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DL 2 AR PRAR T 2, IR VE RS . SCHS MR B A A W i A - i Ak ek 7 8 A4E B 3 358 i DA %
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5T LA 7K A 1 2 40 A0 2 9 3K 9 A AN [ 23 78 o St 70 A 40 ) SR 40 A 25 07 D, X LR ORI 381 R A A 1)
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T 55 (29°22'~29°50'N, 118°36'~119°14'E) i FHriLA b M g% B, 2RES — ) A1t
3 0 AUl 12 B8 0 2V T T BRI TR AKOK B, /KT AR 573.33 km?®, & /K fE ik 1.78x10" m?,
38K 31.13 m, e KK 100 m, FEAK A7 26K 86 mP*, A W #4ai Z WU IX, SR BRI . %
Mgl SEIE R, AR 171 C, FHFEWE R 1489.0 mmPY, T 5 WK DL J W Ts gL
Sy BT A T T T R 2 60% WET TR K, B Ris 1.98 mg- LT KR RA
WER 2T R0y 1) B WA, AR 0.92 mg- L' B K REE A T 5 0 [ W /4,
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Table 1 Initial water quality indicators of two cycles

JE KR/ °C DO/(mg-L™) pH  SPC TN/(mg:L ") TP/(mg-L™) DOC/(mg-L™)
oA 19.9 12.3 105 125.1 1.82 0.07 2.4
R 20.0 12.4 98 1234 1.87 0.06 2.4

RN LA R (FhAE %5 BE 20 R BT J7 K 44 K)o SER SR B 5 AR RAPEIINE e . X FIACR 3
FXENACH . BT R 2s (X BRALER o RS b PR 3 A A7, NEIAFRENE AR &R, B
BUE YK B2 13 em, BPLSZEGTF 2022 4F 4 A AEWITA T B A S KRGVl d: 1T, Akt Fa b
MIAER 2 TP, T A 32 WA B ma A

13 HERESHH

FR AR S 6 1 3~4 d 0L ROKRE, SRAFERTINAGE 1 25 85 77K DL Ab 78 25 & /K i 9 4 1 4 6 52
B KRR AT, AR HORE 50 mL, AP K8 U 2 i o SRAE B /K BE ST BRI 0.45 pum FLAR 1) B 38 £F
4 J& B (Whatman GF/F) #E 17 abyg , i UE )5 BE & SR Skalar 3% 22 i 80 43 #1 A% (faf 2% Skalar 23 #) ,
SAN++1) 1l 52 Al 75 &L (INO, -N]) . FAE A A (INO, -N]) . & A (INH,-N)) , KRiJiEFErH . ¥
7, T EA (TN) BB (TP) B E (BRRREN LM L) -

FE S50 T 4R AN 25 AR o SR RO 2 A ik s, AL A S 50 A 4 3 7 0 v S ST B A [ i
¥a, DAY T I SR R AR AT E o R RE SR ACBERS 105 °C A 30 min, SRJSTE 80 °C
TR EEE, AR TR T T AR R R eE L 100 H 5 S I A 42U
B G RHFITR ML, Eurovector EA3000) .
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T IR AR FR NG T R I RO, TSRS 11, 25 K, 3o B Ak FRAR M) AN 2SR
2 LY PVE# % B G 3248, A 1S L SCBR /KRR . S5 /K RE SRy 7 I B 19 15 52 56400 A 20 B0 vk 38 A
Ik e, BEMERE IR 8 hm, WA A BAKARFE &, BRI 3 A FATHE, KFEREAS] 12 mL
1025 Jffi (Labco Exetainer) H', Ji TRl 4k 2251 i - 218 B AR 4, (HWRmE o™k, REIrE
HE o R SEJE L B R E B 2 T AT 2 BN 50% 19 ZnCl, % T2 1 H A A W S8 T 95 B A
B it 06 9150 56 22 4 WK A4 P A T i PE N o

