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Application of aquatic plant-microbe association in removal of
organic pollutants in water bodies: a review
WANG Xiupu ZHANG Hui WANG Yuxuan LIYan" DU Daolin’

Institute of Environmental Health and Ecological Security, School of the Environment and Safety Engineering, Jiangsu
University, Zhenjiang, Jiangsu 212013, China

Abstract: With the rapid economic growth, a large amount of organic compounds has been released into
water bodies, which seriously damages the eco-balance of aquatic system and threatens aquatic life and
human health. Remediation via plant-microbe association has attracted wide attention, because of its high
efficiency, long duration, low cost, and environmental friendliness. We reviewed the recent advance in the
application, research methods, mechanism, and influencing factors of aquatic plant-microbe association in
the removal of organic pollutants in water bodies. This review will facilitate the performance optimization
of remediation via aquatic plant-microbe association and provide an effective way for the removal of
organic pollutants in water bodies.
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x1 KEEY-TEREDES
Table 1 Aquatic-indigenous microbes association
IKEEAE ) TEMAEY) AHLEGY BERUR SR
Aquatic plant  Indigenous microbes Organic pollutants ~ Removal efficiency References
Acorus Aerobes (including Vogesella, Pyrene, BaP Microorganisms in the rhizosphere [18]
calamus Pseudomonas, Flavobacterium, sediments accelerated the removal of
Rhizobium) and anaerobes (including PAHs
Longilinea, Bellilinea, Desulfobacca,
Anaeromyxobacter) were the main
bacterial communities in the
rhizosphere
Phragmites Rhizospheric microorganism Pyrene, BaP Removal of pyrene and BaP was [19]
australis observed in sediments containing
plants, while contaminants persisted
in sediments without plants
Myriophyllum  Acetobacter Atrazine The residual rate of atrazine was [20]
spicatum significantly reduced in vegetative
sediments
Vetiver Phenol-degrading bacterial Phenol The phenol of 500 mg/L was [21]
community in rhizosphere (including degraded to 1 mg/L in 249 h
Enterobacter, Pseudomonas,
Rhodococcus, Acinetobacter)
Typha Cytophaga sp. Ibuprofen Typha angustifolia strongly promoted  [22]
angustifolia the rhizodegradation of ibuprofen
Lemna minor ~ Naturally occurring microbial of Phenol Removal of 70% of phenol from the [23]
duckweed highest initial concentration of
100 mg/L, in mixed cultures of
duckweed and bacteria
Lemna minor ~ Naturally occurring microbial of Benzotriazole The highest BZT concentration [24]
duckweed decreases were thus in 0 g/L NaCl,
0.1 mg/L BZT, and in the presence
of microbes
Algae Activated sludge bacteria The synthetic The amelioration of microbial [25]
municipal activity after introducing algae
wastewater resulting in high nutrients removal
in the combined system
Microalgae Activated sludge bacteria Olive washing Removal of phenols, COD and BODs  [26]
water is 94.84%, 85.86%, 99.12%
Phragmites Rhizospheric microorganism PTBP Bacteria can accelerate the [27]
australis biodegradation of PTBP through
co-metabolism in the rhizosphere
Phragmites Rhizospheric microorganism BPA, BPF, Phragmites australis-bacteria [28]
australis 3-nitrophenol, POP  combination can accelerate the

biodegradation of pollutants

RO M R BRACRET . Kadam MR B FW e &UA . SAURLEEEMN R RRECR R E

2 FlK A MY [FAR L (Chrysopogon zizanioides)Hl
et & (Typha angustifolia) |1k & B FEH) 2 1) A
T b BB — A ) ) T M R G N 2 A K ) Ak B
RORBAFPS R ET RS R PR 3 RO AR K
& (Scirpus tabernaemontani). 2=z (Sparganium)

