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2% INEE 3% 2 A [B] % A T Bb B A= 22 i [y
S

QFEHFEEAFRLAESHER K VLEAA R AL RELALRE.HE K»  410125;
2HAERFRIRFRLASHEA, KPR EFERMAF RN, HMwE Kb 410125
MR L KFHRFFE ¥, Hm Kb 410128;

L ERFRAE, E 100004)

RN Y AW AR R Ak

WE N TR &SR IE KR —E B A ES JB R SR 3 (Myriophyllum aquaticum) 4= & J H: PR AE AY 52
Wi, SR B R MR 3% AR N 15 mmol/L Y 21T, L&l B 4 31 R 563 IR (CKD L 3 8 NHY @ NO; =3 : 1(LA
Ny 7O M NH 2 NO3=1+ 1(BA Ny om0 B A4 B, 53 4 O 8 ) S [] 4 T i G 2 B ) . 45 3R 2
TRGIGEFRES 21 KNy Ab 3G AH X A 9 R0 A X 25 4 B0 13.17 g M 35.31 em, B E KT N, (19.59 g,
41.78 cr) A CK 41(17.82 g, 38.82 cm) (P<C0.05), AFALHE Tt A oAy E & B4 50.38~58.82 mg/g. B &
T A A& 26.96~35.42 mg/g; B B & 5.17~7.38 mg/g BHEM T X h o0& & 8.44~9.88 mg/g
(P<C0.05), ¥EFFFEL 21 REF,CKNy. Ny AL H 2 [H] A I 5 B 5 4 (6.76.7.06 ,7.38 mg/g) 25 5 B35 3 il 3 /K
F(P<<0.05), M A Nioy > Ny, >CK. N F Ny A (7.03.6.75 mg/g) FIZE 91 (6.43.5.04 mg/g) W]
BB EY B E R T CK(3.58.3.27 mg/g) (P<C0.05), N,. AbHM Sl SE S EHEEHT CKAM
N ZEEE(P<C0.05) , BHF5E 2 B, 2 b B A 8 im /0 88 B AS R 0 Tl 25 R0 A R T S A 8 o8 A K R A 986
Ak 8 i A R A X A v e AR AR 3 R T A G T I IS TR T Y RE T B R L SR TR A S T
i B 11 7K 12 357 B AR B T 1 A TR A8 TR A i 1 R0 R A A K R A 2 A 9 T B A A T R U 1 % i R

KR AL T HE K .
KR L IC L s SRR B 5 A S R 5 A B R
FEDES:Q175,Q945 XEkARERD A

KA RE AL EE N T M A S 18 R ik
FRAL TG G K AR Y — b B 2T B, A B AE G2 0 K BT
P A T 2 55 AR (Dhote & Dixit,2009), 7
IR 5 Aok A v, K A R ) AT L e AR AR AR
F W SR R 53 0 W % S e Wy kS v AR AR T L 2 R Y
ZE R 22000 B PR 19 15 Y W) TT AT 0B (Bezba-
ruah & Zhang,2005; Huang et al,2010; [l #AMI 25,
2011;Shelef et al,2013) . A AFFE R, AR K A AE
P aE A G X KA i R B S T e ) B B
B AR — GRS AEA5E, 2015; MR 45,2016 FS L 2145,
2018); Hovp, LLGR IR BB 8 (Myriophyllum aquatic-
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HEE&WB . HEE S AT E (2016 YFE0101100) 5 [/ %K A
SRBF T4 (42077103) 5 1 & /K AR T H (XSKJ 2019081 - 52) 5
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wm )G B 25 45 A 25 B = (Zhang et al, 2016), %%
IR # hy /7y — Al B B} (Haloragidaceae) . IR J& ¥ J&@
(Myriophyllum) {64, J& 2 4 A 1% K S HE K BAC,
VER SO 5 AT E O A 248, HXH S 2 A B
S8R 1) i - o BB 1 AR SO AR AR e 1 SRURT I EL I
) R R PT AR SR ) R et s AR ] R I Xl
B4 20185 Liu et al,2018), HoA 1R I 09 & 5 3k 25
L&

