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ABSTRACT able stem anatomical characters are the importance
of their function, ontogeny, and phylogeny.

The anatomical character is potential value in

Calycanthaceae for their taxonomic study. Four Keywords: Anatomical character; Calycanthaceae;

species of Calycanthaceae were collected for this Collenchyma; Sclerenchymatous; Vascular bundle.

experiment. The experiment was done using the

resin methods for preparation of the permanenéslid 1. INTRODUCTION

for anatomical studies. The anatomical charadter li

two traces of the unilocular vascular bundle, ia th Calycanthus, Chimonanthus, and Snocaly-

primary vascular cylinder, contains four cortical canthus are the genus of Calycanthace&#no-

vascular bundles in the stem, the unilocular stimgct  calycanthus is native to ChinaSnocalycanthus is

of primary cylinder, the presence of numerous the synonym ofCalycanthus. The literature reveals

intercellular space in phloem, the presence ofealll that long horticulture forms and varieties duehe t

in the form of scatter ialycanthus whereas small long cultivation of history. Calycanthaceae is the
size in Chimonathus. Calycanthus possess boarder small family of the plant with four genera and ten
pit with circular aperture whileChimonanthus species which is the sister group of Laurales [1-7]
possess elliptical. The tracheid is a characteristi Within Calycanthaceae, the deepest split is between
feature of the spiral band wider @himonanthus the tropical monotypic treddiospermum austra-
than that ofCalycanthus and Snocalycanthus. The liense and the temperate shrubs of the rest of the

noted sclerenchymatous cells are grouped of the family Calycanthoideae (Calycanthaceae) [8, 9],
colony which is a characteristic feature of unique in Laurales are features of the gynoecium:
Snocalycanthus and Calycanthus but in case of ovule number and placentation differ from all other
Chimonanthus is the long chain with the layer of the Laurales, and the seeds lidiospermum have the
cell. Collenchymatous cell was circular with an largest embryos known in angiosperms [5, 10].
intercellular in Calycanthus; ovoid shape with the  Although very old Chinese drawings and Japanese
intercellular in Chimonanthus but in Snocaly- wood figures ofChimonanthus are apparently in
canthus is elongation with the minor regular shape. existence [11], the first drawing to appear in the
The different character of pith cells found in taxonomic literature was probably that [12, 13].
hexagonal and circular shape which is also Calycanthus floridus Linneaus [14] recognized only
distinguished feature in Calycanthaceae. The valu- the genus Calycanthus with the two species
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Calycanthus floridus and Calycanthus praecox [13], andC. fertilis have been recognized based primarily
as well as Lindley [11], considere@alycanthus differences in pubescence and leaf shape.
praecox to represent a new gen@himonanthus. The aim of this study is the histological

Some authors [13, 15, 16] maintained this concept comparison of the stem of Calycanthaceae for the
of two genera. Others [18, 19] followed Linneaus in purpose of discussion and implication of observed
recognizing only one genus. Prantl [18], the other anatomical trait for support the classificationtioé
hand, recognized two sections, vigycalycanthus plant.

and Chimonanthus. There has been some confusion

in the past concerning the correct names for these 2. MATERIAL AND METHODS

genera. However, the designation Gélycanthus

L. and Chimonanthus Lindley as nomina conser- Altogether four species (Table 1) is collected.
vanda Lanjouwa [19] has solved this problem. The The stems were fixed with the FAA (formalin:
pertinent nomenclatural information and synonymy glacial acetic acid: 50% ethanol, 5:5:90, by volyme
have been summarized by Kearney [20] and Rehder from each family mature stem were selected then
[21] for Calycanthus and by Rehder and Wilson [13] passed alcohol series after that; alcohol: tectinovi
for Chimonanthus. Chimonanthus was monotypic 7100 resin. Serial section of 5-6 um thickness was
until the description ofChimonanthus nitens by cut using disposable blade knives stuck into glass
Oliver [22] based on material from August Henry's slides and dried on electrical slide hot plate for
collections from central China. With more complete Twenty four hour; slides were stained with 0.1%
collections, two additional species have been toluidine blue for 60-90 second. After that rinsed

proposed, Chimonanthus yunnanensis Smith [23] with running water, and again dried on the electric
and Chimonanthus salcifolius Hu [24]. The situation hotplate for more than six hours to remove water.
is somewhat different inCalycanthus. Although The stained slides were then the mounted with

