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Abstract

This study, using two species of sedges Hygrophila
salicifolia (Vahl) Nee. (slender leaves) and
Hygrophila pogonocalyx Hayata (wide leaves) as
planting materials, will further verify the response
of emergent plants under mixed combinations. The
purposes of this study are as followings, (1) to
clarify the adaptation range of flow resistance in
mixed planting patterns and under inter-specific
survival competition, (2) to investigate the
mechanism how emergent plants adjust their flow
resistance adaptation when planted in mixed patterns,
and (3) to analyze the differences in soil protection
and trapped function of the dense root nets between
mixed and single planting patterns. Experimental
data showed that the growth rate of mixed planting
patterns was controlled by flow rate. The growth rate
of two sedges became slower and the average diameter
became smaller as flow rate increased continually.
The number of parallel stems increased for reducing
the mechanical damage which was also induced by
higher flow velocities. 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. That also can increase the survival chances of
the sedges. This research is anticipated to clarify
not only the suitable planting materials or
precursors, but also the roles and limitations of
emergent plants in ecological engineering
applications and design work of environmental
restoration.

Emergent plants, Flow resistance adaptation,
Ecological engineering, Environmental restoration,
Flow velocity.
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Flow resistance and adaptation of stiff stem emergent plants with
mixed planting patterns in a simulated water channel.

R
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Abstract

This study, using two species of sedges Hygrophila salicifolia (Vahl) Nee. (slender leaves) and Hygrophila
pogonocalyx Hayata (wide leaves) as planting materials, will further verify the response of emergent plants under mixed
combinations. The purposes of this study are as followings, (1) to clarify the adaptation range of flow resistance in
mixed planting patterns and under inter-specific survival competition, (2) to investigate the mechanism how emergent
plants adjust their flow resistance adaptation when planted in mixed patterns, and (3) to analyze the differences in soil
protection and trapped function of the dense root nets between mixed and single planting patterns. Experimental data
showed that the growth rate of mixed planting patterns was controlled by flow rate. The growth rate of two sedges
became slower and the average diameter became smaller as flow rate increased continually. The number of parallel
stems increased for reducing the mechanical damage which was also induced by higher flow velocities. 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. That also can increase the survival chances of the sedges.
This research is anticipated to clarify not only the suitable planting materials or precursors, but also the roles and
limitations of emergent plants in ecological engineering applications and design work of environmental restoration.

Keywords : Emergent plants, Flow resistance adaptation, Ecological engineering, Environmental restoration, Flow
velocity.

R R Al 2 SRR A R P T S R R SIS L
Boogrb g e Fuinae 4 (flow resistance ) 4p

oA EREF RN L i E R4 gl"ﬁ% N R SR
SAPMARTILA S A5 2N A TREFEs ML RN MEERICK SIS R
= P o= s X s (VRN [ RSN
&,\fﬁiﬁﬁﬁﬁ%m i R LA %y# TEHEE R S ek iE s g 7 i TR B

4‘: 7~

B o

B A g‘v‘v,é‘ By allzﬁﬁ_, —ﬂv]«\\,H-%ﬁ— 1 i&
(R LIS . s 1 e v v .
B E A B0k SRR s A EH,LJ{%fﬁi?;m’}\ﬂﬁ%ﬁﬁ}f‘%,lﬂil
fx\E"Lalﬁ PR ’&jﬁgig N ﬁi{:ﬂ”“’ b H R 44 358 (blrEE2mE - 358 ME) k2 4E
WA E R RF B D s s g ae R LA 0 B R G Hhind 1Rk 2

W punF LR > a R P & T

v = 2 i ’ll-'i; 4 s A
,n/,ixf"./ Eﬁmﬁzxfrﬂiﬁfirﬁ Flot ¥R PO P T P gy

SR EEEE S S L S L



MAEAe E R e

mIEER ARy ¢ B AR FErE LR R
KRR HHEDBUTRY > FE R
432t b§ﬁ4kaﬁﬁﬁ#yuk?“
[ & e IR S ) 2 J\”r71=~_'—_1»}i}§i

Fas & -8t ;&bﬂff%ﬂ et fR £
4 it o BB R T EFeopey S A puﬁ
B T RiE R T o BEPE G R T FRE R
LA IR SRR 2 SR R S PR B S ol iR S
BAR O KT F s fRRFnEp o IR EY
‘%&ﬁﬁ“ﬁﬁﬁﬁﬁﬁﬁ%i%&%*ﬁﬁgi

ﬂ%# A o

\m \4\‘ Bt F_x

BkFREHY B A ERAES € E Pl
Frdl iﬁ};m RE= g‘igét {5 > drE J\%Z' EJ"@"J\%Z‘\'
ZARERREE > FOT0D IR AR Ahed
gmﬁg?ﬁiﬁxﬁrﬁ%é\ KT E S BRI A s E
s$?ig4cﬁjf.‘xaﬁ.,]v_tak ) ’il\ﬁi 5%175 i*éﬂ"iﬁﬁg
B ke a @ ASTHEILE > R 4 G ehih
§ oW AR RATA AR ;"ﬁl\ﬂi‘m% B
Eb i A A e en P Bk AR R B Rh
FHle > BT EFOFTHRESBAFPE ’f"'ﬁf_; EN
i ¢

F_k

4

S0 R R T e SRR B ¢
AR fE AT o RE BB B NE ST LA
FELRERADREL > RarE kA2 E AL R7
PP E b S A YRR RS KT Eend £ A58 k7
Bo i inid IRE o 0t PR R oKL ek
BATERAFE D N AL EF AR RRIE
KA TR R 2 B LT g &2 RS SR
W EF o A SRR AR F LB Rl
7E A R FURGT