NP 2E (Phragmites australis) I8 FAEXT 5 K P4k

PEOL T — M 2% N TR B, Wirasnita 25
FEN M AR R HPA IS R A B S T S, R B
SRS P 2% A X BELEL G AU A (35%—93%) .
W F (45%—-95%) . M S (0%—78%) . XfAL T %k
R (25%-93%) I KA fe JI AR L, BN 14 2k 1
b PR TT LAFFSE . R E M bR Bk 4 P AL
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D re v HE R AE D AR B, AT DA AT R0 ke 1 3R )
B, RRIE S 1S W ERACE . HETE 2508
15 B R Sk B 08 93 A X % A7 A ATL A0 1140 v A0 O3 e 7T o
(F2)o Li 55 AIEFFAR BRI L U A SR A
PRI R BT B 2 AT B (Novosphingobium  sp. FID3)4%
PRI ME(Spirodela polyrhiza)¥RPr, % ¥L FID3 7
DIBSUE b FEAE I AR SR T, Spirodela-F1ID3 24

ATDAFE 120 h NHEEE . M. S84 KBRT5 K L
My AU Wang S50 (o 7 2% R A T PR P 22
¥ EE B (Iris pseudacorus L)AY/INEL A T,
KIEGARBEEWAN TIRMA, XM REGRN
ERRBAREE R T 110%. WRNFEMIEER mird
FHE B ST AR YR A TR,

3 A0 U5 v S B TR R AN (AT A 75 e )
M, AR AERKIER . Singh &% 8
PP 2E AR B 7 B B IOFF TR (Microbacterium sp. P27)
AALAT LARESGAR ST, B B 7 I5|0E-3- 1R . 24
1-Z IR BE-1-FR IR I 2 W (ACC I 24 1) S5 )
P24 J@PECY ) Toyama 258 BLAM B H ¥R (Lemna
aoukikusa)FR bR BEFR 5 A SIAT I8 (Acinetobacter

