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Ecological design concept has been the consensus in
practical engineering fields recently. However, most
studies stressed the vegetation coverage and survival
ratio of certain vegetation. There has been
relatively little field evidences to verify the
specifically on the effects of vegetation on channel
and flow resistance mechanisms. The present study is
planned to follow the preliminary work carried out in
a simulated channel to examine how stiff stem aquatic
macrophytes respond to different channel flow
velocities in terms of changes in their flow
resistance mechanisms.

The native species Hygrophila salicifolia (Vahl) Nees
was chosen as the planting material for examining the
different responses of flow resistance between stiff
stem and flexible stem aquatic macrophytes.
Experimental data showed that the growth rate of
Hygrophila salicifolia (Vahl) Nees was inhibited by
flow rates. Not only the growth rate, diameter of
this planting material decreased but also the erect
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stems became parallel stems as flow velocities
increased. The parallel stem pattern increased the
flow resistance ability of water plants as well as
the survival rate with higher chances to touch water
for inducing the growth of adventitious buds. By the
way, the way of vegetative propagation of Hygrophila
salicifolia (Vahl) Nees between water environment and
terrestrial environment was different in this
experiment. Study results showed the Hygrophila
salicifolia (Vahl) Nees propagates itself by
adventitious buds when planted in water channels. It
was different from most of the terrestrial Hygrophila
salicifolia (Vahl) Nees, which usually propagates
1tself by reproductive growth.

This research i1s anticipated to verify the suitable
planting materials or precursors for riverbanks and,
additionally, to clarify the roles and limitations of
applying aquatic macrophytes in ecological
engineering.

flow resistance mechanism, simulated channel, aquatic
macrophytes, ecological engineering.
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Flow resistance mechanisms of stiff stem

aquatic macrophytes in a simulated channel
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ABSTRACT

p.

Ecological design concept has been the consensus in practical engineering fields recently.
However, most studies stressed the vegetation coverage and survival ratio of certain vegetation.
There has been relatively little field evidences to verify the specifically on the effects of vegetation
on channel and flow resistance mechanisms. The present study is planned to follow the preliminary
work carried out in a simulated channel to examine how stiff stem aquatic macrophytes respond to
different channel flow velocities in terms of changes in their flow resistance mechanisms.

The native species Hygrophila salicifolia (Vahl) Nees was chosen as the planting material for

examining the different responses of flow resistance between stiff stem and flexible stem aquatic

macrophytes. Experimental data showed that the growth rate of Hygrophila salicifolia (Vahl) Nees

was inhibited by flow rates. Not only the growth rate, diameter of this planting material decreased

but also the erect stems became parallel stems as flow velocities increased. The parallel stem
1



pattern increased the flow resistance ability of water plants as well as the survival rate with higher
chances to touch water for inducing the growth of adventitious buds. By the way, the way of
vegetative propagation of Hygrophila salicifolia (Vahl) Nees between water environment and
terrestrial environment was different in this experiment. Study results showed the Hygrophila
salicifolia (Vahl) Nees propagates itself by adventitious buds when planted in water channels. It
was different from most of the terrestrial Hygrophila salicifolia (Vahl) Nees, which usually
propagates itself by reproductive growth.

This research is anticipated to verify the suitable planting materials or precursors for riverbanks and,
additionally, to clarify the roles and limitations of applying aquatic macrophytes in ecological
engineering.

Keywords: flow resistance mechanism, simulated channel, aquatic macrophytes,

ecological engineering.

[ A& ph

AL SoRZ PGB R R AR Z B Y o R R R LA

FEEBEEDRETE s UEESAFNS A WET 5 H73 B R s A 54
FREMLZIEFE S AT P KT F v RRFIER > D¢ R T E2 %o fiie £
Hibcmg R AR DD N IFL 2 M B L B EF O E S VT U SR TR g mfr
)il J}L b 7]\»]-%gllm ‘ﬂ—li’l*} B ’\;ﬁg S ¥4 tg;mf’Lqu* L ST ,IZI{—:L?’*SH.F’E
24 HLRFEL LRI E -
o ARPATITERERI Fefun s BOF > AFETFZEEY T SHRA G
%Z“ﬁ'ﬁ%*i'f"* FEG I FIRE USRI s BT E L RE T Adun
I ERBHLE o é%%mﬁ;mwﬁxﬂﬁmagu%kﬁﬁﬁﬂ@$ﬁﬁﬁﬁa’
Bii AIWFETHE BFH 6 0 AT - R BRPY oreh Tg g
iﬁ_% g T A S PR AP SRETT RS PEPERES A2 KRR o

