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HE. ARTARABGRERAELE T, REAFTRE F' s B M WAL R R AR K G Hh, BFIBHM
WA F B AR T AR T AR A Fe e AR A RAAM . MET ARSNRE(FS DR FRES A A 0,500,
1000 mg/kg #feiF K P R R E S A4 0,5,10,50,100 mg/L 9B EARA LRI AL, ERAABHLIEIT 6
Jo . SMEBRBTF R ALKk G., TRE. RAKESE, ABAR R, W EF SR ERBESBHGRKE. 4
REW . BRHEDIBREALBEOBRZART F RERERFTRKP REZREGERYw, SPREREREHT
10 mg/L &, A EM Fe' RBRAR MIALBKSASLE, 5 PREBRAERKT 50 mg/L 0, M Fe'
RBRFEGI @B KRB E R EE AR IR Fe  mAERF R PREZRAEAX, SER PSR
Fe' " B, PR Z R B3 X A 475 16t AR AR RSB0 7 ik, B B BRARSR B xE AR G0 IR Ak s AR AR 5 fEvh bk
EHRBEKRZTEZFZFEMXG=0.713"", p<<0.0D), 5HrtA KR LI s AR KT LRSI T LALA R
FEARRM, X ZMS A A 0.3867 7, 0.4767 . AP KW £ 8 A IR ALY L oT A KL F AL G BT e R AR R,
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** on the formation of root surface iron

Abstract: To explore the effects of different concentrations of Fe
plaque and phosphorus absorption of wetland plants under different phosphorus concentration treatments,
and reveal the role of root surface iron film of wetland plants in purifying phosphorus polluted water
bodies, based on a constructed wetland model system, this study systematically investigated the influence
of iron plaque on phosphorus uptake and accumulation in a typical wetland plant Pilea cadierei.
P. cadierei plants were treated with Fe’" and P at a loading rate of 0, 500 and 1, 000 mg/kg soil, and 0,
5, 10, 50 and 100 mg/L, respectively in a simulated vertical flow wetland system. The plant height, dry
mass, content of iron plaque on root surface, and the concentrations of phosphorus in the roots, shoots
and iron plaque on the root surface were analyzed after six weeks of continuous operation. The results
show that the formation of iron plaque on the root surface of wetland plants in the constructed wetland sys-
tem was affected by both the content of iron in the substrate and the concentration of phosphorus in the
waste water. When P was less than or equal to 10 mg/L, the amount of iron plaque decreased first and

" concentration. When P was greater than or equal to 50 mg/L, the

then increased with the increase of Fe
amount of iron plaque increased with the increase of Fe’” concentration. The adsorption capacity of iron
plaque on phosphorus was related to the content of exogenous iron in the substrate and the concentration of
phosphorus in wastewater. When there was no exogenous iron in the substrate, the increase in phosphorus
concentration would inhibit the formation of iron plaque on the root surface of P. cadierei, and reduce the
adsorption capacity of iron plaque on phosphorus. When exogenous iron was added to the system and the
phosphorus concentration was greater than or equal to 50 mg/L., the phosphorus adsorption capacity of the
root surface iron plaque increased with the increase of iron concentration. The root surface iron plaque was
significantly positively correlated with the plant height growth of P. cadierei (r=0.713"", p<<0.01),
and significantly positively correlated with the absorption of phosphorus by aboveground of the plant and
iron plaque, with correlation coefficients of 0. 386" " and 0.476" ", respectively. Our research shows that
when using wetland plants such as P. cadierei to purify high phosphorus polluted water bodies, the ap-
propriate addition of exogenous Fe’" is beneficial for the formation of root surface iron plaque and the
growth of P. cadierei. It also promotes the absorption of phosphorus by the aboveground parts of
P. cadierei, achieving the function of transferring phosphorus from wastewater. This is of great signifi-
cance for the phytoremediation of phosphorus polluted water bodies.

