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Morphological and germination characteristics of Adenophora triphylla
var. japonica (Campanulaceae) growing on riverbank rocks of
the Jinzu River, central Japan

Toshiaki Shiuchi

Botanic Gardens of Toyama,
42 Kamikutsuwada, Fuchu-machi, Toyama 939-2713, Japan
t-shiuchi@bgtym.org

Abstract: The rheophytic type Adenophora triphylla var. japonica, which grows on
riverbank rock upstream of the Jinzu River, central Japan, was newly recognized. The
characteristics of external morphology and germination of the rheophytic type plants were
investigated and compared with those of the closely related terrestrial type. The leaves
of the rheophytic type plants were narrower and smaller than those of the terrestrial type
plants. The number of nodes in the stem of the rheophytic type plants was higher than
that of the terrestrial type plants. The seeds of the rheophytic type plants were slender, but
larger than those of the terrestrial type plants. Furthermore, the seeds of the rheophytic
type plants germinated at temperatures higher than 20 °C without dormancy; in contrast,
those of the terrestrial type plants exhibited dormancy. The small and narrow leaves and
rapid-germinating characteristics of the rheophytic type plants may have adaptive advan-
tages in the unstable water environments upstream of the Jinzu River, where occasional
water level rise and flow increase occur.

Key Words: Adenophora triphylla var. japonica, germination, Jinzu River, leaf shape,
rheophyte, riverbank, seed dormancy
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Table 1. The localities and individual numbers of the investigated rheophytic and terres-
trial types of Adenophora triphylla var. japonica. The locality numbers correspond to

those in Fig. 2.
Locality Number of individuals
collected

Rheophytic type

1. Kagasawa, Toyama-shi, Toyama Pref. 4

2. Sunouchi, Miyagawa-cho, Hida-shi, Gifu Pref. 16

3. Kishioku, Miyagawa-cho, Hida-shi, Gifu Pref. 6

4. Noguchi, Furukawa-cho, Hida-shi, Gifu Pref. 14
Terrestrial type

5. Nihongi, Kiyomi-cho, Takayama-shi, Gifu Pref. 10

6. Kamihirose, Kokufu-cho, Takayama-shi, Gifu Pref. 5
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Jinzu River (Kagasawa, Toyama-shi, Toyama Pref., Aug. 2, 1998).
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Fig. 2. The distribution of Adenophora triphylla var. japonica plants surveyed in this study. Solid
circles and squares indicate the populations of the rheophytic and terrestrial types, respectively.
Open circles indicate the locations where the rheophytic type plants were not observed. The local-

ity numbers correspond to those in Table 1.
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Aster microcephalus (Mig.) Franch. et Sav. 73
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Table 2. Morphological differences between the rheophytic and terrestrial types of
Adenophora triphylla var. japonica investigated in this study.

Charisteristics

Rheophytic type

Terrestrial type

(Mean+SD) (Mean+SD)
Leaf blade
Length (cm) 7.71+£2.65 (n=40) 8.85+1.63 (n=15) **
Width (cm) 1.75+0.98 (n=40) 3.08+0.52 (n=15) *
Leaf index 5.62+3.51 (n=40) 2.94+0.70 (n=15) ***
Area (cm?) 9.43+10.76 (n=40) 16.57+4.19 (n=15) *

Number of nodes 10.6+4.0 (n=40)

Seed
Length (mm) 1.4+0.58 (n=30)
Width (mm) 0.2+0.07 (n=30)
Shape index _
(Length/Width) 2.4+0.38 (n=30)

7.4+1.4 (n=15) ***

1.240.65 (n=30) *
0.1+0.07 (n=30) *

1.940.26 (n=30) ***

* Significant, t-test (p < 0.01)
** Significant, t-test (p < 0.05)
*#% Significant, Mann—Whitney U test (p < 0.01)
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Fig. 3. Accumulative ratio of germinated seeds of Adenophora triphylla var. japonica at 5, 10, 15,
20, and 25 °C. A: Rheophytic type; B: Terrestrial type. All seeds were moved to 30 °C conditions
after 30 days of sowing (designated by gray color).
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Types of pollen grains in Camellia reticulata and differences in their
composition among cultivars and growing conditions

Toshiaki Shiuchi*, Tadashi Kanemoto®, Masashi Nakata”, Zhonglang Wang?,
Baojun Feng®, Kaiyun Guan?, Noriyuki Fujishita”

Y Botanic Gardens of Toyama,
42 Kamikutsuwada, Fuchu-machi, Toyama 939-2713, Japan
*t-shiuchi@bgtym.org (corresponding author)
2 Kunming Botanical Garden,
Kunming Institute of Botany, Chinese Academy of Sciences,
132 Lanhai Road, Kunming, Yunnan 650204, P. R. China
% 2-18-7 Nishiyamadai, Osakasayama, Osaka 589-0022, Japan

Abstract: The morphology of pollen grains and fertility of Camellia reticulata were inves-
tigated in 21 cultivars and 22 wild trees. Five types of pollen grains—normal, abnormal,
huge, pseudopollen grains (PPG), and starch pollen grains (SPG) —were recognized. Five
cultivars, ‘Dahong Guiye’, ‘Dahongpao’, ‘Dayinhong’, ‘Jingancha’, and ‘Maye Yinhong’,
which were cultivated in the Kunming Botanical Garden, China, had high proportion (70—
90 %) of normal pollen grains, whereas those cultivated in the Maizuru Natural Culture
Garden, Kyoto, Japan, produced PPGs instead of normal pollen grains. Environmental
factors, such as high summer temperatures in Japan, may have caused the sterility of these
pollen grains. The proportions of normal pollen grains in wild C. reticulata trees were rel-
atively high (70-90 %), however, all the wild trees had sterile pollen grains of “abnormal”
and PPGs, and additionally some of those trees had “huge” and/or SPGs.

