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Propagation by leaf piece cutting of Begonia Tuberous Group*

Yukiko Shimada?

Summary

Begonia Tuberhybrida Group has large, flattish perennial tubers. Their ancestors are seven tuberous species that
inhabit the Andes of South America. Their various plant forms, flower sizes and colors make them one of the most
popular pot flower crops.

Rhizomatous begonia plants including the Rex-cultorum Group, and B. x cheimantha Everett ex. C. Weber plants
form adventitious buds on leaf cutting. However, the B. Tuberhybrida Group is propagated mainly by seeds, because
vegetative propagation with cutting has been considered impossiblei_ However, seedlings generally exhibit a wide
range of variations because of their high levels of heterozygosity and their limited pollination period. Therefore, the
establishment of a vegetative propagation method for plants with excellent horticultural characteristics is in demand.
Although most of the research on vegetative propagation of B. Tuberhybrida Group has been on in vitro propagation, the
systems developed are not practical because of the presence of endotrophic bacteria in the tissues.

The aim of the present work was to study the conditions suitable for promoting adventitious bud formation in leaf
piece cutting of B. Tuberhybrida Group, and to establish a new and efficient method of vegetative propagation.

Chapter 1. Frequency of adventitious bud formation in tuberous and other species

Whole leaf blades of four tuberous and 15 erect stemmed and 23 rhizomatous species were placed in distilled water,
and the course of organogenesis was compared. Three tuberous species were the main ancestors of B. Tuberhybrida Group.

The majority of rhizomatous species formed adventitious buds on the cut end of the leaf blade, while hardly any
of the tuberous and erect stemmed species formed them. Thus the lack of ability for adventitious bud formation in the
ancestors of the B. Tuberhybrida Group can be assumed to be the reason why propagation by leaf cutting of the B.
Tuberhybrida Group has generally been considered to be impossible.

There was no correlation between frequency of adventitious bud formation and continent of origin, size of leaf
blade, thickness of leaf blade, or width of a main vein. There was a tendency for the percentage of adventitious bud
formation of species having palmate veins to be higher than for those having pinnate veins. Species having some

multiseriate hairs also showed higher percentages of bud formation than those which have no hairs or uniseriate hairs.

Chapter 2. Factors promoting adventitious bud formation of B. Tuberhybrida Group

Expanded young leaves of B. Tuberhybrida Group were detached from the stock plants and cut radially into four
pieces from the base. Each leaf piece was inserted into one of five media: perlite, Kanuma soil, vermiculite, rockwool
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granule (rock fiber) or rockwool blocks in nursery trays. Only 20% or fewer of the leaf pieces that were inserted
in perlite, Kanuma soil, vermiculite and rock fiber formed adventitious buds, whereas 50% of those inserted in the
rockwool blocks formed adventitious buds. The rockwool blocks were therefore used in subsequent work.

Leaf pieces were inserted into rockwool blocks on 8 April, 20 May, 29 July and 13 October. The percentages of
adventitious bud formation were 67% in April and 60% in October, whereas in July only 13% formed adventitious
buds. Next, leaf pieces were inserted in rockwool blocks kept at 15, 20, 25, or 30°C under plant environmental control
systems. The percentages of adventitious buds formed were higher at 15 and 20°C than at 25 and 30°C. Therefore, it
appears that the optimum temperature for adventitious bud formation is around 15-20°C.

The effects of size and configuration of leaf cuttings on adventitious bud formation was determined. Leaf pieces
of B. Tuberhybrida Group ‘Tenella’ were used for the experiment and five cutting configurations were compared. They
were: whole leaf blade with 5 mm petiole, 5 x 4 cm leaf piece with 5 mm petiole, 2 x 1.5 cm leaf piece with 5 mm
petiole, 2 x 1.5 cm leaf piece cut at leaf base without petiole, 2 x 1.5 cm leaf piece cut at 2 cm further away from a leaf
base. The different types of leaf pieces were excised and inserted in rockwool blocks containing distilled water. Seventy
three percentages of whole leaf blades with petioles formed adventitious buds, whereas smaller leaf pieces did not form
adventitious buds at all and instead formed adventitious roots or calli.

2 x 1.5 cm leaf pieces with 5 mm petioles of five cultivars of B. Tuberhybrida Group were inserted in rockwool

blocks containing distilled water. None of the cultivars formed any adventitious buds.

Chapter 3. Effects of plant growth regulators on adventitious bud formation in leaf piece cutting

Tt was anticipated that adventitious bud formation in 2 x 1.5 cm leaf pieces might be induced with high frequency by
applying plant growth regulators. The leaf pieces were inserted in rockwool blocks containing different concentrations
(0, 0.01, 0.1, 0.25, or 0.5 ppm) of NAA (0-naphthalene acetic acid) alone or (0, 0.05, 0.1, 0.25, 0.5, 1, or 2 ppm) of BA
(6-benzylaminopurine) alone. About 20% of the leaf pieces inserted in the absence of NAA and BA became brown and
died, the surviving leaf pieces did not form any adventitious buds at all. All of the leaf pieces treated with more than 0.1
ppm NAA died after showing leaf yellowing. All leaf pieces with more than 0.25 ppm BA survived without browning
and/or yellowing and 80% of them formed adventitious buds. The surviving percentage was high with 0.1-0.5 ppm NAA
plus 0.5 ppm BA, and the pieces did not turn yellow, but callus formation was promoted and the onset of adventitious
bud formation was delayed.

Changes in the chlorophyll contents in leaf pieces inserted in rockwool blocks containing 0.5 ppm NAA, 0.5 ppm
BA or free of growth regulators were investigated. After 10 days from inserting, total chlorophyll contents in leaf pieces
treated with 0.5 ppm NAA decreased, and then the leaf began to yellow a little. Treatment of BA inhibited chlorophyll
degradation in leaf pieces. Ethylene production from leaf pieces stayed low throughout the culture period, whether leaf
pieces were treated with NAA and BA or not. Therefore, chlorophyll degradation in leaf pieces treated with NAA was
not related to ethylene production.

Changes in total polyphenol contents in leaf pieces were investigated in comparison with BA treatment or in its
absence. Total polyphenol contents in both sets of leaf pieces increased gradually after cutting: the amount of increase in
non BA-treated leaf pieces was significantly more than that of BA-treated, and non BA-treated leaf pieces turned brown.
Therefore, it was concluded that BA treatment reduced the rate of increase of total polyphenol contents and inhibited

browning of leaf pieces. It was therefore adopted for the later studies.

Chapter 4. Effects of day length during growth of miother plant and leaf piece cutting, section
position and orientation of leaf piece on adventitious bud formation

Mother plants were grown under 18 hr day length prior to this experiment. On 11 October, the mother plants
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were placed in a glasshouse with a night temp 14°C under 18 hr day length (LD) and natural day length (SD). On 23
November, young, but fully opened leaves were selected for cuttings and were cut to 2 x 1.5 cm leaf pieces. The leaf
pieces were inserted in rockwool blocks containing 0.5 ppm BA, then they were maintained in a glasshouse with a
night temp 14°C under 18 hr and natural day length. Almost all of the leaf pieces from the LD mother plants formed
adventitious buds, no matter what was the cuttings’ day length regime, whereas 60-67% of leaf pieces taken from SD
mother plants survived, but their percentage of adventitious bud formation was only 13%. The LD mother plant and LD
cutting combination hastened the development of adventitious buds.

2 x 1.5 cm leaf pieces were cut at 0, 1, 1.5 or 2 cm away from the base towards the tip of leaf blades and inserted in
rockwool blocks containing 0.5 ppm BA. The percentage of adventitious bud formation declined from the base towards
the tip of the leaf, that is, the leaf pieces cut at 0 cm from the leaf base formed adventitious buds at the highest rate (87%),
followed by 1 cm (33%), 1.5 cm (40%) and 2 cm (0%). The greater part of the leaf pieces cut further away from the base
formed calli.

The leaf pieces cut at 2 cm from the leaf base were placed vertically upright, horizontally or vertically inverted in
rockwool blocks containing 0.5 ppm of BA. When leaf pieces were placed vertically upright, none formed adventitious
buds and most formed calli. However, when they were placed horizontally or vertically inverted, the percentages of
adventitious bud formation were 60% and 80%, respectively. The leaf pi;:ces placed vertically inverted formed small bud
primordia directly without callus on some lateral veins of the distal cut end (the end immersed in the medium). When
the leaf pieces placed vertically were inverted in rockwool blocks containing 0.25 ppm of NAA and 0.5 ppm of BA,
none formed adventitious buds and all formed calli. In addition, when leaf pieces to which lanolin paste containing 100
ppm TIBA (2,3,5-triiodobenzoic acid) had been applied were inserted vertically upright in rockwool blocks containing 0.5
ppm BA, 73% of them formed adventitious buds. This can be attributed to the disturbance of the basipetal movement
of auxin by inversion. Based on these results, it appears that a suitable balance of endogenous auxin and endogenous
cytokinin may be established near this distal cut end with assisting of cytokinin exogenously supplied as a plant growth
regulator, BA, too, and the resulting in the formation of adventitious bud primordia.

In order to know whether adventitious buds obtained by this leaf piece cutting method arose directly from the
original tissues or indirectly through a callus phase, adventitious bud histogenesis was investigated. Adventitious
primordia differentiated directly from epidermal and subepidermal layers. Ten plants propagated by this method showed
no morphological aberrants for flower and leaf characteristics in comparison with the mother plant. Additionally, the
chromosome numbers of both mother plant and plants propagated were the same (2n=28) and their karyotypes at
metaphase were similar to each other, Therefore, it appeared that there were no chromosomal aberrations.

Finally, various begonias for which percentages of adventitious bud formation were low in chapter 1 were tried out
again using the newly developed technique. 2 x 1.5 cm leaf pieces cut at the leaf bases of the begonias were inserted
vertically upright in rockwool bed containing 0.5 ppm BA. Many species and cultivars except for two erect stemmed
begonias formed adventitious buds. When leaf pieces of those two ‘resistant’ begonias were inserted vertically inverted

in the medium, the percentages of adventitious bud formation were 93% and 73%.

In conclusion, vegetative propagation by the use of leaf piece cutting of Begonia Tuberhybrida Group, which had
been considered almost impossible until now, was successfully developed. Rockwool blocks provided a suitable bedding
medium and the optimum temperature for adventitious bud formation was around 15-20°C. It was found that 0.5 ppm
BA enhanced survival, inhibited browning, and promoted adventitious bud formation of small leaf pieces. The frequency
of bud formation was highly dependent on the position of the pielces in the leaf blade, declining from a high rate at the
base towards no bud formation at the tip. Adventitious bud formation on pieces without the leaf bases was achieved by
placing them vertically inverted, or by inserting them vertically upright with the addition of an application of lanolin
paste containing 100 ppm TIBA. Plants propagated by this cutting method were not aberrant. Moreover, this method

brought good results for other tuberous and erect stemmed begonias.
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Fig. 1-1. Method of inserting a leaf blade in water.

Fig. 1-2. The measurements of leaf length and width.
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Fig. 1-3. Venation type.
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Table 1-1. Percentage of surviving and organ formation in 42 species of Begonia.

Surviving

Percentage of organ formation

Type of stem Species percentage Adv:::ji;ious Only calli Only roots Neeiaze
Tuberous B. boliviensis 53 0 6 20 27
B. cinnabarina 27 0 0 27 0
B. pearcei 73 0 0 73
B. sutherlandii 27 7 0 20
MeansSD 45%23 224 23 35236 7£13
Rhizomatous  B. aridicaulis 100 73 0 20 7
B. auriculata 93 87 0 0 6
B. bowerae var. nigramarga 100 20 0 80 0
B. carolineifolia 93 87 0 6 0
B. conchifolia 100 60 0 40 0
B. conchifolia var. rubrimacula 100 67 0 33 0
B. deliciosa 100 100 0 0 0
B. heracleifolia 100 86 7 7 0
B. microsperma 93 93 0 0 0
B. palmata 93 87 0 6 0
B. prismatocarpa 93 93 0 0 0
B. rex 100 100 0 0 0
B. richii 93 87 0 6 0
B. scutifolia 87 87 0 0 0
B. tenuifolia 100 100 0 0 0
) e MeansSD 964 S2ENl 02 1322 12
Erect stemmed  B. augustae 93 13 0 80 0
B. boisiana 27 0 0 27 0
B. borneensis 87 0 0 87 0
B. brevirimosa 93 33 0 0 60
B. coccinea 87 0 0 87 0
B. convolvulacea 93 0 0 93 0
B. cucullata var. hookeri 87 13 27 47 0
B. dichroa 87 0 0 80 7
B. fagifolia 80 33 0 40 7
B. fissistyla 87 7 0 27 53
B. glabra 33 6 0 0 27
B. isoptela 93 33 0 60 0
B. macrocarpa 33 0 0 0 33
B. maculata 87 0 0 87 0
B. mannii 73 0 0 73 0
B. parva 80 0 20 0 60
B. polygonoides 20 0 0 20 0
B. radicans 100 0 0 100 0
B. rhopalocarpa 100 0 27 73 0
B. salicifolia 87 0 0 80 f
B. schmidtiana 26 0 0 13 13
B. serratipetala 93 33 0 60 0
B. solananthera 100 0 0 100 0
Mean+SD 76 +27 8+13 3+9 54 +36 12 £20

Whole leaf blades (n=5) without petioles were inserted in distilled"water. Three replicates were used for each species.
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Fig. 1-4. Adventitious bud formation in begonia plants classified by continent of origin.
Vertical bars indicate standard deviations. n=9, 22 and 11 in Africa, America and Asia, respectively.
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Fig. 1-5. Relationship between percentage of adventitious bud formation and size of leaf blade.
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Fig. 1-8. Adventitious bud formation in begonia plants classified by venation type.
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ERTH A THREROE L 0 D AEF LIS
BSWEICH o7 (B 18 ). &b, FIRERL
B4 AMEABEBURT=FIIE o7 BRIZEL
AEIZDWTIE, EEOMEH 15T, B0tz
ol 2Eb Y, ZoOMOTETIILHBELE
BENTD, WMEOH L AR5 ELHMRELY bOff
DFEBAEFHRERRE P o7, FTHLEORED
++ O TAREFEHRRIRDIEL, +++ O T
ZNX Y HEVEmDSALN (B 1-9K).

Z =

RUBICH > THHDH B VITMMIZ & ) AESF
TERBEIZE N A N B T & DS, Picea abies (Amold
- Tillberg, 1987), Brassica (Jain &, 1988), Fragaria
x ananassa (Nehra &, 1989) BX U Lachenalia
(Niederwieser - Staden, 1990) 7 &\ D9 DFEY T
WEXNTWE, ARICBWTY, NTZTED
AR 42 FICOWTER LERMICB T 2 EF
B iR LR, COHEHEIRMICE ) RECER
D, WEENTZ7 CREFERENE, HRE
BIXORIUERT =7 ClIBD TRWZ EP00 o
2. Thibb, Ly 2 AXRTZTORER B. rex D
fi, 13&AEOMEEXRT=7 TIEIAEF ML
T2DIZH L, BRIBRT=7OFELRREHE END
B. boliviensis, B. cinnabarina B £ O B. pearcei {3 %E
FEELBE Leh ol EHIC, RT=T k¥
N7 00—V v ADREH B. cucullata var. hookeri 3
X O B. schmidtiana, $KTE D ARIAENR T =7 DZZHEL
# B. coccinea, B. dichroa, B. maculata \ZB W THR
EFEEFEIBD TEr o072, ITNLDOT ERND,

BAEDOEEREICB 2 AEH TR 2 DA
DR ET B LATRENT.

Amold - Tillberg (1987) %, Picea abies % H \»,
NEFWEREOZEZIELLEBIET A4 TOMRIISE
FAWNERVE Y LRVDOEVIZEE LD LMK
RTWwW5h, —7, Niederwieser - Staden (1990) I,
Lachenalia (2B W THEB X R CREFEREREIC
EDA SN, REFERICKIZTHE - REOE
BLNESAL P4 =y LAV EDOBICERI R
Molzb LTwa, KT, AERVEY ZH
ELhollzd, AERVEY LNV EREIZL -
TRLZATEFEREEE OBBIIHAS TR, L
MPLEDS, Fie OWREAIFH E AN EFHREE L D
BRICOWTHRNER, ZOBIREAEF AR
EOBFRIEL, EORZSRES, EROKRKS 7%
SRR & AEFEBRE L OBICIE—ED
RIS SN nwZ e gholz. Y4 AL =
VIR AR TEICRR NS T LS NT
B (Taiz - Zeiger, 2004), REEDHHEI LR
EUNRT=T7A, COEHEN I YN TH SN
T=7 X ) UAREEREICENTCHLDNS Lk
W, 5%, L DEEIAIEEN, AENZ RS0
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ARE I N7,

A#EIY, RT=TREOFEMIIBITAENEHT
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5Dk, ZFORLEBE DS DOREF LR
ENWHZEIKFELTWD EEZ b
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B LBIEICB WG, EMoMEE, = L oY
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MR DR Eh s, EFLICBITAAR
EFB LU EFET D LBV TOERIED
FNEL R

BRANT =7 3EGHEEOREL D LITHRS
NTWwaw, BRTREFTTEY, FLEETT
FRIRICABHE 2 o Tn5d (K5, 1989). F7z,
RHTCHREREL, EFE2ERTLREMED TS

B, LIzhoT, B EHGEHISICLES LT,
EFRESB L OAEBFTRES H RO B E W
BEBNT=7ERLRY, BRXRT=7OREFFE
WA IFE 7 25 LRI RRE SN AT REEDSH 5

FIT, RETIE, BRNT=7O5EERr%H
WTC, AEFEEZFET L7200 LIRS XU
LBORERMTICOWTIRET L, ZORUSHER T
ST OREMTRRLENE D) e RE L.
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30cm?) wiLEEZE L7 B2 ). SEEREF
WH (345 x27.0x S 7.0cm) 2L, EERE
ErEozoRAO EREFR)ZFL Y7404
THEE, FOBMNLE FX 10 EF 24
TIRBL. EFL O~ 1088 FEFZEH
MO0 BT, EFER, AEFE, IR
BIUORZERLALEBRFBERELL: 28, I
FAERLERTEEE Smm I ZEDOREFEN]
FdsviZ 28, BIUZFOREIITITNEVIFERN
ENEPEELTBY, FEFHZ LML
ERTELE Do, TITREAEFEZEEL
EEOEEGOR TR, BB L OERE LIdL
BRACISCICHF LA T IAF v 7Ny ATEHR
L, sAEA25 10 A TAE TIZERNLED 60%:E
HEATo 7z EBRFRDOTIAF v 7T R8T A
NRIBOET %22 KIR L. B, 285
FUEIHOERIZOWTIZBBDEB Y Th S.

H1E HUKDEH, FHLORHES IR
& EREFHR

— IS, WU IR L O L LE~D
KRoBLUBEOMB LI EEEZH-TEY,
T, I, BBL, N—3IFa254 b, =51},
Ty 7y —LaREPHWLENRTWS (B 1997).
TITIE, MEERTZ7oOERLEBTCLIILIE
AnoNBN—3IF254 FeX—54 bofl, &
KFEOEFBLZETHORZOY 7Y — VDTS
L= MROLDOBLIUHIRDL D, XHIZLILET
RS ICE SRR Lo s o2 4L, B
NI =7 OAREF BN O WTEHIIK L 7.