FRIH R K B 2R A R CRAR %, 20095 Liu et
al,2016) 1 Ry =B 0I5 Ge ), AT e 200 25 R K A4
M AR IR IR A B 8 2 R QR E A
HIHARE 5% R B, FhoA S IR 3 N TR Hb, 15 d Y
XF FRAE K A A £ BR R R I 98,820 ~99.8%
(Liu et al,2016; Zhang et al,2017), {& 15 5&7E
L TESRAR 1 b R 40 %) K AR B3 JES U A7 7 —
E B0 B SO W R A A0 TR L A SRS R AT DL
NH, -N # 4k NO;-N(Li et al,2018) ; At F5 5 &
KR T AEAE K& NH, N, L[5 7R 78— 5 %
W NO;-N, BRI AR R IR 0 5758 % K e )
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1) o 2 FVBC A7 7 22 55 DR BEOAS )95 3 /K 4R v ) 4
fEHBC bt AR AH Rl . NHY -N Al NO3-N AE i A A
(R ZTE A MR 1 A= 31 452 B A S [R] 1Y 3 50D
HLAE (Bt 5 B 5 2003 ), HA [A] Be Lo XAl 9 A= K 1 5%
W, E R HAEY P O AR )T R (R,
2008 5 FUMRAF , 2010 ; B TLE R 2 80,2015) {H7E
KR Ay v A G L I DR S IR A R I b S
AW, A KR R Ak K AR B R AR R SR R
A5 B AE AR FE KA R AS [R] 4 i i T b AR K R
B A BRRAE RS, DU Ry i — A0 A 9T 0 R
AN [ SR T 1) 77 58 1 7K B AR B A 4R

1 #HH57EE

1.1 SEIE##

ST AR AR B R 1 A [ B B R U ARl 36
LRI ST ol o FF AR B9 20~ 30 em 7 6 AH 4 K
atn > 96 A R OK e L SR 5 28 48 K 06 U » R G
4 i1 Hoagland % 3R (2 D EHF 10 d 4.
4 d EHE B NaOH 1 HCL I 37K
) pH {H N 6.8~7.0.,

1.2 KIE&Fit

AR 4By R BE 5T 3R B sk 0K R EE T
15 mmol/L#Y & & B T £ K B 4 (X > 1 4%,
2017), Pk, BEE 10000 NH! x4 (CKD,
NH, " : NO;=3: 1(A N;., F&/:) Al NH/ : NO;
=1+ TCRU Ny 2R ) A B2 i T L A T A 25 50
i B ASAE iE DABE LR L R B R K BB 5ROk
) B R W EE 8 15 mmol/L, A4 HE 3 R HE
M. VEH BRI A AR KA B/ — U s R
BE 20 BROCEBRRETIR 12 co) , JE T 8 L AR B
AT LA B TR MR B 37 IR AR B FR AN BB SR T
RiEE 1 1Y Hoagland 195 2 AT HCHI, A K %
WRE R pH 7 6.8~7.0, 8 4 d HHEH R,
AN I % 5 W o 21 d(Zhou et al,2017)

F 1 Hoagland EF KM E F R K5

Tab.1  Formulation and composition of Hoagland

nutrient solution

W/ W/
T A SRR
mmol » L pmol « L7
(NH,) SO, 2.0 MnCl; « 4H,O 9.10
KH; PO, 0.3 H3;BO; 36.70
K, SO, 0.35 ZnSO, « TH, O 0.77
MgSO, « 7TH, O 2.5 CuSOy * 5H,0 0.32
CaCl, « 2H, O 2.5 Na;MoOy « 2H, 0O 0.39
EDTA-Fe 20