Key Words: Camellia reticulata, cultivar, environmental factor, genetic trait, pollen
fertility, pollen morphology, pseudopollen grain

Camellia reticulata Lindl., widely known as Yunnan camellia, is a widely used and
popular species in China, especially in Yunnan Province. A large number of horticultural
cultivars of this species have been developed, mainly by selection from natural popula-
tions, and new cultivars are still being created through selective breeding or from bud
mutations/sports (Feng et al. 1986). However, old trees of more than 100 years of age,
including the trees from which horticultural cultivars were originally developed, are now
endangered because of environmental changes, excess cutting for grafting, inadequate
management, etc. As a first step toward conservation, the Botanic Gardens of Toyama
(BGT) in Japan and the Kunming Botanic Garden (KBG), Chinese Academy of Sciences,
China conducted field research in Yunnan Province from 2007 to 2012. This research was
part of a cooperative study whose goal was to register old and large trees of C. reticulata
in Kunming, Chuxiong, Dali, and neighboring areas (Yamashita et al. 2009, Shiuchi et al.
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Table 1. Localities of the botanic gardens and wild populations from which the materials were
obtained.

Botanic garden / Localit Altitude Latitude /
wild population y (m) Longitude
Kunming botanical garden . . . 25°08'18.4"N
(KBG) Kunming, Yunnan Province, China 1920 102°44'40 0"E
Botanic gardens of Toyama . 36°39'44 6"N
(BGT) Toyama City, Toyama Prefecture, Japan 17 137°10'52 S"E
Maizuru Natural Cultural Garden N . ) 35932'18.4"N
(MNCG) Maizuru City, Kyoto Prefecture, Japan 200 135°23'51 7"E
ot Yangbi County, Dali Prefecture, 25°37'45.3"N
Xinling Yunnan Province, China 2384 99°5338.9'E
Zixishan Mountain Chuxiong City, Yunnan Province, China - 25 WISI2 N

~2425 99°32'16.5"E

[C]
30
e Maizuru (alt.2.4m), Japan
= Toyama (alt.8.6m), Japan
25 1 ms K unming (alt. 1892m), China
e Dali (alt.1992m), China
20 1
15 1
10 4
5 4
0

Jan, Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

Fig. 1. Monthly mean temperatures for 2010 for the three localities where Camellia reticulata culti-
vars were cultivated, and the normal value (the mean value for 1981-2010) of the monthly mean
temperatures for Dali, Yunnan Province, China, where pollen grains of wild C. reticulata were
examined.

2010, Kanemoto et al. 2012, Shiuchi et al. 2015). This study was the first scientific survey
of historical Yunnan camellia. During the study, the diversity of pollen grains of C. reticu-
lata was observed and recorded.

With respect to pollen characteristics in the family Theaceae, Tsou (1997, 1998) reported
a special kind of pollen grain, the “pseudopollen grain” (PPG), in subfamily Camellioideae.
Fujishita (1997) also reported PPGs in the genus Camellia and in some other genera, and
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this study included the first report of PPGs in C. reticulata. At present, 30 of 50 studied
species are known to have PPGs (Wang et al. 2012). However, the characteristics of pollen
grains, including the nature of PPGs, are not yet fully understood. In the present study, we
focused on the morphology and stainability (fertility) of pollen grains from both horticul-
tural cultivars and wild trees of C. reticulata.

Materials and methods

In 2011, pollen grains of C. reticulata cultivars were collected in BGT, the Maizuru
Natural Culture Garden (MNCG), Kyoto, Japan, and in KBG (Table 1). Originally, the
C. reticulata trees in BGT and MNCG were introduced from KBG in 1993 and 1982,
respectively, and have been cultivated in greenhouses in BGT and MNCG. The minimum
temperature of the greenhouses in BGT was set so that it does not fall below 5 °C, whereas
that of MNCG was considered to be almost the same as the outside temperature due to hav-
ing no heating system. In KBG, camellia trees are cultivated outdoors.

The pollen grains of wild C. reticulata were obtained from five trees in Xiulimg, Yangbi
County, Dali Prefecture, and 17 trees in Zixishan Mountain, Chuxiong City, Yunnan
Province, in 2008 and 2009, respectively. Since it has been pointed out that natural hybrids
between wild and cultivated C. reticulata are distributed on Zixishan Mountain (Shiuchi
et al. 2012), wild types were collected from places where cultivars have not been planted
nearby.

The monthly mean temperatures for 2010 (recorded near the three collection localities
of Maizuru and Toyama cities in Japan, and Kunming in Yunnan Province, China) and the
normal value (the mean value for 1981-2010) of the monthly mean temperatures for Dali,
Yunnan Province, China, are shown in Fig. 1 (Japan Meteorological Agency, http://www.
data.jma.go.jp/obd/ stats/etrn/index.php).

For the observation of pollen grains, the stamens from C. reticulata cultivars and wild
trees were cut from living flowers and stored in 70 % ethanol solution. Pollen grains from
more than three anthers from each flower were stained on a glass slide in a drop of [-KI
staining solution (1 g of iodine and 2 g potassium iodide in 300 mL of distilled water) and
covered with a cover glass. More than 500 pollen grains per prepared slide were examined
under a microscope (Nikon Eclipse E400, Japan).

Results and discussion
Types of pollen grains
In the present study, the following five types of pollen grains were recognized in terms of
microscopic morphology and stainability (cf. Fujishita 2000): 1) normal pollen grains (Fig.
2, N)—qrains nearly equal to each other in size and shape, tricolporate, well-stained; 2)
abnormal pollen grains (Fig. 2A, AN) —qgrains irregular in size and shape and/or unstained
owing to lack of cytoplasm; 3) huge pollen grains (Fig. 2B, H) — approximately 1.5 times
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Fig.2. Five types of pollen grains observed in Camellia reticulata. Abbreviations: normal pollen
grains (N), abnormal pollen grains (AN), huge pollen grains (H), pseudopollen grains (PPG),
starch pollen grains (SPG). See Table 2 for descriptions. A and B: ‘Maye Yinhong’ cultivated in
KBG. C: “Maye Yinhong’ cultivated in BGT. The bar indicates 100 pm.

larger (or more) than normal pollen grains, well or heterogeneously stained; 4) pseudopol-
len grains (Fig. 2, PPG) —qgrains variable in size and shape, no aperture at all in the exine,
scalloped, shell-like structure with approximately 30-50 parallel ribs, unstained; 5) starch
pollen grains (Fig. 2C, SPG) —stained black, containing starch grains. Further informa-
tion is shown in Table 2. It was sometimes difficult to distinguish between the five types
because of the presence of intermediate types.