Key words: iron; phosphorus; iron plaque; Pilea cadierei ; phosphorus absorption; eutrophication
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Prx s K R R Y 2 R CRE SO RS R, 8 AR R L A v S K 2 BR AR B AT

R 24 2 A AR R AT B R S5 SR . B AR TR A ) b 5 A AE R N M A 38 NV K PR BRI 7 A Y
— BB AR kM A R R R 00 R R B A O T A B S B A BRI R
VR A ) AR T B I AR R AR A 2 R A SE R AR, R — R R A, ELA R RR A R AR R
] L3 g AR (6] 7 20 398 rh 45 Rl A AT B LR B AR A Ak SR AR L X e — s
BH L BHES T W RV P A0 Y8 A 0 B 1 4 R 25 35 e A 0 A PR 0 5

T b A P AR SRR XA ) 55 4 . BRI R MBS Rc R W E £ 5 W 31T T REF5R, [
HAEHIBUH AN B8, X5 T AR R BRI 5 3 J2 30 1l ik 2 {2 3 T P, Cu, Zn, Pb, Cd, As. Ni 45 70 3 #Y W i iz
i, BRTDIR— A4 B R RTE L SCBR L5 T4 & BUAZ A 4y v A AR 2 B S A i 5 AR R R b 1 3R
S 5 E A OGSOk 16 138 2o BY A0 A B 5 LA SE I R, TR Ak R AR T R AR X PRI s SOk
[17 138 3 AF 5 5 bV AP R AR 2 50 5 ) W IS R 4 D 1) 6 R R AR R BRI S5 A IR P9 19 Cd, P, As 52
BERMEER, XTRELB TR LK LT RN, WAER WS, SOk 18T & 3,
R 2 7 A K MBS 1 KT SS RAR R R ) A e R TR R 2~ 3 % 5 T SCERC 19 & B, SEN A (Typha
latifolia )W 215 1 5 FOAR SRBRAR i 52 o 38 1A HH G

PR AN, AN Ak 5 X AR 2 4k M5 A T R 0 R WL L 32 i 0 5 o DL AR ST, ARBIE ST LR MR A
e K AL (Pilea cadierei) RWFFEXT G, R AL A TR RS, W58 T ANE P&k B KSR 4k
VR X A V8 IR AEAR 4K B8 B R ) o ifE— 25 A0 BT T AR R 5 AR 8 KA AR KR B MR R L Hb B A3
W R W 56 28, 5 70 T4 W AR 2 48k 0T 088 b i 90 A6 ¥ K A6 78 5 15 A A B b BV T X A2 TS e K MR A
Wie 2 A5 B L.

1 #R57EE
1.1 REHR &t
1.1 AR A4

I K AL IR BHA K AL B Z AR A A, T BRI . 5 T8 09, XA deam & e fe ™. AR 56 B
FHIRRE W ST 00 1148 e 22 T R %A i a7, X i T B 1 d A R ZKORE ) [ Y 46 i % 7K A AR b ok T
W, ARG HZEMKWE e, AT 10 min JERREEFT &R, W& RS, IR EREIDE AR & . # R &840 %)
TR IRERBE L I
1.1.2 XBEEELRAEAR

RO B N TR IR IO 768 14 ey B4R 20 ey N ELAR 16 em B9 SR b 04T . A IS 3 A %
KA. I TN T B AR 3 em JE(Z9 0.5 k) BRAJE (HAAZ 0.5~1.2 e) M 7 em JE(Z 1.5 kg) 1
WS HEGIRAR. BRA SR AL HE R, LS E 1, BOA IR KSR X, +
BEFEARTRAME R L 1. WS+ 2 mm )R 2 1 1 W HCERR A, AR R AR 7 AR Ko B A FE 2 Y
Fo N, BT 5 A 0.3 g il BERRES . 0.4 g JREAN 0.3 g FEALFIIR S,

F1 MR tEIEEABER

pH FH B 2 e i/ HHL/ R/ W/ R/ AR/ S5 Hh
K:t=2.5:1 (cmol » kg™ ") (g kg H (g+kg ") (g+kg D (mg+» kg ") (mg +» kg™ ") B3l
5.78 26. 40 42.3 2.62 0. 959 10. 543 5. 71 Wi+

1.1.3  XEHAE I
I TE P AR KRB oGRS SR 2 h i 7, RS AR N 25 °C, W FIREE N 20 °C, SLH
AF R AR 14 hy B b 10 by SEREREE R 200~230 pmol/(m* « s), MEEFSHIFE 70 %.
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1.1.4 B A BT K5 9 Rk B

