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Rhizosphere effect of three types of macrophytes during nitrogen removal process of high—loaded swine
wastewater

XIA Menghua'?, LIU Mingyu"?, YE Lei’, LI Xi"", LI Yuyuan', WU Jinshui'

(1.Institute of Subtropical Agriculture, Chinese Academy of Sciences, Key Laboratory of Agro—ecological Processes in Subtropical Region,
Changsha 410125, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. College of Engineering, Hunan
Agricultural University, Changsha 410128, China)

Abstract: To explore the rhizosphere effect of different macrophytes during treating high—loaded swine wastewater, we built the surface
flow constructed wetlands (CWs) planted with three different types of emergent plants (Canna indica, Pontederia cordata, and Iris
pseudacorus). Through a controlled field experiment, the relationships between root exudates and rhizosphere nitrogen cycle—related
microorganisms were investigated. The results suggested that the CW planted with P. cordata was more effective in treating swine
wastewater, and the removal efficiencies of ammonia, nitrate, and total nitrogen were 78.3%, 93.4%, and 81.2%, respectively. Compared to
before the experiment, the dissolved organic carbon (DOC) secretion rates of P. cordata and I. pseudacorus root increased by 44.9% and
13.5%, respectively, while total organic acids (TOA) secretion rates of P. cordata and I. pseudacorus root increased by 125.1% and
147.5%, respectively, after the experiment. After treating swine wastewater, the CW system nitrification was dominated by ammonia—

oxidizing bacteria(AOB), and the highest abundance of AOB-amoA gene was found in I. pseudacorus rhizosphere soil at 2.6 X 10° copies -
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¢”'. The denitrification was dominated by nirK gene, and the highest abundance of nirK gene was found in P. cordata thizosphere soil at

4.3 x 10° copies * g'. Anammox was also present in the rhizosphere, and the highest abundance of hzsB gene was found in P. cordata

rhizosphere soil at 2.6 X 107 copies + g”'. The study demonstrated that the root secretion of DOC and TOA could stimulate the growth and

reproduction of rhizosphere nitrogen cycle-related microorganisms. Moreover, they could improve the nitrogen removal efficiency in CW

systems. Among the three plants, P. cordata had larger biomass and stronger root secretion ability, which had a higher application potential

in ecological restoration of swine wastewater.

Keywords : swine wastewater; constructed wetland; nitrogen; root exudate; rhizosphere microorganism

AR TR IR G R i 2 A0l 28 B AR A A 2
PR AT R e p) F AR Hoh, & B IR K
DRI HE K I [ 48 by e v, 75 2 07 £ A v A58 D DR e 2 bR
AR FIA T . H T, FRAE K AL PR AR 32 A6
TORAE IR T (AL 9 P PR R A W I ) R
A IREE TAREY, A B AR BEAR X 80, H
G ISR 35y R B 2 R AR B 5 w1 3
SR A /N SR Al 7 BRR HEh N TR A
BB 2, AT A [) B 75 G I 40 75 5K, TRk 1
RSz .

N 5 K th R R HCRERUZEY) A A
TR Jo 8] A B R A Y, oA e D H AT O 2
N TR B A ML , U il Ik 21 R 58
IR 1 43%~95%"", AE 1) TR 4K 5T R R 249 0 0.5%~
60%"". i T EARMMCRR LA AR R ik ] DL )
HRER AL 314 | AR 22 23 W) AN AT A5 S AR AR
BRAREE BRI A 1) 3 AT DU S A 308 5 4 AR Bk
Az A N, AT AR PR A A 0 1) B e R 2R i 1
JEARL BRI T 52 M P 1 0 et e B e AR o 191
1 Zhai S WESE o TEARTS G AT A T I A L
AR AR 2R 0 I W e RE 2 A S i A SR i 94~
267 kg-hm™?-a™ (LI Ni1) ; Salvato S5 & 8 & 3 (Ty-
pha orientalis) F1 7 55 (Phragmites australis) f3 2 fE 43
WA BE 22 FR I M A WL, S A 3893 31 35 3] 37%
3490 , 2 o T HALIKIAE Y s Wu S HFTE R IR &R
53 A B 531 B A HILAKK R 25 4 v AR B B il A L TR
(nirS Fl nirK) 19 F B 5 Gu S I 58 2 WK A= A9 ) A
TEA M TR S A A K

