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PERSPECTIVES OF WATER QUALITY IMPROVEMENT BY AQUATIC MACRDPHYTES AS NUTRIENT SINK

IN THE LAKE PALDANGHO, KOREA

Kim, Joon-Ho and Cho, Kang-KOREA

Dept. of Botany, Seoul Nat'I University, Seoul 151-742, Korea

ABSTRACT

   Improvement of water quaiity by aquatic iitacroph)rtes was studied at the Lake Pa}dangho, a

reservoir supplying the service water for 15 ra1}lion inhabitants in the Capital of Xorea.

   Annual productioR of abovegrx)und of emergent plants having 18oo g DWIm2 for T.shDhct

ctngustata and 1700g DW/m2 for Ziamia latifolia, ar'e 15- to 3(>-･fo}ds as large as those of

submersed plants having 110 g DiVlm2 for Ceratopltyllum demersw and 60 g Irwlm2 for ff.5xtr'illa

verticillata.

   Although concentrations of nitr'ogen and phosphorus in mg per g dry giatter of emer'gent

p}ants are smal] as a half of those of submersed ones, standlng nutrients in g per m2 of the

former are 8- to 9-folds as' large as that of the latter because of large produc£ion. Annua}
return of nutrients fr'om the litters are a}so rnore Sn emergent plants than !n submer'sed one.

   In the who!e Lake the uptake amounts by rnacrophyte (sink) are 30.3 ton of nitr'ogen aRd 4.9

ton of phosphorus, and the retupn amounts frora the litter (source) are 18.5 ton of nitrogen

and tl.3 ton of phosphorus. Difference between the slnk and the souree, 11.8 ton for
nitrogen and O.6 ton for phosphorus, will remain in sed!ment of littora} zone. If
aboveground of macrohytes are weeded out on tidie occurr,ing the maximum production nutrients

remaining will be reduced. To increa$e the annual production, repetitive harvesting of
ZUcrania latifolia is effective.

mamoRI)

   Aquatic macrophyte, Water quality improvernent, Resin bag, Litter bag, Nutrient cyclings

INTRODUCTION

    The service water is supplied from an artiflcial lake, a damraed-up rlver, because there

is nat a natural }ake in Xor`ea. The Lake Paldangho, copstructed at the junction of three

rivers, i.e. Rorth Han River, south Han River and Kyungan river, !s a reservoir for a city

water of l5 million inhabitants ln the Capital area of Xorea(Fig.i). The states of the Lake

are ss follows : 36,5 km2 in average 1ake area; 11.3 x 109 ton in the aRnual runnlng vater;

244 × 106 ton in average pontage; 6.7 m in average water depth; ±O.25 ta in aRBual
fluctuation range of the water' level, Because both surface Tunning water and sewage water

from the basin flow into t}]e Lake t}irough the r!vers, eutrophication has been pr℃ceeding,

   Aqttatio macrophy£es gr'cEe vigorously along }ittoral zone occupying about 16X in area of
the whole lake. Out of aquatic inacrophytes of whic}} conslsted 19 families and 37 species

important species are Zi2zmia latifolia and T.sliphct angzLgtata as emergent plant, Neltnnbo

nucifem as floatlRg-leaved plant ai}d Cemtopl?lyllum denier7swn and H.whilla verticillata
as submersed plant(2),
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NUTRIENT UPI'AKIIS FRDM SEDIMI!3"T AND WATER

    Ability of nutrient uptake by emergent
plant was measured with resin bags(1). Resln

bags were prepared by placing i5 g ln wet mass

of mixed-bed resin iRto 10 × 10 csu pouches
made from nylon stocklngs, were inserted
horizoRtaRy in the sediment with or wlthout
shoots of emer'gent plant to a depth of 5 cra

for 14 days every months during gr'oving

season.

   The p}ants wkh shoots absorb rapidly
N}l4'-N from sediments t}irough roots for the

whole growing season but slovly N03--N for the

late growing season on}y. Uptake of
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 Phosphorus takes p}ace £or mid growlng
  season(Fig.2). These results may be
 explained by a l{rwer reductlon potential,
 ･-100----200 mV, of the sediraent.

    In order to c}arify the dynamic of nutrient

 uptake from water by the different
 macrophytes, nutrient concentrat!ons of water

 were determined aloRg a transect placed from

  shore tcrts,ard offshore ln the Lake. The
 arrangement of the plants along the transect

  follows in the order, from sbore to 50 m for

 emergent plant, from 50 ra to 160 di for
  submersed plants and far off for pelagic zone.

