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Abstract

To present a guideline on the construction and management of artificial wetlands for high biomass production, three
emergent macrophytes (Phragmites australis, PA; Typha angustifolia, TA; and Zizania latifolia, ZL) were planted under two
substrates conditions (general soil with and without moss peat) and two water levels (5 cm and 20 cm) and monitored for
three years. ZL showed greater growth performance rather than the others not only at early growth phase in the first year
[shoot height, 200 cm; above-ground dry weight (AGDW), 500 g/m’] but also in the last year (ZL, 1,100 g/m?* TA, 770
g/m’ and PA, 450 g/m’ of AGDW). ZL with rapid growth at the early growth phase was not affected by naturally
introduced weeds, whereas slower and poorer growth of PA and TA at the early growth phase resulted in relatively higher
introduction and establishment of natural weeds. In turn, such introduced weeds negatively contributed to the growth of PA
and TA particularly under shallow water (5 cm) with the substrate condition including moss peat. We suggest a plant
material with rapid and great growth at the early phase such as ZL for reducing possible negative influences by the natural
weeds and wild animals for high biomass production in constructed wetlands. A pre-growing process in greenhouse prior to
planting might be an useful option to raise the competitiveness of those species when planting P4 and/or TA. In addition,
we recommend that integrated weed management system with utilizing various options at the most appropriate timing must

be applied for maintaining sustainable high biomass production at the artificial wetlands.
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Fig. 1. Temperature and precipitation in the constructed
wetland during the experimental period (2011.3 ~
2013.10). SE bars are shown.
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Fig. 2. Experimental design and plots arrangement in the

constructed wetland. PA = Phragmites australis. TA =

Typha angustifolia. ZL = Zizania latifolia. Sep. = separated

substrate. Mix. = mixed substrate. Con. = control plot.
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Table 1. Physio-chemical characteristics of inflow water and substrates in the constructed wetland.

Inflow ; 2 + .
water pH EC PO,-P NO;-N NH,-N K Ca Na Mg
=7 ) (uS/cm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Mean 7.0 1543 0.05 0.67 0.05 3.2 16.1 3.9 27
+ ISE £ 0.1 £ 125 £ 0.01 £ 0.09 £ 0.01 £ 13 £20 +0.3 £ 04
Substrate Water LOI PO,-P NOs-N NH,-N K* Ca** Na* Mg*

level (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Shallow 23 + 104 + 24 + 0.71 5209 + 9232 =+ 75.6 + 4873 +

Sep. (5 cm) 0.2a 0.9a 0.7a 0.20b 26.7a 51.9a 4.52 17.9a
(eaih3) ! Deep 24 + 102 + 24 + 0.55 + 511.6 + 859.1 + 775 + 4853 +
(20 cm) 0.6a 1.9a 0.5a 0.18ab 22.0a 47.8a 6.7a 30.7a

] Shallow 40 + 18.8 + 2.6 £ 1.09 + 5913 + | 11695 = | 1084 % 6323 +
(eai’}lllx' N (5 cm) 0.2b 1.1b 0.5a 0.25¢ 21.0b 59.0b 12.0b 26.4b
_ 3 Deep 47 + 19.1 + 26 £ 027 + 6127 £ | 12992 = | 110.1 667.5 +
(20 cm) 0.6b 2.0b 0.7a 0.18a 33.2b 120.0b 13.8b 56.1b
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Fig. 3. Average above-ground dry weight (A) and shoot height (B) of planted species according to environmental
conditions during the experimental period (2011 ~ 2013) (each n = 3). SE bars are shown.
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Fig. 4. Total number of ramets and sum of coverage of planted species according to
environmental conditions (2013) (each n = 3). SE bars are shown.
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Appendix 1. Flora of emerged natural weeds according to environmental conditions (2013). Emerged species were listed
according to importance value (I.V.)