IF1 5% T 342 A A0 AR 2R 0 0 0 8RR T T R 5 el
XS 7 58 R 22 BRACR R AR PRI WV 2
Wi Y RIFSE AR (TR TS Y 000 A 458 o Y IR 48 A K o
FE IR 28 4 WA P R TR AR AL e X AR o J3E 2R 5
Wi B BIF R 3 B A0 o AT WF 58 3 B 2 IR B (Miyrio-
phyllum elatinoides )™, XUIR 3% ( Eichhornia crassipes )™
F3E NFE (Canna indica) ™55 7K A A8 W) W] 7 15 B £ %

FEIR K P B A7 FLRUSCR T, 3R B K A A
PR N TRR G B BOK BA W 471 AR T,
A SC L AN i, 25 G 75 I S M S A
RS S 96 N6 MR 5L (Pontederia cordata) FITE
B (Iris pseudacorus ) 3 FHE K HE 4 Fy i 36 X 42, #) 4
F A IR, BIFT 3 Bl A8 W) 7E AL B IR0 A K
T A PR 2R 0 WA N AR B A P 2 e R DR B Y 5
M) , LA 946 7S Y b A A A I R 4R 4 v AL
M URE I B AR, A ST SR AR K i A A B S
SR AL

1 MREFE

1.1 R XHER

R8I T H B2 B 4 VD ARl BR 558 0 D0 s
(28°33"4.01"N, 113°20" 475" E) , J& . iy 2= K<,
fig , PUZ43 B ARS8 17 °C L, AR [ 82 1 470
mm, 45573 TR 1R 260 do 356 (8] 7 SF 29
21 °C, PR & 100 mm.
1.2 RIa#r

BRI BT FH SR KA K7D BT ) A
37, %95 R A2l 5 800 m?, AR BB AT AL B AN
15003k . K Ry Zad DR A AL FH A TE i, HE S Ak B
M 294 mg- L7 BRI T R A XY b s ol Y H
BERE ) BRI BEKAE Y , 4 0 T A T 3, Bk
TE M i R EORH [R] HLAE KRS R A i Al R A R 6
Bbo /N P IEURHEE T BE 2 ML TR RS £ - SR
(>0.05 mm) 7 &5 K 42%, Fi Hr (<0.002 mm) 7% & K
10%, Jit b A By 040, 4 pH Ry 5.2, &4 &0 &
BRI A 1.2.0.4.22.5 g+ kg T 18.3
g-ke's
1.3 iR

I T ] g 2018 4F 9—11 J1 , N EFAM/INX 455 i) 3,
B, JL AL Ab B, A B 35 NEE MR R R BT AE
2 K TOR YT BR AL, A2 B 3 IR A, S 12 MG
X /N A 80 em B 50 em PR 40 emo R /NX IE
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HHEAK  FE— MU 355 B R JES 28 em B 07 B A2 AR
F 1 em BHEAKSL o /X PN e AR ot KR ) S
FE R 12 em, HEE B (3 mm) |, BAS/NX FiAE
4l 15 DA IR L B R — BU( 1.6 k) . &
P NNATE K Z NI 48 Fa e 10 do FRAEIAE K
T Ja — WA K ZHEKSLAL  ic VR e U 4R
BYEE 1K, 5 P 65 55 3 5 (LabV3) /KA 1] 12
ARG /N X R EF2E AE K, i K R 6.33 mL-
min™", 2 RANE BT LK, HH21756 do £ /N XK
9914 L-d™, BT 3 2 1 K g $a i 4 0.02 m? -
m2ed™, K S R E] A 7 A", R TR AR A )RR
0 S0 7K DA 78 PR 78 B30 40 2R B 7K 49
1.4 BESHKN

O TEN TIRHIE AT A055 816,24 32,40 .48 K
F156 FRFEIKEE , LR AE 7R, T /NN 4R 3 1y
KEEIRA TG T 100 mL B8R, [R] B R A6 7K AR
HER, 298 (0.45 pm) J5 B EIE WA . B A A
(NH=-N) FAS S 2 (NOS-N) 1 i AA3 Wi 8 4 BT i B
D (B seal ) , BV (TN ) SR FH B 220 678 B 21 1 i
Je (8 AA3 B0 4 e A0 e o feft P e 4% XK s 43 A
A HQ40d) M %E /K (T) \pH KR4 (DO) .