I v‘}fle'}véﬁ

M

o
+ L)
'E‘/

P

21 {EF R M T

B ARG «L»Lmﬁlff’m’fﬁ'*”gf‘;'?’ LE o R FJEAR TS AR VTR - NN 2
I LR AR AL Efv“-“ '%@’B P gk /‘”r_mﬁ» (Jarvela, 2002) - B
PREF RS TG kAt A 30 B gparkag2 k4 (hydraulic) - fe $HEAL 3 P i i
W”’ﬁwpiﬁm/i°*“’—#%i%*ﬁi?“ﬁﬁiﬁﬁpi’%w{ﬁiﬁﬁ
At erie i (Green, 2004) = 37 5 e A7 7 A Ao g E P STk iR 70
R PRI RIPEAFAFFARIApEY o LT IR KRR e 2 2
)3 {@-ﬁ&#d—‘ﬁ ( Green, 2004; Jarvela, 2004 ) -

Lewis & it hd A fEFF e 1 gd B4 A4 i BAF A 2R N I g
feien (Lewis, 1997) {8 tdedhiv i @ Fo|P &> 54 T one )3 gt ¢ e
iR BT R Y Pmrg;\{ﬁ«d"g’)i;m,,, R AR ERE AR auniE o fE kg
;t CEP AL AR B gérsza’ o B AR ’f | % e d G P A R cndp ﬁ%‘gﬁgm # 3% Dabney
EAKDNGRAE ) REFWFT T ERFE S FRIUKRE 0 U R Sd FRIEH lg% 5 A H
Wi b )3t Im Be st F 2 vk (Dabney, 2006 ) o

AR T B PR IR o Ak k A Ed Aok on P BRI BE S & JE AR ey

2

B
¥

"



FRUELBRIENG T AN e i RE K D) A A S E R (rosette) 1
Q*ﬁﬁ&ﬂFJﬁﬁﬁ%%ﬁﬁﬁﬂEﬁfﬁ%%ﬁﬂ\®ﬁﬁéwwhéﬁ#£§%oA%Q
m,}vvﬁémf’gg«f 4 £ A5 é" N REEM AT MR F R ME i Bk
# % # (Sand-Jensen, 2003 ) o

22, {2 Wi RPN T

Greenway #% J1 {8 4 #-H 4230452 4 P L P e e b
fuir* (Greenway, 1987); — #- #7754 IR > {442 %
(Anderson et al., 2004 ) - v ¥ {5 4~ ﬂdir PR P Eid 28
o

Puijalon % 2005 # = ¢ 3 I F 2k 2 o4 &5 Todi B @ PF € AL b e G4tk
Mgy E e B o 3 4 B Ao enie 4 (Puijalon et al., 2005 ) - Simon and Collison & = A
ﬁﬁ%éﬂ T2 KA BB R AT ¢ o PN AR S g e T AR
AP AR gk ok Moy FR o MR E AT Sein 2 B AR 2-8 kPa
(kPa 5 B+ H i >114%+ 5 B&=98.0665kPa) 3130 % 6-18kPa- 3 FRZF M I E L &
R B kP - H G fF S iR A 2o it grvgnﬁi el s LB E AR E o
HEr+n 2 RAsHFVROBRAERELR - 75 TP 7 H A m)iiﬂﬁ:v’ w4 2 50 cmiF
BN o> B4 2420~ 30 cmp o iBE R A mm/r E2FER > FL A FER LT B
oAt - o320 cm e EL Y 5 R Bl T A g A E - FE TS, A 0 9E
AR A m?)ﬁk ( Simon and Collison, 2002)

23ME BRFLAY

BIf B2 BRE2 Y o 2R (2006) 4451 4 3 A {rie kiR Bk 2 B 5%
w4w4ﬂﬁﬁ£ﬁmi’9ﬁ Fif &7 PiEd Bl {od Rkt ﬁﬁé%(m%)
VRS A AR F R AL BRI Sl (Urd RS ARAR IR ) JR L R
Bavke 2 GRE o MAERIER R Bl BRBEF AR o EXFEE (2008) ¥R E
iﬁﬁﬁ%*ﬁi%%ﬁ?i’iﬁgi—Lmi@ﬁiﬁa$wlb:ﬂkﬂﬁ%’l%
FHEL FHA R R PR AR AR R AR T R Ay U
FHRAER > TR R A - BE 2 2 R Rt .

