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Characteristics of growth and radial oxygen loss of eight wetland plants
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Abstract. Plant is the core component of constructed wetland. Selecting the superior varieties of wetland plants would make full
use of their functions in constructed wetland, and then improve the efficiency of sewage water treatment. To investigate the growth
characteristics and radial oxygen loss( ROL) from roots of wetland plants under extreme condition, 8 species of wetland plants
which were cultured with synthetic water under anaerobic condition were collected for comparison. 8 wetland plants could divided
into two groups, fibril-root plant ( Typha orientalisl, Canna indica, Juncus effusus, Cyperus papyrus) and rhizomatic-root plant
(Acorus calamus, Thalia dealbata, Arundo donax, Iris pseudacorus). The eco-physiological characteristics, such as biomass, rela-
tive growth rate( RGR) root length, root porosity, root ROL were compared. Results showed that 8 kinds of wetland plants all grown
well under anaerobic conditions. Fibril-root plants had greater biomass, higher RGR and ROL than rhizomatic-root plant. Under the
same illumination, Juncus effuses had the maximum ROL which reached 192. 62 pmol 0,/(d - g (DW,,,) ), while Iris pseuda-
corus had the minimum, which was only 68.81 wmol 0,/(d - g (DW ) ). The ranking order of ROL of the 8 species wetland
plants was: Juncus effuses > Cyperus papyrus > Typha orientalis > Canna indica > Acorus calamus > Thalia dealbata > Arundo
donax > Iris pseudacorus. ANOVA analysis indicated that Rate of ROL was positively correlated with root porosity. The ROL was
positively correlated with both of RGR and biomass, while negatively related to root/shoot ratio.

Keywords: Wetland plants; fibril root system; rhizomatic root system; anaerobic condition;growth conditions; radial oxygen loss
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A ARIBAT B AR A BT A SO R A, R DR Ak BRI T AR 35 35 K BT Ll B K R R BRI K 45,
O RS oA i I M AR R B B A R S, T LA 2o e B WSO T K e s R S
BT WBR F SR R S —2E A R A R, A B SR B .

N T ) B AT K 2, S B0l - 39 S A it H S R A1, 38 S ) o AR SR e T 2 X AL 7 1
FAEA], PER A YK R AR A RE g Rk BRE R KR U R B SRR PR,
WAL AL BIE B AR ST NS TR 5K Ak RE 1 RS 0 A F T A B A BT
L L) 0 5, b AR 1 T 7 R AR R

N [ AR £ PR A 2 A T AR A ) 2 FOIR 0 B B2 6 AR ) 0 b 2 R BB 4R g , X LA
BN TR A T5 K BORIOR 22 5 35 HAD , RHE MR AR TT MR R IR I W82 Bl T A
TR A TR AR, FLAT AR 2 76 A T A v IR S AR 1 0 S SR S AR R L
I, FFE M R A IR AR AT B0 A BAR B RIS S RE T %) 8 5 N TR AR S TR A B Ao S 2 5 3 ot
S, A HYRIT S B th A 555 D BU LA b, AR EA — 5 RO AR, (E W b A1 D T A Rl A2
SEBR N TR AT K. PRI AR WFTE S5 1 pl M DX 26 1, B A A0 TG 8 R AR MR A ), R JH s
KB B TR b B R R , 5 A R AR ) 1) 2B R 0 B b S RE 0 4 22 57, DBl 3R e A
i AT R B AR ) , X E— AP 4R e ZR ST 15 K B RE T A S B i A0 (.