ERFLoORHB X REICET A%, 71
ATANITZT % H w7z Heide (1962, 1964, 1965a,
1965b, 1967) 12X B —BOERIZIREN S A, R
NIZTICETA2HMETEETH L. WEAEBLO
JERIEZR B OB T =728V, BEHRLICE
BAEFBAC S L RT & Bbh, REiTik
4B hIzo TER LA TV AEF BRI RITTE
HiOREET/2H 2T, lisORETCERFLEY
TV, PEFERO-DOOBREELMAD & L7

Air temperature (°C)

—

Fig. 2-1. Leaf pieces used for leaf
cutting. An expanded young
leaf blade was cut into four
pieces radially from the
junction with the petiole,
and each piece was used in
experiments.
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Month

Fig. 2-2. Maximum, minimum and mean air temperatures in a plastic house
during the experiments.
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WLHMOBKRICIIH 6 P AROEEKRE MR L
72 EHELT—54 ), BEL N—3IFa27F
AT, my 7y — VAR (42R, H R EIRR S
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HihERREH) o sEEE Y, L ZHERO
FHiFEICEED, 5 H20 B 2-1 FICRT 1/4 778

ERSZELS. EEL 10 BRICTEEERORIEE
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#w B
EfFEZ, =54 N, BEEL N—3IFa2F

A rBITay 77— VAR TZE RN 43,
40, 0B LU S3%ThHolzDicHL, Ty ry—
VRS TIE 77% TE, o7 (E2-1K). X
7o, FEFEEBRIZ, S—54 F, BBLE N—-3
a4 P BLPTy 77— VARSI TENRE
N7,7,13BLE20%THo7-0IIFL, By 7 o—

YUKIKO SHIMADA

VTR T 50% TEP o7z B, Wiih
DOEWITBNTH A NVADAED B WIFIROAKRE K
TAHEEDRD o PEELREZAONE o7z,
22388
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1-2. EFEUBHRPREFERICRIET

MHB LUTE

FLEOBKRICE 1 ATACHELCHELL
EEEPMHA L 4H8H, SH20H, 7H29
HBXU10HA BHICIADEFERZE1-1HOE
BRrEgEoTy 7y —VEERCE L. B,
BL-BMOBREARBIEZENENT, 9, 1 BX
LIS THorz, EFEL OBBICTERIZEDORRAM
PREL

B/ xR

EERL 48, sABLU 10 ALIEENRTN
73, 1TBILUB% THo-DiIZHL, 7TRAELT
1X40% T o7z (22FK). 72, AEFEK
RiZ4H, sSABXTI0ABELTENREN 67, 50

Table 2-1. Effects of propagation medium on adventitious bud formation of leaf pieces.

Percentage of organ formation

Medium SnFIS Adventitious
percentage buds Only calli Only roots No change
Kanuma soil 40 a 7 a 7a 26 a 0
Perlite 43 a 7a 10 a 26 a 0
Rock fiber (Rockwool granule) 53 a 20 a 10 a 23 a 0
Rockwool block 77b 50b 7 a 20 a 0
Vermiculite 60 ab 13 a 10 a 37 a 0

Leaf pieces (n=10) were inserted in various media on 20 May. Three replicates were used for each treatment.
Mean separation within a column followed by Tukey’s multiple range test, P=0.05.

Table 2-2. Seasonal changes in adventitious bud formation of leaf pieces.

Percentage of organ formation

Date Surviving Adventitious .
percentage buds Only calli Only roots No change
8 April 73 b 67b 0a 6a 0
20 May 77 b 50b 7a 20 b 0
29 July 40 a 3a  Ta 20 b 0
13 October 63 b 60 b 0a 3Ja 0

Leaf pieces (n=10) were inserted in rockwool blocks on various date. Three replicates were used for
each treatment. Mean separation within a column followed by Tukey’s multiple range test, P=0.05.



Propagation by leaf piece cutting of Begonia Tuberous Group 13

Table 2-3. Effects of the temperature on adventitious bud formation of leaf pieces.

Percentage of organ formation

Temperature ('C) Surviving Adventitious ,
percentage buds Only calli Only roots No change
15 97 b 50 ¢ 10 a 37b 0
20 97 b 43 be 7 a 47 be 0
25 87 b 27 b 3 a 57 ¢ 0
30 23 a 0 a 7 a 16 a 0

Leaf pieces (n=10) were inserted in rockwool blocks. Three replicates were used for each treatment.
Mean separation within a column followed by Tukey’s multiple range test, P=0.05.

BXU60% TholDIIL, 7TAELTE13%
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RO /AL 72

B/ R
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2% TEP o7z (F23K). T, AEFEEEG
I5°C2350% TR B E L, EHFER OBEHIIE
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DRELGRITIE, EHZ2 W OPHEL-ER
PRLME LTHY SR, EONSERERNT=
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LI FA—NRTZT7 TREHE DT LEF LA
TN T 5 (Thompson - Thompson, 1981). ZFHEZ)
REGEGDHIE, BE/NSLUDEDTEHOER
EFRATE2OPEFE LW, invio TORELIZE
70, BE#h oo X YR ERSTYE OB
D720, NSV LBIEE - 2 WiTaErH 5.
22T, AETEIHLEOKREEEZ/NELSTELD
EdH, FEROLEERE, MLEOIME X
PR E S EREERK & OBRIZOWTIRET L 7=
B, RETIE, BIEHTHWE Yy TAA
o' EHRTIRIZENE DEEZOITE—7
MEZHEEBELL TV T4 27 ¥ 07 24t L 7.

MBS LUFE
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4APBEOEEKREMA LA 7 A2 i, ¥R
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0.5cm
Fig. 2-3. Position and size of leaf piece cut from leaf blade.

B R

HEHERIEROBEICRESEAEN. $4b
b, BHEOKZSIZHh»bOT, EMEOITHHL
FOIFEAEPEFE LI L, ERE DT Rw
2x 1.5cm O/NEFTRYIAISDOBENEAT
WIES 5 DHEL, EFFEE, EMEOTTICE
Erat/NERT4%, BEH,D 2cm BENE
DNERTE0% &, EHOEOR/LIEL LT
Mol (HF243FK).

£EH LTI 73% OF LETABF RS AL
Nizhs, o LETCRERIZALONIZDOD, &
FHERBITELRD SN o7z, IVAEK, b

Fig. 2-4. Rockwool block (Brand name: rock fiber miniport) HVRELLR LOERTOTPICH o 7.
used in experiments.

Table 2-4. Effects of size and position of leaf piece, and presence of petiole on adventitious bud formation.

Percentage of organ formation

Type of leaf piece Surviving s
percentage ERCERtHang Onlycalli  Onlyroots  No change

buds
Whole leaf blade with 5 mm petiole 100 b 73b 0a 27 a O0a
5 x 4 c¢m leaf piece with 5 mm petiole 87 b Oa 7a 73 be 7a
2 x 1.5 cm leaf piece with 5 mm petiole 93 b 0a 0a 93 c Oa
2 x 1.5 cm leaf piece cut at leaf base without a petiole 47 a Oa 0a 47 ab O0a
2 x 1.5 cm leaf piece cut at 2 cm away from a leaf base 60 a Oa 0a 47 ab 13 a

Different types of leaf pieces (n=5) were inserted in rockwool blocks. Three replicates were used for each treatment.
Mean separation within a column followed by Tukey’s multiple range test, P=0.05.
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FafoTHLEE L, £2HOEREFAKRDOFIE
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25/15°C (il 7im) \2RE L7 A 9 XIBE TITW,
AZ VNG A4 FF 7 (MF400 - L-J2/BU-P, ¥
4 7 v 7 %A &4, PPFD # 150 pmol - m™? « 1)
FHWCREREEHICHB2ERL, 1ISKEMAE
EL7: BERSAEREHALTCIELL

= ®

AERIRMICED 33 ~80% TENH oM
NEFHEBIZEMHET 0% THholz (255,
ATO—- AT —F 1" OHIVATBEEIL 40%,
TART-Err ORBRIZET%T, Mo RE
L0 EBVEMD AR SN,

£ =

—fIZ, HESEAERICIE, @R &K
BLOREKREARD 5D (Hartman 5, 1997). &
EBRTHWI A O, Thbb—-51 1, &
BE, N—=3IFa54 b uvry—LRREBE
tay 7y — VEREwZwTid I nsolmgs+
S LTBY, e OO LAREAEEICS
WCELKFIAENTWE LD TH o7z LHL,
FHATBEOTH T, BRI =7 EFOEFEIL
40 ~60%IZL EF ST DITHL, Ty Z T —IVE
EHTIE7T7T%E LD ENEZRLT. Ty 7y —
VIIERY 2 &I R WEEEM TERTH D,
KEDHBZERTREERPLERLREL, Tha/EY
DOBRMEETEABEL o TNEI NS, NT
RBRA TEFTERIILD LT EHEL L DY OFREE
e LTHAINTYS (Smith, 1989). EKB~ T
ZTOERIZESTDH, BRkEBLITEREEL VD
Bob, mbBE LM THEEEZ N T2,
B85 (1992) & Stephanotis floribunda D 5618 % &
THLARBLELTOY 2y — B LTWE I E
THEL TS, KEBROKER, FREFEREICD
WTHhI v 77— VEIEWTS0% LML LD
DEPolzZ s, EWLEEOERTETOIZ
BLTWBEDP) TR, AEFERICLENTH
5T ENGholz.

RIIAZZ TERLZITo2L 24, REFE
BMEIZ4ASHFELTOI%EREDEL, KWT
I0A13HWBELD60%, 5H20 HIFEL D 50% A
BE TABHABLTIEZDLTI 13% &KL o7
HBANT=7IIRBMEY T, RETTHELBHIE
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EEINBEZLDWHMHN TSP (Djurhuus, 1985;

Table 2-5. Adventitious bud formation in leaf pieces of five cultivars of Begonia Tuberhybrida Group.

Percentage of organ formation

Cultivar Surviving Adventitious

percentage buds Only calli Only roots No change
Clips Yellow 33 a 0 7 a 7 a 19 ab
Hiroshima No.1 47 a 0 7 a 0a 40 ¢
Panorama Orange 67 b 0 27 ab 7 a 33 be
Tenella Pink 80 b 0 § 7a 67 b 6 a
Yellow Sweetie 80 b 0 40 b 0a 40 ¢

2 x 1.5 cm leaf pieces (n=5) with petioles were inserted in rockwool blocks. Three replicates were used
for each cultivar. Mean separation within a column followed by Tukey’s multiple range test, P=0.05.
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VW, INEANRETIAF Y BB (10 x 15 x 1
S Sem) ORI TR 250 ml & TRV TRK L,
TERCEFERLAVIRETEZ L2, &b, Uy
TT7TAN=I =Ky POBKERASEIIH 1%
THote FIFL 6 BBI/PER BHHA LT X
W&, EINERH, REF HVIBLURE
B LN A L7, NIRRT E

S3mm i EDAREF 2 EBIEE T HHDONRH o7
V5, ZOEIRITIEIMFR/NSVIERLEEELTE
D, NEFREEMIIEZ LI ENTELR D727
W, TITRABEEZERLZEROSEDAET
FRL7:. BROMED X OER LIZZERIIRTE
EEREDOHN T ARBTITV, AFVNTAL TV
7 (MF400 - L-J2/BU-P, REZ T4 7 v 7 &4t
PPFD #J 150 pmol * m? - s1) # H\WCEB & &HIZ
Az ERL, 1ISEMHEL L. SAEARPL9
ATHEF TOBRBIZIZERNLD 50%EXE1T-
720 BXSAEREHRHALTIREL..

Z 18 NAA KLU BA MLIB & AEFRK

HBRANT =7 0BEREEICH T HMARSICX
% &, Peck - Cumming (1984) 7%5ppm BA & 1 ppm
NAA, #RH S (1986) 751 ppm BA & 1 ppm NAA,
Nakano 5 (1999) #%0.1 ppm BA & 0.1 ppm NAA O
YRR E 2 AT BITHZ ML T b, —
H, YIOGAVORERELHWIERIIBANT
(%, 0.01 ppm D NAA JLESREFBR LT &
PHREINTV S (ELE, 1968). TDOY 7 F X
VBN S DEFERBIZOWT, Stichel (1959) 1,
NAA DAPHEF -IIR 2 b & 5 FIRWEe T %
HoLBRTNDS.

KEITIX, APEFEEICHT S NAA B XU BA
WMBOFIE, ZONICENL T MAGHE /LD
BEIZOWTHE L. 72 BAAHIZOWTIZZ
DIFREARG DR B & R

1-1. NAA NIFRE FEFES KUPEFRR
ICRIFT HE

MHE LUHE

i LB OBRICIZH 2 FEROEERE HVZ 3
A2 B2, EWMSmm 220 %EH% 2 x 1.5cm (28]
NEEOANERED, FHLEEE L7z B,
0,:!'0.01, 0.1, 0.25 B X U7 0.5 ppm @ NAA (a-naphthalene
acetic acid) B % 72, 25/15°C (2R WIiR)
CRELT I ARETCTERL, EFLMAK?S 1
AR CEFRZRAET L L L 1T, 6 BRICBIT
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BHEAFRB L ORI EZRAE L.
xR

L 6B% O AT L NAA IR T
87%, 0.01 ppm NAA ¥HiT 73% TH o 7275, NAA
BEEAY 0.1 ppm LA EIZ 7% 2 & _RTO/NER HHESE
L7z (831%). £HEL/NERIIODWTAL L,
NAA ER ML TIE, BROARDNER D 60%,
EAL R LO/WNERD27% TH o 7255, NAA0.01
ppm F LTI RTONER TERRPA LN L
AL, WThOBEMIZBWTHREFEBET /D
BRI hoTz.

NAA BED50.1 ppm L LD TIE, ZEH LG 3
BEISNEROEDSA SN, 6 BRHEITIIT T
D/NERHBE, FEIE L 72 (55 3-1 [K). $HIT, NAAO.S
ppm L TEALOFEELFE L, K BRI L
7o (& 32K).

1-2. BALIEREDPEFRE L CREFHHIC
RIFTE

LR SR RN P

B LEORRIZIZN L 11 2 HmOFEEKZ
Wz 3 B 26 BHIS, EHEZUOEEL, FEEEEMRK
FEATES® 2= 15em 28D EED, HwLERO
INER BB 7. BEEHITIE, 0, 0.05, 0.1, 0.25, 0.5,
1 B X2 ppm @ BA (6-benzylaminopurine) &%
Fwiz, 25/15°C (BHRRIR) ICRE LY T A
RETEHEL .

#w R
HETFHEE, BA EERINEEHI T 73%, 0.05 ppm BA

BT 8I% TH-727% BA BEAY0.1 ppm L L1Z
% EFTRTTI0% ERo7z (BB32K). AEF

Table 3-1. Effects of NAA concentration on surviving percentage and organ formation of leaf pieces.

Percentage of organ formation

Concentration Surviving Adventitions

of NAA (ppm)  percentage buds Only calli Only roots No change
0 87 ¢ 0 0 60 a 27b
0.01 73 b 0 0 73 a 0a
0.1 0a - - = =
0.25 0a - - - -
0.5 0a - - - -

2 x 1.5 cm leaf pieces with petioles (n=5) were inserted in rockwool blocks containing NAA of
various concentrations. Three replicates were used for each treatment. Mean separation within a
column followed by Tukey’s multiple range test, P=0.05.

100

80
[
&
% 60 F
2 NAA (ppm)
& 0,0
0 40 A, 0.01
= X, 0.1
g O, 025
1%} 20 k G, 05

0
0 1 2 4 5 6

3
Weeks after inserting

Fig. 3-1. Effects of NAA concentration on surviving percentage of leaf pieces.
Vertical bars indicate standard errors (n=3).
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Fig. 3-2. Leaf pieces inserted in rockwool blocks containing Fig. 3-3. Leaf pieces inserted in rockwool blocks containing

0.5 ppm NAA (left) or not (right) for five weeks.

0.5 ppm BA (left) or not (right) for six weeks.

Table 3-2. Effects of BA concentration on surviving percentage and organ formation of leaf pieces.

Percentage of organ formation

Concentration of  Surviving Adventitions
BA (ppm) percentage buds Only calli Only roots No change
0 73 a 0a 0a 73 b 0a
0.05 87 b 20 a 7a 60 b 0a
0.1 100 ¢ 20 a 0a 67 b 13b
0.25 100 ¢ 80 b 20 b 0 a 0a
0.5 100 ¢ 80 b 20b 0 a 0a
1.0 100 ¢ 80 b 20 b 0 a 0a
2.0 100 ¢ 80 b 20 b 0a 0a

Basal 2 x 1.5 c¢m leaf pieces without petioles (n=5) were inserted in rockwool blocks containing BA
of various concentrations. Three replicates were used for each treatment. Mean separation within a
column followed by Tukey’s multiple range test, P=0.05.

T2 BA BN TIZE L A5 NT, 0.05 ppm
BA B35 £ 0.1 ppm BA M TIiZ 20% TH SN
72, EOREFIEFEBDOATH o7, BAIEED
025 ppm LA ED & &, FEFIEHEFEIL 80% &40,
e RTEEICE D 7.

BA SIS O /NER I3 BiART 5 & & 312, H1D)
L1722 6 DRBEDHEA T/NER EHAPBE, 2ATTH
BT B DNEH - 727%, BA T/ NER Tldf
BHRINTRERADNE D o7 (8 33 X).

1-3. BA & NAA D4 A b € RIBHREZT

RICKITT &
MR B LUOHE

WLBORHICIE 14 11 2 AR OEEKE B
W THI9HID, ML, EEEER
EEATHESE 2 x 1.5cm (28 ) i, HLEAD

NERZE-o 72 BEEWITIE, 0.5 ppm BA & NAA
DREZ 0, 0.1, 025BLL0S ppm EEZTERE
L7z vz, 25/15°C (BR/RiR) 2 E
L7zA7 AmEBECTERL7-.

w #

0.5 ppm BA 12/ 2 72 NAA OIREEICBIRZ (, &
FRIIZNBUYULET, THEFLLNERTXTH
REFEZBHE L (F33%K). E&4mmBlLEi
HRLZZY 2— ML, NAA ERMEEHR & 0.1 ppm
NAA BT L ) £ <, T X ) NAA
DRENEL B LB Lz, Wi, HIVAEWD,
NAA SR HLT 007 g TH o 7245, NAA RED
B R BIC LT THAIL, 0.5 ppm NAA K4
015g & o7z, &dB, %34 I NAA ERMEL
35 X T70.5 ppm NAA BE#IC BT 2R EF A &
HNVADOHM %R L72HS, NAA 2L 725HEI1C
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Table 3-3. Effects of NAA concentration added to 0.5 ppm BA on adventitious bud formation of leaf pieces.

Concentration Surviving a dlzrzl;i?z:)ﬁeb?lfds Number of shoots Freslflc‘Zfllight
of NAA percentage formation (Z4mm) ©
0 100 a 100 a 20 ¢ 0.07 a
0.1 100 a 100 a 1.8 ¢ 0.11 ab
0.25 100 a 100 a 1.6 b 0.18 b
0.5 93 a 93 a 12 a 0.15 b

Basal 2 x 1.5 cm leaf pieces without petioles (n=5) were inserted in rockwool blocks containing NAA of
various concentrations with 0.5 ppm BA. Three replicates were used for each treatment. Mean separation
within a column followed by Tukey’s multiple range test, P=0.05.

HNVAEDREL, FOFREIHMH S A EMIC
Hoiz.

==

E

1-4. BA EBEHARARNEFHBRICRIET

B LVTGE

LB ORRICIZH 1 F 8 2 Al OEEKE A
72 LA 19 B, EW5mm 2278 % 2 x 1.5¢cm
B EEDTNER B, LBELL Tho
DNERZ0S5ppmBALZRMLz0 Yy 77 74 /3—
IZERy MCHL, L 2 4 8BIUI HIRI

Fig. 3-4. Adventitious buds induced by 0 ppm NAA and -
0.5 ppm BA (left); calli induced by 0.5 ppm
NAA and 0.5 ppm BA (right).

ERROAE B Z -REMICIHELEZ 7. 0.5 ppm BA
TEHEX D FIF 2. 25/15°C (B //IR) ICEEEL
oA ARETERL, ¥H LURG 6 HEICERY
DB AHEEROMMEEREL 2. RS
NI REBHIZZFDREREN,S, A7V 1 GFR
), I REFOELZDIOE), T (BREFEZLD
) LLTHELRSR L (BE3-5HD).
B B

AEHERIITNTOMREXTRRULETHo 72 (8B
3-43%). ANEFB L UMOMF 2Bk L2/ ER I,

Fig. 3-6. Adventitious buds formed on leaf
base (a), petiole (b) and cut end of
petiole (c).