A3 TR H (R 5, F 08 B K s i) it
5 J5 (B5 5% 56 d) X 3 e 1) AR B ff A= W ik A 7 WAL 4
BN /N AEHE 2 MR A K B dr H B A AR PR R A A, )
A PR R A R S IR R U0 L B AE K TR A%
o AR PR A I PR 6 M S0 2 VAR R B R
wmIRIR)E , HE SRR b L R E T , H8 at i 2
Ja AL A5 -80 CLRAF o IRUeAE S i A
DNA ] DNeasy PowerSoil kit (2 [E QIAGEN) {7 &
FEIL, H NanoDrop % 8 & F1I 5 {3 (52 [E Thermo ) M
FE DNAWE . 43 L) 16S TRNA VS L 7 7 (AOA)
24 S AL 4 T (AOB) 1Y 24 50 i 4 1 gt 75 3 [
(amoA) V.1 B2 £h 14 it it &t 5 3 X (nirK . nirS ) FITER
SR L g 5L R (hesB) R B B 7T qPCR (32
Roche) ¥ 3 . XF & H A9 3L HLI B C R0 A0 JBow:
AL T BE AR RS, T A AR v 4R, A v i 4R
FE i AN T 384 fLAR th A T4 1, BOAPRUHERT L R
KT 0.99, H I EER P HERCRAE 90%0~110% I E s AT
o P HAZRA 10 pL, P DNAFES 1 pL, B
5147 0.4 L, Takara SYBR Premix Ex Taq(2><)5 wL, H
KB F KL 10 pLo qPCR SN 45295 CHil
AP 2 min B 95 °CCZAEPE S 5357 CiB k20 372 CHE
120 so N AEHEA T 40 MR, BARS {E R 1.

P 1%) WHARTY

®1 BMEEPCRIIMIER
Table 1 Primers of target genes used in qPCR

NP SIS IS5 -3") S5 ik
Gene Primer Primer sequence Reference

16S rRNA 338F ACTCCTACGGGAGGCAGCAG [23]
806R GGACTACHVGGGTWTCTAAT

AOA-amoA Arch—-amoAF STAATGGTCTGGCTTAGACG [24]
Arch-amoAR  GCGGCCATCCATCTGTATGT

AOB-amoA  amoA-1F GGGGTTTCTACTGGTGGT [24]
amoA-2R CCCCTCKGSAAAGCCTTCTTC
nirK nirK-876F ATYGGCGGVAYGGCGA [24]
nirK-=1040R GCCTCGATCAGRTTRTGGTT
nirS nirS—cd3al’  GTSAACGTSAAGGARACSGG [25]
nirS-R3cd GASTTCGGRTGSGTCTTGA

hzsB HSBeta396F ARGGHTGGGGHAGYTGGAAG [26]
HSBeta742R GTYCCHACRTCATGVGTCTG

BUEARBR 105, R AlACK A R R W vE T
e, B BE 40 T 8 1 K 43, A 0.5 mmol - L7 )
CaCLIFF M (2 KI) il 555 24 h, H R4 1 5
KA 100 mL B, 328 0.45 wm A HLARIE RS (Nylon 4
Jo) Ak J5 A AL A3 B A CH A B 380 ) I e 35 5%
W A ML (DOC) & & o B HC— 17 50 mL &%
FRW, R VR T2 IE T )53 0.22 pum A3 AILAH U8 A 46
b, FH m 0R AR fEA (& [ Agilent) W EHE SR &
R (AA) FrPER (CA) FEHIMR (SA) SN 2 (MA) 1Y
T AP ALER (OA) & i BT A S A HLER (TOA)
Ui R SE I IS A AE 80 CTR LT 2 T
TEE , JESRARAR AL Y SR R AE Wi . AR A
B 22 HaS0,~Ha 0 T AR5 AA3 8l 20 I E
1.5 @It ES S0

N T b A5 e s Bkt i A K

R=(Co—C)/C,x100
K, R A EBREE, % 5 Co i 56 HA 0] T30 1 19~
B BE , mg - L5 € Sy iak S0 ()N T30 i1 247 4
KHE ,mg- L,

WA DOCE OA 73 A A

v.=CXV./m./t
A 0 W w7 h7 s CONBE IR DOC 8]
AEFIZE OA B & im, pg- mL™ Vo B SR IRAA R, mL;
m IR T, g5 AEEFRAFE] he