I~ REFEXGEFE 32

Ao FS A EATAL
gt § B
® ?él"t’%}a s gty

Hy mb‘;‘g? @{i

R
F
.
>
#l 5

31?5&4$§slﬁ75ﬁ 5 PR

AFS IR 2 £ BRAFEFL BRI EEINZ AN R SiE S E AR TR
o Bt Rt E £ S PRI 2 £33 2R3 p > &5 @Eﬁg
iﬂﬂP*&’%a&ﬁ”ﬂpﬁzéﬁa&w<ﬁ¥lﬁ CAE R ) X LR

FERWE > FINELTRIE PREIE R A ELRE
32 &M

321%%H%§ﬁﬁﬁ'
Lo oo g kfh e o o didn b e
24544 EAvag s bR
3 AT AFIE o A
4~ AT aE RRZERT
SR AT AL AL A o



322 $£EFT

friE -k # 2 ¢ & 7 (Acanthaceae) ¥ & : Hygrophila salicifolia (Vahl) Nees.
Ls 54 A 0 2 5 AR 0L -
2o iR = RS 2K A G T B0OM ) EG R AT
40 TG &G 0 £ 3-8om > H07-150m > § fe 0 0 iF 25 %mu
Wed oo R G RADS T AR R (S A ¥ 01978 oAb B3R 0 2010) ¢

33 FEHEAR
331 % KEHAIKA

1~-k4 tlem 5+ A5V R 54 J\ﬂ;r‘& ® » £ 200cm > % 30cm - F 40cm -

2~ 1HP > 0.75KW 4z 8 £ 2 £

S~ B IR E AL N2-201-H » 220V > g * 1HP ~ 0.75KW B iE » = 4p 50 o
A~ fERLH A4 8B > £ 45em > % 29cm 0 & 5em v 5 B lom o R B4 AT N F Ao
5.z ¢ K 40W BEE SRS o

6~ = pFE Timer > (X =& £ pF R 6:30am~ 17:30pm) -

T~ BRE -

8k TIEH AR T E25%MT > EEGAFAFLIER o

332 R %FiT
3321 #3352 R IT L A7

AR AT NS A EIE S S RS 0% ET L E A E 0 B ALE
90 %2 ks < > 0.5 mm > s > (e <0.05mm) 7 £ 15% 5 2 F &% 1~ 1 F
®E et 3100 %V i i 4 556 088.8 %t M T £ 32 0.15 mme B2 (& <0.05 mm)
4 15% 0 RypERB AL BT R A B A SHEEZ IR BRI A Lpe
Fpd M Eend 3 ok 4 3 R AL Flae T R o

3322 45 £33

Lo LF PRk S8 S Y5 28 FaE T R0 M E S i
@Lﬁi#ﬁvaﬁi £pE B iRk %$~£4\“ # #e o

2> R ARAE 3 PA- *%ﬁﬁﬁkﬁﬁ»&%imﬁﬁ»#mﬁﬁﬂiﬁWﬁw,
95 40-~100cmsty AR REERPRRLE 34 PEREA L EHETLE T b
DEFHRERES S - o Al B FEFRE

3 54 2 ER Som -

33239 &%HE I
I BREBEREBUIrERRRZ2ZB3REEINEL BB HET2LIE s 2HREFEL - T KT -

FoEH

;to?t

m *“xt

é 2

7
~

\,:M su‘ﬂl

23S 105°C ~24 ) PREGTS BRI R RSB E o
3 AT HE L ERE IR B R I NG E 2L GO E
4R sl R 2 R 7 RS 105°C ~ 24 | Brisic SRS G E -

AR Ak

Ay kR 2R EF e HP Fok Il fpge- p ER - 2 W A? 4
B EHNF o F%1p 2000&87 10p 3201067 12 p » 4 einidivh 4

4



P F s winid 2 5 3.0cemsT ~17.1cms™ ; F s 11 p 2009 £ 8 7 12 p 3 2010 & 4
30 p > Frdleinid 2 104~146cmst B B sk e s 112 cms‘1~404cms'1 C R E N

p 2010 # 112 27 p 2 2011 & 9" 8 p & > #’“ﬂ*‘]f_umﬁ‘ 23~87cmstz /o> - R
L44»\58cms ~205cms ™o G ch B e Bl o A K p A8 10 %0 PR 4
THfd WX FHRPFLEBIR LA %’:ﬁf » IR E ﬁ 2z ¥ % Globrite( Potassium salts
of fatty acids 49% ), #1# 1/50 ik & *fl 44