IR ARV i v N B 422 10 % A MIMS (MIMA-200, Bay Instruments, USA) ] & . MIMS & A]
DR o Aff D K TP s o e AR AR, B D R . KRR REAR S/ NGRIR AT . KA R
2 U B0 B AR VR KA, RS KRR R AR A 2 3 R AR R BIE 2 R T PR AR A
AR AP EY, 5553 0 I0E A 21 Bt oy 28, 40 A (N,) FIAR R (A P4
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T KT N, 552 Z R Z 5, R MIMS U 5 K rhs i v N, il REfE 8RR 2%, T
Ar T 7K T 1A A AN 2 W PR R, R MIMS T 5E W5 22 b (N,: Ar) B 45 SR B8 i o
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K: C NI RWRIG R, mg L™ C Wis W i KRR BT8R, mg L™ ACq WXt
TR AL FEIF 8RS 450 TN BB WR BE 22, mg-L's ACuy, M AHYI AL B IT 4R 55 245 3 TN (0 I i ik i 22
mg- L7 VSR IKRAER, m’s SHLIRAEMER, m’s  WRE, d; p, B p, 5351 k004G
SERBIE RN A S R, mgg s RO SO TR ] JeBR AU ok &R g A A R R ek A A [ R
WA T .

3) AR R AL A, PR R AL RS E X 5) .
[N:]
AN+ [Ar]
AP AN I N, W AN T BAR AU RS &, pmol- L' [NLJ/[Ar] A &8 5 i AU 1E i 19 7K B
N, 5 ArIRIE A [N AT B AR e i . 3R 5T N, Ar BLS A5 ik, pumol L,
P A T AR L B RN 6 B (AR Weiss™® Jr B2 T35 21

S35 2R F IBM SPSS26.0 504 X S 56 %5 41 #E 47 A0 G M 7 22 0 0, fl FH L 3 ANOVA K 56 7%
AT 2 5 8 E 0T (p<0.05) , K Origin 2018 AR 4FVEE .

2 FERESR

20 ZEEREKRER

R2RWA 25d 4K, AP BRAE Y AR & AT S AR R A . SRR R, BRI
FZK R T S5 AR S i 2 A B bk s AR, R AL PR A YRR e S R, R
NIELR B0 AR SN R 2, &2 1201 eme T ERFR, ARXIEIICE B AN FIKOF T 51
IR, FEXHERAA 100%, KFEHEF . HUORRAEFIKF, M 1.55 g2 252.72 g fHAFEER
e, MEJEIE RSP RBAR, AEELER, SEHTHEERZAATE.

R2 BHREYVEKEBER
Table 2 The growth paremeters of single plant

*[Ar]" = [N,]" ®)

. R /cm TH/g
YRS - - -
Gy ZhER PfH WLk ZhER PlH
FRIFH 5 35.32+3.89 47.43+6.10 <0.01 0.68+0.17 1.5440.19 <0.05
R EAT R v 13.0242.10 16.33+3.58 <0.01 0.32+0.02 0.41+0.02 >0.05
FREIK T 44.1245.72 40.59+6.87 <0.05 1.55+0.04 2.7240.18 <0.01

IEIK A 13.4741.27 16.45+3.11 <0.01 0.81+0.10 1.60+0.15 <0.01
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NI R TR, LRl BT A AR, 55— 5 (0~114d) , A& 57Xt
2FPHLY) [NO, -N] PR TEH B2 . 55 11 K, @0 8 AL FE K & [NO, -N] M 1.09 mg-L! [&% &
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N B A BB OB 8 22 55 0 28R 2 MoK EIR A, SEIUR B S KT X 2 Ry st F K 44
B NO, -N #4710 4 1 = BR AR, 2k N 2 3 X NO, -N B2 L B R 48 60%, /K 74k #n] ik
95% VA b, Tias FIN BB LR FR AN 40% .

3P EHLAZA T, NO, -NEHFEIES, BARE . K2 0b)&W, #YAAE K& [NO, -N] 3
R TR, FATH T s A, 55 11 ROKA AL 3 [NO, -N] #EAL 0.037 mg- L™ FEAFEH 0,
K S5 25 R BRZK AR [NO, -N] ZB A K, 4ER57E 29 0.027 mg LY, W& & TARIALBE . T 57K {4k
R AR NH, N 5 ARG, 82 (c) PR H kb BRK 1A [NH,-N] 78 5256 35 18] A 42 F 25 1 % R 2 C
225, 2 AN RIS A & b B INH,-N] FEAR R 3 £.0.02 mg- L',

