 7 1k
K AR B b R ORH Ak B AR N i R R W . AR
Moorhead 5 Reddy (1988 ) B #fF 5% , KU HR 3 4R & AT LA
MK EBER 0, ERBEMLRABHREE R 0, %
%8 B W) A W) 4 ) B (Snooknah, 2000). RUER #
AR RIEF RIL, KEAKS ~100 cm, BT T4
FREIRRER RATARTXE 2.5 ~8.0 m” (Kim
et al. ,2000;Yi et al. ,2009) , BE4 N WY1k . SRS 4h 1
A Yy ER AL 1 4T A B 2 R A R T TR BRI B - AR B
MEDERREEANRERESRE (AR
%,2001) , AT M A fL . IR AR A i BR R B AT U AR
PR 3R 5

UEFREZEYBE S E R AKEILERN
5T £ B M E T W 5 K R W i 35 2R (Fox
et al. , 2008) , 1T Z W% 1 H & 3% 48 % K M B AL ) 3
B AREHE AR, RREEBE AR
REEEREKETES (B NEKESBHNG6.22,
15.06.20.08 mg-L ") , HXf N R E 5 &Kk N
BB EM 82.72% .46.41% 42.32% . F| AR &
T, BEKEBRMAZRR HFHARE HYRA
BUREBRKE, HEBRIMAE 22.32% .37. 73% .
55.34% ) N KBREE A Ao, HEI R A1
FTTREST X H A BRI EBRE T TERBEMACKE
5 ,2009).

N,0 ik S r Akt B e B 2 e 4, 5 B
EREEAT RN ZIBHEE™Y (SRE T
£,2002) , H I, KRR R N, O B 1E 2L A]
fE—sE AR b R W K AR i A AL S AH A0 R L R
SREE. B AT, T B 5T R AR K B K AR B A ) K AR
B N, 0 N, B S 3% B A O 36 30 R L TE X 43l
Arth 55 (1998) F|f He BE# TR N, B N, @ & %
(N, flux method) JF 3, 31 T 15 & Wt 58 Fi AL K 75 10
TEE A RS R N E R E.
I, AHFEHSH KRB RBRITES, FIA N E &/
BRI A HEK R RUR B, AR5 R BUK A A
YRR, RBRERE N, O N, B RER T, &
TR M AR RURE KA BN, O N, KBt 5 B [
B, o AL g L RUR E 18 BB 8 SR K kT
i o R SR KR - KRR E R N, O SRR #Y
0, B AL R AL AR K N, O Rf R HR 38 o
P KA B BB TR, BRI K 4R N, O-N Bt & 5 K ik
NH," -N NO; -N ¥ B 25 4k B A 5 3K &R, K AR FTAR &R
B B AL S T A 40 R R, LA SR AR A Ak B AR AL
240 P R AR AL KRR N, O BRI AR AR
ERBZRE, B L LA, M RRESEE
FrAL KRR AL SO A B R N, O s AR R SE ).

2 ¥ 5 A% (Materials and methods )

