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W UK YA IR B (Myriophyllum spicatum L. ) (53 ( Elodea canadensis Michx ) 14 £ 35 ( Ceratophyl-
lum demersum L. ) B X R, WFFK AR A RIS R (NO; -N) M A5 50 (NH,-N) ¥ B2 LU XA 7% 220 ( C-N) AR
WRIREN . 2015 AFF/RZEFREE 3 FUUKAY ;7 A BBUKZ) 10 em AEY) TG T 1 L BB TSR , S0 Lo
14 L2 10 D, BER 6 EIN 25°C W5 A M) 15°C 6 BEGRBE N 110 wmol/ (m® « ) FiREFR 7 d J IR ) Tt i
1 gZi e A 250 mL (YSEIH, DO RS R BRI B 2 mg/ L, #&2 E NH,' -N 5 NOy -N fiR L BeE 2 1.1+ 1
1:22:0.0: 23315 ANAbH, DIFURE IR X B A0 Bl s 3 AN . AR (1) SXF IR L, 2 A
RS 1 3 RSN U B SRR (FAA) 135 i, AR R AR 2 mg/L i FAA JKERR: (2) AP R A]
VMR G i (SC) A BB RN 22 57, o0y 2540 B W AL W) SC 1922 5, Fl vl 22 5 1 SR (B R 69% 5 (3) fild
SRR NEE AN, 3 MY AP R SC/FAA BETHE, — 007 2207 Won b PRIE] SC/FAA #2557 32 2
THIFITESHI(56% ) ; (4) JHREMRN FAA I SC SRR THEIEIMZHEM A%, XARETAER EHRK

R A AR AR Z—
KRR : PUKAEY) s @A/ TR R A = B IR
HESES:Q0178  XEIREM:A

KR B SR R g R B A & i el
RAR  ITESTE FR A b THL A EZ LI IR ER
A (NO,-N) Oy 3, AL = & 7R WA h ICHLA F 22
A (NH, -N) 2 3= ( F 2& I A1 £E 578, 2008 5 Bk [
JC,2009) o Bl KA E E FRA B INR , EK A Y
TUKFEOCHTI B 47358 F5 1 48 B ( Charophyte)
R R E AT s E SRR A FR 2, AP AR 3 ( Elodeo
canadensis Michx ) FIFELE N 3 ( Myriophyllum spica-
tum L. ) ( Blindow, 1992 ; B 75 40 A1 = R 5k, 1997 ) .
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AR TF AR AE I 2 FEPE (Barker et al, 2008) , 3%
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PE(NH, -N & & NO,; -N) ( Schuurkes et al, 1986 )
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NO; (Robe & Griffiths, 1994 ) ; 17 & & 32 131 th 7k A=
ML) T 20 G OB S W NHY (Nichols &
Keeney, 1976) . 4B FE N 3 F1 K - ( Zostera
marina ) 8 13 AR 25 F0 ORI ISK g NH R
NO; (Nichols & Keeney, 1976)

IR R B AR Ak 2 K AR A e 8 (C-ND) AR
BRI . E IR AT NH, -N THE R K AR
T C-NACH ™ EMa . O T Z26% NH, 1ER Y iA
W IEEE , KR A i b NH, B d i B
LR (FAA) FIA BN 284 9 0 FAE AR P 44 P4 11 AR
RN L B8 A W 0l ( Zhang et al, 2010)
IR TERE (SC) B EHOCE M, FERATE A K 1k
B Wttt o ) ER L v LA ), R ) AL B
T HYIRY), G SC/FAA 172 AL RERS B e AU 38
X AR A A B A Y 52 ) ( Zhang et al,2011)
FeaIn & , KRR IR IE S 40 NO; -N 5 NH,-N ik fig
HOX UK A AL (C-N) AR i B 5EAR A