B P i5oK . UL KH, PO, A ECE P & #5354 0,5,10,50,100 mg/L WAL P i5K, 235
K Py P, Py Py Py

SN (Fe? )« ¥ HIVERL VD 1430 3 4, IMA — @ Fiit 1) FeSO, « 7TH, O W&, FIMRA, 55T
YA p Fe™ BB W E > 518 0,500,1 000 mg/kg, 435130 K Fe, s Fesoo » Fey o
1.1.5 &%t

F B —BUG AL KL A3 IR T 3 A Fe® ' oo e B B o A 3R g0 A oy o AR 8 ik, 40 I B o 4k 24
N 40 g FRRTE EORAKTRE 15 d 5, 4391 0,5,10,50,100 mg/L 5 4> P i vk B B B2 (L4 P 35 7K
FrAbFE, ARRALER B 7 dCRIK IS BB LA 7 d 3. & TR R P IS5 KA R N 0.8 L, R4
KGR 0.04 m®/(m® « ). AIKIGIEFESE 6 8, X0 109 8] 0 0 TR N 28 K kb FE AR K L 2RI AR TR Y K
gy DARFRFR AR oK AL

Rt 15 ML FE . Fe, P, . Fe, P, ,Fe, Py, . Fe,Psy s FeyProy s Fesoo Py s Fesoo Ps s Fes Pro s Fesoo Piy s Fesoo Py s
Fe 000 Po s Fey oo Py s Fey oo Pro s Fey oo Pog s Fey oo Proo » BEANAEIRE S 4 k. [F] B3 & JCAE 9 1) 28 5 B A 400N T2
MEHL R G0, BRICTE PR A 41 . LA b ¥ 0 v S5 R 20 N T30 b 3R e A T
1.2 iEHRZE
1.2.1 HHAKZTHMNLT

IS ZE S W8 R R s TR R AR O T A SR Pk T, KT AR B, BCRR B 1/2
P I A AR R AL IR, A TR R SR E3 4T 105 C FARE 30 min, HT 65 C FHT
FAEE AR, TC SRR R R A T
1.2.2 AR BACH L F B B AR W 6

SR I =0 B IR 4 R B TR 4 B 152 440 (dithionite-citrate-bicarbonate, DCB) i BUAR & gk it , H.
PR WK S A AR 2R 25 B /K oh e T3 S5 A 250 mL (LA YRDI . A 0. 3 mol/L AP BR
1 (Na,C;H;O; » 2H,0)40 mL., 1 mol/L BB S (NaHCO;)5 mL & 5 g i ~ WAL R (Na,S,0,) . 24
BRI, SRIG7E 25 °C, 280 r/min MYFEIR IR 3 h, WL IEE 100 mL AR AP E 4. BUB AR TE
70 CHEA LT, BRF B, H KR T 5 6T (novAA300 Analytik Jena AG) I RE $ B g8k,
SR YT 0k (7228 ISR S0 BE T T 52 $ O Hh i

R 3R F DCB 48 BUR 2% & 1 5 DCB $2 BUS MR i i 2 b, AR 3 Bk I al W B i 2 DCB 2
BOg & 5 DCB EBUS AR TREZ Y, 0k o/ kg T HE, 5N g/ke.
1.2.3 MHARMR R A L35 a4 e E

L) B8 WA O 2 7 AL ) DT b, 2R 456 v o T Al 3R R B IR ) 1 AV ) I AR AR R LT
FRAF ) AR 22 LM BSR40 A R . 3 0. 25 mm i, RA H,SO,—H, O, & —BUHE Lk (7228 Al
GO BE T W00 2 R AR R B 3 A i
1.3 HEXESSH

JIT A5 Bt % SPSS, Excel il Origin & 84 #EAT G0t 40 . B 0y 39 (8 hn 8 22 20 1) 508
AT Z 0 s/ N2 EE(LSD) T2 EHE, % p<<0.05 BRERFEF, x x p<<0.01 LR
e

2 HRE5H
2.1 RE P RERETSMNEZEI M4 7k 1545 5 5% B T A 0 2%
R B TR K 012 K T B K b B 4% T B R 00 3 7 4 A B 4 R L 3 e 9 K A
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U, KRR PR R TR Fe' AL Bk i S SRR . R, 10t K g b R B Y TE
WA RA A . ORISR © LD —E MM Fe £ RIRBEL 7 d h— A4
K RS — B THCRE. BEA MRS E 2l AR R AR, Fe kA T 18

K5 Fe'
ML T, LA T M R G5 3 T A U N a

Fe {5 kv FEE X A6 I 7K A A 25 Bk B TE 1 LA g

BEWIA. SR P xR R BIE A 5 P 20} a

BURVBEA S 4 PRI 10 me/LiE, 2 b

AR RE Fe' TR ER N2 TR T e

e, FFFAMNE Fe' 8 500 me/ke I, 4R 76 2k I ﬂl%a X ) .