2.1 XA
AR 3 ( Eichhonia crassipes) A8 FR/KEH 5, JB T
AR, A KB RKAEEY. EIF R, £ TR
ARl B2 B 27 35 KR 2 A E X 8 RO vk @l B
K H— B RUR AT R AR
2.2 HREEHRMAAK
HEFRKERRBENLHE R 1°EK
BEV5K, M Hf LL(NH, ), S0, F1 KNO, B A —
TR B NH, -N #1 NO, -N,f## NH,' -N 5 NO;, -N
BB 2 301, B R BREC & KRR 2 NH, -N
NO,; -N fI TN ¥ BF, 51 % 9.35 ~9.52 mg- L',
2.00~2.35 mg-L "I 11.83 ~12.62 mg-L ™', /KKt
B pH X 7.5~7.7.
2.3 EXBFE
231 ERFE TRRABENMOKEMNES
AN B RUAR T |, 3R] B 378 0 -5 S I R 4 39 ) 7R 3
FAE(DCD) . B EEE 3 K. BIERR N
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O 1, B EFRMLKE(EW); Q4 2, EESF
LK + RIRE (EuW + WH) ; Q42 3, B E L
KA + AL I (EuW + DCD) ; @D 3 4, 5 B 57
AR + KR ZE + f5 AL 57 (EuW + WH + DCD)
MARAME A EOREMTREARTER
38 o AT AL - RS A B2 B 3% 42 (coupled nitrification
and denitrification ) JBi & ( Arth et al. ,1998).
2.3.2 EHB%i LRAFEBEBEERTHHST.H
2010 £ 8 H 20 HEE— IR RAEFFIHE 2010 F9 B 9
H YR KR E LR IE T 21 d. A LR A T RERK
259 NER N, O 7% R AR X W 0 A ok B2 AR 46 i 5
WA , 3 3k 3 A7 Wi A b ARG BR 3 K R 2 A R T
A6 52 RERE R ST W 0 B Y, R IRURR 2 FR R 7E <
BREFAEBENEK(B D). ZREEEDSE
B A DL B LAY (45 ¢cm x 30 em x45 cm, K x 5
x 1) . AR 4R XU AR 3 VB A K T AR K R R, R R HE
KESFE, ELBRITHEEM I BB RRKE
MREREST 2T A 200 L BEFRMAKET, B
HEAIRET =KD H R (R TR 8P
PMESRITATITHARDS) . YRAKERL2EER
AKB G, NRBERHEKFEAT9% He/21% O,
10 min, B #2 X BRRKAE BIEFH N, & N,0 &
B.RE, RARETEAESRIT, 88 MWK E IR
B 1) B AR AR K B A 79% He/21% O, , IEH
BESN T ERBRAEBRHKE - EERER
JFH T RUR 7 25 AR A Rl O ARE TO S (TR
fEFR45 cm x30 em x 1S em, ¥ x B x&). BB #E
REENAZRHEY, AR EYIAKE, F5
KRB A PR A K b (B AR T ALY SR A 1 AR
B 1/73). K5 B 10 4 B TR mo @ SR TT 1) 46 AR 5
2ZA 79% He/21% 0,5 min( JAT &7 1 4E N34
ST, BT 2 R KRRTT) B — B HE R U o
AREFETERY N, O N, S 4K 7 o A Al R HR 2 1 &b 38
LR FH AR R B9 O 2R B8 SR 78 A ke RUIR 1Y
4b 2 v, 200 LK 44 o RO B 5 BE 449 60% i JRUHR
L HBMF RSN 2.0 kg (LS E). LK
B3 BB ERMARIEKEENEK, BH
BEESR] L ERENARAA—ER ISP 0, +5%
CO,, IRIE IR B e A K BB AT IE W BOE &
VEFI R R AE . fE— @ B R R R N (1.2.3.4.5,
6.8.10,12,15.18 .21 d) it fE 1A LB HE & B
FECE B A B RUBR S AR AR BRI KRR, TS K
NH,” \NO; KB 0% B2 A8 4k B A4k 5 i L 40 7

R, FESRE EWBS L E AT R
RS N,O SRR E (B AT, SRR R h N, W
BARKEEBWEAES R, Hk, & e ik 7
WAL = N, O #ATiT8 ). REERTE1E B4
8:00—10:00, AL RAFEAARNIREEMN
28 ~35 C A AHBEAIMAEM K 22 ~30 C. KR E
FhaE 3 A fE Ok, T 2 AR R AN AL SR AL R KR &
HRENE SR,

WAL

BRI 2
o |

SRR RS

Bl EEREMERBERGCERNONEARETEE

Fig.1  Sketch diagram of enclosed chamber for in situ collecting

N, O released from water with cultivation of Eichhonia crassipes

2.3.3 N,OR&MEF % NOHBEE N BT
FHIRAG I A5 1Y &5 it GC-14B S A A 3% 00 & , IR
65 C, W18 B 300 °C , S Fi#E 40 mL-min ',
2.3.4 k# NH/ NO; X TN R EME KEH
i 98 JE HEMTEE Seal /4 ] Y AutoAnalyzer 3 i 3)
AT € NH (NO; K TN ¥ .
2.3.5 #f R#hmEET R E RENKES
ITUR 2R B VR AR RS BEAT a5 AL L ST Ak 40 B 3
B SR 5 Y B F JRER 3 AR 2R B o BB 4 R A LR
WA (2 ¢ SRS 3K BB 3] 100 mL 7K A7 AT
FRBVIHBE W) . I ST 4 B SR SR A 96
FLAR B & 43 #7 MPN % 31 %1 ( Rowe, 1977; Staley
et al. ,1981). fifi 1k 40 T 3% F% AL R I 2 - TR 45
HiFe 4k (Rowe, 1977) . R ESIL M E BE R 2R A 2
THEREh N 17 55 55 2 (Staley et al. ,1981).
2.4 HEF®

Kk N R (R) (B TE FRK kBRI A
N,O Sk& (Ey ) fl— & H KK LB N,0 |
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ERABREA N B (Eyon) WITEARMT

R =(C,-C;) xV (1)
Ex,0 =Cryo Xp ¥ 107° x Vio” Swo (2)
ENZO-N = ENZO xS, xkx 10° (3)

