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Aquatic plants are useful for urban wetlands
system. But....

Different types of phytoremediation
by aquatic plants in wetlands



Sources of carbon dioxide and elements for the growth

CO, Material flows
Se organ t water .
: : Carbon & organic matters
up nMep sediment - :
4 / I:> Nutrients and heavy metals
ergent % CO,
—

Floating- / Floating !Iightly pump up nutrients

o phytoplankton

——

\ phere to water  atmosphere to water water to water
S ater water to water water to water
Lal \ effects Moderate shading effects Moderate shading

Small shading effects effects



Removal of heavy metals and phosphorus
- A magnificent property of charophytes-



What are charophytes?

angiosperms  charophytes praginophyceae UIvophyceae  chiorophceae

In plant systematics,
charophytes are located between
angiosperms and algae

%

Charophytes (Chara braunii) growing
in the treatment wetland
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Ecological significance of Charophytes

« Charophytes provide habitats
for various organisms and
Increase their biomass.

ex. zooplankton grazes
phytoplankton

« Charophytes prevent bed
materials to be re-suspended.




Effective for removal of phosphorus and heavy metals

photosynthesis

A media |
Calcified=alkaline,
2C0O, «——2HCO; .
2 3 Uncalcified=acid
el acid band Calcifred=alkaline” -
Ca2* ‘ ', Uncalcified=acid

“Calcified=alkaline

=== glkaline band
3

calcification

P or heavy metals

harophytes produce calcium carbonate crust and trap
horus and heavy metals with Ca?* in water.



Highly tolerant against heavy metals

~

Cd: 0.01 mg/L Cd: 0.1 mg/L

Total Cd: 125-134 mg/kg d.w. Total Cd: 734 mg/kg d.w.
BCF: 12500 - 13400 BCF: 7340

8
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rge amount of cadmium is carbonate-bound.
nate-bound cadmiun is not released at decomposition of plants

ore is stably accumulated in the sediment.

arohytes is relatively small. Good for drainage system.
(Siong & Asaeda, J Hazardous Materials, 167, 2009)



Removal of nutrients and organic matters
- Acceleration of floating matter particles settling-



S W Plant community traps particles
suspended in water, and purifies.

ents in
ity

* Deposition of organic
matter and particulate

Acceleration of nutrients

nitrification and ———
de-nitrification

Transport oxygen into
the sediment

Provide habitats for
arganisms which

. me organic matters
\s oplankton




type of aquatic plants are more efficient to trap floating matters,
ent or submerged?

Life cycle of Spargan/um erectum

—

Submerged,shc—rotsv —
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10000 - Accumulation

. I S. erectum origin
Accumulation in after collapse |
submerged { !

— 5000 A stage 1st cohort 2nd cohort

£ carbon carbon

=0

0 §
Rele Y Release after
-5000 - BSIEENCE decomposition
500 -
Accumulation after collapse

. el e Accumulation
o 300 ~ in submerged OTN
C —
=& 200 W TP
&) = 0
o 2 ‘P

'c -100 A
B S Release after
© £ -200 - Releasg b =y
> £ decomposition
5 emergence

o -300 -

Carbon and nutrients are deposited when shoots are submerged and collapsed,
ile are washed away when shoots emerge or collapsed shoots are decomposed.

<

atter and nutrient are more efficiently trapped in submerged stage
r than emergent stage (plants).

O PN [T rer W [ P e (Asaeda et al., River Res. Appl., 27, 2010)



Quantitative prediction method
- Application of numerical models -



pring

winter

anding dead,
nd collapsed and
omposing

cation rhizome

Life cycle of perennial plants

t : material flows

spring to early summer
shoot growth and

replenishment of summer

rhizomes by ase of growth and

hoYdsynthes §ficle rmation
4 p\p/y @: N\

.........

ard translocation
of above-ground
materials to rhizomes
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In put data
Rhizome & root biomass Daily solar radiation &
in spring temperature

Translocation at senescence
Remobilization for spring growt

Dark respiration & motality

~ l Photosynthesis
L supply for
Shoot growth & root growth
A 4 | t
Old rhizomes SoToon

| l A/ remobilization for

spring growth

Mortality & | l v

respiration _ Mortality &
Mortality & respiration .
respiration f(environment)

; _ _ .
= . ion |- = - | translocation
shoots 4t - = | photosynthetic production

f(light, temp, biomass) f(temp, biomass)

initial rhizome biomass at daily or weekly time-step
(Asaeda & Karunaratne, Aquatic Botany, 67, 2000)




Procedures to estimate decomposition process

of growth model growth analysis
< L

mortality

abovegroud biomass | belowground biomass
@ ] ]

standing dead shoots

air decay

atmosphere

Water & surface
sediment :
aerobic

Underlying sediment
layer :
anaerobic

very slow \
(Asaeda et al., Aquatic Botany, 73, 2002)



——Aboveground (simulation)
- e Aboveground (observation)

——Belowground (simulation

Apr May Jun Jul Aug Sep Oct Nov Dec

——Aboveground (simulation)
e Aboveground (observation)
i ——Belowground (simulation)