The results of these observations are summarized in Tables 3 and 4.

Cultivars and characteristics of pollen grains

The share of normal pollen grains in C. reticulata varied from 0 to 93.1 % among the
cultivars (Table 3). Of the 18 cultivars in KBG that were almost at the same temperature
as wild C. reticulata, 15 had high shares (70.6-92.7 %) of normal pollen grains, while the
remaining three had low shares (54.4 %, 26.5 %, and 3.2 %) of normal pollen grains.

The eight cultivars cultivated in KBG, ‘Daguiye’, ‘Dalicha’, ‘Damanao’, ‘Donglin’,
‘Luanye Yinhong’, ‘Seben’, ‘Xiaoye Mudan’, and ‘Zaomudan’, produced higher shares of
normal pollen grains and lower shares of PPGs compared to those of plants grown in BGT
or MNCG.

In contrast, three cultivars cultivated in MNCG or BGT, ‘Baozhucha’, ‘Luchenchun’,
and ‘Pingban Dalicha’, produced slightly higher shares of normal pollen grains and lower
shares of PPGs than those in plants grown in KBG.

In KBG, four cultivars, ‘Dahong Guiye’, ‘Dahongpao’ (Fig. 3A), ‘Dayinhong’, and
‘Jingancha’, had high shares of normal pollen grains, 90.8 %, 72.1 %, 88.3 %, and 82.5 %,
respectively. However, the same cultivars grown in MNCG or BGT did not produce fertile
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Table 3. Proportions of the five types of pollen grains observed in Camellia reticulata cultivars.

Bull. Bot. Gard. Toyama

Cultivar Pseudopollen Starch pollen
(chinese name) Source* Normal - Abnormal  Huge grain (E:’PG] grain [I;PG]
Baozhucha KBG 774 4.5 0.2 17.9 0
(EHF) MNCG 87.1 2.0 0 11.0 0
Daguiye KBG 76.6 39 0.2 183 1.1
(KEE) MNCG 63.1 4.9 1.1 30.9 0
Dahong Guiye KBG 90.8 1.3 0.6 29 44
(RATEE) MNCG 0 0 0 100.0 0
Dahongpao KBG 72.1 6.3 0 19.5 21
(KAL) MNCG 0 0.7 0 993 0
Dalicha KBG 833 0.8 0 15.0 1.0
(RER) BGT 65.1 22 0 326 02
Damanao KBG 84.0 2.7 0 12.7 0.5
(KIBH) BGT 70.7 8.1 0 19.6 1.6
Dayinhong KBG 88.3 1.4 0.2 9.6 0.5
(KERHFL) MNCG 0 0 0 100 0
Donglin Original tree** 71.7 12 0.5 17.1 35
() BGT 518 19.1 1.2 252 27
, KBG 825 22 0 24 12.9
1(1;‘5;1;;;1 MNCG 0 0 0 100 0
BGT 0 28 0 97.2 0
Jinruifurong MNCG 64.2 6.0 0 29.2 0.7
(EEBESR) BGT 70.7 7.8 0 21.0 0.5
Liangye Yinhong KBG 742 1.3 0 19.3 52
(FEIELRAT) MNCG 65.0 8.7 0.8 14.3 11.2
Luanye Yinhong KBG 92.7 1.4 0 6.0 0
(BAZEERAT) MNCG 61.8 18.1 0 19.1 1.0
Luchenchun KBG 54.4 1.6 0.2 41.9 1.9
(EHEF) BGT 65.8 3.1 0 30.5 0.5
. KBG 77.1 8.7 0.6 12.4 1.2
ﬂ%gggg MNCG 0 71 0 929 0
BGT 378 135 0.9 20.1 27.7
Pingban Dalicha KBG 70.6 9.9 0 18.9 0.6
(FHKREE) MNCG 75.8 4.1 0 18.3 1.8
Original tree*** 87.3 0 0 12.7 0
Seben .
@) Original tree*** 88.7 1.7 0 8.6 1.1
BGT 81.3 1.2 0 16.8 0.7
. KBG 88.9 1.9 0 89 03
%‘;;; MNCG 93.1 0.7 0 5.2 Il
BGT 71.7 5.0 0 21.7 1.5
Xiaoye Mudan KBG 77.8 1.7 0 9.0 1.4
(INFESFH MNCG 56.3 6.3 0 375 0
Yinfen Mudan KBG 26.5 492 0 232 1.1
(SR#4HLF) MNCG 47.0 1.3 0 51.7 0
Zaomudan KBG 84.7 6.3 0 8.8 0.1
(BHF BGT 74.2 4.3 0 20.4 1.1
) KBG 3.2 88.6 0 6.8 1.4
Zipao
(34 MNCG 50.9 34 0.5 40.5 47
BGT 0 0.2 0 99 8 0

* KBG: Kunming Botanical Garden, China, MNCG: Maizuru Natural Culture Garden, Japan,
BGT: Botanic Gardens of Toyama, Japan.

**QOriginal tree of this cultivar grow in Zixishan Mountain, Chuxiong City, Yunnan Prov., China.
***Original two trees of this cultivar grow in Zixishan Mountain, Chuxiong City, Yunnan Prov., China.
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Table 4. Proportions of the five types of pollen grains observed in the wild Camellia reticulata trees.

