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W OE N TR IR AR RO R TS B VR A A, SR RS AR KV IR AL LR, PR T 3R
N7#E (Canna indica). T J& 2% (Lythrum salicaria), B% 2 i (Iris pseudacorus). %5 :0>2¢ (Ipomoea aquatica). K Fg (Oryza
sativa)s TP [T RAE P XTIR K iR, B RBRACR . SRR, FEREBKPAERKA4NAR, SFRREY A
Y RIEEEE . Hd, EAREAYMKERK, MI72g8H", HR I TEFER 81.3 gtk &0 KMk
Hhwr, K5 91.67%, FEANFEIIR, K 87.50%, MiKFEMIEFREAL, 1 60.71%; T Ji 320 FIAR Z i Al & &
wim, s alikE 0.85% 1 0.65%; FNEZEMN MAMWBET ERS, 20585 0.15%. 0.17%; 250K AW E
B, ik% 1423946 mgm?, £ AEEHIK, H10798.00 mgm?; KRR B, A% 407.11 mgm?, 5.0
EH W, Ky 37441 mgm ;A5 FEXRE HGR K SR (TN) R BR R, A% 85.88%, HkmEANE, H
81.67%; =503 BAWE (TP) LBk R, X5 80.32%, JLUKH, KF 72.86%. MG LRSI ATR, HErdiF IR
ZE 0 SR IE NFEAE N T B 5| BEVE X L HEK 38 7K I 08 i 2 AR o

KHBEIR IR AL RHEK FIEEX

TG E AR DX BHE X (LA AR T BT B X)) S 3 R A B [ R DN A R
i R b, R T LR B RE HE R B, AR N BT 5] K 2 70 10°% m®, 3 ik HE K VA 1R 8] B ) 29
40%, RR/KEZ) 30x10% m®, AR 7K H AT 0 35 0 X D IR K B A Ak R T T U, DAHEOK VS
A% B TE XK FR 15 e IR AR 78 R e B SR K B i S Qe . AR R, TR SR X L
RN i FEIS YOk, BB FRMKRZ, RNAGRIGRITS WEEM; KR, & &8555H
A LR T 3 95 SR PR AY BT G S fr o5 L2330 40.36% . 38.96% F1 20.68%. AP JLLIA . Wiss
BRYBEAAITG RN E, A BHENEYAE R DHEFR TR, W U2 MIESfAE T
s BEA: 2018-10-26; sRAAHHA: 2019-06-05

HEWB: EEHEAH AT H (2017YFD0200107); 7 B A& MREL 3 Be BHE Q15 & S %W £ %W H (NKYI-16-27); 7 2 #H 44
BEOFIH ;7 B ARMB S BE 2 WA 2R 15 B (QCYL-2018-09); T & [l A 1A X H SR B 2L 4 % Bh I H (2018AAC03281)
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Kb, R SRR E SR, HE T R AR AR B R K AR T BE

FEAR TR 7K F A WA ST 2 0, S R B IR K bt 5 A 20 8 3R 4 IO oA 1 O3 T
FN] 3 R 4K BT g B, T aE VA R P AR AR ORI . R BRIBK A B TR R A R
W ZWFEZFDIREDY, ARTEREEEAGEITM B AL, G4 B8O [
RIS, SOV Bz . FRETE RS KRR . BEFIE R B S ARV 1 SR R KRy
WL WA SRS L N TR IR KR T R R A W 0 U PR R A A ) A& 0
B, DLW AT FRGE B KN AR iE KU SRR SY . (R, AE T R DX A A PR K VA R A S5
FERAE Y AR R . A BRI RE T DL B KBRS R G O o W DL G . AR SR AE T G ]
X g AR K R rp s N TR IR, B R AN RVE AR P 6 Fe AR K . B0 SBRACR, DA Y
HOAB )7 IR B A 5 Al 1 U505 e B iR PR S 2%
1 #MR5RE%
1.1 AR XEER

