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A revision of chromosome number in some hybrids of Paphiopedilum*
Kohji Karasawa**
INT 4 FRT AT LB BT S RBREOFRE
E OB M A

Paphiopedilum is horticulturally valuable genus in Orchidaceae and includes many
cultivars. There are several papers on the chromosome number of the cultivars (Francini
1934, Mehlquist 1947, 1949, Duncan 1947, Duncan & MacLeod 1948, Lenz 1960). Among
these papers, Lenz has reported that some cultivars of hybrid origin in white Paphioped-
ilum have B-chromosomes, and he has presumed that the B-chromosomes of these cultivars
derive from the autosomes of P. spicerianum.

On the other hand, in the most of the natural species of Paphiopedilum the chromo-
some number has been reported (Duncan 1947, Mehlquist 1947, Duncan & MacLeod
1948, 1949, 1950, Kamemoto ez al. 1963, Tanaka 1964, 1965, Tanaka & Aoyama 1974,
Karasawa 1978, 1979, 1980), while the B-chromosome has not been observed.

In the present investigation cultivars of white Paphiopedilum in which B-chromosomes
were reported by Lenz (1960) and their parental species were karyomorphologically ex-
amined.

Material and Method

Six cultivars of white Paphiopedilum and their parental species investigated are shown
in Table 1 and Fig. 4. All cultivars were the same clones with those which were used by
Lenz (1960). In addition, all materials and one of the lineages of them were shown in
Fig. 1 and 2, and all parental species of cultivars in Table 2.

The observation of somatic chromosomes were carried out according to the previous
report (Karasawa 1979).

Observation and Discussion

Chromosomes of parental species

Somatic chromosomes at metaphase of parental species were shown in Fig. 1. All
of the parental species, except for P. spicerianum and P. druryi with 2n=30, had the chro-
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2 KOHJI KARASAWA

mosome number of 2n=26. No extra chromosomes were observed as same as the all pre-
vious reports (cf. Karasawa 1979).

The metaphase chromosomes of the 2n=26 species, except for P. insigne var. sanderae,
were divided into two quantitative groups; the one consisted of four large chromosomes
and the other 22 small chromosomes decreasing gradually in size. The position of their
centromeres were all median. The 13th and 14th chromosomes of P. insigne and the 15th
and 16th chromosomes of P. yillosum had an obvious satellite respectively, which was
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Fig. 1. Photomicrographs of the somatic chromosomes of Paphiopedilum.
A, P, insigne 2n=26. B, P, insigne var. sanderae 2n=26. C, P. villosum 2n=26.
D, P. niveum 2n=26. E, P. bellatulum 2n=26. F, P. spicerianum 2n=30. G, P,
druryi 2n=30. x 1000.
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often separated from the short arm by squash technique.

The karyotype of P. insigne var. sanderae was different from that of P. insigne on the
position of centromeres of 4th and 10th chromosome: The position of centromeres of
both 4th and 10th chromosomes in P. insigne were median, while that in var. sanderae were
submedian (cf. Karasawa 1978).
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Fig. 2. Photomicrographs of the somatic chromosomes of Paphiopedilum.
A, P. Boltonii FCC/RHS 2n=26. B, P. Albion FCC/RHS 2n=39. C, P. Sumurum
‘Pearl’ 2n=39. D, P. Astarte 2n=40. E, P. Rosy Dawn AM/RHS 2n=40. F, P.
F.C. Puddle FCC/RHS 2n=41. x 1000.
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Table 1. Chromosome number of white Paphiopedilum

Chromosome number

Cultivars Present report (2n) Previous report (2n)
P. Boltonii FCC/RHS 26 26+1—-2B
P. Albion FCC/RHS 39 39
P. Sumurum ‘Pear!’ 39 39+1B
P. Astarte 40 40—-41+2B
P. Rosy Dawn AM/RHS 40 40+2B
P. F. C.Puddle FCC/RHS 41 Ca.41+1-2B

Two species with the chromosome number of 2n=30, P. spicerianum and P. druryi,
had 22 metacentric and 8 telocentric chromosomes. The chromosomes of P Spicerianum
had small constriction in the interstitial region of short and/or long arm.

Chromosomes of cultivars

In P. Boltonii FCC/RHS, a diploid cultivar, the 2n=26 chromosomes were counted
(Fig. 2A). Lenz (1960) has reported that the chromosome number of this cultivar is 2n=
26 +1 —2B, while no extra chromosomes were found in the present investigation.

The 2n=26 chromosomes of this cultivar ¢onsisted of four large and 22 small chrama-
somes decreasing gradually in size. The position of centromeres of these 26 chromosomes
were all median, and submetacentric chromosomes found in P. insigne var sanderae were
not observed. Farthermore, the 13th chromosome had an obvious satellite which was
often separated from its short arm (Fig. 3).

According to Sander’s List (1945), P. Boltonii has been treated as a form of P, Muriel
Hollington which had been produced by P. insigne and P. niveum.

By the karyomorphological facts described above, it is suggested that the 2n=26
chromosomes of this cultivar might be consisted of a half set of the complement of P.
insigne and a half set of the complement of P. niveum.

The chromosome numbers of the other five cultivars were counted as follows: P.
Albion FCC/RHS was 2n=39, P. Sumulum ‘Pear’ was 2n=39, P. Astarte was 2n=40,
P. Rosy Dawn AM/RHS was 2n=40 and P. F. C. Puddle FCC/RHS was 2n=41 (Fig. 2).
All of these five cultivars did not have any extra chromosomes, while had two obvious
satellites in their chromosome complements respectively, which were often separated from
the short arm of their own chromosomes (arrows in Fig. 2). In mitotic prophase no chro-
mosome showing heteropycnosis was observed. There are many parental species which
have been used for the artificial hybridization in the breeding of the cultivars of white
Paphiopedilum. According to the karyomorphological observations in the parental species
(Karasawa 1979), only P. insigne and P. villosum were found to have satellite chromosomes.
Therefore, the satellite chromosomes occurred in the five cultivars shown in Table 1
are considered to be the chromosomes of the two species. By the shape of the short



A REVISION OF CHROMOSOME NUMBER 5

b(’“lllllllunnnlnn
p O A A IR SRR IR AT

C‘?“H(Hhmmm: 3133

10 11 12 13 14 15 16 17 18 19 20 21 22

Fig. 3. Metaphase chromosomes of Paphiopedilum. A, P. insigne 2n=26. B, P. niveum
2n=26. C, P. Boltonii FCC/RHS 2n=26. x 1200.

arm of the satellite chromosomes, the four cultivars, i.e. P. Albion FCC/RHS, P. Sumulum
‘Pearl’, P. Astarte and P. F.C. Puddle FCC/RHS, can be presumed to have the satellite
chromosome of P. insigne or P. insigne var. sanderae, and the cultivar, P. Rosy Dawn AM/
RHS, to have the satellite chromosome of P. insigne, P. insigne var. sanderae, o1 P. villosum.

By the present karyomorphological investigations, it is clear that the small fragments
in the cultivars of white Paphiopedilum are not B-chromosomes reported by Lenz (1960)
but the satellites derived from P. insigne or P. villosum being their parental species.

I would like to acknowledge the continuing gaidance and encouragement of Professor
Dr. Ryuso Tanaka of Hiroshima University.

Summary

1. Karyomorphological investigations were carried out in the six cultivars of white
Paphiopedilum in which Lenz (1960) reported B-chromosomes. The chromosome
numbers of these six cultivars were counted as follows; 2n=26 in P. Boltonii FCC/RHS,
2n=39 in P. Albion FCC/RHS and P. Sumulum ‘Pearl’, 2n=40 in P. Astarte and P. Rosy
Dawn AM/RHS, 2n=41 in P. F.C. Puddle FCC/RHS.

7. No B-chromosome was observed in the six cultivars, while one obvious satellite was
observed in the diploid cultivar and two obvious satellites in the triploid cultivars. It is
assumed that they derived from the P. insigne or P. villosum.

3. It was confirmed that P. Boltonii was a hybrid between P, insigne and P. niveum.
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Fig. 4.
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Table 2. Parental species of white Paphiopedilum

insigne (sanderae)

rAstarte
~hellatulum
Psyche
Lniveum
Rosy Dawn-
insigne
Actagus —— insigne
LLeeanum «{
Christopher spicerianum
~insigne
Leeanum
Lspicerianum
~Gwen Hannen—
insigne
Actaeus insigne
Leeanum
| Florence Spencer picerianum
=Sir H. Rawlinson o
spicerianium
Boltonii = insigne x niveum Mem. Jeringhamiae " ruryi
Albion = Astarte x niveum —Winnianumr
Sumuram = Boltonii x Christopher villostini
F. C. Puddle = Actaeus x Astarte
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F.C. Puddle FCC/RHS. x 0. 5.



8 KOHJI KARASAWA

Kamemoto, H. H., Sagarik, R. & Dieutrakul, S. 1963. Karyotypes of Paphiopedilum
species of Thailand. The Kasetsart Jour. 3(2) : 69—78.

Karasawa, K. 1978. Karyomorphological studies on the intraspecific variation of Paphio-
pedilum insigne. La Kromosomo. II-9 : 233—255,
. 1979. Karyomorphological studies in Paphiopedilum, Orchidaceae. Hiroshima
Bot. Garden Bull. 2 : 1-149.
. & Aoyama, M. 1980. Karyomorphological studies on three species of Paphio-
pedilum. Hiroshima Bot. Garden Bull. 3 : 67—74. (in Japanese).

Lenz, L. W. 1960. The cytology of the white Cypripedium. Am. Orchid Soc. Bull. 29 :
187-191.

Mehlquist, G. A. L. 1947. Polyploidy in the genus Paphiopedilum Pfitz. (Cypripedium
Hort.)'and its implications. Mo. Bot. Gard. Bull. 35 : 211—228.
. 1949. The importance of chromosome numbers in Orchid breeding. Am.
Orchid Soc. Bull. 18 : 284—-293.

Tanaka, R. 1964. Chromosome count of Orchids in Japan II. Jap. Orchid Soc. Bull. 10 :
1-5. (in Japanese).
. 1965. Chromosome numbers some species of Orchidaceae from Japan and its
neighbouring areas. Jour. Jap. Bot. 40 : 65—77.
. & Aoyama, M. 1974, Karyological studies on some species of Paphiopedilum.
Jap. Orchid Soc. Bull. 20 : 3—8. (in Japanese).
. & Kamemoto, H. H. 1974. List of chromosome numbers in species of the
Orchidaccac. The Orchid (ed. Witlwer). Julw Willy & Sons. N. Y.! 411483,



Karyomorphological observations on Calanthe of Japan*

Ryuso Tanaka**, Kohji Karasawa*** and Genjiro Ishida***

HZRE T U A& DI REF VRS
M BEE - BB BHF - AHE JHKER

Introduction

In the genus Calanthe, Orchidaceae, about 150 species are known in the world. Most
of the species occur in Asian countries. In Japan about 19 species have been reported
(Ohwi 1978, Mackawa 1971). Most of the Japanese species are known to be uniform and
morphologically well distinguished, while some of them are morphologically complexed
and highly variable (Ito and Karasawa 1969).

The present paper deals with the karyomorphological observations on the Japanese
species. According to the list of Tanaka and Kamemoto (1982), the chromosome number
of the species of Calanthe was reported to be homogeneously 2n=40, while some of them
to be 2n=28, 38, 42, 44, 52 and 58. The chromosome number of the Japanese Calanthe
was also reported to be 2n=40 in most species and 2n=38, 42, or 44 in few species. In
contrast to the chromosome number very few observations have been reported on the
morphology of the chromosomes of the species of Calanthe. Tanaka (1968) reported
the results of morphological analysis in some Japanese species of Calanthe and presented
that there was clear difference in karyotype between Calanthe discolor and Calanthe
rubens, a South East Asian and deciduous species, and between Calanthe discolor and
Phaius minor, an allied genus. He also reported that there was high genetic homology
between the chromosomes of Calanthe triplicata (as Calanthe furcata) and those of Calanthe
sieboldii (as Calanthe striata var. sieboldii) (Tanaka 1973). Recently Teoh and Lim (1978)
and Teoh (1980) reported the morphology of the chromosomes of four Malaysian species.

According to the previous studies of Tanaka (1968, 1971a, 1971b), in Orchidaceae
the morphology of chromosomes at resting stage was found to relate highly to the nature
of the variability of species and to the wide-crossability between species. In the present
paper the results of morphological observations of chromosomes at resting and mitotic
stages are reported.

Material and Method

Taxa and the clones studied in the present investigation were shown in Table 1.

* Contribution from the Hiroshima Botanical Garden No.16
#% Botanical Institute, Faculty of Science, Hiroshima University
*** The Hiroshima Botanical Garden
Bulletin of The Hiroshima Botanical Garden, No.4: 9-62, 1981.
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Table 1. Sources, number of clones and chromosome number
of the species of Calanthe studied

No. of Chromosome

— Taxon Japanese name Locality Source clone  number(2n)
Calanthe aristulifera Reichb, fil.  Kirishimaebine Mikurajima Island, Tokyo Metropolis Nakagawa, H. I 40
Tzumi, Kagoshima Prefecture Suzuki, K, | 40
Mt. Kaimondake, " Ishida, G. 2] 40
Cal. x bicolor (Lindl.) Makino Takane Nagato, Yamaguchi Prefecture Tanaka, R. 1 40
Kitamatsuura, Nagasaki Prefecture Kumashiro, M 1 40
Kitamatsuura, # Jinno, S. | 40
Kitamatsuura, # Matsuse, J. 1 40
Fukuejima Island, " Toyohara, G. 1 40
5 Mt. Otsu, Kumamoto Prefecture Kumashiro, M. 1 40
Nankan, " Kumashiro, M. 3 40
Kyushu District Suzuki, K. 1 40
Cal, bungoana Ohwi Taganeran Tsukumi, Oita Prefecture Kawamura, K. 1 42%
Cal. densiflora Lindl, Tamazakiebine Khasia Hills, India Hiroshima Bot. 1 40%
Gard. (H.B.G.)
Cal. discolor Lindl. Ebine Kashiwazaki, Niigata Prefecture Karasawa, K. | 40
Yokohama, Kanagawa Prefecture Suzuki, K. 1 40
Otake, Hiroshima Prefecture Tanaka, R. | 40
Yuki, " Tanaka, R, ] 40
Hiroshima, " Sugiyama, H. | 40
Hiroshima, " Enomoto, K. | 40
Itsukaichi, " Suda, Y 1 40
Kagawa Prefecture Hasegawa, A. 1 40
Mt. Tara, Saga Prefecture Kumashiro, M. I 40
Izumi, Kagoshima Prefecture Kumashiro, M. I 40
Nishinoomote, Tanegashima Island, » Kumashiro, M. | 40
Cal. discolor Lindl, Amamiebine Mt. Yuwandake, Amami-oshima Nishino, T. ] 40%
var. amarniana Island, Kagoshima Prefecture
(Fukuyama) Masamume Mt. Yuwandake, Amami-oshima Island,» H.B.G. 2 40*
Yamato, Amami-oshima Island, » H.B.G. 1 60*
Cal. discolor Lind]. Katsuudakeebine Mt. Katsuudake, Okinawa Prefecture Amano, T, | 40
var, kanashiroi Mt. Katsuudake, " Uchihara, E. 2 40
Fukuyama
Cal. discolor Lindl. Tokunoshimaebine  Tokunoshima Island, Kagoshima Nomoto, H 2 40%
var. tokunoshimensis Prefecture
(Hatu. and Ida) Hatusima
Cal. gracilis Lind). var, venusta Tokusaran T hima Island, Kagoshi Maki, T. I 40
{Schitr.) F. Maek Prefecture
Yakushima Island, " Suzuki, K. 1 40
Mt. Mottyomu, " Isobe, M. 3 40
Haro, " Uesugi, Y. I 40
Haro, ) " Takahashi, Y, 1 40
Tainokawa, " Hayashi, K. I 40
Tainokawa, " Nehira, K. i 40
Mt. Yonahadake, Okinawa Prefecture Amano, T. 1 40
Cal. hattorii Schltr. Asahiebine Anijima Island, Tokyo Metropolis Sakanishi, Y, i 40
Cal. izu-insularis (Satomi) Nioiebine Mikurajima Island, Tokyo Metropolis [shida, G. 2 40%
Ohwi et Satomi
Cal. japonica Blume Hirohanokaran Tashiro, Kagoshima Prefecture Kumashiro, M 1 40
Hekka, " Kumashiro, M. 1 40
Amami-oshima Island, » H.B.G. 2 40
Cal. lyroglossa Reichb. fil. Suzufuriebine Amami-oshima Island, Kagoshima Nagano, M. I 40
Prefecture
Amami-oshima Island, » Ito, 1. i 40
Amami-oshima Island, » Nakagawa, H. 2 40
Mt. Yuwandake, " Nehira, K 1 40
Mt. Inokawadake, Tokunoshima Ishida, G. I 40
Island, "

Mt. Yonahadake, QOkinawa Prefecture Amano, T, 1 40
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Table 1. (continued)

No. of Chromosome

Taxon Japanese name Locality Source clone  number(2n)
Cal. mysca (D. Don) Lindl. Onagaebine Amami-oshima I[sland, Kagoshima H.B.G. 1 40
Prefecture
Mt. Yonahadake, Okinawa Prefecture Amano, T. | 40
Cal, nipponica Makino Kinseiran Mt. Hayachine, Iwate Prefecture Tanaka, R. | 38
Gunma Prefecture H.B.G. 3 38
Mt. Yatsugatake, Nagano Prefecture Suzuki, K. 1 38
Mt. Saragadake, Ehime Prefecture Karasawa, K. 1 38
Omogo, " Hatakeyama, H. | 38
Cal. oblanceolata Ohwi et Sakurajimaebine Fukuejima Island, Nagasaki Prefecture Nakagawa, H. 1 40*
T. Koyama Koshikijima Island, Kagoshima Prefecture Inoue, Y. 1 40*
Cal. okinawaensis Hayata Ryukyuebine Setouchi, Amami-oshima Island, Minami, T. i 40%
Kagoshima Prefecture
Cal. reflexa Maxim. Natsuebine Mt. Nokogiri, Chiba Prefecture Suzuki, K. 1 40
Sandankyo, Hiroshima Prefecture Kimura, H. 1 40
Sandankyo, n Tanaka, R. 1 40
Sandankyo, " Enomoto, K. 1 40
Yoshiwa, n Suda, Y. 1 40
Oasa, " Suda, Y. 1 40
Mt. Tenzyo, n Aoyama, M. 1 40
Mt. Togo, " Matsuda, T. 1 40
Hiroshima, n Ishida, G. 1 40
Yanai, Yamaguchi Prefecture Hayashi, K. 1 40
Mt. Takanawa, Ehime Prefecture Kotani, M. 3 40
Sakihama, Kochi Prefecture Takeshita, H. 2 40
Ebino, Miyazaki Prefecture Nishino, T. 1 40
Mt, Osuzu, " Hatakeyama, H. 1 40
Hokugo, " Ono, K. 1 40
zumi, Kagoshima Prefecture Kumashiro, M. 1 40
Mt. Kaimondake, " Ishida, G. 6 40
Cal. schlechteri Hara Kisoebine Mt. Fuji, Yamanashi Prefecture H.B.G. 1 42%
Gifu Prefecture H.B.G. 1 42*
Cal. sieboldii Decne. Kiebine Tsubaki, Wakayama Prefecture Ito, L. 1 40
Nichihara, Shimane Prefecture Horikawa, Y. 1 40
Tawarayama, Yamaguchi Prefecture Tanaka, R. 3 40
Hagi, " Isobe, M. 1 40
Hagi, " Ishida, G. 1 40
Shimonoseki, " Nishino, T. 1 40
Mt. Kunimi, Nagasaki Prefecture Jinno, S. 1 40
Yoshii, ” Matsuse, J. | 40
Nankan, Kumamoto Prefecture Kumashiro, M. 1 40
Mt. Shibi, Kagoshima Prefecture Kumashiro, M. 1 40
Miyanojyo, " Kumashiro, M. 1 40
Cal. tricarinata Lindl. Sarumenebine Mt. Amagi, Shizuoka Prefecture Suzuki, K. 1 40
Sandankyo, Hiroshima Prefecture Kimura, H. 1 40
Mt. Rakan, " Tanaka, R. 1 40
Yoshiwa, " Katsutani, N, 1 40
Yoshiwa, n Ishida, G. 2 40
Yoshiwa, " Karasawa, K. I 60
Cal. triplicata (Willem.) Ames Tsururan Tanegashima Island, Kagoshima Prefecture Maki, T. I 40
Yakushima Island, " Suzuki, K. I 40
Yakushima Island, " Hayashi, K. 2 40
Tainokawa, Yakushima Island, " Hayashi, K. | 40
Tainokawa, Yakushima Island, " Nehira, K. | 40
Oseda, Yakushima Island, " Seki, T. I 40
Mt. Mottyomu, Yakushima [sland, » [sobe, M. 2 40
Anbo, Yakushima lsland, " [sobe, M. I 40
Mt. Yuwandake, Amami-oshima Island »  Nehira, K. I 40
Mt. Inokawadake, Tokunoshima Island,»  Nehira, K. I 40
Okinawa Prefecture Seki, T. | 40
Mt. Yonahadake, " Seki, T. | 40

* first time record
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The clones were collected in natural stands by the present authors and by the collectors
shown in Table 1. The present authors express sincere thanks to these collectors for their
kindness. The scientific names of the taxa were mainly followed according to Ohwi
(1978) and Maekawa (1971), and some were followed according to Garay and Sweet
(1974) and Hatusima and Amano (1977).

