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W E MO E K B R R R, 5 T R AR R R A T 5 K e RO R e i ALER I
HTRT AT RO RAEAS . S5E WA 87 Fhil b h Y g8 4 Foia 9 B 9 N T3 CW-G1,
CW-G2, CW-G3, CW-G4, HRT i 4d, /KA i 0.125m® (m>d)™", 2087 T4 N LI X i5 e i L oK, i@
b X R PR AR AL BB R T R O R PR G W R S AR ST T HO b LB, S5 R CW-G1 2% B N BETE
V5 e Wy 22 BRSO B A s CW-G1 %6 B A W10 SOD. POD. CAT M i 48 S Fh i 2542 5, MDA & & W35 %
fiX; CW-G1 %8 N AH Y BEVE R PRidE W Alpha ZREME IR, TIKE B &R EER NHL . CW-GL 2 E N
FHEUME, e Prebms & ik, SR TR REE DL TIRRE T, B TARBR A W RIS 2R L EEE RIS,
HE W) -t W B IR s A 5 7K o DA 25 SR AT SR i b R ) A T B 5 i R 2

KRR WML MYEEE; KBTEHME iR A R ARPRGAEY

2019 4E [ A AWM BRI A Bon, REHEAK D T~ N~V o 85V 38K Wi 23 &
71.0% . 22.3% F1 6.7%, 7K ¥558 15 G 49K 72 B B B & [ 20 58 75 G vf B AY OO it N TR 3
(constructed wetlands, CWs) /E8 —Fgi Bl 5 K A AL PR AR, HA AL . G Efrs e A 0E
oAb, AR 2 aE T A 2K KA B P, CWs B . fkE R AR = S AL U Rk,
L R E SR LTI, R A W A ) D IR 2 R R AR I S CWs A% 0 il 2
—, X CWs maug e T5 KR B SCHAE . AW A M SO RE T LUE S Se =S 1], 4 T st AR 28
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Pe, BEIRBER A e, SEAERES RGNS DR ny R G te e v s EREAR ;i3 nAi 4 9
il 20 B RE R R T AR T St 2 FEE AR S R GRS T RE (7= . Ay L RS S, P,
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N TR HAE Y RE & AT R AR, MY A a . R RIE . AR wRukae ). ot
Witk MM R LR, WHEMEYAE, AEEYTAHYE, oL & LS TG KL
B, REFRON R E K BT RCR™ . AT B 98 418 22 B8 vh A R W) A G AN TR) ik B8 35 K b BOR B
AN [ AEL P X KA R v A 22 S 071 S WA T b R ) A T ) R A L R ) A P e 1 X T
T b 7K B v b e 1) D DR A O T 1 B 2 TR SE o TR, AR SCAAR v AR ROCR O bR AR
AL RIS AR, T E 4 B KBV M D TR MR, 456 SoW A S HE & PR E 2 Fhrp
B RONERR AR Y, AN R AR R, T TR E RV TS KRR, RS T A R
FEREACR AR AE P A PR N . A - P DR IR A L, A5 S RN Tl 1 e R AR RV T
B BUH B AR T CWs ik S R L = Ui RE, R CWs R4 2R LR ek, JFh
CWs TR . )0 1k 5 e & 4 BB B S 4%

1 #MR5R%
1.1 AT EHRENE

ARG RN TR/ N RS, R (N TR M5 K A3 TR R BEAE 2005—2010 ) #4) 2%
B B 20 em. R 50 em HUR PVC R BTS2 50 A IS A B EIBUK T, 2 ROk AR A1 S O BRI, R
KAt (p=6~8 mm) LT [ . TPZE, /PR (p=2~4mm) HLF R, . P FJRHIEE 20, 20,
Som, LJ TSI AR H Q) IR, ROYRIRRLBEEE Jy 36 bk, o B 50 90 10 L 2k
A BT BUE R, BN 30,