XP,CHAKEMBHEAKE (mg- L™, AN
) 5 COSEI 45 BT K AR B B W B (mg- L7, 1Y
NIH) VKRR (L) Ey oy B0 UK f&
RBBEB N0 & (g m™™);Cy o LRI HRIG
— W N,O W E (pL-L™" H N LB HIFE RS
HE-EFEAREKEBRBROSETY, B e
BRETREEEBE SN —CHEFAERRE N,0
EHBRAERKEETS. EXMHHR T HBAHL
BEERMNRGE —RIUEKN N,ORE, HSZNEE
% (2007) . TH:% (2004) A N,0 SRR EIHE
Tk, TR R KA BBRER N,0 &) ;p FindER
ASTHUSEMEE, BMEN1.964 kg-m ™’ (N,0
MIEE /R [T B 44 g-mol ' b B SARTEAR MR T F B0 22
IRPRAR 22,4 Leomol ™) 5 Vi A3 1A R 42 36 B T 25 &
B(m®) ;S A SR REEBHEKETR(m®);
Eyox N—EHEBUKELIBI N,0 S {&E R K M
N & (mg) ;S AKEBEB(m®) sk HSH, BUE R
2xNEFH/ N,0 5 FH, B KIERHEAH N,0
B N,0 4 T8 N E- 75

4500
4000

3500 |- 0O BERLARE EuW)

BEFKA + HALAHH (EuW+DCD) 7z

BEEFAKM + RIRE (EuW+WH)

2.5 @ity

AL B IK AR N, O BEBOR BE /K AR 7l 1k 40 B8 3K
BEUK A S B Al 4 T AR B OF 2 = (8] R A SPSS
13.0 K 4 3 17 £ B H % Student-Newman-Keul
(SNK) K56 , 8 F/KFEH 5% . /K{& N,O-N B2 5
7Kk NH, -N NO, -N ¥ B AR {b B A0 26 58 R 4047, LA
FARTE AL B8 A 40 T SR ARk 5 KR BB N, O
WRERAE 56 R R 2R Al SigmaPlot 11. 0 %K {4 #E 17
I3

3 4R (Results)

3.1 RBREMAEK-ALFEBEHKN,0 AEKKER

® M

B 2 AT 7E 3 N E BRI, R X
HR S B9 & & I b KR ) KR TR — B R
N,O S &, BB N, O K ¥ BE 7+ 5l 4 345 ~ 923
nL+L~" (SR A0AS AL 40 ) 5] 4 ) Fi 309 ~ 397 nL-L~'
CIARS A il R AL 2 ) . i RUIR 2 #) F B R4k
BB ERPNERSAEREH N,0 AWK
FERBF B IRE R K, 45K 453 ~ 4055 oL L'
(SRS A P AL B ) #1419 ~ 1607 nL-L7" (ST A
TP A0 b 1) , 2 28 T oR i AR IKUHR 22 B9 A 2
X FRK R (p < 0.05). A i Ak 10 1 500 7 — %€ 7 K
RUR S TR R RUHR S K AR B b AR R B K (R R

;

)

T 000 1 BEFAKI + IR - BLMH (EuW+WH+DCD) ;
: -
*55 2500 | 7
:"b‘;( ”
&‘: 7
2000 | b
& % AT
=
T 500 |- A i
Q a
ZN AN
B £ )
1000 % & i
0% I .
7 23 3
== N
500 | ? ¢ \; )
s g
)
0 f ! 4‘:& R |

B Hp/d

B2 MESRMEARENETFRAKE-XASKAEREN,O SERE

Fig.2 Concentrations of N, O released from eutrophic water with or without water hyacinth
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BN,O WSREE, U HARE SR EH (15 ~21 ) WHER
N, O S Ak B 2 5. 32 I8 T 4H L Ak 82 6 oK Jon s A 399 )
IR AR N,0 ¥R E (p <0.05) , X — ik
BT AR AL SRR B T K A b R AR N
RER, A —FHEIEHA T EMEDHWES T E
B KE D& AR T X -
( coupled nitrification and denitrification ) fii Z i 2.
3.2 @A KB AEKN,O & AREHRA
¥ 3T Bk
EINEHHERPAN, RHERIRENEE

FRAb AR (SR s b 1 50 AL 38) DL RS R
BERNOSKEKERXMANVEREN 3.25 mg
(NO-NE, U N ), HEEANKE N HBREH
0.35% (F1). M T NIRELHENEEFRMLK
A RN A 7 31 500 40 38 ) BA el KSR T R BB
N, ORI A RN 14.02 mg(N,0-N &, L)
Nit), 5 MR A KR ZEKERE N,O BH
4.31 %5, 5K N HBEMN 1.36% (£ 1),
HH7E AR S8 %1 T RUBR B4R 3F T /KM s 4k A 4k
RNt AR, 3 T KRR N,0 &

#1 KK RBELTEE N,O Sk B8 4 B 7k o6 iR S8 38 K

Table 1  Contribution of N, O emission from nitrification and denitrification reaction in water and plant uptake to N removal from water

KRG R N, 0N eI

o R R mg " Tl N 8 /mg A
EuW + DCD 1.42 £0.17 0.21% — —
EuW 3.25+1.20 0.35% — —
EuW +WH 14.02 +0. 37 1.36% 823.82 £0.01 79.65%
EuW + WH + DCD 6.57+1.10 0.60% 809.78 £0.01 74.46%

e KE-KAEREK N,O-N B GKREH MR A b, AR N 5K k& E 8 .