R XA TTERBEARX CLTFRERTE)RINTRZEEE S, KL 106035747, dth
38°62'57", i X J@ LAY ) bR A KRR T R A, AR KA 138.8 mm, PR 9.7 C, &4
TR 165d, FFHRIE =10 C, FE 3280 C. 4E¥ H M KA 29355h, KFH4EGEESER
589.5x10* kI'm 2, B[ ZERY 2% BB 2K 21.25 km, ] 5529 1 200~1 600 m, 7KIR— K 2~6 m, 4E
PIRE N 286.5x10% m®, SEH LI R N 3 505 mP-sT . SEIG IR, A AR K A 78 AR K SO I -
K e (1.53+£0.37) m, 7K (0.35+0.22) m, Jiii% (0.15+0.068) m-s™ . L5 X FEAK PG L% 1.

x1 LTRXEARSRHEE

Table 1 Basic weather data for the experimental area

o P I=
RAD P O  ee aima

4 13.97 268.9 49 4 3

5 19.32 308.5 5.4 43 3

6 23.1 309.7 65.9 41.7 7

7 25.9 295 46.5 25.8 4

8 224 230.9 235 9.2 7

9 19.3 252.1 7.2 4.8 3

12 #ikiEY

P ZE NFE (Canna indica). T JE3E (Lythrum salicaria). ¥ E i (Iris pseudacorus) . %5 :.0>3% (Ipomoea
aquatica). JKFE (Oryza sativa) 15 5 1% IR I ALY B o K38 N L R oM 20 4B 55 A2, 2016 4F
4 IO A, 2016 4F 4 A AR A THESE, 2016 4F 4 o3 BREHH 5 2502 il il O 28
Z03E, 2017 4F 4 AFERNE I BLEORRE M AOS TRE 43 %5, 2017 4F 4 AFERE . RAKE ., ®WE
W TSN T EARNTAES T I 3K s 25038 . KA Ak H R A .
1.3 IWIFRAAEE

LLICHE ¥ B et IR K A O % R (CK), TR 5380 5 R RE 3 IR AR MRl P R AR Y, 4 Tl
R A5 B 20 DR RFR, BAAK Tm, 98 1m, REPABIFE IR 20 m?>. 3FIRHESH PVC
HHMET A, 76 PVC A FITAGIRE R M, 48R . BB IRAE P RAESE | PVC I EIRE N, TE7F
PRAEZEN , P[] 2 B S 1R 2 S22 RO AR, T 22 Bt s R RAE R b, S8 OB T [ 2 7%
PRAE A B
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gEA AR R Y b AR ST, S8 NEEFTHE 30 om, FREE 30 ecm, FPAEZEE 16 Hkom?; T
JH SRATHE 30 cm, FREFE 30 cm, FAESERE 16 £ -m; W E W AT 30 om, BEEE 30 om, FhHE % E
16 8 m?2; k= Mmf A RES O, 71 20 cm, #EIE 20cm, 728, 72 #-m?2; ik
FE SR TR 43 %, 1THE 30 em, JCHE 15em, AESCSHR, 1408k m?. A, TIHEE. HATH
T 5 H30 HE e ; 203, KT 6 H 23 HEMeh; &Ry T 9 H 20 HIK,

14 HmRESHH

TEAL Y R ET I 6—9 H, MAHIY X A K DBURE, /KAES 05286 % 5, 78 24 h Y AL B RE
a4 S0 B 43 AT AL (Futura, 35 52 F 22 ) DU G ZURLEVBE & & 0 KRR VAL 2 TS 2
B-FhMRZE £ M o366 EE T (HY 667-2013) W5 5 SLBE 2 i FH i 22 30 - P W2 B 73 1606 5 15 (HJ 670-
2013) P5E -

TR 6—9 A, REAWAES, W RILI S MO Ve T2, R AEAREE S AE 70 <C
PEAR LT B EE R, RIS FE LT E R, SRR ST AR RS, 0, A A
A I H PR, B . EEAERMA . BREWmm A S W ME, A EHYUIKE
AACEM E , w5 = B PUROEOBEETE (NY/T 2017-2011) W 7E .