Fig. 3-5. Developmental stages of
adventitious bud.
Stage I, bud primordium (left);
Stage I1, bud with unexpanded
leaves (middle); Stage III, bud
with expanded leaves (right).
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Table 3-4. Effects of days of BA application on adventitious bud formation of leaf pieces.

Percentage of organ formation

Stage of adventitious bud” (%)

Days of BA Surviving 5 B
0 93 a 0a Oa 93 d Oa 0a Oa
1 93 a 27 a 0a 66 ¢ 27 ab 0a Oa
2 93 a 60 b 0a 33D 46 b 7a 7a
4 100 a 80 be 0a 20 ab 14 a 33b 33b
8 93 a 93¢ O0a Oa Oa 40 b 53D
11 100 a 100 ¢ Oa Oa 7a 53 be 40 b
continued 93a Oa 93b Oa 13a 73 ¢ 7a

2 x 1.5 cm leaf pieces with petioles (n=5) were transferred from 0.5ppm BA solution to distilled water. * Stage [, bud
primordium; 11, bud with unexpanded leaves; III, bud with expanded leaves. Organ formation was investigated six weeks
after inserting. Three replicates were used for each treatment. Mean separation within a column followed by Tukey’s

multiple range test, P=0.05.

BA LI X T 0% Tdh o 7245, BA MBI AR
A EHEML, BA1 HEXT27%, 2 HALHEX
T60%, 4 HULHEX T 80%, 8 HAUMEXTI3%, 11
HALET 100% & 7 o 72, BA MIFMBEX TIXERF
L 6 BEICAERIIFAD 5NT, NEFDADIEK
BNRBUY Lol 4B, FOHB, FELLARERE
TBIRDZEE 2 & BARAFER S N7, BAO~ 11 AL
HXIZBWTAEHE R L e d o 7/hER T TR
TROAZIGHE L, BITZRT ) ONSE LTz
R ENI-REFEOREAT—VIEBA4~ 11 H
WX TR DAL, BHAEL LOF (RAF—V)
D% SRR ENT2AY, BAEBEMLEX CIIAEFT
WAHYE 2 B BUH, 04 OF05EITETFER, *
BARELZ O (RAF—V 1) 2»%h ol

d, #3-6XI2ik, BAEBMEXIZBIT L
L 4 BHROBERROBIEE R L7, WS
CAEHFERE (o) MRS, EE ) BX
UM (b) RIS REFEsBE s,

28 NAAMIBIZL3®|{bErOO7 <
BESLVIFLUOAKREOBRE, &
ST BARIEIC L B3ETMEI & RY
7/ —-IVEEEDER

LD 0.1 ppm LLE O NAA % 51BN
5t%ﬁﬁ%b(ﬁﬂ7%ckﬁﬁ#otﬁ,—ﬁ
o EOEE, sunTs kb runT 1Y
Fo 7234750054 ¥ 2@ CREOESFILED

Ebruu 74 VEEN LTET 52 LIHR
ELTHZ 5N (Vicentini », 1995), Z T o 7 4
WHRRIZIELF L U 2MREMICERA L Twa Z k
M (g, 1994). PlziE, 7oy a1 —/hik
DEI > T F L VAERGEES BTS2 &
RENTWS (Makhlouf &, 1989; Tian & , 1994;
Yamauchi - Watada, 1998). F72, =9 L »AIdH
BABERH-7-L X ITHINT A (B, 1994) &
LTHmehTwafiis, +—F2 V#EIck-ThH
FEINLZEHNHY (Beyer - Morgan, 1970, K= -
L, 2001), BRBARIT=TIZBWTH, HEHFOD
#ibk, TF L ARB X UV NAA LA 12 BEfR
LTWaBDTIE v LRI N

—F, TF LV VERET, P = REIC
DA 5 EDOHE Mor 5, 1983; Cook 5, 1985;
Yamane 5, 1997) & 0, % 1 HilZB W TBAK
WTNEROFEANEL AN Do 2GR E X
THLDEEZ LN, FITARETIE, R
ZTEBILNEROET, EHEUMLI-LE
WEUBBELFLUDBIEEIIRD, NAAKH
TIF L VAR HEM L T&RIENRTWwWADT
e, W2 BA B ClE T L v A AT &
NTHWBEDTIEZRVWALEDORFAEINT, NAAB X
UBA ZEML7Ccrun 7 4 VOEEELF
U B R RIS SE L7

BARGHUCHE L2/ ERIZEIE L 22Tk <,
BIRMBEHMTRAELL ) ZANEROBEDLALN
Lhrod. WAL, MYWHESHBESh/-Z LI
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Ih, HRICEELTYWERY 7= ) — VDS ZERRfE
BIXOTIAF FICHEELTWAEREF) 72/ —
VAFTF—F¥ (PPO) LMWL D, BERN
IZBLENF ) VIEPE LA 7-DIEZAHRTH
B (FH - AR, 1998). F ./ yRIALEFHIC UG
WhE L, BEE, WBE sl oRsE# TRt
BEXRRT L. AFHTIE, ERICBITAR) 7
J—VERIZEH LT, BARINEHE X RN
Reilz BT 2 R L2 T,

2-1. NAABKUBAIEEE /OO 1 VEE
& DR

M#E L UFE

18 LB BRIZIZR 11 2 BOFEEME A7z
108401, EMZUOEEL, EEKETIRZEA
TEH%2x2em P FED, HLEHONER
#7205 ppm NAA, 0.5 ppm BA ZiRINE 7213
HEFSM ORI (FREAK) afklLicay 7774
N—3I=Ry MURERZIEL, 2515°C (B
WiR) WCRELLY I ARBCTERL. £KX 18
TRAMALCIREL, TIFLHAK»S 40 B
FTI10 HBICEFELREL. £/, FEHLHA
WA B30 BB ETI0 B, MER 10 L
SyeiE s (DMS00d, 3/ VFER) 12X b Lab
FeREFMCHAOERLIE L, ¥Rt

B} -v ) RHEEBLZ 50T, EWHLE
M ER L 10 HRISAER sHeftE L To e
U7 4 NVEREFHELL. 70074 VOMEIH
FeoTiE, AMNER 1B 015g Z 20f5EDN, N ~
VAFNVENVLAT I FIRLTSCHERETTSHHE
BE rsuo74 VvEE L Bonzibig 1
mi Z ME RGO (MRX-152, WP I—H
T) %A, 15,000 rpm, 3°C T 5 s BEL,
FEB 00 P IEN, N =V AF VRV ALT I F 100
pl ZMZCHML, HHEEET (BioSpec-1600, ¢
B BILERT) CTIEE 647 nm & 664.5 nm BT 5L
NENORNEZNE L7z, SFONRBEE Hwv
T, Inskeep-Bloom (1985) DFtEANH/OT 7 o«
VEgERHB L.
fruna7 4 VER (mg/100gFW)

=17.90A (647)+8.08A(664.5)

S

T B R R Y R INEE B X O NAA 5512
BT, #FL 20 HEI SWETL2ERIEHL,
40 HEDEFRIFNEN I BB LT8% L 2o
72 (837). Znicxf L, BAEHMOEFRIZ
85% THLDEEMIZLLNE D - 72,

T L BRI B 2 B L8 EIL 57 TH o 72 (58
38 ). MERMEHmB LI OTNAA BB TIZAI LI
AR L, ENL 10 HRIZIZEhEh 63

100 ®
80 |
]
50
i3]
5
o 60
3
o7
80
=
>
= 40
g
n l NAA 0ppm, BA 0 ppm
50 < NAA 0 ppm, BA 0.5 ppm
A NAA 0.5 ppm, BA 0 ppm
0 .
0 10 20 30 40

Days

Fig. 3-7. Effects of 0.5 ppm NAA or 0.5 ppm BA on surviving percentage of leaf pieces
inserted in rockwool blocks. Vertical bars indicate standard errors (n=3).
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W NAA 0 ppm, BA 0 ppm

T <& NAA 0 ppm, BA 0.5 ppm
300 | A NAA 0.5 ppm, BA 0 ppm §
K
=
*, 200

100
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Days

Fig. 3-8. Color changes of leaf pieces inserted in rockwool blocks containing 0.5 ppm NAA,
0.5 ppm BA, or NAA and BA free. Vertical bars indicate standard errors (n=10).

i

50

H

40

30

20

Chlorophyll content (mg / 100g FW)

NAA 0 ppm
+BA 0 ppm

NAA 0.5 ppm NAA 0 ppm
+BAOppm  +BA 0.5 ppm

At inserting

10 days after inserting

Fig. 3-9. Chlorophyll contents in leaf pieces at inserting and 10 days after inserting in
rockwool blocks containing 0.5 ppm NAA, 0.5 ppm BA, or NAA and BA free.
Vertical bars indicate standard errors (n=5). Tukey’s multiple range test, P=0.05.

BLUT75.C, BEL 30 HRIZZFhER 46 B L
W27 1% 1), BHALASEATE. —F, BA GRINEEH
T, mtHEiL 30 B D 61 LML 72754
THY, BHILZALNE o7,

WU T 4 VERE, B LBIARIC 4.8 mg
/100 gFW TH - 7225 10 H#IZ1E, HURER
i B RN T 43.6 mg / 100 g FW 12, NAA XC
(338.6mg/ 100 g FW IZ3A* L, BA X Cid 47.4mg/
100 g FW & bz 7z (%39 X).

22. NAARLEEICEZHEILET FLERED
BEf%

MHtE LUHE

BLEOBBKRICIZB S PAMOEEMKETHW
7. THIR2BIC, EWEzH0EEL, ERELEEREZ
EATEREZ 2% 1.5em YD 55D, MLEAD/AN
WP Aotz Ty 2z — LERHOBEITIITT L
VHABREFDERIIBETLIBENED BH720, &
T, TO9RFv sy rv—L (EE9cm, BE
1.5cm) IC07%EREME ANTELEKE Lz 05



24

ppm NAA F 721 0.5 ppm BA Z¥00, & 72138000
EL7-gERBEMIZ, MERZOMTOMLTER
L, 23°C, 16K A& (10 um * m? + s PPFD) D
BEZTEH L 79XFv 7 y—LDEIZ
FEH 2mm ORZRAT, IV I—NVEigEo7z IE
HLRES S 31 BT TRIFMIZ, MER SHUC
DWW, BEEER(CR200, I /VFEH)ITLD
Lab* RERZHWCHHMEoEaZz EL, &4
HIiZXBEOEIEE L b - ") ZEELL
EHIT, BREMICEFELRETALEDIZZFL
vEEETMEL. EX2NELL T4hbb,
TIAF v 7 x—LEEZNVTF—TTHERDZ L

YUKIKO SHIMADA

T2RHEEHL, ZORFEHBT2mOTRY ¥
TIWERRL, #AZ 0<% F7F 7 4 — (Shimazu Gas
Chromatograph GC-8A) x HWC, ¥ v—LVHIF L
YEREBRBEL:. 2B, N2XFyUTHAE
LT, 80~100 Ay YadiFH7T VI FE2FEL
72EZE2mm, 0ecm DH T AEA S L ER L
MBI FID 2 v, H, B X UEREZVWTNRD
—IKE 6 kg/em?, ZIKIE 0.6 kg /em? & L7z, Fx 1)
T A ADN, iE—RE 6 kg/lem?, —RH 1.2 kg /em?
ELTRE—RIZI D REELTHAELZNELIR L7
HIET—=TA°C, 4 v ar7ay s 140
°C, 4T 75 —T 0y 140°C THM &4T o 72,

100
80
5
=N}
=
=
§ 60
)
(=Y
o0
=
% 40
. ——NAA 0 ppm, BA 0 ppm
—{1+—NAA 0 ppm, BA 0.5 ppm
20 ~—NAA 0.5 ppm, BA 0 ppm
0
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Fig. 3-10. Effects of 0.5 ppm NAA or 0.5 ppm BA on surviving percentage of leaf pieces
inserted in agar media. Vertical bars indicate standard errors (n=2).

80

——NAA 0 ppm, BA 0 ppm
—{+NAA 0 ppm, BA 0.5 ppm
——NAA 0.5 ppm, BA 0 ppm
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40 &
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-

Days

20 25 30 35

Fig. 3-11. Color changes of leaf pieces inserted in agar media containing 0.5 ppm NAA,
0.5 ppm BA, or NAA and BA free. Vertical bars indicate standard etrors (n=5).
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Fig. 3-12. Changes of ethylene production after inserting leaf pieces in agar media
containing 0.5 ppm NAA, 0.5 ppm BA, or NAA and BA free. Vertical bars

indicate standard errors (n=2).

EFEE, W ThoBElicBw T EEFL 21 H
BICETET L2 (55 3-10 ). 31 ATICIE NAA &
s X OB TR 70% 12 F TR T L72as, #
MK L, BARSHLTIZ85% & L Y EvlER R L7,

B LIRS B 2N ER O ®ELig T 40 T
Holz (BB3-11 ). ERIMFEMONER TIZER
PICEALA A LN, TR L 31 BEIIEHELIE TS
49127 o7z, NAA B CIXZERR L 15 B2 5/
RROFDE LR, 31 HEOHEIIERIT 67
ERWERR L2, FRUCH L, BA M TIE, 2
L 31 BEOBLIERIL 35 CHEF LEMGHL 0 3
RNMEZRL, MEROELIZEALNT, &L
AINER OIFEDHEL 2o 7.

TF L Y A RCE I I R R R I & B
DB ST, INERITED Y 5T T A S BT LT
HIERERE—213%, 1 EEBVOIFL Y
KR 01N LT L EMETHo7 (53-12 ).

2-3. BAEBERY 71/ —ILAEEDBEE
M B LUFHE
TR LB BERRIZ 134 2 48 2 9 AR DR % A

8 H2HEI, EMAMOEL, BE:EREE
ATESE 2% 1L5em 128 ) 350, 18 LA O/

F%&{E-7z. 0.5 ppm BA 20 % 7213 E7sm o 3
FEW GERK) EAKLIuy sy —LI=Ey b
WANERZL, 2515°C (BiR /iR CHREL
JoH I AMBETERLL. EHELLLI0HBLIY
B ABICERICBI2EABLIUTRR) 72 —
VERZMEL. ERIIOWTIE S o/ ER%
AL, BRI @ES (CR200, I/ V¥
) 12X D La'b* #E%%F Wl o3EsR % Rl
EL7 BEY 7z - VEEORREITTN - S
(2005) OMF %ML, Folin-Denis LTI o 72, F
Hhb, FEE1gO/NERE 20BEED 0% X ¥
J=NVEMZ, FEIFAHF—T3 5HERLE
LT EERE (H 37 TA%E, himac CR20B3) Z FWvT
10,000 g, 10°C TOHELDEEL, A TAHH
LCHittm e L7z 287K 800 ul 2R &
Folin sAFE % 50 pl oMz, 3 5 ICEFHKET b
) A 100 pl 2RA LT RERIEREE, 4k
R (HASHER, V-560) T 700 nm DUELE )
EL72 BEY) 72— VEEIX I DO UEEY
E2ETHHL.

B R

BA HENINER B L O BA ¥ & b1, FERFL 10
Az, /AERFOE)OIZBEL T/ BHOKR
B 12, BA SR TI/NER © E 5 518
BEHAEIT L TR THIET 5 d DAH o 7275 BA
BN ERTEZOBEIY Y OATICLEE
7o, AT OEBIZOWT La'b HFEZRTRTE



26 YUKIKO SHIMADA

BEAGRE I BT 5 L E () BLUVHE (HH)
BENEFN3SIBL 147 Tholz (BI-13K).
ML 10 HZICIE, BAERMEHMO/NERTL
nFEn362BLN162,, MEELYBHEMLT
B ASHE A 7525, BAEMO/NER TEENREN
BOBLO102 EMPIE L Y BENMEZIRL, ¥
FITIEL o TV, ZOHKIE, WEhE B, /b
P DRREIEE o TV o /zh, BARHO/NE
P, 25 BEICBWT D MHAE L FMESEOEZ R
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Fig. 3-13. Changes of L* and b* values in leaf pieces after
inserting in rockwool containing 0.5 ppm BA or
free. Vertical bars indicate standerd error (n=5).

BA 0.5 ppm (), BA 0 ppm ([)).

7

L, EOREIRI-NTW.

w3 LBBEICBT A RRY 72/ —VEEIR
13mg/gFW Th -7z ($3-14H). EFL 10H
ST TH | mg/ g FW OIS H 5 NT2A,
#FE L 25 HERIZI1E BA EIRINEEH T 6.1 mg/ g FW,
BA E#IT45mg /g FW IZ% ), EIN=id BA ¥t
THEII ol

% =

NAA DI EZ TEFLLALLIS
NAA #2EEAS 0.1 ppm BLED & S IT/NERIZELL,
FTRCHRIE LTz, BRI =7 O/ FERICHE T
LIRS T, WA BA L RIRED S 1/5
DILEETNAA BRI L TV B HIRE A LN,
T LEEIC BV TS, NAA MBI % R 450
RO E, BEELY LTI ENHL
ME ot F, bECERFLAEREHEL
B b I LT -D%, R L 6 ELIRREIE 2 it
FCOLREFETRT A L dhro/-2ENH
KRR T =7 OWEIZIE, Peperomia sandersii D &
IIIAREROFEFRLTDH, HVTREF B Z
4 5 (Harris  Hart, 1964) L ET&2WVH
DEEZ LN

Burritt * Leung (1996) (& Begonia x erythrophylla
ORI BT, HY R EREYE IR ORE
W14 ABICZ OO0y AR RIET A & &Ik
BTG, AEBRIZBWT, HYRERETYE
ERIEH OBA, 20% Fi B O/NER BRIES 2

6

=]

Total polyphenol content (mg/g FW)
o~

i

BA O ppm BA 0.5 ppm BA 0 ppm BA 0.5 ppm

At inserting 10 days after inserting 25 days after inserting

Fig. 3-14. Total polyphenol contents in leaf pieces after inserting in rockwool blocks containing
0.5 ppm BA, or BA free. Vertical bars indicate standard errors (n=3). NS and *
indicate non-significant and significant, respectively according to the -test (P<0.05).
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LAY OO0 OBREFEAILIIE T2 (5F
313 #32%K). BEOLIEEBIINLTIYIO
AL, BILLRTWI X, BAERHERERZT
2TV ERFERLTWEIDTHASY. TDO/ME
P-o s X U821 0.1 ppm BLED BA & RINY
B LTl Eh, EFREEDLILNPTE L.
Beck + Camper (1991) & ¥ 72, AHEADOTE & K&
X % 2 77 Petunia DEREET, NSVERELE

BEET, 7R ARRI LT WEIICHS Z.

b F-EE A BA EIRINOB A H BA USINES
~BHET LI TOUHEFRL 2513 700v X%
R LT nI & 230, BEROAEFIZIEBA DR
MALETHL L ZBRITWE, T, EF - b
7 (1976) ATo/eT I F A —NRI=ZTOEFL
CHT AEBRT— 7 OFICH, BAWRII X 544
ROMEDPRENT VS,

X512, 025 ppm A LD BA ZFINT IR ESF
BRAMREND 2 &5 D072 KIZ, 0.5 ppm BA
IINAA 2Nz UL, EFEEZERTIELT E4L
WA IRETHDOTIE RV EE L7725, NAA D
TRINE A v AR & R &2 5 137 ) TAREFER
2HHIL, EHICERERTIE LD o7 2D
TLXD, BRARIZT7TOERLICIENAA IAE
THY), BAOABLETHALZLEFHEL 2R -
2. ZOEHITHES —F T L ORMBAREFEI
I3 BB, Garcinia mangostana DIEREEFET
bAOLN, BADADOTMAEL TW5D I LAHE
ENTW5 (Goh %, 1994; Lakshmanan & |, 1997).

