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Fig.1. Distribution of wind speed (m/sec.} using an electric fan. ¥ : Point of release of achenes.
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Fig. 2. Achenes of (2)A. montana, (b)A. koidzumii, (©)A. rubripes and (dA)A. japonica. A and B represent dry
achenes and imbibed achenes, respectively. Bars show 0.5 mm.
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Fig.3. Frequency distribution of dispersal
distance of achenes.
¥ . Means of dispersal distance.
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Fig. 6. Germination percentage of the four Arfemisia species incubated at 2000 lux and 12 h photoperiod
(clean bars } and in constant darkness (black bars ) under four constant temperature regimes {5, 15, 25 and

35°C). '
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Tablel. Effect of the storage period after seed harvesting on germination of the
four A#temisia species.

Days after harvesting

Species P
5 20 50 100
% % % %
A, montana 816 86.3 80.0 82.0 NS
A, rubripes 90.1 79.5 81:0 84.5 <0.06
A. koidzumii 94.4 87.5 91.5 92.0 NS
A. japonica 93.5 96.9 98.0 97.5 NS

Achenes were stored dry at 1-4°C in dark after harvesting. After the storage,
achenes were placed in 9 cm Petri dishes on 0.5 9% agar layer and exposed to constant
temperature (25°C) and 12 h phtoperiod (2000 lux).

Table2. Effect of the illumination levels on germination of the four Arfemisia

species.
Hlurnination levels (%)
Species P
100 54 32 13
% % % %
A. montana 80.0 785 84.5 85.5 NS
A. rubripes 81.0 85.5 72.5 73.0 <0.01
A. koidzumii 915 88.5 87.5 86.0 NS
A, japorica 98.0 94.0 97.5 94.0 NS

Achenes were stored dry at 1-4°C in dark after harvesting. After the storage,
achenes were placed in 9 cm Petri dishes on 0.5 % agar layer and exposed to constant
temperature (25°C) and 12 h photoperiod. The illumination level, 100 %, is 2000 lux.
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LEEZ N5, BROWHEL L TRk
ROREBEIRoNZ W, 20X 2HERA
rubripes WIRS iz Tk Tid & ¢, —A%IZ coloniz-
ing ability & —EE ORI EHEA
B, L BRRRREEERR S L T iR
HL{HAeh3 (cf HAYASHI, 1970), EBiw A.

rubripes LR EROBEER DI —T v SRED
A, vulgaris THIAEROA VU 7 1 = F DR
WESH TS (MANZU & KECK, 1959), D% b,
0L REFRIRR AR L DK
2, LOHPIZEALBBEPREZ LITHELRD,
BYOEFCh I AR LT ARCERNE L,
ZOHBE R EERES AL AROBTRLEEERTS &
va D BRERF AT - THI® T Z D & 5 % coloniz-
ing ability WRETE 2 LE LI GNDE, - Toh
SN2 EHENEER 2O EETH
3,

R3FipE HARPER(1977) ik, BEFOKIEE 32
DHF Y — @, FhFERE() NH (innate),
i) ¥ (induced), 3B X %) 8] (enforced) £
RREREA T,

{FEO X ONMYBEEERTE, YOEH80%
DEDRIFRERLIzZ b (Tablel), PIGH
RiEH2ELTHhThEENF CHEERLE
EMEe M EE ST, L LI hiEEDR
FIREER: & MBS L s Ebhd Z L HE 6
ioi (Fig. 1k 2),

BOSTOCK (1978) [XBNED A. vulgaris THIHF
FHEEFN, COESEE - BEREBTELNLY
HREEE2 LD e 2ELHIELTHE, HIKFD
FRELTZheDETOERMEE LT, Fhicwy
BB CHEFORFERRESND 2 L85ITb - T,
A. vulgaris DEROD—FRFFEL S LT
2, —HCOWETHR - 4HOI X THLHEER
AOBARETRETHHGE W2 OEOKCE
CRFTHI LR, BE—FuHgHFT2, 20
FERE L TRETHSET 3 108 TAOREHLC
BIETHD, »OBTERSBLEEZRTVLEL
e, AEOIEFORAERMESBZLHHITS
N2, L LEREEOLTRRVIBEERMS b
e limdif@oagsFoRr@Evonsho
2o

IOBRO—FREQEBIESFELD L, T
DFREFAAEEBR OB HIR TR b MO P LW
HThHD, BEREERLRNLOELOESECE -
THRLEH LR TCHLI O EEL NS, DL
SRERO—FRFERTEELT, AF¥YADS
Bo—EEs L USEED R ) BHEYE Y HiRE 2
1 Tvw 3% (ROBERTS, 1979),

FIEIED (1966) XA D A, princeps BT
BRICEFN R CREFZHBL TV 205, A, princeps
L OIS T B A, Japonica o FUNREIER(TUTC 45
TSTER SN TS A, rubripes NEARETTY
D &5 EREFEEER O, WS RIRER, B
R MCEIG D L s b EREWE Z A TH
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33k FL1E

