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Effects of different plant combinations on purification effect of simulated
wastewater treatment plant tail water and root microbial community
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Abstract To elucidate the influence of different aquatic plant configurations on the purification effect of
wastewater treatment plant tail water, an experiment was performed to evaluate the influence of different
emergent aquatic plants (Myriophyllum verticillatum + Iris sibirica, M. verticillatum + Acorus tatarinowii, and
M. verticillatum + Thalia dealbata) compared to the plant-free control. After 40 days, the best removal of total
nitrogen, total phosphorus, and nitrate nitrogen was found using M. verticillatum + I. sibirica, with removal rates
of 94.7%, 96.2%, and 98.9%, respectively. The highest biomass growth rate (66.4%) was also found using this
plant combination. High-throughput sequencing results showed that the root microbial community structure
was different among different plant combinations. The combination of M. verticillatum and I. sibirica had the
highest ACE richness index in terms of root microorganisms. The highest relative abundances of denitrifying
bacteria and dephosphorizing bacteria were found using M. verticillatum + A. tatarinowii (14.19% and 9.67%,
respectively). Therefore, both the growth status of plants and the relative abundance of root bacteria are
responsible for nitrogen and phosphorus removal from wastewater. Furthermore, growth and absorption by
plants are the main ways to remove nutrients during sewage treatment.

Keywords simulated constructed wetland; nitrogen and phosphorus removal; high-throughput sequencing; root
microbial community
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FNHEBARE , 1H5 52 997K PR CBE g HETBUR K 8104 4k 22 1 7K 1)
TN B S AR KA KT AR ELAT AR TEAS /NI 2 BE . e A,
P T 1 3 40 K 0l A T A ARG S B LR VR AN AL
M FEGE KI5 KB BR T, 15KT RAKR RS &
e AR R SR A S B, X A TE KT R K A2 BRI
SR, 5K RAKEHEZ KA R S SRR E R, W
S 7 E (R IR 1 DA, o] A B O A R S K A T
JEIKHEAT 33— 215 10 it 280 ok 1ol Ak 38 R Ay T A 200 AR g 1) R

Hur, ¥ ke & HES KT R KA, Wil
Wy MBI A e B g AN AE M I vE A5 . Hodh A T i 4

(CWs) {EAR R ARRERE R R AE BTG KB T2, AREX
i IX (195 7K R /K AL R B & 32 00 AR N T H R
KA FR R FE AR, 52 S 22 BRI R & 2R 2 FE R, L HENH,
YRR T S A AR RN Bl 26 40 W SO DA B 356 I VR B 5
S0 VI E N LI RGP A% O ER Y, RS Ak
TR 0 B VE Y. AR AT LA B AR K A
5 G R, IR R SR B R, A0 A, R
FA A A ) 2 B A A, AR R I AR
A FH ] 4R 35 5 PP AR WL I &, BB RHR R AR
YIRS v AR g U R AR 0 S BRI N
T BE I O B IR 2, AN AR KA R 6 25 Bk R AN
() 121, ) 3 I T A W R A A KRR A
AE 125 YR L R B AL TR 1A) L K VR A FRAY B A5 g 2
BRI g™, B, S RALE KR A B S K ) R
KSR KN ES. DA A TR 22 ZE K A4l
Wkt KR K B A R R B s T, kAN [E AR A LA 4
15K RS TR E 1 22 B e I T A A

Rk, A7 #E— B4k A IR R BC B DL SE 47 4b 25 B
15K RKF R AR, FAEBESMUKAERIBEE TR LEAR
HE K Y ——TEA R = R (ris sibirica) « F & (Acorus
tatarinowii) 11 711¢ (Thalia dealbata) , 373 5K H 5Tk
Y G IR TE (Myriophyllum verticillatum) 4516 AR Y 4
G WEFEIFA R A 20 A B O L R K S L i
TR AR L BRPOR, DA % 5 A 8UR Y
MG, Bk, B0 % SR A A 1 AR K il B A
HEVR 45 M AT A3 M7, W15 AN AR i B BE A =
S LENLEL. AT S L VAT R AT K R KA BN
Tim R R FE (B T A 2%

F1 RS KTEKKE (pimg L™

1 RS

11 #iXEM SRt

Fr KA B T4 R BB A mARREZ
Yy, R AT B A KR R P & R S v s B 718,
TR, BIE K R RR AR E BT IR VS KR
I G A FEE e 0 A 0L T B R, BIDSR R K I 2R
# (K,HPO,-3H,0, NH,CI, KNO,&) A\ T.i & ifi i, pHN
7.31-8.65, /Kii N26.7 £ 0.5 'C, R EREHE, KR HHLAE
B BRI R I E R,

B 45 9H57.5 cm x 39.5 cm x 24.5 cmI¥BRIE, K25
2.5 cmBEJE 1A FERMENEE T, AbIE KA ACH30 L. Y
L WG, RERBK A BRI KA —8R sk,
VT, BT A K A .