i ErA, B AS AL FK AR T AL B AL R AR A TR H 5 2 2 (0 I o AR /K R Ak B ) 7K
AR e I T X TR L X I3 2 R AR W X K AR B LR RE R — E R R TR, X KA T
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Fig. 2° The variation of inorganic nitrogen concentration
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Fig.3 The variation of TN concentration and removal rate
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W ERW, BAEEE [NO,-N] ARl Hrf, /KIFARBZ A TN 7655 4 REPGEE TR, AR XIH|
FONE K A3 TN 43 9 1.82 mg- L™ FIEZE 1.12 1 1.17 mg' L™, TN ZBRRBAKF 35% L F, &
Fm T oINS s AT A, 55— R g et , TN LBRBLK &, FHPik 58.75%,
Hw e EE, LBREN34.12%, HREFHTE AN B, 5 BN, § X5k T X
TN (25 B 5 B S A%, (FL B o) [ 384 fin 28 5 R AR P R 7, B2 S B0 45 SR R EIZK T 9 TN 25
BRRA R o R X) e IR i A BEK AR TN SZ M AN B 52, (H7E SC 88 5 3 il PR TR e K oA
SR TN ZBRRIEAR T R EINE B . 55 25 KA BKMAR TN Z B2 @ 2R HEF 2. R E] 7k
I (64.30%) >A N EI KT (63.57%) >A N EIAN R # (40.92%) >R HI AN #E (37.07%) >Xf i (25.54%) .
PR ) A 235 o) £ 8 9 K A BTN 2 W 381K 25 0T B, S B 2 Al 9 % /K AR TN 3
ARG v AL SO

R (3) . BE— 2B H 5 B I i) B, %3 FTELE TN #EBRYEE
T A4 Ab FE K AR TN G 2 B3R, 38 3 fr Table3 Net TN removal efficiency
R WS % PG (AT R s b B S B TN W 2 1 of different treatments mg-(m*d)”’!
BOEW BT, AR AN 2. 52 RIS i B By

AAXT, AKX 7K AR R G 1 25 BRASCR AE 41 RNEICEH 437+098b 109552376 7.66+3.95b
At RE Ik B fEOF B4R AR E ., 2908 27.08 XIEURSE . 5.35£0.29b 8.28+2.10b 6.812.20b
mg-(m*d)", XEAFILEE S BE S TR, XDk
24 FRURBEHH Nk

EN T ERRTRUR ¥ QNN 57 R ol R =K. 7] /. P P —
FTHEM (LK AR F AR LI bt s Lo R
e e EHE 2880, Hd, Y EEW
Wi 2 e T R ) A R WO R A S AiE AR S A A R A o IR e RS, SR
Rk M H Tk R AN & 4 M1 3% ST 7n o 45 R Wy Ak B o i in Ak 48 VR G B 19 /&N 193.21~
230.48 mg, 5 ARG A LR B 47.25%<94.93%, [ AbHE i AL PR AR LR EE R
SRR B BRI A EARAG, 5K T 10%, XEERIVEEAK TS ZA MR ™E, KrE
FEMOS e R B B 2 50%, MIEISE T T LR AL I RE 7y, R IAE K LB A 0 B
B, 4RE 2 83%, Wk b N 13.85% T E 25.37%, MR I, REIRE H R K R OK RSy
XFRZ W, HAE—ERE LRI RE S ot R 3 1Y IRl AL 7E H .

Ryt — 2L BR G NEI T 2 MO AR R AL E I 22 5, i T 2 oK B IS5 e (68
11, 25°K), 5HALHIEFE 8 h J5 /K MRV e N, 34 i (FRTFR“ AN, IIARFRIE B0, DL A 4% Ak B ] 2
EAAE SR 55, S5 SR a1 4 s o 2 RSEE, A A YA KR A IN,] 35 8 3 & F 25 A X IR 4L
11K, RHWACERIR JCW B 25, 50 IE AL P AT R B R 22 (5 8 2.61~3.53 umol L', 4R
25 K, HSAEYAC AL R 2= SIS, i R 2E(E AR S R 3.52~6.98 pmol- L', DL R E K AR AL BEAN,]
B (12,50 umol LY o i 3 i TR EDK AL B, 32 15.93%. SKF MR, X G BT #E K

27.13+1.21a 27.24+5.43a 27.1943.52a
26.27+2.59a 27.66+2.22a 26.97+2.29a

T4 RFUBEREITE

Table 4 Nitrogen purification pathway calculation mg
. HY R )
TR RYTNEG & A B AN A
SR i IR 3 A i