SCH I AR P, SR Al AR A AR RUAR 2 KR R
N,O B (3R Mmas i &l R 4L ) Sk EPESA
WEHBACERHERREZME 5 5

15F
&0
g .
]
=
# L
1=y
Bk
%1
% r=0.477, p=0.138
OO
11F
O
1'0 1 1 1 L 1 1 L |
0 1 2 3 4 5 6 7
KR E AR R /(me-L™h)
r ¢
14 | O
=
£ 12 F
;]
2 1o
2 o
® 8 r=0.675, p<0.05
7 6
5 6f
Z
4 -
Py
0 L ]

0 2 4 6 8 10
KRS KB R /(me- L)

ZYBURE U R 09 7K 1 1 75 2R o B O 25 0 4R 1 S Rk
B AERRKEBSAKERLD) BB EHR
(p<0.05) (E3b,3c,4b,4¢) , 15 I K4 5 A B9 T

35

b.

w
o
T

r=0.731, p<0.05

NO;-NRRBHE /mg
~ )
< w
T

15
10 L | 1 1 L |
0 2 4 6 8 10
KARESRIRE R (mg-L ™)
7F d.
=) 6 r
E
w5
&
= 4T #=0.807, p<0.05 ©
Bk
Z 3r o
¢l & o
o O O
1 -
0 l 1 1 l | H | J
0o 1 2 3 4 5 6 1

AR BRI MR /(gL ™)

BH3 K&ENH-NREHSESKEN,ONRRAEHNRZ BHHEXXKE(a. EuW + DCD,b. EuW,c. EuW + WH,d. EuW + WH + DCD)

Fig.3 Correlations between the quantity of N, O-N released from water and the reduction of NH," concentration in wate(a. EuW + DCD,b. EuW ,c.

EuW + WH,d. EuW + WH + DCD)
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b BORE AL SRR 2SR =4 N, O B2 Bk
H NH, \NO; ¥REEARL B, i 53 — 7 E i
A KR ZEAE 3E T K 4R o NH, \NO; # L & N,0 i
R

e R PR RUIR O A 2 B i A 4L 3 R S
JKARRER N, O fE B3 (p <0.05) & F K A0 A AL 4
wI B AR, B RERBE N,0 B 5 KT ESE
WEHBEABAHESANKETHES TG &
FARHE (B 3a,4a) . X BEHI T A B A6 390 1 70 2 3
T A R R R A N 5 — T T UE B T K
B RS RUE A R A - A R B AR

L3 [ a

N,O-N RIREH B /mg

=0.505, p=0.113

1.0 | | ] | | |
-1.0 -0.5 0 0.5 1.0 15 2.0

KA R A LR (mg L)

r=0.715, p<0.05

N,O-N RZIRFIH & /mg
O

o %

-5 -10 05 0 05 1.0 15
KBRS RIK AR (mg L")

RUBR FE 9 40 8 AR, A RS A6 30 )R IS R T K
TRBER N,O &, BAKEEBH N,0 MBS KEFHE
REVW BRI (E 4d). HE, KiEBRK
N,OWESKEFESEAREFRREMLESE BEH
XK (p<0.05) (B 3d), A AE & B 2 XU AR 2458 2 M Wi
KR E ATk & NH, ¥k 3 25 46 & &9 5 B {2
BT RIS R R BB N,O0 S8, — &
FREE BURGET B 1k 3 A0 5 AV A

KEBRERNS —BEERRERZEY R £F
TP, RBERKM N S KEHEREN
74.46% ~79.65% .

35—

w
=1
T

~
[
T

r=0.670, p<0.05

N,O-N RAURE ML it /mg
S

—
[

(=

160 05 0 05 10 15 20 25 30
KRS ER LR (me L)

d.oO

o}
5 r=—0.596, p=0.053

N,O-N BB R /mg
£
T

0 { | | | | | 1 ]
-6 -14 -12 -10 -08 -06 -04 -02 0
AR ERE TR (mg L™

4 Jktk NO; -NRET RS KE N,O-N REEHN BT HE% K (a. EuW + DCD,b. EuW,c. EuW + WH,d. EuW + WH + DCD)

Fig.4 Correlations between the quantity of N, O-N released from water and the changes of NO; -Nconcentration in water(a. EuW + DCD,b. EuW ,c.