1.5 BESZIT o0

K SPSS11.5 #AF 47 54 b BRI SE 1153 7, FH Duncan #71 B 27 2 E . MREL .
R REUE T R R A WO T B T AR A R R R T e R AR U AR ke = (1)~
)i,

r=W,/W; )
M=WwC 2
S,=M,—M, 3)
S.=S,NV “4)
R=(S¢—5)/Sx100% 5)

KA. r WHEDRELL; W NEYRETE, ¢ W, HEYZETHTE, ¢ MUEABERHE,
mg ¥k WRIEY T E, gtks CHMMABEE R, gke's S, BRI ABERCE, mgk;
M, RWOR G A B AR, meg R M, N BB AR RFE, mg#k s S, b BRG] AR 9 AR
W, mgm?; SN EERRA Y A BRI, mg bk NOWEALTABRE, BReoms VR U R
R N EBRZE; S HLIGAE R KA EBREE, mg L™ S, MR KA Z BRI, mg L™,
2 HERE5W1ie

21 AREZEREYERRKA

LRI R DA K L
BERO, VESRECUITE 7 PR A DR K N
A AR, A, THEYE. HE ol T
WL AL KRR E SIS RN T 47, 6.5, 2 ol :
8.8, 8.5, 7.6 fif; MIKIH/MHIA 7.2, 813, 76.6. 5 ol i /i/}
423, 198 gbk . Mo, AWK, ol ;;,/,/
INE] 1233 gk L i 0 5 0RO N e
522 AR A
HUSEE L 2 R 0 354345 B L 343 1 B 1 B

BT EAY M. BRI/ T HE )4 T Fig. 1 Change of biomass of the tested plants
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5955 b RSN HIERE o HP 2 AT, %A 20f

AL TIESE L 0 LR R of P

W B RS TR KR T 3 A S %\\¢__#
o R R A, B I (A gep ;><k::
B BRERE K RLE K LA T s T
Bo Mo, AR R LK, 3 s Ty T
1.68, BARJm 25 AR K BTE , MROE HEiZ 02 KR

Wi T e, BT 083, 780 HAUKAS TS s s
HUE LR BT RIT . R 5 1Y, i RHA

B F A0 AR A, KR — 4R B2 R RER AR L

He KRR, E A R A RS . Fig. 2 Change of ratio of root to crown of the tested plants
HORZ 03, BARATHIE LA 0.65, Fo A n MR ARM GH A= (< BEhE , MO g i b o, Bk 5
B 119, AWFFECY R, B PR PRAT G OC, MW RO AR T LE RIAR Y AR R 23 T LU A9 20 R
W s TAE R R IR T, YR EZ RO W T oy, DMRIER R A, liE 2
MK B Al B SR e, PG, HARE LB BTt
22 FRIFAEMFTERARHIERTE

HIP 3 AT 0L, Wk R T e 22 . R A & i, 252 0.85% ., 0.65%; 36 AN4R
. RARMBE SRR S, 2058 0.15% . 0.17%. Hhh, TH¥E. EAESHA 3 SR %
MR RA S B AT BB (P<0.05). WHEYIA . &Rk E, A ORAGEN
WRER>ZEM, HAl 4 MR A S R ZEM >R SEAME, THIR ., S O0RBEE RN RS
M, BUEE . KFEEE S O EMSR AR B, SORELK TRATERNA .. YRR
TR BRI ZEM Bk . KBS AR IBFTE A R R, e NFERE R S R e, 1AF4.98 kg, AL
B i O A O ZE >R AR, S AR K R AR A UEI AT LA e BRK A B AR, XS5 AR 4 R Ak
R—F,

1.6 - 0351
L4t 0.30 |
) 12+ « 025
oal 0.10
02F 0.05

"

(b) FERAED IR N 4k B oA

TE AN RVING R R AR AR R i PN ) ) 2 53 W 35 (P< 0. 05) A1 S 5 B3 ZE MU &5 ek P 2 ] ) 22 5 .25 (P< 0. 05)

B3 FRENVEANZBIERSS
Fig. 3 Nitrogen and phosphorus contents and distribution in tested plants

2.3 FRIZFAEMRBRE LR

HIZR 2 AT UL, WOAR I 97 PR 56 N A bk A R Ui de iy, K% 85872 mg ik !, TR HK, N
728.58 mg- Mk 'y T SRR BB, A% 21.96 mg bk, EAAEILK, K218l mgtk . HE
PRI A . B R 22 R FE2OR A TR RS . B AR AW i, 155 771.29 mg-#%
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T EHK, N 672.03 mg-#k ™" T R RBE WU R B, A E 1555 me bk, EAEHIK, A
1549 mg-kk ', Hb, EAE. THXSHMI MO REA . BRKEZRFEDE LS
(P<0.05), ZEH UL 4(a).