£
— ’
e e S I
T
[

< \»\

ki oo b RO E I E - By 0 R
%h%‘ﬁﬁ@nﬁéﬁiﬂ’fP%MEHLW;?/VK%
B sAFfeai e w hindir A 4 i kg 0 ]t
PR U T AR FR AR ELT A
ﬁim%ﬂ15r11m%mi@%ﬁ°$”%#m
J\ﬂixrfk"m;mfﬁr’g KF AR NEPE
*H‘mﬁﬁkﬁﬁm#’ﬂ'$§ﬁ*$$
\Wﬁkﬁiﬁﬁaftrﬂlﬁ+#ﬂﬁ%’*
#%&rlvpiﬁfﬁ#m,,,li)’%Qﬁ Aok Ay
TR LIF AR LNIFE T 2 H - P fEAp S
m?mﬁmﬁﬁﬁﬁ4¥ﬁ”*iﬁﬁm%é%*?
BPLF T REE RGN A -

-~ é?k‘}"éﬁ
21 2 iy

PR IEr 5 L ER A S HE P EEZ R
f#«fjfr*‘L—/F’xéﬂm&r‘éﬁmmﬁnm—op Z
RPEfun P d REY 6T 5 A 2b UL b
l“f’&?’*?}ﬁ—'ﬁ- h 1869 & Tk MiFn T iaE e LR R
BRgoRe iy o ik A 30 BB dpaksy
2 -k 4 (hydraulic) €% £ ehEF > L P
SE TR i) 2ok L S A P SR

14—):3\*7— A~
—’svn‘; R —r\\; /H

% 21 Eok Ao 253t €
The 21* Hydraulic Engineering Conference
October 24-25, 2013

GO AL S \P” s R EAEA B oA A fFen
/?ﬁ (Green, 2004)o ﬁ g —JS&‘H';L' “'\L—*ﬂ—ﬁ/u B
J'l'ﬁ'f“*ﬂﬁ:“‘R;,wa'}ﬁr#w,gﬁ/” i#PEE 'ﬁ%lr*"
pARPESFAAEARA S n;/,, $ 2k
Rl 2 2 B F s dl (Green, 2004; Jarveld,
2004) -
BB PR AL G R

% > t4e : Simon and Collison 3 1 j5 A et #i7 A e
Rk ok A BRE D g P BT
1.+ 4 nér4p £ (Simon and Collison, 2002 ) » Greenway
# 0 ’f_ﬁ_if;' EI Y SR VIR S i T
Ao T AT A 4 50 5% (Greenway, 1987) ;
~§P*#%m’ﬁ¢w%»m@4%mgiﬁ@¢

% %% (Andersonetal., 2004 )  fe £ j& 4 § 4e i B2
_‘3.'3[‘5’@;}"4 PH I LR Qi A HE L R o
B A gk anx A7 Lewis & 1R g s
Gl B BEIR L S g B A2 i RiF A g
o e ey (Lewis, 1997) 15 ¥ AEAkie i
=l %;1 s d aniE AR R,J A oh AR
BRI ™ L o fide Ben )9 capd § Rt
i E htiv[rgv thobenB i BAA R R F L 0 7
PEERTHRALT i o REY PR EA D
i 'Zi—ii%’f?—ﬁ’]\’! Fita B o bldcd

o

A eR
B~ BHAOERFHRES ST A (Manz and
Westhoff, 1988) > B %]+ 5 el § (% & & ¢h > ¥ 5
HAZRT 8 0 2RI RGHORER
(Sand-Jensen, 2003) - <5 £ SEIL g+ > 2T §
Baiid g4 ( Manz and Westhoff, 1988 ) -
d%LJQK%*ﬁ%4#W’@Pm Lm
2z 3 Bm%u‘;' |-k 4 &34 (Schutten, 2000 ) » %3+ 1
AR TR *q‘ﬁiﬁgm Rk A S A
g “’ WA A 4 P LA SR
PUEFA R A e A s AP B E
£ o @ A ek (rosette ) o 1 I RS cde B S
B kB A o s #ﬁﬂ‘hﬁ [P k=g
LHGRERE > AL b F BRI AT 4 & A
sUoom g RE M T R H R F R T
MEREE B Rai s ﬁf ( Sand-Jensen, 2003 ) -
H\@?]’F ABFT L ¢ T iR A A i b
HEE T ¢ B4 FIEAR l_!;.rﬂ:a B U B AR s A R
*%”'iﬂ% LM mEHFELL om0
iuiw”““aﬁﬁﬁj’ﬁ%m YRS R
FP ¢ AR R R R ,3 BLo f a2

PldetE 7 23 F hd RAFHE S FIUR S R ehd
FRpdl gL~ L~ AE 2R 228

?L“réfﬂﬁ;ﬂ* y 4 ;\QJJJ,W’[@
B R LA

AR SRR L LPP ) Y2k
R WA
22 o2 HFH R Pl Ey

BEREET Y C B AT AR B g
o I * EP L P AR Y i AT 5 ¢ 35 Dabney
FARNAEE LG EHEE TR R TR
%’Hiﬁﬂéﬁﬁﬁﬁ%ﬁ%%?’%@§@%+



*Am Fe iR F § vakd (Dabney, 2006) -

M iE i 2 R o B B
AR E G AL MR B8 ot 3
ko BT BRI R
AHFHERIPORE BRI AR DR R 2 &y
I Ak r’v’ﬂ/_%-h}: s H it AT R A XA
fEdr g aﬁﬁ{l‘ﬁl“%ﬂ“ﬂmiiﬂﬂ? *
AEF B kAR E LA P A R Rk
# 3 chg a m(#@4\ﬁ*' » 2003 )« Hh iz 4%
(2005) #4414 $ 44 A2 4 R H P ERA4 EFH
ERRE S P?’* BB BS RJE S N2 ﬁé’*ﬂ&s“ir‘ﬁ‘ ;
ERF ey BRI RS FR PR EY
e 19 ¥ 2 tﬁﬁz§~%§ ’,11?:_ AR (M
%52006); ¥ bk g % 3z (1990) 4fEd jad g
Hoo AT 2y~ MERTLE (2006) # O T4
ﬁ-;‘ﬁﬂ“%ﬂ”vﬁ& FRZPE pUEAREES
(2005) ¥+ M43 ko g4t ¢ 2 49 2 : éi”" 4R 2
R ’i’siéﬁéﬁga‘ﬁ“ S ﬁi ERRPL 2P
‘Mﬁ%w&ﬂ@ﬁi%ﬂﬁﬁ4ﬁﬁﬁ%*wﬁp
TRIEA o AR~ E - S5 Y d
WmRIE TS LT § FP AL T A ﬁﬂ'
ﬁg&m§ﬂf¥y\£% °