E AT R Fet" AT 1 000 mg/kg Fe' 4 % ol a b

B 45 S s T4 PG E R AR F 50 mg/L W, ¢ ? q ¢

Ak T B e R ik i BE G B T 6 L 04f b

HETEP B EWE N 100 mg/L B, X Fh725 4k 0

Y BLA I o U1 L. 56 0 E 6 O Rt vl FE T AL TR I

. e , \ BAEIREE /(me 1)
RS h, ANE Fe' Be A R AR 0E 48 A K B AR
. Lo o . INEFHRRIRF— PKFET. Fe AbBRH Ay 2 5 B 3. p<<0.05.
REYPMRBIE . eab, HK % P&k X E

Al
s e BT R R I 1 2
I K A 22 B 0 B 5 9 R Fe 1 R PR ERE A
REWRER X, ITER M Fe' i, M £ 42k 1 8 p TS 7k 6 4R 3 S IS T B B0 22

A PJST I e L 0 Y W RE AR A2 S Bt
500 mg/kg 11 000 mg/kg WF, A2 F BN P B R B9 3 R B BURR BT 3. 1 2 4k E A O Bk
5 B 175 AR R O B T A A B R B, X kB 1 B o 5 B P Rk T R A O
M Fe' B i BERARIT L P T v R R R 2 IR AR R BRI P B (AN — g i Fe' TR . P BT ik
P8 38 A 400 o) AR 3 BB A B, TR R B BEAE . A R B, B R AL B R (Fey 000 Prog) A
MV K B R BRI B ek, h 2. 22 g/ke.
2.2 AEPRERETIHINE Fe' ITIEM Sk E KRR

M 2 TR, S TEA MR Fe' MR TR R G, SR BT K P i5 K Frgeab B 42 d
J5 o P BV KT o AL B R i O R DR R A BT B 2 B AT W R T Fe® X b
73 B TG 2 R

M 2 AT B TR L BT R A SNR Fe® ' I, AEH R K AL BR 1 K L AR R R b
TR RS K PSR B A AR AL AN B i B BRI 500 mg/kg Fil 1 000 mg/kg SME Fe I, 8
IV K AR PR o 30 BB | AR AR S 9 R A B OR AR 4 Hh BT i A Ak (P SR VR B AN T 50 mg /L) Ui
TEREBTFINA —E 5 Fe' ' J5 i B Wk B B 5 AOF A AL i v K A A, ROl B2 SEAE T, X 5 4 4h
P Fe AT . BRI AE 18 K AR AR F M 1T LS5 16 — B0, U AR 2 I8 5 1 40 A K PT RR A7 7E — 2 A
etk AKX I, ALV K A M AR A3 T A e K AR AR Fegoo Pry ARBRR . UEWI SRR Fe’ ™ 5T it Ik
Hid 500 mg/keg, P ALBEETE R BT 50 me/L W aTE AR LR AR AR, X T RE RN OB RE A
JERRERR I £ BT U0 F . MR R AT L o A W 3 Wi A W, FER A T E SZ KO R e AR PR B R
Prfv B o . Bl B R OOR] T AR T A AR R EANSR P SR R, R 23 R O TR IR OBOK o3 T
e MR WYk S
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K2 AEABKERABEMNEXS LIS KIEEKHN G
Fe’ JoT it ik B / P gk i/ TR T 1 A/ i o 4 K A AR T B My E T B/
(mg * kg™ H) (mg+ L™ cm g g g
fub 2 1.5040.13 3.5040.21
0 0 1.90£0. 21d 2.4940. 26¢ 1.9240. 16bc 4.1240. 19¢
B 3.527£0.02a 2.497+0.19c¢ 2.13£0.52b 3.90£0. 66d
10 2.3940. 13c 5.627+0.01b 2.36+0. 45ab 4.23740. 49bc
50 2.42740.05bc 7.5140.01a 1.89+£0. 05¢ 5.02%+0.08a
100 2.5840.25b 7.16£0. 06ab 2.5940. 26a 4.5040.01b
500 0 1.2940.13d 2.9940. 28¢ 2.18=+0. 40b 3.43£0.54d
5 1.46+0. 05d 2.93740. 04c 2.62740. 32a 3.9540. 36¢
10 1.80+£0. 11c 1. 344£0.19d 1. 60£0. 44c 4.2740.86b
50 2.30%0. 14b 4.5240.08a 1.46+0. 03¢ 5.2740. 86a
100 3.337£0. 28a 4.2340.12b 2.6740. 14a 4.1040. 04c
1 000 0 0.6970. 06e 3.96+1.38¢c 2.18=+0. 16¢ 4.39740. 38bc
5 1.18+0. 04d 3.16£1. 44d 2.66=+0.33b 3.9240. 39¢
10 2.92+£0. 23c 5.96+1.23b 2.327%0. 20bc 4.52740.50b
50 3.752+0.00b 14.74+1.51a 2.59740. 26b 5.10%£0.13a
100 4.4640.12a 12.124+0. 28a 3.097+0. 06a 5.05%£0. 45a
XR R TIT 245017
P »<C0. 001 »<20. 001 »=0.003 »=0.004
Fe $»<20. 001 <20, 001 »=0.003 NS
PX Fe »<20. 001 »<C0. 001 NS(p=0.063) NS

