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Accelerated degradation of aromatic compounds utilizing synergy between Pistia stratiotes L.
and rhizosphere microbes
BELE, HERES >, WY, MuEZt, BEESE
Tadashi TOYAMA*, Masaharu YOSHINAKA* ** Kazunari SEI*, Michihiko IKE*, Masanori FUJITA* ***

ABSTRACT; A novel phytoremediation strategy “thizoremediation” which utilizes synergy between macrophytes and
microbes in the rhizosphere was proposed and its feasibility was investigated. Pistia stratiotes L. (water lettuce) was used
as a model macrophyte and its ability to accelerate of degradation of aromatic compounds in the rhizosphere was
evaluated. P, stratiotes could promote the growth of microbe, retain a large microbial population in the rhizosphere, 10°
CFU plant”, and efficiently transport oxygen to stimulate the rhizospheric microbial activity, leading to accelerated
phenol degradation. P stratiotes showed accelerated removal of aniline and 2 4-dichlorophenol in the rhizosphere in
addition to phenol, through the following mechanisms: (1) retaining a large population of the aromatic compound
degraders, (2) stimulating bacterial growth and degradation activity, and (3) directly removing of aromatic compounds. In
long-term phenol degradation process, phenol degradation performance in the rhizosphere of P stratiotes was enhanced
gradually and stabilized at a high phenol degradation rate, approximately 0.9 mg-phenol h! plant'l. Based on these results,
the use of P stratiotes and its rhizosphere can be a novel mean of effective remediation of contaminated aquatic
environment.
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AEBEM LB RETHRB AN TWAZ EBMLRTWS MY, 7, bAROWAREY T, AEEEYE
SEEFARBICHHS L, AREMAS ORISR L O REE 2 EET 5 2 & T, A bFmESHMEESh
BT EDPHERENTVD * 30 Zo & ) AR ARERIE LRy, R kL bREh,
B AMRRAKE, SBEFECAWEPAHs), R VLY T = =/ UPCBs)/ ¥ OZER2 BN AR LFY)
BITIER S HEOWITRIR SHAD TS * 59, KB T HARBS R OARM U E OB
BEESHERTE NS, AKAEEY AR Lok Eeikt, SSEEREIONZ, BECKRET CREE 2o
TWBEB L EIEROE LI bR T E BH- /KGR LB~ E R T D FREME R > TV 5. Lol
TKAERES ORI 31T B B U B O e 1t UT-RFFRi38ll Lana < * 19, KB b~ OFEHH 727
FERS LI b O LA B = X bk iEt URgRIEe0 .

AEFFECIY, KR EFIA LSO KESR BN AR T 2 Z L 2RKERE LT, KAeEEHORE
IZHUT DA E O REEEORER L F DA D= AL ERAT A Z L 2R, L, ®
EIEREREITEN, TR IRBROFRBERFZ LA INTNDR Y U F 7 P (Pistia stratiotes L.)y%
Wiz R g SR U OKBREE R BRI &, KEAD A~ DOERENME SN B
MHEHECTHD T/, TV rBLO24-V7unTc /—AQ2ADCPY Y% V. 12U, RE
DO FRRAERRE & U TR ORI B & BRI L ATREMTEILER AR & o X 7 HREE
Do TWBENERER L. $10 T, BRETOFBI IR TRY 737 i KORBMAES T E
NEDELIRHBE LS LTWAONERE L. MAT, ZO¥{ERE ZR TR /KBNS
572 0RRETE LT, RERFR OHE RS RO RN ENEIZ OV TORET 21T o 1.

2. EBMBEELUAZ
24, {#iEEY

ki & U ORI KEREAR Z % 7 2 BV, RE 0% 7 IR X % L R AROR
AR CERE L TV AL OEERIM L ZGRER o7 9). 2, RF Ux 7 OEFE 30%B8 b
KEEAKT 30 HERELE AT, BESHF T CHRE S L b0 BEA Y - UXx 7 4E UTERICHL
o SRR S R0 Y OBFET, REWEREE R OBEIEETR Hoagland 35389 V% Az,
22, RE Xy L BHMEETEEE RO

540mL 780D T AR 500mL DOREFUOUKE AN, EER Y o UF 7Y% | BREX AT, BENCKER
BLORIR : 25°C, 30000hux, 16h-light/8h-darky Tkt L. BEHIAV VMUK L3555 1 R, 3 HEER
L7 BEOMKERZ X7 oOMEEIRL, BRI LE. 2y ba—nERE UTEERZ
T &7 PRI OO RN L ORERIL, EHRICHKERREEOICEN L. WThOBE S 3 DOERRE
R CRIRFICERAATY, RERITT OTFHE CREEm L7z,
23, RE X HOBE~OBREAREOME