AXNEIRE 3 246.56£9.12b 23.23+10.46b 18.12+10.57¢ 223.33+18.55a
R 3 242.78+4.72b 12.30+5.53b 16.43+3.58¢ 230.48+7.43a
RNENK A 410.25+30.37a 199.16+21.66a 56.80+19.23b 199.40+31.82a
REKT 409.03+16.22a 215.81+13.42a 103.77+9.44a 193.21+10.84a

T SO FRRRGIH T LR, MFEFEERRARE, ARFEFRTEP=0.05/KT LR,
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NI

RS TRBRFEREHTTIME

Table 5 Contribution of different nitrogen removal pathways

IR

NN YR S AR B A AR
3 itie RCIHE K LA
3.1 X ZntiESAE K e e RATEIREE  9.42% 7.35% 90.49%
RI) B2 —Ff o ULk o X, XY XIERRESE  5.07% 6.77% 94.93%
() A B A W 1 3 TS P A — R R BT 2 RAFUKFF  48.54% 13.85% 49.92%
YR E G, EEEfTMEEARK . XM Xk 52.76% 25.37% 47.25%
P A K B 5 R W A A B B AE P A B 38 R
Ja, HAAWERNFMEREMHT, m4A 14T s 0
AT R TR A A IR G B 2, b S T o,
WY AMEE A RS ZMIrm: Ay w_=fﬁﬁﬁ .
M AR RHURAME | BRIR PR EC P, b A .
2 P A A PR N B A R R R 0T AR AR R da 2
55k &2 Bt 1] R0 AR B8 2% % B0 A P R TR 36' i
B R A o AR KRR TE] TR RE 0 K1) ) 5 RS
R 5 22 5 T RBAR K. gk AR AR A BT BE B ) ¢
5 AR P38 5k EL R 5 AR N B X s B, R

FIX AL MR B AE Y BT B, EA 1 25
FEFNIT O R AN AR . A BIF 5 v 4 0 K 3 QUL
K Bl 38 7 A 1 A 0 B R B4 57 8hRAEAIN
[A] . SCIe & LK AR E) S AR KR s, Fig. 4 The variation of A[N,] in the water column
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Influence of mowing on the growth and nitrogen purification efficiency of
ecological floating bed plants in Qiandao Lake
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Abstract Ecological floating bed is a high-efficiency artificial enhancement technology to purify nitrogen and
phosphorus pollution in water column, while mowing is the key measure for the management. In order to
investigate the influence of mowing management on the growth and mitrogen removal efficiency of ecological
floating bed plants in deep-water reservoirs, Qiandao Lake was taken as an example. Submerged plant
Myriophyllum aquaticum (M. aquaticum) and emerging plant Oenanthe javanica (O. javanica) were selected as
the reserach objects, and the two plants were treated with and without mowing treatment respectively. The
ecological floating bed system was constructed and the water purification culture experiment was carried out.
The results showed that mowing treatment had different impacts on the growth of M. aquaticum and O.
Jjavanica. The relative growth rate of O. javanica accelerated after mowing, and the dry weight doubled after 25
days. Partial leaf withering and plant height reduction were observed in the late stage of uncut O. javanica
without mowing. The dry weight increase of M. aquaticum was not obvious after mowing, and the submerged
part shrunk, which was difficult to recover in this;state and water quality background. Mowing treatment
significantly promoted the uptake of nitrogen by the water portion of the stems of O. javanica, from 13.85% to
25.37%, while that of M. aquaticum affected the normal growth of the submerged root system and reduced the
overall nitrogen removal efficiency. Planting of floating bed plants significantly enhanced the denitrification and
nitrogen removal capacity, and the increment of dissolved nitrogen in the water body (A[N,]) was 3.52~6.98
pumol-L™" higher than that of the control. However,mowing negatively affected the denitrification rate of the
plant root system, and the A[N,] of O. javanica and M. aquaticum decreased by about 13.74% and 21.77%
respectively after mowing. This study showed that the ecological floating bed system had good denitrification
effect on deep-water reservoirs, but different management methods should be adopted for different plants, and
watercress should be harvested in time to promote plant growth for nitrogen uptake. When O. javanica was
chosen as a floating bed plant, timely harvesting management should be carried out to promote nitrogen uptake
by plant growth. While mowing may be an irreversible damage to M. aquaticum, so it was recommended to
harvest the whole plant at the end of the growth period, and should not be harvested midway. The results of the
study can provide scientific support for the scientific application and management of ecological floating beds in
deep-water reservoirs.

Keywords ecological floating bed; mowing; denitrification; Qiandao Lake
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