AW SEAUTE & & I 55 4F T, KL 3% ( Cerato-
phyllum demersum L. ) FIFELEIN 2 5 IR 8 ST
X5, WFFEA R NHY -N 5 NO; -N W B2 A5 T,
3 FRPUKAEY A AR RL S FAA (SC & HERY 22 57, IR
WFRHLE A FIA ] NH, -N F1 NOy -N e B L)
T AP C-N ACH RIS o
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2015 4EF5 R IR A BDUN T I8 A AR IR 3
B AR BE AN DR ) 9 4 f SRS TG IR R 4F i 7k e
MWL, BoRKEE IR, 2015 48 7 AECE TR¥ER
4, K29 10 em BRI OmE S, 73 PR T 1 LY
IR RO JE it i /KR P B B 2T 4 i ( |
HEPLALAE 0.45 wm) i I8 IS AR A K AR PIRY
B T T IR . BN BT OC IR SR A b, O
Fe 14 L2 10 D, 3l BEF 0 D 06 A 19 25°C, g ) 19
15°C , JEIRERE A 110 pmol/ (m® « s) , FWik5 5% 7 d.
1.2 gt

BiEESE 7 d )5, BB Dm 1 g ZEA A
250 mL A% HETE R, M 30 [l 28 B0 R G JR R A 1 s e
(2002) BTG IR R AE V 2RA5HE 2 mg/L, 1%
M8 NH, -N 55 NO; -N Ak B2 LL & 5 AL B, DA
R IR X IR A R AT 3 N (R 1) .
FEFR R AR B9 NH,-N 5 NOy-N ¥ Heam i ds
NH, Cl i1 KNO, 315,

F1 ZBKFERBRREMHERRESHIZT

Tab.1 Concentrations of NH, -N and NO; -N

in each experimental treatment

LG L T NH, -N/ NO; -N/
ErE mg - L7} mg - L7'
A popitst 0.05 £0.02 0.08 £0.03
B 2:1 1.35+0.05 0.63 £0.06
C 1:1 1.14 £0.11 0.99 £0.09
D 1:2 0.67 £0.05 1.32 +£0.08
E 2:0 2.11 +0.06 0.06 £0.02
F 0:2 0.07 £0.03 1.98 £0.03

SERTE G HRRE SR AR Hh R T, B SR 506 BRI B2
SSRGS —B, LR 2 g R 250 mL,
W 200 mL, SEEGAERR 1 d, 7RG BT
IR, LURAIEZK R R NH, -N 5 NO; -N 4k 2
FE, ARSI HK i
1.3 L&

S AE A KRB T B R K T UE T TR
HL ARG = 20°C KA TP VR ORAF o KA Y
NH,’ -N 1 NO; -N #3ff 1 d &0 1 %, 44 R i
M7E NH, =N, 55070 5606 B 2 W %€ NO; -N (B4
B ,2002 ) o JECHR 3 e = R 3 0l I A i S O
M (FAA ) AT 6 45 (SC) ( Yemm & Willis, 1954
Yemm & Cocking, 1955) ., 7K A= 4 4 AH X A K
H(RGR) HEAXMT

RGR = (InW, —InW,)/T

AP T - SR BT (8], W, — 5250 )5 A ) et
H, W, - LR AT
1.4 HFESH

>R SPSS19. 0 B A%t fir A Bdls AT e 04
ATFEAEFEXS FAA (SC SC/FAA FI RGR [ 5 Wi il it
AR T 220007, O 1 DX o3 o M G A BG4k B )
YIHa br 2, LU R SUAL BN 5 #E 47 — o005 %2
I3, 2 AR R 25 b LSS B X Ak B ]
2SI TTHREE o

2 HREHH

2.1 1E# FAA 71 SC T iE £ 7

XTREAEI R B B F R 1T, S5 % BEAT BE , R
Wngl (B, C, D, B)HRFERE T WAL K
WP PR LR (FAA) &4 X JHR BE T 5, BT A P
SMEIEAEMA(B, C, D, E, F) WAL P
FAA B30 (& 1) o 3 BlAE 9 2 18 = Rk 2
2 mg/LINf (E Z1) PN FAA I B AR ; i AE
FHAAIE 2 mg/L(F 41) FAA /(& 1) o =007
ZEP AT IR R A ST X A BHE] FAA 22 5
M DTk iR K (41% ) (£2) o

3FAEPIR N FAA FSC 5 o H sy 2R 23 591
R EE > BEAEIRRE# > S fadE, B2 SR, /R
AT AR A AT PR (SC) oy B PR, 4
RN SC 5 B2 X (E /N T REAE AN AR
Beo TIUIT N R, LI b ] 25 SR R I Ak
Hi[a] SC 225 A Kotk & (69% ) (% 2) .