T R B EE AR HERE (X £ SD) , RRVNG FHRR AR PR IREZE S, p<<0. 05.
2.3 MRGBEESHEHRKIEERKKTHEXES W

M%Bﬂ%m,m%%ﬁiﬁéﬁﬁ%ﬁ%ﬁﬁimm%%ﬁ%a?B“,%ﬁ%ﬁﬁ%@<0mﬁ
EE5EFEHKLE. RETHRE. ﬂi%?ﬁ;%ﬁ%%ﬁﬁﬂﬁo4%o4wﬂm2% LB o

K.
BRREAT R T AR ) M b3 i X AR R
FOFAE Yy N T

®3 MRYBPESHBBKE. HRSEKE

F WAL v K AE AR BRI A9 AT R T L ) AR A (EX T B AR B i A R, X
RSP AR, MY RARE

amlﬁﬁ%

Fr W W0 W B A S, XA L)

REFREMM RS TFRENEXES R

AR 2 e v 1 A i O 1Y K &R T o o b T
AR 2 2k 1 0.713 0.423 0. 482 0. 263
e e 1 K 1 0. 669 0. 386 0. 482
i J5 Sk 1K 1 0. 490 0.701""
AR T pia 1 —0. 085
b b AR5 T T 1

TE: * * RRTE 0. 01 KF CBUR) AH KM 2 35
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2.4 AR PRERETIHNE Ft xS kBRI E AT
2.4.1 AFE PRBRETINR Fe' 230 vt AR IR £ B b 136 5 BB Z 09 %R

Hi 2 AT, 95K PR E N 0,100 mg/L B, AMJR Fe? ™ 5t & ¥k B K S %) 78 i v K FE AR 2 B
M O B AR R, TR B2 I JC W 35 25 595 205K PR B MR EE N 5.10.50 mg/L B, SMJ Fe'"
Xt AR R B W AT A R 22 5 B . M TT UL, PSRRI B =, R P i SR Fet X R
MR B W A . 3 MR Fe® AR BE KT R . 4B T K AE AR FR X B 7 B B 2R 4 43
F(5.114+0.12) g/kg, (5.42+0.11) g/kg, (5.304+0.15) g/kg, = H L F AR ZE, SN MA
XEAEM B K AER RBE M B A K, HIEH TR AR P %5 + 5 P i &/ 82 i B3 0
MO, 5 H b T AR PR B B

sk [ Fe, Fe, a
—_ F6500 A\ F6500
T&.D7' -Felooo add ~ St -F“moa a p b .
2 6 a a B &.D NP 0
g N b ~ N r =
'|'|'K‘ 5 =1 c [Illlﬂﬂ bab d _g‘_ T
B[ ¢ [ = 3]
41 4 be P B
i . %
ST i
B 2 2
i 1t
+e