NEF RN L BA DB IZo W T
A L7ZHR, BARIKEH#IZ 4 ~8 HIFEITIX, #
DI PIZIEAREF IR E N VD OD, EIZF
EHDEE FEPREINL 2 L5000 7.
72, BAEARAIE X Y b B BIRT B 2 LAV K
N foEYOREF I OWTIE Begonia
X erythrophylla 7 £ 1 3% #& (Burritt + Leung, 1996) &
Brassica juncea @ f ¥ ¥ % T 7 H ] (Sharma & ,
1990), Petunia DEEF 13 10 A (Beck - Camper,
1991),  Garcinia mangostana ® 3 Fr ¥ % T 6 B
(Lakshmanan & , 1997) & BA LEMIE AL ETH
AIEFREINTVS,. WFhd, Z01:BH
HI2 & W3 BB IR EF Oz A 5N
BB, FEGT B HFAMIT AL SN, £12 BA
WEMOEM T CENRET L ODEEL NI
Lakshmanan & (1997) 12X 2 &, ¥ o2 — FEKE
Rl 3songeikiesrsy, $abb, BERK

REDER, ¥ a— MEROFEMNT, FLTRES
ITHBHELTVAS,

EIEX D, 0.1 ppm L EDIRE TNAA #5#
IR 2 ERPELSHEIET AT LG hoT
DT, F28TIE, EHEUMLI-LZZELLE
EXFL UM EE&L o THOHMENIZIZFL >V
EedEnmsd, sou7 1 VoS mEREL T
LHOTE VD, EHICNAA T F LV AEREZ
L, BAEZOARZIHI L TWBEDOTEZWwH
EDOIRF AT, NAAB LU BA RN L 7235
Tr7uu74VOEEEIF L Y EREZBENIC
L7z, LAL, NAABHTIZI CIZERFL 10
H#lZZoo7 4 VEEPSEAS LEAPHREE > Tw
7o, EFLHMAEL CF Ly AEROBNE
{, BA¥i# 0ED Zh oz, HEFS (1985 i
TNVARANTIZTB LRI =7 - ¥ 70—
L Y ADFE% 50 ppm NAA R ICIRELIE L -2
FUVAEREZMNE L&A, WEE D EULE L
RTF UV VEFEMEMLZL2REL T
BN, BELLBELETEIIF L VEEHIEL S
DTHA). NHEHEDY 4 a2V FEIIBWTEDE
b ZF L VERBEIZ—BLEZVEWIRE (&
WS, 1993) 23 AM, FI L VI TRIFL Y
MEOEEICELST a7 4 VOGRS ED &
ENTBY (Yamauchi & , 1985; Baardseth + Von Elbe,
1989), MR IT=T7/INERIIBITAZ7TTT 4V
SRR L YRR E L OBRIZOWTIES
BRSSO LEND L.

BAMLEZITH 7074 VERITEFL 10
A%bWITH e, FEBEII0HE
BN THIEFLA LN o7z, THITBA D
s 74 VaRERHILTWEZEZRLTWY
5. BAMLEASZ a7 4 Vi REIE, H50»
AR EZRET L L) B, NH#EEO 7Ty O
) —/NEDEALICET 505 ETHAINTED
(Clarke & , 1994; Costa & , 2005), Costa 5 (2005)
WZ&ABE, BAZZuO T 4 Vi RBERECTHAH I T
074 5—YOERZETSEE LW,

BA ERIMEH CIE, NER WA O RTEABE
L7212, WBIZZOBREIINEREWIZIEH - TH
BB DONEL AN FRIKHL, BA %R
M5 &, MEROBENITY OOMIE EED,
EERIIET o7 FIT, BLORXETHER
)7z = VEBOBERFHEIZOWTRHRZE D
A, TR L bIEFLEREROKBE & DML
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7oS, FDOWEMOREL BA HRINEEHO/NER X
Db BABHDENNE ol T4bh, BAZ
TMTHZLTERR) 72 —VEEOHIMIE 2
b, BEZEHETCEXLZEPHLNI o7 &
B, BENBZICE, VryaokdicR )T )—
VThHL7OOr VEEPBEER) T —VEFY
¥F—¥ (PPO) ICL VEMLE N D7D 554
&, VIRDEAZRY 72 ) —VEBD WY
Ay FPENBER) T2 ) —VOEEKREZOESE
TxZNVT 2T rEZTY7—+ (PAL) B35
BIN, ZORKE K7z LAl 8KS
NTINERBBIL S NS 72 DICIBENRE 2BE 1D
A (ATH - KB, 1998). FMRNT=7 D/NERT
ALNBBEIIH L, PPO F7-1Z PAL2SED L S
o TWEMEHE LT, T2, BA BRI

BRALERE 2 WwE Bbh b8, PiERLYE D%k
wRHET S, H B\ PPO R PAL DIFHEDRHEIZ
EHLTWAWEESH Y, ZhbDBRIZDNT
B EINTREE o 7o,

KELY, BRBERXT=7ONERFELIZBVT,
0.5 ppm BA ®RINIE, 7 20 7 4 V4% 85§
AL, R 72/—NVOBALIZ L 21BE 2]
H L TEERBLUREFERELBD L & HH
LA holz, EHIINAAWKZ IR T 4 VDSE
ZRELTEMZRE, AFEFELZET LMD
SEMICIIANETHLZ L, Zo5Nicraa 7L
MRILFVVERIZEDFESNRELDOTREW
ZEDnhotz. F7z, BAMEIZ 4~ 8 HE TR
RBHEZENRENT

RA4E BREEECEEREUBOBR, MEROBRREMS LUBREPREFHRICRIFTEE

JREIZD 7 D REMICEFELEZRS 720121
WLROEEEZ T TR, PEFERICEL &
HOKEHIER L TBLENH 5. BHROEHIR
RUEISEEROKSICKELEEZRIFTH ST
&% (Simmonds - Nelson, 1988). HEHifi L #HHIZ L 1
BEEEINTHELSFF— N RITZTITEW
TiE, BHREEROOEB L USRI IZE T
BFFEAE S fTbh, BRI & 6 L
DHEZZNENFNIRET Z2HEIRBAEINT
V2% (Herbert - Moser, 1976a, 1976b: Appelgren, 1985,
Simmonds * Nelson, 1988, 1989). # I T, AEETid,
BARORREE LT, BORE, E0EETLIEDR
EBLUREROA RS ZRE L

7, BIELD, AERTELICIZBA ZHML:
Oy 77— LEHMEHWAE LW LR S h o7
B, I MOERND EDERMIC BT B/NER & A
THRCUSERTHE ) PRSP oTwiwn, &
T, EHWNIIBIT KM COREERK %
RN, EOTP L TOREFEERSEDL 7200
FHEIZOWTHE L. X512, ZoOHEICE HE
B EROFEEZFEEL2) 2T, hoRT=7H
WABEATEX D E) R REL-.

HBOMF B LV FE

2 SHH LR T =7 'S4 4xF - ¥
7 MR, FLECIISESCEEL-E WS

R, FEBRIOR T4 OFIRICYIRT L7, LK
DOEEMIZIZT Yy 7y — VB (BRG Ty 72 Ty
A= 3 =Ry F M25S30, OEBGEHRREH) #
Hw, ThEANRLETIAF v 7852 (10 x 15 x
RS 5cm) ORANCHEME 250 ml ZIEWTRAKL
EEIEIEALRVIRETEZ L. &8, oy’
T77AN—=3I 2Ry POBRKERKGTEZH91%
THhol:. FFICRBLLVEED, FEFL 6 BEITN
EREEMPOFERE, EENERE AEHE
ANVABILUOREEE LI/NERBRZRAEL.
BERERICEES 3mm I EOREF 2 BEIER T
5D DN o 72H, FOREIBIZIIIE R/ S 3E)s
ZLEELTEY, REFRZIEMICIRZ LI L8
TEholl2d, TZTERNEFLBK LR
DEVEDOAZFER L. BROBEE X UEFLIX
SEBRIIRTREREDH T ABETITWV, A ¥
NFG A FF 2T (MF400 - L-J2/BU-P, ES 4 5 v
7 ¥R\ &4k, PPFD 47 150 ymol - m? - 1) # F W
TR EEEICHIZERL, ISHEHEREE L7
SAEAPSIRTHTI TORKBIZIZIARLED
50%HENEIT o7, FXSAERFMRK LT3 KE
L7

EA1E BROBREETTEER

% DI BT, BOHEMO T L 724
XD IMIBORRIEENE L, ¥ 2 — AR
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HAEBNZ EVBMSENTED (Stamp 5, 1990), #i
IEECIIMERICE WSV O D 2 L 3%
v, $7°, Malus domestica DEREEEIZB T, Hi
g L IR b L E ) ELTw
BN, FREEMMEEBRD T RWRERD
Rl R LKRALEL D ORERKESFV
Il hHEIN TS (Welander, 1988). % Z T,
C I TREOREDENC L ) REFFRERIED
HoHhEIPERMA S L L.

B2 EIIBWT, BHZEZ TERLEZITo 24
B OARBEIAEFERRICEELZ LW EE2HS
A L7zA, MR LB LU LI L B ICH
LM TEHOEB LR ZITT W KETlE, B#ko
JELEFLENADOHET TT, ZRENICH
T2 ABAAREERIC I T HE 2 R/~

1-1. BRI 2RORE S LUREOEENRE
EREGFHRK & DREEFR

MRELUFHE

WHLFORRIZIZR 1 £ 4 5B EOEERE T
2. ZEPSBELZEPD 0, ZEEA1.5em 12

EL-EZBI1ELL, Zh0o Tl - THEE
LTWaEZHE 2R F3ELHA/. 7H31 IS,
EIE BA4E B1E FI0EBIUVEI13ER
BINLTC, EMAUIEL, BEEFR2EATE
F22x1.5emiZ ) gD, F LEHO/NER 2o
2. TOEREMICHB/NER %, 0.5ppm BA Zik
Mml7zay 7774 8—=3 =28y MEL, 25/15°C
(B i) \CRE LT ARETERE L.

INEERNC, BRELTH I E3»AkoFEE
ARV, BRESH ISHELETLELRATE
BRRtAE CO20 O, EAEVIRET-IZTEIR
BIZRo 72, THRRERIE, BEVEZHEIFIZAL
TREEFSLVWEIICTHEEZE- TEHELTBY
7eborffior, TH6HIZ, HYELTFTERIISE
TEEARBELRRNL, EMAI0BEL, EKL
FREEATES® 2 x 1.5cm (28 1) FEd7-/NER
ZHIR & RO FETERL L.

#w 7
BRELAZE2)DOBENE1E/NEROEER T

BT, FEAEPRHIELE (B4-15K). 4~
10 EOEFRIZITIZTI00% ELD, FLALTRT

Table 4-1. Influence of leaf position on stem on adventitious bud formation of leaf pieces.

Percentage of organ formation

Leaf position Surviving Adventitions
on stem percentage buds Only calli Only roots No change
1 13 a 13 a 0a 0 0
4 100 ¢ 100 ¢ 0a 0 0
7 93 be 93 be 0a 0 0
10 93 be 87 be 6a 0 0
13 67 b 67 b 0a 0 0

Basal 2 x 1.5 cm leaf pieces (n=5) without petioles of various leaf position on stem were inserted
in rockwool blocks containing 0.5 ppm BA . Three replicates were used for each treatment.
Mean separation within a column followed by Tukey’s multiple range test, P=0.05.

Table 4-2. Influence of type of stem on adventitious bud formation of leaf pieces.

Percentage of organ formation

Surviving

Type of st iti
el N percentage adyenutious Only calli Only roots No change
buds
Erect 100 a 93 a L7a 0 0
Trailing 93 a 93 a 0a 0 0

Basal 2 x 1.5 cm leaf pieces (n=5) without petioles on erect stem or trailing stem were inserted
in rockwool blocks containing 0.5 ppm BA. Three replicates were used for each treatment.
Mean separation within a column followed by Tukey’s multiple range test, P=0.05.
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DEFNER TAREFEESRDOONT F13FE
DHELFRIZ 67% Thodh, EHFEEFOTRCT
TEFTRAFED Sl
WICEDPEETHEOME EREFEHK & OB
oW TAhLEE, EVEBIVUTEEDOWITNOE
KBV THAREFVREEICER S, EOEER
BIZI AREFBEAOFBEIA LN o7 (5
4-2 ).

1-2. BHEHISER & 2 U0 B RPIAREFR
ICRIFT &

WRELUHE

Hoh LD ISHHBETTHEL Wl 1E
6 P AROEABREZ, 10 H 11 B2 bRKERZ 14
°Cc, A% 18K/ (KRH) FAXBERHEE (EH)
WCHERF L7 S AZICB L C o AMRREL, iRl
OfRE L7, NABHICEHETTHELLZ
OREP S, BOEZRNLZ. HWT, ERzY
DBEL, BELERZEATESZ 2 x 1.5cm 128
DEEOT/INERZ/EYD, 05ppmBA 2Lz
777 AN=I= Ry ML ERBLE £
NoHEHE14°C, SHRBARZF-IZERBRICH
LS AKECERLZ. 2B, 11 A23HIZ18
HEHETICH 2B TIIRE & AES#ED 6N
B, BAEHTICH 2B CIEERENFLL, BIE
DOVIREBIZH o 72, FEWFL 6 BRIDERIZEORK
MERE L. B ENIAEFIZFOSERED
5, AF—V 1 GFEZE), T (REROEE HDOIF),
0 (EEEL2DLOFE) D3IDOOAT—VIZHHELE

L7z (5835 MBH).

B/ R

EFEHRIL, 18HMOEOERT (LD) THELT
W B SR /NER TIRER LEOHRIZ A
b 5T 93% Tholzd, HROET, ¥4bbER
(SD) 1R L 72 Bk 1572 /BER Tid 60 ~ 67%
e EFY BT HELOPH o7 (FELA3IFE). T2,
FEHTCHE L T 587/ NER O ESS
FEHRIL 93% C, B L2 BROTRCTHREFE
WATRRD bNADITH L, BETTHFHEL TV
B S 187 NER OREFHREL 14% T, KD
BHNVARER L. £/, EAT CHE LBk
DA, ERLBOAEZREAICTSE, EHDD
DEMRTREFEDFGENIME SN, FEIFL 6 BHEIC
AF—VMIZE LY 2 — MBS FELT.

B2H BREZEZFHKVINERICBTIREHF
TR DIEE

ZL OBEEFEEZ KB 20121, 1 OESH»S
ZLDFLHMEBLIENLETHE. ZITEHFE
P, 1 ROEHNTERL LEAL2 S/NER ZERIL,
FNEFNOREFEREL LK L. RNT, EE
o 2emBENTNBEONERICERE YT, A%
B EFETL-OOFEEZRE L T4b
L, SEMICUET 2R ERFREWEORE Y S
D5, HEVCERNEDHYRNVES DINT UV AZE
L& BHTEITREB LUCBERFNEZEZ S
T EOMEETo 7.

Table 4-3. Effects of day length during growing of mother plants and leaf piece cutting on formation and

development of adventitious bud.

Day length Percentage of organ formation Stage of adventitious bud *(%)
Surviving -

Mother Cutting percentage Advgﬂgl;lous Only calli Only roots  No change I I m
LD LD 93 b 93 b 0a Oa 0 0 26 67
LD SD 93 b 93 b 0a 0a 0 33 40 20
SD LD 67 a 14 a 53b 0a 0 0 7 7
SD SD 60 a 14 a 40 b 6a 0 7 7 0

Basal 2 x 1.5 cm leaf pieces without petioles (n=5) were inserted in rockwool blocks containing 0.5 ppm BA.
% Stage I, bud primordium; II, bud with unexpanded leaves; III, bud with expanded leaves. Three replicates were
used for each treatment. Mean separation within a column followed by Tukey’s multiple range test, P=0.05.
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Belaizi & (1991) &, Malus domestica D i 552
=, BEPEEMICA-F YV ERMLELTH A
WADBEICHR SN2 20, BRI —F
S UNEIMEICEET A EHEL, BAIKMZ, -
23 VIEEERTH 5 TIBA ZEHITHM L2
B O FAL7 b a— MPRLNICEERELT
Wwh, RERICBWTH, MERIIBIIZF—FY
VOGN E 72 572D T, TIBA MEZEH AT

2-1. 1 ROEICH T B IEROFEMEA ERE
FRk & DEER

MRB LUFHE

i LEOBBRIZIZN 1 5 4 D Ao EEKR T AW

7z TH20 HIZ, 1 MOEFIIBWTEEDIOEL
WZH22oTO0, 1, 15B8L0 2cmBEN-fiBTE
fRzET2x 1L5em O/MER 2 Y B L (B 4-1K),
0.5ppm BA ZRM LTy 7 7 7 A N—=3I =Ry
MIZHEL, 25/15°C (BiR/KiR) ICRREELETS
AMBCEHLS. 2PN, &KX 5ER
2R LT, AERTY OB S EROKS 2
BEEDIT, NFEMET CERICBITLHEEERD
BEAEL: (8421K).

= R
ERICBITAEROKSIZ 2.1 mm, MHEEEEIZ

SAKR, —HEEHNS 2cm BN ETOTROK
L 12mm, HMERERHKIZI2AKTHY, TEILOH

oo e

FIg. 4-1. Position of 2 x 1.5 cm leaf piece.

Table 4-4. Width of a main vein at different distances from the

vascular bundle

leaf base.

Distance from leaf

Width of main veif ~Number of vascular

base (cm ) ( mm ) bundles in main veiff
0 2.1+£0.3 54+09
«— width of main vein —> = S0 500
i y 1.5 13+02 30+0
2.0 1.2+02 20+0.7

Fig. 4-2. The measurements of width of a main vein.

ZMean +SD (n=5).

Fig. 4.3, Transverse section through the proximal end of a main vein in the
piece. Left, leaf base; right, 2 cm from the leaf base.

Fig. 4-4. Adventitious bud formed
on epidermis of leaf base.
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Table 4-5. Influence of the section position of leaf pieces on adventitious bud formation.

Percentage of organ formation

Distance from Surviving

leaf base (cm) percentage Adv;sgi:ous Only calli Only roots No change
0 93 a 87 ¢ 6a 0 0a
1.0 93 a 33b 53 b 0 7a
1.5 100 a 40 b 60 b 0 0a
2.0 100 a 0a 73 b 0 27b

2 x 1.5 cm leaf pieces (n=5) cut at different distances from leaf bases were inserted in rockwool
blocks containing 0.5 ppm BA. Three replicates were used for each treatment. Mean separation
within a column followed by Tukey’s multiple range test, P=0.05.

NBIZONTEROKES B L OHERFUT A L7z
(5443 43 K). I EE,S 1em B s &,
FROKEB I UHERBUT L DIZ, ERIIBITS
FNoERTELIRAS LA
EHFRZCTNRONERICBNTH B3%ULET
holt (B45%). FPEFERFEDL ¥EEKza
GAER T ERDBWEE R L720S, FEED
LEENBIZONTETL, 1om#EhA/AER T
33%, 1.5ecm BB & 40%, 2cm B b L 0% & 72 o
7o AEFEBEE L -7/ EROLZIEH VA
FEELTWA, EEDS 2cm B /Z/NERT
BRLANVABEIKET, B LOb DA 27T%
THLNT B, 544 KEERELSTNER
IR S AR EREZ R L2A, ERETOT YO
WA NWADTER &N, FOMEDORKE LICREFH
R E .

2-2. BiRfE BA MEBEPREFHRICRIETHE
MRS LVFHE

i LEEORRRICIZHT 10 2 B OFEARE 7.
9 H2HIZ, FEEHDS 2cm BENAETELIZA
Mo THHYHRLAERZET2 % 1.5 ecmD/NER (L
Tk, ohE: EBREEST RV 2 x L5em MERT
LIESR) wIRLEEE L7z, FRo/ANERZ, 05, 1,
2BLSppm D BA ZIIMML7z0 Y 77 7 A4 /3=
IRy ML

T/, ZhEFne, AERERICBT A ERL
DFEEIZ0, 1, 10ppm DBAZELT /) ¥ R—
Ab%E4mgEAL, 05ppm BA ZML720y &
TrAN—IZHEy MIIFL WMERE HIC, E
LI 25/15°C (B /i) ICERE L7277 A

RECTEHL, 8§ BRICERPROMMEZRELL,
¥ R

EIEEO BA BIRA BRI E5E, EEETV
FNORIZBWTL BUULETH - 7278 TEHF
Witz A &L, ANVAERETLHDATH-
7o (55 4-63).