0.31
) O 2% .
?D-% R KT a
25 0of BEEH
B: | \
£ be b
ggo.l- . c d
T - B d 4 d
0 Cc g 5
it BB 2:1 1:1 1:2 2:0 0:2
KeFE A AWRE R
CNH'—N:CNO;N

1 KRR Cyy i F Cropn EHTHI
AR /ING FRAF AL B A 25 5 (P <0.05)
Fig.1 Free amino acid (FAA) content of three
submerged plants grown under different

CNH4+_N= CNoé_N ratios
Different lower-letters indicated significant differences

(P <0.05) between treatments.
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XHREENT S, A RIS N4 (B, C, D, E,
F) 2 525 B A AL 200 B R VR S i e A
SR LA (SC/FAA) (18] 3) o X BEAE TN S 8 M 46
T WA A AN (B, C, D, E) i
HSC/FAA; B 5500 BEAH 1L, 3 FAR Y SC/FAA {H
TEGS I RN .35 AR, HL 3 Ml ) 35 78 Rk L
i (2 mg/L) I} SC/FAA H ¥l /ME, NO; -N 5
SRAUNH -N I3 R 44U b i) SC/FAA 35
This, —oudi ZEm i on AL BEIE] SC/FAA By 22 5% 32
BIRTRBILSHM(56% ) (£2) .
R2 FEMEERZLII 4 MEFHERTEHB DL
Tab.2 Contribution of interspecific differences and the
design of nitrogen source to the differences in the relative
growth rate (RGR), free amino acid (FAA) content,

soluble carbohydrate (SC) content and SC/FAA
ratio observed among treatments

ST FE Sy H/ %
eIzt AIRTE 7l 2 x JIR iR
AT % AR %
RGR 12* 537 %+ 12* 23
FAA 417+ 327 19% %+ 8
sC 4 69* " * 24 10
SC/FAA  56*** 9* 30* 5

(1) FIEIE AR 2 2 A A A [R] BE L X 48 55 25 5
BITTHR EL 5 (2) Fli2sFR 3 FUtK AR Y BEAE I R 3 B AR i L 4 f
b a] 22 S X g bR 22 S STRR L 5 (3) STRRE (P A 43 Lb) 2707
2T 5 (4) FRrh " A P <0.05, " " fRFE P <0.01, " " " fR3%
P <0.001,

Note: (1) Treatments used different C

NI
4
cated in Tab. 1; (2) Percentage of difference observed among treatments

q\mi'N ratios as indi-

attributed to interspecific variance among three plants; Myriophyllum spi-
catum, Elodea canadensis and Ceratophyllum demersum; (3) Percentage
of explained variance based on two-way ANOVA; (4) Statistical signifi-
cance is indicated by asterisk (s): *P <0.05, ** P<0.0l, **~

P <0.001.
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IS BERE

AT /NG AR AL BB A #1225+ (P <0.05)
Fig.2 Soluble carbohydrate (SC) content of three
submerged plants grown under different

C CNoé_N ratios

NH N
Different lower-letters indicated significant differences

(P <0.05) between treatments.

2.2 EYIRHEXERKER

X REAE IR W E, BR T e 2l A W K
(2 mg/L) Z 50, BrA B JCHLAR AN I . 25 4 i 7
FIXPAE R AR (RGR) o JOHL AR I B AT . 28 34
PHREER) RGR, H 2 Z AL B (2 mg/L) B FFFL T
H RGR, 4:fa 1) RGR Tﬂ—:C\H4+.N: Cr\o%-\ =1:20f
g/ A A A AR/ T 55 50 2 R (1B 4) .
3 PR AR A < 3 s SRR P O - DR B >
FEAEINRRBE > e . —oudr 22 0 M o, bl 22
SR TR T EE R 53% (22)
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i L W RE
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e S '
!
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p 400
I
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AN TR A B A B #E M2 5 (P <0.05).
Fig.3 FAA/SC ratio of three submerged plants grown

under different C C NOZN ratios

NHj N
Different lower-letters indicated significant differences

(P <0.05) between treatments.
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Fig.4 Relative growth rate (RGR) of three submerged