FEFI60E6 3

54

A, rubripes THETFEFEL T2080 BOREFEM
79.5% TH D, FEE S FHEORIFEN. 1% b
3 EEE - SRTOMTONBEOEIEL 5 EREF
EREEICEHAD T ERMN RSN (Tablel), =
DTkt A rubripes T —SOPEOTEFHEE
AR Ao Z EASRRE ALY, tho 3BETE
FRFAROGFEELHET S C L ixHERP 22,

FOFRCHT 2 4ABO I X ORTFRIFFCE
BaEmd, RELIBHROTDZENTED,
1) A. montana pSRTRETHD, BiE0EY 3
BLviErbbe ITBEGTREFETEZATS
L, SR A koidzumii HEEND, 2) wiEL
HE L TyEEETHs L LB EOETFRERT
3MTH L, “hid A rubripes BRTRIGTH 3,
FLC, 3) A japonica BRI REETHD, A
yubripes D X 5 IIFFEE TR WA, XEFMED
T RTETH S, OERREFHEERT A
rubripes TiE, OB TSR 5 ONT, FF
Ei%lshs (Table2), 20O Lid, EOR,
EOT, oL FEOTNBICHTENELLLL
TH, BEXEF LR 3AHEERLTHLS,

A, wvulgaris (BOSTOCK, 1978; GRIME ef al.,
1981) % A. absinthium (GRIME ef ¢f.,1981) &8
VT LHHERFERRBEIRLTVLEY, HHICODWT
REERAEREEML TuRnhd, EEIOWFE
Bwi Ao eX e BTl LidTELN, A
vulgaris B BN BEEZ LB EBREOTT
40-50% ORI HRTH, Thid A rubripes DIE
LiE—ET 3 (Fig 4. WAFEEES (1966) @
A. princeps OWFFEEREIZ T, T O GRAE
LA L HIRERGES0-3CCOERM TR D
RERE RTINS T 0D, A princeps W
A. montane = FIFE, WERETH->THMDORMSES
AW IRETIEME b DEELLOND, O
CETAREFERH ST HEABACKEAL
{, A. wmontana £ A. princeps DT NV—T"13 A.
rubripes & A. vulgaris DN —F EiFRBELL
Twd, 7 LT A rubripes ¥ A. valgaris B3FDZ
OEFEFEE, Zh o OENRTEEL colonizing
ability 2 2 2 EELZGMEE LEX SN B,

Bk, REFROBBRS|LEEFE LT 4ED
IEFHNRTEERFRODC OV TEET 5,
HARPER & BENTON (1963) ik, MGiERO S
DEERNT 2ETFORSHREEPFOETRS
WIBKIENO L ETHFORFEEMERT DL
EMTERZEETRLL, TOLIRFBLHXE
M OOMENS & ELBERSE (1976) & X » T Hh R
BHEhTw5, 2L MOTT (1974) EEEEO

Eonlr—EEERER Y, SEROSEMOREEF
BHFTH-THRBR3|THE X 5 £ IR
OIEMOET L ARSMcE T E2RLA,
B3 2 OEROBE L L THEC—FZEL W
OBILTN L BF e EAABRETOEEHOEE
W, CHOOEMNEELTWE I EEHIT, —A
HARPER & % QOMENS & BRI - iz i1
RO T TH o7z,

Z DFEBR B TEEEO SR OB T
2 A. japonica i3, MO 3FD I = F i EREER
FUEN ER L THEORFFELER L. DED A
faponica 3 BARPER & 37 7: EEHM & H CHR
BET L, ZOEBRICRAWE A japonica DEE
Hikk, MOTT (1974) SRR L LBEO—F LN
DETH L gy, KBEREEEhTWw3, 0
I nEFRET COMBEERMBT3EFHRTE
R REOESHE, UTOLICHEET N
TED, 1) 2O LI BRI HVERL T
e EEF L ARNHESEFRIZ D IERT
Lo THATH S, 2) SHEMmULRETE-T
Y, FRLZDBICHFERL L FHHEEE ORF
TERTH S,

TR LEBORGERTOMN A rubripes
THH, cOfR L VECEERFErEsahk:
HTHECIHEREHSNET L, F<{ BT RIER
A2, Ok 5 R MOTT (1974) »RL7-W
HMO—ELERLAEMNLLLOTHLEELI LN
2, ORISR, A rubripes © B4 (hEK
ELEE AEACEWERACEERENCR
hAEBIIH 2 Z e ADEBHRRO—D2THS L
FaNB,

VENABLE & LAWLOR (1980) i, WEO—F4
BAROREN - EFANOEEERANS, Zhed
—IEEEAMN 2 DD HACREHKEERDEBLZ L
B S I L, O 1 DBETEMICL
DE LIS~ TH T EThHD, 312938
FRIEC L D IEHABEORREEF2TETE S,
¥ i, ZTDF LML EE I FREAS & KEMP
(1983) X DACROBEOETHRES LT3,

