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Abstract: Shoots cutting of Phragmites australis is a common management to maintain
botanical diversity in wetland and restore derelict wetland condition. Associated with the
recent development of the dynamic growth model of P australis the modeling of recovering
process of P australis was developed based on the experiments and energetic consideration
for the possible application in the management of wetlands. Three years observations were
conducted for P australis to evaluate the recovering process in a swampy section of Akigase
Park in Saitama, Japan. The growth of P australis was impaired most by June cutting,
while June and July cutting increased the ratio of the leaf biomass to stem biomass of regen-
erated shoot after cutting, approximately by 0.28 to 0.56. June cutting reduced the shoot
height and the biomass of rhizomes and shoots markedly. P australis community cut in
summer, on the other hand, mostly recovered in two years, indicating the necessary cutting
every one to two years interval. Revised model could simulate well both the observed data
and literature data of cutting or burning. Consequently it is found that P australis grow in
the nutrient rich condition can recover three to four years from cutting, on the other hand
that in nutrient poor condition request over ten years for recovering.

Key words: cutting treatment, dynamic growth model, Phragmites australis, recovering
process, wetland management

Ecology} and
Civil Engineering

HELTWYWA., 72, IYEFFEFICLVWEEECEE T

FUBHIC

HoThYy, ImBEOKEILOHTAM ImEEET,

3 3 Phragmites australis (Cav.) Trin. ex Steudel &1 H BARD SHEAKIZEVEKOERET THOWARBILETR
HOSEENAED TH Y, 2R OFFEERIC 5. 200, @IREHE, BH%E0d 59 %K1

20034 8 A 4 A5fF, 20044E2 A 6 ASH

RIEICBWTHELON, BOH ) SNTHAKEDTH D L

* e.mail: yutani@post.saitama-n.acjp W2 A (Clevering & Lisser 1999).



173 IEHEEET 5 6(2), 2004

AVREL OEYICERERMEL (I 199), KE
WAL BEBE o H R (RIFFAERE (Bonham 1983) #°% % 720,
MEOHAFAEEIBCTEHSRL TS, 20489
HIATOERMENS, ZLOEBBBICIBNTRIVOERE
REOLIHNIEHIN TS, L2 L—HTiE, i
IAVHPELET AT IO DOER T, WEYOD
SHELRL SELWREDEH I TS, 20720,
WA TR LB IR A UGS L, oLt s S
D, avBEEay P u— LT ARAPITPI
Twh, FVOBREIZIIELZKPTURS EHEHTHD,
FICERIIOKF TS &, BETL2I L OLBRER
3, B 1BUT LRl )HEDDH S (Shek-
hov 1973). F 7z, 3 ¥ OEIHNIBRER = H 50150 b &
AlZFTH N T B Y, Fransworth & Meyerson (1999) <
Ailstock et al. (2001) EZBREHI DA & £ DHIZITH B
BEXZHAELELZLIZL T, HEMIHYDOLEE
TrEMSEr I EFERD EHEL T5,

tERo k) mFHEE, FVEEFTIRECRETELL
B, AVPELELLZEETRKESEZABEICEENR
FREWZE, LrL, REROHAPLERES I VU
NOEWICERLEZRIZTIENEZ LN, KT TOA
B EKEOFERCEITTOATRER HETHE., 207
, ERICHEBICELT A5EICIIHEN DS, F72,
VOO, ErBLIERICLY EPBRRIET 520
R CRER, BELCBROHTELL ) LEZRES
B HEREL, MOMEHREWOEBIL AR -DH, 2
VEEEIIBRETLIILIEFE L bW EEZILND.
oI, MYOLHELEMS eI LY EMICI VR
MR 256, ILvOREEEL THO/NNRAEREY *
BLIWBENE ., 20 L) ZBREOS IdFE#HKD
LEKRBEOEANRETH H720, 3 OIEHNIEKE
ETONEY 2B Z EHL.