—7F, REORLRSLBABRET /) X=X}
WLCEM LGS, £ERETVTILoRIIBW
Td BRLUETH-72. NEFEKIE, 0ppm BA
BAMHETIILEL ALN Lo 72DIZxF L, 1 ppm
BA & i LB T3 20%, 10 ppm BA ¥ £ii ML T i
40%D/PNERTHED LN (F47FR). &8, &
EFTEAII SN o T/ ER TIE A VAT TR
L7

2-3. NERNOEMRED (FREHF REFALIC
RIFTHE

MR E LU

i LIRORARIZIER 2 F 1 AEOEAKE
2. THI9HIE, EKEZEEHR V2 x 1.5em/ME
FafELie L, FIROEAHFICHEMZAYE H
TERAZBBT LY AAE AN FONER%
0.5 ppm BA ZEML/zay 7 77 4/83—3I =Ky b
IZHE L, 25/15°C (BHERIR) \CRRE L7727 T AR

ZTHEHEL T SERITEBEROMMZ WAL 2.

#w R

EFERIEDTBOEEII)I 1D 5T 3% T
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Table 4-6. Effects of concentration BA on adventitious bud formation of leaf pieces cut at 2 cm away
from leaf bases.

Percentage of organ formation

Concentration Surviving Adventitions

of BA (ppm) percentage buds Only calli Only roots No change
0.5 93 a 0a 87 a 0 6a
1.0 100 a 7a 93 a 0 0a
2.0 93 a 0a 93 a 0 0a
5.0 100 a 0a 100 a 0 0a

2 x 1.5 cm leaf pieces (n=5) were inserted in rockwool blocks containing BA of various
concentrations. Three replicates were used for each treatment. Mean separation within a
column followed by Tukey’s multiple range test, P=0.05.

Table 4-7. Effects of lanolin paste treatment containing BA on adventitious bud formation of leaf
pieces cut at 2 cm away from leaf bases.

Percentage of organ formation

Concentration Surviving Adventii
of BA (ppm) percentage VEE dlslous Only calli Only roots No change
0 100 a 0a 100 a 0 0
1 93 a 20b 73 a 0 0
10 93 a 40 ¢ 53 a 0 0

2 x 1.5 cm leaf pieces (n=5) were inserted in rockwool blocks containing 0.5 ppm BA. Three
replicates were used for each treatment. Mean separation within a column followed by Tukey’s
multiple range test, P=0.05.

Table 4-8. Effects of wounding in the center of a main vein on adventitious bud formation of leaf
pieces cut at 2 cm away from leaf bases.

Percentage of organ formation

Woundin Surviving Adventiti
& percentage th:: dlslous Only calli Only roots No change
- 93 a 0b 93 a 0 0
+ 93 a 20 a 73 a 0 0

2 x 1.5 cm leaf pieces (n=5) were wounded in the center of a main vein and were inserted in
rockwool blocks containing 0.5 ppm BA. Three replicates were used for each treatment.
Mean separation within a column followed by Tukey’s multiple range test, P=0.05.

Hol: ($48K). HOTMEAIT-LBEOR 2-4. NEROERLREDPAEFERICRIFTE

EHF BB 20%TH Y, WAFBONER & A

TOFPLer BRI B, o7 REFEZBKLE M B SUHE

o TNERTETRTHVAERB LT

I LBOBIRICEN 14 4 20 R0 EAERE Hv

7% 8 B20HIC, EEAETA V2 1.5cm /P
FaRELEEL, 05SppmBA ZRMLzT 27 7
AN—3I =Ky MIEEHEL GEEET), KFEE
L (BihmET) BLOLETHIEL GEEMLE) o3
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Roackwool

Vertically upright

Horizontally

Vertically inverted

Fig. 4-5. Orientation of leaf piece.

Rockwool

A B

Fig. 4-6. Orientation of leaf piece and position of rockwool block.

WY DOFETERL 217072 (8 4-5). 25/15°C(B
/KR CRELALTS ABETEHL, A%
IR OBMICOWTHRE L.
Flooheiphc, HLBEORKRELTHI1IES
P RAEORYIEEH, 11 23 HiZ, EBEZz&T
B2 x L5em/MER %, 0.5 ppm BAZ I L7210 v
2774 NN=3I=2Ry PEAVWTE46KIIRTH
ETHELZ. Thbb, AKUNEROXEEMZT),
B X UMER DL E E), C K UNER DIEERE
ATICLTay 2 y—n%& L), DX (URER®
EEMAEEIZL Ty 7y —VEERIZ) D48 %
7 25/15°C (BiR/HiR) WKWRELA TR
BECEEL, SHEBITEEEROEMLRA L.

® R

EFERE EEMLBLIUHEHELTENLERN
100%, 87% THo7=A%, KFFHLTIL80% &R
L, DNERIKRIRIZE > TBE, HETLHD
BHRONTz (F49FK). NEFHREL, EBEHF
LT0%, AKFHLT60%, HiFLTIO%THY,
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WA ORRE 72 ER EICERBR SR (847
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| AN QRY AN

WIS, MEROERFME 0.5 ppm BA 2RI L

Table 4-9. Effects of leaf piece orientation on adventitious bud formation of leaf pieces cut at 2 cm away from

leaf bases.

Percentage of organ formation

Orientation of Surviving
leaf piece percentage bAI;i(;/sentmous (Position of buds) Onlycalli  Only roots No change
Vertically upright 100 b Oa 73 ¢ 0 27D
Horizontally 80 a 60 b (Proximal) 20b 0 Oa

i
Vertically inverted 87 ab 80 ¢ (Distal) 0a 0 7 ab

2 x 1.5 cm leaf pieces (n=5) were placed in rockwool blocks containing 0.5 ppm BA vertically upright,
horizonally or vertically inverted as shown in Fig. 4-5. Three replicates were used for each treatment.
Mean separation within a column followed by Tukey’s multiple range test, P=0.05.
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Fig. 4-7. Calli on leaf pieces placed vertically upright (left), adventitious buds on
leaf pieces placed horizontally (middle), and vertically inverted (right).

Table 4-10. Effects of orientation of leaf pieces cut at 2 cm leaf bases and position of rockwool blocks on

adventitious bud formation.

Percentage of organ formation

Orientation of leaf

piece and position Surviving Adventitious . : .

of rockwool block percentage buds (Position of buds)  Onlycalli  Onlyroots No change
A 100 a O0a 100 b 0 0a
B 100 a 73 b (Distal) 0a 0 270
C 93 a 67 b (Distal) 0a 0 27b
D 100 a 0 100 b 0 0a

2 x 1.5 cm leaf pieces (n=5) were inserted in rockwool blocks containing 0.5 ppm BA as shown in Fig. 4-6.
Three replicates were used for each treatment. Mean separation within a column followed by Tukey’s

multiple range test, P=0.05.

Ay - VOBEFEEILERIIOVTAS
&, MNERZHEELL, BARgbuv sy — %k
EELZBREBIUBAZELT Y 77— VETIC
L7ZCRAS, ZhEN BB LT 6T% TIAEF%
BB L7 (F4-108). —F, MERZEERLL
HEIE, 2y 2 —VoREizhrboTnE
NAHNADKRETE LT,

2-5. INERWRELAD NAA IB B REFIR
ICRIF§ R

B LUHE

B LB ORRIZIZN 2 4 3 A RBOEWK % 4R
L7, 9H24 BiZ, EEAET 52 x 1.5cm /M
HEHLEEL, 05ppmBA, b L <1 0.5ppmBA
12025 ppm NAA 2Lz v 2 7 7 48— 3 =
Ky MEIEL L7 25/15°C (B /KiR) ik
LA ABETEBL, 8BRCHERROR
MERE L.

® R

A, 0.5 ppm BA X8 X U8 0.5 ppm BA+0.25
ppm NAA X TENEN 3% B LTI % &Y, %=
BAONLZPo Tz (B411K). FEFEREL,
0.5 ppm BA X T 80% T& - 7245, 0.5 ppm BA+0.25
ppm NAA X TiZ 0% & &<, TXRTHPANVAZR]
L7 (%$48K). %72, 0.5 ppm BA+0.25 ppm
NAA X TII/PMER OE{LDA S LT

2-6. TIBA IBHAREFIHEICRITTE
HHB LUOFE

I LEOBKRIZIEH 2 E 3 P AROEEKREZH
7. 8 H25HIC, BEZEI2\V2 x1.5em/AE
KaidLE L, AERERICB T2 EREOERE
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ppm BA Z{M L7720y 7 774 8—3 =Ry MT
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Fig. 4-8. Calli induced by 0.25 ppm NAA plus 0.5 ppm
BA (left); adventitious bud induced by 0.5 ppm
BA (right). Those leaf pieces were inserted in
rockwool blocks vertically inverted.
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Table 4-11. Effects of 0.25 ppm NAA added to 0.5 ppm BA on adventitious bud formation of leaf pieces
cut at 2 cm away from leaf bases.

Percentage of organ formation

Concentration Surviving Adventiti
of NAA percentage Vt:l dls 1ous Only calli Only roots No change
0 93 a 80 b 0a 0 13 a
0.25 87 a 0a 87 b 0 0a

2 x 1.5 cm leaf pieces (n=5) were inserted vertically inverted in rockwool blocks containing 0.25 ppm
NAA with 0.5 ppm BA. Three replicates were used for each treatment. Mean separation within a column
followed by Tukey’s multiple range test, P=0.05.

Fig. 4-9. Adventitious bud formed on
leaf piece to which lanolin paste
containing 100 ppm TIBA was
applied.

Table 4-12. Effects of TIBA application at various concentration on adventitious bud formation of leaf
pieces cut at 2 cm away from leaf bases.

Percentage of organ formation

Concentration Surviving Adventiti
of TIBA (ppm)  percentage v;rll dlslous Only calli Only roots No change
0 87 a 0a 87 b 0 0
10 93 a 13 a 80 b 0 0
100 100 a 73 b 27 a 0 0

2 x 1.5 cm leaf pieces (n=>5) were treated with applications of lanolin paste containing TIBA of various
concentrations and were inserted vertically upright in rockwool blocks containing 0.5 ppm BA.

Three replicates were used for each treatment. Mean separation within a column followed by Tukey’s
multiple range test, P=0.05.

L7 25/15°C (B /i) ICBRELHFT X
BETEHRL, s HARBICEREREROBMHEIIOVTH
L7

#w =
TIBA LEIZ X B EFRAOEZEIIALNT,

AEFERIIEEED TIBA LEIC X > TIEEE N
72 (412K, #49K). T4 bbb, TIBAEL

HR CHREENS RS N o 7275 10 ppm
BTl 13%, 100 ppm ALHK TI 73% TRE
FATRR S Lz

B3HE IERELCHI RREGORERE

AERZZRERBICIE, EEOHEBEEDO L DOH»
LEBEET LG EBHEMICANVATERERHRL
THRIAEELVED LD, INVABKEZERT
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2%

A, MDA LD BIE THRMIEEZAERNFE

xn, BREM, AHEMNLEEIALLILYD
% (Evans + Sharp, 1986). % 7:ffi %+ OBV T,
H NV AFE L THROLNEEMBOREARERRE
Lo fEEoMmIcE  ORBRBAPRBEISBE SN
52 EAE SN TW 5 (Evans - Sharp, 1986). NI
Z7BIZBWTIX, Begonia rex ‘Lucille Closon’ THk
HEEHEFBVE LT &, BIUBERMEE
Lol & BNV ADREEEIEI L2 L8
(Casselis - Morrish, 1987), T5FF =N _RIT=7T
k212 X A EEBROER (K95, 1993) 2%
MEENTVEY, BRLEETH—LEE KR
VL T HRIEEDHIERIZBNT, ZOEROM
HIIEE S 2 5.

KEIClE, FIDERBFLICEIDBELLAESE
OIERFEERELZ S 2T, BREBHEAKICE
VF B F & DIVERTEEEIC DO WIS L, X 5 (2l

BAKOREN, BRI 21TV, ZEROAFELRE
L7

3-1. FEFOREREDHE
MRS LT

& LB ORI 2 4 3 AR EE/KE H v
7. 4R 1B, EWED DL, EEE EREE
ATEZZ2x 15m I ED, BLEHO/NE
FefEol. £O/IMER% 0.5 ppm BA %ML 7>
Ou 77 7A43—=3=FKy MIFL, 25/15°C (Bl
W) ISR LA ARETEHR L7, EFLE
WIS 1AM I, NERORESAICBITLE
BRAFEDOMEREI 2> P s ¥ a X hERL
2. ZDY & AN T RBIER (99.5% T8 ) — )bt
JKBEEE : 70Ok )V A=2:1:1)ICLD, 5°CT1

Fig. 4-10. Longitudinal section through the main vein in a leaf piece.
(A) Just after cutting out a leaf piece. (B) Thickness of the proximal end a main vein one week later. (©), (D)
Meristemoid formation in epidermal and subepidermal layers two and three weeks later. (E) Adventitious
bud primordium in meristemoid four weeks later. (F) Development of adventitious bud five weeks later.
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BoEEMBEZLD, FRE ) Lo TE1E
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BLAT ARETER L. 5 AIZADERETD
LAEFOEEIFTD SN, 7THICHEELY 2—
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EE6m DFEY Ry MIBH LA FOBITE
TEL-oTEEL, sPABO 12 AILEB LY
ORI, B e 11 HADOHEBHEIZOWT 10 #
ERNBICHAEL, BRE KL BERICDOWT
P SEB L OTEE 10 RS, BRIV
¥, BRBIUVRBOREICY - TIE, BHARR
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HrE LIFLIFEOILIMBEIREL D LN
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Table 4-13. Comparison between mother plant and propagated plants for leaves and flowers.

Parameter investigated Mothen glat Propagated plants t-test?
(Mean+SD)” (Mean=SD)*
Length of leaf (cm) 13.9+0.7 13.6+0.9 NS
Wide of leaf (cm) 4.4+0.5 4.1£0.3 NS
Length of petiole (cm) 3.1£0.7 2.940.7 NS
Color of leaf (JHS color chart) 3707 (dark green) 3707 (dark green) NS
Color of leaf (L*a*b™) L*=31.8£0.7 L*=31.7£0.9 NS
a"="11.8+0.7 a*=11.6£0.9 NS
b*=12.5%1.0 b*=12.3%1.5 NS
Diameter of male flower (cm) 10.5+0.9 9.6+0.9 NS
Diameter of female flower (¢cm) 8.7£0.5 8.5+£0.7 NS
Number of petals of male flower 70+9 62+12 NS
Color of male flower * (JHS color chart) 0104 (strong pink) 0104 (strong pink) NS
L*=56.18+0.7 L*=57.9+4.0 NS
Color of male flower “(L*a*b*) a¥=298+7.2 2" =29.5+5.9 NS
*=.0.121.0 b*=0.2+1.1 NS
Length of guard cell (um) 47.5£5.4 47.9+5.8 NS

One mother plant and ten plants propagated by leaf piece cutting were observed.

“n=10.Y NS indicates non-significant.
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Fig. 4-11. Leaves of mother plant and propagated plants.
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Fig. 4-12. Male flowers of mother plant and propagated
plants.

Propagated
plants
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Table 4-14. Karyotype of mother plant and propagated plants.

Plant Individual ~ Chromosome Karyotype according to
number number (2n)  centromeric position® chromosome length”

Mother plant 1 28 26m + 2sm 2L + 268

Propagated plants 1 28 26m + 2sm 2L + 268
2 28 26m + 2sm 2L + 268
3 28 26m + 2sm 2L + 268
4 28 26m + 2sm 2L +26S
5 28 26m + 2sm 2L +26S
6 28 26m + 2sm 2L + 268
7 28 26m + 2sm 2L + 268
8 28 26m + 2sm 2L + 268
9 28 26m + 2sm 2L +26S
10 28 26m + 2sm 2L +26S

Five nuclei of one mother plant and ten plants propagated by leaf piece cutting were observed.
“m, median region; sm, submedian region. -
Y1, large chromosome (length = 2 um); S, short chromosome (1 pm<length<1.5 um).

~ —_% %'
k -‘Iu.... . "‘t

. .-1 | l' .'

Fig. 4-13. Chromosomes at metaphase of mother plant (left), propagated plant (right).
Arrows indicate large chromosomes.
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Table 4-15. The promotion of adventitious bud formation by BA treatment in some tuberous and erect stemmed begonias.

Percentage of organ formation

£ Species or cultivar BA treatment UL Adventiti
Ty perolisteny P percentage VZE dlslous Only calli Only roots No change
Tuberous
B. ‘Panorama Orange’ Yes 93 60 0 0 33
No (control) 67 0 27 fl 33
Significance * ke ¥ N NS NS
B. ‘Yellow Sweetie’ Yes 93 60 20 0 13
No (control) 80 0 40 1] 40
Significance NS *k s NS =
B. cinnabarina Yes 87 53 7 0 27
No (control) 60 0 0 53 7
Significance 5 ** NS ** NS
B. pearcei Yes 87 87 0 0 0
No (control) 87 0 0 87 0
Significance NS ek NS F* NS
Erect stemmed
B. augustae Yes 100 100 0 0 0
No (control) 73 27 0 47 0
Significance * *k NS o NS
B. borneensis Yes 87 87 0 0
No (control) 73 27 0 47 0
Significance NS % NS gt NS
B. cucullata var. hookeri Yes 93 93 0 0 0
No (control) 93 33 0 60 0
Significance NS *k NS ** NS
B. dichroa Yes 100 0 100 0 0
No (control) 53 0 0 40 13
Significance *k NS *k *k NS
B, isoptela Yes 100 100 0 0 0
No (control) 87 0 0 87 0
Significance NS *k NS ki NS
B. maculata Yes 100 0 100 0 0
No (control) 47 0 0 40 7
Significance ** NS b ko bt
B, radicans Yes 100 80 0 0 20
No (control) 53 0 0 53 0
Significance b *k NS *k ok
B. serratipetala Yes 87 87 0 0 0
No (control) 93 0 0 93 0
Significance NS i kL b Gk
B. solananthera Yes 100 L 93 0 7
No (control) 53 7 0 47
** *3k ok * *%

Significance

Basal 2 x 1.5 cm leaf pieces (n=5) were inserted vertically upright in rockwool blocks containing 0.5 ppm BA or
distilled water (control). Three replicates were used for each species and cultivar. * Student’s t-test between BA
treatment and control. * , ** indicate significant at P = 0.05, 0.01, respectively, NS indicates non-significant.
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Table 4-16. The promotion of adventitious bud formation by inserting vertically inverted and BA treatment in

erect stemmed begonias.

Inserting vertically

Percentage of organ formation

Surviving

Species inverted and BA Adventitious )

e percentage buds Only calli Only roots No change

B. dichroa Yes 100 93 0 0 7
No (control) 47 0 0 40 7
Significance * = *x NS G NS

B. maculata Yes 100 73 0 0 27
No (control) 47 0 0 33 14
Significance xE EE NS Gt NS

2 x 1.5 cm leaf pieces (n=5) were inserted vertically inverted in rockwool blocks containing 0.5 ppm BA,
or vertically upright there containing distilled water (control). Three replicates were used for each species.
* Student’s t-test between treatment and control. * , ** indicate significant at P=0.05, 0.01, respectively,

NS indicates non-significant.

INER #Eo72 FNHD/NER % 0.5 ppm BA %
WML7zay 2774 85—3 2Ky MIEEFL
L, 2515°CICRRE L7 H I ARETER L. 3
AL LTBA S (FEHKZHEM XEk), £
NZEN 6 BERIHERRORM L HEL /2.