 The growth of submersed plapt is vigorous but

 that of emergent one is meager in May, but the

 reverse ls true in June and al} the plants

  decline in October. In May lower'
 concentratlon of NH4'-N of water at etaergent

 and submersed plant zones may be explained by

 considerable absorption of those pla}its. In

  June the 1crw concentration at emergent plant

  zone and the opposite at submersed zone may

 be due to the rapid nutrient uptake by the
  luxurlant plants of the forsser and the
  Rutrient release of the decHned plants of

  the latter(Flg.3). In October high
  concentration of NH4'-N at emergent plant zone

  !Eay be caused by the release from dead
  emergent plant.

  !n May high concentration of N03"'"N at
  submersed plant zone may re}ate to oxldation

  o£ Nff4" to N03- by dissolved oxygen derived
 concentration at emergent plant zone inay be due

vigorous etaergent plant. Electric conductivity

 the dynainic of cation such as NH4'. These

     2,OOO zixania latitoiia
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Table 1. Area occupied arKl annual
in the Lake Paldarkgho

net prhoduction of ![tacrophyt es

Plants   Area
occapied
  (ha)

 Annual net
pr'oduction
(g m"2 yr-t)

Procluction

in whole lake
  (tonlyr)

A.

B,

c.

 Emergent plants

T.lshpixx cmguytata

Zi2unia latifelia
P}w"agmites J'aponica

ethers

            Subtotal

 Floating-･leaved plants

NetuJnbo nucifem
Npmphoicles' indica

            Subtotal

 Subeersed p}arits

Cemt(hD}zyl tum dmersw
H.>mbilla verticiltata
Others

            Subtotal

            Total

 60.0
 39.8
  2.3

  O.8

102.9

  9.4
  O.2

  9.6

154.6

(38X)

(4X)

154.6, (58X)

1790
1720
1480
 750

590
170

l10
 60
  6

1074.0
 684.5
  34.0
   6.0

1798.5

  55.5

  O.3

  55.8

 170,l
  92.8
   9.3

 272.2

(84X)

(3X)

267.1 (1ooX) 2126.5

(13X)

(1ooX)

results shov that upta}<e and release of nutrients by aquatic macrop})ytes reflect sensitively

to nutrient concentrations o£ water in Httoral zoRe.

ANNUAL PRCDUCTION OF AQUATIC MACROPHYI'ES

    Production of aboveground was determlned by harvest method. The grotifth in dry weight of

Zi2unia iatifolia is }ar'ger in leaf blades than in stems with sheat}as(Fig.4). The maximum

production of aboveground of emergent plants, T.s¥)ln angustata, Ziamia latifolia and
Phragnites J'aponica, are l8oo g DWIm2, 17oo g DWIm2 and 15oo g DWIm2 ln }ate
August(Fig.5 and Table 1). PrN)ductions of these plants are larhger in the Lake Paldartgho

than in the Lake Kasumigaur'a(3) ln spite of the gr(wth period reaching at the maximuifi

production ef them reduces as }ong as £or 3 months IR the former lake(3>, but siuliar to
Blwako(5).

   In submersed plants, Ceratoplryllum demersttm and a.>)cirilia verticillata, the maximum

productlon is 110 g ew1va2 and 60 g ErW!m2 at O.5-1.0 m deep in the mid of July. [rhe areas

coverhed by the species are estligated from actual vegetation map drawii fbr macrop})yte in the

lake, i.e. emergent plaiit covers on 103 }aa ln area(38X of the area for the whole
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Tab}e 2. Average concentration of nutrients
  of nutrients of iivacr'ophytes in the

in tissue ar}d

Lake Paldangho
anRua) uptake

Plants
Concentration
 in tissue
   (ifiglg)

  NP

Annual uptake
per unit area
(g m-2 yr-t)

  NP

Annual uptal<e

in wbo}e 1ake
  (tonlyr)

   NP
A.

B.

c.