AELY (TR % 3 VEEBFETH Y, HlEka v
ErxBFELLTHAWALD, HETEHI VEEDILKE
ML, BHOEWSHELE CROLOIAThR T
% (Hawke and José 1996). I V¥ % KH & LCHM LE
a0z, FVHEICEREERST, »OoREL
BERZIVEFTAHLOIC, LY RHEX %479
CEDEBITH Y, LAY RLGOBEEE BT A%
B3 % > (Shay et al. 1987; Thompson & Shay 1985, 1989;
van der Toorn & Mook 1982; Gryseels 1989a, b; Bjérndahl
1985; Ostendorp 1995). 3 > D% B IZAIELY 24T 5
BEE, IVOERINICNIGS CEWREE LB, &
BB ANMY) BAITOERIZEZ 5281281 5

Az, 72, AREICI D RNEAUL, FEE
DOXKEAD» S DBREIZOELL, BEREMIFEICLLD
LEZ oNnb (HP T A 2001a; Karunaratne & Asaeda
2002; Asaeda et al. 2002). Gryseels (19893, b) $E ¥ &
ZH2 3 Y ONIY 4TV, ERONEY OFHF L 0 id
MEREEZEMESE S EHE L T A, Cowie et al.
(1992) ZEHIINE SN TS I VHETIE, %9
TR\WIVEE LR L THYOLSHRENE T & 25
ELTWD, BRIZBITZ2 I VERHONRY 2T
7Tk, PIEIIZA(1999), B4 134 (2002), Karunaratne
etal (2003) % EDH 5. WHITZD (1999) (2 X i,
A HOFEY 2 — F OB S LERERIGAIRY B
PEL R ELHICEDT S, HEIETA, (2002) 13, 6
RAJELD &7 AANEL D 2 B L, HARICZBITS 3 N
DOBEFEELEL WTEOYETFEE RINEL56
RiRbRELEBELT.

2T, WE~NOERTEZ AHE0F, B EHE
PO TEETHY, EFVEHAVETHNKE B
EEETAH, BRI, FVEERALOOMEYOSHE LS
CHRED ETBHEA, MBI IZLY I oA EDREIH
SNBHDH, BUIIPELETLEELNZEEICED
MEETAIOPEMAZ LIZEE LA, BE, VD
HEETEBECTHTRZETVPREIATVS
(Asaeda & Karunaratne 2000; Asaeda et al 2002
Karunaratne & Asaeda 2000, 2002; FH={I 7> 2000, 2001a,
2001 b, 2002). Asaeda & Karunaratne (2000) 2k » T
RESNZ-IVEEETNVIE, BPRIEH, (2000, 2001a,
b, 2002) IZ& VRREHEDEVRKEDE, FEHE
REDEVWILLIVOERDEVTRHATES LI
RSN, IOEEFLICHHETELZEIRENT
WA, LaL, MEDICEd % )BFAEREE, ALY EH
ICHEBEZT A0 (BHEH 2002), fERkOERET
NVENEY 24To - BOBERICOERL, MY 0¥
BrEENIFMTEARICURTA2LENDH L.
TER, AIHL YD IZBT ABEEMFRII W ODEET 505,
ETICHEIE T I3RS TH o720 FiZ, MELY D
R, MRYBATOI VB TEOKBYWERICLL
ENBEZENGhoTWIbDD (BHIED 2002), A
B BELFEOHTEEDOTLICE T ARETIEETH
oz, Fl, ARV BZOBEREEY V2 — NOEIRHE
BCTEMi T 235604, ZBREE TCOFEMIL 2w,
WizgeCid, ZH L-mzEEL, 352 5D
DB EBNICEMT 570010, ERICIVHEELH
WTRAIE ) EBTE/L, MY EIEICh-BA%



A BRRR

EW L7z, 2o, BEllcXyBonimRy, AR
T L AR A AT, MELY BOFFM% BT LB
ek a VEEEFVERRL, [FINYH
EREFN (UUT, MELYEF V)] 218 L7, ALY
EFUVIPRROD HEFNTH S L AHID D120,
B D2 S NI BOFAEDY 2 — MBS LERE
BICHT 25M0d 5 3CH A B L, MY EF VO
FREREORBE RS, BRI, ARENLETNVE
AV, 33T O S ARIRAS LN Y B % 25 &
3BT 2 $ COERERBT DL ERAL.