plants grown under different C CNOi_N ratios

NH, -N
Different lower-letters indicated significant differences

(P <0.05) between treatments.
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FHIF NH,” /FE R % I8 (Smolders et al, 2002 ; James
et al,2004; Jampeetong & Brix, 2009 ) ; 24 /K {& f
NH," ¥t — e K Ja AR Y AR OB 32 214
(Clarke & Baldwin,2002) , AHFFEH, 5% EAH H,
NH,' -N 3Se 88w 1 3 Fia Pt 2R e AR
FIEE A PR A SN i B IR (FAA) /Y35 i, HLAE
NH," -N ¥ 2 mg/L i FAA shig R (& 1,18 3) 5%
W 3 e 24 AE i ik 7 1A A A i FAA SR G2 i A1 U5
P A8, JEL ( Potamoge toncrispus ) 1F NH, -N
AR ] 1 mg/L AR5 5 d )5, R A
K FAA &AW BT, T SC 3 AH X sl /b
(Cao et al,2009) ; [a] i ¥ 35 7E A OE BE AN 0. 32 mg/L
NH, -N Jifpi8 i 2514 F 403 10 d, FHAR Y FAA 5 &
2T IE H SC & i A%, RN SC/FAA HUE
W2 EAIK ( Zhang et al,2010) , Cao (2011) BF 38 &
W, 4 a3 27 5 ( Vallisneria natans ) F1YK 2 % 15
NH," -N ¥ EETE 0. 25 mg/L {9 25 o A3 A 1] 11 1
Bo KIS FUK AP AE NH,-N % B2 8 w19 H
By, AR FAA 5 5 F SC 2 6 3 A AH 8] 1 i Ly
(Zhang et al ,2011) . UKL P38 5 LUEFEIR A SC
AR, B FAA DLma R = 2 BUM I8 . SC ot i 4
A VER AR TR K Ak ) fith A 17 0 22 v ]
9, WA & R AT 75 R4 . SC/FAA
(RAE AL REAE S i NH,-N JBik38 Xof 48 0 4 oA e 01 Rt
MIREIR . ARBEFEH, 3 MR SC/FAA ¥7E & A
W2 me/Livffie/)N, R B M s E i 3 1 3 A
TR C-N AR, R AWRE 2 mg/L i), 3 FiAEY)
BRI T A E A
3.2 EEFLETHEYNNRERSHMMEER
FARKAR Y & B S i 3 2 NH, -N Fil NO; -N
() 25 8, 15224 5 T & 200 IO K AR W 1 3 1) 552 36
Z VTS AN I ME— AR (Cao et al, 2009; Zhang
et al, 2010) . M Z M A K EAEY C-N 1L
MFFAR D . & B SR K KA 2 R
NO; -N YE N AR (James et al, 2005) , {H/K A=Y
FEM [ 4E NO; -N i 25 TH #8322 i g & (Miller &
Cramer, 2005) , AWFFEH,2 mg/L 1) NO, -N 4b3H
o HREER FAA 380, SC R#IR T3 SC/FAA I 3
WA, RIITELL NO; -N S — IR, AR L) SC
THAERAUINTE B 2 1 FAA 32 9L 40 FC AL AR 49y i)
I i UM R AR A B N . N T, BB R
WIH TP ICHLA 2L NOy -N 3=, 7R & & FR 1A
FIEHLAR FZ LA NH, -N O £, R B AE S 5
FeAR A A IR A AR, 2 R Y B TR 1K

PROCF TR, ARSI & L2 mg/LAY NO, -N 4b B XA
FEBEFN 4 fa P FAA 1 SC & B & 7, HR:
(2006) ¥4 4z AR BEAE NO; -N R T2 mg/L, /i H]
48 h I, HAEYIZHZIN NH -N DA K FAA & 2%
B s VAR RS e 7 AR 26 LT NH,-N B a 28 1Y
PR 2 ) NOy -N MR, X e =
H Cont Cropn N0 2122, AR5 0. 67
mg/ T i, H SC/FAA BI85 AR, SR B C-N A
ZET T AL 3 R A e A ) ERE RS 4H
B TCHLES I, ) 22 5 W 2