RE D%y L ABEMBLSMNITEESRERRA LN S
(TR 7 EERER Fig. VA VT, BUFRRRIBED 04mgl" LU
F&25 %5258 U7- Hoagland FERIE CREIRZ v % 74
BEIE U, Z OEBRERICIT A EASR T OGRS L ol 1O ¢
REAOICHIE LT, BERESAE 2T Ui, 37z, RkOEERRME Fig I&Mmmcm@ﬁmohm%m
B HIRE 10mgL'l LRBEIET = /BRI L CREAR ¥ transport test.
VORIV EREL, Tx )~V ONREREIT o, EERER %mgm@?;cg?mﬁifzﬁg

T ) N \‘_x LR \Z_“l""' ’/\‘ ~ Tuboer Stopper, samp. ‘n ,
Sy s o 1 AT . o Ol of Hogind s, §

S = R = magnetic stirer, (D string bar, ®

v hr—VERR Y LT, RE VTR FOBREENTONAN aluminum foil, and @O, meter
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£9, RERS - UF 7V ORELYM L CEERICAN, 7/ —NVofEER Tk, £ TOERII3E
BOIEL, BEITTOLYE TG
24, R 29X HRBIZE T A2 FERIEEMOMRRER

540mL BDOH T ARUT REHUKE T L, REMIARF > 0% 7 4 DV NTERER Z 2 757 3% 1 BN
IR EFNPNERR | BIUERR3 L L, RERZ U Tx7 9 1 ROBICHE LTS IREMA D %
BURL, ZOEEERNUREERRE2 & L. £, ML FREKZTOLOEERRI L L
Taryba—AFke Lk 57, BEAELURERKE BERY X7V E2RAWT, eI L8
BERNZbOEERRS & Uiz, (ERL7-FBRROME% Table 1 {IRT. S50 L OBAEBHORAERE
72w, HTAREOBOENIA L T LR AWTERE Lz, 2 TORRRICTY = /—/W(10mgL"), 7=
Y »(10mgL )3 Bk 24-DCPSmgL )y &2 2N FRHM LT, DEERIDERACKIER L UEIR : 25C,
30000lux, 16h-light/Sh-dark) CEHE L TITV, BEICEBTERICAHOBERHIE L. WThoFEEs 2
DOFERREER U TRRHIEREIT, MRIIZTOEIME TR L. 728, EBRR 2 LB 2REREY
DOEFME, 26T HIECE U TITY, BEROFEHMBIEA LWL D IToT.

EERR 1 LERR 4 OBREAVEBTHZLIThD, RE 77 HHREOSRREER S A T L.
i, EBRRS LAY X7 P EFIC L EHERICEHOREDRFTML, HRR1 L ERR2, 3
BLOS 2835 2 & TR o7 HREICBIT 2 HFEIERIEEOSIIBNT, FREhAZ 2 UXx
7RI OMREMEDR ED L S 2R ELT=O LT AR HME L.

Table 1. Characteristics of the five t test systems as performed for aromatic compounds degradation tests

Composition of test system Aromatic conpounds

Test system Pond water bacteria  P. stratiotes Rhizobacteria (initial ationmg L™Y)

P. stratiotes -thizobacterial association
T-1 _ + pond water system o] o o]

Rhizobacteria(P. stratiotes -free)
T-2 + Pond watexi system O O Phenol(10 mg L")
. St:rlle-lz. str:ztmtest o o Aniline(10 mg L“)

- ond water system E
E 2 2,4-DCP(5 mg L)

T-4 Pond water system O

Sterile-P. stratiotes
T-5  + sterile-pond water system 0]

25. EHENYFARICED T/ —ILDHEERER

1650mL 25 DREYEIEREI AR 10mgL” & 725 £ D27 = / —/VEERIN LIZ 85360 1500ml % A, REF
RE %% | BRREMT 72, BRERCESRIR T O 7 = ) — VBB RIE L, 24 iR, £TORRKY
FRDDLHEH L, FZ7 o /U EIN S N7 EERIR 1500mL & A, BRI T = ) —VREERRIET
BZEEBOB L. VYA 7% 24 Bl & UG Sy FHRHRTL day)il 15 7 = / — VA IRER%
21 %A Z Q1 BTV, ZOHMEZEEEERME Lz, S0, BIEgEon, 7o/ —AERINL TR
VBRI CRBRICARZ L U I/ YRI5 2 L2 X > TRBIEEEIL 21T\, 207 HERB XU 14 BRICE
U7 = ) —NAPREBREAT o 7. FBRIT 3 DOESR & /BRI L TRIBRHIAT, ST O EIE G L 7=,
26. WAEMBROEN
(1) SEBOFHE