1 MRS FHE

1.1 B
SEHGE T 8 A L AN A 4 A AR ) < 4350 Ry i (Acorus calamus ) i ( Typha oriensalis) (573
#.( Thalia dealbata) i ( Arundo donax) 4%P535 ( Cyperus papyrus) KT ts 35 ( Juncus effusus) 58 N £ ( Canna
indica) FVE# ESHE (Iris pseudacorus) , BT BeAE Y HCHE SCRR[9-10 ] T 23 S AR ZE A (&5 (T 4L AT ATET B )
HZFARAL (B 38 N AT MRS ) | Fr it ) 5 B BUOGA AR &R, B4 5 M5 ey Y B B 1
i 32 66 77 A2 BRBE T, AP 4 e B B T M AL T ] S 1
1.2 LW RGENHEMNIET
L2, 1 A9 AEY L BG  Jek HAR R 2 B K e T, FSY J1/NO BT S8R SR R AR
TR T, R 1 h B 1 R, AR 30 min, BRRC 2 d. BEJR RS AT 172 WEZ Y Hoagland 35 3589 b 3%
Fe 1 R RS T B
1.2.2 S8 dit TR TR M BIK 2544 T 1 B3R 858, SR T 20 L iy B 4 JDRL B FR 40 (1 x 9 x (&
40 cm x25 cm x 30 em) , IMA 1/2 ¥ BE 1) Hoagland 35323 16 L, ¥ 52T N, WOBE, 6 H 7 i SOk BEAR T
0.9 mg/L, SRJ5#% 0. 1% (W/V) iy BN A SRS . I BBE BB L 76 W X 332 3, REASS DL /K 498 v
AR AE A, B O, i/ | 2 4
PEIEA R4 KNSRI DT (BR 2 20 em) |, BEAR B IEFR40 (5540 i BRHS A4 43 i 4 42
SERIXE ) H, I DAL 6 I TR [ 5 T (R A PR 55 T ) 5 B TRHA A A X 3 A AR 1 AR
Wy, EAEY) 4 A TAT. B SR AR LR T IOR IR E D, B IR EERIFE I K (7:00— 19:00) 24 25 £1°C, %
Wk 18 + 1°C. fg R B 1 TCAAUIUIRE TR, S0 S5 01 30 d. SERR 45 05 , il s P A I R AR G TF
TESSCAHMTN iyt 2 a s, e RAZEnt iy T .
1.3 REDEE () WNE
T A A AR S ) 0 e SR AT BRI B L e U S N33 T 3 e A TR A Wk 5 WO B s e it e
SR A5 T 2 AT AR BR AR B I, 40 i LA A B A S i, R R 0 400 R 1 4 i B 2 7 T S R AR AR
.
ROL=c(y-z2) (1)
Ryo=c(y-2)/g (2)

X, ROL Syl (pmol 0,/ (B + d)) , Ryo A (pumol 0,/(d + g (DW,,))) ¢ FMARE A
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FHERREK IR AR TR (L) ,y XS BREHAT ISR SRV MR VR 2 (mol/ L) 2 ST AE ) 6 h JE AT RR BRI WY
W (pmol/L) , g i T M AR R T (g) -
1.4 RFLBERNE
52 AR S R R ) e K20 0.6 ~ 0. 8 g AR, DI 50 mm (4 /NBE, 1) A E TR 00 5 SR AR AL
B RO AR K T s ), AT S B . AR FLBREE (POR) T AR
POR(%) = (my gy cscsmorg ~ M sn) 7 L (Mg + Mg ) — Myggpg o apge ] X 100 (3)
A, mg HEEAR N E R (), myg g 0K L BRI T (), e o e €K I L B IR0 8 AR 174 o
(8) 1y o e BRI L H I 28 5 (A B AR I B ()
1.5 T iE Y E M ERNE
FEIEEHIG , I 5 8 T, ST V1A ) i AR 5 25 M B8 43 43 JF, 43 016 AT o 04 20 B2 AR A5
B MEFARIC, IFAE S5 CAAF TN KA P = A0 H R R T L KSR 22 0. 01 g
1.6 iBHEMEXN ERKEZNNE
TE LB R A ) A R AR o TR A B 10 KN 2 35 e 2 06 45 R A ] Lk, o 1 e o MR
AR/ ISR PR E S ARG 46 B3 (RGR  d ™) Sy U4 A B IR
RGR = (InW, —InW,)/t (4)