All of the clones investigated were grown in the experimental garden of the Botanical
Institute of Hiroshima University or in the Hiroshima Botanical Garden, Hiroshima City.
The clones were cultivated in the ground or in pots filled with fertilized soil for about
one month before cytological investigation. Cytological investigation was carried out in
somatic chromosomes of root tip cells and in meiotic chromosomes of pollen mother cells
(P.M.Cs.).

Chromosomes were observed by orcein-staining method previously reported (Tanaka
1959) with a slight modification: Root tips cut into small pieces of 0.5—1.0 mm were
pretreated with 0.002M 8-hydroxyquinoline for about 18 hours at about 5°C; they were
fixed in 45% acetic acid for about 10 minutes at 10° C; they were macerated in the mixture
of 1 part of 45% acetic acid and 2 parts of 1N HCI for about 30 seconds at 60°C ; then,
they were stained with 1% aceto-orcein and squashed. For the observation of meiotic
chromosomes a small piece (about 0.5mm) of P.M.Cs. block was cut from young anther
for a preliminary observation. By the observation of the aceto-orcein stainings, the stages
of P.M.Cs. in young anther were determined. When the P.M. Cs. were in the desirable
stage, whole P.M.Cs. blocks in the young anther were treated as follows: Fixed in acetic
alcohol (1:3) for over one hour at 10°C, and staincd and squashed in 19 avelu-urceis.

The chromosomes at mitotic metaphase were measured by the length of long and
short arms. Arm ratio was estimated by the length of long arm / the length of short
arm, and expressed by the value of arm ratio 1.0 to 1.7 as “median”, 1.8 to 3.0 as “sub-
median”, and 3.1 to 7.0 as “subterminal” according to Levan et al. (1964). The chromo-
somes were aligned in descending order and were given numbers 1, 2, 3, ----.

Observation

Many mitotic cell divisions were observed in the root tips. Observations on the mor-
phology of chromosomes were made in the chromosomes at resting stage, interphase and
mitotic stages. Results of the observations in each taxon were as follows.

1. Calanthe aristulifera Reichb. fil., (Japanese name: Kirishimaebine), 2n=40, Tables
1 and 2, Fig.1.

Clones of this species were collected from three localities shown in Table 1. Four
clones were studied cytologically. Chromosomes were counted to be 2n=40 in all of the
four clones and it confirmed the previous reports (cf. Tanaka and Kamemoto 1982).

The chromosomes at interphase formed several darkly stained chromatin blocks.
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The blocks varied in shape from round to irregular concave. Some of the chromatin
formed chromomeric small granules and the others formed chromomeric fibrous threads.
The morphology of chromosomes at interphase was categorized to be the complex chro-
mocenter type as reported by Tanaka (1971a).

The morphology of chromosomes at resting stage in the cells of root cap and young
velamen was observed to be similar to that of interphase chromosomes, except the con-
densed chromocentral blocks at resting stage which condensed more strongly than those
at interphase.

Fig. 1. Photomicrographs of the somatic chromosomes of Calanthe aristulifera collected
from Mt. Kaimondake. A, flowers. B, chromosomes at resting stage. C, chromo-
somes at mitotic prophase. D, chromosomes at mitotic metaphase, 2n=40.
E, individual chromosomes at mitotic metaphase.

A,x 0.6. B-D, x1200, E, x 1800.

Chromosomes at mitotic prophase formed several early condensed segments located
mostly in proximal regions and some in interstitial regions. Distal regions of the chromo-
somes were observed to be extended showing a small rounded telomeric block at terminal
end. The extended regions condensed later at late prophase. Gradual change of conden-
sation was observed between the early condensed segments and the late condensed seg-
ments. Chromosomes at mitotic metaphase varied in length and ranged from about 4.9 um
to 2.1 um showing gradual change in length. They were observed to be homogeneous type
in length. The chromosomes had the centromere located in median and submedian regions.
About half of the chromosomes were median centromeric, and the remainings were sub-
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median. The longest chromosome of the complement was median centromeric, and four
of the long chromosomes were found to be similar in shape to the longest one. Four of
the second longest chromosomes were submedian centromeric and had a small constric-
tion situated proximally in long arm. Four of the smallest chromosomes had the centro-
mere in median region. Satellites were not seen.

2. Calanthe xbicolor (Lindl.) Makino, (Japanese name: Takane), 2n=40, Table 1,
Fig.2.

Eleven clones collected from Yamaguchi, Nagasaki, Kumamoto, and Kagoshima
Prefectures, were studied cytologically. Most of the clones were found growing in the
natural population of Calanthe sieboldii, while very few were in the natural population of

Fig. 2. Photomicrographs of the somatic chromosomes at mitotic metaphase of Calanthe
x bicolor collected from Izumi, Kagoshima Prefecture. x 1800.

Calanthe discolor. These clones showed very high variations in the characteristics of
flowers indicating the natural hybridity between Calanthe sieboldii and Calanthe discolor.
In contrast to the morphological variations the chromosome number of the clones was
found to be 2n=40 constantly. Morphology of the chromosomes of the clones was: ob-
served to be similar to those of Calanthe sieboldii and Calanthe discolor in resting stage
and mitotic stage.

3. Calanthe bungoana Ohwi, (Japanese name: Taganeran), 2n=42, Tables 1 and 3,
Fig.3.

One clone collected from Oita Prefecture was studied cytologically. In all of the five
figures observed in root tip cells 2n=42 chromosomes, a new count, were counted. Chro-
mosomes at resting stage formed many chromocentral chromatin blocks aggregated into
the complications of condensed blocks (Fig. 3, B). Some of the chromatin formed smalil
chromomeric granules and threads. Chromosomes at mitotic prophase had early condensed
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large segments in proximal regions, late condensed segments in distal regions, and gradual-
ly condensed segments in interstitial regions between the two segments described above.
Chromosomes at mitotic metaphase were observed to be relatively longer than those
of Calanthe discolor described in later paragraph (No. 5). The longest chromosome of the
complement was about 5.7 um in length and had centromere located in median position.
The longest chromosome group was found to be composed of two chromosomes. The
second longest chromosome was about 5.6 um and subterminally centromeric. The second

Fig. 3. Photomicrographs of the somatic chromosomes of Calanthe bungoana collected
from Tsukumi, Oita Prefecture. A, flowers. B, chromosomes at resting stage. C,
chromosomes at mitotic prophase. D, chromosomes at mitotic metaphase, 2n=
42, B, individual chromosomes at mitotic metaphase.

A, x0.6. B=D, x1200, E, x 1800.

longest group was also composed of two chromosomes. The third longest chromosome
was about 4.8 um and had submedian constriction. It showed clear differences in length
compared to the second longest one. The third longest group was found to be composed
of four members. The length of remaining chromosomes from the third longest one
reduced gradually showing successive variation in length, thus constituting a partially
heterogeneous karyotype. The shortest chromosome was about 2.6 um and had submedian
centromere. The shortest chromosome group was composed of two chromosomes. Of the



—

16 TANAKA, KARASAWA and ISHIDA

42 chromosomes about 22 chromosomes were submedianly or subterminally centromeric,
while about 20 were medianly centromeric. Thus, the shape of chromosomes of the com-
plement was categorized to be the partially asymmetric karyotype in arm ratio. No chro-
mosome with satellite or secondary NOR constriction was observed.

4. Calanthe densiflora Lindl., (Japanese name: Tamazakiebine), 2n=40, Tables
1 and 4, Fig. 4.

The occurrence of this species was reported from Tokunoshima Island and Okinawa
Island by several collectors. In the present observation the clone of this species was obtain-
ed from Himalaya, in India, since the clone from Japan could not be obtained. Following
arc the results observed in the Himalayan clone, which showed typical characteristics
in flowers and leaves. Chromosomes were counted to be 2n=40, a new count. The chro-
mosomes formed many chromocentric bodies with irregular surface at resting stage show-
ing the complex chromocentric karyotype similar to those of the Japanese species. Chro-
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Fig. 4. Photomicrographs of the somatic chromosomes of Calanthe densiflora collected
from India. A, flowers. B, chromosomes at resting stage. C, chromosomes at

mitotic prophase. D, chromosomes at mitotic metaphase, 2n=40. E, individual
chromosomes at mitotic metaphase. A, x0.8. B—D,x 1200. E, x 1800.
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mosomes at mitotic metaphase varied in length gradually and ranged from about 5.7 um
to 2.3 um showing the homogeneous karyotype in length. The longest chromosome
group had median centromere and was composed of four members. A pair of the smallest
chromosomes (Fig. 4, E 39, 40) had median centromere and was found to be particularly
small compared with the second smallest one. Of the 2n=40 chromosomes about 24
were observed to be median centromeric and about 12 to be submedian and about four
to be subterminal. The chromosomes were categorized to be the symmetric karyotype
in arm ratio.
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5. Calanthe discolor Lindl., (Japanese name: Ebine), 2n=40, Tables 1 and 5, Fig. 5.

Clones of this species were collected from 10 localities of Japan. The clones varied
in external morphology in leaves, flowers on spikes, and particularly in the color of petals.
Most of the clones had pale brown petals, while some had creamy white, pale green, pink,
or dark red.

All of the 11 clones investigated cytologically were found to have the same chromo-
some number 2n=40 confirming that of previous reports (cf. Tanaka and Kamemoto 1982).

-Chromosomes at resting stage formed fibrous threads and many chromomeric granules
were found scattered in nuclear space. Several chromocentral blocks were observed in
resting nuclei. The chromocentral blocks showed loosely aggregated fibrous structure.

7 8 9 11 12 13 U 15 16 17 18 19
27 28 29 30 31 32 3 3 3 36 3 8 39 40

Fig. 5. Photomicrographs of the somatic chromosomes of Calanthe discolor collected
from Itsukaichi, Hiroshima Prefecture. A, flowers. B, chromosomes at resting
stage. C, chromosomes at mitotic prophase. D, chromosomes at mitotic meta-
phase, 2n=40. E, individual chromosomes at mitotic metaphase.

A,x0.5. B-D,x1200. E, x 1800.

They varied in size from about 1.0 um to 10.0 um in diameter and showed irregular shape
with rough surface. They also varied in number from about 10 to 20 per nucleus. Some
of the medium-sized chromocentral blocks were found attached to nucleolus. The mor-
phology of chromosomes at resting stage was categorized to be the loosely aggregated
complex chromocenter type as reported by Tanaka (1971a).

Chromosomes at mitotic prophase formed early condensed segments located in pro-
ximal and interstitial regions. One or two medium-sized chromosomes were observed
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attached to nucleolus by the interstitial segments. In some chromosomes early condensed
small segments were additionally found in distal regions. The early condensed segments
situated between the condensed segments were observed transforming gradually to the
late condensed segments. The karyotype of prophase chromosomes was found to be the
interstitial type as proposed by Tanaka (1977).

Chromosomes at metaphase varied in length gradually and ranged from about 5.3 um
to 1.9 um. The longest chromosome had the centromere in median region and a small
constriction in the proximal region of long arm. Four of the longer chromosomes were
found to have shape similar to the longest one. The second longest chromosome was
observed to have submedian centromere and the small constriction in a proximal region
of long arm. The second longest chromosome group was composed of four members.
The smallest chromosome of the complement had the centromere in submedian region.
Four chromosomes having the same shape with the smallest one were found in 2n=40
complement. Most of the other chromosomes of the complement had the centromere
located in median or submedian position, while about two medium chromosomes had
subterminal centromere. Small constrictions were observed in many chromosomes at
metaphase. No satellite was observed.

The metaphase chromosomes were found to come under the category of the partially
heterogeneous and gradual karyotype in length and under the category of the symmetric
karyotype in arm ratio.

6. Culunthe discolvr Lindl, var., amumiung (Fukuyania) Masumune, (Japanese narme:
Amamiebine), 2n=40 and 2n=60, Tables 1 and 6, Fig. 6.

Four clones collected from Amami-oshima .Island, type locality, were studied cytol-
ogically. Of the four clones three were found to have 2n=40, a new count, and one to be
2n=60, triploid also a new count. The karyomorphological characteristics of the clones
with 2n=40 were found to be similar to those of Calanthe discolor described in previous
paragraph (No. 5), with the exception of the shape of chromatin blocks at resting stage
and in some chromosomes at mitotic stage. That is, the chromosomes at resting stage
formed threads with many chromomeric granules scattered in nuclear space and the chro-
mocentric aggregations showing highly irregular roughness on their surface. The number of
the aggregations varied from about 10 to 25 per nucleus. The resting chromosome was
categorized to be the complex chromocenter type reported by Tanaka (1971a).

At mitotic prophase 2n=40 chromosomes, a new count, were counted. The chromo-
somes formed early condensed segments located in proximal regions, while some of them
had the early condensed segments in interstitial and distal regions. One or two of the
condensed segments occurred in the interstitial regions of one or two chromosomes were
observed attached to nucleolus. A gradual change in the pattern of condensation was
observed between the early condensed segments and the late condensed segments.

Chromosomes at mitotic metaphase were counted to be 2n=40 in all of the root tip
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cells observed. The chromosomes varied in length from about 4.8 um to 1.9 yum showing
the gradual change categorized to be the homogeneous karyotype. The longest chromo-
somes of the complement were found composing a group of four members with median
centromere. The second longest chromosome group was composed of four submedian
centromeric members. The shortest chromosome group was also composed of four mem-
bers with median centromere.

Many of the chromosomes of the complement of 2n=40 had median centromeres,
while about 16 medium-sized chromosomes had submedian centromeres. Thus, the chro-
mosome complement was categorized to be the symmetric karyotype in arm ratio.
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Fig. 6. Photomicrographs of the somatic chromosomes of Calanthe discolor var. amami-
ana collected from Mt. Yuwandake. A, flowers. B, chromosomes at resting stage.
C, chromosomes at mitotic prophase. D, chromosomes at mitotic metaphase,
2n=40, diploid clone. E, individual chromosomes at mitotic metaphase.
A,x0.6. B-D,x1200. E, x 1800.

Satellites were not observed. Small constrictions were frequently observed on several
chromosomes, while these were not specified as the secondary NOR constrictions.
Further report on the triploid clone with 2n=60 will be made in near future.

7. Calanthe discolor Lindl. var. kanashiroi Fukuyama, (Japanese name: Katsu-
udakeebine), 2n=40, Tables 1 and 7, Fig. 7.

Threé clones collected from Mt. Katsuudake, type locality, were studied cytological-
ly. Somatic chromosomes were counted to be 2n=40 in all of the well spread metaphase
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figures, confirming previous count (cf. Tanaka and Kamemoto 1982). Morphological
features of, resting chromosomes and those of mitotic chromosomes were found to be
similar to those of Calanthe discolor described in previous paragraph (No. 5). That is,
the karyotypes of chromosomes were the complex chromocenter type at resting stage,
the interstitial type at mitotic prophase, the partially heterogeneous and gradual type
in chromosome length, and the symmetric type in arm ratio. A pair of the longest chro-
mosome of the complement was median centromeric and about 1.2 times longer than the
second longest pair which was also median centromeric. The shortest chromosome pair
was submedian centromeric and about 4/5 in length of the second shortest pair which was
median centromeric. In comparison with Calanthe discolor, the chromosome complement
of this species was found to be composed of relatively few members with submedian cen-
tromeric chromosomes.
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Fig. 7. Photomicrographs of the somatic chromosomes of Calanthe discolor var. kana-
shiroi collected from Mt. Katsuudake. A, flowers. B, chromosomes at resting
stage. .C, chromosomes at mitotic prophase. D, chromosomes at mitotic meta-
phase, 2n=40. E, individual chromosomes at mitotic metaphase.

A,x0.4. B—D,x1200. E, x 1800.

8. Calanthe discolor Lindl. var. tokunoshimensis (Hatu. and Ida) Hatusima, (Japanese
name: Tokunoshimaebine), 2n=40, Tables 1 and 8, Fig. 8.

Two clones of this species were obtained from Tokunoshima Island, type locality.
The clones gave sweet orange-like fragrance softly. Somatic chromosome number was
counted to be 2n=40, a new count, in all of the well spread metaphase plates investigated.
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The karyological features were found to be similar to those of Calanthe discolor as des-
cribed in the previous paragraph (No. 5). That is, the karyotypes were the complex chro-
mocenter type at resting stage, the interstitial type at mitotic prophase, the partially
heterogeneous and gradual type in chromosome length, and the symmetric type in arm
ratio.
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Fig. 8. Photomicrographs of the somatic chromosomes of Calanthe discolor var. tokuno-
shimensis collected from Tokunoshima Island. A, flowers. B, chromosomes at
resting stage. C, chromosomes at mitotic prophase D, chromosomes at mitotic
metaphase, 2n~4{] E, individual chromosomes at mitotic metaphase.

