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The leaf epidermis of 127 samples representing ten species within 

 

Schisandra

 

 Michaux. and one species of the
related genus, 

 

Kadsura

 

 Kaempf. 

 

ex

 

 Juss., was investigated using light and scanning electron microscopy. Many char-
acters of the leaf epidermis in 

 

Schisandra

 

, such as pattern of epidermal cells, type of stomata, shape of guard cell
pairs and cuticular ornamentation, are usually constant within species and thus make good characters for studying
the relationship between and within genera. A new character, rim number, of the outer stomatal rim in the genus is
introduced. It is shown that double outer stomatal rims occur only in evergreen 

 

Schisandra

 

 species, whereas a single
rim occurs in deciduous species. This character supports the classification of 

 

Schisandra

 

 into two subgenera based
on habit and androecial organs. This classification is also supported by additional morphological and molecular tax-
onomic characters. 

 

Kadsura coccinea

 

 (Lem.) Smith A. C. is the most primitive taxon in the related genus 

 

Kadsura

 

.
The outer stomatal rim of this species also has double rims. Combined with morphological and molecular evidence,
this suggests that 

 

Schisandra

 

 and 

 

Kadsura

 

 are closely related and may share a recent common ancestor. © 2005
The Linnean Society of London, 

 

Botanical Journal of the Linnean Society

 

, 2005, 

 

148

 

, 39–56.
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INTRODUCTION

 

Schisandraceae, along with Illiciaceae, belongs to the
Illiciales (Hu, 1950; Cronquist, 1981), which are con-
sidered to be primitive dialycarpous angiosperms
(Cronquist, 1981; Lin, 2000). Recent studies in molec-
ular systematics show that Schidandraceae is one of
the most basal clades of angiosperm (Qiu 

 

et al

 

., 1999;
Leitch & Hanson, 2002; The Angiosperm Phylogeny
Group, 2003). Schisandraceae comprises two genera of
scandent woody shrubs, 

 

Kadsura

 

 and 

 

Schisandra

 

;

 

Schisandra

 

 comprises ten species (Lin, 2000), which
are disjunctly distributed between East Asia and
North America with East Asia as the centre of distri-
bution. The traditional division of the family into two
genera is essentially based on torus shape in the pis-
tillate flowers and fruit: 

 

Schisandra

 

 species possess
cylindrical or conical-terete floral receptacles that

become greatly elongated during fruit development so
that the fruiting apocarps are separated at maturity;
by contrast, 

 

Kadsura

 

 species possess obovoid, subclav-
ate or ellipsoid floral receptacles that remain short
during fruit development so that the fruiting apocarps
are closely appressed at maturity.

There have been several points of view on the tax-
onomy of 

 

Schisandra

 

 (see Table 1). The first compre-
hensive taxonomic treatment of 

 

Schisandra

 

 by Smith
(1947) recognized four sections, 25 species, six variet-
ies and one form in 

 

Schisandra

 

; the subsequent revi-
sion of Law (1996, 2002a, b) proposed six subgenera,
32 species and two varieties; Saunders (2000) recog-
nized three subgenera, three sections, 23 species and
six subspecies; Lin (2000) recognized ten species, but
did not subdivide the genus.

The macro-morphological characters used for the
classification of 

 

Schisandra

 

 are limited, with unisex-
ual flowers and apparent dioecism (but probably
monoecism), which makes identification difficult.

Leaf characters are constant and not impacted by
whether the plant is dioecious or monoecious. Leaf
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epidermal characters have been proved to be of great
use not only in identifying the fossil remains of
angiosperms but also in studying relationships
between extant taxa (Baranova, 1972, 1987, 1992;
Stace, 1984; Upchurch, 1984a, b). In 

 

Schisandra

 

,
however, although great contributions have been
made to the description of leaf epidermis morphology
(Bailey & Nast, 1948; Jalan, 1962; Baranova, 1972,
1987; Metcalfe, 1987; Wen 

 

et al

 

., 2000), leaves of only
a few species have been examined with the light
microscope (LM) and fewer with the scanning elec-
tron microscope (SEM). Moreover, these examina-
tions were not systematic or comprehensive. Thus, a
more detailed observation of leaf epidermal morphol-
ogy of extant 

 

Schisandra

 

 taxa through extensive
sampling of taxa and characters in both dimensions
is necessary.