x2 FAEYVBGRABRERRE
Table 2 Accumulated quantities of nitrogen and phosphorus by the tested plants

N X ATk (A WOk e ks WS B /(mg- BR ) . W/ (mg-m )
it/ - - : - - - IR (% - ,
THif/g ZH/mg Bimg THiha/g %ZU/mg B/mg A I3 £ il
£ )i £t 9.74 40.81 3.58 67.38 551.14 1235 510.34 8.77 87.50 7 144.74 122.77
iR 16.36 46.63  2.74 55.92 307.58 9.46 260.95 6.72 87.50 3653.26 94.14
. ey 6.64 29.04 3.41 49.79 42573  11.63 396.69 8.22 75.00 4760.31 98.59
Tk
itES 8.16 27.51 3.00 46.31 302.85 10.33 275.34 7.33 75.00 3304.07 88.01
o £t 3.94 8.16 1.08 37.89 149.64  3.33 141.47 2.25 72.22 1634.73 25.98
B E
itES 5.86 6.30 0.40 48.51 94.50 1.08 88.20 0.67 72.22 1019.21 7.78
o £t 3.39 7.92 1.05 21.87 97.77 3.13 89.85 2.08 91.67 5930.50 137.17
ALHE
itE 2.21 5.81 1.62 26.03 131.70  5.21 125.89 3.59 91.67 8 308.95 237.24
K E 2.13 5.89 1.33 13.73 73.21 4.05 67.32 2.72 60.71 5721.61 231.49
TKAE
itED 0.87 2.18 1.07 9.07 43.69 3.13 41.51 2.07 60.71 3 528.09 175.62

BALASE TG AR WA i R/ INHE R R B R S 0 3R> 08 N FESK R > T S >0 vl o PR 7 T AR I R i
W5 Ry KA >25 00 3> NE>T > B . b, =08 m AR A W IR s, 53
14 239.46 mg'm™, R A Wi N 58.35%; £ AL, 4 10 798.00 mgm™>, 25 ik 20 W i+t
66.17%. 7K i B o7 1o X i W U B i, A F) 407.11 mgem 2, ZE @R UK B Y 56.86%, 2.0 3% H:
W, K37441 mgm?, HWRBEWICE Y 63.36%. H, 250385 HA 4 A 4b B G 547 1 AR 1
T AFAE R 25 7 (P<0.05); JKAE . 2503 5 At 3 >4 B A SR T AR B WIS B 22 W) 47 7F 1 2
2% 5 (P<0.05), 458 WL 4(b). 7R A O3 TS R s, i8R 91.67%, H R AN, kF
87.50%, T K R AR X BT R A, AN 60.71%. PRk, 3t 77 RAE S 20 B il i, 450 SR8 N
RE MK BR R 2 A . B

900 18 16 000 480

g0l IeA oA 6 = Ut _JaA 1 440
~ —l- oA — B 14000 F g st 1400
= 700 t 14 2 < 12000} i 1360 o
kS # F bB P
w S0F 127, 000} bald20 F
£ so0f fo g E <000 B tE
1§ 400 18 w = 1500 =
= = = 6000} 002
= 300 bB 5 16 = g R igg g
® 200t w14 B & 4000 o 1) &

100 | I—-—| 12 2000 140

0 0 0 0
A THZ WEW =0 KE EAHE THR ®maW 0% KR
TRARAEY) TRRAEY)
() B RRIF A Y A ACRE ) LR (b) BPRIFIRAR Y R ACRE ) L3R

T« ANF/ING P BE R U SR T 1 2 (1] ) 25 57 . 25 ( P<00. 05) 5 AN RIR S A BE R 7R BRSO P P =2 (1) 1) 22 57 2. 25 ( P<0. 05)0
4 SEREMER BRI EE DRI
Fig. 4 Comparison of the nitrogen and phosphorus uptake ability by the tested plants
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24 ARZFREDMNEREKDR. #ELHR