41 HERIEF T g TZ 2 LEBA R

EFES&INY e E R R x> A B i&ﬁ160cms Z_ 14
EQSSvl T oS- B0 | -1 R -~ e 3 ?:t&ﬁ 20.0 cms™ 2z 14 >
WAt L RE BB RRSAFIIE RIS ERE KT R
252k (B1~2- 3) ARt E i “‘€L1m’35§|\lllrﬁ“%l’\?%§p
Bl E R E gt R 2 g% I irirdled i 0 % eda
Fliast g s 1 a% 10 % W%ﬁzézb R il P >
BT FEH A EM ARABE DR AP E > T HE S E RS RS
A% 11352 (F4-5-6)-

<

\l“;ff
5
i

\3‘\ i:,%y.
= g =k L

N

&
s SR R R
=

19:_{,"

% -
S
2

\..\\

b

a‘.\.\. -
&

R el

S

AR owf ~F =k
AR
& o=

\..
rﬂ

=
Ak
NN

R

™

)

b

,aﬁ

s
1% =i S

]
vl

45 1200 = Flow velocities of
» 40 planter AB (cms-1)
S - 1000 »
< 35 1 " Flow velocities of
- < 4 planter CD (cms-1)
2 = 30 800 &
[<5)
[SIRE) 25 = —— Control group
b ]
N | b} planter A
20 5 ] 600 @
S o3 O —— Control group
S 2(3 15 L 400 planter B
% 10 —&— Experimental group
o 5 L 200 planter C
—*— Experimental group
0 -0 planter D
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43
Weeks after plantingin Exp. |
’ 4 2
W l~trE-ka2Rz%l§% cEgpn
4 1200 mmm Flow velocities of
] 40 planter AB (cms-1)
< - I 1000
(—;_Tn 35 1 Flow velocities of
— £ ] L 8 planter CD (cms-1)
S5 30 800 >
20 254 e £ —e—Control group
GO , s 280 r 600 & planter A
S 20 o
2 2:3 15 - -,' L 400 © — Control group
% /f planter B
o 10 | | A
5 | ; r 200 —8— Experimental group
planter C
0 - 0 .
1 4 7 10 13 16 19 22 25 28 31 34 37 %~ Experimental group
planter D

Weeks after plantingin Exp. Il

W2 -¥rE-kFzRkll§% gkt



Flow velocities of planter

Flow velocities of planters
AB & CD (cms™?)

AB & CD (cms™)

Flow velocities of planter

4 7 10 13 16 19 22 25 28 31 34 37 40

Weeks after plantingin Exp. Il

1200

1000

800

600

400

200

Green leaves

= Average Flow
velocities of planters
AB (cms-1)
Average Flow
velocities of planters
CD (cms-1)

—e— Control group
planter A

—— Control group
planter B

—=— Experimental group
planter C

—*— Experimental group
planter D

W3 ~¥rE-kF2FH 1§32 SEEpt

AB & CD (cms™?)

WS ~#rE-kE2qs%Il Ri§ &

10 13 16 19 22 25 28 31 34 37 40 43

Weeks after plantingin Exp. |

1800

1600
1400
1200
1000

Total yellow leaves

= Flow velocities of

planter AB (cms-1)

Flow velocities of
planter CD (cms-1)

—— Control group

planter A

—— Control group

planter B

—=— Experimental group

planter C

—*— Experimental group

planter D

Wa~prE-krzR%| % EHgn

1

4

7 10 13 16 19 22 25 28 31 34 37
Weeks after plantingin Exp. Il

== Flow velocities of

1200

=
o
o
o

@
o
S

D
o
o

N
o
S

N
o
S

Total yellow leaves

planter AB (cms-1)

Flow velocities of
planter CD (cms-1)

—e— Control group

planter A

—&— Control group

planter B

—8—Experimental group

planter C

—*— Experimental group

planter D

t S



S
o

1200 mmm Average Flow
velocities of planters

L 1000 AB (cms-1)
Average Flow
velocities of planters
CD (cms-1)

—e— Control group
planter A

w W A
S o o
L L

I 800

- 600

N
o
L

—— Control group

F 400 planter B

AB & CD (cms™)