1.3 fEwmRilE

25 e R K SR RO o 5 A W N 2R
SEIFAS 1.3.7.10, 14,21 KRIBCRE I £ 5 4R 430 F
57,10, 14,21 R, F5 10,1421 KR K
FE PR AMEAR 105°C X7 30 min, ARG HET 2 HHE,
FH e B W2 ek S Ak 0T 2 DN A Ak 4 R0 FD 4 9 (B -
H.,2000), 7K43 & &t A B PR RS R SR R A I AE
55 21 RIFEIE , M4 R a(Chl-a) flIH 23R b(Chl-
b) 1 Bk SR AR R 5 A T 5 L R T 9526 SR MR,
SF 66 BRI % (Sartory & Grobbelaar, 1984) ;
MR R(To) M ERERETHEE a5 b ZH, ATH
PEAE R FH R e 635 00 CIR IR . 1985) . A X A=
W)ig (relative biomass, g) X255 (relative stem
height, ecm) fI/K 43 & (water content, Y0)TTHEA
£

MY E=W, -W, ©)
MXT 2 =SH, ~SH, ©)
K4yEH=0-D,/F,)X100% ®

KW, F W, 2B R GRS 0 KORARE I
EMEY R (2) . SH, F1 SH, /3 B3 G M n K
SKARERFIAE /9 229 Cem) , D, FlF, 43 548 4 bk T
(@) AE MR EE T (2) .

1.4 HEBSH

BRI BIE R R R R . BE S
JHAIH SPSS19.0 4, #4775 22 43 HT Al Fisher's &
PR (LSD) o LA [ 4 B H] £ P <C0.05 1
ZM K. K Microsoft Office Excel 2016 #F 47
s A FE L

2 HRE5SMH

2.1 A£KEH

3 AL ) A A X AR o 4 B S 15 TR] A 1S T
Hom, BFEEE 7T RME 14 KRB N MN,. &b
BR P ARXT AW 2 KT CK(P <<0.05) , Kig®
FH 10 REF, N, AR ) A A4 9 8 KT CK
(P<C0.05), B2 21 KEF, N, AR X A= 9
H(19.5940.02) g, & T CK fY(17.82+£1.68) g %
10. 0% fH 35 1) 22 5 K 38 1B 3 K F (P >>0.05) ;
Ny BYF T A= o (13,17 +£1.66) g, W FHALT
CK(P<<0.05) (1 -a),

Wi o 45 5% B () (0 385 00, 45 Ak B ) AH X 2K e 9 B
BTN, REFRETI X R B 25 A KR B R B A
1RV 3 RME 10 Kb, X Z @B EB N . CK
>Nia > Ny HEFRE LN, AR 254 R
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WYL IR ES 14 KA 21 REF, Ny AT
ZEW Ay W (28094 £ 3.02) em (41,78 +
1.29) em, BFE T CK(P<0.05); &4 21 K,
N, . BRI R 225542 (35,314 1.20) em, K T CK
(P<<0.05(E1-b),

B 25 7 KEF, Ny AN, B AR K 4300k
CK 1 89.5 % F1 85.0 %0 , Hil PR & 1 J5 7 19 25 5 3k %)
B F K (P<C0.05) s MRS 14 RAHE 21 K, P
AR K B FEE T CK(P<C0.05) , 15 77 45 % i}
A3 27,1 %0 H1 24.8 %60 s H Ny I N, AL B2 J8]
WAHRBFEZF(P>0.05)F 1-0),

[\
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—=CK (a)
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f=1

15
0
8
= -
£’
Qg
314.2 6 r
mgg
4= o
~ o5 -
0 [ 1 1 1 I 1 1
1 3 710 14 21
i (H)/d
Time

B1 AESWELLNFRMEREKSE
Fig.1 Growth characteristics of M. aquaticum with different

NH; /NO; treatments

22 EAMEETWK

SR i b ) 2R A B S I )RR RS KR
ST E T REAR R R 25 b B 2 ] 2% R
FLORIRAEY 10 KU 14 RIS 21 Kt CK 4.
Ny FlNG L AR B2 Y i R R0 5 43 90 38 3] 53. 38~
56.57 mg/g. 52. 15 ~ 58. 82 mg/g Ml 50.38 ~
56.58 mg/g. EHA G &AL EIRE AL 3 H
539k 31.44~33.72 mg/g.28.72~35.42 mg/g
26.96 ~32.02 mg/g, ¥ TEH 14 RifEE &K, H
Ny AR A & & W& T Ny A (P <<0.05),
XFIRZH AL T — 3% 2Z (8] 55 10 KA 21 K, £ 4k B JE]
TREER, MATHASERES TEPA S &
(P<<0.05) (K 2 -a).