C. occidentalis of California has been recognized as Entellen. Four permanent slides were observed
comprising a distinct and relatively uniform spagie  under an Olympus BX-50 light microscope (Olym-
the plants of the southeastern United States havepus Co. Japan), Photographs were taken with the
been treated as representing from one to as many adligital camera system attached to the microscope
six species. Rafinesque [25] represented the latterand multiple image alignment was done using
extreme by stating to the sp. Gélycanthus L. only Photoshop.

one. In most manuals at least two spe€leforidus

Table 1. Collection information of genus and species useithé present study.

Taxa Collection information
Calycanthus occidentalis Korea, Cultivated at Kangwon University, K. Hed\& Paudel
Hook. & Arn. s.n. 2016 (KWNU)
Chimonanthus praecox Korea, Cultivated at Kangwon University, K. Heo & Raudel
Lindl. s.n. 2016 (KWNU)
Chimonanthus salcifolius Korea, Cultivated in Chollipo Arboritum, K. Heo
S.Y.Hu s.n. 2009
Snocalycanthus chinensis Korea, Cultivated at Kangwon University, K. Heo & Raudel
W.C. Cheng & S.Y. Chang s.n. 2016 (KWNU)
3. RESULTS spaces inChimonanthus praecox (fig. 2C) and

Chimonanthus salcifolius (fig. 2C). In Snocaly-

Epidermis the single-layered outermost com- canthus chinensis and Calycanthus occidentalis
posed of tabular parenchyma cells (Table 2) which were intercellular space in the epidermal cellgfig
are compactly arranged without having inter-cetlula 1C, 2I). Outer walls were cuticularised. Collen-
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chymatous cells are a circular shape which is-4inter annular thickening towards the epidermal
connected with each other layer @himonanthus
praecox and Chimonanthus salcifalius (figs. 1I, 2I).
Sclerenchymatous cells are higher cell grouped in
Snocalycanthus chinensis and Calycanthus occi-
dentalis whereas inChimonanthus praecox, and
Chimonanthus salcifolius formation of long 2 layer
chain (figs. 1l, 1D) with two traces of unilocular
vascular system was noted in all spectso-
calycanthus chinensis, Calycanthus occidentalis,
Chimonanthus praecox, and Chimonanthus salci-
folius. In primary vascular cylinder, four cortical
vascular bundles were noted in all species in
Calycanthaceae (figs. 1A, 1G, 2A, 2G). A cortical
bundle which is later developed in the central lbeind
in the stem. Especially unilocular system is in the
primary vascular cylinder in all species (figs. 1D,
2H, 2C, 2I). Calycanthus occidentalis has circular
border pits (fig. 1E). In the center, pith is adely
bound hexagonal structure (fig. 1F) with inter-

cell
(figs. 1G, 1H). Pentagonal intercellular space gap
was seen irCalycanthus occidentalis (fig 11). The
tracheid possesses spiral band (figs.1E, 1K).

Chimonanthus praecox possess straight chain
border pits which are undergoing towards the
epidermis (fig.1K) with elliptical aperture. Thetlpi
cell circular with intercellular space was noted in
Chimonanthus praecox (fig. 1L). The parenchyma-
tous cells were rectangular in shape possess the
large intercellular space (figs. 11, 1J).

Chimonanthus salcifolius also possess straight
chain bordered pits (fig. 2E). Parenchymatous cells
are circular or ovoid shaped with intercellular apa
(figs. 2C, 2D) the vascular bundle is collaterai<f
2B) the pith cell are also noted large circular cel
with intercellular space (figs. 1L, 2F).

Snocalycanthus chinensis parenchymatous
cells are ovoid with some rectangular shape (figs.
21, 2J). The vascular bundle is noted four in each

cellular. Parenchymatous cell are in circular and quadrangular side (fig. 2G). The cortical bundle is
ovoid shaped whereas sclerenchymatous cells are iralso the lateral side of the stem (fig. 2H). Thielpi
group colony contains thirteen number of cells cells are large with intercellular space with ciatu

(fig.1D) Protoxylem vessels with wider cavities hwit

as well as hexagonal shape (fig. 2L).

Table 2. Comparative stem anatomical characters of Calyeaste.