RE 2737 Y ORITAE LT DHED 2R EIRA: Y(thizosphere fraction), /K HIZERE L TV 5L
)% BB ) (suspended fraction) & L CZENENER U THAMBEEDRAT 21T o 7. RF L UX 7 FOIR
AL, HSMTBLTTVIELLE, Smel! FUKRY U B 30mL 2 N%, BSREAMAE Lz, =
DARFEREE " T A Y IRT AT V7 4 VE—FEE  10um) THEE L TROBEM D EREL, BRET A Y
AT AT Vw7 A NE—(F8E: 02um) CIER U THESRE 7 4 VF— IR L. ZOT7 A NVEF—%S
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mL @ bURY Y UEIRIEE &b ICETRAE U TIRED R IR T OBES BT b O R RBM YRR L L
7o Fiz, ERRRNOHUKZENL Lz b 0% BBHAEDER & Lk, BONERE BHIREARERIEC LD,
28°CT 14 BREHER L, BRENz 3 n=—%2F8 U CAREE RO -, 1/10LB 55#(1.0 g L Bact peptone, 0.5
g L Yeast extract, 1.0 g L NaCl, 1.5% Agar, pH 7.0) 2B\ T4 E&LZ. £/, BSM#H(10g L’
K,HPO,, 1.0 g L (NH,),SO,, 02 g L™ MgSO4-7H;0, 0.01 g L FeCls, 0.05 g L” NaCl 0.01 g L CaCl,, 1.5% Agar,
pH 7T2ICH—HHEE LT, 7=/ —N, 7=V rHB0NiE24-DCP % 100mg L' & 725 & 9 TN L7t
HERANT, ENENOFERCEYHEEEEE LT
(@)  Terminal Restriction Fragment Length Polymorphism (T-RFLP)IZ & A4 Mt E 0 i

proteinase K # '© 12 & W DNA %##ftH L, QIAquick PCR purification kit (QIAGEN)% iV VCHREBI L7z b D%
DNAF Y7 L—hE L. FELEDNA T 7 L— h2d &I, 5K E 6-FAM TROEERS LT forward
primer 27F-FAM & reverse primer 1392R™” % FV T 16SrDNA #4885 & U7~ PCR H81E44T 7. PCR Uik
BN 95C( min), 7=—V> 57C( min), HFERE 72°CG mink L, A 7 VEGIDNAT 7
L— b DNA BB U T 20~25 o 2 VB CEEFREE L/, PCR ##% Microcon PCR (QIAGEN) CH
B - U2tk HIFBEER Hhal THWTR L L7z, BIRVEEY 1pL 2 MRA A v AT X R 12ul, A AR F
VHE— R 05l HIRE L, BMHAEO95C, 3 min)%{To71%, DNA i —7 . ¥—(ABI PRISM 310 Genetic
analyzer, Applied Biosystems){Z & - CBRIXEN 1T 7. WA EMENT /7 Mversion 3.7, Applied Biosystems) %
FINT, BOESREET H(T-RF; Terminal Restriction Fragment)’ S 7 — 2 D HET T DY XERidT-.
27. {EEMEREOHE

KEEECAMOBEY, waikhs o< 777 4 —HPLOGHHI L W |IZE L. HPLC ##7d HPLC
AT IMLC-10A series, SHIMAZU), Shim-pack VP-ODS I 7 (150X 4.6 mm i.d., particle size 5um, SHIMAZU)
RV, EERFES 1.0mL min” & LT UV-VIS BB % AV UTo7k. 7= /=L OBERBEIRE LT
TE = FUA BHUK=] : | DR, FE 270 nm TiTo7%. 7=V L OEREEEK: LT
h= B YL BBk =7 : 3 DEEIEAE AV, BR 254 nm TIT-7-. 24-DCP ORERBEEE L LTTE b=
R UL BRIK ¢ BiR=60 : 38 : 2 DRV, R 225 m TfT o7k