SRS EMa L ZEP RS 8.44~9.88 mg/g

BESTHRP AT E 517 ~ 7.38 mg/g
(P<C0.05) , 25 il 1 dk il BT[] 22 b 22 00 1 S 1
T AT P 5 T A I e 3R B o R B ke
Wi 5 N 0 P4 4 it vl %) B 5 ek ST W R AU L
JETtE . PSS RSB R B E XS,
B Ny 3 21 R 2Erh gk & i CK10.9%,
{HARSEF] P<0.05 19 3K,

R LN RN, AR ELEE 14 R BE S &=
B E T CK (P<C0.05), 48 %l &5 20,4 % A
15. 7% ; 2B EAT 255 21 RAF, CK Ny, Ny, &b
P 2 8] 1 5 i (6.76.7.06,7.38 mg/g) 2% 5
Bk ) KB (P<<0.05) KM N N, > Ny, >
CK(E 2-b),

=Y It

=
-=-CK - CK (a)
70 T—@—N., —O—N,
. AN, AN,
Dl o0
o0 S
E 2 50 *
Ry -
i L
-
ﬂ"?’?g 40
# 9 l:élw
EZ 30 = =
L
0’ I I I
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Fig.2 Variation of nitrogen and phosphorus contents in

M. aquaticum with different NHf /NO; treatments
23 KOoE=E

CK H &N AR K 7 & & 92,4205 Ny
AEFE R 90.9% s Ny AL BRI K 43 & i B E AR F CK
(P<C0.05) {0 89.7% (& 3),
24 FAAMRESE

AR B 5 K 4y B A R, TR ik
JEZEY, N, AbFE(7.03.6.43 mg/g) 1 N,., 4b#
(6.75.5.04 mg/g) WA EMM S EY B E S T CK
(3.58.,3.27 mg/g) (P<0.05) , 4> Ab B - H- 7] 1%
PR S BN CK Ay 1,96 47 5 i H: 25 v ml 7 pobi 25
3 R T CK 21 88,500 Fll 54,106 5 M )3 i AT
WS R S TR D,
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Treatments
R IR 5 B 3R 4 b B 22 ] 2 5 5% (P <<0.05)
H3 AEEMELNGMEEKkSSE
Different lowercases indicate significant differences between dif-
ferent treatments(P<C0.05)
Fig.3 Water content of M. aquaticum with different
NH; /NO; treatments
25 MHEEEE
EM R AL AR a b ML S Z R — 20
G ERH N N LR EET Ny, Ml CK
(P<C0.05) ;N Ab B4R a b FIE 2R K
H(0.620,0.692.1.312 mg/g) 43 %}y CK(0.418,
0.524.0.942 mg/g) Ay 1.5.1.3 Fl 1.4 %, N,., B9 %%
M4 2 & (0.459,0.528,0.987 mg/g) WM & T
CKHA 53] P<C0.05 1 B3 KF (& 5 -a),

1.6 a

HcK (a)
o, 1o | BN {‘
WE DNII b b
£ =
ﬂﬂﬁ 08¢ a a
b
2 b b
T8 b b
o J% I%
0
Chl-a Chl-b T
AR R
Chlorophyll

TEZE N £ R b(0.161 mg/g) FlE M
2% (0.248 mg/g) /1 5l & CK(0.122,0.203 mg/g)
) 1.32 Fl 1.22 %, 22 5 B 3 (P<C0.05) ;i Ny, i
4% & B (0.060,0.116,0.176 mg/g) HK T CK
(0.081.,0.122,0.203 mg/g) . MHJEM 4 F a & &
R CK B 74.2%, & F K T CK (P<C0.05)
(5 -b), ZEFHGRS &M T . Ut
A SRS RN 13.3%~23.3%.

o

2z | m= \ , @
£5 | B
i s 6 a
B
= b b
=2 .|
w2
T o
IR
0 L1 1
CK Nzl Nll
o
Treatments