7k

HRKOBE

B, BRICIEBESPBUN LT, BERIW
7o EFHOFENANEAI B B AKAEAEAN ORI TIT
©72(35° 5I'N, 139° 35°E). #Hifllid 2000 4F 4 A 7> 5 2002
EI2AFTOIFITo72. B, 2000 FEOBRAFEFREIC
DWTIE, BE1EA (2002), Karunaratne et al. (2003)
WWTREFEATH L. BLZ 1000 m* OEHIHIZ, H—
TIHET—HH I VBB ICELRTVWE, I VHEIIEK
BHEDLEREBELTWL ETRSK, FEIKEIZH S
bDEEROLND.

B OB IR ATND 2 <, KOBSIIERO
AIZL B, 2070, BWNEZICIBKRAI—REEIZ LD
H5L500, WEOKMIZIF0.2mBEBETHSL. L2rL
2001 EE D E BRI/ D 2 L, T ARMIZ—FEHIZ
—0.5mBEITERTTLI LD o7, FOLIH) %
R LoRER IR E C i3S T, 2 MR TEE DKM
Lot BHMSOWEIIHET, £BERbo 2L
EHEICEA, BT 0.5mBEORSIZE VI L ORF A
HHELTW, #0720, ITEOTRTIIINEREN
IZHEFE LTV 7z, 2001 #E4, Bl oEREAKS L <3
FIER K DG & T - 7245 H, NH,-NiREZ 0.076
+0.025 NO,-Ni&&E130.123£0.029, PO/ -PifE
12 0.021+0.005mg/1 (AVE. = SE) Th o7z,
BRI &

O I L EO—HETEOSE LW 3 DO HE 25
F, 1XERNED 2Tb xR E L, R 02 XKHE
T 20005E6 A1 H, TH3HIZENEN Y 2 — D
AMELY 2ER L7z (LLITFEhEhe AANED X, 7AX
WYX ET2). AR ICELTE, AY#IKREL 2V
X3 12HE 0.3 m TAEL - 7z,

SR O BREZ 2000 4E & 2001 £ I VAERMIZIIB X

1E2  AELS N7 3 2 o EE BAE O 179

ZR—EORBT, 2002 4F121%, I OEENFIZITRT
L7-8A L9 AIC2EIT->7. 0.5mX0.25m OFEHHD
Ya—-FEBEBETHNYIZHWTYYERD, Yo
ANTHIRZICELFEY, Ya—bPEsx5HLA. >
21— MESRBYKE»S KEAOEOMFIIRITL L.
FD%, Ya— MIELEIISEL, £1¥Nn0.05m
BEOESIUYVFUITEBESXIE L. HTER
CRRIZ, Yy \EHWTYa— P2 HBEOE
THAORMLA., Bon -t THAILETE Eo Ve
WANTERZIIFL,PRY), Yoy bR SD0E
AnTLzkwiil, EREELEE L. BEROBH
T, RFHITBIX E 2 2DOMELY XA 5 323059
DOFHFE IR L7z, F7-, HREERILSSTTHE
I A FTHBRSET (B 48 R WE L.
FHRX L AEL D XIR, RO 3 EMOBIET— 5 Dl
B 13 Kruskal-Wallis g (—KI6/ ¥ 787 X b
v 7 EOATE) BT,

BRELUVEE

HARR

Fig. 1 (@ 2xtBXE7H, 6 AAMYRICBITA Y 2
— NESOBEREEART. HEBRIZBWT, W3EHL
LERIHEEL-Y2— ME, 8 AIAIIZIZIERES
ZHD2mE TTHELEZM, FIZIE3 mU Eogs &I
HELZDOLBRE SN, JBERIZBNT, Ya—1
BEDIEMOBHMRIIFELEZIMRE SNz o2
(p=0.816). 6 BIZAE - 72X, 7 BITAH - 72
RIBICBWTDH, APY —ABOBMRICIELIEF 25
OHEFFRONL., BEELZZ V2 - FSHFEREREL
7o, BRI ESIE, X E BB LT 6 BAEY X
ETHANBYETENENL %, 53 %DBIBR N
7z ($p<0.001).