WRIFEYM AR E, WE T4 R4 T1, 287510
FWFE,; T2, IMEE4 EW; T3, IE#E+H 116 CK, &
P IR, AR NS B35 KRN 48 %A Db, SRR B8 ZH) a6 AR
BB ILE2, AR HH L8 B3N PAT, 120K
UGG, RN SRR BRI MK FTUK D A B R E R
FRTE.

1.2 BN S S

IS RFL240 d, HAIFHERFE140K, 76250, 1. 2, 3. 4.
6. 8.10. 15, 20. 25. 30. 35. 40K KA IKFE, BB IKFE
£1100 mL, 250 3 18] FH 48 7K #h 78 26 R R A BT T FE 1R 7K 43,
DAGRREZE 2% TP R /K LA AR . B U 1 B Ak B A L R S 2
W AR oA, SRR AR A R A - 2R A0 4
6 BE TR e, B R A R e 4 e e FE VR, AR A
Y EARFDE IR, iEASECR RNt e ikle.

TR T AA LS RS, RIS 040K 2 H & & 2K A i)
MR, BAR T VR K AR RS I R K AR IR K 4
FRE.

1.3 RAMEMHIRESAIE

TEEA0 KK FER SR, AN IR A5 g,
FATE B /K AT (81 B 1R T ok, B AR OO TE T, im0
mL 0.1 mol/LE§RENZE phiti (pH = 8.0) , BTk, Z PR E
H2 KB PEEE ARSI, N 25 20 mLBEEE 35220 il
1150 mL/Nir, 8 B EER 10 min (2% 160 W, 30 s/30
s) . HB3MPERIBIR S, 1$0.22 pm JEME (513 000 g 0210
min, WCEEVTIED » I8 5 IR 8 IS I 08, #5F8 %80 Cik
FELRAT, S5 1F)0 S DNAJR L.

Table 1 Simulated tail water quality of the sewage treatment plant (o/mg L")

K53 bR Water quality index % Total nitrogen

S 1% Total phosphorus

%, Ammonia nitrogen fii &% Nitrate nitrogen

W Concentration 10.03-10.23

0.70-0.78

0.75-0.98 8.67-9.09

F2 MUKEENESKEAIENENEZTHER (m/g)

Table 2 Biomass changes of three aquatic plant combinations before and after the experiment (m/g)

ik 36 FF 4fi i Before the experiment

R 5 45 # At the end of the experiment

o T Twem B A R TS KA R I
Myriophyllum verticillatum Emergent aquatic plant Total mass M. verticillatum Emergent aquatic plant Total mass
T 204.3+2.5 53.3+1.7 257.7 £ 31 314.3 £ 30.6 114.3 £ 10.0 428.7 £ 29.0
T2 205.0+0 47.0+29 252.0+2.9 294024 76.0+3.6 370.0+2.2
T3 202.0+2.2 56.7 £ 1.9 258.7+2.4 233.3+12.5 102.0 + 20 335.3+16.1

T1: IR EAVETFDE S e T2: IR EAA il T3: IR+ 78,

T1: Myriophyllum verticillatum + Iris sibirica, T2: M. verticillatum + Acorus tatarinowii, T3: M. verticillatum + T. dealbata.
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18 13 FastDNA Spin Kit for Soil i 7 & (MP Biomedicals
FED R RZAE PRI DNA. AT A 3 40 5 514
16S rRNAM B ¥ 74 (FAIR) %R KIDNA#EITPCRY”
. PCR ¥ #4644 95 'C (3 min) #IUHA M, SRJEH#E4T25 A
i3, 95 CAEPE30 s, 50 ‘C Bk30's, 72 C %45 s,
JE10 minEfHZE72 C. ¥ i 7 51 B HUR R B AE 70 R i hr
(operational taxonomic unit, OTU) R I{E A 97 %) .
ol BT RSt B SR AT G (R, hED 24t
1.5 BBGItS o

KR 4 K FHEXCEL 2010347 4t it i i Origin 2019
YEE. R E T 204 (one-way ANOVA) 472 J: 14>
B, A6 56 BH ) (1) 22 k. T Pearson #6567 ik 47 e 40
B, Rz 36 O 1) (R AR DG 7K. 12808 4 i FH SPS ST 41T, I
HAP < 0.05/F I A A 1.