Individual Pseudopollen  Starch pollen
Source i Normal  Abnormal Huge S (l}))p G) g (];PG)
YS-1-1 91.3 1.0 0 5.7 2.1
Xiulimg, Yangbi County,  YS-1-2 79.3 6.5 0 9.8 4.4
Dali Pref..Yunnan Prov., YS-2-1 85.9 3.1 0 6.9 4.0
China YS-2-2 70.6 6.0 42 16.7 2.4
YS-2-3 79.6 49 0 9.4 6.0
CX-4 89.1 1.20 0 9.7 0
CX-5 88.5 1.76 0 9.3 0.4
CX-9 82.1 3.01 0.5 14.1 0.3
CX-10 932 0.52 0 6.1 0.2
o _ CX-11 88.9 1.98 0 9.1 0
£ixishn Moo, CX-12 924 0.16 0 7.1 03
Chuxiong City, Yunnan
Piow. China CX-13 93.8 0.74 0 55 0
CX-14 853 6.09 0 8.7 0
CX-15 55.2 7.64 20 312 39
CX-16 86.9 1.04 02 11.1 0.9
CX-17 87.1 2.65 0 9.1 1.1
CX-19 95.1 0.38 0 4.4 0.1
CX-20 90.0 2.11 0.1 6.5 1.3
CX-22 93.0 1.29 0.7 5.0 0
CX-24 81.8 3.67 0 14.5 0
CX-25 75.3 5.44 0 18.6 0.6
CX-26 919 1.38 22 4.0 0.5
SnlvsetirD o 36259 817 32 0.3 142 0.6

Toyama Pref., Japan

N (

Fig. 3. Pollen grains of Camellia reticulata ‘Dahongpao’. A: Cultivated in KBG. A high propor-
tion (ca. 72 %) of normal pollen grains and several pseudopollen grains (PPGs, indicated by
arrowheads) of various sizes and shapes are shown. B: Cultivated in MNCG. Only PPGs were
observed. The bar indicates 100 pm.
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pollen grains, but instead produced PPGs (Fig. 3B).
Growing conditions and pollen grains

Fujishita (2001) reported that lingering summer heat might cause the production of high
proportions of abnormal pollen grains in some Camellia cultivars. The monthly mean
temperatures for 2010 showed that Toyama and Maizuru (Japan) are hotter in summer and
colder in winter than Kunming and Dali (Yunnan Province, China) (Fig. 1). Since the cul-
tivars of C. reticulata are usually propagated by grafting and their progenies have the same
genetic background as the parents, it is likely that the differences in temperature between
Japan and Yunnan have affected pollen grain formation in C. reticulata, especially in cer-
tain cultivars.

Floral structure and pollen grains

In two cultivars, ‘Maye Yinhong’ and ‘Zipao’, the proportions of the five type pollen
grains differed greatly between plants of the same cultivar cultivated in different botanical
gardens. That is, ‘Maye Yinhong’ plants from KBG had 77.1 % of normal pollen grains
and 12.4 % of PPGs; in contrast, no normal pollen grains and high share (92.9 %) of PPGs
were recorded in plants from MNCG. On the other hand, in “Maye Yinhong’ plants from
BGT, the shares of normal pollen grains, abnormal pollen grains, PPGs, and SPGs were
37.8 %, 13.5 %, 20.1 %, and 27.7 %, respectively, representing the highest share of SPGs
in this study. As for the cultivar ‘Zipao’, when grown in KBG, most of the pollen grains
(88.6 %) were abnormal (empty) and had low amounts (6.8 %) of PPGs. In BGT, almost all
pollen grains (99.8 %) were PPGs, and in MNCG, nearly half of the pollen grains (50.9 %)
were normal, and had lower shares of PPGs (40.5 %).

These two cultivars have “doubled” flowers with more than 29 petals per a flower (Feng
et al. 1986). In some cases, the reproductive organs including stamens in these cultivars are
converted into petals and may not produce pollen grains. The structure of these flowers is
likely to be involved in unstable pollen formation in these cultivars.

Pollen grains in wild trees

The wild C. reticulata trees from Dali Prefecture and Chuxiong City had relatively high
shares of normal pollen grains (over 70 %), except for the individual “CX-15" which had
55.2 % (Table 4). This individual produced the highest share of PPGs (31.2%) among all
individuals from wild population. Abnormal pollen grains (AN) and PPGs were observed
in all wild individuals, and huge pollen grains (H) and starch pollen grains (SPGs) were
found in seven and 16 individuals, respectively. It is clear that wild C. reticulata also
exhibit diversity in pollen sterility.

A wild strain cultivated in BGT (acc. no. 36259) had high shares of normal pollen grains
(81.7 %) and PPGs (14.2 %). The composition of pollen grains in this strain resembled
that of some cultivars in BGT, such as ‘Damanao’, ‘Jinruifurong’, ‘Seben’, ‘Shizitou’, and
‘Zaomudan’. Although the example is limited, with respect to wild strain, it is unlikely that
cultivation conditions in Japan could have caused a remarkable reduction in the shares of
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normal pollen grains.
Characteristics and inheritance of PPGs

In the present study, PPGs were recorded in all materials, including cultivars and wild
individuals of C. reticulata. Wang et al. (2012) pointed out that when crossing different
Camellia species, if PPGs are present in one parental species, the resulting F; generation
also produces PPGs. This indicated that the PPGs of C. reticulata cultivars have not origi-
nated from horticultural history of this species, but are genetic elements from ancestral
wild individuals.

Fujishita (2006) reported that pollination by PPGs seemed to induce apomixis in some
species of the genus Camellia. It is necessary to examine the pollen grains of the parental
individuals before using them in crosses for breeding. It is also important to consider envi-
ronmental factors affecting pollen formation.