B Y 224E 0 2001 F XTI & AR Y X TIEIZRE
BlcHIFErR N, LaL, 5 AU Y =2 —
FESIGEWHHN, Ya—bESE6 AN X TR
&L, MEBERX TR EL, TANBY) X TiEZFoHH
BEL 572 (p<0.05). MELH 2 0 2002 OB
T, Ya— FESICELTHBX MY XOBIZA
BEhEIERIN LD o7 (p=0.753).

Fig.1 (b) IHEX & 6 BAEY, 7AXMEYKIiZHE
JAEE TS Y 2— MEBREBOBUKERERT. &
BIX 2B\, 2000 4E & 2001 £ &5 5 OERBIZ B W
Th, Ya— MEREEIHERT AT ORISR



180 . TEHEFET S 6(2), 2004

~&—Untreated
--3--Cut in June 2000
-&— Cut in July 2000

3.0
(a)
2.54
2.04
g i
= 1.54
&0
o
1.0
0.5
0.0 —
2001 2002
Year & Month
—&—ntreated
--B--Cut in June 2000
-2— Cut in July 2000
1500
<= 1000 4
£
&
2
g
& 500
04 - !
2001 2002
Year & Month
Fig. 1.

Rhizome Root
—&— Untreated X Untreated
-8--Cut in June 2000 + Cut in June 2000
3000 -‘—(:Iuthuly2000 4 Cut in July 2000
' (©
25004
& 20004 ,/+
£
20
§ 15004 N
'S 1000 ‘{’ ----- % '
m 10000 ¥
500 . k'3
i had, 4
“T2000 2001 2002
Year & Month
® Untreated
O Cut in June 2000
w : X Cut in July 2000
17}
g (d)
2
@ i
2 0.8
[
2 ;
8 0.6
A i
£
S 044 x i
M @i il
3 4 -
o g
e .
] 0 e . . E—
2000 2001 2002

Year & Month

Three seasonal variations of (a) shoot height, (b) shoot biomass, (c¢) rhizome and root biomass

and (d) ratio of leaf biomass to biomass at untreated, cut in June 2000 and cut in July 2000 site. Bars

indicate standard error for means.
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Table 1. Equations for dynamic growth model of P australis based on Asaeda and Karunaratne 2000.
Equation
Biomass

”—dg;m = —Rui—Dpi— Rhif * faity - Z Esht * sht ) fouty - z Esn * Phyy (i) * Jon

i=1
B, .

ddtt =Gy fvt_th_Drr +x- Rhlf ' frhi

dB B i=imax i={max )

=R DA A=) X bai) St (1) K e Phadli) S
=1

BossD _ 1) R~ D)~ G =G - (24 (1) - Rt - - (22

dt By By
— &gt * by (Z> : f;ht_fph ' Phslzt(i) ' fph—'bsht (@) - & * S Phoy (l) k- ff
By R Dyt 3 Phai) kS5 bl f

=1
The amount of material mobilized from the rhizome
R]’llf) =t * Ol * G(T-—ZO) . Brhi
a,=0.58 - (Initial rhizome biomass)
Initial shoot biomass
Initial (Regenerate) shoot biomass=0. 06 -
Respiration and mortality

=1

—0.50

(0t + Rhizome biomass at t.,

) —0.19

Ra:Ba . P(T-20. B.,, D,=y,* G{T=20) . B,
Photosynthesis (g/m?/day) in the i-th layer
. _ Ipar (7) K .
;) = . . . . (T—20) PAR . age - LA
Phosli) = P+ Ko Koo g 07 gl Gy Rt Agewe A