3. RREBRLIUSE o
31 REUYRSHLIMENMOME T
e g T e b

WERS R IR ASMATREL, 28
RE 2% 7 DU DB ORI K 5o
TR IR L. ARk R 36 10T
BIE LR % Fig, 2 17T Fig. 2 T3, g
ERRANOLBAED R RT L L bie, R T
COXIYRFET LR T, BIEEL 0 1 3 7
T HIREAEY) L B L T A% Time (days)
RERIUCRIBHIR U, EBREAARC A [ suspended fraction B Rnizos phere fraction

[z]ﬁ(?%fﬁ;of_ﬂ“ﬁ 7 ’7_1%74{@*&&: r{’ ! Fig. 2. Effect of the rhizosphere of P. stratiotes on the growth of
RARIC2X10°CFU plant” 5127 BRIZS iy pond bacteria. The behavior of number of culturable bacteria
X 10°CFU plant” OB SN, ¥ in stenile P stratiotes rhizosphere system (@) and control
7o, RELIX Y REETERTE, & (non-rhizosphere system) (O) during 7 days, relatively. The bar

. R . graphs show the bacterial numbers of suspended fraction and
FYURTIDPIHELIRN R fr—/R rhizosphere fraction in the sterile P stratiotes rhizosphere system.
AT, RNOSMAMEOWEFEIMEE  Error bars represent 95 % confidence intervals.
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ENTWAZ LRI, ERETEO7BEIZBOTE, KF o273 fE+Ts% T, v b
0 —/VFROM 39 fEOBMAERRBRE SN, S5, FNFhOBEYERH S DNA 2L, 165 1DNA
FEREETF & L7 PCR 24T 7. B &7z 16SDNA (2 E-3\ V= T-RFLP AT & Y i it oigiE
BRARUIER, RE X7 IPFELTWDLRE I ha— VR E TIHAYRERRKE S BR-TE
D, RELTFRIYRIFELTODBRICBOTY, RT 07 FORITTERL ST DA MREE L ok iz
B L OV DTAEBIE & ClY, ZOMAEYRERREEN R > T D 2 L MR SH=(Fig. 3).
—RREIC R AR OREE, B, T /B X I UVEREEBRRIOKSE R EORBE UL
TEY, ZhOORSWN TR OHEFEREAIERE L 25 "0, — ok wEERE ORE T,
FEIREE & LT 5~20 1%, BRI 100 L E S DEYHRER L TWA Z EBHmEINTEY, ZokdiC
R IO TS S\ R TR BRI Re(rthizosphere effect) & IR I, REHEAMIR) & FHARE T
(S DEEDELR/S) TFDRBEEZEEMITHES T\ D * 9. £, BRAEHORBICIE, JERE LI
RETENE A TREMA B DARBIEA ORBMAMEESTR S TOD Z 2B Tng 9. SEOH
FRER LY, BAEEYORECTRONS L5 A YRR ENEGRBZNRD, KEMDAR Y T x 7Y
IRV T HOHARICHEE S h, REGRE RIS=39 L WIRENELhE. RZ L UF 7 HIFORIELL D
PRAYRRER L, FORBEEDIIIKS & B o7 R OMEMRHEREES L QWA Z L FER S,

200 00

oy A
Gl T A - - An

= ®)
"Z: L.L ,JL i b

= ﬂ I ©
s A ad ~

)

TIIE 45 5% Black wPe(OA fem 7

Fig. 3. Comparison of 16S rDNA-based T-RFLP profile patterns obtain Inukai pond water at day 0 (A),
suspended fraction in non-rhizosphere system at day 7 (B), rhizosphere fraction in rhizosphere system
at day 7 (C), and suspended fraction in rhizosphere system at day 7 (D).

32. RELIHTYORB~OBRGEREIC S 5T =/ — VO RIGEER
Y 0% ORI D R O , .
TRRRRIBIE A RRBHOIC I L 1Rk Fig. 4o Table 2. Comparison of oxygen transport info sewage

. 1
T BB R RO Y b e effluent by selected aquatic macrophytes
Oxygen transport into sewage effluent

NRTE, BEREROBIMIRLNT, F2EREH (mg-O, g dry root weight day™)
il U O RE 0.4mgL'1 PRt Primary Secondary
W, R O Bkl AT FREE A 30000lux it I;{]a:igsl;};z = sewage effluent sewage effluent
I U2 CHY, ISRERIRE O R Pennywort 116 30
o Ny N o Water hyacinth 57 21

