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ABSTRACT: 7)ipha angustijblia, an emergent macrophyte, sliows different growth

characteristics uRder tke influence of external forces. IR this study, the growtk characteristics of

T angustijblia were iRvestigated after cuttiRg the shoots (treatment area: 3mx4m). The treatment

is considered as aR external force. Two stands, one iR a steri}e zoRe and the otlier in a fertile zone,

were cut at the end of June 2001 and the subsequent re-growth characteristics were observed.

The diderence of response, after cutting their shoots in the fertile zone and sterile zone was

prominent. Shootre-growth in the sterile zone was almost 100%, but it was only 109/6 or less in

the fertiie zone. A re-growth model was developed to evaluate the be}owground dynamics by

calibrating the shoot height and aboveground paraineters. The belowground biomass of cut area

after one year was sinrulated to be about 80% of thae of uncut area. The results were verified

using the be}owground biomass observed in April 2002. The buds in the cut area are shorter than

those of the uncut area. Moreover, the cut area in the fertile zone generated thinRer buds than that

ofthe sterile zone. The belowground biomass and re-growth strategy after cutting were supposed

to cause the differences of their buds the year after.
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Introduction

  The growth of emergent plants such as 7)pha angustijblia aRd Phragmites australis is sometimes

restricted by fiow velocity and fiuctuation of rivers or ship wave motion. Varieus studies have beeit

conditcted to investigate the infiuence of cutting the aboveground biomass, which is one of external

iitfiuences on such plant stands (Sheknov, 1974; Ulrich and B"rtoR, 1985). In geReral, cutting in agtumn

(October) has been suggested as a safe treatment wkeR the belowgrouRd biomass is still sufficient fbr plant

recovery (Sakou et al., 2000). However, it has also been pointed ogt that it is difflcult to specify tke best

cutting season (Hosoi et al., 1998). CoRversely, the inflljence of cutting .F'hragmites australis in July on

the belowground orgaits has been reported not to be considerable (Ylitani et al., 2002). Moreover, when

the cutting is done twice or more iR a year, the infiuence of cutting affects the belowground organs in the
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subsequent year (Ulrich and Burton, l985). TaRaka et al. (2001a) exp}ained the Recessity ofsetting on the

cuttiRg day by which growth is considered. Thus, there are a lot of obscure passages as fbr the best timing

for cuttiRg emergent plant staRds and its influence on grow£h in the next year.

  Tanaka et al. (2001b) proposed a mode} to describe the growth dynamics of 7Illpha angustijblia that

considered the diflierence of the productive structgre, water deptk and nutrient condition (TaRaka et al.,

2002a, 2002b, 2002c). In the present stgdy, a model to analyze the re-growtk ofthe Z}ipha angztstijblia after

c"tting is developed based on the model of Ttinaka et al. (200lb). This model validated "sing the results of

a field experimeitt and the re-growth characteristics of ZVpha angustijblia is discgssed.

wtaterial$ aftci Methgcts

  The governing equations fbr the present model are based on the growth dynamic model of Phragmites

aitstralis proposed by Asaeda & Karunaratne (2000), and further developed for 7)?pha angttstijblia by

1fanaka et al. (2001b, 2002a).

Lifecycle of erflergent plant$

  Asaeda & Karunaratne (2000) detailed the plieRology of Phi'agn?ites australis using the Julian day. For

nlpha anguslCfblia, almost same life cycle as Phragmites attstralis was assumed, because of the similar-

ity in the pheiiology (Fiala, l978; Beule, i979). In this study, we consider the re-growth phase after cuttiRg.

According to Fiala (l978), the most distinct difference between 7)lpha angztstijblia that begins to grow in

early spring and thaS beglns to grow after it (May or June) is the growth period from stait to peak biomass.

For example, 7[}v]ha angustijblia, which begiRs to grow up in May, has a peak in August. On the otlier

hand, 7iVpha angttstij?)lia in June start has a peak also in Augus£. Thus, it is thottght that 7iYpha angustijblia

grows up by a similar life cycle although there is a difference for the growth period.

  Mobjlization of stored material from rhizomes to shoots

    The amount of material fiow fi'om rhizorRes to shoots was assumed to be proportional te its initial

  belowgrotmd biomass by Asaeda & Karwnaratne (2000). As for the re-growth after cuttiRg, 7I}7pha angtfsti-

 folia is considered to have a similar life cycle even if£he start day of growth is different. Theit, tl3e amount

  ofmaterial fiow fkrom rhizomes to shoQts after cuttigg (Rhef') can be expressed by the same equation as that

  for the initial growth period before cutting ('Ibkemura et al., 2002),

Rhij"' = ai? - a'･ B,.i,iob' ･e(T-20) ･ B,h,

                                      "Ilable l. Parameters on cutting used in the mode}

  The vaJues ef a' aRd b'

are O.l33 and O.58 wi£h a

correlation coefficient (R)

of:l-O.87. e is the ArrheRius

constaRt (=1.09).