EuW + WH,d. EuW + WH + DCD)

3.3 AGARBERATHAL KA CAETHE
A SR D0 AL 0 R A Ak 2 b, 6 A (R SR A AR
RHR W 8B R KR L o B (Chy)
AL FE Bl % 8. 52 x 107 ~3.52 x 10° MPN - mL ™!
(MPN B RN BB AR MERR AL ) , SO 1L 40 5
B(Chpy) BATEHE N 3. 41 x 10° ~ 1. 50 x 10*
MPN -mL ™" ; 77 b 42 JRUHR 28 7K A% b @ 4k S 40 B
WHEBALREH(XAEERIG)HEEFSTX

FRAERUIR KA SR (p <0.05) (B 5, B LA
MERBORERR), BAEERSH N 1.36 x
10° ~1.98 x10* MPN-mL ™ '17.8 x 10> ~7.92 x10*
MPN-mL ™", 1 B8 b ke XU AR 2 AT DA 3% in 7K 48 o w4k
RS R ECR. L5 72 P AR RUR £ KRR
WAL E PR S KEBRR N,OREZRIFEDE
X RFE(p<0.05) (B 6¢c,EuW + WH 4b 3 ) , 3581
TR RURR 32 AT LA A of 3 0 K & s A 40 B o B E
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FE DA GG ) 700 B9 Ak 38 o, SR 6 A RUBR S 7K

E Pt R AL B ALV B 7 Dy 8. 52 x
MPN-mL ™" oo B A0 40 3 30 i B 38R F R i 4k

AR R B (p <0.05) (A 5), I H
16 R AL AR B SRR N, O W Z [H £ 1

FRRR (XA EE) (B 6a,b,EuW + WH 4
R RS B A T AR A, AT T

) UER T A Ak 5 AT R AE — E AR B b XKk
KRB AL AL R

10% ~7.05 x 10° MPN-mL "' #13.41 x10° ~1.5 x 10*

B RURE X BB SRR AR i AL R R A BB N, O B i
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Fig.5 Quantity of nitrifying bacteria(a) and denitrifying bacteria(b) in water and attached to Eickhonia crassipes roots
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4 i} ( Discussion)

HPREEZHY R RS SR REL S
SR E RS IEA R E RSB Rk
TR B9 BF 5 3 200 B A Ay 3 K 1 L B O i e B
(Fox et al. , 2008) , 7iii 2 W T 1652 33 72 h S Ak, IR A
PRI OS24 N, 0 N, % 7K 4056 8 B gk A
BRST R, 76 R a4 40 0 4 40 F, R AR T RUIR
I E B FRAAKE LB N,0 SEEREZBRHE
Bk 14.02 mg (N,0-N #, 1 N 3f) » R HH R R b A
R AR ABERL N,0 B (3.25 mg) 19 4. 31 (RN
IR N TR 1.36% . 550 Fh R RUIR 2R o T
KRR AL BB R B A2, BB 8 2k ok
VRIS B L — Te] B, IR B 32 B 7K e 1
SR N, o5 oK 2800 08 B B 79, 65% (R fm
A1 0 30 4k 81 ) » Tt B ) R MR K O A W o
HEBEHR KGNS - BERR. BEWR T, k4
AR (B4 U 2 ) 1 46 36 98 T Wi K 4 o fg NH, -N
(Reddy et al. , 1988 ; Snooknah,2002). TEAR LB 7k
& NH, ﬁ%ﬁ%%%ﬁ‘?,ﬂﬂﬁﬁﬂﬁﬁﬁﬂﬁ%

Correlations between the quantity of nitrifying bacteria(a,c) and denitrifying bacteria(b,d) in water and concentrations of N, O released from

WK B NH, N S0k Rk & %
AL SRS SR B 1R R, — s AR b R T
AR REAL R Al R B U R 53 4, 4748 AR 1
BAFHIH TR, IR B E B RS N %
BEME B FR 4k K R 2 b (6. 22 15. 06, 20. 08
mg-L™") , RURIERXT N R i & 54 K& N 21 8
BRWHIRR, %) 5 82.72% .46.41% 42.329 .
AH L b, 1 PR R 42t F- 4 o 5 3 b B T RS AL R S Ak
ERM KRS 2R e N Ra 3t RMAE, 49 %
22.32% \37.73% \55.34% (3 7 5, 2009 ) . 187 K,
BRETEBE N BRERERE MK KB,
BRI 5 A8 X 1 9 A 28 B TR R B A

SPAMBEER, MBE RERTERE AW
H DO Bk ST ALBE A B N,0 BB th &
BRI (05 % 45,2008) . 4P R SR 558 B 5
KRR BB A TR R WAL R R A A
BAEBEM N O BWEFE X ( Zhang et al. , 2000; Barton
et al., 2002). R RN E B HRY, Flot
N T BRI BRI S T KRR AL RS AL
FECN, O B 16 B0, S 0 B 7K PR S vk A e v
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BB —% B HEBURHE, WTRERE — R
B ERE T KA AL B AR N, O iy
A P, B RCIR ¥ KR R (R B 5% 0 R
HRBW N0 BSEASAREHBEAERHS
RREWELBYHFEREMRRXR(p<0.05),
UEBR Tk AR ml b RO AL B i N, O & 323 T K&
HAWRER . K KA B2 ML SO
SRMH—-XRBEEEWME R, EALR T, FHHER
REKEKWEMHERK DO ZBILEEN 2.4 ~3.7
mg-L~' B B K T & F 4 X BR 3 K & 9 DO fH
(4.6 ~6.8 mg-L™"). X & b F KR & v A3l 35 7K
H,RETEKP O, mKEELEHIHKIERAITE
(Snooknah ,2000) , 7 — E 2 B _FFEAR T KK WE
BT A T RO AL B RE BRI AR UK R BRI