We would like to thank the Maizuru Natural Culture Garden for supplying pollen grains
of C. reticulata cultivars used in this study. This work was financially supported by the
Expo ’90 foundation (2007, 2008, and 2010) and by the Japan Society for the Promotion
of Science (JSPS) Asian CORE Program entitled “Cooperative Research and Education
Center for Important Plant Genetic Resources in East Asia” (2009-2011, for Okayama
University).
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Blooming dates of some early blooming cherry taxa
in the Botanic Gardens of Toyama from 2013 to 2019

Toshiyuki Yamashita
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42 Kamikutsuwada, Fuchu-machi, Toyama 939-2713, Japan
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Abstract: The blooming dates of ten taxa of early blooming cherry trees cultivated in
the Botanic Gardens of Toyama were examined from 2013 to 2019. The ten taxa were
categorized into three groups based on the annual fluctuation pattern of blooming days.
Group 1 consisted of Prunus incisa var. kinkiensis and P. apetala var. pilosa. These two
taxa had the earliest blooming dates in 2017. Group 2 consisted of five taxa, including P.
cerasoides var. campanulata and related horticultural cultivars. These taxa had the earliest
blooming dates in 2016. Group 3 consisted of P. spachiana var. koshiensis, P. yedoensis,
and P. incisa. These taxa had the latest blooming dates in 2017. The relationships between
the blooming dates of the taxa and changes in the average daily air temperature from

November to March were discussed.

Key Words: Air temperature, Blooming phenology, Cherry blossom, Prunus
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New record of Arisaema pseudoangustatum var. suzukaense (Araceae)
from Toyama Prefecture, central Japan

Yuya Hayase

Botanic Gardens of Toyama,
42 Kamikutsuwada, Fuchu-machi, Toyama 939-2713, Japan
hayase@bgtym.org

Abstract: Arisaema pseudoangustatum Seriz. var. suzukaense Seriz. was recorded in
Toyama Prefecture, central Japan. This is the first report of this taxon from Toyama
Prefecture. At present, this record is the northernmost locality of this taxon.

Key Words: Arisaema peninsulae, Arisaema pseudoangustatum var. suzukaense, new

locality, Toyama prefecture
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Fig. 1. Male individual of Arisaema pseudoangustatum var. suzukaense, Awasuno, Toyama City,
cultivated and flowered in the experimental nursery of the University of Toyama (TYM 061647),
May 8, 2019. A: Habit. B: Blade of spathe.

Fig. 2. Arisaema pseudoangustatum var. suzukaense, Awasuno, Toyama City, Toyama Prefecture. A:
Female individual (TYM 061646), May 31, 2019. B: Male individual, June 3, 2019.
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Pollen fertility, spikelet morphology, and leaf epidermal microstructure of

Sasa spiculosa (Poaceae: Bambusoideae) collected in Tateyama Mountains

—a glance at comparison with its putative parent species

Kazuomi Takahashi* & Megumi Yoshida

Botanic Gardens of Toyama,
42 Kamikutsuwada, Fuchu-machi, Toyama 939-2713, Japan
*takahasi@hgtym.org (corresponding author)

Abstract: Sasa spiculosa (S. cernua) is a species that is presumed to be of hybrid origin
between S. kurilensis (sect. Macrochlamys) and species of sect. Sasa (S. palmata, etc.). In
Tateyama Mountains, Toyama Prefecture, S. spiculosa often forms large communities. In
the present study, we examined pollen fertility, spikelet morphology, and leaf epidermal
microstructure of S. spiculosa collected in Tateyama Mountains and three related taxa
from Toyama Prefecture. The pollen fertility of S. spiculosa varied from 62.9 % to 94.5
%, whereas those of the hypothesized parents were higher than 90 %. The principal com-
ponent analysis based on eight spikelet characters and features of papillae on abaxial leaf
epidermis supported the hypothesis that S. spiculosa is of hybrid origin. Two samples of S.
spiculosa from Tateyama Mountains had high pollen fertility despite morphological inter-
mediacy, suggesting that the pollen fertility was restored through genetic recombination.

Key Words: hybrid species, morphological intermediacy, pollen fertility, Sasa, Tateyama
Mountains
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Fig. 1. Inflorescence of Sasa spiculosa.
Photographed at Murodd-daira, Tateyama
Mountains, Toyama Prefecture (July 30,
2013).
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Table 1. Pollen fertility of Sasa spiculosa and related species investigated in this study.

Pollen
Code  Taxon/ Voucher specimen fertility (%)
Sasa spiculosa (sect. Macrochlamys )
SP1 Toyama Pref., Tateyama-machi, Midagahara (Tateyama Mountains), alt. 1958 m, Jul. 25, 2013, 80.0
K. Takahashi & M. Yoshida 130725-8
SP2 Toyama Pref., Tateyama-machi, Midagahara (Tateyama Mountains), alt. 1902 m, Jul. 25, 2013, 92.6

K. Takahashi & M. Yoshida 130716-15

SP3 Toyama Pref., Tateyama-machi, Murodd-daira ( Tateyama Mountains), alt. 2435 m, Jul. 30, 2013, 94.5

K. Takahashi & M.Yoshida 130730-3

SP4 Toyama Pref., Kamiichi-machi, Oiwa, alt. 195 m, Apr. 24, 2015, 62.9

K. Takahashi 150424-1

Sasa kurilensis (sect. Macrochlamys )

KU Toyama Pref., Toyama-shi, Mt. Ushidake, alt. 719 m, Apr. 29, 2017, 93.0

K. Takahashi 170429-1

Sasa palmata (sect. Sasa )

PA Toyama Pref., Tateyama-machi, Tengu-daira (Tateyama Mountains), alt. 2308 m, Aug. 6, 2014, 94.8

K. Takahashi & M.Yoshida 140806-17

Sasa yahikoensis (sect. Sasa )

YA Toyama Pref., Toyama-shi, Kureha hills, alt. 114 m, Apr. 29, 2013, 93.1

K. Takahashi 130429-1
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Fig. 2. Measured characteristics of spikelets. NF, number of
florets; SL, spikelet length; SGL, second glume length; LL,
lemma length (second floret); LW, lemma width (from cen-

G tral vein to margin); RSL, rachilla segment length (between
second and third floret).