A,x0.4. B—D,x1200. E, x 1800.

30 31 3

N

9. Calanthe gracilis Lindl. var. venusta (Schltr.) F. Maek., (Japanese name: Tokusaran),
2n=40, Tables 1 and 9, Fig. 9.

According to Ohwi (1978) this species occurs in southern Kyushu District including
Yakushima Island and Ryukyu Islands.

Ten clones collected from the following three localities, i.e., Yakushima, Tanegashima
and Okinawa Islands, were observed cytologically. All of the ten clones showed the same
chromosome number 2n=40 confirming previous reports (cf. Tanaka and Kamemoto 1982).
Chromosomes in resting stage formed many strongly condensed chromocentric chromatin
blocks. Very few chromatin blocks showing further aggregation into larger blocks were
observed. The remaining chromatin formed grains and threads which were observed
faintly stained in comparison with those of Calanthe discolor (cf. paragraph No. 5) which
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showed common features of chromatin at resting stage in the present material. Chromo-
somes at mitotic prophase formed early condensed segments located in proximal region.
The distal segments in each chromosome showed late condensation. The early condensed
segments occurred in all chromosomes of the complement, while their size was smaller
than those of the common ones found in Calanthe discolor.

Chromosomes at mitotic metaphase varied gradually in length from about 5.7 um

Fig. 9. Photomicrographs of the somatic chromosomes of Calanthe gracilis var. venusta
collected from Mt. Mottyomu. A, flowers. B, chromosomes at resting stage.
C, chromosomes at mitotic prophase. D, chromosomes at mitotic metaphase,
2n=40. E, individual chromosomes at mitotic metaphase.
A,x0.4. B-D,x1200. E, x 1800.

to 2.6 um showing a homogeneous karyotype. Of the 2n=40 chromosomes about 18
were observed to be submedian centromeric, and the other 22 to be median centromeric,
According to the position of centromere the karyotype of this species was found to be
partially heterogeneous.

The longest.chromosome group had median centromeres and composed of two mem-
bers, while the shortest one also had a median centromere and was composed of two mem-
bers. No secondary constriction showing the localization of NOR was observed.

10. Calanthe hattorii Schitr., (Japanese name: Asahiebine), 2n=40, Tables 1 and 10,

Fig. 10.
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One clone of this species was collected from Anijima Island. The somatic chromosome
number was counted to be 2n=40. Karyotypes of this species were found to be similar
to those of Calnthe triplicata described in later paragraph (No. 22). The karyotypes were
as follows. Resting stage: Complex chromocenter type. Mitotic prophase: Interstitial
type. Mitotic metaphase: Highly homogeneous and gradual type in chromosome length
and symmetric type in arm ratio.
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Fig. 10. Photomicrographs of the somatic chromosomes of Calanthe hattorii collected
from Anijima Island. A, flowers. B, chromosomes at resting stage. C, chromo-
somes at mitotic prophase. D, chromosomes at mitotic metaphase, 2n=40.
E, individual chromosomes at m1tot1c metaphase.

A,x0.4. B—D,x1200. E,x1800.

11. Cualanthe izu-insularis (Satomi) Ohwi et Satomi, (Japanese name: Nioiebine),
2n=40, Tables 1 and 11, Fig. 11.

Two clones of this species were obtained from Mikurajima Island. The clones had
typical characteristics in leaves and flowers which gave sweet orange-like fragrance strongly.
Chromosomes of these clones were counted to be 2n=40, a new count. At resting stage
the chromosomes formed many glanular spherules and fibrous threads. Most of the spher-
ules and threads aggregated into several large blocks forming chromocentric bodies which
varied in size and number ranging from about 5 to 10. Chromosomes at mitotic pro-
phase formed early condensed long segments located proximally which transformed
gradually into late condensed segments situated distally. In some chromosomes of medium
length an early condensed small knob was observed distally situated in one of the arm.



il

L

24 TANAKA, KARASAWA and ISHIDA

Chromosomes at mitotic metaphase varied in length from about 4.8 um to 2.1 um
showing gradually changed homogeneous karyotype (Fig. 11, E). The longest chromosome
of the complement was median centromeric. Four of the long chromosomes were classed
together in the longest group. The second longest chromosome group was subterminal
centromeric and composed of two members. The third longest chromosome group was
submedian centromeric and also had two members. The shortest chromosome was ob-
served to show a particular shape in size. Its centromere was located in median position.
The partner chromosome of the shortest chromosome was found to be relatively longer.
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Fig. 11. Photomicrographs of the somatic chromosomes of Calanthe izu-insularis collect-
ed from Mikurajima Island. A, flowers. B, chromosomes at resting stage.
C, chromosomes at mitotic prophase. D, chromosomes at mitotic metaphase,
2n=40. E, individual chromosomes at mitotic metaphase.
A,x0.6. B—D,x 1200. E, x 1800.

The second longest chromosome group was median centromeric and was composed of four
members. Of the 2n=40 chromosomes about 26 were found to be submedian or subter-
minal centromeric and about 14 to be median centromeric. Thus, the shape of chromo-
somes was categorized to be partially asymmetric karyotype. Satellites were not found.
In addition to the centromeric constriction small constrictions situated proximally were
observed in most chromosomes of the complement.

12. Calanthe japonica Blume, (Japanese name: Hirohanokaran), 2n=40, Tables 1 and
12, Fig. 12.
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Four clones of this species were collected from three localities. Somatic chromo-
somes were counted to be 2n=40 in all of the four clones confirming previous reports
(cf. Tanaka and Kamemoto 1982).

Karyotypes of this species were found to be similar to those of Calanthe triplicata
described in later paragraph (No. 22) with the exception of the possession of more chromo-
somes with median centromere. The karyotypes were as follows. Resting stage: Complex
chromocenter type. Mitotic prophase: Interstitial type. Mitotic metaphase: Homo-
geneous and gradual type in chromosome length and highly symmetric type in arm ratio.

Fig. 12. Photomicrographs of the somatic chromosomes of Calanthe japonica collected
from Amami-oshima Island. A, flowers. B, chromosomes at resting stage.
C, chromosomes at mitotic prophase. D, chromosomes at mitotic metaphase,
2n=40. E, individual chromosomes at mitotic metaphase.
A,x0.6. B-D,x1200. E, x 1800.

According to Ohwi (1978) Calanthe fauriei Schitr., (Japanese name: Shimaebine)
was listed as a species occurring in southern Kyushu District. In the present investigation
one clone of this species was collected from Hekka, located in southern-most region of
Kyushu District. According to Mr. M. Kumashiro, who is the collector of this clone, this
species is considered to be a dwarf form of Calanthe japonica, which is described in the
above paragraph. Somatic chromosomes were counted to be 2n=40 confirming previous
reports (cf. Tanaka and Kamemoto 1982). Karyotypes were observed to be similar to those
of Calanthe japonica, with the exception of having a smaller chromosome pair with sub-
terminal centromeres.
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13. Calanthe lyroglossa Reichb. fil., (Japanese name: Suzufuriebine), 2n=40, Tables
1 and 13, Fig. 13.

Seven clones of this species were collected from three localities: Amami-oshima,
Tokunoshima and Okinawa Islands. Somatic chromosomes were counted to be 2n=40
which confirmed the previous reports (cf. Tanaka and Kamemoto 1982).

Chromosomes at resting stage formed compactly condensed chromocenters with re-
latively smooth surface and lightly dispersed granular threads. Chromosomes at mitotic
metaphase were relatively smaller than those of Calanthe discolor described in paragraph
No. 5, a common species of Japanese Calanthe. The longest chromosome of the comple-
ment was about 4.6 um and the shortest one was about 2.1 um. The chromosomes varied
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Fig. 13. Photomicrographs of the somatic chromosomes of Calanthe lyroglossa collected
from Amami-oshima Island. A, flowers. B, chromosomes at resting stage.
C, chromosomes at mitotic prophase. D, chromosomes at mitotic metaphase,
2n=40. E, individual chromosomes at mitotic metaphase.
A, x0.7. B—D,x1200. E, x 1800.

gradually in length from the longest chromosome to the shortest showing highly homo-
geneous karyotype. Most of the chromosomes had median centromeres, while only two
pairs had submedian centromeres, one of which was a longer chromosome pair (Fig. 13,
E5, 6) and the other one was a shorter chromosome pair (Fig. 13, E35,36). No chro-
mosome with secondary constriction was observed. The shape of the chromosomes was
thus categorized to be the highly symmetric karyotype.
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14. Calanthe musca (D. Don) Lindl., (Japanese name: Onagaebine), 2n=40, Tables
1 and 14, Fig. 14.

Three clones were collected from Amami-oshima and Okinawa Islands. The clones
bloomed pale violet flowers. Somatic chromosomes at mitotic metaphase were counted
to be 2n=40 in all of the three clones investigated confirming previous reports (cf. Tanaka
and Kamemoto 1982).

Chromosomes at resting stage showed extended fibrous structure in addition to several
chromocentral blocks compactly and fibrously condensed.

Chromosomes at mitotic prophase had condensed segments in proximal region and
extended segments at distal region. A gradual transition was observed between the con-
densed segments and the extended segments.
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Fig. 14. Photomicrographs of the somatic chromosomes of Calanthe musca collected
from Amami-oshima Island. A, flowers. B, chromosomes at resting stage.
C, chromosomes at mitotic prophase. D, chromosomes at mitotic metaphase,
2n=40. E, individual chromosomes at mitotic metaphase.
A,x0.7. B—D,x1200. E, x 1800.

Chromosomes at mitotic metaphase were observed to be highly homogeneous in
length. The longest chromosome group had a median centromere and was composed of
two members. The second longest chromosome group had a median centromere and was
composed of two members. The shortest chromosomes had a submedian centromere and
were found to be one pair in 2n=40 chromosomes. The distal regions of the short arms of
the shortest chromosomes, sometimes, were observed attached to each other at mitotic
prophase.
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The karyotypes were categorized as follows. Resting stage: Strongly condensed
complex chromocenter type. Mitotic prophase: Gradient type. Mitotic metaphase:

Highly homogeneous and gradual type in chromosome length and highly symmetric type in
arm ratio.

15. Calanthe nipponica Makino, (Japanese name: Kinseiran), 2n=38, Tables 1 and 15,
Fig. 15.

Seven clones of this species were collected from five localities. They were observed
to be typical in the features of foliage leaves and flowers. In all of the four clones 2n=38
chromosomes were counted in root tip cells at mitotic metaphase confirming the previous
report of Tanaka (1965), while the number of 2n=40 reported by Mutsuura and Nakahira
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Fig. 15. Photomicrographs of the somatic chromosomes of Calanthe nipponica collected
from Gunma Prefecture. A, flowers. B, chromosomes at resting stage. C, chro-
mosomes at mitotic prophase. D, chromosomes at mitotic metaphase, 2n=38.
E, individual chromosomes at mitotic metaphase.

A x0.6. B—D, x 1200. E, x 1800.

(1958) was not confirmed.

Chromosomes at resting stage formed extended fibrous threads and several chromo-
central blocks which were fibrous in structure and not strongly condensed.

Chromosomes at mitotic prophase formed early condensed regions located in proximal
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regions and transformed gradually into the diffused lately condensed regions located
distally.

Chromosomes at mitotic metaphase were observed to be longer, to vary from 6.2 um
to 2.8 um, and partially heterogeneous in chromosome length. The 2n=38 chromosomes
were grouped into 34 median, and 4 submedian chromosomes. They were highly sym-
metric in arm ratio.

The longest chromosome group of the complement had a centromere in median
region and was composed of four chromosomes. The second longest chromosomes, one
pair, had a centromere in submedian region. The shortest group had a median centromere
and was composed of two chromosomes. A pair of the medium-sized chromosome with
median centromere, Fig. 15, E17, 18, showed the small constriction located in interstitial
position in long arm. Small constrictions similar to those of this chromosome were ob-
served in two pairs of chromosomes (Fig. 15, E13, 14 and 21, 22).

The karyotypes were categorized as follows. Resting stage: Complex chromocenter
type. Mitotic prophase: Gradient type. Mitotic metaphase: Low homogeneous and
gradual type in chromosome length and highly symmetric type in arm ratio.

16. Calanthe oblanceolate Ohwi et T. Koyama, (Japanese name: Sakurajimaebine),
2n=40, Tables 1 and 16, Fig. 16.
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Fig. 16. Photomicrographs of the somatic chromosomes of Calanthe oblanceolata collect-
ed from Fukuejima Istand. A, flowers. B, chromosomes at resting stage. C, chro-
mosomes at mitotic prophase. D, chromosomes at mitotic metaphase, 2n—40
E, individual chromosomes at mitotic metaphase.

A, x0.4. B-D,x1200. E, x 1800.
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Two clones were collected from two islands located in south-western region of Kyushu
District. Somatic chromosomes of these clones were.counted to be 2n=40, a new count.
Chromosomes at resting stage formed many granular grains of chromatin which aggregated
into several irregularly shaped chromocenters. Chromosbmgs at mitotic prophase had
early condensed long segments in proximal regions which gradually transformed to the
faintly stained late condensed regions located distally. Chromosomes at mitotic metaphase
varied in length gradually ranged from 4.7 ym to 2.0 um showing a homogeneous karyo-
type. The longest chromosome group of the complement had median centromere and was
observed to be composed of four members. The second longest group had submedian
centromere and was composed of four members. The shortest chromosome group had
submedian centromere and was composed of two members. About 22 chromosomes of
the complement were the median centromeric chromosomes, while the remaining, about
18 chromosomes, were the submedian centromeric ones, The shape of the.chromosomes
was observed to be categorized as symmetric karyotype. Secondary NOR constriction was
not observed in the metaphase chromosomes.

17. Calanthe okinawaensis Hayata, (Japanese name: Ryukyuebine), 2n=40, Tables
1 and 17, Fig. 17.

~ A
oy &
- D -
© GBE
>
1
|1~
L]
o
g
=s
SEe

—
00
—
©w

* e
5 Qo

&8

S @me

3O

f1i

31 32

R We

"
.

37

5 o

Fig. 17. Photomicrographs of the somatic chromosomes of Calanthe okinawaensis col-
lected from Amami-oshima Island. A, flowers. B, chromosomes at resting stage.
C, chromosomes at mitotic prophase. D, chromosomes at mitotic metaphase,
2n=40. E, individual chromosomes at mitotic metaphase,
A, x0.5. B-D,x1200. E, x 1800.
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One clone of this species was collected from Amami-oshima Island. In the clone
2n=40 chromosomes, a new count, were counted. Chromosomes at resting stage formed
fine threads and many small compact blocks of chromatin which aggregated forming larger
chromocentric parts. Chromosomes at mitotic prophase had early condensed segments
at proximal regions which changed gradually into late condensed regions situated distally.
The early condensed segments were observed relatively smaller than those of Calanthe dis-
color, a common species of Japanese Calanthe. Chromosomes at mitotic metaphase was
observed to be relatively smaller than those of Calanthe discolor. They were highly homo-
geneous in length, while the successive gradual variation ranging from 5.3 um to 2.6 ym
was observed. The longest chromosome group of the complement was median centromeric
and was composed of two chromosomes. The second longest chromosome group was
also median centromeric and was composed of two chromosomes, while long arm was
shorter than that of the longest chromosome. The third longest chromosome group was
median centromeric and was composed of two members. The shortest chromosome
group of the complement was median centromeric and was observed to be composed of
four members. The second shortest group was submedian centromeric and was composed
of four members. No chromosome with secondary NOR constriction was observed.
Metaphase chromosomes of this species were observed highly symmetric in arm ratio.
Of the 2n=40 chromosomes only six were found to be submedian centromeric and all of
the remaining to be median centromeric.

18. Calanthe reflexa Maxim., (Japanese name: Natsuebine), 2n=40, Tables 1 and 18,
Fig. 18.

Twenty-five clones collected from 15 widely separated localities were cultivated in
flower pots. All of the clones flowered very well and showed typical morphology in
foliage leaves and flowers. Therefore, it is considered that this species is a well established
uniform species distributed widely in Japan. Somatic chromosomes were counted to be
2n=40 at mitotic metaphase in all of the 25 clones examined and to be 2n=2011 (20 biva-
lents)=40 in P.M.Cs. in some of the clones, which confirmed the previous reports of
Miduno (1940), and Tanaka (1965), and not confirmed the report of Mutsuura and Naka-
hira (1958), who reported 2n=42.

Chromosomes at resting stage formed several chromocentral blocks loosely condensed
which were fibrous and formed roughly sticky surface. The morphology of resting chro-
mosomes was observed to be similar to that of Calanthe schlechteri described in next
paragraph (No. 19).

Chromosomes at mitotic prophase formed early condensed segments located in pro-
ximal regions of both arms. The distal regions of both arms were observed to be lately
condensed segments. The regions between the early condensed segments and lately con-
densed ones transformed gradually forming partly condensed fibrous and granular seg-
ments.

Chromosomes at mitotic metaphase were observed separated individually on squashed
plates showing well spread figures. The chromosomes were relatively larger than those
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of Calanthe discolor described in paragraph No. 5, and showed gradual variation in their
length. The centromeric region in each chromosome appeared clearly.

Most of the chromosomes, about 35, had a median centromere, and four of the
remaining five had a submedian centromere. The remaining one was found to be a hetero-
zygous chromosome with a subterminal centromere (Fig. 17, E24 and F 24). The hetero-
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Fig. 18. Photomicrographs of the somatic chromosomes of Calanthe reflexa collected
from Sakihama, Kochi Prefecture. A, flowers. B, chromosomes at resting stage.
C, chromosomes at mitotic prophase. D, chromosomes at mitotic metaphase,
2n=40. E, F, individual chromosomes at mitotic metaphase.
A,x0.5. B-D,x1200. E,F, x 1800.

zygous chromosome with subtcrminal centromere was observed in all of the 25 clones
investigated.

The longest chromosome of the complement was 5.4 um in length and had a median
centromere. Four chromosomes were morphologically similar to the longest one. The
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second longest chromosome group-had a submedian centromere, and had two members.
The shortest chromosome group had four members with median centromeres and about
2.8 um in length.

One of the small chromosomes with median centromere formed a large secondary
constriction in a proximal region of long arm. At mitotic prophase the secondary con-
stricted chromosomes appeared attached to a nucleolus through its secondary constricted
region. During preparation procedure for cytological observation the secondary const-
ricted chromosomes were separated easily through the secondary constriction into two
segments. The miss-counting of 2n=40 as 42 (cf. Tanaka and Kamemoto 1982) might be
due to the artificially separated segments of these chromosomes.

Meiosis was studied in the two clones from Kochi and Hiroshima Prefectures. The
meiotic division was observed at mid-days of summer (July 20—25, 1978). P.M.Cs. in
one anther showed variation in stages from pachytene to metaphase I among the pollinia
balls. Chromosomes at pachytene stage were observed showing a congregation of fibrous
mass resulting difficulty of the differentiation of chromosome individuals. Chromosomes
at diakinesis associated by distal ends of both arms and formed bivalents. The association
was so weak that the chromosomes were easily separated by the artificial pressure of
squash preparation. One bivalent was observed attached to nucleolus through the region
of secondary constriction of chromosomes.