1.2 LWRIT5ET

AR T R AN M AT, PR H I 2019 4E 2—12 H, FEARESECR .
AN 15~36 °C, X IR N 509%~80%; b )REEFTALBL AN 38.69%, W IZEHEFALB AN 35.47%.
B 4 Fh R HUNE M AE Y0 (B =5 >1 m) B8 {655 N #E (Canna indica L. var. flava Roxb.), 41.4£ 3 N # (Canna
indica L.). T J& 3¢ (Lythrum salicaria L.). "8 B 1§ (Iris pseudacorus), 47 %5 2 Fh v BUAE Y (Bk =
0.5~0.8 m) P4 {1 FI . 55 )& (Iris-sibirica), T s ¥ (Juncus effusus L.) 2 1 F/NEURE ) (Bk & <0.4 m) 4 £k
B (Hydrocotyle vulgaris) 5 e Fp AE® O B B CW-G1, CW-G2., CW-G3., CW-G4 3t 4 Fh il 4 B
9% 7 R A Y BA R T BE 43 ) i CW-CK-C.f, CW-CK-C.i, CW-CK-L.s, CW-CK-Lp, CW-CK-Ls, CW-
CK-Je. CW-CK-H.v; 1 /~%5 P16 (R 1), MR 4% HI2005-2010 A T3 3 75 7 A B T 722 45 A A0 Y1 A5 481

F*1 ALEHEWERE
Table 1 Constructed wetlands devices

S BAERANE  ERAE THER AW EORATESE ISR MR
CW-CK-C.f v
CW-CK-C.i x/
CW-CK-L.s J
CW-CK-Lp J
CW-CK-Ls J
CW-CK-J.e V
CW-CK-H.v

CW-Gl1 V

CW-G2 \/

CW-G3 \/

CW-G4 J

CK

2 2 2 2
2. 2 2 2
2 2 2 2 2
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TG K, BEAREME N BA30mg L (A 15mg L. &A 15mg-L"); FEAEA NS YW ik &
(A COD i1)120 mg-L™'; E#% 2 mg-L™'(F KNO,. (NH,),SO,. CH,,0,. K,HPO, it & i5/K)s A T.1ZHh
14777 AR AR FE K, oK Jy 5 B ] (HRT) 2y (4 ), JFE 3 4°F47 CWs.

1.3 &7k

bR AR MHEXHRE SR EAN, CW-AQT100, FEHEL, HrHE). A5 A
DO. pH. & . A fbid 5 A7 (HQd fH # 2 Z BUK B 43 ). NH;-N(I4 [G R DG A 5. NO,-
NCEAMP N E D). COD(E MR L) . TPERSEHL M) PRI - K i 2 FE e R H Bl —
T LG (ks WS PE . AT TERE . BE FUOR B U E AU Y TR R TN S AR 3 K A
GRS R, 2P KOS B RRIR ST, —20 °C IKIRARAF RN .

T 2 RE e . BEHL CWs 3B NI RS 25 om b Al A7 3R R 5 - A7 3 8 AR A TR A9)10 .
X} 16S rRNA K V4A~V5 X (1 5] )i 17 5 45 Wi % 20 N (polymerase chain reaction, PCR) #7315, R H]
Illumina MiSeq ¥ 5 % BE7% DNA B 347 XU (paired-end) M 7, a4 QIIME %k {414 ] USEARCH #:
IR I B BE ) 750, NI AR AS AR A BUF 5, SR F AT 48 4E 43 28 B 9T (operational taxonomic unit,
OTU) #4743 #7 o
1.4 HEHH

A 5% R Excel2018 K SPSS24 i 17 #i 48 Ak B 55 4 #7 , FHis hF S(A+h5 ME 2%, SR LSD %
T2 E R
2 #BR51R
2.1 HEYBEESKELBRIELE