Fig. 3. Pollen grains of Sasa spiculosa stained with lactophenol-cotton blue solution. a: Plants from
Tateyama Mts. with highly fertile pollen grains (SP2, 92.6%), b: Plants from Kamiichi with less
fertile pollen grains (SP4, 62.9%). Scale bar=100 pm.

Table 2. Measurements of eight spikelet characters in Sasa spiculosa and related species.
Abbreviations for characters correspond to those stated in Fig. 2.

S. spiculosa S. kurilensis 8. palmata . yahikoensis

Characters

SP1 SP2 SP3 SP4 KU PA YA
NF 8.00+0.94* 6.50+0.85 6.60+0.70 8.00+0.67 6.30+£1.06  6.40+0.97 9.20+0.79
SL (mm) 32.87+4.19 24824330 28.03+2.96 37.56+4.73 24.05+2.28 32.1547.11 45.79+£5.03

SGL (mm) 3194157  2.70£1.57 2554140 2694078  4.87+1.06  2.53+0.83 0.95+0.36
LL (mm) 10.26+£0.53  8.63+0.42 9.45+0.44 11.24+096 11.60+£0.76  8.05+0.84 9.68+0.54
LW (mm) 228+0.14 1.78+0.18 1.98+0.15 2.57+0.21  2.94+0.18  1.65+0.16 2.07+0.22
RSL (mm) 4.10+£0.53  3.95+0.52 427+0.53 4.64+0.55 2.99+0.41  5.54+0.71 5.46+0.46
LL/LW 4524032 4.88+043 4784036 4404050 3.96+0.30  4.89+0.39 4.73+0.56
RSL/LL 0.40+0.06  0.46+0.06 046+0.06 041£0.03 0.26+0.02  0.69+0.06 0.56+0.04

* mean+SD
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Fig. 4. Spikelets of Sasa species. a—d: S. spicu-
losa (a: SP1, b: SP2, c: SP3, d: SP4), e: S.
kurilensis (KU), f: S. palmata (PA), g: S.
yahikoensis (YA). Scale bar=1 cm.

BATEREDAEA S 10 [HO/NMEEZ RO, /IME
#(NF), /MR (SL). %2 8 K (SGL)
T 2%&AO/NMEDOINEE (LL) . SR
(LW, R DR2> 6k E T), & 2/MEL
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SRR (RSL/LL) #EHE L=, Zhvb 8BE
DT —H Fffi> CERY N EAT -T2,
HEDFREDBIEUTIE, BITERROEARIC
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Tmo HEHHRAKI5 mm x5 mmDKE ST
GIVEY , REEEO U v 7 ADKRERRE
4% 7= Davila & Clark (1990) |2 L7=23»
TRV LR CHRERER 21T o7, TH (Y
#ifi i) (2 A 4> = — 4 — (JEOL JFC-1100E)
T&%K0.02 um DEXIZa—F 7 Lz
%, EATE TIEMEE JEOL JSM-T20) Tkl
i A BlEE LT,
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Table 3. Loadings, eigenvalues, contributions,
and accumulated contributions for first and
second components.

Components
Characters =

1 2
Loadings
NF -0.33 0.83
SL -0.56 0.80
SGL 0.71 -0.21
Ll 0.64 0.65
LW 0.81 0.53
RSL -0.85 0.28
LL/LW -0.64 -0.21
RSL/LL -0.91 -0.14
Eigenvalue 3.95 222
Contribution (%) 49.32 27.79
Accumulated contribution (%) 49.32 77.11
6
mSP1
A SP2
4 *SP3
o ®SP4
= B c-gu
g21080 . o ;Y:
g il ? Ve o
=]
o »
T ol Cremmm™ @® ©
o og ¥ o
5 ¢+ A®m o4
g *y [0
o IS T™A .
-2 AL A A
A
A
-4
-4 -2 0 2 4 6

Principal component 1
Fig. 5. Scatter plot of principal components 1
and 2 for Sasa spiculosa (SP1-4), S. kurilen-
sis (KU), S. palmata (PA), and S. yahikoensis
(YA).
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R, SEITRFE 7 RO A7 b~ 13
7V (SP1) 13 80.0%, SEILDFED D2 W
7 )L (SP2, SP3) 1% 90% LA LD @it & o L
7= (Fig. 3a), il KA D> 7L (SP4) 1
62.9% (Fig. 3b) TH -7z, HEEMBIFEDT
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<~ ¥ (KU) B L OF~ =95 2 7 (PA,
YA) 1%, 90% LI EDEMEE R LTz,
/INEDOTEREDRIERE R % Table 212, ZiL
EIOEERD/MEDOEG % Fig. 4 12~7, F
7o ZUD 8 I Bl o 1= R i O
% Table 312, % 1 ks & 585 2 BRiric &
LA % Fig. 51”7, 8 1 ERSIE.
2 HFA R (SGL) . FERAME (LW) & 3R NIEDOFH
230 . /N (RSL) . /Nl &
- (RSL / LL) & 58\ A OFIBIA S - 7= (Table
3. LIEN-T, FEENFEL, EHADIED

Fig. 6. Abaxial foliar epidermal microstructure
a—d: Sasa spiculosa (a: SP1, b: SP2, c: SP3,
d: SP4), e: S. kurilensis (KU), f: S. palmata
(PA), g: S. yahikoensis (YA). Arrowheads
indicate the stomata. Scale bar=10 pm.
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L KALDJEPHIC I 4 (B D FLIASSEE DN B 5 73
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Vascular plant flora of the ridges of Tateyama Mountains,
Toyama Prefecture

Megumi Yoshida* & Kazuomi Takahashi

Botanic Gardens of Toyama,
42 Kamikutsuwada, Fuchu-machi, Toyama 939-2713, Japan
*yosida@bgtym.org (corresponding author)

Abstract: Flora surveys were conducted on the ridges of Tateyama Mountains, Toyama
Prefecture, in 2018 and 2019. Vascular plant species that appeared along seven survey
routes were recorded. As a result, 154 taxa from 39 families were identified. Seventeen
species (including Pinus pumila, Carex stenantha, Stellaria nipponica, etc.) appeared in
all survey routes, whereas 47 species (including Lloydia serotina, Saxifraga bronchialis
subsp. funstonii var. rebunshirensis, Dryas octopetala var. asiatica, etc.) were found in
only one of the survey routes. Regarding the species Micranthes merkii subsp. idsuroei
and Trisetum spicatum subsp. alascanum, which were recorded in one and two survey
routes, respectively, only one individual of each species was found per survey route, sug-
gesting that the population sizes of these species are small. Alpine plants are considered to
be susceptible to global warming, and we hope that the results of this survey will be used
as the basis for future surveys.