  Table 1 lists the param-

Parameter Value Dimension Comments

Coefiicient introduced into the life cycle

      after eutting <le)
O.89

Fraction of sheot biomass for elongation

          (q)

O.86 Initial regrowth season

O,60 Photosynthetic growing season

Initial regrowth period

    (Rdtlv)
38 day

Coeracient depending on cutting day

         (aR)
O--1
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eter used in the model after cutting. The constagt (k) used fbr the life cycle after cgtting was obtaiRed fk:om

the field observation data of Fiala (l978). The fraction of shoot biomass fbr elongation and tke iRitial re-

growth period after the c"tting were decided from field observation data ('fakemura et al., 2002).

Study area

  In order to verify tke model, a cutting experiment was done for T angustijblia at Skibakawa Pond iR

south of Saitama prefecture (35"51'N, l39e42'E). The colony size was 50 mx70 m and average water

depth was about 30 cm in the study area. Two cuttiRg areas were selected. The one is in the fertile zone

and the other is in the sterile zone. The each area of cuttiRg was 3mx4m. Tke stands were cut on June 27th,

2001 (178 Julian day), because nutrient coRdition in be}owground biomass at this stage was coRsidered

to be most severe for the re-growth. The height of cutting was about lO cm above the water surface. The

observation was made for the central area of lmx2m with the surrounding buffer area of lm width. To

reduce the damage to the colony as rnuch as possible, we did not col}ect any sample from the cutting area.

The biorr}ass after cuttiBg was estimated using an empirical relation obtained for another site, biotope in she

Ukima golf course located in the Arakawa river terrace (35e47'N, l39e42'E). At last, we collected samples

from tke cut area iR April 2e02, and the model was validated using this field data.

Results

  Figure 1 shows a photo of tke field experirRental

site after 8 days from £he cutting for the steri}e zone.

It is observed tkat ?]lpha angustij?)lia has already re-

grew after cutting. The average shoot heigkt in the

sterile zone is shown in Fig.2. The number of re-

growth shoots was exarr}ined. There were coRsiderable

differeRces in the Rumber of shoots emerged after

cuttiRg betweeii the fertile zone and the steri}e zone as

shown in Fig.3. The number of shoots befbre cuttiRg

was about 60 aRd IOO in the sterile and fertile zones,
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respectively. After 8 days of cutting, the Rgmber of emerged shoots was about 10% in the fertile zone,

whereas it was 1OO% in the sterile zone.

  The analysis of growth dynamics was done based on the field observatioR data. The results for aR =O.79

are shown iR Figs.4 and 5. The aboveground biomass agrees well with the field data estimated by the

empirical relation with a correlation coefficient ofR :O.95. The field observation data of the initial below-

ground biomass in 2002 are also plotted in Fig.5. The simulation result slightly uRderestimates.

  The fie}d observatioR data ofheight and volume ofthe shoots are plotted in Fig.6. The shoot volumee was

calculated using observed shoot height and diameter and assureing that the shoot has a conical shape. It is

evident flroma this figure that the size ofshoots iR the fenile zone and the sterile zone is noticeably dililik:rent.

Di$cu$sion

  Tb understaRd the diffk}reRce of the growth strategy between sterile and ferti}e shoots of the ZPpha an-

gustijblia by cutting, we conducted a field experimeRt and a mode} analysis. As seen in Fig.3, re-growth in

the sterile zone starts ;mmediateiy after cuttiRg, however Rot iR the fertile zone. Sterile shoots have a role

to expand by belowground rhizome structure during the subsequeRt year, therefore they must continue to

be productive by an immediate re-growth after cutting. On contrary, fertile shoots have a strategy to expand

by seed dispersion and they produce a little rhizome

biomass compared to the sterile shoots. Therefore,

fertile shoots grew a little after cutting and formed

slender buds for the next year as shown in Kg.6. The

strategy after cutting between sterile and fertile shoots

was found quite different, thus we must take into

account the percentage of fertile shoots in total area

when considering the belowgyound dynainics.

  The simulation results of cttt and uncut trea£ments

have beeR showR in Figs. 4 and 5. From Fig. 5, it is

seen that the simulated iRitial belowground biomass
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is about 80% ofthat ofuncut value. This value was verified by the field observation data of2002. The fie}d

observation data was almost as predicted by the simulation results. This indicates the kigh accuracy of the

model.

  It is assumed that it is preferable to carry out cutting once a year considering the infigence to the next

year (UIrich & Burton, 1985). However, tkey have not preposed the best time fbr cutting. The best time for

cutting can be presumed usiRg the model in tkis study. However, this model is formulated aRd validated by

oRly oRe experimental result. Furtker iRvestigation and verification are necessary based on cuttiRg experi-

ments performed at different times.
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