Korean J. Environ. Biol. 17(4) : 459~465(1999)

o] AR AR AAET o FAF AA L

e R

FAAE
A% o8
GRELEREEL]
He -2

87 .

B, 5o

ATE $EvE 49 Fe $AEU A, & 9 NRES

(0
)
ol
ojd
>,
off
2
e
)
Y
d\%

gog, AdgAlA A

%71 Zol A7I% AeE Belste] ALRE AAss Aol AR JFIF AT VAL ¥
FERLA Ak AR AAE A F LR AGE A4ER dPAF FEFE SR,
AdastE AT A71sh 05 2 m@oe] FEE Fol G RolE mYlh F, 2 1AUE Aol
64 AATS A2ALHo] 1014gm*ZA NET 19 o], 23 moll & 5Y A T7} 1,494 g/m?
24 27 Lavolglth 2& 89 AT A4el 1386gm o2y NET 124, 7 REL
693t 84| 33] AZATS 8Y AAT G4ol 247 1670,1620gme2A zTel 11~1.2000]3)
o Gl R AAGIA Bl Aash Aol 1AUEAA HETe 2005 184, 23dEAA 77
148, & 24909 1.86) 12T A/ RSS Loulsh LONEA BAH FohuIgRT B Be 9
#8 AASG FRdez Ao JFAF AAY 19T Bl FAY FUE 1AT o, 2
W 5~697 1082 23, 12T 5 i1 FEL 8Us) 1099 23] AisE Aol BAHY Aoz

Bt

M =

#AEe AFANAM 71 Ak o] Z A F2] 8
vzA S A AR A Ao ol &<
FoAo] 2AMF =] gort el FA7F
Aoz RE A FE ASEFe] 44 F A=
o} Aol BN HHRA L) o} AQAHA)
g FAlo] Folx| 3 Qv T ER 34t ASA
Bojoksle AAsly] g SdorA, m= A3}
of 7] DA Mg AT o=y ATFAL
Aol FAle] Eopx| 3 giet

FAANE QA2 E S8 Aat o B2 FU1E
Ao} i, 77, o}ld T FF&E AAsE W2
Szl A olu] 70N RE] A FA AFEA =
elxe} 853 9lom (Mitchell 1978; Brix & Schierup
1989), B &2 AAd A AR fAHA #*3
e =oly o] Fo] X ¢Iv} (Wilson & Mitsch 1996).

olel w)ste] el 2/|QTdA=A HAkH S
2 A7) sk 2o 25, & 48 AR, S
I, 53 52 0] 8314} (Kim et al. 1988; ©] 1993; A

P & x> i
ot

3

3} 7] 1994), iR} w24 S HF A=2A B
s =Atol A AFSAAES At A7 (A
1996), @t 5o 34 whglel RaHSAE M43 o
F(EFHEAAQATFY 1991 59 APH 4T Tl Ui
o} =3 JF3A AGs LA B 97 B
AR £8o) #3 72H AT (2 1992)= AYH
QAT FAPZ] o) g& 3 I3t H=(F 19977} 3l
%t

A9 977t 54 2A4E A4rbse ARske
423 3oz Assgcd, H2ex woh 444
A pABes 2B 24 FRAA ATEAE
24 el ARl YA 1998), AZDA Qo
| BARE WIET B IR AP
AE AZEAT A4ANE AZE A Aoz el
A3 glek.

AZEAE ZAFE A% T 4L A% yuid &
We TEIE ST 352 4B IR
47158 olgstel $AZNE AYYRE AN
Aoleh. 2eime AAEe A4S JFAF FEFE
Zoe7] 12 A77 A9 Yot sdevt 71z @
T P 4+ 9k A B AN AT4

— 459 —



460 A

4
to
1]
o

ANg 2AY A4S WAFezM 3HI: S 2
(Phragmites communis), % (Zizania latifolia), o) 7] 85
(Typha angustifolia) 5108 1 °lfE °l& Fol
eyl zelm Gaee) gdbos & Fol7 o

olt}. o] 52 WAAERM AFAAAA
B AT Uk AsAL JFEAE
2t o} AR Aabe T BAEAL AT

onmz 4g7] ol A4RE AA%E AgRe o
7

=
93 AT Farvel A I
e AdEAe 22 2% 59

& ANsA S

Az o wY

1LAYAY

o] Age 19979 1998 F Awlel AAA o ¥
oot 19979 1A AL A, & H WNFES
Wgoz AL, 199899 23 AL AFEA 24
A 7V kol B4 AWt ez APE
sl 13 A4 Ae} 2 AT A= FAT
& =529 AdgHoA, NI REe FLE 24
Z ARE 3209 AdEA A ol FeiA T, 2% AT
T A7)% MM 227, 5ol 2A 5T Feidd T

Wl zld o= FAR ZedelA ol Foixint.