S, W s 1 U E I RE Y T8 (), Wo o3 2 YR B AT T 2 () e oy 2 W 1 st ] ] B
1.7 HT\IHES S

& FAAKAE SPSS 18.0 il Microsoft Excel 2010 $HF- 3 {E FIbR E 2% , Jf-F Origin 8. 5 B4 i 1d . SR
One-Way ANOVA Fl LSD ;5 (WU ) #EA T8 FL 4 1 25 50 b Je 2% Sk 43 #t

2 EREHH

2.1 iR HAEH A RO

IRAEUKERZ50F T 8 PR b A W8 B R A 1, v, Z00AR LR ) B i L 36 A48 AT N RER ARV it 4
MIREFR R R A, A RIS (R 1), bR S E Y i A 3] 1,91 2,10 1. 17 1. 23 g; MiARZERIAE YY)
FEITA6 T A AR R SR R AR R L LU AR RO R A, A kA B A R 1,09
0.91.0.66.0.67 g.4 F 25 A UK ) 119 5 A= ) 5 F- 35 35 5 1. 60 g, 7 4 FhAR ZE AV P 00 6 AR ) 7 38R
0.83 g, IR AW E/EYRERBE(P=0.024).

1 PR Y S AR ZE R A ) A A AR DL AR ZR R LA B AR 0 S B A S

Tab. 1 Growth, characteristic of root, and ROL Ry, of wetland plants with fibril root and rhizomatic root system

- A RAFIE R R
Ko MR wkmmy SobEwi WAENE/  RGR/ BrmKs AL - (pmol 0,/ (pwmol 0,/
‘ g g g a-! em % BEEIE (p - a)) (4 (DW,,0))

MR & 1.9120.13 1.67£0.15 0.24+0.02 0.03420.005 16.50+1.58 25.49%2.24 0.13£0.03 31.03+4.94 124.82+26.97
ENFE 2.10£0.37 1.880.22 0.22£0.07 0.035+0.002 22.00+1.78 22.43+1.64 0.12£0.03 26.49+1.71 120.54£1.52
ST 1,17 £0.14 0.9 +0.18 0.18£0.05 0.027 £0.004 24.00£2.27 32.49 £3.46 0.14 0.02 20.13£3.13 177.87 £10.02
AEFE 1.23£0.10 1.10£0.01 0.1320  0.024 £0.004 17.00£2.27 28.92+3.78 0.17+0.03 18.12£3.26 150.07 +15.65
HIH 1.60£0.47 1.41£0.43 0.1920.05 0.030£0.005 19.86+3.71 27.33+4.34 0.14+0.02 23.95+5.92 143.33 £26.46

FRZER FAE 1.09£0.19 0.89+0.18 0.19+0.06 0.023+0.002 12.00+1.68 17.42+1.11 0.21+0.01 13.85+7.70 99.82+15.50
FHEW 0.91£0.13 0.75+0.12 0.160.02 0.02£0.007 10.00£2.97 13.66+6.04 0.24+0.01 10.85+3.41 68.81 6.14
B 0.6620.17 0.58+0.16 0.08+0.01 0.020+0.004 20.00+1.58 19.53%3.78 0.16£0.01 9.66+2.25 117.46 +17.35
AT 0.6720.16 0.59£0.27 0.08+0.02 0.01420.005 14.50+1.80 21.93£0.67 0.21£0.03 5.3121.26 84.13+5.99
S 0.83£0.20%0.70 £0.06* 0.13 £0.06 0.020 £0.004 * 14.38 +4.39  18.14£4.39* 0.21 £0.03* 9.92 +3.55** 92.56 +20.87 *

* FREFBE,P<0.05, #x FIREFWEE, P<0.0L.
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WAL RGR KT , BURBIAEY) A3 JE R KT BRI B AE 4 J8 0935 35 K A e, HL RGR 435
%% 0.034,0.035.,0.027.,0.024 d . MHRZER R AL BEET BT AT FERS 758 b A KOBVA B F 2R
AU M8, H RGR L4314 0. 023 .0.022 0. 020 0. 014 d ' 4 Fp4MR AR 9 RGR SE-35935%5) 0. 030 d ™', 1
4 FRZERREMIRY RGR -39 0.020 d ', FiAR R4 RGR 225+ .3 (P =0.022).