Shallow water level (5 cm)

Deep water level (20 cm)

Separated (n = 10)

Mixed (n = 10)

Separated (n = 10)

Mixed (n = 10)

Korean name

Korean name

Korean name

Korean name

(scientific name) LV. (scientific name) LV. (scientific name) LV. (scientific name) L.
AL B (Aneilema keisak) 46.4 AVeF B (Aneilema keisak) 49.7 5‘37“il(r’.”“;;‘:,ft’;gzzu‘;"g‘"””s 42.1 Aok E(Aneilema keisak) 318
310} (Persicaria thunbergii) 40.2 I1v}e| (Persicaria thunbergii) 40.3 AV E (Aneilema keisak) 33.9 1} (Persicaria thunbergii) 30.2
=78l (Monochori cinalis = E(Juncus effus ; = . . .
“Vlagz ;7;;”2?’1"6”];%1"" s 31.0 =( uggx;]zgg;m var. 27.1 & A o|4:(Blyxa japonica) 28.6 2| " F(Eleocharis acicularis) 21.4
tlo] A} - 5 Z
v =7} 2AL 2] (Bidens firondosa) 273 (Cnmmee;inla Om\;nmunis) 183 a1u}E] (Persicaria thunbergii) 26.5 7178t E(Isachne globosa) 21.2
Ade Anel . o .
(Lycopus ramosissimus) 272 (Lycopus ramosissimus) 17.4 29 Z(Eleocharis acicularis) 24.6 v] =7}k AVe] (Bidens frondosa) 20.7
g9 N AL B N
(Commelina ‘communis) 25.1 v =7} upALE (Bidens frondosa) 12.6 v =7} kAL (Bidens frondosa) 19.0 (Lycopus ramosissimus) 19.8
=3 =978 (Monochoria vaginalis 754 O Aol 2RIy .
3 (Glycine soja) 12.0 var. plantaginea) 12.4 (Lycopus ramosissimus) 15.2 27 o| & (Blyxa japonica) 17.1
o} # Bl5(Ludwigia prostrata) 10.4 S}arEw) 7| (Lactuca indica) 9.9 & Ao 22l (Blyxa aubertii) 14.2 =3 (Glycine soja) 16.9
=¥ (Juncus effusus var. 1oy . y U= 270 8| (Monochoria vaginalis
decipiens) 93 1M 15 (Ludwigia prostrata) 8.8 (Juncus diastrophanthus) 123 var. plantaginea) 15.2
ol 2 . . L X g gE =E (N
&7 ©)%(Blyxa japonica) 8.4 % (Artemisia princeps) 8.1 (Comme?in}z ocommunis) 11.2 =3 ”;e“:fplgjzws var. 14.2
(i i
=3)(Echinochloa crusgalli) 7.6 =3 (Glycine soja) 8.0 AHé(Wyﬁ;;g‘:}gﬁgg)ns var. 10.5 & A o) A2l (Blyxa aubertii) 12.2
ARG IES = 5) = E(Juncus effusus var. go3E
7174t & (Isachne globosa) 72 =3 (Echinochloa crusgalli) 7.7 decipiens) 8.9 (Commelma communis) 9.7
& A o| AL 2)(Blyxa aubertii) 4.7 VA& A (Lactuca serriola) 71 o ¥ ¥}5(Ludwigia prostrata) 6.1 =5 9| & (Lindernia micrantha) 8.9
W) 2 E ) . = . . 2 . . -
¢ uncus. ;;m)’]r;pfumhm) 4.7 31515 (Hypericum laxum) 6.9 =3 (Glycine soja) 4.8 st 7} 2l (Kvilinga brevifolia) 8.9
) - B
5w 7] (Lactuca indica) 4.6 7174t E (Isachne globosa) 5.0 &l & (Doparium junceum) 3.9 (uncus dtaslrnphanthus) 5.7
S o) g1l N - .
(Scirpus ]infoillgaé/;]. hotarui) 34 WAL Z(Carex dickinsii) 4.7 A WA} Z(Carex dickinsii) 39 =3 (Echinochloa crusgalli) 5.1
v \}2)(Oenanthe javanica) 33 v \}2|(Oenanthe javanica) 4.7 AU AL Juncus papillosus) 3.6 =¥ A} Z(Carex dickinsii) 4.0
Y= .
7 H|ALZ(Carex dickinsii) 32 (Juncu?;a;ﬁr‘;p%anthm) 4.6 sto) 7}el(Kyllinga brevifolia) 33 L= (Hypericum laxum) 34
#:(Artemisia princeps) 2.7 7N Z(Erigeron annuus) 4.4 713 & (Isachne globosa) 3.0 A HE(Dypha latifolia) 2.7
ah
‘& E(Doparium junceum) 25 2| © F(Eleocharis acicularis) 42 = 3)(Echinochloa crusgalli) 2.8 AHJE(Vyﬁ;ZgZZﬁ;{;m var. 2.5
— ool (RPN