Number
Taxa Epidermis Collenchyma Parenchyma Sclerenchyma Elodermis vascc):fular Xylem Pith
bundle
Hexagonal
. shape with
. . . Single Protoxylem .
Calycanthus . Circular Ovoid or 13-14 cells in "9 Y intercellular
; . Single : layered, vessels
occidentalis shape, circular the group, 4 . . space,
layered . parenchymatous with wider
Hook.& Arn. loosely bind shape scatter .. loosely
cell cavities )
bind each
other
. . Protoxylem .
Ovoid Single vessels Circular
Chimonanthus Single shape, circular 2-6 cells in the layered, 4 with shape,
praecox Lindl. layered intercellular shape group, scatter parenchymatous smaller loosely
space cell . bind
cavities
. Ovoid Single Protoxylem
Chimonanthus . . . vessel .
s Single shape, Circular 2-7 cells in the layered, ) Circular
salcifolius S.Y. . 4 with
layered intercellular shape group, scatter parenchymatous shape
Hu smaller
space cell ”
cavities
. . Hexagonal
Sir_localycanthus _ Elongation Ovoid 14-17 cells in Single Protoxyle_m shape
chinensisW.C. Single shape, . layered, vessel with .
. or elongation a group, 4 . interact
Cheng & layered intercellular parenchymatous wider .
shape scatter " with each
S.Y.Chang space cell cavities other
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Figure 1. Calycanthus occidentalis (A-F); A. Cross section of y
shows the vascular bundl&€}, Epidermis and collenchyma (arrow head represeidieemis, and cl shows collenchyma),
D. Sclerenchyma with the colonf. Tracheid and vessek. Pith. Chimonanthus praecox (G-H); G. Cross section of

young stemH. A detail portion of cross section (arrow head shake vascular bundlel., Epidermis and collenchyma
(arrow head represents epidermis, and cl showsradiyma)J. Sclerenchyma with the coloni{, Tracheid and vessel,

L. Pith.

4. DISCUSSION less in older ones. The tissues of the mature stem
have received a close examination by several
The stem of the Calycanthaceae is characte- researchers. Much of the research has focus on the
rized by its quadrangular appearance (figs. 1A, 1H, presence of inverted cortical bundles in the stem.
2A, 2G). This is usually quite in young stems but
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shows the vascular bundl€}, Epidermis and collenchyma (arrow head represeidieemis, and cl shows collenchyma),
D. Sclerenchyma with colon¥. Tracheid and vessdt, Pith; Snocalycanthus chinensis (G-L); G. Cross section of young
stem,H. A detail portion of cross section (arrow headvehiothe vascular bundlel), Epidermis and collenchyma (arrow
head represent epidermis, and cl shows collenchym8&glerenchyma with colon¥. Tracheid and vessdl, Pith.

The literature has been summarized by Metcalf and in the following treatment. The work concerning the
Chalk [26], Solereder [27] and in part by Bennett vascular system of the family is that of Fahn and
[28] and Quinlan [29]. Quinlan [29] found only Bailey [30] who studied the nodal anatomy of both
slight differences between members of the family. Calycanthus and Chimonanthus. They found the