Shoot elongation per day per meter
Shoot elongation per day per meters=

(Biomass increase in the i-th layer) ‘- ¢

(Thickness of the stratified layer) (

Biomass in the i-th layer) —

(Biomass increase in the i-th layer) - ¢

Where, B (g/m?/d) and b (g/m°/d/ (1 cm height)) are biomasses and subscripts, 7k, 74, n, shi, and p represent
rhizomes, roots, newly-formed rhizomes during the year, shoots, and panicles, respectively; (i) represents the quantity
in the ¢-th layer. #max is the maximum number of layers in the plant stand; Rhif is the flow of stored material from
rhizome to roots and shoots during the initial stage of growth; a.» is the specific transfer rate of rhizome biomass; R
and D are the respiration and mortality (g/m?/d); superscript T is the daily averaged temperature; subscript @
represents old rhizome, new rhizome, root, panicle or shoot; Phy (i) is the net daily photosynthesis in the i-th layer.
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(2003) 12 L 5o THHE SN T WA, Fig 6 121, HEL

NEAEZEOHEY 2 — POAEHEORES(IRLTHA.
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AFFFE G CHIBr LA e 728, Fig 2128 L7
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DY a—FEIWIEEEBT AL L T (Asaeda et al.
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Table 2. Parameters used in the model.

Notation Parameter Value Dimension
&w  fraction reallocated from the shoots to below ground organs 0.026 —
o fraction reallocated from the current photosynthesis to below ground 0.46 .

organs
& fraction of contribution of accumulated shoot biomass to the
. . 0. 00027 —
formation of panicles
x fraction of Rhif allocated for root growth 0.1 —
y fraction reallocated to the old rhizomes 0.6 g/g/d
k fractipn of contribution of current photosynthesis to the formation of 0.025 .
panicles ’
0 Arrhenius constant 1.09 —
B+  specific rates of respiration of old rhizome at 20T 0.002 g/g/d
14  specific rates of mortality of old rhizome at 20°C 0.00015 g/g/d
B« specific rates of respiration of root at 20°C 0. 002 g/g/d
7.  specific rates of mortality of root at 20C 0.00015 g/g/d
B»  specific rates of respiration of new rhizome at 20°C 0.003 g/g/d
7. specific rates of mortality of new rhizome at 20°C 0.00015 g/g/d
Ba  specific rates of respiration of shoot at 20C 0. 007 —
7s«  specific rates of mortality of new rhizome at 20C
L<t<t, 0.0025 g/g/d
L<t<k 0.003 g/g/d
t. < t < 315 day 0.01 g/g/d
after 315 day 0.1 g/g/d
Bs specific rates of respiration of panicle at 20°C
h<t<t 0.003 g/g/d
after ¢, 0.04 g/g/d
7 specific rates of mortality of old rhizome at 20°C
L<t< 0.003 g/g/d
after #, 0.04 g/g/d
awy  leaf to stem biomass ratio 0.28 —
after harvesting 0. 36 —
.  coefficient of harvesting effects 0.22 —
P, max1mum. specific net .dally. photpsynthesm rate at 20C in the ab- 0.33 mg/COy/g /m/d
sence of light and nutrient limitations
Ko  conversion constant of carbon dioxide to biomass 0.65 g/g/C0:
Kw  coefficient dependent on the habitat nutrient quality 0~1 —
K.  coefficient dependent on the habitat water depth condition 1 —
Krr  half saturation coefficients of photosynthetically active radiation 12.6 /Em’/d
K.  half saturation coefficients of leaf age 125 d
q fraction of biomass contributed to shoot elongation from each layer 0. 360 —
regeneration shoot after harvesting 0.216 —

next year of harvesting 0. 288
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Table 3. The days of phenological event used in the model.