W =V (Salix koreensis) 2.5 st 7} 2] (Kyllinga brevifolia) 3.6 a5 w7 (Lactuca indica) 2.5 (Permam‘:];;?onenliv) 24
X.F(Sagittaria aginashi) 24 =% 9| F(Lindernia micrantha) 3.5 % (Artemisia princeps) 2.1 TN ¥4 Z(Erigeron annuus) 22

- A e
Z(Zizania latifolia) 22 2 o) %(Blyxa japonica) 32 °F gol(‘;‘i;;ﬁu;;{“h”m‘ var. 1.7 5w 7] (Lactuca indica) 2.1

. [ERXIL BRI IR DY - . .

Bl & (Sagittaria trifolia) 1.8 = (Zizania latifolia) 3.1 (Peer"slcarlame‘jonenlszs) 1.6 W =W (Salix koreensis) 2.0
¥ = (Eleocharis acicularis) 1.7 % (Erigeron canadensis) 2.9 Yl & (Sagittaria trifolia) 1.6 8 ZEJuncus papillosus) 1.9
B (Humulus japonicus) 1.6 A0 AZE Juncus papillosus) 2.8 N4 Z(Erigeron annuus) 1.5 & (Artemisia princeps) 1.8

N o oo o] S Holareol & 312 o) (Scirpus wichurae var.
Thulo] 4t ; i
= Bto] 3 (Oenothera biennis) 15 (Scirpus juncoides var. hotarui) 20 (Scirpus juncoides var. hotarui) 15 asiaticus) 16
7OV A| E(Setaria viridis) 13 R7%- 5 A (Cyperus haspan) 1.8 % AL F B (Hypericum laxum) 1.4 o 9| v}5 (Ludwigia prostrata) 1.5
H}L- 77 & -
gAY (Cyperus amuricus) 1.2 el gﬂg:;;zzg;mhume var. 1.7 R AN (Cyperus haspan) 1.3 S S (Humulus japonicus) 1.4
R & SO\ E (Doparium junce e 20| weo]
(Oplismenus undulatifolius) 12 & ol & (Doparium junceum) 1.6 =5 9| F(Lindernia micrantha) 13 (Scirpus juncoides var. hotarui) 1.4
WS AR o) 7
st 7}el(Kyllinga brevifolia) 12 AL 18] (Boehmeria tricuspis) L5 ( Cypeol‘;; S];;;J;Bi;(tljn 1us) 1.0 A5 12| (Boehmeria tricuspis) 1.3
gk _ N
(Spimz}ll‘g‘?ozvrhiza) - SLAS = (Humulus japonicus) 1.5 W = (Salix koreensis) 1.0 % (Erigeron canadensis) 1.3
E et 17 ciatic A7t =, T
(Azolla imbricata) - A7 ol(Plantago asiatica) L5 (Lipocarpha microcephala) 1.0 o 7| F-E(Typha angustifolia) 1.2
B . A 730)eiA)
A €(Vigna angu_lam var. 13 44 0| E(Rorippa islantica) 1.0 (Alisma plantago-aquatica var. 1.2
nipponensis) orientale)
FEXNE i - N SE g
(Oplixmelnus umjuZtifoliux) 1.3 <= (Zizania latifolia) 1.0 B E(Trifolium repens) 1.1
P
£ 7 ol(Ottelia alismoides) 1.2 (Spirogll—t; ‘io‘l‘)’/rhiza) - ul-=4 o|(Digitaria sanguinalis) 1.1
A7)k
©ruto] & (Oenothera biennis) 1.2 (Hydrll;l Xve:uclllam) - WA’ A (Lactuca serriola) 1.0
W =V (Salix koreensis) 12 v v}2](Oenanthe javanica) 0.9
=71 (Equisetum arvense) 1.1 K715 A (Cyperus haspan) 0.7
2] ¥ 7)(Equisetum arvense) 0.5
ATt
(Spirodela polyrhiza) -
Total No. of emerged species 33 Total No. of emerged species 40 Total No. of emerged species 37 Total No. of emerged species 41

The LV. (importance value) of each species was calculated as the sum of relative density, relative coverage, and relative frequency. Results from the

control plots (no plantation) were also included.
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