S, TOHEMEEIIAKRICEFEL, KR 25Co Water lothce P P
%#fﬁ%@%i%rg @iﬁﬂ[ﬁﬁg{ 7b§_...§ ig < bg fds] 7‘:- Emrgen[ auatic macrophytes
CORREDLIC, RELUX s YORGRER Poniederia cordata 3 !
Bz OBFRMESHEZEHL LA, 278 (at Common arrowhead 21 8

o o o - C ida 14 9
25°C), 23.1 (2t 20°C), 8.3 (at 15°C) mg-O, g dry root Smfif;j;m a :
weigh day” & 7257, Scipis validus 30 17

I, RE U Ux 7 OMKREIELBBICRIT ST = / — NV OSMREOBENZ 57, Fig 1
DEREBE AN TT = ) —NVONMREREAT o, HRESRT, FeoMFRmk RGN CHESRINESEE ) R
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B T BREE 30000lux, KR 25°CORATITVY, TORERE Fig. 5 IRT. REIRZ %7 o t)
WL, FEBREEICALAALR TR 7% 7 Y X AEERERE ThOiLe 2, EFRHEIFOZRNOR
FEERIRIENT 04mel’ DRI Tz, $i, BREER CILT =/ — A OB RLNRD 27203,
KEARZ 27 % 7 9 OE AN R CIIBRBMANNC L 50027 = /) — VOBV PHER S h, BHIERNC
HI60% DT = ) —INEERES L. —F, RE %7 et R CIIATEESRIEE O el
AN, ROBa o —VRITHARATHERNZI T = /=P L, BT 90%LLED 7 = ) — Vi35 fiE
BRIk ZOBRLY, BEREHOT = ) —NASRERL, EHONEGREIICH L T2 4EHE L
ORI L VIRESND Z LIVRENT. HIC L DA fRER OFIEY, BRI L R
HHEAEZ DAY, AERICBOTL, BICBRIERICER L, 79 DO % 04mgl’ A FOHREEMH T T
T, REUXF I L ABRUEE 7 = ) — IV OMEOBEME 2R L. — BRIz k57
/=N DEGRRIIFRE SUMKSH T TR Z 5, GRNESROFPGHBEENRNZ L3 smbivTn
59, ARIOERTHRF L IF ISR ROT = ) —AEMEE SN REL, RY X790
BRI & 0 EERNFRGEITR N, BEBMAMIC L D7 = ) — IV OFRIESfEMEESh =T E
P—oDBEERTHZZ ENHHIENE., ZoZink, RE 0T HIRE~ORFEREES & UCHE
L, BRE UTRBMES O = / —A0fia gL OB RREMIS R I N7, ZE T2 Reddy (1989)5
DOFFRIT & o TREBAZKEF OBEERREEENRD LN TNED, BF 0 X7 DI ERamy R
FEREA N T 2 0D, AREHIE~ OIS AN B O— D TH D Z L 135303 H(Table 2). F 72, Reddy
BITIRZ 20 % 7 - OREIC RO TEREREORRIZ & Y TA KRB LU ZREVKF O BOD Hfi#sMeE
TAHZEEHERLTOERD, SEIOERRER)D, BEEIC L 5i5{REIL, BOD &\ oz SnfEth
iz e, Zx /A Vo ERREBEEREIC L TLRTh S 2 EdmRan. L,

FENIIEARITEE, BESRTET Tl M OHPE - AR HIBRICHE L, e O RER 2 IRE
LTWBZEBMLNEN, FARTIEZD 2 >OERAREOBREFS LT D0OMNEHECX o7

12
10
o o
E) -
5 ° s
2 4 at
o
2
0
0 2 4 6 8 0 20 40 60 80
Time(hours) Time(hours)

Fig. 4. Effect of tempeartture Change in dissolved Fig. 5. Effect of oxygen transport by P stratiotes on

0O, 250Dy and ool 1o (v p Pl degrdston in the shizophere. Change i
’ 9 2 ) stratioles
Str:gmes a 25°C)(A). Eiror bars represent 95 % l()le)r:oP. C;;l;;gtes roots-added system (pQ), andszterile
confidence intervals. control test (A) were shown. Change in the dissolved
oxygen concentrations in P stratiotes planted system
(O) and P stratiotes roots-added system (O) were
shown. Error bars represent 95 % confidence intervals.