Chromosomes at metaphase I formed 20 bivalents. Most of the bivalent chromosomes
were ring shaped and had terminal chiasmata showing very weak association, while a few
(2 to 3) of them were the rod shaped with an interstitial chiasma. Chromosomes at anaph-
ase I moved toward poles without leaving any lagging chromosomes.

Karyotypes of the present species were categorized as follows: Resting stage: Loosely
aggregated complex chromocenter type. Mitotic prophase: Gradient type. Mitotic meta-
phase: Partially heterogeneous and gradual type in chromosome length and highly sym-
metric type in arm ratio.

19. Calanthie schlechteri Hara, (Japanese name: Kisoebine), 2n=42, Tables 1 and 19,

Figs. 19 and 20.
Two clones of this species were collected from Yamanashi and Gifu Prefectures. The

two clones showed the chromosome number 2n=42, a new count. Both of the clones had
typical characteristic in foliage leaves and flowers (Fig. 18, A). Chromosomes of somatic
nuclei at resting stage formed many irregularly condensed chromatin blocks scattered in
whole nuclear space and showed fibrous threads of chromatin attached to the chromatin
blocks. All of the 2n=42 chromosomes at mitotic prophase had early condensed segments
located in proximal region and late condensed segments in distal region. Chromosome
segments between the early condensing segments and late condensing segments trans-
formed gradually. A pair of the medium-sized chromosomes had long segments which
condensed very lately,

Chromosomes at mitotic metaphase were observed to be larger chromosomes com-
pared to the chromosomes of Calanthe discolor described in paragraph No. 5. They varied
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in length from about 7.1 um to 2.1 um and showed gradual size difference showing a
partially heterogeneous karyotype. The longest chromosome of the complement was
observed to have a median centromere. Two other chromosomes were found showing the
shape similar to the longest one. The second longest chromosomé had a median centro-
mere and was found to form two homologous pairs. The smallest chromosome was obsery-
ed to have a median centromere. Six chromosomes were found to show the shape similar
to the smallest one (Fig. 19, E 37—42). The smallest six chromosomes could be seen in

Fig. 19. Photomicrographs of the somatic chromosomes of Calanthe schlechteri collect-
ed from Gifu Prefecture. A, flowers. B, chromosomes at resting stage. C,
chromosomes at mitotic prophase. D, chromosomes at mitotic metaphase,
2n=42. E, individual chromosomes at mitotic metaphase.

A,x0.4. B-D, x1200. E, x 1800.

many nuclear plates showing clear difference in size from the next smallest chromosome.
All of the other 32 chromosomes had the centromere located in median region with the
exception of the medium-sized four chromosomes which had submedian centromere
(Fig. 19, E 23-26). No chromosome with subterminal centromere was observed. On
the position of centromere the karyotype of this species was found to be highly symmetric.
The secondary constriction showing NOR region was not observed in all of the metaphase
plates investigated.
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One clone of this species was given by Mr. K. Suzuki who obtained it from a collector
in Chubu District. This clone had the chromosomes counted to be 2n=40 and reported
previously (Tanaka 1965). This clone had only one flower poorly developed, while the
spur on the lip developed very long measured about 1.5 cm. The morphology of chromo-
somes in both resting and mitotic prophase nuclei was observed to be very similar to that
of the clones from Yamanashi and Gifu Prefectures described in above paragraph, while
the morphology of mitotic metaphase chromosomes was found to differ in the smallest
chromosome. Compared to the next smallest chromosomes (37 and 38 in Fig. 20), the
smallest chromosome had a submedian centromere and no large difference in size (39 and
40 in Fig. 20). In comparison with the clone from Yamanashi Prefecture the Suzuki’s
clone showed further difference in having the secondary constricted NOR in a pair of
smaller chromosomes which were morphologically similar to the NOR chromosomes of
Cualanthe reflexa described in previous paragraph (No. 18). The NOR in these chromo-
somes was observed located proximally in long arm. On the basis of variation of the
chromosome number in Suzuki’s clone we cannot trace further evidence whether this
clone was a intraspecific variation or a mutant rarely occurred.
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Fig. 20. Photomicrograph of the somatic chromosomes of Calanthe schlechteri obtained
from Mr. K. Suzuki who collected from Chubu District. A, 2n=40 chromo-
somes at mitotic metaphase. x 1800.

Mutsuura and Nakahira (1958) reported 2n=44 chromosomes in the present species.
According to their report the validated chromosome figures can be observed to be at late
prophase in mitotic stage. In our observation some of the smaller chromosomes were
separable easily through centromeric contriction by artificial pressure during preparation.
It is supposed that the 2n=44 chromosome number might be a miscount on these separated
smaller chromosomes at mitotic prophase.

20. Calanthe sieboldii Decne., (Japanese name: Kiebine), 2n=40, Tables 1 and 20,
Fig. 21.

Twenty—three clones collected from ten localities in Kyushu, Chugoku and Kinki
Districts were studied cytologically. All of the clones studied showed the same chromo-
some number, 2n=40, confirming the previous reports (cf. Tanaka and Kamemoto 1982).
Chromosomes at resting stage formed many small blocks of chromatin which aggregated
loosely into about 5 to 10 large blocks (Fig. 21, B). Some parts of the chromatin formed
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fine fibrous threads scattered in whole nuclear area.

Chromosomes at mitotic prophase formed early condensed large segments situated
proximally and late condensed segments situated distally (Fig. 21, C). Gradual transition
of the degree of condensation was observed between the early condensed segments and late
condensed segments. The early condensed segments in longer chromosomes were larger
than those of shorter chromosomes, while the late condensed-segments were similar in both
longer and shorter chromosomes.

Chromosomes at mitotic metaphase showed variation in length ranged gradually from
5.5 um to 1.6 um. The pattern of the variation of the length of chromosomes was cate-
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Fig. 21. Photomicrographs of the somatic chromosomes of Calanthe sieboldii collected
from Shimonoseki, Yamaguchi Prefecture. A, flowers. B, chromosomes at
resting stage. C, chromosomes at mitotic prophase D, chromosomes at mitotic
metaphase, 211*40 E, individual chromosomes at mitotic metaphase.

A, x0.4. B—D,x1200. E,x 1800.
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gorized to be the homogeneous karyotype. Two of the long chromosomes in the com-
plement were observed to belong to the group of the longest chromosome. The two
chromosomes had the centromere located in median position. The second longest group
was composed of two median centromeric chromosomes. The third longest group was
composed of four submedian centromeric chromosomes, The shortest chromosome
group was also composed of six members with median centromere. About 26 chromo-
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somes of the 2n=40 chromosomes had median centromere, while the rest of the comple-
ment (about 14) were submedian centromeric. The karyotype of this species was cate-
gorized to be symmetric in arm ratio.

Satellites revealing NOR were not observed, while in a few chromosomes (2 or 3)
small constrictions were observed located in the interstitial region of long arm.

21. Calanthe tricarinata Lindl., (Japanese name: Sarumenebine), 2n=40 and 2n=60,
Tables 1 and 21, Fig. 22.

Seven clones collected from four localities were studied cytologically. Six of the
seven clones had typical characteristics in external morphology as shown in Fig. 224,
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Fig. 22. Photomicrographs of the somatic chromosomes of Calanthe tricarinata collected
from Yoshiwa, Hiroshima Prefecture. A, flowers. B, chromosomes at resting
stage. C, chromosomes at mitotic prophase. D, chromosomes at mitotic meta-
phase, 2n—40 diploid clone. E, individual chromosomes at mitotic metaphase.
A, x0.5. B-D,x1200. E, x1800.

while the remaining one showed gigas form in flower texture. This clone was found to be
a triploid with 2n=60 which was an additional finding of triploid clone after the previous
report (Mutsuura and Nakahira 1958).

Chromosomes at resting stage formed many chromocentric rod aggregations which
were remarkably distinguishable from diffused chromatin threads. Most of the chromo-
centric aggregations associated into larger blocks, while some of the aggregations were
observed independent from the blocks.
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Chromosomes at mitotic prophase formed early condensed long segments located in
proximal and interstitial regions and late condensed short segments located in distal region
(Fig. 22, C). In some chromosomes small telomeric knobs were observed. Chromosomes
at mitotic metaphase varied gradually in length from about 5.2 um to about 2.6 um show-
ing a homogeneous karyotype. The longest chromosome group of the complement had
the centromere located in median position and composed of two members (Fig.22,E 1—
4). The second longest group was also composed of two members which had median cen-
tromere. The shortest goup had centromeres located in median position and was composed
of four members. More than half (about 22) of the members of 2n=40 chromosomes were
found to have median centromere, while the remaining (about 16) chromosomes had sub-
median centromere and only two had subterminal centromere (Fig. 22, E 27, 28). Thus,
the arm ratio of the chromosome complement was categorized to be symmetric. No
chromosome having NOR secondary constriction was observed.

22. Calanthe triplicata (Willem.) Ames, (Japanese name: Tsururan), 2n=40, Tables
1 and 22, Fig. 23.
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Fig. 23. Photomicrographs of the somatic chromosomes of Calanthe triplicata collected

from Mt. Mottyomu. A, flowers. B, chromosomes at resting stage. C. chromo-
somes at mitotic prophase. D, chromosomes at mitotic metaphase, 2n=40.
L, individual chromosomes at mitotic metaphase.

A,x0.6. B—D,x1200. E, x 1800.

‘Fourteen clones of this species were obtained from five islands: Tanegashima, Yaku-
shima, Amami-oshima, Tokunoshima, and Okinawa. All of these islands belong to the
south-western area in Kyushu District. In all of the 13 clones 2n=40 chromosomes were
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counted confirming the previous reports (cf. Tanaka and Kamemoto 1982).
Karyomorphological features of this species were found to differ slightly in compar-
ison with those of Calanthe discolor described previously in paragraph No. 5. The chro-
mosomes at resting stage formed several compactly condensed round blocks of chromo-
centers in addition to the loosely aggregated large blocks with irregular surface. At mitotic
metaphase the chromosomes were found. to be relatively short compared to the chromo-
somes of Calanthe discolor. They varied in length gradually from about 4.8 ym to 1.8 um
showing highly homogeneous karyotype. The longest group of chromosomes was com-
posed of four members. The second longest group of chromosomes had also the median
centromere and was also composed of four members. The smallest group of the chro-
mosomes had submedian centromere. In comparison with Calanthe discolor, the present
species showed more symmetric karyotype in arm ratio. Satellites were not observed.

Concluding Results

—t

In the present paper the results of the karyomorphological observations were described
in all of the 22 taxa of the Calanthe growing wild in Japan.

9. Four kinds of chromosome number, ie., 2n=38, 2n=40, 2n=42, and 2n=60, were
found in the Japanese Calanthe, confirming mostly previous reports. 2n=40 was found
to be the common chromosome number of the Japanese Calanthe. 2n=38 was found
only in Calanthe nipponica, and 2n=42 in Calanthe schlechteri and Calanthe bungoana.
2n=60 was found as a spontaneous triploid clone in Calanthe discolor var. amamiagna
and in Calanthe tricarinata.

3. All of the taxa were found without satellited chromosome with the exception of
Calanthe reflexa (2n=40).

4. All of them showed homogeneous karyotype in chromosome length at mitotic meta-
phase, symmetric karyotype in arm ratio, proximally and gradually condensed karyo-
type at mitotic prophase, and complex chromocentric karyotype at resting stage,
while small variations in the karyotype between taxa were also observed.

5. Cualanthe schlechteri (2n=42), Calanthe bungoana (2n=42) and Calanthe nipponica
(2n=38) were found to have larger chromosomes than the usual Japanese Calanthe,
and Calanthe japonica (2n=40) and Calanthe lyroglossa (2n=40) had the smaller chro-
mosomes.

6. On the degree of homogeneity, Calanthe japonica (2n=40) and Calanthe lyroglossa
(2n=40) showed the highest degree and Calanthe schlechteri (2n=42) and Calanthe
bungoana (2n=42) the lowest degree.

7. The highest degree of symmetry in arm ratio was found in Calanthe schlechteri (2n=

42), Calanthe reflexa (2n=40), Calanthe nipponica (20=38), Calanthe japonica (2n=40)

and Calanthe lyroglossa (2n=40). The lowest degree of symmetry was found in Calanthe

bungoana (2n=42) and Calanthe izu-insularis (2n=40). Most of the species with 2n=40
were found showing an average degree of symmetry.
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Variation in the complex chromocentric karyotype was as follows. In most of the
22 taxa the chromocenters were found forming irregularly shaped chromocentric bodies
which varied in number from about 15 to 40 and frequently aggregated to form large
blocks which varied in number from about 5 to 10, while in Calanthe gracilis var.
venusta with 2n=40, in Calanthe tricarinata with 20=40, and in Calanthe lyroglossa
with 2n=40 the chromocentric bodies showed strong and tight aggregations forming
small rigid blocks, in Calanthe nipponica with 2n=38 and in Calanthe schlechteri with
2n=42 the chromocentric bodies formed fewer blocks than the common one, and in
Calanthe reflexa with 2n=40 the chromocentric bodies were observed showing loose
aggregations.

By karyomorphological characteristics the Japanese Calanthe were grouped into fol-
lowing eight types.

Type A: Calanthe schlechteri, Key characters; 2n=42, larger chromosomes, low
homogeneous and highly symmetric karyotype, and loosely aggregated chromo-
centric karyotype.

Type B: Calanthe nipponica. Key characters; 2n=38, similar to Type A with the ex-
ception of chromosome number,

Type C: Calanthe reflexa. Key characters; 2n=40, similar to Type A and Type B in
karyomorphological features with the exception of chromosome number, large
secondary NOR constriction in a pair of small chromosomes, and a subterminally
centromeric chromosome in medium-sized chromosomes.

Type D: Calanthe bungoana. Key characters; 2n=4'2, larger chromosomes, low homo-
geneous and low symmetric karyotype, and average degree of aggregation in
chromocentric karyotype.

Type E:  Calanthe aristulifera, Calanthe xbicolor, Calanthe densiflora, Calanthe dis-
color, Calanthe discolor var. amamiana, Calanthe discolor var. kanashiroi, Calanthe
discolor var. tokunoshimensis, Calanthe izu-insularis, Calanthe oblanceolata,
Calanthe sieboldii, Calanthe tricarinata. Key characters; 2n=40, medium-sized
chromosomes, average degree of homogeneity and symmetric karyotype in
arm ratio, and average degree of aggregation in chromocentric karyotype; com-
mon in Japanese Calanthe.

Type F:  Calanthe Ilyroglossa. Key characters; 2n=40, smaller chromosomes, highly
homogeneous and highly symmetric karyotype in arm ratio, and strongly aggre-
gated chromocentric karyotype.

Type G: Calanthe japonica, Calanthe okinawaensis, Calanthe hattorii, Calanthe musca,
Calanthe triplicata. Key characters; 2n=40, similar to Type F in karyomor-
phological features with the exception of the average degree of aggregation in
chromocentric karyotype having some chromocenters compactly condensed.

Type H: Calanthe gracilis var. venusta. Key characters; 2n=40, highly homogeneous
karyotype and moderately symmetric karyotype in arm ratio and strongly ag-
gregated chromocentric karyotype.
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Table 2. Measurements of somatic chromosomes of Calanthe
aristulifera, 2n=40 at metaphase

Chromosome Length (um) Rleélrzli;\{le éﬁ% Form
1 1.9+3.0=4.9 3.6 1.6 m
2 1.9+3.0=4.9 3.6 1.6 m
3 1.7+2.7=44 3.3 1.6 m
4 1.7+27=44 3.3 1.6 m
5 1.3+3.0=4.3 3.2 2.3 sm
6 1.3+3.0=43 3.2 2.3 sm
7 1.3+2.5=338 2.8 1.9 sm
8 1.3+2.5=3.8 2.8 1.9 sm
9 1.7+1.9=3.6 2.7 1.1 m

10 1.7+1.9=36 2.7 1.1 m
11 1.3+23=36 2.7 1.8 sm
12 1.3+23=36 2.7 1.8 sm
13 1.2+24=36 2.7 2.0 sm
14 1.2+24=36 2.7 2.0 sm
15 1.2+23=35 2.6 1.9 sm
16 1.2+2.3=3.5 2.6 1.9 sm
17 1.2+23=35 2.6 1.9 sm
18 1.2+23=3.5 2.6 1.9 sm
19 1.2+2.1=33 2.5 1.8 sm
20 1.0+23=33 2.5 2.3 sm
21 1.5+1.8=33 2.5 1.2 m
22 1.5+1.6=3.1 2.3 1.1 m
23 1.3+1.8=3.1 2.3 1.4 m
24 1.3+1.8=3.1 2.3 1.4 m
25 1.0+2.1=3.1 2.3 2.1 sm
26 1.0+21=3.1 2.3 2.1 sm
27 1.0+2.1=3.1 2.3 2.1 sm
28 1.0+2.1=3.1 2.3 2.1 sm
29 1.3+1.8=3.1 2.3 1.4 m
30 1.3+1.7=3.0 2.2 1.3 m
31 09+2.0=29 2.2 2.2 sm
32 09+2.0=29 2.2 2.2 sm
33 1.2+1.7=2.9 2.2 1.4 ' m
34 1.2+1.7=29 2.2 1.4 m
35 1.3+1.5=2.8 2.1 1.2 m
36 1.3+1.5=2.8 2.1 1.2 m
37 1.2+13=25 1.9 1.1 m
38 09+15=24 1.8 1.7 m
39 08+13=2.1 1.6 1.6 m
40 0.8+13=21 1.6 1.6 m
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Table 3. Measurements of somatic chromosomes of Calanthe
bungoana, 2n=42 at metaphase

43

Relative

Arm

Chromosome Lenght (um) length ratio Form
1 23+34=57 3.4 1.5 m
2 23+3.4=5.7 3.4 1.5 m
3 1.3+43=5.6 3.3 3.3 st
4 1.3+43=5.6 3.3 33 st
5 1.3+3.5=48 2.9 2.7 sm
6 1.3+3.5=4.38 2.9 2.7 sm
7 1.6+3.2=4.8 2.9 2.0 sm
8 1.6+3.2+4.8 2.9 2.0 sm
9 1.7+29=4.6 2.7 1.7 m