TESCE ], BEK KRN 15.5~24.9°C. pH N 7.37~7.62. DO & Jy 8.11~9.0 mg-L™", A fkik
JiHL A7 152.4~229.4 mV, £ 4 dHRT=4.d) 7 Uk . /KK I 16.2~28.2 °C. pH & 6.01~7.53 .
DO & 4 1.04~3.60 mg-L ™', ALk J5 o {7 A=158.81~87.2 mV, [AMf, % TN, TP I COD &£ [ K i
fFrmE. mE LA, CW-CK %5 [ X B8 X B i TN, NH,-N, NO,-N, TP, COD ZBrR#) g &
IR T 11 /> SE 065 5 vh 6 13 9 55 L ) 2 [ %6 (P<0.01). H1 &l 1(a) AT %1, CW-G1 BETEXT TN 1 555
Fig; CW-Gl., CW-G4 BEJE X TN M PR i b 36 N . BT A Tt s, HEF AW
# (P>0.05); CW-G2. CW-G3 Hf ¥ X7 TN 1Y K BR R BL0 AL 6 N T S 0 Fp o fir TR, H CW-
G2 BEVEXT TN A EBRFB T R 2 (P<0.01). & 1(b) AT, £ %< B0 2 AU A 2 BRASCR B3 i A) 22 5
PE S X TN B L BRI, CW-GI B ¥5 XA A M LB R & &, KK CW-G4, CW-G3, CW-
G2; MAKEXMHALRRLEEEES, HEBRFHEF 93% Ll I, XUl E b
ARG BB X TN LB FEZ AR LRSI . HE L(c) iTE, CW-G1 #75 X TP Y
LT R ; CW-Gl. CW-G3, CW-G4 BEISXT TP I LR AL AL, TIHX ., HEWHAME
B FJF, H CW-G4 #:7% I TH .3 (P<0.01); CW-G2 BEJEXT TP (I E R LML E NFERF TR, T
BT AN 3 (P>0.05). H1IE 1(d) AT %0, CW-GI B 7% % COD 1y 2 B R i & ; CW-G1. CW-G2,
CW-G3 . CW-G4 HEJE X COD M LB R B AR N, abEANHE . TIHE. HEWAFM LT, A
CW-G2, CW-G3 #7&H COD 1y & B L FH R 3 (P<0.05).

Zr LTk, MXT TN, TP. COD [ EBRFCRKF , MW HETE 50 5k kb 21 (8] £7 75 3 25 5=
(P<0.05), 3% & Bl i AF 48 C vT DA 028 0 R Gk g b R . A RFS R, R E R A R
G201 LAA BB IR B 8 TR K R K SR 1 A 0 R i g e A K A N TR AR R T K Ak B R
e, A BRI E VT DL SR A S AT AR, MR T R AKOK BT . AN [RIAE 4 % [R]— V5 Gk W e ik
BORAR, o ae sl A/, S5 Re TR 47 & A0k, ZFEY A G A R TAEY B ANE N A
FIA YR REFEAN R, KRIEMLL . WENE . TIEX ., BEHRRKL, SRFEE; mh/hi
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Fig. 1 Purification with different CW treatments
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BEAE, MEW A E A AR F B A A BEAR AR DA R TS K e R

A AP B AL SOD 2 AH YA N ROS ¥ Bk 2 48 i L 56 R #EAE R I ST S A il , 2 40 AR Bl 10 776 14 41
fi TS — I P2k . H o0 mE i R 88 S BT ES T A i oy 4k o HL,0,, H,0, 7 i & Ak & il
CAT St S Ak W POD 7E T 3 — 25 43 % 1 H,O F1 O, DA T 410 skl 135 M 480 6T A8 4 1 i 1 5 P2 R
] CWs 2% & 1190 1 P9 1l 7 B AR fb A B0 UL 1 2. fh I 2(a)~T&] 2(d) T T, A A 3R, CW-G1 .
CW-G2. CW-G4 4b Hfig W & $2 7+ #F 7% 1 4 FhoAE 9 f& N SOD (9 3% 4 (P<0.05). HI 1] 2(e)~I&] 2(h) AT
M, CW-Gl, CW-G2 kb ¥ & 248 T T 8% b 4 FAE YK N CAT BYIE 1 (P<0.05); CW-G4 3 & N
YR PP AN SR . AT CAT TG MR B F 3 18 2 52 71 (P<0.05). Hi &l 26G)~&l 2(1) W AT, 4 4
V& N AEY) POD I PR BAE W) oA 35 B 2548 5 (P<0.05).

P MDA J2 21 i B A ik A i S B =y, L A Ak mT A RO W38 AN R R 4 32 15
P & 2(m)~&l 2(p) AT F1, CW-G1 B V% 4 Fl R 9 MDA & & 35 54K T 4 Fows 9 50 F b 21
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Fig. 2 Enzyme content in plants in different CWs treatments
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(P<0.05); CW-G2 BEVENZLE N | 44k 5 MDA & EART & 5k, VAR SR . 4T85 % MDA
THEE T AR, CW-G3. CW-G4 BEEBRA R 5 MDA & I8 THERFpAp, 5 3 fiii e T
BRI L