x2 KEEV-DIEEKS
Table 2 Aquatic and functional microbe association
IKEEAE ) ek itk 11 e At TR AR TR AHLEIY BRERCR SCHR
Aquatic plant Functional microbes Source of microbes Organic Removal efficiency References
pollutants
Leptochloa fusca  Acinetobacter sp. The rhizosphere or Hexadecane Plants-bacteria combination [7]
ACRHS2, Acinetobacter root of a plant significantly improved
sp. BRRHG61, Bacillus pollutant removal and reduced
niabensis ACSI85 toxicity
Spirodela Novosphingobium sp. FID3  Spirodela BPA Spirodela-FID3 combination  [41]
polyrrhiza polyrrhiza can remove BPA in wastewater
rhizosphere many times
Selenastrum Mycobacterium sp. strain ~ The mangrove Pyrene Bacteria accelerate the [42]
capricornutum Al-PYR surface sediment degradation of pyrene
Typha Klebsiella sp. strain Plant internal Industrial COD and BOD decreased by  [43]
domingensis LCRI87, Pseudomonas sp. wastewater 87.0% and 87.5% respectively
strain BRRI54,
Acinetobacter sp. CYRH21
Scenedesmus Sphingomonas GY2B PAH, oil Crude oil Degradation of hydrocarbons  [44]
obliqguus GH2 Burkholderia cepacia contaminated soil in crude oil by a combination
GS3C of sterile GH2-bacteria
Pseudomonas GP3A community
Pandoraea pnomenusa
GP3B
Phragmites Acinetobacter junii strain ~ Activated sludge, Textile industry Combined application of [45]
australis NT-15, Rhodococcus sp. root interior and wastewater plants and bacteria further
strain NT-39, Pseudomonas rhizosphere of enhanced the removal
indoloxydans strain NT-38  Polygonum performance
aviculare and Poa
labillardierei
Typha Bacillus cerus, Aeromonas  The rhizosphere of  Polluted river Significantly greater decrease  [46]
domingensis, salmonicida, Pseudomonas Cyperus laevigatus, water in COD, BODsand TOC was
Leptochloa fusca  gessardii root interiors and observed in inoculated FTWs
the rhizosphere of than in the wetlands without
T. domingensis bacterial inoculation.
(F)
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(83 2)
Spirodela Pseudomonas spp., Delftia  From Spirodela Phenol Extract from the duckweed [47]
polyrhiza, spp., Azospirillum spp., polyrhiza, and paints promoted the cell
Lemna minor, Acinetobacter spp., Wolffia arrhiza growth and rate of phenol
Lemna Zoogloea spp. degradation by degrading
aequinoctialis, bacteria.
Wolffia arrhiza
Phragmites Acinetobacter sp. The rhizosphere or  Hydrocarbon Bacterial inoculation improved [48]
australis BRRH61, Bacillus root of a plant the degradation efficiency of
megaterium RGR14, hydrocarbons in water
Acinetobacter iwolffii
AKRI1
Cyperus Acinetobacter sp. The rhizosphere or  Diesel oil 73.48% reduction in [49]
laevigatus L. 61KJ620863, Bacillus root of a plant contaminated hydrocarbons was exhibited by
megaterium 65 KF478214, water the joint application of both
Acinetobacter sp. 82 plant and bacteria in FTWs.
KF478231
Phragmites Pseudomonas veronii JB1  Oil contaminated BaP 69.3% BaP was degraded [50]
australis Pseudomonas soil
plecoglossicida JB2
Acorus calamus Ochrobactrum sp. strain Acorus calamus Lindane The root exudates of Acorus [51]
AlS rhizosphere calamus increased the
degradation efficiency by
10.7%
Chlorella sp. Raoultella ornithinolytica, Sewage outlet and  Mixture of The removal rate of analgesic  [52]
Pseudomonas aeruginosa,  waste water analgesics mixture reached 95%
Pseudomonas sp.,
Stenotrophomonas sp.
Brachiara mutica, Bacillus subtilis strain Oil contaminated Oil field The Phragmites-bacteria [53]
Phragmites LORI66, Klebsiella sp. soil wastewater combination significantly
australis strain LCRI&7, improved the efficiency of the
Acinetobacter Junii strain plant to reduce the oil content
TYRH47, Acinetobacter (97%) in the wastewater
sp. strain LCRHS81
Typha Bacillus subtilis LOR166,  Plant internal and Hydrocarbon The Typha-bacteria [54]
domingensis, Klebsiella sp. LCRIg7, rhizosphere combination showed the
Leptochloa fusca  Acinetobacter Junii TYRHA47, highest reduction in
Acinetobacter sp. BRSI56 hydrocarbons (95%)
Typha Acinetobacter Iwofii Plant internal and Phenol The addition of bacteria [55]
domingensis ACRHT76, Bacillus cereus  rhizosphere significantly improved the
LORH97, Pseudomonas sp. removal ability
LCRH90
Scirpus triqueter  Bacillus subtili HD-1 Activated sludge Pyrene Pyrene degrading bacteria may [56]
be an important cause of the
removal of pyrene from
wetlands
Phragmites Acinetobacter Iwofii Plant internal Phenol The removal efficiency of [57]
australis ACRHT76, Bacillus cereus phenol in
LORHY7, Pseudomonas sp. Phragmites-degrading bacteria
LCRH90 combination was obviously
higher
Spirodela Pseudomonas sp. E1, Plant internal Fenpropathrin  Spirodela polyrhiza increased  [58]
polyrhiza Klebsiella terrigena E42, the degradation of
Pseudomonas sp. E46 fenpropathrin by strain E46
Brachiaria mutica Acinetobacter sp. strain Brachiaria mutica  Organic The plant-bacterial [59]
BRSI56, Bacillus cereus stem wastewater combination resulted in

strain BRSI57, Bacillus
licheniformis strain BRSISS

maximum reductions in COD,
BOD5, N, and PO4
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calcoaceticus P23), NMHEAG R FEIGE, B
] PIEE 3 FEME(L. aoukikusa. Lemna minor .
Spirelet polyrhiza)f)AA, TEPKAR R R ORI 17 4
% HLAR SR P A PR . Luo 45 & R
DN LA R T I AR A v 7 8 1) 22 B D s v 8 i
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R it v 3k A TP R 8 B A3 7 0 B 1R T DA VR R A
YR AR 3K AR R AT S B (Selenastrum
capricornutum) =AY, RIH) SR ) 22 1] (X Fif
HEILARSCR, A BT S - A R G A
RWRENE . FRAMER R