10 1.7+29=46 2.7 1.7 m
11 1.7+2.7=4.4 2.6 1.6 m
12 1.7+2.7=4.4 2.6 1.6 m
13 1.3+3.1=44 2.6 2.4 sm
14 1.3+3.1=4.4 2.6 2.4 sm
15 1.7+2.7=4.4 2.6 1.6 m
16 1.7+2.7=4.4 2.6 1.6 m
17 1.5+2.8=43 2.6 1.9 sm
18 1.54+2.8=43 2.6 1.9 sm
19 0.8+34=4.2 2.5 4.3 st
20 0.8+34=42 2.5 4.3 st
21 1.3+2.5=3.8 2.3 1.9 sm
22 1.3+2.5=3.8 2.3 1.9 sm
23 1.3+25=3.8 2.3 1.9 sm
24 1.3+25=3.8 2.3 1.9 sm
25 1.2+2.6=3.8 2.3 2.2 sm
26 1.2+2.6=3.8 2.3 2.2 sm
27 0.7+2.7=34 2.0 3.9 st
28 07+27=34 2.0 3.9 st
29 1.5+19=34 2.0 1.3 m
30 1.5+1.9+34 2.0 1.3 m
31 1.6+1.8=34 2.0 1.1 m
32 1.6+1.8=34 2.0 1.1 m
33 1.3+1.9=3.2 1.9 1.5 m
34 13+19=3.2 1.9 1.5 m
35 13+1.9=3.2 1.9 1.5 m
36 1.3+1.9=3.2 1.9 1.5 m
37 1.3+1.9=32 1.9 1.5 m
38 1.3+1.9=3.2 1.9 1.5 m
39 1.3+1.5=2.8 1.7 1.2 m
40 1.3+41.5=2.8 1.7 1.2 m
41 09+1.7=2.6 1.6 1.9 sm
42 0.9+1.7=2.6 1.6 1.9 sm
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Table 4. Measurements of somatic chromosomes of Calanthe
densiflora, 2n=40 at metaphase

TANAKA, KARASAWA and ISHIDA

Chromosome Length (um) Rﬁfé?ﬂe gﬁg Form

1 27+3.0=5.7 3.3 1.1 m

2 2.74+3.0=5.7 3.3 1.1 m

3 27+27=54 3.2 1.0 m

4 27+27=54 3.2 1.0 m

5 22+2.8=50 2.9 1.3 m

6 22+2.8=5.0 2.9 1.3 m

7 20+2.8=4.8 2.8 1.4 m

8 20+2.8=438 2.8 1.4 m

9 20+2.7=4.7 2.8 14 m
10 20+2.7=47 2.8 1.4 m
11 23+23=46 2. 7 1.0 m
12 23+23=46 2.7 1.0 m
13 2.1+2.5=46 2.7 1.2 m
14 21+25=46 2.7 1.2 m
15 1.3+3.2=4.,5 2.6 2.5 sm
16 1.3+3.2=4,5 2.6 2.5 sm
17 1.3+3.2=4.5 2.6 2.5 sm
18 1.3+3.2=4.5 2.6 2.5 sm
19 1.0+3.5=4.5 2.6 3.5 st
20 1.0+3.5=45 2.6 3.5 st
21 2.1+23=44 2.6 1.1 m
22 21+23=44 2.6 1.1 m
23 1.7+2.5=4.2 2.5 1.5 m
24 1.7+2.5=4.2 2.5 1.5 m
25 1.2+2.8=4.1 2.4 2.3 sm
26 1.2+2.8=4.1 2.4 2.3 sm
27 0.7+3.3=4.0 2.3 4.7 st
28 0.7+33=4.0 2.3 4.7 st
29 1.5+25=40 2.3 1.7 m
30 1.5+25=40 2.3 1.7 m
31 1.0+2.7=3.7 2.2 2.7 sm
32 1.0+2.7=3.7 2.2 2.7 sm
33 1.3+23=36 2.1 1.8 sm
34 1.3+23=36 2.1 1.8 sm
35 1.1+24=35 2.1 2.2 Sm
36 1.1+24=35 2.1 2.2 sm
37 14+2.1=35 2.1 1.5 m
38 1.3+1.7=3.0 1.8 1.3 m
39 1.0+13=23 1.3 1.3 m
40 1.0+13=2.3 1.3 1.3 m
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Table 5. Measurements of somatic chromosomes of Calanthe
discolor, 2n=40 at metaphase
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Chromosome Length (um) Rﬁ?gﬁe rAalgig Form
1 2.0+3.3=53 3.7 1.7 m
2 2.0+33=53 3.7 1.7 m
3 20+3.2=52 3.6 1.6 m
4 2.0+3.2=52 3.6 1.6 m
5 1.5+3.2=4.7 3.2 2.1 sm
6 1.5+3.2=4.7 3.2 2.1 sm
7 1.6+3.0=4.6 3.2 1.9 sm
8 1.5+3.0=4.5 3.1 2.0 sm
9 1.6+2.4=40 2.8 1.5 m

10 1.6+24=4.0 2.8 1.5 m
11 1.1+29=4.0 2.8 2.6 sm
12 1.1+29=4.0 2.8 2.6 sm
13 1.3+2.6=3.9 2.7 2.0 sm
14 1.3+2.6=3.9 2.7 2.0 sm
15 1.5+24=3.9 2.7 1.6 m
16 1.5+24=39 2.7 1.6 m
17 1.3+2.5=3.8 2.6 1.9 sm
18 1.3+2.5=3.8 2.6 1.9 sm
19 1.0+2.7=3.7 2.6 2.7 sm
20 1.0+2.7=3.7" 2.6 2.7 sm
21 1.3+2.2=3.5 2.4 1.7 m
22 1.6+1.7=33 2.3 1.7 m
23 1.5+1.8=33 2.3 1.2 m
24 1.5+1.8=33 2.3 1.2 m
25 1.1+21=32 2.2 1.9 sm
26 1.1+2.1=3.2 2.2 1.9 sm
27 0.7+2.5=3.2 2.2 3.6 st
28 0.7+2.5=3.2 2.2 3.6 st
29 1.4+1.8=3.2 2.2 1.3 m
30 1.4+1.8=3.2 2.2 1.3 m
31 14+1.6=3.0 2.1 1.1 m
32 1.4+1.6=3.0 2.1 1.4 m
33 1.0+19=29 2.0 1.9 sm
34 1.0+19=29 2.0 1.9 sm
35 0.7+1.9=2.6 1.8 2.7 sm
36 0.7+1.9=2.6 1.8 2.7 sm
37 1.0+1.5=25 1.7 1.5 m
38 1.0+1.5=2.5 1.7 1.5 m
39 0.7+1.5=2.2 1.5 2.1 sm
40 06+13=19 1.3 2.2 sm




TANAKA, KARASAWA and ISHIDA

Table 6. Measurements of somatic chromosomes of Calanthe
discolor var. amamiana, 2n=40 at metaphase

Chromosome Length (um) Iﬁiﬁ?ﬁe g?ig Form
1 21+2.7=438 3.7 1.3 m
2 2.1+2.7=4.38 3.7 1.3 m
3 1.8+2.8=46 3.6 1.6 m
4 1.8+2.8=46 3.6 1.6 m
5 14+25=39 3.0 1.8 sm
6 1.4+25=39 3.0 1.8 sm
7 1.3+24=37 2.9 1.8 sm
8 1.3+24=3.7 2.9 1.8 sm
9 14+22=36 2.8 1.6 m

10 1.44+22=36 2.8 1.6 m
11 1.2+24=3.6 2.8 2.0 sm
12 1.2+24=36 2.8 2.0 sm
13 1.3+23=3.6 2.8 1.8 sm
14 1.3+2.3=3.6 2.8 1.8 sm
15 1.5+2.0=3.5 2.7 1.3 m
16 1.5+2.0=3.5 2.7 1.3 m
17 11+23=34 2.6 2.1 sm
18 1.1+23=34 2.6 2.1 sm
19 09+24=33 2.6 2.7 sm
20 09+24=33 2.6 2.7 sm
21 1.2+19=3.1 2.4 1.6 m
22 1.2+1.9=3.1 2.4 1.6 m
23 1.3+1.6=2.9 2.3 1.2 m
24 1.3+1.6=29 2.3 1.2 m
25 1.3+1.5=2.8 2.2 1.2 m
26 1.3+1.5=2.8 2.2 1.2 m
27 1.1+1.7=2.8 2.2 1.5 m
28 1.1+1.7=2.8 2.2 1.5 m
29 1.0+1.8=2.8 2.2 1.8 sm
30 1.0+1.8=2.8 2.2 1.8 sm
31 0.7+1.9=26 2.0 2.7 sm
32 0.7+19=26 2.0 2.7 sm
33 09+15=24 1.9 1.7 m
34 1.0+14=24 1.9 1.4 m
35 10+14=24 1.9 1.4 m
36 1.0+1.3=23 1.8 1.3 m
37 10+14=24 1.9 1.4 m
38 09+14=23 1.8 1.6 m
39 0.8+1.3=22 1.7 1.6 m
40 07+1.2=1.9 1.5 1.7 m
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Table 7. Measurements of somatic chromosomes of Calanthe
discolor var. kanashiroi, 2n=40 at metaphase
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Chromosome Length (um) %Z%é%e ﬁl;riré Form
1 24+28=52 4.2 1.2 m
2 24+28=52 4.2 1.2 m
3 1.6+2.7=423 33 1.7 m
4 1.6 +2.5=4.1 33 1.6 m
5 1.4+26=4.0 3.2 1.9 sm
6 1.4+26=4.0 3.2 1.9 sm
7 1.4+2.5=39 3.1 1.8 sm
8 1.4+2.5=39 3.1 1.8 sm
9 1.6+2.1=3.7 3.0 1.3 m

10 1.6+1.9=35 2.8 1.2 m
11 1.2+2.1=33 2.6 1.8 sm
12 1.2+2.1=33 2.6 1.8 sm
13 14+1.8=3.2 2.6 1.3 m
14 14+18=32 2.6 1.3 m
15 1.2+1.9=3.1 2.5 1.6 m
16 1.2+19=3.1 2.5 1.6 m
17 1.0+2.0=3.0 2.4 2.0 sm
18 1.0+2.0=3.0 2.4 2.0 sm
19 1.0+1.9=29 2.3 1.9 sm
20 1.0+19=29 2.3 1.9 sm
21 14+15=29 2.3 1.1 m
22 14+15=29 2.3 1.1 m
23 1.1+1.8=29 2.3 1.6 m
24 1.1+1.8=29 2.3 1.6 m
25 1.0+1.8=238 2.2 1.8 sm
26 1.0+1.8=2.8 2.2 1.8 sm
27 1.2+1.6=2.8 2.2 1.3 m
28 1.2+1.6=2.8 2.2 1.3 m
29 1.3+1.5=28 2.2 1.2 m
30 1.3+15=2.8 2.2 1.2 m
31 0.7+19=26 2.1 2.7 sm
32 0.7+19=26 2.1 2.7 sm
33 1.2+1.4=26 2.1 1.2 m
34 1.2+14=26 2.1 1.2 m
35 09+14=23 1.8 1.6 m
36 09+14=23 1.8 1.6 m
37 1.1+12=23 1.8 1.1 m
38 1.1+12=23 1.8 1.1 m
39 0.7+13=2.0 1.6 1.9 sm
40 06+13=19 1.5 2.2 sm
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Table 8. Measurements of somatic chromosomes of Calanthe
discolor var. tokunoshimensis, 2n=40 at metaphase

TANAKA, KARASAWA and ISHIDA

Chromosome Length (um) nglgégle f;ﬁg Form
1 27+2.7=54 3.8 1.0 m
2 27+2.7=54 3.8 1.0 m
3 23+29=5.2 3.7 1.3 m
4 23+29=5.2 3.7 1.3 m
5 1.3+3.0=4.3 3.1 2.3 sm
6 1.3+3.0=4.3 3.1 2.3 sm
7 1.4+29=43 3.1 2.1 sm
8 14+29=43 3.1 2.1 sm
9 20+2.2=4.2 3.0 1.1 m

10 20+2.2=42 3.0 1.1 m
11 1.3+24=37 2.6 1.8 sm
12 1.3+24=37 2.6 1.8 sm
13 1.5+2.1=3.6 2.6 14 m
14 1.5+2.1=36 2.6 1.4 m
15 1.1+24=35 2.5 2.2 sm
16 1.2+23=3.5 2.5 1.9 sm
17 1.2+2.3=35 2.5 1.9 sm
18 12+23=35% 2.5 1.9 am
19 1.0+23=33 2.3 2.3 sm
20 1.0+23=3.3 2.3 2.3 sm
21 1.5+1.8=33 2.3 1.2 m
22 1.6+1.7=33 2.3 1.1 m
23 1.5+1.8=3.3 2.3 1.2 m
24 1.5+1.8=33 2.3 1.2 m
25 0.8+25=33 2.3 3.1 sm
26 1.0+2.3=33 2.3 2.3 sm
27 1.3+419=32 2.3 1.5 m
28 1.3+19=3.2 2.3 1.5 m
29 09+23=32 2.3 2.6 sm
30 1.1+2.1=32 2.3 1.9 sm
31 1.4+1.6=30 2.1 1.1 m
32 1.3+1.6=29 2.1 1.2 m
33 0.8+2.1=29 2.1 2.6 sm
34 0.8+19=2.7 1.9 2.4 sm
35 1.1+1.7=2.8 2.0 1.5 m
36 1.1+1.7=2.8 2.0 1.3 m
37 1.2+1.6=2.8 2.0 1.3 m
38 1.0+1.1=2.1 1.5 1.1 m
39 0.7+1.3=2.0 1.4 1.9 sm
40 0.7+13=2.0 1.4 1.9 sm
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Table 9. Measurements of somatic chromosomes of Calanthe

gracilis var. venusta, 2n=40 at metaphase
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Relative

Arm

Chromosome Length (um) length At Form
1 2.7+3.0=5.7 3.5 1.1 m
2 27+3.0=57 3.5 1.1 m
3 1.8+3.0=4.8 3.0 1.7 m
4 1.8+3.0=4.8 3.0 1.7 m
5 14+3.3=4.17 2.9 2.4 sm
6 1.4+3.3=4.7 2.9 2.4 sm
7 1.3+3.3=4.6 2.8 2.5 sm
8 1.3+3.3=4.6 2.8 2.5 sm
9 1.5+3.1=4.6 2.8 2.1 sm

10 1.5+3.1=46 2.8 2.1 sm
11 1.7+2.7=44 2.7 1.6 m
12 1.742.7=4.4 2.7 1.6 m
13 113+3.1=4.4 2.7 2.4 sm
14 1.3+3.1=4.4 2.7 2.4 sm
15 20+23=43 2.7 1.2 m
16 20+23=43 2.7 1.2 m
17 20+23=43 2.7 1.2 m
18 20+23=43 2.7 1.2 m
19 20+23=43 2.7 1.2 m
20 20+23=43 2.7 1.2 m
21 1.3+2.9=42 2.6 2.2 sm
22 1.3+2.9=4.2 2.6 2.2 sm
23 1.9+23=42 2.6 1.2 m
24 1.9+23=4.2 2.6 1.2 m
25 1.7+2.3=4.0 2.5 1.4 m
26 1.7+2.3=40 2.5 1.4 m
27 1.2+2.7=3.9 2.4 2.3 sm
28 12+2.7=3.9 2.4 2.3 sm
29 1.3+2.3=3.6 2.2 1.8 sm
30 1.3+23=36 2.2 1.8 sm
31 1.0+2.5=35 2.2 2.5 sm
32 1.0+2.5=3.5 2.2 2.5 sm
33 1.7+1.8=3.5 2.2 1.1 m
34 1.7+1.8=35 2.2 1.1 m
35 1.1+1.8=29 1.8 1.6 m
36 1.1+1.8=2.9 1.8 1.6 m
37 0.8+1.8=2.6 1.6 2.3 sm
38 0.8+1.8=2.6 1.6 2.3 sm
39 1.1+1.5=2.6 1.6 1.4 m
40 1.1+1.5=26 1.6 1.4 m
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Table 10. Measurements of somatic chromosomes of Calanthe
hattorii, 2n=40 at-metaphase

TANAKA, KARASAWA and ISHIDA

Relative

Arm

Chromosome Length (um) length ratio Form
1 23+4+3.3=5.6 3.9 1.4 m
2 23+4+27=5.0 34 1.2 m
3 1.9+29=438 3.3 1.5 m
4 19+28=4.7 3.2 1.5 m
5 2.0+2.5=45 3.1 1.3 m
6 20+25=45 3.1 1.3 m
7 14+27=4.1 2.8 1.9 sm
8 14+27=4.1 2.8 1.9 sm
9 1.8+2.2=40 2.8 1.2 m

10 1.8+2.2=40 2.8 1.2 m
11 1.7+23=4.0 2.8 1.4 m
12 1.7+23=40 2.8 1.4 m
13 1.7+23=4.0 2.8 1.4 m
14 1.7+23=4.0 2.8 1.4 m
15 1.8+2.0=3.8 2.6 1.1 m
16 1.8+2.0=3.8 2.6 1.1 m
17 1.8+2.0=3.8 2.6 1.1 m
18 16+22=38 2.6 1.6 m
19 14+23=3.7 2.5 1.6 m
20 1.4+23=3.7 2.5 1.6 m
21 14+19=3.3 2.3 1.4 m
22 1.4+1.9=3.3 2.3 1.4 m
23 1.2+2.1=33 2.3 1.8 sm
24 12+2.1=33 2.3 1.8 sm
25 0.8+25=3.3 2.3 3.1 sm
26 0.8+24=32 2.2 3.0 sm
27 1.2+2.0=3.2 2.2 1.7 m
28 1.2+2.0=3.2 2.2 1.7 m
29 1.3+1.8=3.1 2.1 1.4 m
30 1.3+1.8=3.1 2.1 1.4 m
31 1.0+2.1=3.1 2.1 2.1 sm
32 1.0+2.1=3.1 2.1 2.1 sm
33 1.1+2.0=3.1 2.1 1.8 sm
34 1.1+2.0=3.1 2.1 1.8 sm
35 09+2.1=3.0 2.1 2.3 sm
36 09+2.1=3.0 2.1 2.3 sm
37 1.0+1.7=2.7 1.9 1.7 m
38 1.0+1.7=2.7 1.9 1.7 m
39 1.0+1.7=2.7 1.9 1.7 m
40 1.0+1.7=2.7 1.9 1.7 m
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Table 11. Measurements of somatic chromosomes of Calanthe
izu-insularis, 2n=40 at metaphase

51

Chromosome Length (um) Rl%f;?ﬁe IAartIiIé Form
1 20+2.8=48 3.2 1.4 m
2 20+28=438 3.2 1.4 m
3 20+2.7=4.7 3.2 1.4 m
4 20+2.7=4.7 3.2 1.4 m
5 09+3.7=46 3.1 4.1 st
6 09+3.7=46 3.1 4.1 st
7 1.5+3.0=4.5 3.0 2.0 sm
8 1.5+3.0=4.5 3.0 2.0 sm
9 1.7+2.6=43 2.9 1.5 m