23 A BREMAY
ARBEFAT R CRPAAMAL R EE
“(%%)%%ﬁ;ﬁﬁ#%ﬁ$&‘$ﬁ$$’u
BEAWRERAEL A EE LT R EFBE
ﬁ&ﬁmk@%ﬁ XS (2006) 12 F ok &
FERE R R A TR SR R L S N E RS S
BARA B E ) P R E R L IR R
Eimm L tsend BB ICABR - EBEE (2008)
Syr g FALRE R By > R
R L H 2 ORET s RIS 5 3
P HA R PR AT A
Ppun s Ay £ 0 Ay uﬂ+w&ﬁﬁ’”
BFREA-BEF2Z A BAEA G-

I RRBEBGEFL 3
31 REHRIFLRZ BB
%ﬁ%%%?i%ﬁiﬁvﬁ%g%f%%éﬁ

7R Eﬁ ‘; FPEFE O AEREP T A R R
(FA KR 57 L7 g2k>2009) + 2342
B TU EeF&RIE THERTFRLER
B bkt RV LKA HRASES 0k 2 B (Datura

metel L. )~ 7 & = ( Mlscanthus floridulus (Labill.) Warb.

ex Schum, % ﬁ; Japanese silvergrass )- 12 2 » iz g %

fé < R 2% (Bidenspilosa) % » :Bv L 3| & B g2
AR T T S .

32 {EFEM
321 HHEBird
EYEE S A B i E SRR el
N

cmrp s 4 F%‘Lm\;‘,%’\ii;g\__&

-
)

% 21 Eok Ao 253t €
The 21* Hydraulic Engineering Conference
October 24-25, 2013

RHREER G RA A HAL S RS R S
PAL A RIS o e K R R

CER TSI

322 FF
3221+ % kE*

& 7 #1 (Acanthaceae ) -k 3 % % » & ¢ Hygrophila
pogonocalyx Hayata » ~ # "= E-kF & ;> 5 -8
FoARe 5 &k ke o 3 2 R SR R
9Wﬁ$fﬂ% LERE S S RN TR FRE R
BAB R G BEE P oA TSR
%4*:;:‘3‘3:13"‘% r’/‘?mr’d“-{:‘i}xllias— g
PRTRAG T AR T E R A
AFET S I ERATHE -

uﬁﬁiﬁ%ﬁ*&’%i$§ﬁ;$§;%a
A F L cho fio &S LAk T AR F 80
~150 cm > At 2HREEE GRS AT
woA A R EHE S NF o A F
g7 T 2% £ 6~12cms ¥ 2~4cm s o
( http://www.ryes.chc.edu.tw/water/data2/data53.htm;
(SR A%, 1998 £ - &% :51999)0 2% 5
MEREAREBA A

3.222 ¥k F &

&/ 44 (Acanthaceae) z Hygrophila salicifolia
(Vahl) Nees. » & > 588 357 Larkd 5 » Gfe
PAamEEPYIG o - EXNFELT A FTE 80
cmo Ewg LAY s 3 A5 5 FEE o i%”“ C RS

45 £ 3~8em > F 0.7~15 cm> F w0 01T
Do Bed RIS o A o K4 %i‘;‘] HANRE N
i EERA (FHAZE 1978 SHAEFFIFT S
2013) -

33 REHKA
331 REKFE ARG
1 okfh tlem Bv AN R4 KA 2
% 30cm > % 40cm -
2~1HP > 0.75KW %4 5 £ 2 &
CRAESY B E i B A1 Np-201-H 0 220V i H
1HP -~ 0.75KW 5 i » = 4p 3¢ o
4~ H A4 8B - £ 45cm > % 29cm >
Bodom o AR BB AT F F o
5.zt L AW HEE %A § o
6~ % pFE Timer» (3 %Pk pF & 6:30am~ 17:30pm) -
7~ '/‘.w_fi—’u‘ °
8 ki T AREK R
ZHR -

£ 200cm -

% 5cm F

Pt 2.5% 1T o RO E AR A

332 F%EIT

3321 IFRELS T
AR B R E S 3 > 86.2 % i i 4 5L

& » 80 %t ik T 4 3 0.15 mm s B ix (R

<0.05mm) 3 509% > izi:}f;z—% FP Hnz 2 ig%‘f% A


http://zh.wikipedia.org/w/index.php?title=%E6%B0%B4%E8%93%91%E8%A1%A3%E5%B1%AC&action=edit&redlink=1
http://zh.wikipedia.org/wiki/%E5%8F%B0%E7%81%A3
http://zh.wikipedia.org/wiki/%E5%8F%B0%E7%81%A3
http://zh.wikipedia.org/wiki/%E5%A4%9A%E5%B9%B4%E7%94%9F
http://zh.wikipedia.org/wiki/%E5%8F%B0%E4%B8%AD%E7%B8%A3
http://zh.wikipedia.org/wiki/%E5%8F%B0%E4%B8%AD%E7%B8%A3
http://zh.wikipedia.org/wiki/%E6%B8%85%E6%B0%B4%E9%8E%AE_(%E5%8F%B0%E7%81%A3)
http://zh.wikipedia.org/wiki/%E9%BE%8D%E4%BA%95%E9%84%89
http://zh.wikipedia.org/wiki/%E8%8B%97%E6%A0%97
http://zh.wikipedia.org/wiki/%E5%BD%B0%E5%8C%96
http://www.ryes.chc.edu.tw/water/data2/data53.htm
http://zh.wikipedia.org/wiki/%E6%89%A6%E6%8F%92
http://zh.wikipedia.org/wiki/%E6%97%A0%E6%80%A7%E7%94%9F%E6%AE%96