YaVavavavs
/\/\/\/\A

124 8 124 8 124 8 124 8
‘I 985 1986 1987 1988 1989

12

4 N

STUDY AREA /~

Simulated Above and Belowground Biomass in Comparison with Observations

observed data: the average of 1981 & 1982 at #3 in Neusiedlersee

ieghardt,1987)

tion: started with observed belowground biomass in June



—— 6 months

. —— 12 months
— 24 mont
------- Standing dead litter

rp‘

"\ Periogn aeroBic{ayer

4 8 124 8 124 8 124 8 124 8 12
1985 1986 1987 1988 1989

e amount of carbon in the aerobic layer
nd water : oscillates following shoot
ortality and decomposition rate

2.0

4000

Period in aerobic layer
3000 | ——6 months
—12 months

N ——24 months
2000 |
o)

1000 |

0 1

4 8 124 8 124 8 124 8 124 8 12

1985 1986 1987 1988 1989

The amount of carbon accumulated in the
anaerobic layer: gradually increases due

to low decomposition rate
<

period in aerobic layer

1.5 + —6 months
‘% —12 months
S 10 r —24months

0.5

Nutrients are steadily
trapped in the substrate

Oxygen consumption rate :
highly fluctuates due to
L temperature

8 124 8 124 8 124 8 124 8 12
1986 1987 1988

1989



Release .
——6 months ——12 months ——24 months Nltrogen bUdgEt
i Release by decompOSItion
- Uptake by plants
i Uptake
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0.0040 r Release
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S, 0.0020 -
3 decomposition
L 0.0010 |
o
0.0000
= .0.0050
-0.0200
Uptake by plants
-0.0350 |
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) 4

¥

nnual Biomass Budget of the Reed Stands in Neusiedlersee (#3 point)

Production Aboveground Decomposed
1250 g/m? | M) | 1160 g/m? )|  340g/m?
(100%) (92.8%) (28.8%)

Belowground Remaining is
biomass accumulated in the
90 g/m? anaerobic sediment

(7.2%) 800 g/m?

(64.0%)

Two thirds of produced materials (absorbed nutrients) are
accumulated in the anaerobic substrate.

¥

Two thirds of nutrients are removed from water

en without harvesting. Wetlands becomes
wer (Asaeda et al., Aquatic Botany, 73, 2002)
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harvesting

S

reduction of downward

translocation at the senescence



— simulated shoots o observed shoots Validation of the model
— simulated rhizor izomes

— simulated roots oz%s for 2001- 2003
observation

unharvest

— shimulated shoots © observed shoots
2500  — simulated rhizo & observed rhiz
— simulated roots ¢ observed root
£ 2000 [
E
June harvest 2 1500 |
€ 1000 |
=
© 500
0 L L
3000
— simulated shoots O observed shoots
~ 2500 | — simulated rhizomes T observedirhizomes
NE — sjmulated roots O observed roots
2000 | o
July harvest = :
@ 1500 | o
£
> 1000 |
o)
500 |
iologia, 553, 2006)

0



aboveground biomass har\,egted month

m?)

— Ocftoberg

Effect of annual harvesting at
different month on the
succeeding year biomass

*A large secondary shoots
form if harvested too early.
*August harvesting causes the
highest reduction of shoots.
Good for drainage.

eJune harvesting causes the
highest reduction of rhizomes.

— August - September — Oc obef“

—_ November

oo,
-
o e " 2 -
% A
.

3yr 4yr

year



Removal rate of Nand P (2" year) starting of downward

translocation

- 12 — |
| rhizome biomass ] £ 10 [ ] mRempvel othosa_holJns
in the beginning of year & :
8 gotyear S 0.8 by harvesting
| Y _
B © 06
— 2
- © 04
i 2 02
o
H € 00
o M J A S 0 N
M J J A S O N harvesting month
harvesting month
1400 16
ﬁ 1200 | harvested shoot hiemass S 14 Removal of Nitrogen by harvesting
€ 1000 | — £En _
5 T i _ =10 | o
= £ 800 _ | = _
Z 5 ° -
@ > i
S ©
£ 3 4
£
0
J J A S O N M J A S 0 N
harvesting month harvesting month

vable of nutrients harvesting must be before downward translocation at the
senes



Concluding remarks

*Aquatic plants have magnificent properties to purify waters in
various ways.

*Charophytes trap heavy metals and phosphorus in water by
the formation of calcium-carbonate crust. Biomass is relatively
small, available for drainage system.

*Aquatic plant community accelerates deposition of floating
organic matters and nutrients. Among the aquatic plants,
submerged plants have higher efficiency and are low in
biomass.

Numerical models can simulate the behaviors of aquatic plants
ith sufficient accuracy and are available for the planning of
ic plant management.
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One year frequent cutting
(in the case of Typha angustifolia)

1200
—Uncut
1000 + 3 weeks cut
—-—6 weeks cut
— 800 | m Observed uncut
& 4o Observed 3weeks
~
&0 600 | Observed 6weeks
g 400 |
.S
< 200 |
l/‘ ﬂ,.... —
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