HEZR TOA Frih s Zit A=

Via=CloaXVelm.lt
K v WP ug- g ™5 Co N IEFR IR H 4 FD
HHLUR & B A, pgemL '
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H AR F A2

A=CXnXV,/m,
LA B IR FE, copies g5 CO MR P bR v #h
LA M Py AR R b B Y 5 DAL, copies -
L5 n A A B R AT A5 V. Ol DNA $2 058 B 19 35
LOERARBL, wLsm AR TR, oo

K H Excel 2010 BEAT 2048 43 41 5 % FH SPSS 22 i
TR R 3R Ty 2550 W, 26 7 1.3 (P<0.05) M — 254k 1 7
ZH A R RIET 4.1.3 1 ggplot2 1.2 il HR
K, corrplot {22 il Pearson #H G PER A .

2 HRESW

2.1 FRIEE KPR

e o 11 DN RIS e ebl @t N I
Y BN 14.3~27.5 °C, 50 (13.7~30.7 °C) AR fL s 3
— B, R F R KR TE B3 25 5 (P>0.05) , TR L3
2. KRB , ML A BRLH pH BN 7.7, % BR
pH {8 A 8.1, A8 ¥ &b B2H pH B Z A% T X IR 41 (P<
0.05) . K& DO & A, A4 AL FEZH DO ¥{E K
1.2 mg- L7, % BEZH DO (M 0.7 mg- L, A P A0 B AT
DO & = T3 4L (P<0.05) . I8 HIE] NH:-N NO:-N
TN 7K B2 A8 A0 L L 3 301 2 127.0~384.8,0.2~1.6
mg- L7 fl1170.0~429.9 mg- L™, 3854 kK N Y £ 298
A NHi-N,NO:-N =R A, FEYIAE IR X NHI-N |
NO;—N FI TN i °F- 1 25 R 2253531 2 68.3% . 81.6% Fil
71.4% , 1K HE 4 62.6.0.1 mg- L' F171.7 mg- L™, %L
3 5 A T4 BRZH (P<0.05) o a6 300 1) 4% £ % b
P SR fe -
22 REERBEARNGEEERNEES

I ] A T 32 R 5 b AOB—amoA F& K = J&
B EE T AOA—amoA(P<0.05) , TEULIE 1, & H]iR H 5
Girp A A AL R AOB 5 = S, R4 PR+ p
AOB—amoA =R F 5 M 2.8%x107~2.6%10° copiesg ', i
BEZH Ry 7.1x10°~1.6X107 copies g™, HiFR £ H AOB-
amoA JE K - B 2 5 TR PR 12 (P<0.05) . 4 44k
T AOB-amoA FE K 3= BE R B [T 4 7.1x10°~5.1x 107
copies- g™ IRI 5 A 1.6X107~2.6X10° copies- g™, I 5
J& AOB—amoA J& A F= i i 2% 5 T 1L 58 /T (P<0.05) .
AOB-amoA F& [F =F B 7E 0% B i Ab B A i, VBRI
5.1x10 copies- g, 1l I0J5 4 2.6%10° copies-g™'-

RIS A TR M R G0 P nirK JE [ 5 2 3
F nirS(P<0.05) , AT WAR PR NO;— N i J5 o 2 & 24
nirK St (0 18 S R AL Ak o 809 10) narK D9 =F

R2 FIEE KR FHE

Table 2 Characteristics of nitrogen removal of swine wastewater

b4 FR § - NS
AER ey gk ak CEE
Name of Removal
Index Inlet Outlet -
treatment efficiency

BEW NH-NWJE/(mg-L7") 202.4+83.4a 67.4+22.9bc 65.8+3.4b
NO-N¥ [ /(mg- L") 0.6+0.6a  0.1+0.1b  83.1x5.0b
TNWJE/(mg- L") 252.8483.5a 73.3224.3bc 70.9+2.3b
NHi-N¥J#/(mg-L") 202.4+83.4a 42.5+13.4¢c 78.3+3.0a
NO-NJE/(mg- L") 0.6+0.6a 0.120.1b  93.4+1.7a
TNWJE/(mg- L") 252.8483.5a 47.3+15.0c 81.2+42.3a
EANFE NHi-N#E/(mg-1L") 202.4+83.4a 77.8427.7b 60.9+2.8b
NO:--N#&f#/(mg-17')  0.6+0.6a  0.2+0.2b  68.3+5.5¢
TN FE/(mg-L7")  252.8+83.5a 94.5+27.9b 62.2+3.5¢
XFIE NHi-N¥#J¥/(mg-L™") 202.4+83.4a 142.0+55.4a 28.8+11.4¢
NO;-N ¥/ (mg-L")  0.6+0.6a 0.4+0.4a  34.4+9.1d
TN /(mg- L") 252.8+83.5a 172.8+53.6a 30.8+9.9d