B R FHBEBELIETFRRHL 82 Lppd
MRl 3 Wi 4 3 B &AL A e 2
:t:’_'_o

3322 F £ H

FHR B RAE LA E T E kR
2w g kR A Ll R L EHET R
BE PR M RGRE S N2 - SE
E2ZriE LR o

TR fpfleafRe Lyr BREAY #
.ﬁﬁ%ﬁﬁﬁSﬁ—%“Z4ﬁ$§ﬁﬁﬁ?‘%ﬁ*
A E R X REFANAE o R ER R EE Rk
RAFBT2HL > LREBHPFRT ZHF - LD
HHEER-AYA TR IERTATHEE > nE 9
5 40~60cmst s A BEOKH EIPRKE 0 3~4 %
AEFRIAR A e FAFET R eI EHE- S
TAlez g pliRFRL ERHRELFRSm

3323 R H%F e

<

7‘\;3,5@7 131—1;,{ L:}”"#]‘E‘ I?k"a%;‘E'_L _:de./—é,jy
MEARE L0 % FREAF R b E ST EF
B A R R Y

PERA. S A PR CA Tl £ A L

1B IcisBIE B Y J\fli\-vrﬁfﬁﬁ HE KRB HY 2
EESHREE -EFERLGHE S ETERE -

2~ 4N 105 C ~ 24 ) PFEgris o BRI 3R
FCEBERMZ B L -

3 RIEF R B2 R
105 C ~ 24 | PR {8 B H g

T~ B5EHEG

ﬁ\/kﬁgi'ﬂ’l,»s’fa }\ﬂl‘\ Frx- 9% pal
BES DRk d - P % 2012 & 10 P11 p =
2013 & 2% 28 p > X i 22 % > #’”#J._/.. 9 A 56
cms™t T B Bk e ;pc]%],a 5.9 cms™ ~ 14.0 cms”
FoRAF R o2 FFFpLAARE 10 %t
PFREATHFEL I N IRPTR A IEATEHE
i | F B #T % Globrite( Potassium salts of fatty
acids 49%)J 1R 1/50 & A R o gl e FE
HER AT BHEREBE AR LKREA- LR S

-

ﬂﬁ*ﬂ&%#%°

HE L
-

1,

41 BHRFERAPRETLHEF R

FE AR NS RS SRR SR S EE N
Flleehx ZoRpaeprE -k FE R L 0%GE 7%
EREAERFE G M tGE o ERFE G BH

FE o FERR R ‘iéf%ﬁ:ﬁi«’:é"k%i« - oo X
ARFLALE (21 LRER - fefked o
EXER e B my § R kR R
E. o

% 21 Eok Ao 253t €
The 21* Hydraulic Engineering Conference
October 24-25, 2013

21 ARmETRERZ FEFIR
EPE VS - d ¥4 e Planter AB 5% 2 Planter CD

ERS T 40 34
$EF% 833 70.8
ok 5 2 40 35
EF% 833 72.9

42aﬁ¢§&%zkﬁﬁfzi%§&“ﬁ

EREAR D Salb BERER SRR T X TN S
FooRIEE - IR REE O BR 4gwaﬁgﬁ;#
By S ERNPY > LEHISN e %e > A %
KPR L RS ERIDFHArE LR 2 WP A &
kR KR RREEWERRE 2 F Rl
Vond g B KR R RS E RSN e s 4 2
B ind § B EkF 2 s Bt g (B 1) @tk
BELADHEE AL RF R EWELE AT RES
TRAR R o

C”‘

50.00 mmm Average Flow velocities
45.00 4 o;pli?vtersAB(cms—l)
IR
1% 40.00 - Average Flow velocities
Eo] 8 of planters CD (cms-1)
£ 30 ER =
= » 30.00 2+ control group
<= ) (el
2 § 25.00 g planter AB-1 (*47)
=0 =
5 O 20.00 s —a— Control group
2% =] planter AB-2 (4] )
S, 15.00 =
g < 10.00 A —a— Experimental group
o lanter CD-1 (~4")
T 500 ? Y
0.00 ——Experimental group

planter CD-2 (4]J& )

Weeks after planting

Bl #kmd T kEazsEdiitR

A3F kR NI RnE T2 4 HFE VR

ToHD R Hes e A kR R ErE LR
EFFEYT T o Ap £ 7 ATE 4% F & ek
WAl N 22 PRI AR HREY A &
KR R T30 E ek BN o (e E e T R
o VR LT KR ANTIHOEE Airdled B F
5 6750%  afske? L 66.34%; ¥ k7 & chT
P & fﬁ‘vﬂ%ﬁﬂtlwAW%’gﬁagy;
142.68 % » & fi-k 7 & GG i R B e E
o S g MO MR il (£ 2) .