Wiz, 9 B 16 A, AT =7 B. dichroa
Sprague B X U' B. maculate Raddi ® 2 #& % fit 3 L,
Al & FFRO/NERZY DML THIEL L. 88
BRI O 2 A L 7.

w R
AR BA LB X T 47 ~ 93% T - 7275,

BA LBEX TIZ 87% LI L& b, T XRTCoOMB I
FhAEC BA JLER X AMEALIR X % bRl 72 (55 4-1538).

Fig. 4-14. Adventitious bud (arrow) formed on leaf piece
inserted vertically inverted of B. dichroa.

EFMEIL, BA LUK OBE, BRARMEN
TZFTOFTRTTO%, AEERNT=ZF7T0~33%
ThHh o725, BAUHERX OGS, HRERT=7T
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maculata D2 i EZ RN T 0% EE o7z, 2B,
FERRERIT BA ALEEX O/NEER Y BA RO b D &
HARTED o 72085, FIFL 6 ALK, FEL A
FEDOFEED HFERRD L.

B. dichroa B £ ¥ B. maculata (22> WTIIHEiEL %
To7-45R, EFEIIWH L BIT100% 12, F247
EFWRBIIZNEN 3%, 3% LD, ML
X E&HRTHEE (P<001) IZE»o7 (F4-163).
W LICK YIRS NAEFOMEIL, 0.5 ppm
BAZ &Ly 77— VIl i-Eao, Y1) OT
ZOWERETH 7 (F4-14X).
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BERLZEPDE 1 EILE 3ET TRERL
7L 2 A, H1 EHBETRES THIE T S s
Aoz, NEFEERBIZCTNOEIIBNTD
Ll EOBBIZLAEIALN o7 R
R 2EBTHY, B1EIFIEFALTHIOLEI13E
PERTAFETICRY TR EELD, ZOHEA
THNIREFHREIEDN D Z &2 <, T
VESHICHIE TR AT Lol TFF+—)
NITZ 7 OMMEERICB VT, HEi#B & Uk
B EDICAEF RSB RIFE ehoizl &
(Simmonds - Nelson, 1988), Saintpaulia ® 3 B £ &
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<t HVEORERREIAMET L2, RO E
WERY 2 - SR T A LIRS o7
¥ (Lo, 1997) ImEIN TS, Fi, REERT
EVEBIVOTEEP ORI L2 MH L CIEF
LiTo 7275 PAEFHREFIZIIWEICL BENADS
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wIZ, RO B RPN EF R RITTE
HUZOWTIRTHER, BH T THREE L2 5
AR L 72/NER CREFHEME SN, HAT TR
LR S O/NERIZIZE A EDSH VA EBR
L7 BHWEYTHD ) ARANITZT DBE
FMGREREO HRZEHICT % E RNEF R IMEE
NBHIEPHREEINTWS (Heide, 1964). IR
NT=T7IERBAEHTHY, EFERIHELHE
THHEZFRET 5 2 EPREFEROEESLSTH
HEWIETI Y ARANTZTORSLBELT
W5, & 51T, Heide - Skoog (1967) iF, 71 A=
ANTZTIEOWT, BHZFETT0oHS 16 H
MEEZTHREL, TR L-ECIBITAY
{ M A=V EBERFLAEZ A, B
FBWE XIS ML VEEFENTAZEER
(L, Odén - Heide (1989) R H T —F3 V&
EPENMTAZ LR L. S0k, NER
WENVEVIZHROBEZZTTERL, 7VAT
ANRITZTTlE, BHFCHEYAS ML= 0d
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CAEFERRIRES N, FOBEITIHENS
(Heide, 1967, 1968). “H 6D T &R LHEBRTH L,
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NI E L NERVE L DNG VAo T
WELDTHAI.

F2ETHE, ERLBOARIFAEFLERICE
BLlawZel~725, ABIBNCT, BEHTT
Wl L7 Bk A SR L 7/ ER 2 B H 5V I3
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WRHEFHKEFACRBLETRESTSZ EH
b, BRIy 22— EREATTENRELLD
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ANEFBHEFEIL I MOEF O TRINT 5 /%
FOMBIZLoTRELEL Thbh, %
B2 &G ERTEIBVWAEFEEELZRLL

7%, EEPOLENLIZONTELSRY, 2em #iN
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Dianthus caryophyllus DIEFTEEERT, B &2 HEIZ3
DELUIE ECEBOIEAPOLDAY 2— MEK
WH LNz W) HE (Frey - Janick, 1991), Pyrus
communis (Hennayake © , 2003) ¥ X U" Morus alba
(Oka * Ohyama, 1981) OEFEEIIBVWTESE L
TN o 72 FR TIEESRROER O 5 H3 51
DER I D OAEFHEEENE D, 5728w i,

Malus pumila DFEFER TEWICIEWER OB HE
W OENT-EER L) DAREFEEI B2 8
W) i (Welander - Maheswaran, 1992) 72 &2 %
AOHNL. KERT, ERIBIILZEROKSLE
A D 2 om BENTALBICBIT S FROKS % i
L7z&2n, BERIIBILZEROEIKL, HER
Bb%h o7 Kouider (1984) &, Malus pumila
FEEETTEOETMUISDAREFNEL S
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FHEE R FREIICEKE L T 5 Z EHREH
BIZE > THAITH S EFRMUTWD., REROES
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BRI IAEFORRMEINS LTEFEINT
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EFTEREDERCEBRERELTVREEVZ LY.
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L, ZEEEROFPERER L) DEFHEED
B0 722 EIZDWT, OB L 7-5%I2HE
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DEWEHHIZBIF TN S, BRRNT=70%HE

BIEE LSBT, EMOE/NER T BA K
IZIRL7ZE &I, BEROWYOPL7217 TR, ¥
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ERIIPEFEHRDMMELRTVEMNTH L EEZ
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ANEH R ERTLENDH A, 2 TH2HTIIE
EzEE W ERICHL, REFERZIETHES
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Hea LR RBREOBABREELT /)
vR— A N EREIRICHEAT L &, BLXUER
2Bl L7 & X2, FREN40%B X
U 20% b TR OREFEERT SER TR
Bz BoTREOEE, Y1) ITIEBA ZIRMLL
Oy 7o —VICEEEL TV RPo7225 €D
MZANVADBEE SN2 L2 b, L) ERO
FIRAZ A —F T UATREMICRE L, VAT
DDIZHBEINOTHAH. TORER 1ty
7 — CHE L T A/NERERBOEMRD ) MTIZBW
TH—F Y VBENIELL, FEFERRIIEER
BIZL2OTiZhwh b RIS,

NAEOHDENE Y DINT v ARBLEELEHB
TIF o T/NER OERF AR A 2 -ERTIE, IF#
BB oNns. Thbb, BABMICEERLLL
LE AEFRELERENLPo7OITHL, K
SR LT 60%, WidE LTl 80% TAREF A
AbNT (F49K)., &6, FHLLANER
ThHhiE, BA2EL Ty 77— VE/NEROLT
EHELICHL TS, AEROERE, Thbbay
77— WICHET AR OREFENIEEIND Z LN
RENT (85 4-10 ).

Inviro THIEAROBRFMEEZ, ¥ a— M
WA AT T RE R R TRI, Pryus communis
TEEAFRI)BEVW Y 2a— FE2KERLD S0
WL L7z & ZICRIFERIMBEE NS FEPRS
Nk w) & (Lane, 1979), Malus pumila O in
vitro TR LN 2 — P2 MATBICHVLE
IS LT 5 ERFEERBESER L) HE
(Zimmerman - Fordham, 1989) 7% &IZMA &1L 5 75,
IALIRWTRDTEFEZE L (T LURFEKZ
RL7ZBDTHoz. AEFHRICHLTEDOE
REMDEEE RIZL72EBL, Ipomea batatas D
EIFERET, EWORIIE ORI L BITK
ERFLERME LT oL A, EEHTLED
b 2 IV Y 2 — MERENR Oz &) TR
# (Gosukonda &, 1995) IR SN B A5, £ DMIC
BRY5T, AFFEICBITAEN OHEFFLAIEK
ZEFLRIEYS, Gosukonda & (1995) (&, T @ Ipomea
batatas EFFOBRBIZOWT, Ya— b EROER
WCET AL A —F Y ORENRBEICKE SN
THEY, WMERICEITREEZ T THEHL 52
LX), F—=FT U OREHBBHVGITON, F—
Y UNHEBE LD TIERWHLEZERL TN,

I —% ¥ VAR 2 REICEREREIL, 7

VAR A IRET A L id—KiIcL<mbonTw5
(BRBF | 1994). FEBRIZBWT, MERFTHELL
TFOEMMETICL2E X (B4 7THBX) I, 4 —
F ¥ OREHBB DT S N TONER OFIRAIT
F—F T VBEMESRY, FlAEREHRELL
TEFOEMmAZ LIZ L7728 & (B4TRHCX)iF, A —
F ¥ UHPKREMIBET S 7201 MER OEmEIT
F—F T VBEMEL oD TRV L HEEL
N X5\, #l LTRSS RAEFIE, Ek
TRZSAROWHY O, HEHWIFEYOTIERZVE
BFLEICH VAR ELTICER I N TV, ol
bE7, A—FTUOREMBEMPPITOLNATHD
TLREMTTCHS. UEORER, MIELICLIA
HF—FT  OBBEAET SH I L LEHADBA
MEIZXY, BEEZETLRVWINERIIBVTORE
FEIR B AR VE VNS v A DIREEAS D 7=
LEN, ANEFERPFEINLEZONLD.
EBIRA ST RVNERZMIEL L725E10, B
% 0.5 ppm BA + 0.25 ppm NAA OHEIZT 5 ERE
FEOBRITR LN R o7z, THITF—F T V25E
FI=D, FHERVEYONTG Y AVBANEFEK
ICABY R0 eEZLNDL. —F
F—F ¥ VHikHEER TH S TIBA EW (100 ppm)
et /) UyR=A M ERETFICERTS L,
0.5 ppm BA B ICTEEF L 217> THREFOD
EEEALN, T2 b T WESF—-FI U
OREHBE ZHE L7722 & PN EERRICEHE LR
RIVEUNG VA% T:6 LR THAEEZEZON
5. Pk #2EXD, BREEERVWIAERTAH
EHFBHEMET T 5 QRS R L BV
LTIRLL, NERFROF—F TV EYL ML=
YDOING Y ANAEFHBNEYL TR W LHER
LTWwaeEZ2LN, MERFZUHELTHE2E
TIBA LB ZFEL, ZDFRIVEINT Y AERELS
BB EZEVAEEREFELBDOONDL T LA
Lo,
HEIHIIBWTAEFORERIE 2 HMFENI
BELLLZA, ANERDYOTHIVABEE
o, FONMENPLEEN, bEOEBKORE
RS X RGBS 2 ) AT EA FA5E
L, NEFIPERINDL Z L %GR L7 Begonia

* X erythrophylla DIEWIERIZB W TH, REMENT

ECHBRDHEMET Y, FEFWERINEZ LA
BE SN TS (Buritt - Leung, 1996) fii, L v 7
A~ =ZT=7 (Chlyah - Tran Thanh Van, 1975, 1984) 5
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FULTFF =N RIT=T (Welander, 1981) 125
W, FREBEORE MM D L ChMEE
PUBEOEARONY - TREMELZZ &
MEESNTBY, NT=2TECTEIREBLVOERRE
A TR D T2 D DG ERIFEE B O TRV
PHEgE XN A, 723, Buritt - Leung (1996) & X
{" Chlyah - Tran Thanh Van (1975, 1984) &, E&iZ
HHBREOHETEOMB THRIEZ S &L %3
WTWEY, RERTHHALALHRBRIT=7DEC
ERERTESICHIELTB Y, BEOFFE L 1L
DR R 572, F 72, Burritt - Leung (1996)
£, B. x erythrophylla DEMIEZEIIB VT, Y2 —
N ARBET ALY 2 — MREEMICRIK T H
Wit < BEPH AT &, ¥ 7 HEIWEREMLT
A U2 B R — o RICBIR L T2 b %
BRLTWS, HRRT=T7OBA, £I3BETAE
SRR BT E T BALEOHMIZ 4 ~8 HET
HhHIERRLE. REOMBBSELY), EHL7
R F ZREMAE TR AN T v D
HO, THEE, HBHFITEIL > TREFHE
FHESLTVWAE I EATRIEENT:.
NERFLTHONTZAROES LU ERORE
RN DO WTRAR L I L7452, TRREMEEZ
RTERIEE AN o7z RAS (1986) A%
Tol2BBANT =7 ORERFEE T, FEICARIE
CAERPRD LN EPFEENTWER, =
NEANVAERBLI-EMETH o2 EREEL
TWADTIERWHLHEREINE. 51T, Jfk
DEB L UOBROBBICOERB AN P72 2
s, NERRLICIAZEBBIIZVWHDE A

s

[BRIBART=7 | 13, 8K7 ¥ FRAIURDEHIZ
HETLHBURT=7OEEZ D L ICRBR SN
== AR ORIR T, KiGDElELL, ek L
TOERFMFEENTHSE, NTZ7HICIBENRL
REF L LI L - THBETRERTE - mfEd 5 275,
BRART=7 TIRENSICE B EFEIHEL L, A
THTICERENABESREL A LEV Eh
O, WM FEIICHES S5 % 2 2 VWIRIRIZH 5
LaL, flF25F - 2MEKE, EEHIIATET
bHBH7-%0, BERBEEORES L O KEMEITIHE
ThHY, RO ZRXBEFALEOFENLRD LN T
B, oB, MR ABEIZOVWTIE, I

RENT.

BARICBWT, AIECRBLZ/NERELE
1 BTAREFHRIEDE o 2~ T = 7 i
DBH LT3, TRCTRIFRELEE. #
ETOMRARIL S, RIERT=7 DekIEAERER
BT, —RICER L2MThN TV B, SIEkm
MOEE, MFEOHAHPZLL, FBLEIEE
LN EPERAEETIMEEZ2-TEBY, AE
FTRL e IR 580 L B E ORI Z OAFEOIL
KICKELLE#MTATHA). MAT, ThFET—
RO T = 7HTIEITII AT T & 728 E L5
ik, 2EFL, BRI o 08ERAR LS S
WITIERRTE L 2 &L TH o 7285, exvitro TH
INBERER LS REIC T2 0 72 2 LI & S (B IERER DS
EL, ERANTHLEEZONS.

AELY, BHEEROBRINERD»LDORE
FWBACHEL RIZL, AEFERIIEIICE DL
EINhzZl, FLEFLEOHRIREFLEE
FDHDITIEELEho7ed, FEFOHELE
TGl 2, BRIGEVWIERIZER
EFEBREILE L, FEISBNLIIONTEFORE
TNFET L7228, B, LML ZAD/RERIC
DWTITHIF L F /213 TIBA M Z4T5 2 &2 o
TAREFEREREAZEERB L. 515, R
FEFIETH N A% RHETICREMILE X O R
MRBTRERGL THEMLLI - D THLI L E
oML AERFELICL > TR L Bk
BEDP L, T OEMITBIEREE 2O ERARER T
ST BILURGERT=TICHBEHTELZ L2
Lz L7z,

&

TSN TETVEA, WERHLRD7ZOHIZEH
BIZE -T2,

AEFZETiE, MR IT=ZT7ONERD S ex vino
TAEFZK S 5B 00FEEMITDoVTRE
L, BN LEEEOREZTo72. UTICELN
TERERIZOWTHEREL, HUET5.

B 1ETIE, BRI 7OHEF LML Ww
DERERIRIET 50TV L, BB
NI=ZT 4ficonT, EHLKREZHLEEL, K
LIS K 2R EFRRRE 2 K LRI =7 15,
MEUERNT=7 23ME B L2, REFEBIZR
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ERRT=TCEN, BRERT=ZT B LOREE
NI T TIRBHTLELZ EPHERENT. B,
B, EOKRXE, EOESBIVERDOKS &
AEFEFER L ORI —ZDRFRIZ R L, EROFER
(ERF 2R BILUOZMBBEORE L ORIC
TS PO ENH L DD EEZ LN,
FEI2HETE, FRARNT=ZTOERLICBITARE
R A FET S92, WMLEKBLOELEOH
EHIZOVWTHRE L. 2T, BVWERELZR
WL, BEEIOHEIRICASEL-ERZ2HLIEE
LCTHW. E1HEIIBWT, & LR OfEE
PAREFRRII R TTHEZND 720, 75—=F1 1,
BB, N—3IF=254 b, vy ry—VRARES
Toay 2y — VEEYO s BEOREMIZEL, &
FEFEROBME K L 72, REFEMEE, /81—
T4 MBEBL NN—-3IF273( PBLTOY 7Y —
VIR T 20% L T CTHo 72D L, Ty 7o —
VIR TIX50%THY), Ty 77— VEREY
MO L ) DAEFHRICE L TEZ LIRS
n7z. 7., EWLKHAEZ4H8H, SH20H, 7
H2HBLUCI0ORBBHEEZZEZS, AEHF
FEBEIZ4 B E 10 BTIR60% U LETH 7288, 7
ATIE13% TR, AEFEBRITEIRICE > TH
BIENAEZEIRBENS, KIZ, EFLEBORE
715 20, 25 BXUN30°C &AL H, REHE
D70 OMEiRIE 15 ~ 200CHHEIcH 5 T & HHH
Y N oY Al

EIMIIBWT, HRRXT=7 ‘Fa AT wfft
AL, B Smm 2O CEFEERE D o 3
WoOERE, ZTOEEOELEIME Sx4cmbbHNF
2 x 1.5em ZH) Y FED-EMO X/ANER, EREL)
DEELCEZZ2x 15em (2 EED/NER, B
X UEED S 2om BEN/ALE CEL IS - TH
DHL7Z22x 1.5em/NERO STREDOHE LEL HE
L, #LEOHAME L KRE SHPNEFHEIZRIT
TREIIOWTHRE Lz, ERLOEHICIE gy
s VEEMER UMET/IIOR Yy 7T 7 4
N—3IZRvy b+ (Fm) 2, IhET5AFy
THEBICANTER»OHRAK L. Z0OBR, &%
LTI 73% 08 LI CREFERESRD bl
A, OB LETIEERIAONLDOD, REHF
EBUIECRRDONT, $F LEEIVA S » E REGERAL
Wb oT, AEFEZER LRI LIRS
B oI, HRARIT=ZT7oMmMBEICEW TS, ML
BLTEAEFEELLBELEWI L2550 72,

EIETIE, NERELCAEFEREZRT L
B E L, WYREREWELEORRIZONT
MRET L7z, 81828 T, NAA(0, 0.01, 0.1, 0.25, 0.5
ppm) %7213 BA (0, 0.05, 0.1, 0.25, 0.5, 1.0, 2.0 ppm)
B APEBTRNLI-gy 7 77 A 85—3I 2Ry b
IZ2x 15em D/NERZRH LIz 5, BYWHRER
Y EERMX T 20%EO/NERVPBE, M
L, EEERICBVTCOREHEZER TS D0
L ALNEholz, THICH LT NAA 2RI
% &, 0.1 ppm ML EDORE T XTONERIPEL
LT L7z, —FH, BAZIRIMNT 5 &, 025 ppm
VU EOREC/NNER OBEFIFIS I, 80%D/ME
AOAAREEEZRE L. 72, 0.5 ppm BA DFFE
TT 0.1 ~ 0.5 ppm NAA 270 L7258 1213, #1k
T5HZERLBOEFRLHERFLD, HVAER
MMRENTREFERR O BIIEIENT.