Key Words: flora, ridges, Tateyama Mountains, vascular plants
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Status of Solidago altissima L. (Asteraceae) on Okinawa-jima Island,
Okinawa Prefecture

Tadashi Kanemoto

Botanic Gardens of Toyama,
42 Kamikutsuwada, Fuchu-machi, Toyama 939-2713, Japan
kane@bgtym.org

Abstract: Salidago altissima L. is an invasive alien plant species designated in the “’List
of alien species for ecosystem damage prevention’ published by the Ministry of the
Environment, Japan. The distribution of S. altissima populations along the main roads on
Okinawa-jima Island, Okinawa Prefecture, was surveyed from 2016 to 2020. Only three
populations, Kunigami-son, Onna-son, and Uruma-shi, were recorded, but the first one
has disappeared as a consequence of vegetation succession. The latter two seemed to be
declining by succession and additional mowing. As no new population of S. altissima was
found near these three populations, reproduction by seeds seemed to have not occurred.
The S. altissima population on Okinawa-jima was considered to occur temporarily by
invaded seeds and became extinct later. In the subtropical marine climate zone, such as
that on Okinawa-jima, it seems that S. altissima does not have invasive characteristics.

Key Words: invasive alien plant, Okinawa-jima, Solidago altissima
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Fig. 1. Localities of Solidago altissima populations on Okinawa-jima. A-C: Present observation. A:
Population A. B: Population B. C: Population C. D and E: Observation by Yonemori and Tamori
(1976). D: Naha City. E: Uruma City. Crosses represent extinct population.
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Table 1. Localities of three populations of Solidago altissima found on Okinawa-jima during the

field survey from 2015 to 2020.

F 1. EABICE
TREEDPEM.

T % 2015 4E0 5 2020 AEDBHHE TR R ENIZBA X AT U EZF Y U1

Population Locality

Altitude (m)  Latitude Longitude

A Near Kurashiki dam lake in Sonan, Ishikawa, Uruma City 71
B Along the national route 58 in Nakadomari, Onna Village 3

C Along the Prefectual Road 2 in Sosu, Kunigami Village 204

26.392605°N 127.806637°E
26.436791°N 127.791617°E
26.778152°N 128.296816°E
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Fig. 2. Populations of Solidago altissima on Okinawa-jima. A: Population A (Oct. 20, 2015). B;:
Population B (Mar. 31, 2016). B,: Population B (Jun. 18, 2016). B,: Population B (Jan. 4, 2020).
C,: Population C (May 28, 2019). C,: Population C (Jan. 4, 2020). Arrow and broken lines indi-
cate the populations. Arrowhead indicates roadside slope greened by seed spraying method.
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Fig. 3. Solidago altissima from the population C. A: Young plants without formed rosettes. B:

Inflorescences with achenes. Photo: Jan. 4, 2020.
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Fig. 4. Environment around the three populations of Solidago altissima. A: Open lawn space (popu-

No. 25

lation A). B: Ficus microcarpa L. f. planting on lawn (population B). C: Roadside slope where

mowing was carried out. Photo: Jan. 4, 2020.
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| BGT Plant Chromosome Reports

O Masashi NAKATAY", Kiyotaka KAWAZUMI"Y, Seiko FUJII?, Toshiyuki
NAKAMURA?Y, Takashi YAMANOUCHI? & Yasuro KADONO®: Chromosome number
of Micranthemum umbrosum (Linderniaceae) naturalized in Japan

Micranthemum umbrosum (J .F. Gmel.) S. F. Blake, (Linderniaceae), also known as
“Large Pearl Grass” or “Mudflower” is widely cultivated ornamental aquarium plant.
In Japan, naturalized plants of this species were first recorded in Kagoshima Prefecture
(Hatusima 2004), and recently reconfirmed in Toyama and Tokushima Prefectures with
rather expanded ranges (Nakata & Kawazumi 2015, Fujii et al. 2016).As the chromosome
number not only of this species, but also of the genus is unknown, we report it for the first
time in the present study.

The localities of the materials of M. umbrosum are given in Table 1. The plants were col-
lected and transferred to the Botanic Gardens of Toyama, and shortly cultivated in a glass
aquarium under floating conditions (Fig. 1A) or in small Petri dishes filled with water.
The root tips of 5 mm long cuts from well-growing young shoots were pretreated with 2
mM hydroxiquinoline solution for 5 h (20 °C) and subsequently fixed with acetic alcohol
(99.5 % ethanol:glacial acetic acid = 3:1 [v/v]) for more than 24 h (4 °C), macerated in a
2:1 mixture (v/v) of 45 % acetic acid and 1 mol/L hydrochloric acid for 15 s (60 °C), and
stained with 2 % acetic orcein for 15 min before being squashed. Voucher specimens were
deposited in Botanic Gardens of Toyama (TYM) and Makino Botanical Garden (MBK).

The interphase nucleus in a sister cell was weakly stained and had two small, darkly
stained chromatin blocks of ca. 1 um in size. At prophase darkly stained segments were
observed in the proximal regions of the chromosomes and thus it seemed to be the proxi-
mal type (Tanaka 1977). At mitotic metaphase, 2n = 24 chromosomes were counted in
five plants from two localities. The chromosomes were small, approximately 1 um long,
and almost similar in size. The centromeric positions of the chromosomes could not be
determined.