Flow velocities of planter
Total yellow leaves

- 200 —8- Experimental group
planter C

Eaasnaun s i —%— Experimental group
1 4 7 10 13 16 19 22 25 28 31 34 37 40 planter D

Weeks after plantingin Exp. Il

Wo~FrE-kazRkI F3-5 EHPl
A2AE KA HEFN I FRBETLIEL VR

CEFRAT RV RS T KL RELRLIEE 4NN > FRE R EITE

ﬁﬁﬂ#&ﬁiiﬂgﬁaﬁvﬁi*liﬁﬁémﬁ"*%I‘Hlfﬂwhﬁérf Lp-d)e
o 2R NFATEE M EREH et e (£ 1-2)0

2P ERE R PR S REE R

Fresh wt. Freshwt.  Fresh wt. Freshwt. aft Fresh wt. Fresh wt.
before Exp. | after Exp. | before Exp. reshwt. atter efore Exp. after Exp. Ill

Nl
© © 1 (g) 2@ g )
Controlgrowp 7 5y 34892  167.94 209.87 85.39 314.70
Expgrré':]‘:ma' 236.00 22363 162.96 186.57 82.24 187.42

L2 RE R PR TORE B

Average fresh Average fresh
Wt ongxp. | x’egigrefr o™ of?Exp. 1l
)] ' ' ©
Control group 3.88 3.38 495
Bxperimental 3.55 4.55 2.97
group
M%::E‘_/H‘r“‘ moo ks dl e B mg o *”*'5%%‘9 e TiagrE R ok
g B el FE I N Rl A dleg 2w f ke addd (£ 3-4)
HEoH & 2. /\ T2 % 0 Koo %if« Mz k4 f_ﬁ_# EEEAE LR N IV I X
FhimSEApR AP ARAMA TP E LR AN BEEEARTE B2 52
LA

L3 PERFARBBFTECR

Dry wt. after Dry wt. after Dry wt. after

Exp. | Exp. Il Exp. I

Control group 58.73 36.30 36.14

Experimental 3523 28.06 23.01
group




ZA~PELRFZRHRBIBREVR

Average dry  Average dry wt. Average dry wt.

wt. after Exp. | after Exp. Il after Exp. Il
Controlgroup ) o 0.586 0.488
Brperimental ) oo 0.684 0.365
group

AZFAERD EFHI FRE T LGB0
4317 Fihd THEE KA LB B

BAPE R R R o % ¢ I~ 2 F ke TiatkF vb 320 ndle > e d Nl af %
AR RO e H, ﬁi? Fodliez 746 % 0 1 R S R B KT R A S
] /
LH 5)

o4 mil
A

4L
ﬁ
VAR B~ BN | IV e » ARG - R ABR (£ 5)0

25 ¥rE KR E QR TIORE VR

Experiment of

perlrrep © s Average plant Average plant Average plant
Hygrophila salicifolia i e 1 heightinBxp. 11 height in Bxp. 111
(Vahl) Nees ight in Exp. eight in Exp. eight in Exp.
Control group 298.07 272.56 381.68
Experimental group 299.95 302.02 284.59

432 Fin@ THE KRR A2 B AR

// Q — X, X [ o 24 ., T 12 s 12
KF6AHTY P VERZEFHRZWERRRANE AR KL Re2 TI0E (L5 %
N X 2 , K =+ s > ; 4 - , - , I
43";#1_9_ P P EREEA R RE SR IR G o By B E R R AP S ] o
2 234 - = '
2O ¥rE-RRAERHDLTIOE ERN
Experiment of Average diameter Average Average Average Average Average Average
Hygrophila . . diameter of  diameter of ~ diameter of  diameter of
S of Exp. | before  diameter of Exp. diameter of Exp. i
salicifolia (Vahl) I after Exp 11 before Ex Exp. Il after  Exp. 11l Exp. 11l after terrestrial
Nees ' ' P Exp. before Exp.  Exp. plant
Control group 4.43 2.10 4.06 2.25 2.89 2.58 3.745
Bxperimental 459 2.04 3.85 2.16 2.85 2.45
group
Ratio of
experimental group 103.69 97.54 94.76 95.98 98.72 94.90

vs. control group
(%)

DM RB ORI ARHRI-NER% NG 2 oS Rn Ti08 farir = 29 %
--‘@a%%‘f’* - RoAHFAIRFTG D A *“*”*’56% I~ 11 :E’** e 4R G N R A T e
Yo RN PR E R TEY H S LW AR AT BT oA AT
TR G 16 & AR DAL g Mg R H ;‘*%K'L’»/‘Eivi BRI A RT L EERERAR (M
A ~ #1&4@_/3-’2010)’ "Lruﬁ’ B~ enTiotkg ¢ v g s B R AFHR N aing it < o
LD R F B LG ERERE Ak AN KB l?«pmﬁ&%g LA SRS - |
T IORE € F R hA IR .