 Ibeergent p}ants

T:>)phci angtLgtata

Zi2rmia latifolia
Phi'ctgntites japonioa

Others

 F}eating--leaved plants

Nelup}bo nttcifem
N:>xRpl}oidas' indica

 SMblitersed plants

Cemtolodyl ltns? demersw
ll.yit'illa verticillata

Others

11

13

12
12

!7

29

30
30
28

1.7

2.4
O.9
2.G

3.1

4.0

4,O
4.9
3.6

19.7

22.4

IZ8
 7.8

10.3
 5.1

3.3

L8
1.6

  3.ou
  4.13
  1.33
  1.69

Subtotal

  1.83
  O. 70

Subtotal

  O.44
  O.29
  O.21

Subtota}

Tota1

11.81

 8.90
 O.41
 o.os

21.20
(7on)

 O.94
 O,Ol

 O.95
 <3X)

 5.10
 2.78
 O.26

 8.14
  (27X)

30.29
(1coX)

1.82

1.64

O.03
O.02

3.51
(72X)

O.17
O,co1

O.17
 (4X)

O.68
O.45
o.os

 1.16
 (24X)

4.84
(1OOX>

macrophytes), float!ng-}eaved plant on 10 ha(4X) and submersed p}ants on 155 ha(58X) (Table

1). In the whole Lake annual pr'oduction of macrophyte was calculated as multiplylng the

maximum production by the area occupied by each species on actual vegetation iaap. Production

of the whole l.ake !s 21oo ton Irw for the w}iole plants, in detail 1800 ton I)W for emergent

plant, 55 ton l]itV £or floating-leaved plant and 272 ton DW for submersed p}ant("rable
1).

NUTRIENT SINK BY MACROPHYTES

   In nutrieRt uptake of Zi2unia latifolia, concentrations of total--nkr'ogen(T-N) aRd
phosphorus(P) in mg per g rw of live tissue decrease as season elapses(Fig.6). Concentration

of T-N is higher in }eaves than ln stems with sheatihs but the reverse is true for t})at of P.

Standing nitrogen content in g N per m2 !ncr'eases from April to August but thereafter

de¢reases. A similar tix)nd is depieted in standing P except for the reverse relatSon betweeA
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Table 3. Comparlson of decomposition
ef ash-free dry weight(AFEfig)

in litters of raacrophytes
Lake Pa}dangho

rates(k) and turmover titse<tt!2
  and ablounts of nitrogen and
 laid above sediments after 1

ai}d ttzsee.)

 pbospborus
year in the

AFDW N p
Plants

 k
(yry"-t)

tY2 tl!iOO
   (yrs)

 k
(yr-`)

tt!2 ttAOQ
   (YT-S)

 k
(yr--t)

tl!2 ttltOe
   (yrs)

Zi2ania latifelia 1.64 O.42 2.80 1.46 O.47 3,15 2.66 O.26 l.73

T.5pm angustata 1.10 O.63 4.21 O.44 1.58 10.51 1.57 O.44 2.93

Submersed plants 1.68 O,41 2.74 1.57 O.44 2.93 2.70 O.26 1.70

Table 4. Annual retuims of
in Lake Paldangho

nitrogen axid phosphorus of aquatic mecropnytes

P1ants
Aimual retam
per unit area
(g m"2 yr-t)

Armual retum
in whole lake
  (tonlyr)

N P N P

A. Emer'gent plants

T.s)shc angustata

Ziamia latifolia
Phrctgnitas jctponica

Others

 6.98
l7.17
10.88

2.41

3.84
1.17

4.19
6.83
O.25
O.05

1.45
1.53

O.03
O.02

Subtotal 11.32(61X) 3.(>3(71X)

B. F1oating-･leaved p}ants

Nelttmbo nucijfera

Npmpl?oiclag indica
7.70
4.00

1.70
O.65

O.72
O.Ol

O.16
O.OOI

Subtotal O.73(4X) O.16<4X)

C. Submerged plants

Cemtos)lryUu"e dwsum
".ydrilla verticillata
Others

2.

1.

61

43

O.41

O.27
4.04
2.21

O.20

O.63
O.42
O.03

Subtotal 6.45(35X) 1.08(25X)

Total 18,50(1ooX) 4.27(1ooX)
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     8. Chat)ges of ash-free dry gtatter and

        conceRtrations of nitrDgen and
        phesphorus remainlng in litterbags.

   Here Le and Lt are the ainounts of litter's at

   The ataount of litters reigain!ng decreases

submer'sed plant shcnifed high decomposition

li£ters, but T.rypha (mgustata shcswed low decomposition
time(tiz!oo) taking 99X decosupesition of the 11tter

for Zi.-:ania and submersed plant(Table 3).