0 §\ N\ k 0

PO P5 PIO PIOO PO P5 PIO P50 PIOO
B IEIRE/(mg- L) B EIRE/(mg- LY
a. i EFR b. Hh &S

RENG TR R Fed K 2% 5.
B2 R4 KIEM . T E SRR R
M5K PR ERE R 0 mg/L B, AN Fe® " i ik vk J5 /K 7% 46 18 K A6 by 358 43 B WIS 1Y 5% i TE
MEZES Mi5K P REWE N 5,10,50 F1 100 mg/L I, AME Fe* ™ & 1k B K 548 M8 K A6 b |35
OIWEW R 22 S B . 7R PR AR T 50 mg/L B, FE I K A6 b B I i Rl Fet i i
e ORI T N e = 7= o e Rl = 0 < S S P N/ Q] IR T R L = K 7 L s o O L G I
HMIG Fe® ' Tt vk BE KT o AE A K AR Hl [ 43 6 Bl 9 7 B B R A4 ) Ol (3. 58 £0. 07) g/kg, (4. 19+
0.06) g/kg, (4.47£0.05) g/kg, =# 25 B F ., BLHIEA I AR IEM 2 KAEH o i B R A W
R
MWE 2 BT & . AL P KT, A Fe® ' [ it vk 6 76 18 K A6 AR 22 R i 350 2 B Wi i G I 35
Wi, fE P IREHRIE N 5,10 mg/L B, FEFRAFIIA 500 mg/kg Fe' n] i & 48 15 46 - ¥8 K A6 AR 28 F0 L | 3643
Wi, 7E P FRERE R 50 mg/L B, ZEFRHAIA 1000 mg/kg Fe* " Al i £ ¥4 K AEHE 2 At | 350 40 W
R T K B i R TR B Y K AR X B A W B S P R VR B MR T P o' AR A 6, X O R A
KA KT B Wl 15 K (0 e AL ROR SR A T Rl S
2.4.2 AR PRERAT SR Tt b A FEAR KK BEIRR ) Y
Kl 3 %m;® 0,5,10,50,100 mg/L 5 A~ P Wk AL I T, 3 AN Fe® ' o it e B 4 48 it 1% K
A AR 3R Bk Rl R B S S e . E TR 3 R, YRS ORI A Fe® T, AR 3R Bk R R B R B S K PO A
Ve BE (1 3 T BEAR . BEWIAE Fe® T BARET . PO A 23 0 ) AR PR AR R K RO B 0 WG B, X 5 IR Fe® T T
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WRET PO AR R BB R R A — or —
Fe
otk BIEEFE AP A 500 mg/kg Fe* " i, R FE Al geﬁw

Bk R R o R BE PO VR B Y 3 2 2 R IR T
ThEmtas; fFEiA 1000 mg/kg Fe' i, 3%
7R N i = O ) T B N €
Feygoo Proo ALFRF o AR 3R 4 FRE Wl W BFF o 5K 3] 0% K
. K 4.40 g/kg

E 3BT E . 78 PR R K P B (4
R 0,5,10 mg/LOHF, Fe, o AbH T AR KB
W [ 2 GG I F Fe, Ml Fegoo s T AE &5 PG IR 0
T B 50,100 mg/L) I, AR 3R Bk 5wl 0 B
R FEAR R A Fey oo » Fesoo s Fep. XU Fe'' X
R 2 R 158 W Rt 1 52 i BB e T BR B R PO BT A
WRE, MAEMBE AT, Fe™ ByhmA 24 i AR 26 2k
I T B ) K% R T AE R KT . Fe® R A AT AR 2 Ak R i %) 1% A
2.5 IRFRHKIRESEM IS KBRS R K S

MR RN B E L W TE AR R AR TP iy — 2 ALY eI . BAT 5 Bk Ak W A RL i e Al 2 v B, X -
Serb JLSC B B By 7 HA W AR TEAR KL E b2 35 FE W0 37 73 ST R M. VR 2P sE R U], MR BRI
TE AR 4 X I B B AL 524, T AAE A 5 b 3R 4 B 2 i A i
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