D) AN [A) 3 RA A IR K A TN TP & 2 . i [ 5 al UL, Bl IF () O 9%, 4% 4k HLIR K
TN, TP & R BN RS, SEPARKIAR TN, TP SR EERTEA4, HTEEE
WRTEHH . EHAKER TN, TP S EEEL AL 6 A, WAL 6 AZ )5, BAKH TN,
TP SR EHTEES . XEEHT 6 ARMHEIE S8 ZEAKMNESL EXm T TN & &, 55ME
MG R AR Y b T AR, A WIRE D85 s BEE IR TR, A AU . R R DT
L AP R AR S AR SR, TN, TP &5 R R 9 H, RIS K, HeoK S5 REK b,
R R R B A . B s b, ARV SR R IR 0. B TREIRZS, TN, TP & iR,

25¢ 045 A
0.40 f -o-%lﬁﬁt?
~ 20t o -1
5’ - 0| T
: = 030 ﬂ H 3
g g 025}
1 | E 020
g 1.0 & os
05 & o010}
0.05
0 : : : : ' 0
5 6 7 8 9 5 6 7 8 9
FREH By RFEH Gy
(a) FEARFPIXR K P TNE 00 (b) BERAEP AR /K TP & St 1 500

5 FREYIERAKH TN, TP ZE2HF N
Fig. 5 Effect of the tested plants on TN and TP content in return flow of rice paddy

Z: 18 M 36 7K 3R 55 I & b UE (GB 3838-2002)1,  #% % il 45 42 4 40 e 1 3B 7K /) TN ¥ B2 A Ry
1.80~1.92 mg-L™", FMIVIE/AK T ; FEKAAP IR, FF HEE K ) TN ¥ B 5 A 76 0.25~0.74 mg-L ™",
RN ZEEMAKFTZ M o, 250 524N BRI 96 AL 40 348 /) A TR KK BT #E 9 H Gk 2 1T 2K .
FEARAT, AW RS TR K (9 TP e BE 3 A R 0.31~0.34 mg L™, JIVEK R fEKA AU 3T,
e H IR 7K (4 TP ¥R BE 434 K 0.06~0.14 mg-L™", Ky M ~M 2K iz ], Hirfr, 2.0 3% 4k 31 K F5 Ak 3
Y RE H R KK B 9 H 3k 3 1T 28K i .

2) T AR P 6 R R K th BB AL RCR 9T . R 3 AT UL, BRIRARY A TN K BRI K/NHEF
250 K> NFESIKAE>T JE 38> B >CK. TP LB B HET N 2 0 R >K B> NE>T H > E
W>CK, Hid: 20 TN ZBRREE, 55 85.88%, HR NEANE, K7 81.67%; 5L TP £
B e, 55 80.32%, HIK AKFEF] 72.86%., Hr, CK A5 HAb 544 4 40 40 3 i TN,
TP B3R 2Z A7 7E B 3 P22 57 (P<0.05).

BREEPIRREE R EN, BIKEA "3 FREVYHEBRERE
e s . Table 3 Removal efficiency of nitrogen and
X /ﬁﬂ KT TN A TP 2K B 53 5 Oy 55.8% Fl phosphorus by the tested plants %
A [27) B FIL 25 4ok i N
88.8% . BB 5w AR MRS S R, TRIKR prem ——— p————
N FEXT WK o TN R TP 25 Bk R 43 51 R 55% Fn e
P o el EPN S 81.67a 70.59a
79.64%; IF KL :CX]L[B;]N AITP il&k A Tk 70.21a 67.69a
i A ; 2y H 552
60% #il f%oﬁ%ﬁ% PP [ oY A SR E;a 77 — o146 17
P70 FER R HE 2 LK TN, TP WCRE ) st . .
v L1 73 e b A = 2% _
., FUATHF AR . B0 5 AR 9 K e e
gﬁ%éﬁo ﬂ:t, é‘ﬂ‘%ﬁ%)\%ﬁﬁﬁzyﬂ? CK 25.81b 15.15b