WAL, FR AT HEY) N AR TR A R LR TS Y )
R ff 0 PE R R ) A KA E T, W LA B AE
FRIEEA NS Taz S8 BA Kl At
Jit) 3 BRI A TR [ 5 T8 1A EQ TR (Klebsiella sp. strain
LCRI87) . 1B ™. Y & (Pseudomonas sp. strain
BRRI54), Ah#T # (Acinetobacter sp. CYRH21)]
R R AN/ (Tpha domingensis)FHE)E ,
AN M, Tk afees . &
T E R R T 87.0%. 87.5% . Shehzadi %
AR KRR SRR . ZEdh o i 41 ¥R
A, H 8 BRER HRERYTAEKIRE ST, I
HAEY A RIS EC BN OB . BREBUAR
ACC iR . W, Wu ST & BN 35
PN 43 8 TR — ok PN A T ) 2 A1 B0 I 7T (Pseudomonas
aeruginosa L10)AMUXF 2 J5 1825 . JEMEEHA
BORBYREIRRE ), AL R O RR . BRI
ACC B4 ERI A 4 K1), Hussain %% A
B YRR R ) A AR Ky 3 MR
B[ WO 3% #F & (Microbacterium — arborescens
TYSI04). ¥ZH(Pantoea sp. TYRILS). P4 ZE 74T
W (Bacillus endophyticus PISI25)|H il 2 g AUFF
¥ (Leptochloa fusca)ff) N T4, 7] LLEBRIE K
ORI APLRTCHLTS YW, 1 48 h WAL R
AR R R RN 86%. 78%).

X} T Le G b 52 2% IR X R A A LA sl T

YW o A EREE , B — Y D RE TE AR A AESE B
X5 YL W o8 B, A B R B I LA AS [F] 2)
RETIZEY) , WERThRETEAE, L A Y o se J AR
B DR R AL SR T IE W 58 . Tang 45K M2
R O5 e A T T G 55 R A3 B 1R 4 PR A TR R i
T [ 24 B 5 T8 (Sphingomonas GY2B)., ¥ZAA
o SR TE R (Burkholderia cepacia GS3C). A
I (Pseudomonas GP3A) . Pandoraea pnomenusa
GP3B], 43 LA B SOIR B 19 25 T R A
¥ (Scenedesmus obliguus GH2)IFITHH G, SR Kk
PS5 D 2 B AT DA g i R a4 A Y
fife, MIHEERD 4 PRETAIR G A0 2 25 1458 1 st
JIE A 4 53 (R 2 X R 1 1 2 90 05 R AL 0 ) I A= )
R, Hussain 2060 HLAT B0 P R R T Rt 4 74
AR VT AR B 20 B AN Bl FF 18T (A cinetobacter sp.
ACRHS2)1H1 N A B #K [ sl FF i (Acinetobacter sp.
BRRH61) . ZEFF i (Bacillus niabensis ACSI85)]
D R I\ A O I = W ol 1 £ 2 D S
(Leptochloa fusca)fR I bR T Nbeks, 455
KIS R AM L, RAEEMWTREREE
BRARIERT T 72.8%-76.4%", UL L, HEETDY
RETRAE, B[R] T BB G A M TR A 42 Fh 31 K A A
Y, BT HEA Y- RUE B 0%

[F] I, 80 2 RE T ) B9 N TR M A A AL G
VNSNS N e R R I O K
Afzal ZEK 10 BRER S ALSVIREM R A NS th 4 Fh
KA1 =5 (Phragmites australis), i (Typha
domingensis) . WFEHL (Leptochloa fusca). ELFiHE
(Brachiaria mutica))F4 E(#) N\ T35 Hb A 4b B 37 Jt
TGS HoK, 4550 R H Al A TR N T Hb
BA TR HEREAMMAENEYE, b as.
AT AR SR RER . IRE S Y S E
GBS AEILT 97.4%. 98.9%. 82.4%. 99.1%
1 80.0%°7),

3 HY-HAEYREEEBARNITE
MTAER, B bl A R - O B B i A
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