The more important of these works are summarized family to possess a two-trace, unilacunar vascular
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system. Such a nodal structure is now recognized to transverse manner. Oil cells were found to be in
be primitive among angiosperms and also occurs in Calycanthus occidentalis, and infrequent and usu-
the Austrobaileyaceae, Monimiaceae, Annonaceae ally smaller in Chimonanthus praecox, whereas
and Winteraceae among others [31]. They have Chimonanthus salcifolius and Snocalycanthus chi-
noted some differences between species of Calycan-nensis possess big size. Binocalycanthus chinensis
thaceae in the level of branching and fusion of we also demonstrated a more irregular cell pattern
the vascular bundles of the eustele. This could with sieve tubes in more markedly isolated strands
be utilized as a taxonomic feature which is also than in eitherCalycanthus occidentalis or Chimo-
supported by our results. In addition to the prynar nanthus praecox and Chimonanthus salcifolius.
vascular cylinder, four cortical vascular bundles Characteristics of the secondary wood of the family
occur in the stem. These were first described [29] have been summarized by Metcalf and Chalk [26].
and have long drawn the attention of plant Lemesle [33] in his rather extensive study, rembrte
anatomists. There has been some disagreement as tdifferences primarily between the two genera in
their origin and phylogenetic significance and the tracheid characteristics.
various descriptions and viewpoints have been Those of Calycanthus and Snocalycanthus
summarized by [28] and [29] in a detailed study of possess bordered pits with circular apertures while
the seedling, stated: "Cortical bundles were foland  those of Chimonanthus possess more elliptical
originate from the primary vascular poles of thetro  apertures. Lemesle [33] considered the wood of
after they had diverged from the central cylinder t Calycanthus to be more primitive, at least in this
become the trace to the cotyledon. This is the only characteristic. Tracheids are quadrangular in cross
point at which the cortical system connects with th section. The internal surface of the tracheids
central style of the stem. Fahn and Bailey [30] in possesses spiral bands which are stated to belysligh
general agreed with the observations of Bennett. In wider in Chimonanthus than in Calycanthus. We
their study of the eustele as well as the cortical also supported that the majority of the tracheids
system of the mature stem and seedlings, they possess simple oval or oblong perforations although
found no evidence that the cortical system is a some tracheids may be devoid of the connecting
modification of lateral traces of a trilacunar or perforations. The vessels are small, polygonal in
multilacunar nodal system, as is the apparenticase cross section and possess simple perforations. The
some dicot families [31], but believed that it i3 a fibers are libriform and almost completely devofd o
additional independent system which has been bordered pits in Calycanthaceae.
superimposed upon the double trace, unilacunar There was no detail character for the stem in
structure of the primary cylinder. They also Calycanthaceae. Sclerenchyma possesses chain and
indicated that transverse connections between the colony structure which is a new character for young
cortical strands which are present in the noddbreg  stem anatomy in Calycanthaceae.
of Calycanthus are less well developed in
Chimonanthus. Key to the genera of Calycanthaceae based on the
A complete and detailed description of the stem anatomy:
phloem of the Calycanthaceae has been given by 1. Sclerenchyma is (14-17) cells group formation of
Cheadle and Esau [32]. Our results also show the colony, protoxylem vessel is wider cavity

Calycanthus occidentalis, Chimonanthus praecox, ..o, Snocalycanthus
Chimonathus salcifolius and Snocalycanthus chi- 2. Sclerenchyma is (13-14) cells group formation of
nensis in which they found the phloem to be very colony, protoxylem vessel is wider cavity
similar and to possess the following charactesstic ... Calycanthus

in common: absence of fibers, sclareids, the 3. Sclerenchyma is arranged in the long chain with
presence of numerous intercellular spaces, presence two layers, protoxylem vessel is smaller cavity
of oil cells in varying degrees of abundance, ..., Chimonanthus
uniseriate to multiseriate rays, sieve elementé wit

thick nacreous walls, and simple sieve plates &ztat

laterally or on the end walls in an oblique or

European Journal of Biological Research 2018; 8 (1): 34-41



40 | Paudel & Heo Comparative stem anatomy of four taxa of Calycanthaceae Lindl.

AUTHOR'S CONTRIBUTION

Both authors
supervisor, research design; sample collection; NP; 10.
research design; sample collection, experimental

have equal contribution. KH:

design. All authors have approved the final
manuscript.
ACKNOWLEDGMENT

We would like to thanks for the department of
applied plant science Kangwon National University
(KNU) for laboratory facilities and, also thanks fo

the study supported by 2016 research grant from

KNU (No. 5201160225).

TRANSPARENCY DECLARATION

The authors declare that there is no conflict of
interest regarding the publication of this article.

REFERENCES

1.

Garcia-Salas P, Patricia M, Aranzazu S, Antonio
L, Renner SS. Circumscription and phylogeny of
the Laurales: evidence from molecular and
morphological data. Am J Bot. 1999; 86: 1301-
1315.

Renner SS. Variation in diversity among Laurales,

Early Cretaceous to present. Biologiske Skrifter/
Kongelike Danske Videnskabernes Selskab.
2005; 55: 441-458.

Cheng WC, Chang SY. Genus novum

Calycanthacearum chinaeorientalis. Acta Phytotax
Sin. 1964; 9: 137-138.

Nicely KA. A monographic study of
Calycanthaceae. Castanea. 1965: 38-81.

the

Blake ST. Idiospermum (Idiospermaceae), a new
genus and family forCalycanthus australien-
sis. Contrib Queensland Herb.1972; 12: 1-37.