22 BHEKRERNA o T2 LR

EFEr

Planter AB Planter CD
v (g)
FHT B A% FHD R A EF%
NS 3.64 6.10 67.50 3.79 6.30 66.34
ik R % 0.79 2.00 153.46 0.81 1.98 142.68

ST %ﬁ’mﬁﬁim$ﬂ$lb*ﬁ‘
APk RIpHEE R o RN E R AT ke
WidlE (£ 3) BHEEFORHRES T f*@ o B
Hihr TR A7 %° P28 % ihf o iirdlie
HE2R > AP REEFEHABFRAFEET 0 &
R ftsipdlledy@ e g F e bl
rE kR Rz e BR &Y 0 2 LR RIH e

"“*\"4«

~



ERN AR J AR R RBAY 0 AR F
R A s ARAT A EE S REEUR
Aok ft LT PPIERFLFRE-HF

HE o
A

23 KFRNIRAET 2 THEE R
EFEro

=4 e Planter AB ¢ 5 = Planter CD

(@)
gt 043 0.48
Riz 0.10 0.09
Qi [ H i
f “é/; Eicl 24.18 18.19
0

44 AARFZENF Rind T2 HRN
441 3 KRB ENF pinE T2 E SR

AR B A e B R e S kR
R TR GTAR L35 2 % T s il B A
B FRRRELWF FHRDDA92% 0 WrE KR
AP LR ST 805% ; FE e XK R AT
E AR ST 491 % WrE K FE A LG %D PTTI5%
(% 4) & 5’&‘”#]‘9‘”"5@%‘9 VKRR A NE SRR
Foaw gt EREER | - BRaE- b Ew
m«*kﬂt*ﬁmkﬂﬁﬁw%’%aﬁﬁﬁﬁ%
SR E R LB R nE sk T8 TIaRE N
gl i K AR PSSR RS T RE R D %
B Ee mara iy dle Bk (& 4)0 FEH Aol
PP A o

24 KRENFRET 2T R

Planter AB Planter CD
Ting gw B g ok [ o PN
BE T T WS B % as PRI
(mm) % %
L E R R R 4.57 225 49.2 4.59 2.26 49.1
ok R % 2.69 217 80.5 2.72 211 775

4428 KFR NI RIRET 20 PG R
ERBERRT 2R %Y o R L E k&

|
'“)—

FoOKFE R 0 BT R Bk BTG if% =R
K &F—T ]\flz“ IDRE: M‘»—aggb_m%}k}ﬁt CF R B ik

ki TR B (BUAEE ~ 4% > 2011) » iR fE VK R
2R BT o FRATiS avk R & TG 30 R R
R R 0 X0 F e T 08 R MM e
(%5) F sl HER e o e L9 1 Pz Rk
y¢&ﬁﬁﬁyﬁo*mﬁm+¢«§ﬁﬂ7A¢«
BRI AT SRR LR eg187.06 % ¥rE
Lﬂﬁmlb%mﬁ*?%mWéfﬂ@%9w5

OA)’:—%‘%?mfi“ﬁl‘{mP }i"liﬁfg#—ﬁg M AE o

% 21 Eok Ao 253t €
The 21* Hydraulic Engineering Conference
October 24-25, 2013

25 AfECKE AN iR T 2 P e R

KB e R A @ T % 4
kR 2R % SRR l’-fﬂ‘#l\ KR ERER

Tyt G 7% 3%
(m) e X P % ol s
e 10.69 8.76 4.25 3.46
B % e 3.70 3.32

R Fal TR

g E9 87.06 95.95

443 AR RZENF R T ER FU R

¥ ﬁmﬁ’ﬂﬁéaﬁﬁéﬁﬁﬁﬁ&«m
;‘%fj‘ﬁ BAE o FERFR R fﬁ,;mfﬂv;{_]\
i T E G A AREE L B A &R R g
4(a®’*ﬁﬁ%#7%%lk’ﬁ*ﬁ
H A konenduin B o » e s BRG T o
AR R RE RAEART R SR R
?%Fﬁf%j\ﬁ*ﬁ

O ad

b

=F
PR ol 113 F_kﬁ‘ F_‘.
~m>§ W r

zfv‘

7‘"\

e g
o

% 6 /»e’faﬁﬁﬁi’-\fﬁ’ ﬂl‘»‘<“1 fe i T 2 ﬁﬁ?f
Vo
eaperty o CEDEOUREES
e 8.30 2.14 5.92
Bk e 8.72 1.84 4.14
sl ple(s) 10508 85.98 69.93

FTHRBAPE B
AT o BT ISkE
AP EE Bk

444 FHRFERNT Find

LEE S kR
BREDEON e §F R F AR
wet e B EE A F R F R g
B A& P58 de ip iy T 0 LB LR B TR R R
4 pHE P E KRR 0 %Y AT HR D
THRE AR e L ARG EIE gt
BE3e 0» FIR- ﬂf’*"é’%‘:’ﬂb“ (CIRENRE sk 1N gk
* @ﬁﬁﬁtkﬂﬁ* S W S ST gl L
TR F 0 1 A AT R e Uk Mgy
T AR 2ehd 3 HRE 0 A F KR AP E
KRR E A AT R A R R RS chly T
* (Mo ~ 4L 2010 5 M e ~ 4% 2011)

AR hF %Y o WE LR R AT R R

e

BOrEBRAET > HHRFHRLHLE e T R
BOAIE 0L B L F SR ek MM B H e X

Tstbd]~ 3Aple » 23 1 3RechTiofk g A f R f gy
AR LT LR S SR Rl
B - R Fanp P ERSESE TG - 4k
BOSS B AR Jt i R R % IR by T R o R
oA ERR AR AP o B AT SR e Tk

BT Ale g o TIHPRE R gl HRF a4
B2V ETRF R ES A RO (£ 7))
ﬁi—%»ﬁ’ﬂ%m%$¢§ﬁ@%ﬁ$ﬁ£w@
* ﬂ?*“ﬁf*iw F R Ark e T mml&yf EiRig
IRl *'“r%\ns ) o PR AE S & KR 26 8
TR AR AR R 0 R4