433 % Fimi# THE KRB 22 W H R
BB s AL R 0§ ie- %0 Image ) HREA 1 F S S E K B 2 e ¥ e

\}

4

)
\zt

J

/]E

8



P e 307 30 Bk e WTe A O e aniE ko A 2ok A ahirl R R R T 354G f IS MO R
AE (2T ok FEDFHRY S EHFERAPF RS RP BH BB TEARTFAAY
T E R R R 0 20 MG e R R TR AR AR 07 2t R R B

2T ERR DRSO B

Experiment of . . . Average
P Average section  Average section Average section 9

Hygrophil tion of
y_gr.op .I a of Exp. | after of Exp. Il after  of Exp. III after Se¢ |on.o

salicifolia (Vahl) Ex Ex terrestrial

Nees - EXp. - plant

Control group 3.64 4.03 5.36 11.1106

Experimental 335 373 484

group ) ) )

Ratio of

experimental group
vs. control group
()

4347 FiniE THPERE A2 R B1

1~ Li‘%‘ii?;}‘m?.%éf_iif’f £ 330 dle o £ R 23.08~7059% % % - i
Gk srE Foke TP E M4 2 870% (4 8)- *’“356% II ¢ Sk ek g B
I ~ III < 4“71"1(f9—7» “/F';‘?“ A K§ 42_7 % s e l;‘ /F'T j\m’}’g ‘iﬁ}k\—l ij’}zl-p\ ,ﬁl—’lyl‘ ;}""ﬁ;] ‘E.Iiﬂ =

Z

FEOLAHASWB AR > BT EF R L RE ML DE BT ARR o

58 FrEkF 2R
B 14 T 304 E L R

92.25 92.50 90.26

P

/

Experiment of
Hygrophila salicifolia Average root  Average root length Average root length

(Vahl) Nees length in Exp. | in Exp. 11 in Exp. 111
Control group

222.06 128.71 158.41

Experimental group 273.32 219.56 144.63

4357'PF'ML T‘fﬂ"ij\ﬂfzf ?}‘L‘%‘\gf{ J\J. m&%%ﬂ-

iﬁﬁﬁﬁ“iﬁ%ﬁﬁﬁﬁﬁﬁﬁiﬂh%? AR PR B R S
2AN G B BB N e ip;;@@%a,%@ﬁﬁé40%UPﬂ%gi
PrERREBE BRA N3 27y 24 —%ﬁ?g}'?» LITEA AT AP
FLE R e NIRRT 4 £ g g FE R kG 0 Sk T B
= ek f‘:’ﬂiﬂ RSNy 3 s»/ﬁrp’% % m‘*"ﬁé% Y & F2 ﬁ'lﬁ:’l.f‘:f’_" BRI Y o F AR e
o IR A RVES % 11.2 cms™ ~ 40.4 cms™ > H kT F e i:gz% HEEdleal182 B > P i
Wfﬁéi’]fflv;i-’]\ﬁi\';{f%ﬁ iifmﬁ_\u,ﬂg g £ i (£9)-

2O-¥rE kR A RHL KT E2 TR

S

-

\ N
Iﬂ\
Y
NN
G
—~

Average parallel

Average parallel Average parallel

stems after Exp. I terrs ater Bxp. stems after Exp. 111
Control 0.91 0.68 1.15
group
Bxperimental ) g 1.24 121
group
1395 Manz &2 Westhoff 2 #7 3 » {54 7 a0 B8 4c 5 ehk R U e & £ st > & 4 7]



HA4qed Nk e s iLH Bz @ (Manz and Westhoff, 1988) » &&= 3 ¢ -k 7 2 B &
B kT EE2 2 0 BEAHRE 5 ARGk R R R B 0 T OB R i
S PEF G RS ef R 4 F?'Fﬁiﬁfgu*ﬁ' FRAR R T e