10 1.7+2.6=43 2.9 1.5 m
11 1.0+3.3=43 2.9 3.3 st
12 1.0+3.3=43 2.9 3.3 st
13 1.0+3.3=43 2.9 3.3 st
14 1.0+3.3=43 2.9 3.3 st
15 1.0+3.1=4.1 2.8 3.1 st
16 1.0+3.1=4.1 2.8 3.1 st
17 1.0+2.8=3.8 2.6 2.8 sm
18 1.0+2.8=3.8 2.6 2.8 sm
19 1.1+2.7=3.8 2.6 2.5 sm
20 1.1+2.7=3.8 2.6 2.5 sm
21 1.1+2.7=3.8 2.6 2.5 sm
22 1.1+2.7=3.8 2.6 2.5 sm
23 1.0+2.7=3.7 2.5 2.7 sm
24 1.0+2.7=3.7 2.5 2.7 sm
25 1.2+2.3=3.5 2.4 1.9 sm
26 1.2+23=35 2.4 1.9 sm
27 1.3+2.0=3.3 2.2 1.5 m
28 1.3+1.8=3.1 2.1 1.4 m
29 0.8+24=32 2.2 3.0 sm
30 0.8+24=32 2.2 3.0 sm
31 1.1+2.1=3.2 2.2 1.9 sm
32 1.1+2.1=32 2.2 1.9 sm
33 0.7+2.2=29 2.0 3.1 st
34 0.7+22=2.9 2.0 3.1 st
35 1.1+1.7=2.8 1.9 1.5 m
36 1.1+1.7=2.8 1.9 1.5 m
37 1.0+1.7=2.7 1.8 1.7 m
38 1.0+1.7=2.7 1.8 1.7 m
39 09+1.3=2.2 1.5 1.4 m
40 09+1.2=2.1 1.4 1.3 m
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Table 12. Measurements of somatic chromosomes of Calanthe
japonica, 2n=40 at metaphase

TANAKA, KARASAWA and ISHIDA

Chromosome Length (um) Iﬁiﬁé}[‘f g?ig Form
1 1.8+22=40 3.4 1.2 m
2 1.8+2.2=4.0 3.4 1.2 m
3 1.7+2.1=38 3.2 1.2 m
4 1.7+2.1=3.8 3.2 1.2 m
5 1.6+2.1=3.7 3.1 1.3 m
6 1.6 +2.1=3.7 3.1 1.3 m
7 14+19=33 2.8 1.4 m
8 14+19=33 2.8 1.4 m
9 1.6+1.7=3.3 2.8 1.1 m

10 1.6+1.7=3.3 2.8 1.1 m
11 14+1.8=3.2 2.7 1.3 m
12 14+1.8=3.2 2.1 1.3 m
13 1.3+19=32 2.7 1.5 m
14 1.3+1.9=3.2 2.7 1.5 m
15 1.3+1.8=3.1 2.6 1.4 m
16 1.3+1.8=3.1 2.6 1.4 m
17 1.2+1.8=3.0 2.5 1.5 m
1R 12+1.8=3.0 2.5 1.5 m
19 1.3+1.7=3.0 2.5 1.3 m
20 1.3+1.7=3.0 2.5 1.3 m
21 1.2+1.7=2.9 2.5 1.4 m
22 1.2+1.7=2.9 2.5 1.4 m
23 1.0+1.9=29 2.5 1.9 sm
24 1.0+19=2.9 2.5 1.9 sm
25 09+19=238 2.4 2.1 sm
26 09+19=238 2.4 2.1 sm
27 1.0+1.7=2.7 2.3 1.7 m
28 1.0+1.7=2.7 2.3 1.7 m
29 1.0+1.5=2.5 2.1 1.5 m
30 1.0+15=25 2.1 1.5 m
31 1.0+14=24 2.0 1.4 m
32 1.0+14=24 2.0 1.4 m
33 1.0+14=24 2.0 1.4 m
34 1.0+14=24 2.0 1.4 m
35 08+16=24 2.0 2.0 sm
36 08+1.6=24 2.0 2.0 sm
37 1.0+1.3=2.3 1.9 1.3 m
38 1.0+1.3=23 1.9 1.3 m
39 1.0+1.2=2.2 1.9 1.2 m
40 1.0+1.2=2.2 1.9 1.2 m
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Table 13. Measurements of somatic chromosomes of Calanthe
lyroglossa, 201=40 at metaphase
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Relative

Arm

Chromosome Length (um) length e Form
1 22+2.4=46 34 1.1 m
2 22+24=46 3.4 1.1 m
3 1.7+2.6=43 3.1 1.5 m
4 1.7+2.6=43 3.1 1.5 m
5 1.4+28=4.2 3.1 2.0 sm
6 14+28=42 3.1 2.0 sm
7 2.0+2.0=40 2.9 1.0 m
8 2.0+2.0=4.0 2.9 1.0 m
9 1.7+2.1=3.8 2.8 1.2 m

10 1.7+2.1=3.8 2.8 1.2 m
11 1.8+1.9=37 2.7 1.1 m
12 1.8+1.9=37 2.7 1.1 m
13 1.8+1.9=3.7 2.7 1.1 m
14 1.8+1.9=37 2.7 1.1 m
15 1.7+2.0=3.7 2.7 1.2 m
16 1.7+2.0=3.7 2.7 1.2 m
17 1.7+1.9=3.6 2.6 1.1 m
18 1.7+1.9=3.6 2.6 1.1 m
19 1.5+2.0=35 2.6 1.3 m
20 1.5+2.0=35 2.6 1.3 m
21 1.4+21=3.5 2.6 1.5 m
22 1.4+2.1=35 2.6 1.5 m
23 1.6+19=35 2.6 1.2 m
24 1.6+19=3.5 2.6 1.2 m
25 1.6+1.7=33 2.4 1.1 m
26 1.6+1.7=33 2.4 11 m
27 14+18=3.2 2.3 13 m
28 14+1.8=32 2.3 1.3 m
29 1.3+1.8=3.1 2.3 1.4 m
30 1.3+1.8=3.1 2.3 1.4 m
31 1.2+1.6=28 2.0 13 m
32 1.2+1.6=2.8 2.0 1.3 m
33 1.1+1.6=2.7 2.0 1.5 m
34 1.1+1.6=27 2.0 1.5 m
35 09+1.8=2.7 2.0 2.0 sm
36 09+1.8=27 2.0 2.0 sm
37 1.0+1.5=25 1.8 1.5 m
38 1.0+1.5=25 1.8 1.5 m
39 0.8+1.3=2.1 1.5 1.6 m
40 0.8+13=2.1 1.5 1.6 m
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Table 14. Measurements of somatic chromosomes of Czlanthe
_musca, 2n=40 at metaphase

TANAKA, KARASAWA and ISHIDA

Chromosome Length (um) Rlee?;‘}'le gltllig Form
1 26+33=59 4.5 1.3 m
2 26+33=59 4.5 1.3 m
3 20+29=49 3.7 1.5 m
4 20+29=49 3.7 1.5 m
5 1.9+24=43 3.3 1.3 m
6 1.9+24=43 3.3 1.3 m
7 1.7+2.3=4.0 3.0 14 m
8 1.7+23=4.0 3.0 1.4 m
9 1.8+22=40 3.0 1.2 m

10 1.84+22=40 3.0 1.2 m
11 1.8+2.0=3.8 2.9 1.1 m
12 1.8+2.0=3.8 2.9 1.1 m
13 1.8+2.0=3.38 2.9 1.1 m
14 1.8+2.0=3.8 2.9 1.1 m
15 1.3+2.1=34 2.6 1.6 m
16 1.3+2.1=34 2.6 1.6 m
17 1.5+1.7=32 2.4 1.1 m
18 1.511.7=~3.2 2.4 1.1 m
19 1.0+2.0=3.0 2.3 2.0 sm
20 1.0+2.0=3.0 2.3 2.0 sm
21 1.0+2.0=3.0 2.3 2.0 sm
22 1.0+2.0=3.0 2.3 2.0 sm
23 1.0+2.0=3.0 2.3 2.0 sm
24 1.0+2.0=3.0 2.3 2.0 sm
25 1.0+19=29 2.2 1.9 sm
26 1.0+19=29 2.2 1.9 sm
27 1.3+1.5=2.8 2.1 1.2 m
28 1.3+15=28 2.1 1.2 m
29 0.9+1.8=2.7 2.0 2.0 sm
30 09+18=2.7 2.0 2.0 sm
31 08+1.8=26 2.0 2.3 sm
32 08+18=26 2.0 2.3 sm
33 09+1.7=26 2.0 1.9 sm
34 09+1.7=26 2.0 1.9 sm
35 09+15=24 1.8 1.7 m
36 09+15=24 1.8 1.7 m
37 09+1.2=2.1 1.6 1.3 m
38 09+1.2=2.1 1.6 1.3 m
39 0.5+10=1.5 1.1 2.0 sm
40 05+1.0=1.5 1.1 2.0 sm
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nipponica, 2n=38 at metaphase

Table 15. Measurements of somatic chromosomes of Calanthe
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Chromosome Length (um) Rlzllf:;‘}lle f;rtlit(l) Form
1 29+3.3=6.2 3.7 1.1 m
2 29+3.3=6.2 3.7 1.1 m
3 26+29=55 3.3 1.1 m
4 26+29=55 33 1.1 m
5 1.5+39=54 3.2 2.6 sm
6 1.5+39=5.4 3.2 2.6 sm
7 23+3.1=54 3.2 1.3 m
8 20+3.1=5.1 3.0 1.6 m
9 22+29=51 3.0 1.3 m

10 22429=5.1 3.0 1.3 m
11 1.9+3.0=49 2.9 1.6 m
12 1.9+3.0=4.9 2.9 1.6 m
13 23+24=4.7 2.8 1.0 m
14 23+2.3=4.6 2.7 1.0 m
15 1.7+2.7=44 2.6 1.6 m
16 1.7+2.7=4.4 2.6 1.6 m
17 20+2.4=44 2.6 1.2 m
18 1.5+2.6=4.1 24 1.7 m
19 1.6+2.7=43 2.5 1.7 m
20 1.6+2.7=423 2.5 1.7 m
21 19+23=4.2 2.5 1.2 m
22 19+2.3=4.2 2.5 1.2 m
23 14+28=42 2.5 2.0 sm
24 14+2.8=42 2.5 2.0 sm
25 1.9+23=4.2 2.5 1.2 m
26 1.9+23=4.2 2.5 1.2 m
27 1.9+2.2=4.1 2.4 1.2 m
28 1.9+2.2=4.1 2.4 1.2 m
29 1.6 +2.3=39 2.3 1.4 m
30 1.6+22=3.8 2.3 1.4 m
31 1.4+24=38 2.2 1.7 m
32 14+24=338 2.2 1.7 m
33 1.8+1.9=3.7 2.2 1.1 m
34 1.8+1.9=3.7 2.2 1.1 m
35 1.6+2.0=3.6 2.1 1.3 m
36 1.6+2.0=3.6 2.1 13 m
37 14+14=28 1.7 1.0 m
38 14+14=28 1.7 1.0 m
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TANAKA, KARASAWA and ISHIDA

oblanceolata, 2n1=40 at metaphase

Table 16. Measurements of somatic chromosomes of Calanthe

Relative

Arm

Chromosome Length (um) length bl oo Form
1 22+2.5=4.7 3.6 1.1 m
2 22+25=4.7 3.6 1.1 m
3 20+2.6=46 3.5 1.3 m
4 20+26=46 3.5 1.3 m
5 1.2+32=44 3.4 2.7 sm
6 1.2+32=44 3.4 2.7 sm
7 1.3+25=3.8 2.9 1.9 sm
8 1.3+25=38 2.9 1.9 sm
9 1.8+2.0=3.8 2.9 1.1 m

10 1.8+2.0=3.8 2.9 1.1 m
11 1.3+23=36 2.8 1.8 sm
12 1.3+23=36 2.8 1.8 sm
13 1.0+2.6+3.6 2.8 2.6 sm
14 1.0+2.6=3.6 2.8 2.6 sm
15 1.3+22=35 2.7 1.7 m
16 1.3+22=35 2.7 1.7 m
17 09+24=33 2.5 2.7 sm
1R 0A+24+=33 2.5 2.7 3111
19 09+23=32 2.4 2.6 sm
20 09+23=3.2 2.4 2.6 sm
21 l6+1.6=3.2 2.4 1.0 m
22 1.6+1.6=3.2 2.4 1.0 m
23 1.5+1.6=3.1 2.4 1.1 m
24 1.5+1.6=3.1 2.4 1.1 m
25 1.0+2.0=30 2.3 2.0 sm
26 1.0+2.0=3.0 2.3 2.0 sm
27 1.0+1.7=2.7 2.1 1.7 m
28 1.0+1.7=2.7 2.1 1.7 m
29 1.1+1.6=2.7 2.1 1.5 m
30 1.1+1.6=2.7 2.1 1.5 m
31 1.0+1.7=2.7 2.1 1.7 m
32 1.0+1.7=2.7 2.1 1.7 m
33 09+18=27 2.1 2.0 sm
34 09+1.7=2.6 2.0 1.9 sm
35 1.0+1.7=2.7 2.1 1.7 m
36 1.0+1.7=2.7 2.1 1.7 m
37 1.0+1.2=2.2 1.7 1.2 m
38 10+1.2=2.2 1.7 1.2 m
39 0.7+13=2.0 1.5 1.9 sm
40 0.7+1.3=2.0 1.5 1.9 sm
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okinawaensis, 2n=40 at metaphase

Table 17. Measurements of somatic chromosomes of Calanthe
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Relative

Arm

Chromosome Length (um) length e Form
1 2.1+32=53 34 1.5 m
2 2.1+3.2=53 3.4 1.5 m
3 24+2.7=5.1 3.2 1.1 m
4 2.242.7=49 3.2 1.2 m
5 1.9+3.1=5.0 3.2 1.6 m
6 1.9+3.1=5.0 3.2 1.6 m
7 23+2.7=5.0 3.2 1.2 m
8 21+2.7=438 3.1 1.3 m
9 22+24=46 3.0 1.1 m

10 22+24=46 3.0 1.1 m
11 1.9+2.6=4.5 2.9 1.4 m
12 1.9+2.6=45 2.9 1.4 m
13 1.7+2.7=44 2.8 1.6 m
14 1.7+2.6=4.3 2.8 1.5 m
15 1.8+2.3=4.1 2.6 1.3 m
16 1.8+23=4.1 2.6 1.3 m
17 1.5+24=39 2.5 1.6 m
18 1.5+2.4=39 2.5 1.6 m
19 1.7+2.1=3.8 2.5 1.2 m
20 1.7+2.1=3.8 2.5 1.2 m
21 1.4+24=3.8 2.5 1.7 m
22 14+24=3.8 2.5 1.7 m
23 1.4+23=3.7 2.4 16 m
24 1.44+23=3.7 2.4 1.6 m
25 1.3+23=3.6 2.3 1.8 sm
26 1.3+23=3.6 2.3 1.8 sm
27 14+2.0=34 2.2 1.4 m
28 14+2.0=34 2.2 1.4 m
29 1.2+2.0=3.2 2.1 1.7 m
30 1.2+1.9=3.1 2.0 1.6 m
31 1.2+1.9=3.1 2.0 1.6 m
32 1.2+1.9=3.1 2.0 1.6 m
33 0.9+2.2=3.1 2.0 2.4 sm
34 09+2.2=3.1 2.0 2.4 sm
35 09+1.9=238 1.8 2.1 sm
36 09+1.9=28 1.8 2.1 sm
37 1.3+1.5=2.8 1.8 1.2 m
38 1.3+1.5=2.8 1.8 1.2 m
39 1.0+ 1.6=2.6 1.7 1.6 m
40 1.0+1.6=26 1.7 1.6 m
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TANAKA, KARASAWA and ISHIDA

_reflexa, 2n=40 at metaphase

Table 18. Measurements of somatic chromosomes of Calanthe

Chromosome Length (um) Rlzlélg}'le gf[rig Form
1 22+32=54 3.3 1.5 m
2 2.2+43.2=54 3.3 1.5 m
3 23+3.0=53 3.2 1.3 m
4 23+3.0=53 3.2 1.3 m
5 1.7+3.0=4.7 2.9 1.8 sm
6 1.7+3.0=4.7 2.9 1.8 sm
7 20+2.5=45 2.7 1.3 m
8 20+25=45 2.7 1.3 m
9 1.84+42.7=45 2.7 1.5 m

10 1.8+2.7=4.5 2.7 1.5 m
11 1.7+2.8=45 2.7 1.6 m
12 1.7+2.8=4.5 2.7 1.6 m
13 1.9+2.6=4.5 2.7 1.4 m
14 1.9+26=4.5 2.7 14 m
15 19+2.5=44 2.7 1.3 m
16 19+25=44 2.7 1.3 m
17 1.2+2.8=4.0 2.4 2.3 sm
1R 1.2+2,8=1.0 21 2.3 sm
19 1.5+2.5=4.0 2.4 1.7 m
20 1.5+2.5=40 2.4 1.7 m
21 19+2.1=4.0 2.4 1.1 m
22 1.9+2.1=4.0 2.4 1.1 m
23 1.8+2.2=40 2.4 1.2 m
24 0.8+3.2=4.0 2.4 4.0 st
25 1.7+2.3=4.0 2.4 14 m
26 1.7+23=40 2.4 1.4 m
27 1.5+23=3.38 2.3 1.5 m
28 1.5+23=338 2.3 1.5 m
29 1.7+2.1=3.8 2.3 1.2 m
30 1.7+2.1=3.8 2.3 1.2 m
31 14+23=3.7 2.3 1.6 m
32 1.4+23=3.7 2.3 1.6 m
33 1.3+2.2=3.5 2.1 1.7 m
34 1.3+2.2=35 2.1 1.7 m
35 1.6 +1.8=34% 2.1 1.1 m
36 1.6 +1.8=3.4% 2.1 1.1 m
37 1.5+1.8=33 2.0 1.2 m
38 1.5+1.8=33 2.0 1.2 m
39 1.3+1.5=28 1.7 1.2 m
40 1.3+1.5=238 1.7 1.2 m

* Chromosome with secondary constriction



KARYOMORPHOLOGICAL OBSERVATIONS OF CALANTHE

schrechteri, 2n=42 at metaphase

Table 19. Measurements of somatic chromosomes of Calanthe
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Chromosome Length (um) Rlzlrzli;:‘l,le ﬁart% Form
1 3.5+3.6=17.1 4.3 1.0 m
2 2.7+3.1=5.8 3.5 1.1 m
3 2.0+3.0=50 3.1 1.5 m
4 2.0+3.0=5.0 3.1 1.5 m
5 1.9+3.0=49 3.0 1.6 m
6 1.9+3.0=49 3.0 1.6 m
7 1.9+2.9=438 2.9 1.5 m
8 1.9+2.9=478 2.9 1.5 m
9 20+2.7=4.7 2.9 1.4 m