2 ER55H

21 A EEMEEFTREKPEFIHEBRYR

PR AW AT & B TR KR s 77 35 1 22 B 0
BTN, AN AEY) 4B 35 2 B H 38 o B8 7R 2 e BR RUR.

WIEMART R, 3FEY A B KA i 8 35 KR
MR R, Hp T ORNRE VAR S R A4 1) b B AR i
U, TE30 R B EIKE FEI T1.07 mg/L, X3 THIZRKIV
FEKpRHE (1.5 mg/L) , 58 J5 1 H F /K s 50 Rk B IR T
TV, & LEGRER T94.7%, HIRET2 ONRE+HAE
W A, &I 782.8%M LR, LR AR B2
T3 PRNEE+TSAE) A LBRENT2.1%; CKAL M T R FiiE
KA, BEREAERREE.

P 1B 3L 56 21 X R /K AR R Bl 1) 25 B i v, SZHAE A
A BRI BRI S 2R AE T, T OUR 3 -+vE{AR)E
R TR 2B CR M T A B L B, RT15K R
W N EONIR, R H TR E G, N TP L.
T2 PNEHEHAET) T3 PR FE+FR146) 56 A 7T (0-

A

TN/mg L

0.0

012346 810 15 2/'3 25 30 35 40
I

15 d) SR BRACREAINTY R E+FARIES R e,
{H3ZH B 5 H AR SR 25K R B3 TR AR, Ja St T L
KT BT I 0 S s o, e R 3R AL A T ) 25
2% NT1 (96.2%) > T2 (96.1%) > T3 (87.1%) .

WMENCHT R, 3P A ATH (0-6 d) X F 2 A M bk
EARBAFE, #B2IH PR RS, T1 R+
RIS ) HAEEIRM TR AN LR ILH T78.7%, 5
THTEH 7K R B P U U FE B A, BRIl AT A MR, T2 O
FREEHA BT T3 OB+ 046D 1658 6K 1 BE th ik 51
TEARMIIKT, Ok UL, SR A4 A A R B AUR 2
FEAK, JE A R IR AR R R, A LN B A
W, FEHA— R R . SUH AR AL RENT2

(86.6%) > T3 (81.4%) > T1(76.3%) .

WEMDFT7R, S A SRR AR A 5 R AT
Ak Fa I A A [E], FERTHI (0-5 o) X TR SR M LRI
AN, BN R BT, 5 SRR A LT R R
s, HEEAREAE 21K RSB IF R T2, EAXRE
T1 PR B PAFIE SR A LR R —ERE S T AW
., 40 df B ACR AT LR B, XTI AR R B ACE,
T1(98.9%) > T2 (84.6%) > T3 (72.4%) .

g AT IR, T4 OMRE B+ VAR SR H X R K
B BRI RS AN LSRR T T2 OURE+HA B ) fT3

OMBFEE+FIAE) 4. HhTIH S TR R ER % Big
FERFEEER (P<0.05; TTJNRHE+HTEAFATERE) 5T3
OB+ A6) 7E 85 B0 R R 3 L bR
F AR B E 2 5 (P < 0.05) ; T24H 5 T34 A0 M Al
REBRR A REEZR (P<0.05) .
2.2 KEEHEMETHEFR

R 20 A, 23040 dIFRES S, NREWAE £ (B
F) M KB A B ANZER (P <0.05), HhT1 IR E
FPARDTE SR /540 disk 56 A M 45 o I 4 350 bl 42 £ 2 oy
257.7 gl A K B T428.7 g/ A, BKFE 166.4%, W]
T24 (46.8%) FIT34 (29.6%) .