Vs B3

AR e o #\'Fﬁ'xh e }\ﬁi\ tk® o
Joo BRRAFLAHET A > BERFIETEL §
R GRAR Y 0 E R A 2 A s 0 2 liﬂf% T|in ik chrd] o 2T 0E
EHER G 0 FHRENTIH G0 0N rde s i e F e HE YT
mﬁ”iﬂ*“l‘**mﬁr’ﬁ KR P L*fs#ﬂm R g Flonid @ e o
ARE G ’ﬁs“?*‘ﬁ‘fﬁl‘”—li”’]‘\nzk‘?ﬁg BT dle o R,
Bk feg;;a IR B E APV PEAPE IR = 2R %
5‘?5@;9,%’}\7%m35§*%#gﬁ’."f5 Az XFEHRY R K
% ARURE F R AR e SRR 8 6 B U e
REELIX >
-k

T T
N, =
%%ﬁ%
A @ T =

T =
AR
(= 7F
wows ok PY o3
ﬁ\rﬂ

_J
g
RS

> o
o

N

L

o A

b}
T

7 IR A F L &R R (HUE R 2
R IR RTEA RN U A T ARk {8
Bk topid P B NS el by Flptin A R Y h £ 2 S

“*“ﬂﬁmﬁ@«?ﬁﬁﬁ%éiﬁwL*ﬁ#?¢%¢m<*«§ﬁﬁﬂ$mﬁ
SRR IRB P 0 H AR ol i ol E J\f\ll‘\}aﬂlf‘ﬁ?x{.v}r{mﬁéﬁ& EQ B
F L EEE- ﬁ}i[' e ’*’{ﬂ\)‘l'%féﬁg‘mfﬂw"?'°

VI~ 363

o
'_\
O
—

T
v

|

g
Sl

<
g\%}
—
&
‘-S\ - .
r?str}ﬁ: =Y
by

o

TEFRF LT LA Y 5 NSC 100-2410-H-216 -011 » 3t 3838 o
VI~ %3 = 1|§Je

1. Jarveld J., “Flow resustance of flexible and stiff vegetation: a flume study with natural plants,”
Journal of Hydrology, 269, 44-54 (2002).

2. Green, J.C., “Modelling flow resistance in vegetated streams: review and development of new
theory,” Hydrological Processes, 19(6):1245-1259 (2004).

3. Jarveld, J., Flow Resistance in Environmental Channels: Focus on Vegetation, Helsinki
University of Technology Water Resources Publications, Finland, (2004).

4. Lewis, N.K., “Use of the Discharge-weighted Average Velocity in studies of the frictional energy
loss of streamflow,” Earth Surface Processes and Landforms, 22:329-336 (1997).

5. Dabney, S.M., Moore M.T. and Locke M.A., “Integrated Management of In-field, Edge-of-field,
and After-field Buffers,” Journal of the American Water Resources Association, 42(1):15-24
(2006).

6. Sand-Jensen, K., “Drag and reconfiguration of freshwater macrophytes,” Freshwater Biology,
48:271-283 (2003).

7. Greenway, D.R. “Vegetation and Slope Stability,” In: Slope Stability, M.G. Anderson and K.S.
Richards (Editors), John Wiley and Sons Ltd, New York, New York, (1987).

10



8. Anderson, R.J., Bledsoe B.P. and Hession W.C., “Width of Streams and Rivers in Responsive to

Vegetation, Bank Material, and Other Factors,” Journal of the American Water Resources
Association, 40(5):1159-1172 (2004).

9. Puijalon S., Bornette G. and Sagnes P., “Adaptation to increasing hydraulic stress: morphology,

10.

11.

12.
13.

14.
15.
16. &
17.

18.

hydrodynamics and fitness of two higher aquatic plant species,” Journal of Experimental
Botany, 56(412): 777-786 (2005).

Simon, A. and Collison A.J.C., “Quantifying the Mechanical and Hydrologic Effects of
Riparian \egetation on Stream-Bank Stability,” Earth Surface Processes and Landforms,
27(5):527-546 (2002).

1B P B R T 2 BB R ] BT Bkl A
% H128-133 F (2006) -

HMEE A KRBk 2 R B R LR 2 AL (2006)
EZG A2 Rl TPEEAFEINLHE 2B, ¢ 2R EHFEFHR 5
394 > % 1% » % 95-107 F (2008) -

o AP 4R T $e ko http://trrn.wrap.gov.tw/index. php?option=com_content&view=frontpage.
20090510.

FTHAE T OBEFEY K PR S CFEFE 5> %34 % 1030 F (1998) -
S A g B F 34 0 20100908.