SOD. POD., CAT MIEHYIAN 3 M (b, 7£—EwE N, SOD #1 POD g CAT HL:[n fE FH Bk
O F1 H,0, % 1k JC % (1) H,0 A1 O,. #hHie 3% SE PO WF 58 K B, i i 7 il FN ¥ £ 15 )2 3l if SOD ANl
CAT (P RIVE AR BTIG AK i, Xt 5 AR S R —8. 25 LArid, CW-G1 #FE YK SOD .,
CAT. POD & &t it F 4215 (P<0.05), H MDA & [EL, XKUY CW-G1 #f V& 4 [ o AH 5 AR,
Al LT+ SOD Al CAT 5k POD & i, FEMRAE 4 4 B PR A ot SR AL AR B, ik it T4, s kg
1iE K .
2.3 EYTAME HERS LR

FEY AT A . MR O m AR AE O WL IR 3. AW T i R A Al R 3(a)~&] 3(d) TR,
S 4 RN T AR P RE T N 4 R A I AT PR R SR T 4 R A AR (P<0.05), #F
BN . LI RN TSR, B THACAR I A8 39.6% . 59.2% . 36.8% . 59.8%.

HE W't B VR B S A i ok A& 1 o AR, AR DU AL R TE Ry, B A T ik
H, ZJ5ia 3k BRI AR AR T o AEARRE ST — Oy T AT AR R S K e T s
ez, AR A PR R TE M R SRR AZ B, FEARIE AR A R Ak B B Y R A
W TR, XRYIARN AT AR Y e 2 00, AR 0 TR DO A Ak TE R T R R
For b, MR TTEER S ET S, X5 EBEP ISR -8 H—rm, Wl ggRkK s
KW v A RS2, BOCAEN A RERE Y B A, SEGEEEET AR, Y
HRp A ER T o AT S PR A T, R SRR ER I A Y B Z G O T, AR AT LA
AR ST HERE )y, Xt 5B P T A5 R

FEIE R 20N, MR P9 Ui B 2R & B3R AEEBE AN, MW ik v i g il iR & K i
FEADIERLER DA T 40 M B B LAHRPUAN TR B B 3(e)~IEl 3(h) W AT, SEIS 4 Bl ) R
7 bR CW-G4 H kT oo w0 28 il 2R & b 38 o 35 & T TS R Rh (P<0.05), ULAh, 76 3 MEYIRE K T
() 4 b 0 U 25 MR G 5 e A MIK T 4 A ) SR b A B L ) R U S (IR A K T R A PR A
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Fig. 3 Changes of soluble sugar and proline contents in plants
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A, WA B E Y A B A R, W nT DU R SR 4% B ) A A [
PME, SRugtbiE K.
3 Z5ip

1) KA AE Y N TR b K B fb B S AR, AR i Al ) A A L R [R) 4 AR [l 4 41
AR R TG ARG AR ROR . HaE S R e BT DR T HE M R 0. CW-G LR TE 26 80 H e 1 /K
g bR, £ CW-G1 415 K 4 FAE Y TS 0 S A4 e 7 =X

2) CW-G2, CW-G3., CW-G4 BEWEAE G AL A [A] V5 Y Wy ik e AL S0 3 B0 ok 4 S T A 55, 31X v B
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Abstract To solve the problem of influence of plant configuration on water purification, the purification rate
and response mechanisms of different plant communities in domestic sewage treatment were studied to obtain
the optimal plant assemblage of constructed wetlands(CWs). Combined with landscape ecology, 7 kinds of
aquatic plants were used to construct 4 types of CWs (CW-G1, CW-G2, CW-G3 and CW-G4) with different
assemblages, the removal rate of pollutants from domestic sewage by each constructed wetland was analyzed at
HRT of 4 d and HLR of 0.125 m’-(m?*-d)"'". Furthermore, the purification mechanisms were discussed on the
basis of enzyme activity change, osmotic regulation-of plants and rhizosphere microbial succession. The results
showed that the plant community in CW-G1 had the highest pollutant removal rate. SOD, POD and CAT
enzyme activities of plants in CW-G1 significantly increased, while MDA content significantly decreased.
Alpha diversity of the rhizosphere microbial was the highest in CW-G1, and the bacteria distributed equally at
phylum level. The cooperation with each other for plants in CW-G1 led to the increase of antioxidant enzyme
activity of plants, the enhancement of the anti-interference ability of plant community, and the increase of the
diversity, abundance and evenness of rhizosphere microbial community, plant-microbial cooperated well to
decontaminate sewage efficiently. This study provides theoretical and technical support for the allocation and
application of wetland plants.

Keywords constructed wetland; plant community; water purification; resistance physiology; rhizosphere

microbial