X



%7 /Ha’fE' J\ﬂz‘\% ZF\F’/H“ ~T*;:\r§'}i*i'w7'l%w

S T Ryt {3 K 3 2
BA (mm) jTE (Mm) BAARE $A (mm) fRE (mm) BR3HTE
203.0 4758 0.43 198.3 166.4 119
212.1 392.6 0.54 183.0 160.8 1.14
R 5% el e 1.05 0.83 0.92 0.97
445 RIE-KREIF g T2 kT T

AP RE T 2 A
FEF Rk fif o brps
R BN R e
’#M’II; AR AL
T ok T E R e 4
7 o p BE KXo
i g ke @ F
CEU S R A E

R 2Rk T e
HE KT R AR
g S A L A
3£ -

fw \‘4‘- ol AR *{?ﬁ
hw 1~3"

Je
¥
23

8), d ok

T
< B
T+
>
bt
x>
A
*
~=h

A_
BN F-‘-
a7

e

‘1

e
=
-
>

b Towh ER -
o

"'é‘,\

i

- —qxv:; %g I
=
pig
A

N

4 8 HELHERE KRR AN BinE T 2 KT E
# i

s N Cag 4 PR R 2
P BEEPELR H;}ﬁi\f_ ok R
FHR- T F = kR % e
Control group 0.91 0.68 1.15 0.01 0.05 0.08
Experimental group  1.19 1.24 121 0.07 0.15 0.23
44 38 41 28 21
e 2.6~3.7 10.4~146 2.7-86 5.0~13.3 24~53
7 5% eoms® 3.0~17.1 11.2~38.7 5.8~20.4 15.6~24.0 5.9~14.0

YRR NS TGRS LS S
Bokd T oE Pl bR TR R EEH D F SRR
# (%9) ﬂ;ﬁ{ FoRRAEAERRE PR
HUR T E P RS REER B e o AHE
ww&«gﬁﬂ’?%_‘g~imﬁ%w+T”“
FEJREE R BRI B 8% (£ 10)

pHE S X RRRFHY o0 »1&#5%‘55’1”;}‘7&.‘%%
(% 11)e kR F 2L F kT € P a2 K F R
$AHE 2R A G R B B SuRaE 0 0 KR R

_rjj)}‘ lﬁ () ]gl |ﬂ$c I}"J"/‘ °

e O~ RAERF 2T FonidE T 2R T H S ot i

SRR R ¥rig -k i %
RTE Bl kT EY R KT E BRRpPR KT ES R
Vi ¥ /RS ER Y BEK % %
e 27 354 0.08 26 171 0.15
Fekw 41 296 0.14 54 204 0.26

210 B kE e FaE T kT R K
8o g kw2
H % - F %= P %=
KT BB kTE kT RRE RTE KT HRE kT E
Er o oa%E ra/m ERo& B E

PH/BOEY L AR
Be B SEE % & T2 3 i
e 349 1465 0.24 68 680 0.10 302 1806 0.17

72 631 0.11 92 738 0.12 297 969 0.31

% 21 Eok Ao 253t €
The 21* Hydraulic Engineering Conference
October 24-25, 2013

FUNHHEATRFEN ARG T RTES
ﬁ*£1*7kflzl
KT E O RepER kT E S

Pl SR /AT
prale 259 708 0.37
Pk 237 414 0.57
4.5 RAE-K R # 2 g § A F
REHE W E KRR 2R %Y 0 TIEE
m0m§UTﬁ’ﬁ$mm%fﬁﬁ&$%£&ﬁﬁ
;}'i" {%_ﬁ]?’a%;!—r’ffl‘:ﬁ_ }s%l‘\?”ﬁ#‘i—v{’iﬁ/ﬁi
k@%Ommﬁga%@*?*&ﬁﬁﬁ%ﬁ&@i
FEE GBS 0 WP P E R F & i 4 nid i 30.0
cms?t Efgm'\’“’}(ﬂl‘\'?ﬁ%d RS R ]

24.0 cms-1 P 0 Bb % E B ¥ OB B pEARIE b £
xﬁ‘ %F"T‘ﬁi“lmqﬁ‘qj;rﬂ
E-kgEpk o

R 4E Kk R \35&“ > d *v-‘?pT% BABERRE
HFLETARE S F%y 18 % T35
sik 14.0 cmslﬂfgl; ‘:x;x.ﬁzvk?,, ;Li;&m; fEC
B ek (B 2) TR A
2w %zi"lzvbfa kR R xfm‘ R EBF R
5 ﬁ%&%" Hbﬁ%}\ R 4E F 5% e mt f’
Bl o

ﬂh&

5000 1200
g @
£ 45.00 g Average Flow velocities
§ 40.00 L 1000 § of planters CD (cms-1)
a e =
O 3500 8 A
2 800 g Y
5
£ 3000 { 2
2 2500 Looo & —a s gl
S 2000 g AW

- 1 >
8 @
2 1500 [0 & o g il
S 1000 . g
T PESH= g b2 & o
S 5.00 aﬁi*,/{ = +E§§J;Lﬁrwfﬁw‘+
(=] ,1,4 A o E3ls
T 000 Jm==t = : o B I

1 4 7 10 13 16 19 22

Weeks after planting

W2 kR A2
4.6 R4 §‘;‘%‘~1)‘;.,,,L FT2 AR

(ESLEV R STHANE EE PR
oo AR e T R AT R R R 2 3R SE
105°C 2 24 | pFigicis » BRI Wi » ¥ &
Eﬁﬁwwq'"wm’%%%ﬁ‘%M%MMfmrﬂ
g S PR M E D R DR &K
& _

..‘si’%;ﬁﬂ B zﬁi&ﬁZOOcms fai\ﬁ‘,my*/ﬁﬂﬁ*
g%~ (% 12)0 P AR SR TR R AR
ISNEE TS SRR BT T
_7;—?‘%;?‘}‘,_—}30



12~ K 2303 o omid T 2 3 B ot )