Jin ZX, Li JM. ISSR analysis on genetic diversify o
endangered relic shruBnocalycanthus chinensis. J
Appl Ecol. 2007; 18(2): 247-253.

YM, Weston PH, Endress PK. Floral phyllotaxis and
floral architecture in Calycanthaceae (Laurales). |
J Plant Sci. 2007: 168: 285-306.

Li J, Ledger J, Ward T, Del TP. Phylogenetics of
Calycanthaceae based on molecular and
morphological data, with a special reference to
divergent paralogues of the nrDNA ITS

region. Harvard Papers Bot. 2004: 69-82.

16.

17.

18.
19.

20.

21.

22.
23.

28.

Zhou S, Renner SS, Wen J. Molecular phylogeny
and intra- and intercontinental biogeography of
Calycanthaceae. Mol Phylogen Evol. 2006; 1: 1-15.

Endress PK. Dispersal and disribution in some small
archaic relic angiosperm families (Austrobaileya-
ceae, Eupomatiaceae, Himantandraceae, ldiosper-
moideae, Calycanthaceae). Sonderbd Naturwiss Ver
Hamburg. 1983; 7: 201-217.

Lindley J. Edwards’ Botan Reg. 1819; 5: 404.
Curtis S. Curtis' Botan Mag. 1799; 13: 466.

Rehder A, Wilson EH. In Sargent,
Wilsonianae; 1913; 1: 419420.

Linneus. C Syst. Nat. ed. 1759; 10(2): 1066.

Candolle AP. Prodromus systematis naturalis regni
vegetabilis. Paris. 1828; 3: 1-2.

Bentham G, Hooker JD. Genera plantarum. Reeve
and Company, London. 1862; 1: 16.

Willdenow KL. Enumeratio plantarum horti botanici
Berolinensis. Berlin. 1809: 559.

Prant K. Naturl. Pflfam. 1888; 111(2): 94.

Lanjouw J. International code of botanical
nomenclature. Utrecht, Netherlands, 1961.

Plantae

Kearney T. The nomenclature of the geButneria
Duham. Bull Torrey Botan. Club. 1894.

Rehder A. Bibliography of cultivated trees and
shrubs. Arnold Arboretum, Harvard Univ. 1949:
185-187.

Oliver D. In Hooker, Icon. Plant. 1887; 16: 1600.

Smith GH. Vascular anatomy of Ranalian flowers II.
Ranunculaceae (Cont.), Menispermaceae, Caly-
canthaceae, Annonaceae. Botan Gaz. 1928; 85: 152-
177.

Hu SY. A monograph of the gen@&hiladelphus. J
Arnold Arboretum.1954; 35(4): 275-333.

Raifinesque CS. Asograpia American. Philadelphia.
1838: 6-9.

Metacalfe CR, Chalk L. Anatomy of the
dicotyledons. Clarendon Press, Oxford. 1950; 1: 13-
16.

. Solereder. Systematic anatomy of dicots. Clarendon

press, Oxford. 1908; 1: 25-27.

Bennett HD. Some aspects of the seed and seedling
anatomy of Calycanthus floridus L. Doctoral
dissertation, State University of lowa, 1950.

29. Quinlan CE. Contributions toward a knowledge of

the lower dicotyledons Ill. The anatomy of the stem
of the Calycanthaceae. Trans Roy Soc Edinb. 1920;
52: 517-530.

European Journal of Biological Research 2018; 8 (1): 34-41



41 | Paudel & Heo Comparative stem anatomy of four taxa of Calycanthaceae Lindl.

30. Fahn A, Bailey IW. The nodal anatomy and primary 33. Lemesle R. Tracheides a ponctuations areolees a

vascular cylinder of the Calycanthaceae. J Arnold ouvertures circulaires dans le gertalycanthus.

Arbor. 1957; 38: 107-117. Compt Rend Acad Sci Paris. 1947; 225: 761-763.
31. Eames AJ. Morphology of the angiosperms. 1st

edn., 1961.

32. Cheadle VI, Esau K. Secondary phloem of
Calycanthaceae. Univ Calif Publ Bot.1958; 29: 397-
510.

European Journal of Biological Research 2018; 8 (1): 34-41