B AL AR AAZL AAATS] anE &
8]7] $& Aolmz A&7} Tt 104l AAFE A
& 13 AAFEZPE 33, FF 7 10€9
AA ol AE7ZF Foll 13 o] AASE AL 23] A
AT, 28 o A= AL 33 AAFZ 3. vt
A 12k AgellA AR #HFLE-E 979 109 13~
1590 s, A87) 9 AR AL 1099 45
2ol 69 15~174(6Y AAPHTH 8Y 11~13Y(8¥
AAPe zt2t o)Folzlz Y8 WEHTE 697 84U
HhEsle] ARE AAToZH (697 8¢ AAP 3
3l AAF= A=)skdo

23} AgellM e FE4Ee 984 109 4dol 3T,
A87)1F9 37 AR AAE 47 59 28U (54
AAF), 64 2894 (64 ANAT) L 7€ 2894 (7Y AAT)
o] de 23] AATFZ dHen, R 5496 AGFRE
AAT WE = 780 o AAFe=AGETH 7Y A

H

oz - #2d

A 33 AAT7 "o 23 AdeAE 13 A2
AR AR ANAZ Ao A kAR AA
ZdolA & ol A& sl A AAAZIE 5
4z g3+

AAR AA APE fQste] AdgAer 1x1m2e]
Wy TE Ao W] v 2AEle o 1m
Eol9 YRIlTE AA AL HAF 5 Y=F
Wz e w3k AL AA F AYAE s Tt
of FHAZZ T 2eEHAE Fo7] HMA WIHT
o} W Abol: FHa 50cm o)A}, 18] 3 W e}
g 22 Aol 1m o)A A=E Hiioh 7k A A
A7Nepe}t g FolA g o] 43led A mwel ZhgHAl
2~4cm EoloA AR 7102 AAZ AR A
E o9} o] 2 FeloM AAzH o dF Al
£ Agsbd 27 7|8 Boll A7A g FelEtx
waE et

12 Ao AAFR A AL vhE-pE 57) ool 22}
Ao M= 10702 F718t5i o) A 78 A48 HA e
A Axg A3 S SAsG A5 F3A
A A= Z@sgch AFFE T3] SEte A
oA ZF HE 700~1,000g% AEA A AR FH3le
AEEe Z2AF APalz siAe AxF £ &
Axrstgem o] Froz w7 W A& AFFE &
Arstle). QAR 2 a el AAF -

511
ns\_u'
oft

e YAV 2oz mA ST,

2. A8 Aagt Q] $E ¥4 2 AFAAZ AR

19973 10942} S8v)e) 8, X PEe 7 FAe
A e 400~1,000g2] AEAE $EFslc) o]F AF
Az HAA 70°Ce] 27 x7|A kel & wj7A|
=8 & Tecator sample mill (Cyclotec 1093)2 223}
of ARz olgsech 2oE A Yo Bl I
3 #2712 o] FEHE=E 9, E7]  Fo= vy
o] ¥4% A, EF NV RES AAEAR A
Aok AZAE 049 A8F sl FAEHAHA sul-
phuric acid-hydrogen peroxide digestion (Allen et al.
1986)0)] uw}e} kjeldahl digester (Tecator 2012)5 o] -£-3}
o Ba&lsad A4 =% ¢ AHA L Bray and Kurtz
(1945)e) 2A8A T, ¢ 2 FY AEF |43ty
ascorbic acid® (APHA 1989)o] w2} v] A eksled vt
doHAE Aael Qe dAE:AAFE 7 AEAL
JmAT AT 2 A AN 2 AR Fx

o) gsted Aakact 22 A 2o @A A%

I se) 248 A4st A9 SEE A4se A
S

clo ot L

A

-~

¢



Cutting Effects on Productivity and Nutrient Removal 461

3. BAAE

AR AL Aelade FARA
ance, ANOVA)©o 2 H7#7}0] v]at Fisher’'s Least-
Significant-Difference (LSD) testE o] &3l o] &
9)3bed AL4-F =2 722 SYSTAT 7.0(SPSS, Inc 1997)
ok,

Al (analysis of vari-

2 =

1. Q34 FAE A4 AAL 3

12 A8 Az A$7) F 2P AR AAE
z7o vlzd o 2, & L W5 AFAAAH
Z7FA 7 cH (Table 1). 18y} o3t Aelads 3
2 zpo]Z BAM ZHe} & A=EaATE F-23ka
(p<0.05), S} 7] BN M= 251 skt

Z, 2= 69 AATY dFAAEC] 1,014 gm22
71 ol o 1.9ve et 6Y 7} 849 3
3] AAFE 873gm2EA 6¥Y AATEHG HHert 2
A7} fr s = gkt 84 AATE d2Te folg
2ol E HolA ¢grenz A 231~33] AAZA
AREE F7HAA § dem A= Zdrt AsE Aol
7P AAE = Aol AR ol