This is the first report of chromosome number for the genus Micranthemum. According

Table 1. Localities and chromosome numbers of Micranthemum umbrosum.

; Number of Chromosome
Locality Voucher
plants number (2n)

Ichinose River,

Toide-ichinose, Takaoka City, Toyama Prefecture
Haha-gawa River,

Kaiyou-cho, Kaifu-gun, Tokushima Prefecture

24 Nakata35023 (TYM)

3 24 MBK-0309473
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Fig. 1. Micranthemum umbrosum. A, Young shoot of plant cultivated in BGT, originally collected in
Takaoka City, Toyama Prefecture (Nakata 35023). B, Interphase nucleus showing two heteropyc-

notic bodies. C, Mitotic prometaphase chromosomes. D, Mitotic metaphase chromosomes with 2n
= 24. The bars indicate 1 cm (A) and 10 pm (B to D).

to Fischer et al. (2013), the genus Micranthemum is closely related to the genus Lindernia
s. str. The chromosome numbers in Lindernia have been reported to be 2n = 32 for L. dubia
(L.) Pennell (Lewis et al. 1962), 2n = 30 for L. procumbens (Krock.) Philcox (Nishikawa,
1985), and n = 9 and 2n = 18 for L. dubia (L.) Pennell var. inundata (Pennell) Pennell
(Gervais et al. 1997). Thus we can conclude that the two genera are not cytologically
homogeneous.
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O Tadashi KANEMOTO : Chromosome number of Diplocyclos palmatus
(Cucurbitaceae) from the Ryukyu Islands

Diplocyclos palmatus (L.) C. Jeffrey (Cucurbitaceae) is a perennial climbing plant widely
distributed in tropical Africa, Australia, and subtropical Asia, and it mainly inhabits low
elevation forests and secondary forest edges (Lu & Jeffrey 2011). In Japan, D. palmatus is
distributed in the south of Kuchinoshima Island of the Ryukyu Islands (Hatusima 2004),
and it mainly grows on limestone (Ikehara 1983). The chromosome numbers of D. palma-
tus have been reported to be n = 12 (Beevy & Kuriachan 1996) and 2n = 24 (Makay 1930,
1931, Kozhuchow 1934, Resende 1937, Delay 1947, Roy & Mishra 1962). The present
study reports the chromosome number of D. palmatus from Japan.

The materials were collected in Nakadomari, Onna-son, Okinawa-jima (Ryukyu
Islands) and cultivated in pots in a greenhouse of the Botanical Gardens of Toyama. Five
plants were used for observations (vouchers; KA2005281, KA2005282, KA2005283,
KA2005284, KA2005285). The chromosomes were observed in the meristematic cells of
the root tips. The root tips of ca. 5 mm in length were pretreated in a 2 mM 8-hydroxyquin-
oline solution at room temperature and subsequently kept at 5 °C for 15 h. They were then
fixed in a 1:3 mixture of acetic acid and ethyl alcohol for 1 h, soaked in 1 N HCI for 2-3 h,
and macerated in 1 N HCI at 60 °C for 10 min. After washing the root tips with tap water,
they were stained

At metaphase, 2n = 24 chromosomes were counted in the somatic cells (Fig. 1).
Chromosome length varied from 1.0 to 2.0 pm. The centromeric positions of the

Fig. 1. Photomicrograph of the somatic metaphase chro-
mosomes of Diplocyclos palmatus, 2n = 24. The bar
indicates 3 um.
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chromosomes were not determined for all, but at least 18 chromosomes were found to be
metacentric on submetacentric. According to Beevy and Kuriachan (1996), various basic
numbers of x = 7, 8, 9, 11, 12, 13, 14, 15, 16, and 20 are known in the genera within the
family Cucurbitaceae, and x = 12 is the most frequent number. As the chromosome number
of D. palmatus had previously been reported as n = 12 (Beevy & Kuriachan 1996), D. pal-
matus from Okinawa-juma of the Ryukyu Islands can be considered as a diploid.
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O Toshiaki SHIUCHI : The karyotype of the rheophytic type Adenophora triphylla var.
japonica (Campanulaceae) growing upstream of the Jinzu River, Toyama Prefecture

Rhoephytic type Adenophora triphylla (Thunb.) A.DC. var. japonica (Regel) H. Hara
plants growing on rocks on the riverbanks upstream of the Jinzu River, central Japan, were
collected in Kagasawa, Toyama City, Toyama Prefecture in August 2000 (Shiuchi 2019).
According to Shuichi (2000), the plant chromosomes were observed by the squashing
method using root tip meristems.

The chromosome number of the investigated plant was counted to be 2n = 34 (Fig. 1),
which is consistent with previous reports on the three varieties of A. triphylla: A. triphylla
var. japonica (Shimizu 1966, Arano & Saito 1975, Shimizu & Okazaki 1982, Nishikawa
1985, etc.), A. triphylla var. triphylla (Shimizu & Okazaki 1982), and A. triphylla var. puel-
laris (Honda) H. Hara (Shimizu & Okazaki 1982). The chromosomes of the rheophytic
type plants varied in length from 2.1 to 3.5 um, showing gradual size variation, and no
satellites were observed. The chromosome complement consisted of 30 metacentric chro-
mosomes, two submetacentric chromosomes, and two subtelocentric chromosomes, and
thus, the chromosome formula was designated as 2n = 34 = 30m + 2sm + 2st. The presence
of two remarkable subtelocentric chromosomes corresponds with A. triphylla var. japonica
reported by Arano and Saito (1975).
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Fig. 1. Somatic chromosomes of the rheophytic type Adenophora triphylla var. japonica (2n = 34). A,
Metaphase. B, Individual chromosomes are arranged in order of length. Scale bars indicate 5 um.
Arrowheads indicate subtelocentric chromosomes.
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