AN T7) B 2R 7 ) 4 ZUAS [) A B 22 i) 22 5t 2 (P <<0.05)
4 FEEBRHELLHEMERETIERSE
Different lowercases indicate significant differences of the same
tissue between different treatments (P <C0.05)
Fig.4 Soluble sugar content of M. aquaticum with

different NHY /NO; treatments
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i - b
g
FE01[ 2 a
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RS
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ARG 8RR [6] — e S 3R [ b B 2 ] 22 5 i 3% (P<<0.05)
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Different lowercases indicate significant differences between different treatments for the same chlorophyll category (P<C0.05)

Fig.5 Chlorophyll content of M. aquaticum with different NHS /NO; treatments

3 it

3.1 AREEBERENFIMEZEERKSERZ T
AT A= 8 R X 25 5 R K 43 ) B R 4 K
o FUT K R 43 B e T A BRI AR R AF O, B —
AR . BRI 88 %) T A ) I 5% % k1) i) 344
TN 28 38 0. KR NG Ak B A0 38 I 45 N
Ab FHR 5 R XoF 2 R 1 R A 5 R X A e — 3K, 3
A 21 K AH X 25 R Z A B 3 25 % (P <<0.05) ,
FIH N, >CK>N, L RIVEAS L H /N S0
B RS, X ) AR IR 40N B B B 4 A ¢ (Zhou et

al,2017) . TEE A C G H R Y 7K A P 38 4K 1Y
Y RA R TSI EEERE ST 2R, R
T+ 5 AF XA 49 2 R XoF 25 1 388 ¥ 15 hn 1 a4 AN [m]
3 ANAb B AR K A B SR S A HT W OF IOA W
K, AT RE S Y T 5 55 5 AR R WA R 0 T 2 Ml
P70 i N A L et IR 7 O O S G L
2010) , FEAMR ARG K@ L 27 R K X Bt E
T BN AR O AR S Ml S S A ) AR R T AT
(RELILA,2013),
32 AAHERIETRIMEERHIENTL
At AT G E R 2O E B (A4,
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2013) , RN 3 8 22 D W B 2R A7 e M B (R4 T
8.2018) , M WEVE N = BERR AR T A EZE 4L 5, nT LK
ZEITC M B PR AL 22 1) BB AL X PT RE R SRR
MK AR i 5 1 SR 22 e A AR I v O R 2 M
WA JE I . 25 ZURBE & DL A
R B e R AR B B B R B L X RT R R R
AR S S0 AR X A i K, T DA Y 1 8 3R T R A AE
— i B W RN (AR FY AE, 20060, BR T A 14 K
MR A i Ny W T Ny S s ] 25 Ak 3
Z IR AT 3 25 L U AN [R] ) 280U K A R A N
RO MK, X — 2554 15 L0 171
WA K, HTEMESH Q0I5 M I T
KM LR FEREFEME T, PSS A 5 RS
RN 2 BB ARG AL 467 2R R A AR R NOS Y
AW WER (T, OB¥ LR EFEER, RRLK)G
BN N R B S R T A A, T —
TR I b0 B A i VR L B — B 2 U R A R T
KA v 8 ) R A AT B B 5 R R L N T S X K R B i
AL 1 S i) S 0 45 SR A R B L 5 PR — Y e Y SR A
Pb B B TR 45 7 % T 1 R AT ol DA R ) b L
i 2% (ZE R, 2008) 51X L5 H A LRI B Gn o] 5
T AL 2 83 T G AR AR v ) A A — S T R R
Y AL S B A 50.38~58.82 mg/g, XS
It F A 8.44~9.88 mg/ g, R WG RE B AE A 7] 1) B
B TC LU T X 4 e 10 U Wl 2 St 5 DA I of T S I )2 o
XoF AN [) Sh 15 1) 35 BB I 7K 389 A B8 v 1 AL SR
AN T Ml v 1 3% B R K I AR A R
3.3 AREREEEIFIMEREBFMENZ I
i 5 4602 i T b AR AN e R A P 1) K i R
ik, FIRESE B T 4000 2 B A0 S0 R i i B 1, 2K Ik
A e R A v ) AR R R AL 1 TR B AR 4 A 1 2
JET S i — AR T XK A O, CK ORI N 4
B K o3 B A v, A AR g g R T AR X AR A
BN AR R SRR, ET s M R RE  AAR P  K
TG Wiz i A B = 28 X OB R IR 4, 2002)
Ny HE NG R TR S B m T CKL
U AT UL K A o A7 7 — S B R S IR A B T S R
P AR R T VA R S R AR R N AR B B TR
HE T AR 9% 42 AR 0 R BE AR OR RO BE 1 RE )
N Rt E SR EES T Ny M CK, N
A g RS EWm T CK M Ny, HELE
(20000 XF/INAZ [ 10F 5% 45 R 5 A SE 3 25 i — 30, 2
HOLA AN NH, -N/ NO;-N IRAE 55w T —
i NO3-N 5 — i NH, N 5K 48 81 55 (1995) B 58