10 20+2.7=4.7 2.9 1.4 m
11 20+24=44 2.7 1.2 m
12 20+24=44 2.7 1.2 m
13 2.1+23=44 2.7 1.1 m
14 2.1+23=44 2.1 1.1 m
15 2.0+23=43 2.6 1.2 m
16 20+23=43 2.6 1.2 m
17 1.7+2.6=4.3 2.6 1.5 m
18 1.7+2.6=4.3 2.6 1.5 m
19 1.7+24=4.1 2.5 1.4 m
20 1.7+24=4.1 2.5 1.4 m
21 1.5+2.5=4.0 2.4 1.7 m
22 1.54+2.5=40 2.4 1.7 m
23 1.3+2.7=4.0 2.4 2.1 sm
24 1.3+2.7=4.0 2.4 2.1 sm
25 1.1+25=3.6 2.2 2.3 sm
26 1.1+2.5=36 2.2 2.3 sm
27 1.4+22=36 2.2 1.6 m
28 1.4+22=36 2.2 1.6 m
29 1.3+2.2=3.5 2.1 1.7 m
30 1.3+2.2=35 2.1 1.7 m
31 1.2+2.0=3.2 2.0 1.7 m
32 1.2+2.0=3.2 2.0 1.7 m
33 1.3+1.7=3.0 1.8 1.3 m
34 1.3+41.7=3.0 1.8 1.3 m
35 1.0+1.7=2.7 1.6 1.5 m
36 1.0+1.7=2.7 1.6 1.5 m
37 1.0+15=2.5 1.5 1.5 m
38 1.0+1.5=2.5 1.5 1.5 m
39 1.0+1.5=2.5 1.5 1.5 m
40 1.0+1.3=2.3 1.4 1.3 m
41 1.0+1.1=2.1 1.3 1.1 m
42 1.0+1.1=2.1 1.3 1.1 m
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TANAKA, KARASAWA and ISHIDA

sieboldii, 201=40 at metaphase

Table 20. Measurements of somatic chromosomes of Calanthe

Relative

Arm

Chromosome Length (um) length ratio Form
1 23+32=55 4.4 1.4 m
2 23+432=55 4.4 1.4 m
3 1.7+2.8=45 3.6 1.6 m
4 1.7+2.8=4.5 3.6 1.6 m
5 1.1+2.8=3.9 3.2 2.5 sm
6 1.1+2.8=3.9 3.2 2.5 sm
7 1.3+24=3.7 3.0 1.8 sm
8 1.3+24=37 3.0 1.8 sm
9 1.8+1.8=3.6 2.9 1.0 m

10 1.8+1.8=3.6 2.9 1.0 m
11 1.2+22=34 2.7 1.8 sm
12 1.2+22=34 2.7 1.8 sm
13 1.5+1.8=3.3 2.7 1.2 m
14 1.5+1.8=33 2.7 1.2 m
15 1.5+41.7=3.2 2.6 1.1 m
16 1.5+1.7=3.2 2.6 1.1 m
17 09+23=32 2.6 2.6 sm
18 09+23=3.2 2.6 2,6 sm
19 1.0+2.0=3.0 2.4 2.0 sm
20 1.0+2.0=3.0 2.4 2.0 sm
21 1.1+1.9=3.0 2.4 1.7 m
22 1.1+1.9=3.0 2.4 1.7 m
23 1.2+1.7=29 2.3 1.4 m
24 1.2+1.7=29 2.3 14 m
25 08+2.0=2.38 2.3 2.5 sm
26 0.8+2.0=2.8 2.3 2.5 sm
27 1.24+1.6=2.8 2.3 1.3 m
28 1.2+15=27 2.2 1.3 m
29 1.0+1.6=2.6 2.1 1.6 m
30 1.0+1.6=2.6 2.1 1.6 m
31 08+16=2.4 1.9 2.0 sm
32 08+16=24 1.9 2.0 sm
33 1.0+14=24 1.9 1.4 m
34 1.0+14=24 1.9 1.4 m
35 08+1.3=2.1 1.7 1.6 m
36 08+13=2.1 1.7 1.6 m
37 08+1.2=20 1.6 1.5 m
38 08+1.1=1.9 1.5 1.4 m
39 0.7+1.0=1.7 1.4 1.4 m
40 0.7+09=1.6 1.3 1.3 m
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tricarinata, 2n=40 at metaphase

Table 21. Measurements of somatic chromosomes of Calanthe
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Chromosome Length (m) %Z?gfle gﬁg Form
i 20+32=5.2 3.5 1.6 m
2 20+32=5.2 3.5 1.6 m
3 20+2.7=47 3.2 1.4 m
4 2.0+2.7=4.7 3.2 1.4 m
5 1.7+2.7=4.4 3.0 1.6 m
6 1.7+2.7=44 3.0 16 m
7 1.9+24=43 2.9 1.3 m
8 1.9+24=43 2.9 1.3 m
9 1.7+2.6=43 2.9 1.5 m

10 1.7+2.6=4.3 2.9 1.5 m
11 14+28=4.2 2.8 2.0 sm
12 1.3+2.8=4.1 2.8 2.2 sm
13 1.5+2.6=4.1 2.8 1.7 m
14 1.5+2.6=4.1 2.8 1.7 m
15 1.3+2.7=4.0 2.7 2.1 sm
16 1.3+2.7=4.0 2.7 2.1 sm
17 1.6+2.2=3.8 2.6 1.4 m
i8 1.6+2.2=3.8 2.6 1.4 m
19 1.2+2.4=3.6 2.4 2.0 sm
20 1.2+24=36 2.4 2.0 sm
21 1.2+23=3.5 2.4 1.9 sm
22 1.2+23=3.5 2.4 1.9 sm
23 1.1+23=34 2.3 2.1 sm
24 1.1+23=34 2.3 2.1 sm
25 1.2+2.1=3.3 2.2 1.8 sm
26 1.2+2.1=33 2.2 1.8 sm
27 0.7+2.6=3.3 2.2 3.7 st
28 0.7+2.5=3.2 2.2 3.6 st
29 1.4+19=33 2.2 1.4 m
30 14+19=3.3 2.2 1.4 m
31 1.3+19=3.2 2.2 1.5 m
32 1.3+1.9=3.2 2.2 1.5 m
33 1.0+2.2=3.2 2.2 2.2 sm
34 1.0+2.2=3.2 2.2 2.2 sm
35 1.0+2.0=3.0 2.0 2.0 sm
36 1.0+1.9=29 2.0 1.9 sm
37 1.1+1.8=29 2.0 1.6 m
38 1.1+1.7=2.8 1.9 1.5 m
39 1.2+1.5=2.7 1.8 1.3 m
40 1.3+13=2.6 1.8 1.0 m
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TANAKA, KARASAWA and ISHIDA

__triplicata, 2n=40 at metaphase

Table 22. Measurements of somatic chromosomes of Calanthe

Chromosome Length (um) Rlzl;ié}[}'le glgircl) Form
1 21+2.7=4.8 3.9 1.3 m
2 1.9+27=46 3.8 1.4 m
3 1.6+26=4.2 35 1.6 m
4 1.6+2.6=4.2 3.5 1.6 m
5 1.8+23=41 34 1.3 m
6 1.8+23=4.1 34 1.3 m
7 20+2.1=4.1 34 1.1 m
8 20+2.1=4.1 34 1.1 m
9 1.8+2.1=39 3.2 1.2 m

10 1.8+1.9=3.7 3.0 1.1 m
11 14+23=3.7 3.0 1.6 m
12 14+2.0=34 2.8 1.7 m
13 1.2+23=3.5 2.9 1.9 sm
14 1.2+23=3.5 2.9 1.9 sm
15 14+19=33 2.7 1.4 m
16 14+19=33 2.7 1.4 m
17 1.5+1.8=3.3 2.7 1.2 m
18 1.§5+1.8=3.3 2.7 1.2 m
19 1.5+1.8=33 2.7 1.2 m
20 1.5+18=33 2.7 1.2 m
21 14+14=28 2.3 1.0 m
22 14+14=238 2.3 1.0 m
23 0.7+2.0=27 2.2 2.9 sm
24 0.7+20=27 2.2 2.9 sm
25 09+1.7=26 2.1 1.9 sm
26 09+1.7=26 2.1 1.9 sm
27 1.0+1.6=26 2.1 1.6 m
28 1.0+16=26 2.1 1.6 m
29 1.1+1.5=26 2.1 1.4 m
30 1.1+13=24 2.0 1.2 m
31 08+1.6=24 2.0 2.0 sm
32 08+1.6=24 2.0 2.0 sm
33 0.8+1.3=2.1 1.7 1.6 m
34 0.8+1.3=2.1 1.7 1.6 m
35 08+1.2=20 1.6 1.5 m
36 0.8+1.2=2.0 1.6 1.5 m
37 0.8+1.0=1.8 1.5 1.3 m
38 08+10=138 1.5 1.3 m
39 06+1.2=1.8 1.5 2.0 sm
40 06+12=1.8 1.5 2.0 sm
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Chromosome count in Dendrobium 1. 87 species*

Kiyoshi Hashimoto**

7y Fuey ABOREKRE]. 87

The genus Dendrobium comprising over 2,000 species is floriculturally one of the most
useful orchid. The species have been subdivided into 41 sections by Schlechter (1912),
while taxonomists today placed them in genera Ephemerantha, Epigenium, Diplocaul-
obium and so on (Brieger 1981). In the present paper the taxonomy of the species was
followed to Schlechter (1912, 1927).

Chromosome numbers of the genus Dendrobium have been recorded by many authors,
e.g. Hoffmann 1929, 1930, Miduno 1940, Eftimiu-Heim 1941, Ito and Mutsuura 1957,
Kosaki 1958, Tanaka 1962, 1964, 1965, Mutsuura and Nakahira 1958, 1959, Vajrabhaya
and Randolph 1960, Kamemoto et al. 1961, Kosaki and Kamemoto 1961, Dorn and Kame-
moto 1962, Jones 1963, Chardard 1963, Shindo and Kamemoto 1963, Pancho 1965,
Sharma and Chatterji 1966, Kamemoto and Sagarik 1967, Kamemoto et al. 1967,
Kamemoto and Tara 1968, Arora 1968, 1971, Mehra and Vij 1970, Sharma 1970, Banerji
and Chaudhuri 1972, Hsu 1972, Roy and Sharma 1972, Hedge and Boraiah 1973, Mehra
and Sehgal 1975, 1976, Mehra and Kashyap 1976, 1978, Chatterji 1976, Vij et al. 1976,
Malla et al. 1977, 1978, and Sarkar et al. 1978.

According to these records the chromosome numbers have been reported in 143
species and 34 varieties. Except the horticultural or irregular variants, 106 taxa of them
are 2n=38, 24 are 2n=40, 24 are both 2n=38 and 2n=40, and the rest 23 are various from
2n=30 to 2n=114. The present paper was undertaken to expand the chromosome number
determinations of 87 species in the genus Dendrobium.
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Materials and Methods

All materials identified by the observation of flowers were grown in the Hiroshima
Botanical Garden.

Observation of somatic chromosomes was made with the aceto-orcein technique
developed by Tanaka and Kamemoto (1960) : Active root tips were immersed in 0.002
M 8-hydroxyquinoline for 4 hours at 16°C. They were then transferred to a modified
Carnoy’s solution (1:1:2) for 15 minutes at 16°C, hydrolyzed in IN HCI at 60°C for 2
minutes, transferred to 45% acetic acid for 3 minutes, and squashed and stained in 1%
aceto-orcein.

For observation of meiosis, bud materials were prepared essentially as above but omitt-
ing the pretreatment and maceration.

Results and Discussion

The somatic chromosomes observed in the present investigation were-shown in Figs.
1-9. Results of the chromosome counts of all species investigated were listed in alpha-
betical orders in Table 1. In Table 1 the previous counts appeared in papers were also
listed. Among the 87 species in the genus Dendrobium, 59 were 2n=38, 21 were 2n=40
and the rest were other numbers such as 2n=36+2f in D. insigne, 20n=39 in D. dicuphum,
In~40+1f in D. densiflorum, 20740 12f in D. dixanthum, 2n=43 in D, lungicurnu var.
java, and 2n=76 in D. kingianum. D. distichum was both 2n=38 (diploid) and 2n=57
(triploid).

The chromosome numbers of following 36 species were recorded for the first time:
D. acerosum 20n=38, D. aemulum 2n=38, D. agrostophyllum 2n=38, D. amethystoglossum
2n=40, D. aphrodite 2n=40, D. batanense 2n=38, D. beckleri 2n=38, D, cucumerinum
2n=38, D. cymbidioides 2n=40, D. equitans 20=38, D. falconeri 20=38, D. finisterrae-
2n=40, D. forbesii 2n=40, D. guerreroi 2n=40, D. insigne 2n=36+2f, D. lasianthera 2n=38,
D. lichenastrum 2n=40, D. longicornu var. java 2n=43, D. ophioglossum 2n=38 D, phlox
var. flava 20=38, D. platygastrium 20n=40, D. plicatile 2n=38, D. pugioniforme 2n=38,
D. quinquecostatum 20=38, D. ramosii 2n1=40, D. rhodopterigium 2n=38, D. ruppianum
2n=38, D. sanseiense 2n=40, D. schneiderge 2n=38, D. scopa 2n=38, D. stuposum 2n=38,
D. sulcatum 2n=40, D. teretifolium var. fassiculatum 2n=40, D. terminale 2n=38, D. tetra-
gonum var. giganteum 2n=38, and D. wassellii 2n=38.

The chromosome number of 14 species were here redocumented as follows: 2n=38
to 2n=40 in D. delacourii, D. densiflorum, D. senile, 2n=40 (n=20) to 2n=38 in D.
crumenatum, D. infundibulum, D. leonis, D. moschatum, D. nobile, D. parishii, D. pierardii,
D. superbum, D. tosaense, 2n=ca. 80 to 2n=38 in D. sophronites, n=20 and 2n=36 to
2n=38 in D. heterocurpum. Those appear to be either in error or representing abnormal
types of the species.

The chromosome numbers of 2n=38+1f, 40+1f, 40+2f, 43, 57 and 76 investigated,
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Table 1. Chromosome numbers of the species of Dendrobium studied

Chromosome number

Species Present count  Previous count References
2n n 2n n
acerosum Lindl. 38
aemulum R .Br. 38
aggregatum Roxb.
var. majus Rolfe 38 38 Kosaki 1958
agrostophyllum F. Muell. 38
amethystoglossum Rchb. f. 40 20
aphrodite Rchb. f. 40
batanense Ames et Quisumb. 38
beckleri F. Muell. 38
bigibbum Lindl.
var. superbum Hort.
subvar. compactum
Dockr. 38 38,ca. 57 Jones 1963
canaliculatum R Br. 38 19 2x Jones 1963
38 Wilfret & Kamemoto 1971
candidum Wall. 38 38 Jones 1963
capra J.J.Sm 19 19 Malla ez al. 1977
chrysotoxum Lindl. 38 38 Jones 1963
compactum Rolfe 40 20
crassinode Benth. & Rchb. f. 38 38 Kamemoto & Sagarik 1967
2x Jones 1963
crumenatum Sw. 38 38 Kamemoto & Sagarik 1967
Wilfret & Kamemoto 1971
38+1f Jones 1963
40 Pancho 1965
cucumerinum Macleay 38
cymbidioides Lindl. 40
delacourii Guill. 40 20 38 Kamemoto & Sagarik 1967
Wilfret & Kamemoto 1971
densiflorum Wall. 40+1f 40+2f Kosaki 1958
20+(1-2) Mehra & Vij 1970
42 Chatterji 1976
38 Sharma 1970
20 Mehra & Sehgal 1976
denudans D. Don 40 40 Jones 1963
20 Vij etal. 1976
dicuphum Muell. 39 19,20 38 Jones 1963
distichum Rchb. f. 57 variable 57 Vajrabhaya & Randolph 1960
38 19 38 Pancho 1965,

Wilfret & Kamemoto 1971
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Table 1. (continued)
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Chromosome_number

Species Present count Previous count References
2n n 2n n
dixanthum Rchb. f. 40+2f 40 Kamemoto & Sagarik 1967
Wilfret & Kamemoto 1971
41 Jones 1963
equitans Krinzl. 38
Jalconeri Hk. 38 2x Jones 1963
farmeri Paxt. 40 40 Kamemoto & Sagarik 1967
Sharma 1970
Banerji & Chaudhuri 1972
fimbrigtum Lindl.
var. oculatum Hk. 38 38 Ito & Mutsuura 1957
Kosaki & Kamemoto 1961
38+2B Vij et al. 1976
findlayanum Par. & Rchb. f. 38 38 Jones 1963
Kamemoto & Sagarik 1967
finisterrae Schitr. 40
Jorbesii Ridl. 40
Sformosum Roxb.
var. giganteum 38 38 Kosaki & Kamemoto 1961
Kamemoto & Sagarik 1967
Wilfret & Kamemoto 1071
friedericksianum Rchb. f. 38 38 Jones 1963, Chardard 1963
Kamemoto & Sagarik 1967
guerreroi Ames & Quisumb. 40
heterocarpum Wall. 38 38 Kosaki 1958
Kosaki & Kamemoto 1961
Jones 1963, Pancho 1965
Kamemoto & Sagarik 1967
Wilfret & Kamemoto 1971
Banerji & Chaudhuri 1971
36 Sharma 1970
20 Mehra & Sehgal 1976
infundibulum Lindl. 38 38 Tanaka 1964
Kamemoto & Sagarik 1967
40 Hoffmann 1930
19 Vij etal. 1976
20 Hoffmann 1929
insigne Rchb. f. 36+2f
kingianum Bidw. 76 76 Vajrabhaya & Randolph 1961
Tanaka 1964
38 Jones 1963
112114 Jones 1963
lasianthera J.J.Sm. 38
leonis Rchb. f, 38 19 40 Wilfret & Kamemoto 1971
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lichenastrum Krinzl.

linguiforme Smith. .

longicornu Lindl.
var. java

lyonii Ames

macraei Lindl.

macrophyllum A. Rich.

miyakei Schitr.
monile Krinzl.

moschatum Sw.

nobile Lindl.

ophioglossum Rchb. f.
parishii Rchb. f.

phalaenopsis Fitzg.

40
38

43
40
38
38

38
38

38

38

38
38

38

20

38

40

38

38

38
38

ca.38
38+1-3f
38

39
40

ca.20

38

40
57

40

38

38

19

19

19

19

Jones 1963

Kosaki & Kamemoto 1961
Vij et al. 1976

Mehra & Vij 1970

Kosaki 1958

Kosaki & Kamemoto 1961
Hsu 1972

Miduno 1940

Ito & Mutsuura 1957
Mutsuura & Nakahira 1958
Kosaki & Kamemoto 1961
Jones 1963, Tanaka 1971
Hsu 1972

Nakasone & Moromizato 1964
Jones 1963

Chardard 1963

Kamemoto & Sagarik 1967
Wilfret & Kamemoto 1971
Kamemoto & Sagarik 1967
Jones 1963, Sharma 1970
Vij et al. 1976

Hoffmann 1929, 1930
Miduno 1940b

Ito & Mutsuura 1957
Vajrabhaya & Randolph 1960
Jones 1963

Kamemoto & Sagarik 1967
Sharma 1970, Tanaka 1971
Miduno 1940b

Jto & Mutsuura 1957
Vajrabhaya & Randolph 1960
Chardard 1963
Eftimiu-Heim 1941

Jones 1963

Ito & Mutsuura 1957
Sharma 1970, Chatterji 1976
Jones 1963

Kamemoto & Sagarik 1967
Kosaki 1958

Kosaki & Kamemoto 1961
Wilfret & Kamemoto 1971
Kosaki & Kamemoto 1961
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Table 1. (continued)
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Chromosome number

Species Present count Previous count References
2n n 2n n
phlox Schitr,
var. flava 38
pierardii Roxb. ex. Hook. 38 19 38 Vajrabhaya & Randolph 1960
Sharma & Chatterji 1966
Jones 1963
Kamemoto & Sagarik 1967
Sarkar et al. 1978
19 Kosaki 1958
Kosaki & Kamemoto 1961
Sharma & Chatterji 1966
40 Sharma 1970
Roy & Sharma 1972
1920 Chardard 1963
57 Sharma & Chatterji 1966
platygastrium Rchb. f. 40
plicatile Lindl. 38
pugioniforme A. Cunn. 38
quinquecostatum Schltr. 38
ramosii Ames 40
revolutum Lindl. 40 40 Kateinoly & Sagarlk 1987
rhodopterygium Rehh. f, 38
ruppianum A.D. Hawkes 38
sanseiense Hayata 40
scabrilingue Lindl. 38 38 Kamemoto & Sagarik 1967
schneiderae F.M. Bail. 38
scopa Lindl. 38

secundum Lindl.

senile Par. & Rchb. f.

smilliae F.v. Muell.
sophronites Schitr.
strebloceras Rchb. £,

stuposum Lindl.

sulcatum Rchb. f.
superbiens Rchb. f.

superbum Rchb. f.