0.0

SRS o 5 30 25 30 3 4o

tid

‘.
I o

012346 810 15 %/g 25 30 35 40

E1 FTREMHEAMEREFRRMERYR. TN: B%: TP: S8 T1: JUREA+HTHAEFE SR, T2: JUZE+HH BT T3: JUEHE+F/74E: CK: 2 Fx i,
Fig. 1 Effects of different plant combinations on nutrient removal from tail water. TN: Total nirtogen; TP: Total phosphorus. T1:
Myriophyllum verticillatum + Iris sibirica, T2: M. verticillatum + Acorus tatarinowii, T3: M. verticillatum + Thalia dealbata, CK: Control.
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A BEEAESENEZREENHEFEMLERR, SAER
RIS PEAE O,
2.3 EYRAMEMEE
231 WMEYFIIMSEEST  AFEEYTE LR R0
A B VE SR O E B IR B R4 R, BT A 56 4 AR
FI AN e A RE AR S B B 75 % (coverage) #4KF0.98,
VL H T 05 4 SR n] R U AR FE A B S B . TR AT 5K
P Aab 3 2 T 0T 2H B e e R A B A RIS S5 R R
B SobstEZRI T, T2 T3 3 2k il 2 1 OTUHL H 43 il
1284, 1 189F11 223, ACE (H AL iT #EVE FOTUSE 1) ¥5
#0 4151281 663.85. 1 607.16 11 588.49, K B i F| T 15 )
+ B SR R PR G IR R A E R T1. T2
ATI FIShnnoniE %/ 5l ~5.03. 4.6515.15, Simpsond
%r790.028 9. 0.043 6410.018 6, KW T2 JUEH -+ &)
ZH R JR A 2 1 i U K.
2.3.2 WEYT RALKFARESSHT  E2ERRTA
R HA R R A MAE A OTUSH. 3dFHEE
FIOTUZH N1 202, 73553 T1 ORE#+FEEFNE SR |
T2 O E B+ A1 B T3 PN # T8 411162.3%-
69.4%1169.5%, 1% 15 WA [FIAE A Fic B (AR AR S 2640 F i 2 B0
H I R ) 22

AEHRE A A b S AT 53 2K 41 an B 3T
P ARSI FE R S LR F 1% E T ENEZERT], M
1% 1A R HA KR40, LR8P FZERIT, 7l E T
B 1] (Proteobacteria) « #U#F K] (Bacteroidetes) . # 41 B
I'] (Cyanobacteria) . %% k| ] (Planctomycetes) . i £k &
[T (Actinobacteria) « BT 5177 (Acidobacteria) « £t Z 1]

(Chloroflexi) FIFERT T (Verrucomicrobia) . FHri5Fff) 3
WAL JOOFF BT S4BT IR IR R ).
AT AR EENRE], T1ONEE+FRAFTSE) 4. T2
ONEE+HA S AT ONRE+FH e A FEE

61.5%- 63.4%F160.8%, HUCHMFFEIT, 735917.2%.
24.6%F118.7%, WAH 19 MN9.1%. 2.7%HM4.7%, V755 W
153 3N4A%- 3.2%F17.4%, FLRHE 15 5102.4% 2.1%F1
4.1%. IFHED A AR T B 1A = B 0 A5

AR B8 2H AR T 1 1 A KT 2 R B AT R A A
PE>1% P NAE N B A, LR8N, 75l hy-&
JE 4N (Gammaproteobacteria) . #L#1 %44 (Bacteroidia) .

#3 EYEBEKEMEF LM ER Pearsonti X 1t 21

T3
E2 FEEYMHESRANEDHEMLEHOTUREVennE. T1: JIZ
BEAHPARESE: T2: IR +H S, T3: IR E+ 1L
Fig. 2 Venn chart of unique and common OTU numbers of root
microorganisms in different plant combinations. T1: Myriophyllum
verticillatum + Iris sibirica, T2: M. verticillatum + Acorus tatarinowii, T3:
M. verticillatum + Thalia dealbata.

a-LILE 4 (Alphaproteobacteria) « % )6 41 & 4
(Oxyphotobacteria) . %% H 2N (Planctomycetacia) . it %k
#4M (Actinobacteria) . JREAEE Y (Anaerolineae) AIGEM
W4 (Verrucomicrobiae) ; y-748 F 13 49 & 340 o LU B¢ i 0 1

M, FHXTFEET2 (45.0%) > T1(44.8%) > T3 (351%) .

2.3.3 WaEMEVMESSHT AW ARY: FHITEE
(Bacillus) « £ 25 & (Hyphomicrobium) . Tk i J&
(Micrococcus) B JE (Pseudomonas)  NEAT B

J& (Acinetobacter) « #J% & (Rhizobium) . X ¥ B &
(Aeromonas) FIHNE (Vibrio) J& % #2355 v 5 i LY

B AR R, BEs 2 SR, nE5HT R,

AT FUAE AN [R) A A 4L A wP AR I HE A X = B KT 0.3% (1 4 s

AT, 20 R BIAT R E  ARR BRI (PR B R B A 22

TR 8. ANBAT B A S N T241 (6.13%) > T3 (1.54%)

> T1(1.10%) , HR B R+ NT2 (4.19%) > T1(2.97%) >

T3 (1.84%) , H M F I8 =2 AT (7.48%) > T2 (3.54%) >

T3 (3.4, A2 )R FENT2 (0.33%) > T3 (0.23%) >

T1(0.15%) .