Fﬁi/%ﬂizi FRALE > r’fs—%& kg e kA fuin Bl AR L2 0 % -4 BEokqla
1€ > pp.69-76 (2010)

Manz, D.H. and Westhoff D.R., “Numerical analysis of the effects of aquatic weeds on the
performance of irrigation conveyance systems,” Canadian Journal of Civil Engineering,
15:1-13 (1988).

11



SER RS ViER o TR Y

j’\ D N :l’
BoR %
p#p:2012/10/06

BEE R

Ph L kA EFN G R T LR SR S
HE A M
% % 100-2410-H-216-011- FrAs: RRS

R SR gR T




100 F R EHFETHEFL SR EL

PR

33 Y5 0 100-2410-H-216-011-

PERELAEKARESF N AR TZARRREERNER

FE O R

Ak LRI S
x4 g R AN s |FFRT (g TR
i (s |B(z 7% AL - | B S
pegg) | E2HE) o & ¥ ...
%)
PTETEES 0 0 0%
o g [PLERMIES |0 0 0%
" it g 2 2 100%
i3 0 0 0%
s VoY ik 0 0 0% .
C K 0 0 0%
B e 0 0 0% n
A
#1l £ 0 0 0% S
LA 1 1 924%
o A4 14 0 0 0% e
(AEHA) ELuEih |0 0 0% R
L izpsi@ 0 0 0%
PTEIE S 1 1 100% C HAp, 2B H Y
A AR Haar 2 |0 0 0% =
" P 0 0 0%
i3 0 0 0% #/4
1 ¢ fiLé ,i #i 0 0 0% .
: K 0 0 0%
AR 3 ) .
it $c 0 0 0% i
HAS
#1414 0 0 0% + =
LA 0 0 0%
ggraid A4 (B4 0 0 0%
A =
(hEE) LR 0 0 0% '
Lizem 0 0 0%




H A%
(i Bt iigz &
5 hoyE B s d S
WEn L ER%EE
AT A R R
SRR N S R £
B2 E M E R
EE G F A

}ljo)

g

’i X538 P

freks

—

R E(FFHEEEN)

i/ e

Re|grga g A1 8

21

Fi

Byr A0 iR

T e

3
1
4e
g |FiHE/ iy
i
p

PEASHAEZ S (BR) Ak

OO O OO O o (o




AR ERFAIFH S 58H2 74

FRELMFERFEAAPRE ESTFH IR AL AR LR
B (HEAESETRRA2Z AR B E - FFESE-HFEL27T ) A7 4§
Eagid gAY FEN AP RAE L FHBEE > - FETR o
1AL P32 R:HAAPER - EXFFH P HRERT- FETR
Wi=pik
[Jx &= p ik (GGsp - 2100 F 5 °2)
IR % % 0z
[I%lee s 5 @ %7
[(J# & & %]
,/‘Flg .
2. FF Ak B T A R B

we e wE Oawdes i OFERY O
.g;?' : I:‘; Zé&f}' l:l\i" ?‘3—‘:‘ .J/E'

jig D J}iﬁ D/r’?ka .‘tli

H (2100 % 52)

3.

RS G ~ HORAIAT AL g BB E S
(RS R A2 R
500 F % *2)
AR RRFEBAC FIRFNER T3 FIAETHZAMAL  Ra iR
ﬁ%ﬂ?ﬂ oo o HNE A g2 BRI s’f%’;&—?’ BRBEFZ R M oom g e 2 i
e E O AHEAH R A S 2 SR éiﬂf WA 2§ R 2 R
gﬁ# e F B o ARy ok 3 A I TokdEy e WA RIERS
PF e B o

EAKAELY B SRR BERE 2 LR Y A i TR P U i
ﬂﬁ@,uﬁﬁﬁ?ﬁﬁ%ﬁﬁmﬁ@ww@»p*%mwﬁ«ﬁﬁ%iii&ﬁ = 11
ik 2 gl R AR A o P E R R R 2 o B R A g

AEERRYE TIOEL¥
4 ko RS AR T BRI AR ehE —mg TR LRI S
‘?i**%é%ﬁ*&ﬁ@r*% B L s H A Hef g o ot AP SR PR
Tk & eiir g R R R et B SRR R “ﬁ—%i’riig,a% PR s R Aok e i E
KER G ET Y £ £ MR P RH S I A kAR F LB N
A s £ Ay 2 q\%“f TR MRS AT > AT R R A2 oA
JPRFENES BB ARTRLPEES 1R KR o

| 4

A