ABFFEH, NOy -N 58 4285 A NH, -N i), R4
FAA F1 SC )8 fEEaAA—2 (B 1, 2) ,{H 3 Ff
TP o i) SC/FAA 825 T (18 3), 3R W]
NO; -NAH T IRFFHIA N 1) SC/FAA LU, SR
L AEPR A FAA R SC R 22 5 0] LA S B S 7 )
HERFAE R AE KB 455 25 57 (B 4§, 2006) .
Fo R RGBS FRAC LS 6T FAA F1 SC 3 &t = (A
AF, FREFIUR BRI FAA F1 SC & B R T
i AG A (Cao, 20095 2011) ;11 78 & & F= L 1A
Hh AR B 22 D A 3 (IfS K n i 22 i
1997) o X S5ARWFIEHIL RAHFT G o

GEFE SR TE S - B E KD, AR
DI B FHAP IR E — A 0 7 & 75 7 7KK ( Nichols &
Shaw, 1986) . £ %% & 3% W10 h, JTCHL A 32 2 LU
NO; -N Jy &=, T 76 & & 7 WA b £ 22 NH-N,
TR E VL AR W0 AT /A R A e o A B K A
NH,"-N &5 I, {8 7 W & AL NHS-N (9 f5
SeiE R I B 3% (Nichols & Keeney, 1976) , Z<fiff
e GHREEA Y L ) FAA 5 SC K T 4R
PR BN & 3, R W AP R A R B T R IRIE 28
FR 32 7 A PR AR 5 8 TR kAR P A e, AR A
AR B R[] 22 S EHIE 73X — s (& 4) o

4 #ig

AR B RS S R PR 3 M) (PR
Be AR BN G 3 19 C-N G RS2 M SR B
HIRIE 2257 . SR BEAH L, A0 e A B AR Y B2
SSRGS R BN R B 2 E b a s iR B
o F - FAA 1 SC 35 4w T IR o A< £ 38, 1
BIRKRRA ST R P MK R ATl &S
RALALH) C-N A A 214 f 8] 22 57, 15 A SR Bh £
IRBEAREAE IR 8 A 08 37 A I D i, L4 58 K 119
HE BRI SR HAE BB TR AR IR A 3
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Metabolic Characteristics of Three Submerged Macrophytes Exposed to
Different NH, -N/NO; -N Ratios in Eutrophic Water

ZHANG Wei, WANG He-yun, ZHAO Yi-jun

(Key Laboratory of Ecological Remediation of Lakes & Rivers and Algal Utilization of Hubei Province,
College of Resources and Environmental Engineering, Hubei University of

Technology, Wuhan 430068 ,P. R. China)

Abstract; It is known that C-N metabolism in aquatic plants is depressed by high NH, -N concentrations in eu-
trophic water. The ratio of soluble carbohydrate to free amino acid (SC/FAA) can be used to index NH," -N stress
on C-N metabolism in aquatic plants. In this study, the C-N metabolic characteristics of three submerged plants
( Myriophyllum spicatum L. , Elodea canadensis Michx and Ceratophyllum demersum Linn) grown under different ra-
tios of NH, -N : NO, -N, with a total dissolved inorganic nitrogen of 2 mg/L. (meets Class V water standard) were
investigated. The growth rate and levels of FAA and SC of the three aquatic plants were compared to better under-
stand the influence of the NH, -N : NO, -N ratio on aquatic plant metabolism. Five treatments with varying NH," -
N : NO,-N ratios (adjusted with NH,Cl and KNO, ) and one control group were set, with each group run in tripli-
cate. The treatments were as follows: Control, no added NH, -N or NO; -N; (1) NH,-N: NO; -N =2:1; (2)
NH,-N: NO;-N =1:1; (3) NH;/-N: NO,; -N=1:2; (4) NH, -N only, no NO; -N; (5) NO, -N only, no
added NH, -N. The presence of NH, -N significantly increased FAA content in all three plants and the FAA con-
tent increased with NH, -N to a minimum of 2 mg/L, the highest treatment level in this study. In the control and
the first three treatments, the SC content of the three species were significantly different and two-way ANOVA re-
vealed that interspecific differences accounted for 69% of the observed difference in SC content. When no NH,"-N
was added (only NO; -N present) , the SC/FAA ratio in all three species increased significantly and ANOVA indi-
cated that the NH, -N : NO; -N ratio contributed 56% 1o the difference. In addition, E. canadensis Michx had a
higher FAA and SC content than the other two species, which helps explain its growth advantage in eutrophic water
bodies.
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