RENED  BAFTERLEELR WL
T A 4L - B2 fiE Ak I BT % #2 ( coupled nitrification and
denitrification) = 4 A 7 4% N, O, N, ( % 3H B,
2003 ; Bateman et al. , 2005). X4 pH X T 8 0}, H#E
AR/, 7T LLZ i (K B A4 %%, 2003 ; Hayashi
et al. ,2011). TEAR LW %4 T, Ktk pH (HEE A
S AR FFTE 6.5 ~ 6. 8 (FhAE KUBR E K {4 ) Fn
7.1 ~T. 8(RFAERUER ZAKAK) Z [, H I, Kk
RABBLEHERBRNWBEFTAR. FREHWAH
KA TAE R B, Fi AR R R S22 0 R e A XU HIR S )
BEEFRMAKE(PH 7.0 ~7.5) WEIE R BRAE, 3+
AAG T BN R R (O PR R ook U IR R, iR R
RR) . TEBX WA - AL R &R T, AL A
Yy b R WS AL R RL7E A2 B NO, HEAT SRS AL 5L
T B UER R RUER KRR B R AT B -
AL /8, SE B Bt o AT A Ak R U
DCD. i A 5¥ 4k 10t 77 J5 FhAE RUBR £ K AR B N, 0
B R R A I R K R R R R R T
62.3% . 3X i B A BE Ak 390 1 500 2 B T 40 ) AR Ak
BRIV A, A 55— J5 T iE B T RUBR 3 B 0 T
Xt Ak - AL BB Kt h BB R RS Y
N,O B2, Arth % (1998) MBFFT R, Im A
AL 1 6157 (1% #) methyl fluoride ) J5 , R 1 7K %
T ERY N, B B RIS T 3 80% , U B A+ SR R
F N(KfRR AR AR 8w AL B AE R NO, B
B Ak SR Y 0 BRI 4R 454, B 3 B8 5 kT Ak -
R AL SRR AR P RS T Y N, 5 N, 0.

T W) R BN IR A T A Ak L SR AL B0 Y 3K B8
FOEEAZE D, R RRER I T KKk R

A A 40 T A 50, O L R IR R 2 K Ak Y 0 4L 40 B8
PR SKERBK N,0 HEZEFEBEMLKR
(p<0.05) , {3 B F 4 JRUER 3 77 LA S@ A 3 K 44
T 400 T 110 2 T 0 s K AR R B AL, X T BE R R
R AR 3 7K 4k i 1 Ak L S A Ak JBE R R B Y DR R 22
—. X Gk (1999) KB 5 45 R — B, B A AE K
W (K 7 ( Oenanthe javanica’) 438 41 7K 4 A AR 11 9
WACHE KM AER RSB ES TREY LR
4. AR, KUK o SR AL R B BOR S OK IR R N, 0
VR Z [A] 31 JC .35 A 5Kt , AT BB 2 [ O i A RUER S
KA B BB A 4 T 5 O R K A RRE AL B BRI N, O
AR EERTRE, MX —SB FTREMRALL
WAEMS 5. RIRERRILE B R H
RO Tk A, BB T KR ER AR
TR 4 AT B R AR A2 3 B B SR A K AR AR AL
R B E R TTERE

5 &2 (Conclusions)

1) RUER 2 AT AR 7 B & FR b K R i AL R Al
Ak T RS AL - RS AL R 5 AR R B S A K AR R
BANEFBABERMN N,O SEKRERBASEE
BK, N 453 ~ 4055 nL - L™ (R fn 4 46 90 il 77 &b
H) @B N0 MBBRRENE SBNKEN
WA 1.36% (KM EFIALTE) , A8 R R
o RUBR 37K HR Y 4. 31 5.

DESTHREMKEEERLEMLT
(NH/-N 5 NO, -N fig&tHl 3:1,NH,-N ¥ &
9.35 ~ 9. 52 mg'L_l, NO,-N ¥ & 2. 00 ~ 2.35
mg-L™") , RUBR 2 0% e o A A BT 0B K 79. 65%
(RimmgiemsFnE) , REREEFRKENEE
B

3) FrE RUHR 5% 7K 2 7E 52 5 B R BR A N, O-N
B SRR R R R A R A
EWHESEMEXR, 1A N0 B2 3 k&
B NH, \NO; WAL M

4) P IR HR S 76 52 38 o 5 1 AT LA B K o
Ak WAL A B B SR, {ELT AR T RUIR S AR R
ERHEEE I EAKED RN ERE S KE
B N, O ¥ 2 8] 3% 06 8. 25 #H % 1, 156 B AR XU AR
KRR BB N0 R EBE R HR
ALY IR .