33. RAUHXIHORBICHE T EFEFEICSMOHEILE
FTOBBNZ LY, RF L U7 PRI, MEHOHEM AT MR L FRAVENRE(RET 25—
ORRE S U TBESRIE M- TWD Z L BFERS . 7, RZUUx 7 HRETIE, AkhEiaE
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ROFHEOBEDPIEFL, ZNOBEMEFHEOMIIEE L TV Z Rl Ehiz. £ TRF
T 7 R B TEBY I E O D IRIMEE SN TW A DR HERT B0, RfFfkERZ o7
ERWTCTx /=, 72U rBLU24-DCP O fEERE 1T 17
() AREUIYXHHRBICBTE T/ —LOMRRE

7z ) —NREOREE LY Fig. 6A (T, FEBRR 4T, EBR 1 OB = /— VORI DM
SNTWBZ NG, RELTXRIVOT o ) —ASHRERENE SRR SN, FER S B\ TH 72
BEEICRI3T%D 7 = /= SRESNEY, BETBRECIEST, ERRIBIUILHST, T /—
NRFHERBEZIED -T2 2 L b, REZ X7 FORB TR, BEMIC X B 0MIERAICES, RE v
DXIYAFDOT = ) —VORING BUNIHI L BREERITENZ LaVRENTZ. ZRR LKL, =
NEREDOT « /) —NEMRPEERR 2 THERINZZ b s, RZ ORI YREBICRITE 7 =/ —NV5fE
TR RIET ERERT, REBEYNE BT =/ — A IRETH D Z L ATREN, BEMAEDIIYL
TLOBRF X7 AL Qe THEVWVORRES HIET 5 2 L AVRE N, Fh, EBRR 4L
THERZ3 T, 7=/ — I OSEMBEIN WD Z b, REZ U Y ORISR D%
BIZXY, HAKPOT = ) —VREE OIS 5\ EISFREEIMBE SN Z L BB L bk,
DEEBRIOEFER A TR, BEREDIHFETDERR 1 EFRR 2ITBWT, Y= /5o
BOENEL, 2ARBRIZBIT A7« /) —NOREOEG LEVMEER R LI LD, RZ U UXx7 HiRE
[ZIX7 = ) — I RE NS RSN TVWA Z &3~ F(Table 3). S OFERIE, Fig 6A [T\ T
EBRR LERRI DT = ) ADHEENE ol b E— BB, £, Tx ) AAOIEERBIZITE
TORICEOTEBESR LT = ) —VMREPENL TV Z 2 BEERESE. 7 = /) —ADiEERT
BT, BE ORI PBREMEDHHVNIT = ) IS HE O RAE L T DD EHERT 5728, &
(ZRE LTRSS R RS )2 B L. 7eds, FEOR | OEFEH S EBOR 2 OABEROIRS 1) 2 HREHAE
) & RKBRAEIN 0 A IR R, EBRR 3 OA BT & EBR 4 OAFEHO RS E) 2k AmIcs5
BEME L UCGHELZ. WThoBa b, 24K LU0 =/ —ADMREICRT 2 RBRESHR I N,
FHIHUKH D 7 =/ — 3R U CRIRANARBIRNRDMEN v O D Z & 33457535 7= (Table 4).
@ ARELHESHREIZETET =Y LOMRBE

SMREENCIT BT = U B O Fig. 6B (R EEBRR 4 1 LERTR | O3S HIT =Y v
BENSD L enb, RFL 07307 =Y VOEREEESRENHER SN, ERRS TET =Y
VEEOWEOBIZEAERLNR ol G, RELCTXIVEHICL AT =Y L ORIE iR
FRRIHENZ EaRE N, Ez, T/ —AEEROBRLIIRRY, EBRR2 LV LERRION
BT =V L OHRIFENZ 2D, 7= OSERICITERRCROWH OB LV o Te R F o X 7T X
BT =Y USEEOTEMLERPEE R R B L TWE EE XNz, 851, RBBEMIRY v
F 7B OMRICIAE U CORVCRIE T 0727 = U U fRRE R RETE N2 LR ST,
STRFBRATOAEREE HE LR, 7=/ —VHRREREFRRIS, R 0 X 7 S OREMAENDTFHE
FTERCRNTC, 72U U RREOEENRE N L MRS (Table 3). Fiz, HAFFEREDEEROK
BRIV, R U7X VORARER LOT =V U oMEE I HIREMRSSHER S, BRI O T =
Y AR L CGRIREICARBESEMEN Q5 2 & AR &7 (Table 4).
(3 AREUHFIHEBIZETS 2,4-DCP DR {RE