C DOFEF LAICRE LN ER OB BERS
ST AERIZOVWTIIE 2HICBVWTREL
7. ¥, 0.5 ppm NAA 750, 0.5 ppm BA RN
BHONTERIMONERIZoWT, EFLFOK s o
U7 4 VEEBLOTZF LV UV EKER B L. E
HLI0HBEDHE OO 7 4 VERIZ, B EL
B o7z NAA RIZBWTER LR L D b 88 mg
/100 g FW A L7z, =F L VAEREIZ NAA B &
U'BA OIFRIMICEFRZCEF LP 2B TRV ER
RU7z Fiz, BEORLNLD 572 BARINK &
BEDE Lh o ERMRO/NERIZBIT AR
Tx/ = VERBOERELZHLE A, WX
EHEFLBORERBE L DML, 20
REEBARXIDVERIMXTREN-/Z. D
DFER, MEROFELIZEEA~D NAA T2 X D
FIEFZENDY, Zoruag 7 4 VOSMRETF
VVAERICE > THFESINDEDDOTIE W E, £
7o BAINEANER O Y LTS TRI AR
T —VEROEMEHEIL, BE%EET S
abihs 1 Y A

FAEE1HTE, TEFERICHEEIEFEOH
BEUPAEFHRICRIZTREIIOWTHMAHI L L
7. BN LD IS HET THE L Cwi-fik
%,10 A 11 BICRERRE 14°C, AEZ 18 B (K
H) /2 3BRBE (EH) ISHERLY I REIC

CBLTHELE BHEROILABACEAET

THEL W2 S, HLBELT2x15em
O/NEREZDYDHL, 05ppm BAZRMLAT v
777 AN—IZRy ML ERELE Fh
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LA gk 14°C, 8SFRHHR I ZIZEARDREICHR
LA ABTEEL:. F0/E EHT O
L7 Bk S O/NER CTRERF LEOHRICEE:
CEWAEFERELZRLD, SHTTHREL
kD 5 O/NER TIZEFRZDO L OMPEL, AT
WERBRLI-DEbT N 14%IZE T 572 T/,
EATTHELI-EROGE, EFLIBORERZE
M2 5L EHDLDLHRT, NEFOFREIMR
.
EB2HICBVTIE, 1 HOEFHNO LOLFMICH
FHAERZHWTHRERICAEFEERT 20 E 9
Pribl-0, ER,LOELICAN-TO, 1, 1.5
BLXUO2em BN ET2 x 1.5cm D/NEF 214
WL, 05ppmBAZRM LTy 77 7 f /N —
=Ry ML TAEE R KB L7, AEF
IZERIL, EREEFONERTI% LB /23,
HENOHNAICONTIKTL, 2cm BEN2{IE
DNER TR O%TH o7z

L DEEBEEENDL720I12iZ, 1 BHOELE)S
LADWLBR LD EDETHD. 2T, &
DEBRTAEFEREN 0% TH o7, EEDIDL
2em BN BONERICES R ST, REFR
WeFETH-D0HEL LT, EERL (GEEE
T), RFEHL (BFWMET) BLOETHEL (3
L) O3 BY)OFETERELETo72. FEF
B, EERLTEEL AbNE oz, KF
L TIZ60%, HEiFL TIE80% TRD LN 1B
/SR % 0.5 ppm BA & 0.25 ppm NAA Z iR L 72
Oy 7 77432 Ry MIBIFLT 5 EAESE
RIS 0Tz —F, DNEREIOZROFE
W2 100ppm TIBA &9 /) v R—Z b2 B L
0.5ppm BA ZWRM L7722 v 7 77 4 N—3I =K
MIEEHLL-L IS, BUD/NERTAEFT
BARLNT, TRODERDPS, EEIOMND
WCONTABFEEENMET T 5 D1E, 2Rk
FHELZWRLTIERL, MEFHNOF—F 0L

A MIAZVDONG Y ABAREFERIZE L T
BTWI EIZLBbDLEZON. Thbh, EE
EEERVWINERICBWTY, MELT AT
TIBALEZ L TFDRNVE VNG V AR B S
BFIUL, NEFERZIRE L Z EDHL NI

ARFETI ) Rro 7o/ MERRLICL Y FA LR
HIZDOWT, BENEROWEREZEIHTREL
72, 9, ARFORERFIIOVWTOMABBIES
TolbZn, AEFIZHNAZRHETICELH
fads X HEREMBESS R AL CHESMLE L
BDOTHAEIERHLNI o7 WIZ, NERE
LiZ&koTRLN 10 BEIZOWT 11 THH OFRE
RS Bk E R L2 25, T RTCOEHICE
WTHELLTW Z LM ErO LN S5, f
MO REEEZ B L7825, 2n=28 T—8T
BLELIIHEOBEMLEELTBY, RakL N
VTOEREILZVW D LEALEINT,

W®EIZ, CCETTHEONLFED, $£1EICB
WOER LZIESHETH - oI = 7HHIZH
BHTZBNL I DEEABTHRI L. T2bb,
HRRUENT =7 BLORIERT= 75 13 #i
WT, BEEZAEOL2x15em O/MER %, 0.5 ppm
BAZBML-T Y 277 43—3 =Ky MIEE
BLLZEZA, RuRT=7o2fl2KE, B
WEIG TREFBESA LN, NEFEEOHA S
NP o Tz RIEERTZ7 O 2 FEIZOWTIZ, i
LEITI ZE X Lo TAEFHEEEL 3% B L O
BUFETEDDLIEWNTET.

UL, KafseTlt, BREEORAS X U
T & I KRBT ORI TO BRI
TZTITD2WT, REFER % FET HHERNEH
EML, MW ENERFBLOFEEZRE L. &
D inviro \ZH S 2 WINERTE L OFMITFERHN T
HY, HIEEEDIURIZKIZEET 5D 0 L HifF
T&5.

E i

ABFEOFITE LY F EDIThib, KER
W ZREE THREB Y T L ARFIAEAS
Bed: fr Bl EATERl #d% RGBT ICRA T
BHEOBEERLITT. T/, AWXOMY FLdIC
B2y, FiaIBHEEERD T LARBRAFLAER
FhEAGRSR EIH % BT L, RE

12 MEEBEEIC L, Lk ) ESHB L TS

/2, ZJuuy 4 VvEE TFLUVEREB LY
) Tz ) = VEBOWEIC YT, ABRAFT
KREER LB GTER LR 0 SRt
BB SRR W R L BEET, BE
REERM LY S —OlHREFE S TBEE,
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EMTEMRETRE RARK, BREEIIEE &
IFRIK, TEFFERE O diiuE L X O T2
KEHIFER HHEETRICZRZZH OB L
7z, SOICHELTEPREONR D FIHSET»
7272E, BIR BHFMEE LI TERIHREE D
EEZBYF L. TIICHATEHOEERLE
ER

ARWFFED S TR BT AR BV TEf S
N, TOEITIZHIzo TREIRERE DT 20 ZH
fRe SN EBY L IS, MYRREE AH

IRIRERE L, 5 BaRERRAE Ak I
B THEERPVEIE LOFELFWLZEEL
7o, F7-FRET RBHERIR, TEAMEB ASEKITE
ZRHETEMZWZET L 2 ITECEH#D
HEERLET.

BB, ZRETHHEWRZE T LKL
KERZEFE A NIRRT #5E T2 e =
DFERE, WOLIEDLLTEXRITT EoRDORIE
AIRP B2 ARV Al D= B

5| R 3Tk
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Notes on Orchidaceae in Hiroshima Prefecture

Tetsuya Sera - Genjiro Ishida"

ECBHIC

LEERICHETS I VREBMIZOWTIE, EiE
1980, = FiZ2>1992, A M - BEE6 2002, % &%
DWMERDHSH. Z0HH, BAOHENIHEZ Lo
I EBEAEMIEEIC X B L 65D 5 L RHEY O B A A3
MRRINTWED, EREDOIMD T {, KA
EENDON6TEDH B, —F, UE - LEBEOH
WDOBENDH LBTEAEYICI L, RERICEA
T55 YRHEY O B 32 MIIMEICH L - RET
by, BIRIFAHELED 1 fid 5.

5 BT ARIL, oMM E LTS
BT, LEENTHEMYOREZIT> T3,
LRET o -REORKR, BEEL S VAW O AEIR
POV TH MR E B OTHET 2. &b, i
BRSO HBG & yy id, FNEFNEETEY A
HEHFTFHALLROHETH S LERYT. T2,
RBUZ & A OMREEABWREIZOWTIE, R
DEEH S, Fll7%BAL ZFR L Tuvzn.

Calanthe nipponica Makino ¥ -tz { 7

(FEA : HBG15401)

BAM L&

TEEEH 1200746 H 21 O

ML, FEEPL 7 FHFICITTCERL, LB
BN A, IR LR ERIZ ek 253 5 (1A
EEAEYEE, R0 1998). S MR L - B4 H
X, 200746 B 15 BiZ, [LETHHEMARE T A FR
SUTATO—RBEZRBRAL DT, BER
PO 6kmDETAHIZHY, FfEOBAEME LT

BEATERDBISEVEFIE Bbhs. AF#E,
MRS EED® 550 m D BRI < 12 B R FHiAH T,
AFXFOBEIL 18m, MEERIZFH0cm Tho 7.
RARBIZIZT A=y MEMREL, BEAREIRI
EAERWD, REARBIZIE, Yox®Y, YOoyE,
YTINF, R AR, FTY, TULL, ANV
xR, AFIIVF, ¥ r T, v F, v
2%, TRERERHY, BRBIZE, s 45T
TaAA4FT, INAARIV, ¥YTaAvY, N
KUY ANTIAXT, eI FYNF agy Ry F
LY FAF, REPHBAL FERLYR, L
TECRENDHY, 2 RKORENFREHTH o7
EWVWHZETHE. T/, RULKHLFET VT4
T OESHEREK, BRI, AURBTK, AL #sE R,
ALEHF K & Y EIFR OFHE—BRKIE, 2007
3 RIS, EEEKERINOXLILED X FHANT
- HERERRLLTWS., ZOBETOHESE
13230m T, BROAEORAME LTIEINET
THROBWEITHLLEbNS,

Calanthe sieboldii Decne, ex Regel F LY H

(BEA : HBG15142, BE : Platel)

L= N Tl

MesBH :20074E58 2 H
SEFERL-HERIZ KETHERESR
(1988) ICELER0SH 1, BFEIIMB L 72D Tl v
EENTVBEIOEL T, BENDOTPITHEL
TWHERFVCOAELZFTTH o /2. EFHOE
KEIZIE, BEXI0~15mDTrYE, 7TIHY,
7?7;“/ F XTI, ITIXFTT, FADAXT
B0, PRBIZEYTYNF, FFEI VN K

* Contribution from the Hiroshima Botanical Garden No. 86.

1) The Hiroshima Botanical Garden

Bulletin of the Hiroshima Botanical Garden, No. 26 : 53-63, 2008.
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RKEBIZRZ7BEY, va¥yE, 74F L59FTF
ThHREW, TRERABIZE V2RIV, an
JAThT=, 7RUSE, F=HhFuS5YE, 724
FO, FuaLY, LH LAY TY, XHEYY
T, FUIVERRERDH o7 FIVURL BEE
FFTwa 15F LD RV AT, BLXZ3 45T
WZAPNTEZTW B0 HRBAEE 45 mm,
SRIIRRRCFR T, BB L EMPRIZITE
BOTIHH L. BAFEFERPHFHLELTHS
L, BHETHOELR S, BENLZFIEAOR
RBThosz. —F, #100mEENTFHTCIEs 4
(Calanthe %X bicolor Lindl.) D BAEZFERL /-,

Calanthe (discolor X tricarinata) A 3V F

(f=A : HBG15329, BE : Plate 1)
HAEH © 23R mIT

FERBAE 1 2007 4E 5 H 16 H

KAEIE, TUEAREHF LA LIV RO ERHRE
ZZLNTWALDT, WHEINEET L TR H
LZEALM G U OARM, ME, SHLHIZEEL
TWABIEDPMOLNTWS, WWFENZEHEIIT
it TWi iy, JmAICEREIN-MEOASEL
WKHBRATA DV FEFIN, BZERRENEW
ELTHFATERE SRS, [KBETIX, 1977 £I2,
LEEOMEITRA THOTHRREINRTWE (EE
1980). Z0#%, BRNONOBETTRELzL b
N MAEEFFRIFRE L THEHIZM ST Tz
S, Bl AEFRIIHRE SN TRV, SEEREL
oA, RIUBEFRPERLLDOT, RS
FE710m 25 5 A FHEHROMZEH TH -7, 1ZiF 1
E£Fo 123 (N8 HFMBATEF) 2HALL £
HABIRIEIE 40 mm CHEERN 2 T ¥ RIZHR5 &
HOEMIKRE W, T2, BRITRAGTRINEN S,
FROL IRt % i O BER B AR ASHE TH B L v
IPFVAYIERIRONDHEME, EidHHE
BHY, BROPRREWRN2HTIRETERIC
RonaEME itz T\wa, FEREEKRTE,
UED LD DR MICHELRZIIFRED N o
72, BB DOH NV A VT AP A— P VNS &
ZAEHY, BtA—-PMVEEN-EZ AT, ¥
2 HFERTH o 7.

Cypripedium japonicum Thunb. 7 <574 V%
(JZA : HBG12980, HBG15087, HGB15088,
HBG15330, BE : Plate 1)

HAM © L&, REKHET, #A R
TR H 1200547 A 27 H, 2006 £ 6 H 13 H,
20074 A28 H, 200745 A 16 H

AN T, EERAE, FEHRECEEE
LHEDFHENRH L. L LIEFEIL, HEPHEES
NPT EA LR, BATIE, &DHEROMKMK
UDRBEHENO—DEEZ N5,
LETOBAE, T (2007) THREL:
2y 3METHD. TDHH 1 HFO 1 #AE,
EE 800 m O A XHHM T T, 20054 7 A DA
WX 50 R 2 ERRL722S, & TRHALTH 72, B
2006 FEIZEABIEL TWD D%, KIUEE KIS H
BLTWA, FEUFORO 1 #EE, EEH 700 m
DAFHRT TIREFERL, €D L 2AN2E
FWTHRELTWS, oKL Tl vi v
Y R E NI FIDLFTE, BE 700m Ok
FHEMAIT, 20064 6 B2 9AR (Wi b RBATE)
IR, 2000 FI2IE20)H 1 ADPEEL TW
LDERHER L2

B ARKMIT e MOEET o A I, AEOSH
ERINTRAR T B KIUEEFRY, HEI LY
HEDHBERERL-DDOTH S, HEKRKHITII,
#5250 m x 300m D HPHIZ 7 HEF 44 K% 2007 4E 5
RICHERRL, Z09)H 8 KD FIEF TH o7, £F
HMDITLALL, SEFMICH S, 50~ 604FEE L
EbN b AFHMRATH 7. EOERIDBRATER)S
L, BEPSEELNERPE o7 0
FERELTE, BELAEBTOLDICIIHEBALLE
ZONBIRETHALAZ &, T/, BIITEREN
BHOOWMENSCEELDOH L L EBELNLETIE
MENWCERENEZONS. MABEREI DA
i, RACHE L-2ERH T, ROEESHI
FTOWHEICEE L7 Y ¥, ¥ FEMEST LIRS
MTH o7 2007 4F 4 BICIEKRFTED 2 A& HER
L7275, 35 BIIKILERS I 0OER b S0 BAEAD
PAMEAZHEREL T\ 5.

INFTOMKICL B L, BAOHEIIES )
BLES00m LD TORXHREIINHTH o728,
S, AP L VEEOBWEETICL D634
BLTWAIZEFELNIE 72, I EHE—
FRRDOERICEDNT, BREZHTICH 2 KD

SEAERF 2007 46 5 BICEIN2 RS, FOBFHZ IR

BEAT950 ~ 1000 m DFEIZKIL L7z 7 F M TH -
72 o, ERMEERFEOTIBE—HIZIE, KREE
HETH, HEE900m OEFEBARNICATEAHA L
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TVWHEDEHERLTHE (BME). 74V oo
AEBFRIZ, EEHICH L AFHRTHRE &S 0wE
EONTERD, SROFERERIL, KESY )
ETFHETEHICAMT A E LRI (1980) DE®R
ZEMTHLDOT, KRN LAETHD, X EHFIC
HLEELEBMTHATEELRRL TS,

Dactylostalix ringens Reichbf. £ F3 75

(127K : HBG14287, HBG14825, B : Plate 1)

HAEM AT, JLk BT

FERRSE 1 2006 4E 5 H 25 H, 20064E6 H 17 H,

20074 6 A2 H

IREBROAF375 ik, 1980 B ICHH BT
THH THRSINTLIER, 1984 F, 1992 4 & #F
BICBAEREREINTWS DY (5 1993), F—F
T CHEBRICHER S NG Z LS o 2720, tE]-
IABROMEEDOBENDH HHFAEEY TIE, BRR
BHELTWA, I3, AARINER S B RMRER
BROWEFX, WPMERORN—ERSO%H
T, 20054 L 2006 i, HHWHRCILEER T
HASERIN T/, 2007 41213, SRHE
FOEBMROFERICEDE, AT HOBIDOEHR
THEZHEALL.

2005 FICHER SN HT O BAERIZ, EK
FEEATB50 205 900 m DRI\ X OFEIZH 5 40
~S50FEALEbNAAFT i ) FHHKTT
Holz. FRAIIIIEN b o-0RRELE s
7278 (LA 2R 2006), 2006 £E(ZIZBATEHR D 2 #
ERBATED 1 BkE, 2007 EICIIFRIER D 3k E &
FAED 2 A fEE L 72, MLEMOB&#IZ, BIR
BIEICH LB BRICHEN SN X FHF T,
FAEREICIR RS A U7 (U8 2007) DA, BE
BIZES RV 2HREHE L. AXTOERE, 40
~350cm, BEIZI5~20m T, THRaTTTS
PRAEL TV, BEEREEL, PERBIINT A
XAX, JOTY, FFAFTXALFY, TUNF
ALTF, $775F, Fhaao IR, FTFH A
FREFTEOICAEZ, BERBICIZIVY I NS,
4RXA, Fllazy, T ALVY, BEONTF
YFrvay, k7 VAR ENEH ST 2007
FIZMOTHREL-TETTO BARIE, EEEE
1250 m O FHE 7 BRI T, IHH 20m DRF, 75,
FEA X ENbhHBRMOFT, FAEFD 2 B
ERBAED 5 R FEZIL 72,

SRR INBEHDOS L, L AT

WO~ BT, 3 FEMITIZE UHHTCHEDHER
ENTWE. 12720, WINoBEE ¢ EEEI R
DTHLEVE, & ATEVIERICERENEAFED
HERTICHE%E, EFERRITIEFICHEETH 5.
o T, RERNOARTEIZ, #ET 5ERMEIES
IZEV. BISRRLAE D, &E - EEEOMEERD
BENODLHELYCIX, AER2BIRAHE L7
B, U ED X5 ITIEBREAOEF IR O—iG ) R
SNz b, KEZBRAHE SHRGEE I E
(CR+EN) EHTIXREXTH 5.

Epipogium roseum Lindl. ¥ 115

(27K : HBG11890, BH : Plate 1)

BAH : LB

FeREH 1 199847 H 4 H

BERETHD, VTHEYHRROBHELKOE
WT, BIKERILBARFERSHR L EEDOMFEITER
L7z, EEENOHARRIND TTH o208, 4
MOREIL, LEETOBEEYRAED B THo7:
7o, MEEUNANOARFEZ LD TH A,
FRAAFEOBAMIE, BEEEHOMmD, V7
VA DBET HERLERMRANTH 72, HED
NV T EOERREPD L RN ARORE
2R L oy bo 1 AiX, OB X 32em,
T OBEIL, KEZX20x40mm DI ¥ —F—
VT, KEBEPEH Y AR VDI ICFELNT
Hol. EOKMIKIROS A0y AT,
22T, RINUOMEETIZ S MOBHERH 7. X
DI 11 cm OENC 10 BOIEE D Tn7as, F
D ETIE, T TICFEIHREUIEUT CTHETIRELL
Tz, TEOFRBUIMAEER 757225 BRI
LREEEO/NEAS, #FE - FiL (1987) THE LR
INARED S DITHRTL WL W) FIG & 52T
ZDHRDILFHTE, BRABOMHRZIILD,
%L DIEMHFEEZE P AEORELHAL TWD. 7=
2L, ROOBAERBLTEERBOERE BN
L EORBEALYD > TREHIZBRASLTBY,
2005 FIZIIHERRTE Lo/, LHALB120mEE
WCHEN7-BEE T & X512 200m BN BRI CER
TN KL B0RDIEELEZL:. INE2 507
T, T CIEERSRE L TREL TWB X ) 72528,
VRS EEICEE LT, BERAERES AT
IBEVERINTHBBITH S0, SHOE
BRARCEEOBICIZICEE T ALEND 5.
EERICITIEE, AEFFRTE THRES LTV
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Mo l-NESTEENR D> TWa, 72, ATH
GRMEEBROERDI S, KXMOEEFY A 7 VA
ENo0hHY, BE,S1IETHEIINZZELH
ENRBEVWHDOTH S EW5Hh - T &7z (Yagame e
al 2007). L72h3- TEE, IR BRINES O EREH
RETHIIBRENAWHRENBVWERDIS.