A. montana ¥ A. rubripes DFHRITE, Ok
3 # VENABLE 5D TFATEZ 6N D LEH
2 onAmcRTaEnA BRI
Bbhd, LeLiotilodBOIEFDEE
Mo & 5 RF L EEOLEFIC L - TOR
HAaBSrTERMCHn L OTIRE {, BEHNE
ErusERIBswTE L) FRRCELRETH
Zer#zohd, 2RO IEERETTIASD
2= XBIEMIHTECLIZERERR2TLE5EE
EXRTHD, Lok VEERTRE R BEEHEEE
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B A montana DD LHELH B,

HoTZD & D HMHEMSEYD T3 RN
o TR, B U ofErBWT,
BFORHSYE L BAHENOBCHEREE 2 TT
QI EMBEEBbNRS, FLEEQEERE~D
BCHEKEGHOBEE LT, FhREROESED
RS CRELTE) SR &% 3752 35 (cf. KAWANO,
1975), 58 - D & S 4 3T F BHEY O EIEF S
DM ET 80T, #AFhDOESR &R
HREE A L b BARRICEAS o LT < LRI, Z
OIFE2EL TEFEEEOPIT BT 2 FHSFRMEL
MR OEBNEE LSS RELSHIILTY L
55,

i

FEHEsERS N TRLHEE L HEM % LTE
&, FREXOKEOF? L > TEwREBAYE
SR — I LT, 2R RRIT T
Khizo THA DB EEE L B 218724t
TE AP RERTERE R EE S L BB
B, LeSERET ST, Bz, FUE
BHiTwwhizh, BE—BL TE R L &R
BE 2 S NIRIREERAERAFIE&E 5 <
DEEZFLET,
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Summary

The dispersal mechanisms and germination
responses of the achenes of the four Arfemisia
species, i.e., A. monlena, A. koidzumii, A.
rubripes, and A, jeponice were experimentally
studied in the laboratory. Stored achenes for 5
-100 days after harvesting at dry and low tempe-
rature (ca. 1-4°C) conditions were used for the
experiments. The germination responses were
examined under different conditions in light
intesity (darkness, 260 lux, 620 lux, 1080 lux, and
2000 lux ), temperature, stratification, and water
availability. For these four Artemisia species, the
dispersal agents were deemed to be wind and
water, and thus the dipersibility of the achenes
were tested in relation to these two factors.

1) Although A. montana possesses the achenes
that have wings formed by wrinkles of the
pericarp (Fig. 2), and thus was postulated for this
species wind be a most potential dispersal agent,
it was confirmed in this study that hydrochory is
also an effective dispersal mechanism in addition
to anemochory, since about one-third of the
achenes maintained a potential to float on water
even after soaked in water for more than a weak
(Figs.3 and 4). Although the optimal constant
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temperature for germination was 25°C without
stratification, their germination percentages with
stratification were more than 80% at three
different temperature regimes i.e., 15, 25, and
35°C. This species with stratification germinated
well in darkness as well as in light (Fig. 6). The
results obtained indicate that the achenes of this
species have no dormancy except for low temper-
ature regimes in winter under field conditions of
the native habitats (e. g.,, in Obihiro, Hokkaido,
Japan, where is covered by deep snow fall ) (Table
1)

2) A. koidzumii has the achenes with less
developed wings of the pericarp than A. monfana
(Fig. 2), so that the achenes of A. koidzumii are
susceptible to both hydrochory and anemochory,
but inferior to A. montana (Fig. 4). This species
has the same germination characteristics as A,
montana {Fig. b).

3) The achenes of A. »ubripes have no special
dispersal divices (Fig.2). However, it became
evident from the field observations that this
species {s a wind-ballist, because the achenes of
this species are dispersed to the surroundings
most effectively from the heads borne nearly at
the top of the stems attaining about 2 m in height,
especially when strongly shaken by wind. But, as
a matter of coures, this dispersal mechanism is

not effective for long-distance dispersal. The
majority of the achenes required more than a
certain level of light intensity (ca. 1000 lux ) for
germination (Fig. 6 and Table 2). This germina-
tion strategy would appear to be one of the
important features of this species maintaining its
extraordinary colonizing ability. This species also
required proper moisture conditions for germina-
tion (Fig. 7).

4) The achenes of A, jeponica lacked any
characteristic morphological features, facilitating
its dispersal, but produced the thick mucilago
layer after exposed to the wet condition (Fig. 2).
Mucilageous achenes are often attached to the
soil surface or the feet of the animals, and thus
this species’ achenes are regarded as achory or
epizoochory. This species had a slight light
requirement for seed germination and the same
germination behavior in response to temperature
as A. montana (Fig. 6). While, the achenes of this
species showed the least sensitivity to water
stress among the four Artemisia species examined
(Fig. 7).

The dispersal as well as germination behaviors
of these four species mentioned above were
furthermore discussed in relation to other aspects
of their life history characteristics.
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