H éi\. v Hr
sarm ()RR PR mwe
Pz ?
dle 295.3 285.8 94.1
N 667.1 1105.0 612.1
P o mlrile 2.26 3.87 6.50
iR
w4l wems™” 2.7~-8.6 5.0~13.3 2.4~5.3
3 5% eoms’ 5.8~20.4 15.6~24.0 5.9~14.0
I~Ba
ﬁﬁdmﬁ SRR SR BRARTLpAT
e B LA R T 0 B2 RRAE KRR R
mz}%fﬁfﬁ%f]ﬁ] IRy 3 Ji—;i*?i\ L 3aE 5
BoHRBEORE L TR HE AT &RE? LB
e i |/fﬂ; RIDA m,gg ok A4 e prE
J\ﬂf"}’"* J\ﬂf‘ L__\Jﬂ”f]'Z Foni @i pF o sk
BRSAPFE RGO E AL d K
B> o r"mfé KRR ERDREERE T E R e w
£ o] BF FEATAERT A 2 PR
i BRI x?f%l'- L B E‘{ﬂ:‘é‘i%%c A MR
33% v J m&":ﬁ;l,‘ ’ fz’bpg /H*.‘iﬁ f;:f‘ J‘ 4 ’E’:*" e £

AHRBERE DL G > FHREOWE R E
BEART IR E AL RN R RF ERE D
B AT B e Mt gl SRR R dE EE
Prenfir R R R AR 0 BLP P E R R U AT
bl R FURF B iR IRE o A - L RE R
BREVCER RIFREH EETREZ R IEL
L iE3e At 100 BT W E R R R ek P IRERE R 430
PEIRGHIE o JCE R R R DR TR FI AR ] .
FLVH AT R R ORB AL DR BRAKS
BRLOEAREREN T AR R M TS e
gy BEEOR R R o LRGZEE A RE
X F KRR R HERFEITE W @392 060 £ 7 %
%ok R 2oy ) Wﬁ$ib$@M%MTﬁﬁlﬁ
o i3 WP AT KR AKAREY G ERE
PUH R e TS FI S o

ek s e P kg J(%z‘\ B ](i"—?[z‘\ gnﬁ
SHSAVRTE S R ABeE TN 6 R K B
IR SN o S ‘«"‘34‘3*5#'3‘3— lf/rmﬁﬁg o HEs I
AL PE T IR R ) el K R 2 )R KT B i
BRERA T KRR R L KT E ol Floti s
e RIFIG EME SRS o d B2 A KRB L RT
AEHARGRUEPER B KT E N g
i FHpR -

KR RTF AT R AT AT RS ?
FOUEB IR T F A T E R AR 0 d
BB EOI X LR REERT D] RER R
oA ERFIRER?H AL 2 RE R A eh
REE R L 4 L L
FHRFHRES IR DA IIAPFET AR DF
%ﬂ?ﬁéipiﬁ&ﬁﬁﬁﬁﬁﬁoﬁﬁﬁﬁ@i

5

% 21 Eok Ao 253t €

The 21* Hydraulic Engineering Conference

October 24-25, 2013
PRGAFFIEFE- HIFHehz B 4 Lh3 3
SFary 3w o

242
y RS

sl

AETEFRAEERFAIAHE > P B
NSC 101- 2410 H-216 -005 » ¢ 353 -

NE g &

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

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

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

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

5. Anderson, R.J., B.P. Bledsoe and W.C. Hession,
(2004), “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.

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

7. Manz, DH. and D.R. Westhoff (1988),

“Numerical analysis of the effects of aquatic
weeds on the performance of irrigation conyeyance
systems,” Canadian Journal of Civil Engineering,
15:1-13.

8.  Schutten, J. and A.J. Davy (2000), “Predicting the
hydraulic forces on submerged macrophytes from
current velocity, biomass and morphology,”
Oecologia, 123: 445-452.

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

10. Schutten, J. and A.J. Davy (2000), “Predicting the
hydraulic forces on submerged macrophytes from
current  velocity, biomass and morphology,”
Oecologia, 123: 445-452.

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

12, #4224 ~ Rz (2003) > T4 8 4 L

BB o HfF ) 1 5318 %

60-68 F. -

N

13, thizs 2 s mL s (2005) 074 FHEA A
2 Raf i Famy o P Bk R



14,

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

217.

#oH36L K 2% % 1231327 -
m%@ f%%‘mﬁ@\%%m FEE
3 & (2006) > FRAET A BR2ZFHE R E
ﬁitlgév\#‘?J’ a?*LI Bokfla A2zt € o
HHZHQE’#@? | oo

X ¢ oze (1990) » Mg 4 424 b%ﬂm%% TR 42
Bz o T EHFPvE Lm0 o

J’

B A AR E (2006) M 4T4 BN
ZIRIET A R A T-lp;a? B 5L T Bk
FRF ﬁg ¥ H177-184 F ’f Flgie s o
s |

R EY (2005) TR h®AHN e g %EJ

& sz’ﬂWﬁm%hﬁﬂi

Ea Fﬁfgk SERE L E AT (2006)

J\E"’#*F“ p:{,J’ ¥ I Eokfla feR
% H128-133 F > +*FRi? @+ - .

&E S Iﬁéi (2006) - "k B & J\?cj_ ik

BT R Kﬁi’ 2 AT Jxﬁ

B~ B2~ % iw g (2008) o «F‘lafﬂ_i

FA R ERRZ R, o P Bk BEEHE 5

9% %1% > % 95107 F -

o AP 4R T g2k o http://trrn.wrap.gov.tw/index.

php?option=com_content&view=frontpage.

20090510 -

http://www.ryes.chc.edu.tw/water/data2/data53.htm.