SREBITIT B 24-DCP I E DL % Fig. 6C IO FERR 4120 U TERFR 1 OFBHERPHZ24-DCP
BENRD L2 2nh, RE L UX 7 X5 24-DCP HIEGFIENES RS, 7o/ —vBX
V7 =V v OSBEROBRLIIRE S BARY, EEBR 1 & 5553 3 3 LUSERR 5 [V T RO 2,4-DCP
BEOBIREON., ZOZENRERF L 7F 7 Y0 24-DCP HEGESET, REvFrhEHOR
I AU NI L DRENRRKRE S FET D 2 LAVRENT. iz, EBUR 2 TIIZERHRTR 4 ITHARRMNL,
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24-DCP BB LTWB Z L nh, REHSEMIC L 5 24-DCP OOMRIEA bR SN, AEEETH 4
B 24-DCP HREOEEIIVZNE DD, T/ —hE T2 o RS, RE T 37 YARBEICITHIK
H1L BT < D 24-DCP DIEEMFAE Li~(Table 3). £/, 24-DCP DABERICEN\T, RF o 7F 735
HUKH D 2,4-DCP HFEE OHFEA (B L TN D Z L DVREN(Table 4).
@ AU UYRBICETAFFRILEYOSMREENRDE LD

RE X0 L REHKERNT 7 =/ —b, 7=V B RU24DCP O 3 BEOEEELEMOLE
FEERAAT o TRER, REZ U X7 PRECIIHKICH, 3 BES COEERILAYOLIEGREMEESN
B LDBHEREN. FOSERECE TR Z 7 SRR TRENCT, OF< OB EREICR
B35 b, OOEEORME L SRS EETS I L, SLIORNSCELVEESRETI I LS5
EDRRE N, T D OBREN DR E DRI T 5T A AV IFERILEMORBBEIC L > TRER
20, Tz IR L COIRBIRE SN T = SRR L A, T ISR L TR Y
F7 L A ORREOFEMREER, 24-DCP IS L IR F o X7 NI L DEERENT R A D =X A
ThDH I EWRENLZ LIFERICHRR ERTH S, T, HABEOKEMDIL, 24DCP i UhH L
FThHIRuaT = ) —NEERAORIRL, EATEDI Ly REASE~ERER A LItk v ESE LT
WEBZ L BEE SN TWS Y AERICEO TS, B 7% 743 24-DCP IR -5 L, B#IRH 2.4-DCP
IRBINTLZOEHICL2EBTHEERIR O 27, 61, RV UF7HREBTEILE L LI5S
B EYRIEEOENE L, HERLAYSREERIZ I\ UM ORI 2 L Sl ah
2. —RRACHE OB b IISFERFKBEN WS, FIHEDORTE, AEESEE L 2> T05 D
ERESNTEY P, RE R/ HREICEO TS, T BT LT 2 ERECAMSIRE DS
BUENVRBMAYREPTER SN OO E BB L b, £, WRAEMORE T, FRt32ED
SHERRRIZR\ O COMBEI SRR L, Z O@ROSIREORFEORRE L U RS WE O fRME
ﬁéhé:kﬁﬁ%éhfwéﬁ*m,miﬁ%f:@ﬁ%%ﬁfbt@dﬁﬂ%ﬁ@bff%a

12 12
10 10
Tog Tog
c c
o0 4 = 4
T <
2 2
0! 0
0 20 40 60 80 0 20 40 60 80
Time (hours) Time (hours)
6
~5
S
g
5 °
aQat Fig. 6. Effect of rhizosphere of P stratiotes on
:- phenol, aniline, and 2 4-dichlorophenol degradation
1 in the five experimental test systems. (A) Phenol
0 degradation, (B) Aniline degradation, and (C)

2 4-Dichlorophenol degradation in T-1 (M), T-2
0 20 40 60 80 100 120 ’
_ (A), T3 (@), T4 (), and T-5 (1J), respectively.
Time (hours) Error bars represent 95 % confidence intervals.