5
3
o

HE T/°C 21.1%£3.8a  20.123.8a —
pH 8.2+03a  7.8+0.2b —

DO/(mg-L™) 0.3£0.1a 1.3+0.2a —

Ml B T/°C 21.1+3.8a  19.8+3.7a —
pH 8.2+03a  7.7+0.2b —

DO/(mg-L™") 0.3+0.1a  1.3%0.1a —

EIN T/C 21.1+3.8a  20.6+3.7a —
pH 8.2+03a  7.7+0.2b —

DO/(mg-L™") 0.3+0.1a  1.0£0.1b —

oyt T/°C 21.1#3.8a  20.9+3.9a —
pH 8.2+03a  8.120.3a —

DO/(mg-L") 0.3+0.1a  0.7#0.1c —

T B I e hr 22 (n=21) o A JE/NE FREFROR Rl —F5 07
AN AL R S 2% 57 ik 3, P<0.05 .

Note: Data are mean+standard deviation (n=21). Different lowercase
letters indicate significant differences among different treatments in each

index(P<0.05).

ARV IR R 2.1x107~4.3%10°% copies- g™, [AFE L, 4R P
P narK FE A AR R 2 R TR B 4 (P<0.05) , 15
J& nirK &R =E 1 i 2 B B0 HT (P<0.05) o nirK JE[A
= B I i AE B E T AR F R R, Ol 7.7 107 copies -
o IR R AR f B AL B R R 5, R 4.3X10° copiesg ™'

6 Y 1) hzsB B [ 32 8 28 AL YE L 6.4x10°~
2.6x107 copies g™, Ui I 7EAH 4 M2 B o 77 78 5 W i 1
PR SEA S
2.3 EWIRFR S YRR R

T T A2 U 4 AR BUIR B AN 2% 3 B, iT
WA B Y RO, AR REURIE . 1 FiA
PI#L 22 DOC 73 WA 3 38 B i > 26 N A6 > 12 1 T (&
2), 43504 185.8.170.6 pg-g' +h' F1 1433 pg-g' -
h', BB 5 0 R 2R DOC 43 Wi i 56 25 S5 i I 2%
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Figure 1 Abundance of nitrogen cycle-related genes in different treatments during the experimental period
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Table 3 Plant physiological status during experimental period

I B Ab P P FRET BTt MR T it Eoe e
Experimental period Treatment Plant height/cm Plant dry weight/g Root dry weight/g Nitrogen content of plant/(g-kg™)
IR HE T 60.03+4.88Ba 14.33+1.80Ba 0.15+0.01Bb 11.24+1.39Bb
R 60.51%5.07Ba 10.42+1.03Bb 0.16+0.03Bb 21.49+2.37Ba
FNHE 60.23+4.84Ba 9.34+0.61Bb 0.26+0.04Ba 10.31+0.54Bb
R 5 B 126.41+14.79Ab 27.22+2.18Ab 3.40+0.32Aa 29.63+0.91Ab
W th ki 141.43+15.09Aa 31.59+2.01Aa 3.13+0.92Aa 35.26+1.86Aa
FNHE 88.27+11.34Ac 20.57+1.66Ac 1.05+0.16Ab 27.53+2.36Ab

TE B AP AR E2E (n=6) o ARG TR IR E] — R IR B B A [ b B GE 1 28 5 3, P<0.05 5 AN KSR 3R [] — Ak B[R] 1036

BrEegit 22 57 3%, P<0.05,

Note: Data are mean = standard deviation (n=6). Different lowercase letters indicate significant differences among different treatment at the same

experimental period(P<0.05); different capital letters indicate significant differences between different experimental periods for the same treatment (P<0.05).
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Figure 2 Secretion status of dissolved organic carbon in the root of different emergent plants during experimental period
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Figure 4 Correlation analysis between the secretion rates of root exudates and the abundance of nitrogen cycle-related genes
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