16 4 JE g8 P AR RAERAE AR, E NEMBEH IR AR PR R LR, 2 AET KER
FEAR AT S B ARG B R TR E DB AR A MR, BB B A AT R 3 R A TR IR R R
K HA BRI EAET X P B S HI R BE ) 0245 06, VA L AR A Y AR R EBARZERUEY AR R K
AR/ INRI A > AR > FEAE > KI5 > 3 B > 4RI L > Bl ~ =77, ZAR B A S pRAR R
HEIAE IR 0.19 o ARZERIEY) AR R A& 0. 13 o A T 22 R A 3 (P =0.132).

2.2 iR AE Y RIIR REFAE

8 T M AR ) A DR SRR B S A T A SR AR A A AN A ], 250 AR TR A 49 1) e R AR A 87 i 5 4, e, 6 N8
T B P B AR K B, 23 A 5] 22..00 F1 24, 00 em , HyCR AR P5 B, T 75 3 (14 B KAR K 5%, #16. 50 cm
(). MRZEAREY) PR T BT MR KR K H7 20. 00 cm 41, HE 3 Fig R4 09 5 KA K B/ TF 15 em,
SRS, R B B B AR LU AR ZE RIAE 4K, 8 FhAE ) A i KRS K/NHEIF ST 3 > 2 AN >
T > RV E > B > T > FETE > BEH . 4 PR AR BB Y 0T R RAR K R 19. 86 cm , ARZERIAE Y 1) -
P RAR Ky 14.38 em 2 Fp2R AP I KRR K Z A2 R A B8 (P =0.104).

2 PRI AR H A ) (VLB =2 [0 114 25 53 5 fe KRS ], 200 R 260 18 b A 400 1 LB R - 3598 27.33% L A
ZEANTHAT ) ) T3 FLBR R 18, 14% |, P A (1) 25 R i35 (P =0.016) (3% 1) . 8 FivAei 4y v LB 2 e s 1) 2
KT IR 5 32.49% , HoE 3 2 AR 70 00 b AL 400 8 9 L 9 N R 0 B 0 L I RE A 43 )R B 25. 49%
22.43% F128.92% . AR ZE BOD AR Y FLBRE S R 54T, S 21.93% |, Hok oy il & B i (19.53% ) (F:
FIAE(17.42% ) FIE Bl (13.66% ).

AHE 3R AR 5 4 1 56 RORE, SL U6 AR ZE AL MR 9 RO AR AR i 5 b R4 A i Y ERAE
(0.21) ZAARTUAE Y AHRIAE (0. 14) (1 1.5 f%, & A 22 7 3 (P =0.020).

2.3 iRMEYHNRRIBERE (X)
8 i A W) ZEAHRDG IR AN, AR R I AR (3% & ASAHIRL. 4 FhZ50HR A0 i A 40 0 S 3R 1 - 2418y

MEEIMZEFEBE(P=0.024) (£ 1). DEHEEDIRRDELENRE, T FENER THRBEDEK
R T At AR 2R I S A e, TR, R 0 T A K 5 T AT P AR A R N, LI S R AR X AR
AR AW SR AR AR A5 SR A A AR A R R R/ IVHE R R B Bl > S8 NEE > AT > ARIF T >
FEII4E > BT > B > AT (R 1) JURBUE AR R T2 A & 23. 95 umol O,/ (#E - d) MR ZERUAH
YRR BTG E S 9. 92 pmol O,/ (B - d), 200