Notation Parameter
t Commencement of growth
t, Formation of the new roots
t. Ending of the remobilization from rhizomes to shoots and roots
t Commencement of translocation of current photosynthesized material to below-ground plant organs
tr Appearance of the panicles
A Commencement of shoot senescence
fou Date of cutting
Initial Growing Stage: Senescence Stage: Cyttlng event
o Uchidaetal. 1999  © Thompson & Shay 1989 l‘p
® Asaedactal. 2003 O Asaedaetal. 2003 t I3 t
a Observation A Observation ) \e y tf \S
[ 4
& 1.2 1.2 E _ | :’ i .
% = [~ ] B
o0 = : i .
2 1.0 Lo } P, s ,
é 3 [ ‘\\ :t te t ) N t s
5 ~.0.8- 0.8 = = r i ‘ /RN
=R Lo * | .
= i % =
= 5001 06 =g tcut} ‘ 2 , | \
° 7. s g ' P
2 =041 L0.4°C & L
= 5 r
& @
o 024 02 3 .
% 2 Fig. 3. Sequence of the phenological events defined in the
s 00 —t00 8 model. (') indicate phenological events of regenerated

0 02 04 06 08 1 12
Cutting Timing
(tcut-tb)/(tx_th)

Fig. 2. Relationship between relative period of initial
growing stage (solid symbols) and sprout to
senescence (blank symbols), and relative timing of
shoot cutting of P australis for this observation results
and published data from Thompson & Shay 1989,
Uchida et al. 1999 and Asaeda et al. 2003. Solid and
dotted lines are regression curves. * is pointed out the
growing limit, mid November, of P australis.
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Fig. 5. Comparison of the observation data and simulated result of (a) (b) (c); shoot heights and (d)
(e) (f); biomass at (a) (d); untreated, (b) (e); shoot cut in June 2000 and (c¢) (f); shoot cut in
July 2000 site. Observation data is same as Fig. 1 (a), (b) and (c). Bars indicate standard error

for means.

187



188 I BET % 6(2), 2004

""" Simulation (1000g/m?) Japan (Kamio 1986)

— Simulation (3000g/m®)
& Observation
X  Japan (Asaeda et al. 2003)
A Japan (Uchida et al. 1999)

1.2

Japan (Naohara 1965)

Canada (Thompson & Shay 1985)
UK (Haslam 1969)

bO e m

(a)
1.0 4

0.8

0.0 4—

T

Relative Regenerated Shoot Height
(Regenerated sht. ht./Untreated Sht. ht.)
o
(=)}

0 02 04 06 08 1
t 1t t
b e P $
Phenological Timing of Shoot Harvesting
(-t Jt-t,)

""" Simulation (1000g/m?) W Japan (Kamio 1986)
— Simulation (3000g/m?) O Canada (Thompson & Shay 1985)
& Observation & Czech (Husak 1978)
@ X Japan (Asaeda et al. 2003) O  Switzerland (Gusewell 1998)
= A Japan (Uchida et al. 1999)
wn
wn 0
so 12
=
s (b)
2T 1.0
N
SIS
e 2
< 5 0.8
wn ]
S
O
=2 2 06 4
5.5
S x 04
s U]
QO =«
~ hg 0.2
D] e
z 3
p=EE .
3 01 - .
[b] [\}) . T T T T T T T 1 T T T T T T T
[ go 0 02 04 06 08 1 12
t t
S/ b e tp t\'

Phenological Timing of Shoot Cutting
(t-t,/t -t,)

Fig. 6. Comparison between phenological timing of shoot cutting and (a) relative regenerated shoot height and (b) rela-
tive regenerated shoot biomass of observation data from Asaeda et al. 2003, Uchida et al. 1999, Kamio 1986, Nohara
1965, Thompson and Shay 1985 and Haslam 1969, and simulation results. Simulation results were estimated by 1000
g/m’ (--) and 3000 g/m* (—) initial rhizome biomass to emulate the oligotrophic and eutrophic condition. #, £, £, and

I, are phenological event defined in Fig. 3 and Table 3.
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