40 20 40

20
40 38
38 38
38 ca.80
38 38
38
40
38 38
19
38 40

Jones 1963

Kamemoto & Sagarik 1967
Chardard 1963

Kamemoto & Sagarik 1967
Wilfret & Kamemoto 1971
Jones 1963

Jones 1963

Jones 1963

Wilfret & Kamemoto 1971

Vajrabhaya & Randolph 1960
Jones 1963

Vij et al. 1976

Vajrabhaya & Randolph 1960
Eftimiu-Ileim 1941

Ito & Mutsuura 1957
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Table 1. (continued)

19 Kosaki 1958
Vajrabhaya & Randolph 1960
Kosaki & Kamemoto 1961

sutepense Rolph et Downie 38 2x Jones 1963
38 Wilfret & Kamemoto 1961
taurinum Lindl. 38 38 Kosaki 1958

Kosaki & Kamemoto 1961
teretifolium R.Br.
var. fasciculatum Rupp. 40
terminale Par. et Rchb. f. 38
tetragonum A. Cunn.
var. giganteum Gilbert 38
thyrsiflorum Rchb. f. 40 40 Vajrabhaya & Randolph 1960
Kosaki & Kamemoto 1961
Kamemoto & Sagarik 1967
20 Hoffmann 1929, 1930

topaziacum Ames 38 19 38 Pancho 1965
tortile Lindl. 38 38 Kosaki & Kamemoto 1961
Jones 1963

Kamemoto & Sagarik 1967
Wilfret & Kamemoto 1971

tosaense Makino 38 19 38 Tanaka 1965, 1971
40 Mutsuura & Nakahira 1959
wardianum Warn. 38 2x Jones 1963

19 Mehra & Sehgal 1976
wassellii S.T. Blake 38

might have been horticultural or natural variants. On the other hand the chromosome
number of 2n=39 in D. dicuphum, a new count, was found to be hybrid combination
since the meiotic configuration was observed to be 19 I1 + 11.

Summary

1. Chromosome counts were carried out in 87 species of Dendrobium.

2. Among these 87 species, 59 species were 2n=38, 21 were 2n=40, and the rest seven
were 2n=36+2f, 2n=39, 2n=40+1f, 2n=40+2f, 2n=43, 2n=76, and 2n=38 and 57,
respectively.

3. The chromosome numbers of 36 species were recorded for the first time and those
of 14 species were redocumented.
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Fig 1. Photomicrographs of somatic chromosomes of Dendrobium. x 2000.
A, D. acerosum 2n=38. B, D. aemulum 2n=38, C, D. aggregatum var. majus
2n=38, D, D. agrostophyllum 2n=38. E, D. amethystoglossum 2n=40. F, D,
aphrodite 2n=40. G, D. batanense 2n=38. H, D, beckleri 2n=38. I, D. bigibbum
var. superbum subvar, compactum 2n=38,
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_ Fig. 2 Photomicrographs of somatic chromosomes of Dendrobium. x 2000,

A, D. canaliculatum 2n=38. B, D. candidum 2n=38. C.D. chrysotoxum 2n=38.
D, D. compactum 2n=40. E, D. crassinode 2n=38. F, D. crumenatum 2n=38.
G, D. cucumerinum 20=38, H, D. cymbidioides 2n=40. 1, D. delacourii 2n=40.
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Fig. 3.

Photomicrographs of somatic chromosomes of Dendrobium. x 2000.
A, D. densiflorum 2n=40+1f. B, D. denudans 2n=40. C, D. dicuphum 2n=39.

o
L

D, D. distichum 2n=38 (diploid). E, D. distichum 2n=57 (triploid). F, D. dix-
anthum 2n=40+2f. G, D. equitans 2n=38. H, D. falconeri 2n=38. 1, D. farmeri

2n=40. 1, D. findlayanum 2n=38.
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Fig. 4. Photomicrographs of somatic chromosomes of Dendrobium. x 2000,

A, D. finisterrae 2n=40. B, D. forbesii 2n=40. C, D. formosum var. giganteum
2n=38. D, D. friedericksianum 2n=38. E, D. guerreroi 2n=40. F, D. hetero-
carpum 2n=38. G, D. infundibulum 2n=38. H, D. insigne 2n=36+2f. I, D.
kingianum 2n=76 (tetraploid).
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Fig. 5. Photomicrographs of somatic chromosomes of Dendrobium, x 2000,

KIYOSHI HASHIMOTO

A, D. lasianthera 2n=38. B, D. leonis 2n=38. C, D. lichenastrum 2n=40. D, D.
linguiforme 2n=38. E, D. longicornu var. java 2n=43. F, D. lyonii 2n=40. G, D.
macraei 2n=38, H, D, macrophyllum 2n=38. 1, D. miyakei 2n=38.
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Fig. 6. Photomicrographs of somatic chromosomes of Dendrobium. x 2000.
A, D. monile 2n=38, B, D. moschatum 2n=38. C, D. nobile 2n=38. D, D. ophio-
glossum 2n=38, E, D. parishii 2n=38. F, D. phalaenopsis 2n=38. G, D. phlox
var. flava 2n=38. H, D, pierardii 2n=38. 1, D, platygastrium 2n=40. ], D. plicatile
2n=38. K, D. pugioniforme 2n=38.
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Fig. 7. Photomicrographs of somatic chromosomes of Dendrobium. x 2000.

A, D. quinquecostatum 2n=38. B, D. ramosii 2n=40. C, D. revolutum 2n=40.
D, D. rhodopterygium 2n=38. E, D. ruppianum 2n=38. F, D. sanseiense 2n=40.
G, D. scabrilingue 2n=38. H, D. schneiderae 2n=38. I,D. scopa 2n=38.
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Fig. 8. Photomicrographs of somatic chromosomes of Dendrobium. x 2000.
A, D. senile 2n=40. B, D. smilliae 2n=38. C, D. sophronites 2n=38. D, D. stu-
posum 2n=38. E, D. sulcatum 2n=40. F, D. superbiens 2n=38. G, D. superbum
2n=38. H, D. sutepense 2n=38. 1, D. taurinum 2n=38.
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Fig. 9. Photomicrographs of somatic chromosomes of Dendrobium. x 2000.

A, D. teretifolium var. fasciculatum 2n=40. B, D. terminale 2n=38. C, D. tetra-
gonum var. giganteum 2n=38. D, D. topaziacum 2n=38. E, D. tortile 2n=38.
F,D. tosaense 2n=38. G, D. wardianum 2n=38. H, D. wassellii 2n=38.
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Morphological studies on leaf of Paphiopedilum

Kohji Karasawa and Mikio Aoyama

Paphiopedilum BOZMK ESEEHL LT S5
2T, B b CEOHRIRENEETHSL I L
BRITRASNTHE, LarLEe»¥saEE, D
FRE L L TR EREL L UEROFEESERD
FohTwaicd X4 n(R]Iv.D. 1969), £72, Ro-
sso (1966)ix Cypripedioideae ERID 4B X L W &
JCERHEBOTEE 2 LB L7208, BRICE T 5 Hik
BRETIZ L Twadein,

EEXOREBEENET 2L TCLAREDES,
SHOKRESBIVEPEELRRBETH D L OFER
2BIOTI ZITHRET %,

ME s & UFE

B LB L FHOEEEIRR 1R L,
HFRA LRI AROFSEZEOR—REO T TH
BLTWw33H0T, 1o 1 AIE@EL2EH L.
BHEICRFTSCERELLEEZRY, EDXiE» 5
Y4 DER DRIk & B O PRI S OB s EA
L, Fv85— b 2ER LT,

REOHEIE I EERFEE, 51 & LUIHMERLET
AL, EROESREODES L ITHAREDES &
DETEHLIK,

#7E B R

1. EOEZ

TDE X FHBKX2.10 m (P. parishii) 2> & F /h
0.47mn (P. glaucophyllum) & TOHEDKEZR L
Yoo ZODHid4 . 5ETHRFHEIL0.89mTH - 72,
2. FEHERKOES

TEREDOE S 5K 1.27 nn (P. parishii) 2» &
#/1\0 . 05mm (P. purpuratum) % T O EHO E %~
L, ok TKREREVRONT, £DHIE25.4
FIEL, BFHEIZ0.35mTH -7,

tEFEE BT ZREMEOFIEZEDOESICEL
T, MEDOBDRREFEZbOIA LN, REME
DOHNEWIEZ F 7 SBHEELTBY, P micran-
Hum TRELBROMMBBREN TV, &
FEaO EIE OHIREEE 13 7E <, P. concolor TI3IELR
HRohsLbPEHEEs (K1),

3. ERADES

TAOE X 3R K 0.83 on (P. parishii) 2> & Hx/
0.34mn (P. glaucophyllum) £ T O EH O HME % 7~
L, BEOE /NS o T, #DHIX2.4E TR
E120.54mmTH o720

B4R 3 P. parishii, P. insigne s ¥ D & 51
HRRGE R & Wi RS R I AME L T B,
P. glaucophyllum, P. lawrenceanum iz £ D X 5 12
FEERRESBEE S Nz, FEMBIA LR 2B TIRAR
E|ES LA L OB EOEER SN, FEE
EOH L ERROBDOWMA & > THALAHTK
INTwiz,

* Contribution from the Hiroshima Botanical Garden No. 18

** The Hiroshima Botanical Garden

Bulletin of The Hiroshima Botanical Garden, No. 4 : 8187, 1981.
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Table 1. Plant materials and measurements of tissues in leaf

Thickness  Thickness of Thickness of Length of Number of
Species of leaf upper epidermis mesophill guard cell  stomata
(mm) (mm) (mm) (um) (/mm?2)
Subgenus BRACHYPETALUM
bellatulum 1.57 1.03 0.54 49 40.5
concolor 1.37 0.70 0.67 37 46.5
niveum 1.47 1.00 0.47 43 48.0
micranthum 0.86 0.15 0.71 53 27.9
delenatii 0.70 0.20 0.50 58 19.1
Subgenus POLYANTHA
stonei 0.70 0.11 0.58 52 41.6
rothschildianum 0.93 0.20 0.73 54 37.1
praestans 1.33 0.70 0.63 55 33.0
philippinense 1.33 0.77 0.56 54 28.5
randsii 0.95 0.46 0.48 44 40.1
lowii 0.80 0.28 0.52 42 43.5
haynaldianum 1.07 0.47 0.60 44 40.5
parishii 2.10 1.27 0.83 47 51.0
victoria-mariae 0.70 0.13 0.56 60 31.1
chamberlainianum 0. 80 0.23 0.57 50 33.0
c. var. latifolium 0.75 0.21 0.53 54 31.5
primulinum 0.76 0.25 0.51 52 39.0
glaucophyllum 0.47 0.13 0.34 53 27.0
Suhgenns PAPHYQPEDILUM
hirsutissimum 0.60 0.22 0.38 43 37.5
exul 1.10 0.60 0.50 49 43.5
villosum 0.70 0.10 0.60 37 40.5
insigne 0.65 0.15 0.50 48 63.0
i. var. sanderae 0.68 0.15 0.53 50 73.1
charlesworthii 0. 86 0.35 0.51 38 86.6
spicerianum 0.73 0.23 0.50 45 49.5
druryi 1.43 0.73 0.70 48 43.5
Subgenus BARBATA
fairieanum 0.83 0.43 0.40 44 54.0
bullenianum 0.63 0.20 0.43 57 15.0
appletonianum 0.53 0.10 0.43 63 21.5
tonsum 0.57 0.13 0.44 61 13.5
sukhakulii 0.50 0.10 0.40 60 13.5
lawrenceanum 0.70 0.13 0.57 62 12.0
callosum 0.87 0.22 0.65 65 18.0
venustum 0. 80 0.27 0.53 60 15.0
purpuratum 0.57 0.05 0.52 61 15.0
virens 0.67 0.15 0.52 62 21.0
mastersianum 0.77 0.12 0.65 63 13.5
Average 0.89 0.35 0.54 51.8 35.4
Ratio (max./min.) 4.5 25.4 2.4 1.8 7.2
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Fig. 1. Cross sections of leaf of Paphiopedilum.
A, P. concolor. B, P. micranthum. C, P. rothschildianum. D, P. randii. E, P.
parishii. F, P. chamberlamzanum G, P. glaucophyllum. H, P hirsutissinum.
I, P. insigne. J, P. charlesworthii. K, P. spicerianum. L, P. fairicanum. M, P.
lawrenceanum N P, venustum. O, P. purpuratum x 18.
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Stomata in lower epidermis of leaf of Paphiopedilum.

A, P. concolor.
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E, P.

K, P. spicerianum. L. P. fairieanum. M, P.

B, P. micranthum. C, P. rothschildianum. D, P. randii.

J. P. charlesworthii.

F, P. chamberlainianum. G, P. glaucophyllum. H, P. hirsutissinum.
lawrenceanum. N, P, venustum. O. P. purpuratum. x 60.

I, P. insigne.
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THREEDE S IEE YL 4 121FF U TLREREC
Hon2 LI RZLLEREL Cwihol, ED
HEENEGEL TW5 P venustum TlEFREHFLO
—Ic FE RS A LIRS SEL T (®2 N),
4, [FLOREX

THERCBET2ALMEEBORERIRK
65um (P. callosum) & §/IN37 pm (P. concolor,
P. villosum) £ TOHTHOKEERLTED, €O
Fi3 1.8 ETHRFEEE 51, 8um TH Tz,

FLIMAR I oo X AR & D /& <, OB
B C T L R EEEE R s han oo (®2),
F LMo S s F 7 SEPFEELTTCE
fomERER SN TWR (3 ),

5. [FLOE

TEEKC B 5 RFLEETASE. 618/ m' (P. ch-
arlesworthii) 7 & & /N 12.0 {&/m® (P. lawrence-
anum) ETOEBEORBEERL, BIoL>TKRER
FENSFLS NIz, F DHIET. 2245 THEFHIE 1335 4fR
/mt TH -7z

% =

#wOES L FEFEEOE S L ORICEEHEE
Hohsd, $2bb, EnEs by BT EERK
DESFENMLTE D, EREBOES3EML T
VR, —7, SZALE L RIS ORI IR G &
OfENR>ND, TBbbL, Kangile b oE
CREAEND o TB Y, [ILE, L[ILED
TEI R B> TS ERABASNS,

Fig. 3.

o

FEE KB P. parishii, P. concoloy, P. druryi
BEBEELTOAECHIRIEERT 2 TEET 5
BTIRZELUICRZEL TWB N, —7h, P glaucop-
wyllum, P. purpuratum ’z ERIK THEHE L T 3
BTRISEORESEL, 0L K EARKOE
EDLEROPEFHOREOMEC S ETTW» 5
ZriBHerED SN, F/z, FARAHROD
BIEEASEERR I 5 Z Lo s, AR TIRETKE
Bl TFeEQ FmEEBERAL TS 2
bbb,

TEEEOES FEENTELLEERTH, K4l
B, SAEREEDSIERF (Brieger 1971) Z& 2 &
rEoHEEETEASR NS, T, £
EEREOBE S NEFMORECHEEL TELLLT
WRETH LD LT, RILE, S[ALEEETERD
BOMCEIZ—EORMELTT I e o REORE
EZFICWEELLBETH S b,

Brachypetalum 8D > & P. bellatulum, P. co-
ncolor, P. niveum (3 LTEREDP L CFEELTED,
SAEFFHmCEVEEESTL, [T
CEVWEEYTRT, —H, P. micranthum, P. del-
enatii 13 FEEREOFKEDEENE L, SILRIF
B EuEEEEL, SABRTEIEGEE
RERT, JO& D EARHEBIFEIOMEMES SIS
DIZRIEBIBEEEATY S,

Polyantha Hi/E D&M X FEREOES B LUK
AEC B TREEADENKE L, S BRT
FEmE R 7 BB 2 R T, AFEED 5 % Cochlo-
petalum §iic BT 2 {EIz LFEARKEORESIKBLT

F: v -y /,;ﬁ..;-i

!

Cross sections of stoma of Paphiopedilum.

A, P. micranthum. B, P. stonei. C,P. callosum. x 300.
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Paphiopedilum FE R &LE, KA B TE
FOENKE WY, MOBBICHLET 2 &, KILE
KBTI EEEZRT,

P. faivieanum % % { Barbata®E O & % 13 FE
HIGEMU U8B 2R, MOBERBICHET 2 L&
REBOTTEHNCE EE, [ABCBLWTS
YIERWERRT P, fairieanum (3R E D BT 124
SLHY7 $1{E % 7~ L, Paphiopedilum H/E D7
fBEE—5T 2,

UEDZ L EORES b L IZKBEDRE % ik
L, EROSEEBEST % L HAEIZ i3 Brieger ©
DEE—HT 50, ROEATRES»ICREYL R
BEL NI,

Brachypetalum B 2 ek B — D HEE L L T
BbhTwldd, BOEHOBEL, Sk 2 DDRE
LRERLODEMANEEINTVLE I b nsd,

Barbata H/E 12 & £ LT\ 5 P. fairicanum 135,
fLE, 5FLEz 5> T Paphiopedilum 8o $1f &
—HLTBY, L2bFETHS Lo b Paphi-
opedilum HJE L L 72 HEDEER b - T 3,
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B #

1. Paphiopedilum & 36 BOEDOEME L & UKL
DEE B IR WEMOBEE Z LKL /-,

2. BT, LEFREMEE AR UCFIA
LT, EENELNESNS,

3. BEERKICBIT 257K & KFLE - oz 128
BaeaOEE»sRsNn 3,

4, EDOE% b LT Brachypetalum )8 % 2 B
XS TE 3,

5. P. faivieanum 1% Paphiopedilum 8@ & 38 L
1EOREEZ S D,

Summary

1. Morphological investigations of leaf of
Paphiopedilum were carried out in 36
species.

2. Upper epidermis of leaf were consisted of
a single layer of cells that functioned as
water storage tissue.

3. The relations between the numbers of

stomata and the length of guard cell were
elucidated.

4. Morphological structures of the leaf of
the species could be divided into two groups
distinctly in the subgenus Brachypetalum.

5. P. fairieanum Dbelonging to subgenus
Barbata was allied to subgenus Paphiopedil-
um in the maesurements of leaf.
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