FBEEEEN . D £ (1956—), 5. F %5, H+ £ 87,



358 ®  ®m B

E - 32 %

BN ZENEEERA A KA DR E SR RALAAFET
t . E-mail; shyan@ jaas. ac. cn.

$ % Rk ( References) ;

Arth 1, Frenzel P, Conrad R. 1998. Denitrification coupled to
nitrification in the rhizosphere of rice [ J]. Soil Biology and
Biochemistry, 30 509-515

Barton P K, Atwater ] W. 2002. Nitrous oxide emissions and the
anthropogenic nitrogen in wastewater and solid waste [ J]. Journal
of Environmental Engineering, 128 ; 137-150

Bateman E J, Baggs E M. 2005. Contributions of nitrification and
denitrification to N, O emissions from soils at different water-filled
pore space [ J]. Biology and Fertility of Soils, 41; 379-388

FEMEE. 2003, JRF A KNO, /KRS £ oML 5 4h of 72 F0 7 (0 5 Wiy
M. N,O At [J]. 3223, 40 (3); 414-419

Cai Z C.2003. Effects of urea and KNO, on processes and products of
inorganic nitrogen transformation in paddy seils II. Processes for
N, O production[ J]. Acta Pedologica Sinica, 40 (3); 414-419
(in Chinese)

IREE IR BN, . 2000, RUBR AL B MK R R ¥R R AL
TRREHRI]. RNET K¥E%R,31(12) : 84-86

Deng F T, Sun P S, Qing X Y, et al. 2009. Pilot-scale study on
purification of the polluted water in Dianchi Lake by plating
Eichhonia crassipes and its reutilization [ J]. Journal of Wuhan
University of Technology, 31(12) ; 84-86 (in Chinese)

THEBRR T, %2004, SEAEERMAMKR S N,0 Hl
ERWHM[T]. @E¥M,31(6): 762-766

Ding H, Wang Y S, Xiang H Y, et al. 2004. Denitrification loss and N,
O emission from nitrogen fertilizer applied to vegetable field[ J].
Acta Horticulture Sinica, 31(6) : 762-766 (in Chinese)

Fox L J, Struik P C, Appleton B L, etal. 2008. Nitrogen
phytoremediation by water hyacinth ( Eichhornia crassipes ( Mart. )
solms) [ J]. Water, Air, and Soil Pollution, 194 199-207

Hayashia K, Koga N, Fueki N. 2011. Limited ammonia volatilization
loss from upland fields of andosols following fertilizer applications
[J]. Agriculture, Ecosystems and Environment, 140; 534-538

Kim Y, Kim W. 2000. Roles of water hyacinths and their roots for
reducing algal concentrations in the effluent from waste stabilization
ponds[ J]. Water Research, 34 . 3285-3294

ZWE, B, MR, F.20000 KHARERBRAREAEFSK
BMprsl)]. PEAKZEE, 26(24); 421-425

Li RJ, ChenL, Yan Z C, et al. 2010. Study on anaerobic fermentation
and methane production model of water hyacinth [ J]. Chinese
Agricultural Science Bulletin, 26(24) ; 421-425 (in Chinese)

Moorhead K K, Reddy K R. 1988. Oxygen transport through selected
aquatic macrophytes[ J]. Journal of Environment Quality, 17; 138-
142

Reddy K R, Tucker J C. 1988. Productivity and nutrient uptake of water
hyacinth, Eichhornia crassipes 1. Effect of nitrogen source [ J].
Economic Botany, 37: 237-247

Rowe R, Todd R, Waide J. 1977. Microtechnique for most-probable-

number analysis [ J].
33: 675-680

B, BEY, BRER, 4. 2009. KHAEHEAERSRILKHE
FABFFRT]. R IFEAEEMR, 28(10) :2119-2123

Sheng J, Zheng J C, Chen L G, et al. 2009. Absorption of water

Applied and Environmental Microbiology,

nutrients by hyacinth and its application in wheat production[J].
Journal of Agro-Environmental Science, 28 (10):2119-2123 (in
Chinese)

Snooknah R. 2000. A review of the mechanisms of pollutant removal in
water hyacinth systems [ J]. Science and Technology, Research
Journal of University of Mautitius, 6; 49-57

KT, B 2003 WEMERTILR(I]. £BFH, 12
(2) :240-244

Song Y S, Fan X H. 2003. Summanry of research on ammonia
volatilization in paddy soil[ J]. Ecology and Environment, 12(2) ;
240-244 (in Chinese)