   Although N concentratioR in litters of subraersed plant continues to be high, that of

emergent plar}t decr'eases to half of the initial concentration on the 100th--120th clay, and

then it increases. The N concentratlon of the fomaer remains about 3 times }arger tim that

of the latter. Phosphorus concentration in the lltters of submer'sed plant decrease to 50X

of the iRitial on the 70th day and then continues to be constant, and that of emergent plant

decreases to 30--40X on the 70th day, thereafter recovers to 80-1ooX(Fig.8). These results

 standing P o£ leaves and of stems(Fig.6>.
    In compar'ison of nutrient uptake among

 the dif£event macrophytes concentrations of
 T-N and I' of emergent plants are half of
 those of submersed plants(Table 2). Standing

 nutrients of emepgent piar}ts in August
 reaching the maximum content, ar"e 8--9 folds

 as large as those of the maxlmum of
 submersed plant in July for T--N and
 P<Fig.7). Such reversal ef order of the
 nutrient coRcentratioR and standing nutrient

 between emergent and submersed plant is due

 to a large pmbuc£ion by the fonaer, that
 is, the more the annual production is, the

 more the standing nutr'ients increase in
 macrophy'te.

    IR the who}e lake the amoupts ef
 nutrients absorbed by macrophyte are 30.3

 ton of T-N and 4.9 ton ef P, which means
 that raacrophytes in the Lake Paldangho play

  a ro}e as a nutrient slnk.

  NUI'RI}INT SOURCE FROM MACRSPHYTES

      Litter bags wieh litters of Zi2unia
  iatifolia, T.pt angzLstata or submersed
  plant were laid on a bcfttosu surface of

  littoral zone for 2 years, Ash-free dry
  ruatter, and concentrations of T-N and P in

  the litters remaining were determined on
  each month. Litter' bag was p}aced on the

  ear}y or }ate winter.

     Decomposition rate(k> of the Htters was

  calculated with exponential equation<4) en

  the 365th day after p}acing,

             Lt = Lpe"gt

  initial and 365 days.

 exponentially<Fig.8>. Zi2ania latifolia and

rate(k) aRd sbort half-life<tti2) period of

             rate and long half--Hfe. The
      is 4.2 years for r.3ptn and 2.7-2.8 years
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suggest that the }itters iramersed into water

release large amount of P but little T--N
during the early, short period.

   The amount of nutrieRts r'eieased froca the

litters was cemputed on basls of data o£ the
litter bag for 1 year. Annual rettll"n
amounts of N from the litters are the
highest in Zii"actnia latifolia with
17.2 g m-2 yr'-t and the lovest in H.yb'illa

verticillata with 1.4 g m-2 yr-S ([IZable 4).

In the ;Jhole Lake the annual return amounts

of N and P are 18.5 ton and 4.3 ton, which

means another role of macrophytes as a
nutrient source. Nutrient derived from the

discrapancy between the sink and the scRn℃e,
as much as 11.8 ton for nitrogen and O.6 ton

for phosphorus, may reivain in the seditaent

of }ittora} zone for 1 year.

   If the source of nutrients thr'cRigh

improved. Weeding out abovegroumds of
with high production, from the Lake

weeding out has been advanced by Lake

removal of nutrients, the increasing the
Repetitive harvesting of Zi2'm}ia latifolia

40X of production(Fig.9).

RIFERENCms

1. Binke}ey, D. and Matson, P.A. (1983) Ion

   soil nirogen availability. Soll Sci. Soc.

2. Kim, J.H., Min, B.M. and Cho, K.H. (1988)

   !n "A comprehensive study on vater

   Station, RDK), pp, 193-249, Seolll.

3. Nohara, S., Tsuchiya, T. Iwakuina, T.

   NutrSent movements in the littoral zcme
   Comprehensive studies on effectlve use of

   (VI). lake restoration and ecosytems"

   Institute for Environmental St)udies.

4. 0]son, J. S. (1963) Energy storage and

   systems. Ecology 44:322---331.

5. Sakur'ai, Y.(1988) E£fects of aquatic
   eutrophication of inland water. In

   resoill℃es"(Inst. Han River), pp.l83-193.

  6eo

  500
rv-

-E aoo

va
ge 300

E
g 2oo

[
  1oo

   o
=ogs
EA
g. J

eJSM

3
'
f

  l
 -#
Itt

t

t
:

l
･

t
:

l

l

l

"

t

-tt

'

'

'

.

-

t

 /i,

E
.
,
,
 r･

}, ,:

i
i

g
l
,
l
･

t

t

,

{

'
t
'/
L
i
'

l
･}
･

l
･
.

n

t

e

l

1.･

l

'

s

,

  s

 II
I--

n

t

.

-

1

t

t

  l

 tt
ttl

l

l

&
 j"   ""
s-

E

t

        Fig. 9. Changes of phytoiwass procluced upder

               combimations of the numbers and tlme

                in repetltlve harvests for Ziamia

                latifolia.
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