-482 -



Table 2. Comparison of bacterial population in each test system at the inception of degradation test

Number of total culturable bacteria and aromatic compound-degrading bacteria (CFU/flask)

Culturable aromatic compound-degrading bactenia

(% of aromatic compound-degrading b«actc-:ria)b

Test Total culturable bacteria Phenol Aniline 2,4-DCP

T-1 Total® 2.1x10° 1.4x10° (66.5%) 1.6x10° (7.6%) 8.6x107 (4.1%)
S (5.80.8)x10° 4.7£0.1)x10° (8.1%)  (L1£0.1)x10° (1.9%)  (5.4x0.3)x10" (9.3%)
R (2.1£0.2)x10° (1.4202)x10° (66.7%)  (1.6£0.1)x10° (7.6%)  (B.6£0.3)x10” (4.1%)

T2 Total (2.1£0.2)<10° (1420.2)x10° (66.5%)  (1.6+0.1)x10°(7.6%)  (8.6:0.3)x10” (4.1%)

T-3 Total (5.8:0.8)x10° (47:0.1)x10° (8.1%)  (1.120.1)x10° (1.9%)  (5.4+0.3)x10* (9.3%)

T4 Total (5.8+0.8)x10° (4.7£0.1)x10° (8.1%) _ (L.1x0.1)x10° (1.9%)  (5.4+0.3)x10* (9.3%)

* S: suspended fraction and R: rhizosphere fraction.
® Percentage of the number of total culturable bacteria / the number of aromatic compound-degrading bacteria.

Table 3. Summary of bacterial population and rhizosphere effect in each test system at the end of degradation test

Rhizosphere effect ©
(The bacterial number in rhizosphere system/
the bacterial number in non-rhizosphere system)

Number of total culturable bacteria and
aromatic compound-degrading bacteria (CFU/flask)

Aromatic compound- R
Po Aromatic compound-

degrading bacteri
Total culturable bacteria ceracing bactena Total culturable bacteria degrading
(% of aromatic compound- bacteri
cteria

Test degrading bacteria)’

Phenol  T-1 Total 2.3x10" 1.4x10" (61.7%) 2.4° 2.0°
degradation S (8.7£1.2)x10° (4.440.9)<10° (50.5%)
R (1.420.1)x10" (9.6+1.1)x10° (68.6%)
T-2 Total (9.6+1.9)x10° (6.9:1.0x10° (71.9%)

T3 Total’ 4.1x10° 2.8x10° (51.2%) 14° 85°
S (2.2£0.2)x10° (1.320.1)x10% (59.1%)
R (1.9:0.2)x10° (1.5£0.1)x10° (78.9%)
T-4 Total (2.9:0.1)x107 (3.3x0.4)<10° (11 .4%)

Aniline  T-1 Total* 2.1x10" 4.3x10° (20.5%) 23¢ 49°
degradation S (9.0£1.1)x10° (1.6£0.1)x10° (17.8%)
R (1.2+0.1)<10" (2.7£0.1)x10° (22.5%)
T-2 Total (9.0+1.2)x10° (8.8+1.4)x10° (9.8%)

T-3 Total’ 3.2x10° 42x107 (13.1%) 15° 18°
S (1.8+0.1)x10° (2.0£0.2)%107 (11.1%)
R (1.4£0.1)x10° (2.220.2)2107 (15.7%)
T4 Total (2.120.2)x10’ (2.4:0.2)<10° (11.4%)

24-DCP  T-1 Total 6.8x10° 6.0x10° (5.7%) 1.2¢ 1.0
degradation S (5.6£0.7)x10° (8.8+0.9)x10° (1.6%)
R (6.2+0.1yx10° (5.9£0,2)x10° (9.4%)
T2 Total (5.6£0.2)x10° (5.8+0.8)x10° (10.4%)

T-3 Totaf’ 2.0x10° 1.8x107 (9.1%) 2° 55°
S (1.0£0.1)x10° (8.8+0.7)x10° (8.8%)
R (1.11.6)x10° (9.2+0.5)x10° (9.4%)
T4 Total (8.9£0.9yx10° (3.30,5)%10° (3.7%)

*S: suspended fraction and R: rhizosphere fraction.

® Percentage of the number of total culturable bacteria / the number of aromatic compound-degrading bacteria.

¢ Ratio of the number of bacteria in rhizosphere system (T-1 or T-3) / the number of bacteria in non-rhizosphere
system (T-2 or T-4).

4 Ratio of the number of bacteria in T-1 / T-2, which means rhizosphere effect on rhizobacteria and pond bacteria.

¢ Ratio of the number of bacteria in T-3 / T-4, which means rhizosphere effect on pond bacteria.
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Fig. 7. The degradation of phenol in the rhizosphere of P stratiotes in 1 day-cycle sequencing batch mode k
(HRT=1 day) during phenol acclimation mode (between days 1 and 21) and following phenol deacclimation
mode (between days 21 and 35). Error bars represent 95 % confidence intervals.
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