Staley T E, Griffin J B. 1981. Simultaneous enumeration of denitrifying
and nitrate reducing bacteria in soil by a microtiter most-probable-
number (MPN) procedure[ J]. Seil Biology and Biochemistry, 13 ;
385-388

R, Hh—F, AR, §.2009. HYLEGRKEAERBEN=
MIEEEYEYRERSARNEMI]. HAESER,
20(10) ; 2370-2376

Sun L F, Sun Y X, Zhou C F, e al. 2009. Effects of plant species
combination and water body nutrient level on the biomass
accumulation and allocation of three kinds of functional plants{ J].
Chinese Journal of Applied Ecology, 20 (10): 2370-2376 (in
Chinese)

EF BB, %2007, =YL 5 S 7Y /0 M- 518 b 4 3R
-RMER S A RHBRI]. MAES¥|R,18(1):
185-192

SunZ G, Liu J S, Yang J S, et al. 2007. Nitrification-denitrification
and N, O emission of typical Calamagrostis angustifolia wetland
soils in Sanjiang Plain{ J]. Chinese Journal of Applied Ecology, 18
(1):185-192 (in Chinese)

HER, RN, THE,%.2008. B+ NH; # L N, 0 BiGE
BEZWARI]. B#F¥,6 (3): 429-439

Sun Z G, LiuJ S, YuJ B, et al. 2008. Ammonia volatilization, nitrous
oxide emission processes in wetland soil and affecting factors[ J 1.
Wetland Science, 6 (3) : 429-439 (in Chinese)

BEE%E, BHR, BIER, 2004, FE I KA B KA Y546
RHFR[I]). MAESFER,15(8); 1447-1450

Tong C H, Yang X E, Pu P M. 2004. Purification of eutrophicated water
by aquatic plant[ J]. Chinese Journal of Applied Ecology, 15(8) :
1447-1450 (in Chinese)

Hode , RRK, MEIRT. 2001, RUBH 2 hi 3 /K 75 9K P 2 3 0 B B A
[T}, $EIRFER2,21(6) : 553-555

Xia HL, Wu L H, Tao Q N. 2001. Water hyacinth accelerating the
degradation of malathion in aqueous solution [ J ]. China
Environmental Science, 21(6) ; 553-555 (in Chinese)

Yi Q, Kim Y C, Tateda M. 2009. Evaluation of nitrogen reduction in

water hyacinth ponds integrated with waste stabilization ponds[ J].



25 FiE % RURE X BB SRR 1L W AR R N, 0 9 5% 359

Desalination, 249 528-534

L BRES, RBR, 5. 1999, WE A LB PE BphESH
EAMXENNERRI]. £ PHEXFER (AR ¥
R) ,33 (4): 575-578

Zhang H, Chen G R, Wu Z B, et al. 1999. The study on the
relationship between N, P remoivng rates and the distribution of
bacteria in two artifical wetlands [ J]. Journal of Central China
Normal University ( Natural Sciences), 33 (4): 575-578 (in
Chinese)

Zhang X J, Xu H, Chen G X. 2000. Effects of soil moisture and
temperature on CH, oxidation and N, O emission of forest soil[ J].
Jourahl of Forestry Research, 11: 203-206

T 55.2009. RRMESCREEREERUOAEE BHBERMN
HEPPR[D]. B LI Rl B 3 B R b 36 U1 5 3R B BF 5T
FiF.1-80

Zhang Z Y. 2009. Studies on removal efficiency and mechanism of
Eichhonia crassipes purifying system to nitrogen and phosphorus

from eutrophic water [ D ]. Nanjing: Institute of Agricultural

Resources and Environment, Jiangsu Academy of Agricultural
Sciences. 1-80 (in Chinese)

R, RICIR,FE %2010, R R X E B R K b4 Bt
R[] PEK¥E, 26(2):189-192

Zhao D, Xu W J, Li Y, et al.2010. Purification of eutrophicated water
by Vallisneria spinulosa[ J]. Chinese Agricultural Science Bulletin,
26(2):189-192

B, WM PRER, 4. 2008, RUHR 3 4 KM BBk R R BE TS
R ATATHER SR (J] LR R B 3 247-250

Zheng J C, Chang Z Z, Chen L G, etal. 2008. The feasibility
investigation of using water hyacinth Eichhonia crassipes to control
nitrogen and phosphorus contamination in Taihu Lake[ J]. Jiangsu
Agricultural Science, 3: 247-250(in Chinese)

SRR, AR, 2002. MEBRE WAL/ S N,0 B [J]. PERw
REEWR,T (1): 77-82

Zhou G Y, Zhang F S. 2002. Denitrification in rhizosphere and N, O
emission[ J]. Journal of China Agricultural University, 7 (1) : 77-
82 (in Chinese)