22 849 A AT A4 ] 1,386 g/m2EA] 2
T2 12vfe]glxr 1 xp7F Ho3HA B3 Aot 2
g 64 AATE A ket dxFrg Ak
Ho| oty 6¥7 8Ye 33 AATE HERTEROE
AN 8Y A AFRAE okt 2z & 8Y
of B7FA el AARRE AAE 3 Aol &Aoo

o} 7| HEE 6¥3 8Y9 33 A|AFM AFAYAE
°] 1,656g/m2o 2 7} FobA] w79 1.2u) o] gi=|%t
zFele} zhel7t Fo3AE Akt ¥ ohEh 6
9} 23] AATNME 23]8 dzTRe}; Yol w3k
o a22jme 7| RE2 ™ oA AR A
A w237} F93HA JehtbA stk

22} AgA= Zde] Xy H 9 FAAES 7Y
AATFE ALgshd 25 27 B g3 (Table 2).
1090 13] 4838 YxTFx 1,132g/m2o] 17, 54 A A
F.69 AAT 2 79 AAF7 77 1,479, 1,494, 966
gm?2 A 543 69 AT dE2FRT AAEHo] of
1.39) =9tt) 543} 7949 33 A ATE 1,237g/m2o 2
A 2T B} Eioh ol HEaAE FARLA
& Ao, AR A X7 FAAR v g o)
S 598 (p<0.001). AR A AP 23] AA

Rk e £

Table 1. Shoot cutting effects on the aboveground pro-
ducitivites in Phragmites communis, Zizania
latifolia and Typha angustifolia stands. Mean
and s.e. was shown

Aboveground productivity

Treatment (g dry wt./m?/yr)
Phragmites Zizania Typha
Control 549+ 52.2 1,200+157.2 1,516+141.9
June cutting  1,014+245.5 1,058+151.3 1,267+135.6
August cutting 598+ 55.1 1,385+146.3 1,621+138.9
June/August  g73.41143 1,197+115.7 1,656+139.2
cutting
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Table 2. Shoot cutting effects on the aboveground pro-
ductivity and nutrient removal rate in a Phrag-
mites stand community. This is the result of the
second year experiment for Phragmites only.
ANOVA table was shown below. Refer to Table 1
for other legends

Total annual removal

Productivity (g/m2/yr)
Treatment (g dry wt./m%/yr) g/m?/yr
Nitrogen  Phosphorus
Control 1,132+ 89.00 18.3+1.44® 3.3+0.002
May cutting 1,479+ 50.4* 258+0.88> 4.51+0.15°
June cutting 1,494+139.1® 26.0+2.42> 45+0.42°
July cutting 966+ 73.9° 19.3+1.48 2.8+0.22
May/July 597, 733: 258+174 4.0+027
cutting,
Source
Treatment P<0.01 P<0.01 P<0.001
Frequency P<0.05 P<0.01 P<0.01
Time P<0.001 P<0.05 P<0.001
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Fig. 1. Shoot cutting effects on the annual total nitrogen
and phosphorus removal rate of three experimen-
tal species. Mean with different letters are signif-
icantly different at P<0.05 determined by LDS
test. Each bar indicates mean and s.e.
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Shoot Cutting Effects on the Productivity and
Nutrient Removal of Some Wetland Plants

Yeonsook Choung, Hyun-Kyoung Oh, Chan-Ho Roh and Gilson Hwang!

(Division of Life Sciences, Kangwon National University, Chunchon 200-701, Korea
'Rural Research Institute, Rural Development Corporation, Ansan 425-170, Korea)

Abstract - This work focused on the effects of the timing and the frequency of shoot cutting to
maximize the productivity and the nutrient removal of three emergent macrophytes, Phragmites
communis, Zizania latifolia and Typha angustifolia in natural wetlands. Shoot cutting signif-
icantly enhanced biomass production and resulted in more nitrogen and phosphorus removal from
water in these three experimental species, compared to those of control. However, the frequency
and the timing of shoot cutting, and the enhancement ratio were different among three species.
For Phragmites stands, the highest productivity was 1.9 times of control in June treatment of the
first year experiment, while 1.3 times in May treatment of the second year experiment. Zizania
and Typha stands were both 1.2 times of control in August treatment and June and August
treatment. Calculating the total annual removal rate of nitrogen and phosphorus based on the
highest productivities among treatments, in Phragmites stands, 2.0 times of nitrogen and 1.8
times of phosphorus were removed in the first year, and both 1.4 times in the second year
experiment. Likewise, for nitrogen and phosphorus; 2.4 and 1.8 times in Zizania stands, and 1.8
and 1.9 times in Typha stands were removed. Overall, these results suggested that cutting
treatment of shoots be effective. Thus, shoot cutting of two times during a growing season were
recommended to maximize the effects: that is, in May or June, and October for Phragmites
stands, and in August and October for Zizania and Typha stands. [Shoot cutting, Productivity,
Nitrogen, Phosphorus, Wetland, Phragmites communis, Zizania latifolia, Typha angustifolia,
Emergent macrophytes, Water quality].

465