TR ASE (1998) T S iE% - % 0 B2

A FESFE

TR R ®(1999) T ka2 Fw o

AARIET EN > % 2648 > % 3437 F -

oA 54 B T4 > 2013 > http://tpbg.tfri.gov.tw/

PlantContent.php?rid=874 » 20130922 -

MuadE ~ HRAEE (2011/12) T HCHR-RE ¢ R &K

ERLEER ST S IR aE N SR S TEk

€ > % 258-265F > £ &7 o

Mg ~ HRAEE (2010/11) 0 TR -RE ¢ ok 4 R

Prun 2 AR LB 0 514 BEKfIA

FE o F 6976 F > T AL P o

;
A
i

e
H\j:.\
_J.

) l—*;mﬁgﬁ *->w o :‘i*(l “‘;Hﬂm
'll‘g*%'a &

% 21 Eok Ao 253t €
The 21* Hydraulic Engineering Conference
October 24-25, 2013


http://www.ryes.chc.edu.tw/water/data2/data53.htm
http://tpbg.tfri.gov.tw/

SER RS ViER o TR Y

j’\ D N :l’
BoR %
p#p:2013/09/22

BEE R

P E A BORUKGE Y R R 2 ek e b i R

HE A M

% % 101-2410-H-216-005- BrAR: IRY

R SR gR T




10l FREHFETFHEFLT SR EL

PR

3 %5 0 101-2410-H-216-005-

P LA UK Y RN 2 ek b et i AR

=~ %718 p

Fre g
B (BEX
feF i)

S

T

AR

i (F * owm
Mok B
E T N
AR

B ¥ oL

—

B P

o1~

30%

PR W R T [ M o

Fadg -~ 3RS
2013/3) #R

Advances in
Environmental
Protection #* #
g s Vol. 3,
No. I, pD.
16-24 -

B3 AR IHER 2

—_

100%

B 6

100%

T

. m e ¥
(2013/11/14) -k
EA ERE R T
LR £ 2
R ) S
= B R WA glok
FIA £ 2 P 5
g9 kP o

2. Ml
(2013/10/24) #<
FokE ¢ R 2
& gk g P e
Furii AL 0w
21 okl 4287
HE T
3. M il
(2013/8/10 ) #
Bk PR AR
P2 ek ah
LI B/ SR
2013 # BAR 2 K
PEEuFY
ERNPS
pp. 92-94 » & #

T o

d
e

100%




41l VP it 0 0 100% a
o Bk 0 0 100%
= #ic 0 0 100% i+
FeAs
i K 0 0 100% + =
AL A 0 0 100%
fpaztd A4 L4 0 0 100% L
(*AA) |[ELeeih |0 0 100% B
% izesim 0 0 100%
Shiang-Yuarn
Chen, Jen-Yang
Lin (2013, in
reviewing)
Interspecific
aquatic
macrophyte flow
B 3#H = 0 1 100% resistance
L % |mechanism
mv ¥ adaptations in a
simulated water
channel.
Ecological
Engineering.
oy aRd g |0 0 100%
it é @ 0 0 100%
%3 0 0 100% F/4
%11 R 0 0 100% "
C Wk 0 0 100%
i #ic 0 0 100% £
FAS i
#1 & 0 0 100% + =
AL A 0 0 100%
e F A4 FLA 0 0 100%
A =
(4R BEL@ETR |0 0 100% ’
% izesim 0 0 100%




H A%
(miz gz
5 hoyE B s d S
HREE S ERREE
V=g g NP LB T
SR R D B
Vicne S TSN | 2
EE G F A

}ljo)

g

’i X538 P

frebs

—

#R%EL S(7 FRredn)

/e

Re|grga epe A1 8

21

Fi

B ye s IR

T e

3
1
4e
g |FiHE/ iy
i
p

PEASHAEZ 2 (BR) Ak

OO O OO O o (o




R g B 3% 5 R 402 8 24

FRFALIMFERVEAMGEAE -EXFH PR T AR LFINA R §
B (g Rict %N dz & E BB PR T ) s A
Erugd g &8y Bl AR FRL 0= e o

Gt P E

N

1AL P32 Rz HAAPER - ELFH P HRERT- FETR
W= P
(ki 4 P (3P > 121100 3 5 72)

(1% %4 i

HEESF- A

1 # A7)

,/‘Fl;; .

2. 3 Ak g T A R B
we e s4 WMrg2224 DR O
L0 @ O 3 Me
wgE [ B Dzma" o
Aot (12100 3 5 02)

3. Fli?ﬁ%\)ﬁ»ﬁﬁré [FT A EHEE S 5 FTRAL S R LAY
(%ﬁhd¢%w FZABE BE PPN E-HFE2Z T ) (1
500 ')
SPd BIARLERAT VY S Gk AEE D s kA e BB A
EavRifz k4 e 3 SN o RS2 2B AR R RIEHE SR R o
ﬁ%ﬁ*ﬁﬁ**m@ﬂ@%mﬁmm #2RFERLARIRS e A Y

W2 B A IS S H R LA R EGRAES ARER T o

AEF IR OGA R TR TE DR F R R E DN E KR 2 S A R e
KAE P RIS R hE AT Y o B fEN T R AL D RAEA N P e A F i s
SRR ROR R R E G LS PR e B Y RS Sk 2 AR e ie 9 R i
;@?ua H A A LR Y A8 e e i 4 3 iRk A g A ir%ﬁiﬁﬁﬂziﬁ—%ﬁ#p
PR E o EyHFM REOWE-RRAE AL KR ADE L@ BT L Pl 2 e
%Wﬁﬁﬁ%ﬁm’:ﬁ iw&ﬁ%%’iﬂﬁﬁ%T’f@iﬁéiﬁﬁﬁﬁgﬂﬁ
R RT R B RT A ’””“f"i%m#mmﬁr* oA Rk R R REHEG { R
Foko @ @S EERE L el Gl g T AP SRR T ALY
R ASGES A  PVRERAES A2 BRI TRFEDE S HRT AKRT RGP
A 1 RERRR T 2R R o

(ﬂ.