3 itig
31 FEMEHIE B xRk E 725 25 B R AU

XEFIG KT RAK AL EE, 5 IR Eh I & BRo2 e v
Hbnz—. ABAP T4 R+ AL R 1% Rk

Table 3 Pearson correlation analysis of biomass growth rate and nutrient removal rate

by RAEAERE SRR TSR EIRE ARERE
Index Removal rate of total nitrogen Removal rate of total phosphorus Removal rate of nitrate nitrogen Removal rate of mmonia nitrogen
A KA x ok .
Biomass growth rate 0.919 0.795 0.901 -0.445
*RIARTE0.057KF CRUID A, **HIRTE0.01/KF CRUID | &A1 %,
* indicates significant correlation at the 0.05 level (bilateral), and * * indicates significant correlation at the 0.01 level (bilateral).
x4 TEEMAARAREVSHMEMFEER
Table 4 Microbial diversity and abundance of three aquatic plant combinations
25 5 W H L FEMETE %L Diversity index FF E 15 % Richness index A
Group Sequencing quantity Shannon Simpson Sobs ACE Coverage
T 35355 5.03 0.0289 1284 1663.85 0.987
T2 67456 4.65 0.0436 1189 1607.16 0.987
T3 44277 5.15 0.0186 1223 1588.49 0.987

T1: IR EE+ VIR S R T2: PR A7 Bl T3: IR+ 4L,

T1: Myriophyllum verticillatum + Iris sibirica, T2: M. verticillatum + Acorus tatarinowii, T3: M. verticillatum + Thalia dealbata.
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Fig. 3 Bacterial colony composition at the phylum level of root
microflora in different plant combinations. T1: Myriophyllum
verticillatum + Iris sibirica, T2: M. verticillatum + Acorus tatarinowii, T3:
M. verticillatum + Thalia dealbata.
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WO ET AR, Kumwimbath 76 51 5218 4 5t -4 1
15K IR LR EE 12 R R I, TEAH TV S5 R A T X A
I P 25 B o e v B, X AE — e R P B R AR SE 1 BT AT
gh R (2) PN AN TG A IV 55 2 75 A4 (1) 28 6 A 1 SR AT
PEBET A K. /N S 7T R B, TR A K AR R AT LA
1 RAEPIIN T S G, 5O RS NS, TRIEE F1n
5B R B R BRI R 5 UK AL A T KR
AT R B S T 3 5 LK A (A B AR R P AR e
A A Y, IR S R TG AT ) I R R M A A T 2L
KAy e KR B s THAWA. /MR ko,
SR AR TS R A PR i AN B ) 3 K I R T B, S
IR B IR RS B I L B R L T B WY, 5 AR 48
R (3D R R A = e kAL T A 2R o B 1
LBk, % O T R B AR A B I S A R T AR sk AU
FERAERP. d 40T LA H IR T AT P AP R 30 55 2 (1 o A
E TV EE B AR BRI G B A AR AR K AR AR
FTET, AR AR O3 W P B B B A A A 1 IR DA R 3 B R T R ik
S TH R P A 00 P 558 SR Sk 2B e VR (0 2 R R A
FLA T, HE) AR I A A 4 1) B S A ) Bl SRR ) AR OIS
SN Z LR A 5 PO PEAAR T S R AR 2 48 20K, A 9k 4E 1
BESCPT. B R TR A R 5 A K AR KRS T T, T14
R AN TG AR S R A A R K R T L A AL, I
AP AERRZS, AR RIG S sh S NS R, NRED St T
T AR, BRI, EmFES BN GR% =2 10
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FE A (0 P, ARSI T FRATT IR 45
3.2 FREEMEESTIR R EME Z &M
AF A FOTUSE SFIT1 N2 M-+ PR TSR |
T2 ONEE+ A EH) T3 OUREF ML) H1962.3%.
69.4%7%169.5%, ViR RFAEV AL I T H B AL,
X2 RN AR AR R IE R T AR B A A PR B, 7543
ARSI T R WEEM R T ENE. RaENES

TR 49 Actinobacteria
0 RAA 44K Anaerolineae
PER R4 Verrucomicrobiae

B 25 ¥ 149 Gammaproteobacteria
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TGN YY Oxyphotobacteria Il 3Lt Others
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Fig. 4 Bacterial colony composition at the class level of root
microflora in different plant combinations. T1: Myriophyllum
verticillatum + Iris sibirica, T2: M. verticillatum + Acorus tatarinowii, T3:
M. verticillatum + Thalia dealbata.
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Fig. 5 Abundance of nitrogen removal related functional genera
in different plant combinations. T1: Myriophyllum verticillatum + Iris
sibirica, T2: M. verticillatum + Acorus tatarinowii, T3: M. verticillatum +
Thalia dealbata.
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