EL | SR DCRA TR AR DR ALY T PRAEL D) - VWP AR 7 AL 22 5.0 (P0.05).
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TJE SR =B KB, &0 2R 5 SRR B RME R, BRI, X244
AERIEE L T E AR, B, FEREBJE RN, TIERARG, R Y)Y 2R
ROmHmEY, fFEEWN, T TE R E EF KRS G SO mit, ok B AR 1 F 5t 4
WRRW, TSRS R K, X275 Y K TN f TP KB R & m, 2050k 40.8% Al
527%. RBITAED PR ASR R, THEEAYMEKERK, WinT 15965, XTEWAKEE . B
PRI L B RE ) e i . AR T SR AR AL BRI R B RN B R, (B TR KA
P B 5 A R, B, A AL, BEMOBCRERIR, NS T KA A BE LR

KA R KRR BEWORCEE AL A R B AR R A%, AR AR VB KT B — R ) e S 6
Fo, AL T S Ry RS T =2 5 B X RS R K P& . B EBRECR ,, A R FsE T,
GEFZIEZYMAGECE . Y BORIEA R . TR IRFAE % S B R U W 5 s
WA R A A5, 0 — 2 R A K AR A e 5 T XA AR K R OB B 25 R ARCR Sk s 7 MK T 4
HER =R
3 %ig

1) EANFEEREEK P A e KRR, o72gk ", HIRRGFETMRANE ., #ahE
By, MIARAT TR R AR A . B R AR, AL B BRI IR AT A #) 10 798.00 mg-m ™ Al
21691 mg'm>. Db, 36 A A a4 v 00 2R 4 AR AR R L B DA R A5 AR A Y K R TN A
TP F AL RUR

2) BRI, A BEEEYIONRRSZENM, A AR A iR, TR 14 239.46 mgrm 7,
M AR A o 58.35%; HLNL T ARBE W I AL R, M 37441 mgrm AR R BRI [ 63.36%. A
U, 2503 R i R TR AR RIBOKIRE . B B AT RAS BT 1 K AR TN TP AL AICR

3) 250 2R X TN RN TP PR F 5w, 40l ik 3] 85.88% H1 80.32%; & AFEXT TN Ml TP £ B %
B, 43 ik ®] 81.67% 1 70.59% . K, HEFETEIRZS O3 M 96 N AR T B 5] B Xk R K
KR ECE R E B .

2 % X M
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Removal effect of nitrogen and phosphorus in the return flow of rice paddy in
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Abstract In order to investigate the application of the floating bed and explore the effective measures for
agricultural non-point source pollution control, five kinds of local plants (Canna indica, Lythrum salicaria, Iris
pseudacorus, Ipomoea aquatica and Oryza sativa) were cultivated on the floating-bed in the return flow ditches
of rice paddy to compare their removal effects of nitrogen and phosphorus. The results showed that the biomass
of the five kinds of floating bed plants increased significantly in the return flow of rice paddy for four months
cultivation. The biomass growth of Canna indica was the largest, which was 97.2 g-plant ', and it was followed
by Lythrum salicaria with 81.3 g-plant™'. The survival rate of [pomoea aquatica was the highest with a value of
91.67%, and it was followed by Canna indica with 87.50%, while the survival rate of Oryza sativa was the
lowest with a value of only 60.71%. The total nitrogen concentrations in stems/leaves and roots of Lythrum
salicaria were the highest, which were 0.85% and 0.65%, respectively. The total phosphorus concentrations in
stems/leaves and roots of Canna indica were the highest, which were 0.15% and 0.17%, respectively. The
largest nitrogen uptake amount occurred in Ipomoea aquatica with a value of 14 239.46 mg-m 2, which was
followed by Canna indica with 10 798.00 mg-m . The largest phosphorus uptake amount occurred in Oryza
sativa with a value of 407.11 mg-m % which was followed by Ipomoea aquatica with 374.41 mg-m>. The total
nitrogen (TN) removal efficiency in the return flow of rice paddy by Ipomoea aquatica was the highest with a
value of 85.88%, which was followed by Canna indica with 81.67%. The total phosphorus (TP) removal
efficiency in the return flow of rice paddy by Ipomoea aquatica was the highest with a value of 80.32%, which
was followed by Oryza sativa with 72.86%. Therefore, Ipomoea aquatica and Canna indica cultivated on
floating-bed were recommended as the main plants for improving the water quality of farmland drainage ditch in
Ningxia yellow river irrigation region.

Keywords plants cultivated on floating-bed; nitrogen and phosphorus removal; return flow of rice paddy;

yellow river irrigation region
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