W R 2= RR B (P=0.007). sl y:f.226x70.7861 ) .
2.4 EMMREBESSERERNERE S | (OIS
8 FIILHE LA 930 L AL S i S 150
HIEAMLFR (P <0.01) (£2) 3wty 2
FLIRE SR A M 0 (1 1) s QT
SR LRI R R 2 I (2R 3 et £ roof
[EIE (P =0.001) AT DLl ok DR U7 AR S §
FUB Sk B AL (91 R 4R %y = 5. 2260 —
0. 861. sob v
WA, B ORI 5 A i B D
TEAE(P <0.01)  {F 15 K325 L 5 B 5 25 A G
(P <0.01) s M i B B I FL BRI 2 15 30 1 ALBRE S 3SR A O3 B

SR B TEARYE (P <0.05) s HIMI1Y RGR 547 Fig. 1 The correlation coefficient between POR and Ry,
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WAAE R EIEAMC (P <0.01) [HEHREE R RERAR(P <0.05) (£2).
2 AP RIS A& A T A SRR BUAR C R A

Tab. 2 The correlation coefficience between ROL and physiological parameters of wetland plants

Bty WA ZEhdds R RGR BRI ML RWAEE AR
BAYE  0.857*F 0.998 ** -0.728*  0.955** 0.323 0.306 0.316 0.944 **
A 0.821* -0.487 0.886 ** 0.083 0.168 0.239 0.863 **

ENUNLY/hy —-0.743*  0.944 " 0.347 0.318 0.319 0.935**
FRZ5 H -0.771* -0.825*  -0.631 -0.700  -0.791"*

RGR 0.393 0.325 0.427 0.968 **
R 0.719* 0.781*  0.399
HRFLIRE 0.915** 0.476
MRS 0.515

# FRFEFLE P <0.05, #x FRZEFWEE,P<0.01;0=32.

3 itit

ABFFE I 8 R HEY) , B KARVEAEAE 2 5 (B0 R S T IRE BLAFAE K, I 23K 100% . 1
AT 1 AR B S R BT b 2R S ) 230 MR MR 1) LA KRS, SR T 4L B A LA
Ab BRI 1 0 R ) Y A R T T A TN TR R G R . (H 8 AR MR 1)
PR 25 SR, b 36 NFE UM AE Ayt 2RI A RO T T R A5 TS e D, AL A T L R B
FE ARSI W A KRB RIR R & AR S IE RIS R 3 B IR Wi ok AR KR K i g
RPN T (35 7K B 23 18], A8 1) 0 0 ) 2 S 200 T 1 3 M T Ak 2 A 202 48 o LAk
15K AR . R, 7 e P AR I T 5532 P AR 2R B0 KRB, 76 N T M 2R e g e, T A
BEFI3E NZE.

K SRR T AT S AR R A A AR, B AT AR 2 B 7E 25 em B IXBR T T PR AR
(Ficus sp. ) IR A6 N T IBH0 P BB A ML T 20 em 2245 ™) B 55 ( Seirpus triqueter) 3 2 £ B AP AEA T
TR 12 ~15 em A2 AR D, SUR B ARSI 2 4 JE 0 R S 8E35 , TR B4 3
19.86 11 14. 38 cm, R HEHHIIIA R EZSMETE 25 om LYK, 7T LU A IR (5%

R 2R AR AL 1) — A T AR L 0 3o A S B A 25 3 0 e S PR 2, TE AR B X BB 4R
SHEVE IR SRR S0 A (R BRI, T LR R T80 A 4 ) s AR S 8 P P PR B0 047, DT AR 2R 0 2 . AR ¢
WA 5 R A5 FLIE 2 S 35 TE ARG (P <0..05) , iFL B 26 B R4 000 S8 185 , e TR B R 400 O 5
] PR AE X IR, BE N T TR 2 IR B AR (4 <