S B, L AL DL B 25 A D IR L B TR R
o ik A IR R R T R Bl A TR R R IR A A
75 S A AR AL RO & B R AL 5 R 1 12 32 i K
MG CO, W [ € » B ARG & 1 HIRCR, 51 &l
PR A R R B e . AR BE SR A5 SRR KR 7F
FEIE B ) NO3-N $& i 1 & IR o 2 K & &, fig
e LG AF M OF H5 MU 2 Bl s b . ot )
PR HEAE K & BT b YW BRI RE 2

L LT IR R b B A E AT AU 22
IR AR AT mfedt TIRANAT .
RE A% 11 iy 2 U O AL R A PN I 2 3R 4 (R D 5
PR I HLA IR 2 4 nl i Mot 3k 2 A bk 200 M kA
BT A 5 17 EL AT LA v 2 A v A A K A v 9
RO DUIA B B 2t A B SR KRR H Y

2 2 3k
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Physiological Response of Myriophyllum aquaticum Exposed to Different NH; /NO; Ratios
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Abstract; With the development of artificial wetland technology in recent years, the macrophyte Myrio-
phyllum aquaticum has attracted attention for treatment of swine wastewater. The influence of nitrate
(NO3) levels on the growth and physiological characteristics of M. aquaticum under conditions of high am-
monium (NH, ) was explored, using a 21 day hydroponics experiment to study the response of M. aquati-
cum to different NH, /NO; ratios:100% NH; (control), NH; /NO3;= 3 : 1 and NH; /NO;= 1: 1. On
day 21, the relative biomass (13.17 g) and relative stem height (35.31cm) of M. aquaticum in the 1 : 1
treatment were significantly lower than those in the 3 : 1 (19.59 g, 41.78 cm) treatment and control
(17.82 g, 38.82 cm) (P <C0.05). The nitrogen content of leaves (50.38 — 58.82 mg/g) was significantly
higher than the stem content (26.96 — 35.42 mg/g), while the phosphorus content of leaves (5.17 —
7.38 mg/g) was significantly lower than the stem content (8.44 —9.88 mg/g) (P <C0.05). On Day 21, the
phosphorus content of leaves differed significantly among treatments (P <C0.05), in the following order:
NH; /NO;=1/1(7.38 mg/g)>NH, /NO; =3/1 (7.06 mg/g) >>control(6.76 mg/g). The soluble sugar
content of stems (6.43,5.04 mg/g)and leaves(7.03,6.75 mg/g) in both treatments were significantly high-
er than in the control (3.27, 3.58 mg/g) (P <C0.05). The chlorophyll content of stems and leaves were sig-
nificantly higher in the 1 ¢ 1 treatment than either the 3 ¢ 1 treatment or control (P<C0.05). Wastewater
containing little or no nitrate benefits the growth of M. aquaticum stem height and biomass. When nitrate
concentration in water was relatively high, the plant contents of chlorophyll and soluble sugar were high,
and the uptake capacity of phosphorus was strong. In summary, M. aquaticum grows well and maintains
strong nitrogen and phosphorus absorption capacity in waters with varying ratios of NH, / NOj. These re-
sults provide theoretical guidance supporting the use of M. aquaticum for purification of swine wastewater
from different sources.

Key words: NH; /NO; ratio; Myriophyllum aquaticum ; plant growth characteristics; physiological re-
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