Galeola septentrionalis Reichb.f,. V57 7 ¥

(BEA : HBGI15463, X : Figl, BE& : Platel)
BAM  HHWHHERN

FEREAE 1 20064E 7 H 4 H

LERGHMM TRERENFEBVYF T ER
LD TEHERT 5.

FBELZOE, TETHHEMCHS, EBRILD
ADEFMERANOELELERMNKT, v 7H A
FELTHBALTWAEITH o7, 200647 H 3

HiZ, AAROWEREGRD2S, BBVWEOYFT
TERB LN, BLVULDODE WS BWEbEhH
D, B4HIC, AHIBHMREZITo72. 7T48E 4
ROFEN LD o7 260D Y, £FEIZ2~41E
AR L TV BIRETH - 72, BRI L HET
ZOMOTRENFFIIAREOZEN L DD TH o7
(K1), 20, 8 A 26 BICEERT L7228, [ 21
HiCW, BEBORELFMRKIMEL: RED
ErR& S, BENLZIDOTHo/. TDLIHI
B EBORELZ DT LY F TR, SEW
WCHIFEA LRI RwERDbNS, 2007 EICIEFE
Lehoizds, SHMENICEET S I LR S
N, ERICHEBTALERHLEEZOND.

Goodyera pendula Maxim. V' Y2 A5 ¥
(BEA 2 13787)

B4 HETH

20074 6 A 30 H

AfEX, N F COMRMTHD
WE LA, A6, HHWHORR
WT, D bd 7TROBARICES
LTWBHDORMER L. FHELTW
AARIE, IXAFTRXEVF /XD
REKRT, bl smPblozZs
TdH oz 2006 5 5 B OFAREICIE
RIEDREE (TE2) 28R 57228,
F4E 7 B RO 2007 4 6 B OFAER
STk, BIEXIE, BETEICwW Bk
BbNoaRIER SN P07 &
EZRHI O BAKTIE, 2004 48
RiIZiE, F o7 BB %o 7293
2005 4F 8 HiZid, & TOMIBIEL
TWADTELZwhrtBbhsia s
ZEIFHIEL Tz, KOS
HiZonTiE, FHEZE»Z W

Gymnadenia camtschatica (Cham.)
Miyabe et Kudo ./ ¥ 415 F1)
(HE7A : HBG15458, 5K : Plate 1)
A @ EJR T E AT
TezR4E 1 2002 42 5 B 29 H

Fig. 1. Galeola septentrionalis, A: flower, front view (x1.4). B: flower, side view
(x1.4). C: perianths, (x9.2). D: lip and column (x2.6). E1: column, side
view (x5.1). E2: hair of ovary. F: column, ventral view (x15).

AEOIEBERFNICBITABAEICD
Wk, KT OREERIE D 5 %8 (B E
FriEfm  1992), AL & CHEZET X

FEFR4E 2006 4E 5 A 25 H,7 B30 H,
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w0z, LEBRMEYEETIE, REREE LT
Wa. L2aL, 2000 FEEH, L —EHOEFROMT
MoNE X)) ZhoBAEME, = EFE=KOEH
IZEDWT, HFEAT2002 EICHER L. U, ()L
BROMBDOEBNDH L LAY | OB EEES T
Holz7:0, BEMROBELZ?RARTHI L,
FISETIRIC TR T LT L 7=

2002 FF DWERIFITIEZ, #IHEE 1040m DR H
T REOBEEZER L2, WEhd R C
Holz 1EKIIESH 50cm TEHEOEEMFITT
W7z, IS 20 ~ 30 cm D/NE REEKRTH - 7.
EEMIZTINT LT, IXFT, VavThe
PHEZZBERMICET NS, EEH2000m? 13 ED
BEBT, HAKREOBERICTHAID Y, KL,
KL TY FFEI R WIFFTORE S h7-#iFH 24
BLTW/: Z2iTid, BERELREDLDIZHEA
L7z BN BAHSELZHRE SNZA5, #200m
NG CO 3RO BAEZA L. L2575
2006 4 6 HICHAEZTo 2Micid, £ Thd
PIZ2ROBE LR TE b o7z

—75, 2004 4F 5 BiciE, ATHEAIET CRAEZK,
HEALFRS DS, AEOHAZFEEL TW5E (R
L, BEDHA).

Herminium lanceum (Thunb. ex Sw.) I.Vuijk var.
longicrure (CWright ex A.Gray) HHara A # 3V
({27 : HBG15031, BE : Plate2.)
HAEM © R AKHAT

TEREH 2006428 H10H, 8 H20H

A, EEROET, I TABERANTII,
HEMERAOREPER SN EMTHEREEATY
72 (R BRAEWES). WEREZEFTHHFART
H o 72A, 2005 5 2006 FE DT TORET,
B RH T DR EE 900 ~ 1000 m D EHIZ 6 #k
DEAZHRE L. HEROEHRIZ, BREREE
ROEMERK, MUEFROFMBEIEZR) 5\
Rniz, RHED, INFTHERSIh T otk
EMS CRAINLZ 25, SHREAKRLZEEY
bOBRIDINTEER A & TH 2 Rob» 5 WHEMED D
HEEZOLND.
RERHOTO B4, EENLREHICE > TE
EAHERFINTWED, EFREL LTI RE
b3 2 MREEIME Y. L L, AFEGREIZ % L,
HYHREIES 20em T ETRL/NEL BV
T, BARIT LIl loTBA SR DL

ICEETILEND .

Liparis fujisanensis F.Maek. ex F.Konta et S.Matsumoto

THIAXNY VY
(B4 : HBG15438, HBG15453, B.E : Plate 2)

HAH - HHETH, ZaimT

MEFRH 120074 7H8H, 19H, 270

EEBBRNED I 7 AXAY Y DR E LT
&, HWE (1985) OMEHH 575, HHLE 7 HEER
3% Ao 72, 2006 4E 8 B 12, BN — B, FRILEE K,
EARPEFRBERE LT, THicEETE7E
FUVVIRBOHEMERERA L. BREGVOIER TR
Polziz®, B2007HE7H8HIC3KOENTH
RVHAELZ TR, 7H IV RAXAY Y Y THD
S ERERLL. BARZEREE 1200 m fiO
TFHRT, FIZHEWTFORKR2 ADH#H EH 5m D
EIAHIIEELTCTWADRERLZIED, BIALET
HHERLZ InsiEVTNdEBEFETH o727
W, 7TH27BIZ, LUK YD T %
EL, HALPILEBRADEHT, AL TFicE
HEL T s TEERL R L.

—7, 200747 B 5 B2, BILEFERD KB
BRD, ZERKEHNOT7FHATHRE L7, A
ERbNLHEYWORES, EBRFLEHFNH
KEFE L OMACHEIKFES N KEFKOE
HaeEIZ, 7H 19 BICHBIZA P BHBAL 1TV,
AETHHI L 2HE LS HEMZEBERSED
1300m, ¥V EOFIIHME 20m i EDTF R4 F
AIXAAL TR ERFREBICEZTVS, kD
HEZD DLW ThHolz. TFHOERD, # L
F1lTmDEIAIlHb, BENSBIT - HEBOE
B, FAPRATFTEERDONAEATFEREL Tz,
CDEDREFTREDLOD, ZOBFHOTH 7 X
ALYV TEKRERMT, RRKOLORIEEDREX
PR30 em BV, 24EE DTV FOMIZD
EEL2 L2509 @ED Y, &FF17 BRI
ELTw.

THITAXAYYTIE, BEORFLE-7-8+
WMEBIZZ W E SNBDS, AN, MicHmL (1§
A - PH 1981), HEHA TR, KRB L BRER
bHEEDFEFED D2 (P 2005). 7 FHoBAIc
%E L, #%, AX4T V%Y (L makinoana Schitr.)
L7 XYY (Lkumokiri F. Maek.) @ B #R7THE
R E ZZ S Twz (B 1980) A%, DNA 4
M2 &0 IEEOFMRIZE, AEIMERE T
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B, SRR TaATITAAALY YT
(L. koreana (Nakai) Nakai ex W.T.Lee) {28 b ¥igT
HHTLRI[HL TS (Tsutsumi ef al 2007).

—H, INSIHEUT AL Y HRAZXL LYY (L
Jjaponica Maxim.) &, IR & EBRICEEORE
HHHH (IEH 1972, 13 1983), EEME SN
T, HE, 2006 FH BT OREMEMKT
RIS SHERA L, FETARED 7 EF) VY
BWiE, A ¥ HAAXLY T TIEROPEHETE
L Cw7za3, 2007 FOBATEIIC, 2 E€FY VYT
HHILERMGEE L. CORA T HAXLY I TR
&, FEMATEERD 7 EXY VT BEHEWIIONT
WS HFEICRET A LEND 5.

Liparis odorata (Willd.) Lindl. H#¥/37 ¥

(EA : HBG15445, B E : Plate2)

B Al fHSERT

fEEH 1200747 H 6 H

IRBRMNIIBI AERIOHAEIZOWTIE, hE
TIZHED 2, RIPMOTOHEFKTH L. HA
iz, REAKBOLFT, AZXF, 74137, F
HY, IXKG UV ENEZLZERTH o7 | R
52T, FRFNIEEPHELTED, 7HS6
HASE X 18T 16 HIIFITMBIRETH - 72 £
DOEEOLZEL, BEH40em, 20/EDH B 15
BAfE o7z AL, Y hEv Y, AYUNF
HEDS YRR IEE L Tz, SRR TE
DI 7O 1 RIZTTH o728, BAIZIZREED
RENS D 5O THEFMENENEEING. K
FEOAE, BREEES, WE, Jul, WHT, WE
HWoFTIE, WHEICHE HAZ EP ML TY
% (FiE0 1972). EEMCETHESRILTEY,
2007 EEMOBREEE Ly N1 X bTlE, HEEHRI
BHIZT v 7 ENTw5.

Listera japonica Blume B X 7 ZNF ¥

(184 : HBG12661, 14271, B : Plate2)

HAEM - fiasRAT, LB

FEFEE 1200444 H 11 H, 20064E4 B 20 A
ILBENOEANE LTIE, BB ERETEEN
HHE SN T 7225 1998 4E 6 AIC LAY, =k
TOZEHEER, BRMK, LETOZEEZKO
RHATHABENNOAITY SV ORELT- 78,
HREERHSOmMDEZAICHBEI, Y, A
¥, VI ATVREDPRETAMAC, KEEEbLR

LHMBPBEELCWBEORRR L. Fo%iE
i, 2004 44 0 11 RICEHI A o2 TV,
KILTHAHIERMALL. FHAEFTODL DT 20
1K, BEZE-LZVWLORI10BETHo7. 4B,
B CARWNIZIE, &3 %5~ (Lecanorchis japonica
Blume) X N7 ¥~ (Cremastra unguiculata (Finet)
Finet b4EF L Tz, BANTINE TIZHRA SN
TWa My o yOEEIE, HREEDS 1000 m
BB 7 FHZ T 0T, ORI, mLELD
BA#HE LTRERETHA.

—7J7, 2006 4E 4 B 19 HiZ, JREHIZBWTALR
OHFEAFER SN2 R LUOITHEMEZITFRD
EREFEFIRT, 4 A 20 BICHETFHALKRK & M)
fERR U7z, BAWE, #WREEN 130m, EEHIC
Wi 2 EAEMRAONST, TEmEIEALHER L7
EZAICaTHEEDIEFTL W, HAEMAYE
IWARIE, v F TIHY, YFI, YavuT,
IIF Ry G EThHol FDHE25HIC
BIRHEFRPEFTHEZFULA-LZA, H100m
DOFEPAIC B0 EERSK Y BEFELT, €09 H 43 1
RHBAIEH TH - 7.

EEOHAMO—F TR, M E = EEZER
1997 SF 4 AIZEHOEFTEZMAL T2, Ll
Z DTS, 2004 EFDOERICK > THNIZEI 2
EORKEBER L2200, 2005 ELER S
(ol BEEOHNOEFTTIE 2007 43 AU,
BAOMEFRICE > THEIMHEIN TS,

Orchis chidori (Makino) Schlt. & FF K1)

(FEA : yy19691)

BAH - HH W

FEZEAE © 2006 2 7 A 30 H
INFTLEBRENTIE, #IEEE 1000m fifko
TFHRAICEE L TWABDPFER SN T W20, 45
B R 700 m §iEOEMMKAICEEL TW5HD
R L. iiBoY ) vaAXAs v ERLLHICZE
AFGRVF I FORRICEELTED, Sl
b 5 KOBIARTHERL 7-.

B, COHAEMOILIIH B FABEOHFEKRF T,
2003 47 B2z aE THBETHEFH
fEER STV 5 (FUHALRKIAE).

Platanthera mandarinorum Reichb.f.var. neglecta
(Schitr.) FMaek. <A HFV
(BEA : HBG15030, HBG15434, GE : Plate2)
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EAEM | RSSRMEE, iy
%%E:m%ﬁsﬂma,mm$7ﬁ6a
Z%EWT@C%iT,@Emﬂ@%%Tj<b
f#@ﬁéﬁ%ﬁéﬂfméﬁ#g&#otﬁyé
E,¢EMﬂﬁHT&<,§ﬁEEEK§m&%§
BOEFTLTWADERFEI L7
ZERAMOBEMRIE, ChEClofmEsn-g
PreBRRLINET, BIKEIES 1000 m #1800
EIL#CH 5. 75, YUFFZ=ZvYy, 7E
FUYVY, FTLIFY, FFAEEY v, v
FU4N5,%%1U,ZX#&Eﬁ$ﬁ?5Eﬂ
THhole. TOHFTIE, 20058 H 5 HIzoF
HDRED I HREFER LT85 BE08 A 20
HIZHRAZITV, #5100 m MUH OFEEICEERD 3
AERER L7

RN O BEHMIZ, N5 0 EFUEBFROZ
DKM SR 2km BENBFTT, 2 7B e b 2
AF e EEE LB TH o2 BEREEFROEH
T, TR6HEL I6BICHAMOBEZ oL
A, BIZL-HTREEZ EokEs, @ B0
B Z SICERFRONZD, WEFRLAfERE T
PCFIZFIERET, EROENIIFEEIC LT
BEVIELVEMER S TWDTIAHEY Y
L7z 72720, AR, R (1980) 2%EHE
LT3 L) RAETiEEL, IIRICEVWETH-
7o, RUBFIZA A8 N RV 7 (P minor (Mig.)
Reichbf) DBAERR SN/z28, Y<HF¥Fvy (P
mandarinorum Reichb.f. var. brachycentron (Franch. et
Sav.) Koidz. ) 3R TE L dh ol <A FFY
T, YR F VTR NVFEITYHFYY (P
mandarinorum Reichb.f, var. mandarinorum %, F\WIZ
EHBRICHY, ZORFELFHDITL VDT,
Z DI BRI O W TIZ M G B ET ) &
Ehds.

Vexillabium nakaianum FMaek. N7 7 VTV

(B4 : HBG13799, [ : Fig2, BE : Plate2)
BAH : HEHH

FEREH 2006 4£7 A 31 H

ATEI, IR D O BT IS TEF
L, A, WE, AHIZo/$ 5084 EHITHEED
T, BRAL L, dEHGF TR, BRE,SH
EOBMENH Y (A 1985), 40, JLERTHD
TEEZWMRAL.

2005 49 B 22 BiZ, fBidZwaAs, SHOELD

e s ARE, 2~ 3MOEE DT 3 EAEHER
L. ZEDT A3 HICHEZHRE L., BERT
X, EARBICYTIVI, MNP/ F IXF, YY)
NFH LT, THHNT, FANTHTTHEN, H
BARBIZNAALZTY, THINHZT, 77,
Yo T IS, 2o )F, FUFHFUTEE, L
A, BRBIZ)avAVYY, VarEVIVY,
Sasny¥FF, rayFhAI, ATHII, =
WIS TIAAFT, TFFavd, TATIITF,
AILHATy, v R EFHBELE 2O
%, 2007 FORERKIIE, EEE2LTTVWEL0
A3 2 Ak, LD DA 2 EROAFT 4 EKEZ %
L ABFRBEOKEZZEMLPL AL L2 CELIE
LBholzDT, AMOFEERIE, FIZLoTHRY
a9 s L Ebhs. R, EORBIIIEESR
B, HEHPROIFIIK K RDDT, BRI ERE
LTWABEHDIZ) PR LL TV, £IT, 2007
F£ 1R, BELAFRELITT-oLIA, ®AOD
SR S 300m BN & Z A 15 EAEOEA
ZRERE L 7=

NT TR, AFNT T T Y (V fissum F.
Maek. ) &I, Y73 AT7Y RF 5
(Vyakushimense (Yamamoto) F. Maek.) & [—% |24k
bbb ZENHsb (IFA - #H1981). SEBEL
A, EOREI 15mm, HALK ORI
6mmiEdH ), KEZE, FFNTr Y070 oHE
THhdH (BR1986). LaL, BEEETIE, Sk
ERAEREOMET ER L TS H1)I(1980) 125E-
7o 7272, REMREBAERES T, FMMLERT
BINETTOVWThORELDERLZ - TWVBET-0,
SHFMLBR 2T, METLFETH 2.

M

I

SRORELITICHY), BERHEMIERF
REL T2 W4, R FEnofoEEIC
BEUIZLLTHELZRLIL:. /1, FECH
DL T 2wz EHHi kK, HESFER &N
—HK, BREEFR KLBEEK, EXNMITE,
SEHEE—ERRISA L, RS T

Summary

Some new knowledge about 16 species of wild

orchid in Hiroshima Pref. was reported. Epipogium
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Fig. 2. Vexillabium nakaianum. A: rhyzome, B: leaf at flower time. C: flower, side view. D: petal. E: column, dorsal view. F:
lip. Bars indicate lcm in A, B, C, F and 1 mm in D and E, respectively.

roseum, Liparis odorata and Vexillabium nakaianum were
recorded for the first time in Hiroshima Pref. Another
habitats of 12 species and a very rare form of Galeola

septentrionalis were newly introduced.
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Plate 1. Photographs of wild species of orchid in Hiroshima Pief. a: Calanthe sieboldii, b: Calanthe (discolor
x tricarinata), c: Cypripedium japonicum, d: Dactylostalix ringens, e: Epipogium roseum, f: lip of E.
roseum, g: flowers of Galeola septentrionalis, h: i: Gymnadenia camtschatica.
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Plate 2. Photographs of wild orchids in Hiroshima Pref. a: Herminium lanceanum ver. longiccrure, b: Liparis
fujisanensis in Hatsukaichi City, c: Liparis odorata, d: Liparis fujisanensis in Akiota Town, e: Listera
japonica, f: Platanthera mandarinorum var. neglecta in Akiota Town, g: P. mandarinorum var. neglecta in
Sera Town, h: flower of Vexillabium, i: V. nakaianum it the natural habitat in Hatsukaichi City.

63



% | IRETRMAEKES 26 5

3 o | MEEALBHEEWE - AREEHREY L
FoOfE M LETEEXEE=TH 495
P t T 731-5156 TEL(082)922-3600

FEATHEAH|FR204E3H31H

R &4 | BRlstt =0 F S b