HELWY ] B BB A0 A KR R ) S TR R LR RO BT, A BF S FP R B S i 55 RGR 4% 5035 1AW
He(P <0.01) , WYY B LE KR ETHE I e T R 008 S ek, B I 3850 e B ML R o 1 SRR 5 4 4 T 22 1
/3K 15 Peter ZEpL5IE—B0) L ARBFFE /TR RO B0 0 460 e SO T AR 2K AR A, v 3 A N
IR I R T A

MAEYI A LR 22 0B R 5 45 T2 A R SR L IE ARG (P <0.01) 31X 5 Sorrell 2525
TR [ A R R A R 5 R 2 L A 3 (L6 (P < 0. 05) , 33K T i PRy IR 25 H AR 1 I
MBS ARG R 15 ™. PRI, IS i SRR 2K LU 56 ROR TR, SRR AR I R (EL 5% S A AL 0 1 2
PRI S R PR PAR S LU B AR A, 077 S A

MARBISEHI T , A4 SR8 T S R G0 MR A B 0 A A T B 4 M sl K A PR B 4 — A T A
PesE PR 2 AR [ P ST (13 2 SURII 4R RE ) o 8 3 T B A R R R g T
LB A 2 P AR LA TR R S RE T, o R LR i A A LY A R i — k. ASBIT S T, 8 it i A
B ARFL R 15 900 40 2 ) S S TE A G, X 5 FLBRUSE S A ik A i — 3
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E AR, R AR A X ok P30 23 o 0 AR o 9 S ™ 25 07 s ORHAR AR B AT IR, T 4
TR 8 TE SR 2R Rl AN FERRBE I — b 1 FRARY R JEF 205 FERF TR TRl AU 1 F 3 AN FE A
DA REAR 2R WA SRR IR IR A2 B, SR NARAE 1 SRR AS AR AR 0 S0 0 A, 7 PRARUIR S T AR 08 20 A 4605 Tl X\ 2 i A
FARRA T ILT RIS, 7R BRI T BRARSERIAR IS A WS84T, AR AL 50 W4 Lai 45 98 & BLAE 1
SROKRRIRAS TR L5 TR ) 10 D SR RE ) R Bl B T > BT > P > 6 N8 > . Mei 25 iF g T,
15 50% HYT5 KW BE T 5 IR 4 F AR 490 AU BE J1 R B SE AR > Bl > 94T > B0 AT 8
Tob e AL A IR AR 2T B MR SR RE ) SR B AR > SE B > AT > AR5 > # 5 46 > B AN > Bl >
FAT . BN [RURE A AN )3 S AR AP F IO X8 SR IS AN [, ATt 5 80 ] — o R 7S [ 5 S A 1 T L S
TS

N T3 PRI T AR X DR B R, SR, AT TR AL DR SR BRI A S RE T T ST b AR 7 A BR L
TG AR AR A TS K AR A R AR M R, B T N B 2 R AR ) R AT IR SRR
T HARE ST HIATIE.

4 5ig

1) 8 P S B R A e B TR B2, R PR B 26 1F 1 P B8 R A K, IS 3638 100% 5 44 HE I 1Y)
AW R/NR BN SE N > A3l > 4RPD 5 > ST > fEH04E > BEGH > AT > Bl RS R BUN S
W > T > FEAE > QPR > BT > AT > B > SR TEA A R GE TR LA I, R e e A
Py R RN AR ZE /N R S A ).

2) AEMIHYERR O B S WAB ) O A E BE 11, 8 R B ROR BN SE AR > A3l > AT & > 4875
F> FIIAE > B EGE > BNl > AT o AR BV Y B RGR 235 0 T A ZE BUAB YY) 5 704G T 30 M AR WU 1%
I, TR A e FH AR B AR ).

3) BRI BAR LR Y R TR K ik, 8 T B FLBR /N RBUN KT BT > A3l > 4090 >
SENFE > AT > BN > FEAE > BUET.

4) RNEE AiliA BORH AP AR i IR RE T, RIS, SRR B il 3 — s OB O (i, 7 05 1)
[ I 0 A ARG ) SRAG S WL AR T, B Bt R A A
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