 

MATERIAL AND METHODS

 

Mature leaves of 124 herbarium specimens, represent-
ing ten species of the genus 

 

Schisandra

 

, were used in
this study (see Appendix for voucher details). The con-
troversial taxa were sampled in detail by observing
the leaf epidermis from different specimens, including
all synonyms and different geographical regions
worldwide. An additional three specimens, represent-
ing 

 

Kadsura coccinea

 

, were included for comparisons
with 

 

Schisandra

 

. Samples were taken from herbarium
specimens. The material for LM study was boiled in

water before being macerated in 35% NaClO. Pieces of
leaf epidermis were stained with safranin–alcohol
(50%), and then dehydrated in an ethanol series before
being mounted in Canada balsam. To check the con-
stancy of epidermal structure, at least five slides were
made from different parts of a single leaf for each spe-
cies. Material for SEM was directly attached to stubs
without any treatment. In order to observe the inner
surface of the abaxial epidermis, specimens were torn
into pieces, dehydrated in a graded alcohol series and
then mounted on stubs. After gold sputtering, the
specimens were examined and photographed under an
Hitachi S-800.

The data of the long axis of stomata were analysed
using a statistical 

 

t

 

-test. The formulae used are given
as follows:
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where 

 

n

 

 is the amount of data, 

 

S

 

 is the standard devi-
ation and 

 

x

 

 is the mean.
Stomatal terminology was based on the classifica-

tion proposed by Baranova (1972) and the terminology
for other characters was based on the classification of
Wilkinson (1979).

 

RESULTS

 

Leaf epidermal characters are listed in Tables 2 and 3.
Stomatal and other epidermal features are constant

 

Table 1.

 

Comparison of supraspecific classifications of 

 

Schisandra

 

Diagnostic characteristics Smith (1947) Saunders (2000) Law (2002b)

Androecium of numerous, 

 

±

 

 free
stamens not fused at apex; pollen
tricolpate; testa smooth.

sect. 

 

Pleiosterma

 

 
18 species, 4 varieties,
and 1 form

subgen. 

 

Pleiosterma

 

 
4 species

subgen. 

 

Pleiosterma

 

 
11 species 

Androecium of numerous, 

 

±

 

 free 
stamens fused at apex; pollen
hexacolpate; testa 

 

±

 

 rugulose

 

≤

 

subgen. 

 

Sinoschisandra

 

13 species and
3 subspecies

subgen. 

 

Sinoschisandra

 

14 species 

Androecium a pentamerous ‘shield’ of
sessile stamens attached to a broad
torus apex; pollen hexacolpate; testa 

 

± 

 

rugulose

sect. 

 

Schisandra

 

(

 

Euschisanra

 

)
3 species

subgen. 

 

Schisandra

 

 
sect. 

 

Schisandra

 

 
3 species

subgen. 

 

Schisandra

 

 
3 species 

Androecium reduced to 4–6 apically 
free stamens with connate filaments;
pollen hexacolpate; testa smooth

sect. 

 

Maximowiczia

 

 
1 species

subgen. 

 

Schisandra

 

 
sect. 

 

Maximowiczia

 

 
1 species

subgen. 

 

Maximowiczia

 

1 species

Androecium reduced to a subglobose 
mass of fused stamens; thecae 
subsessile; pollen hexacolpate; 
testa smooth

sect. 

 

Sphaerostema

 

 
3 species, 2 varieties

subgen. 

 

Schisandra

 

sect. 

 

Sphaerostema

 

2 species, 3 subspecies

subgen. 

 

Sphaerostema

 

 
2 species, 2 varieties 

Androecium reduced to an elongate 
mass of fused stamens; thecae sessile;
pollen hexacolpate; testa smooth

 

≤ ≤

 

subgen. 

 

Plena

 

 
1 species 
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within species and therefore represent good charac-
ters for taxonomy.

Epidermal cells: The epidermal cells of Schisandra
as seen under LM are usually polygonal or irregular
in form, with the anticlinal cell walls sinuous, undu-
late and straight to curved. The pattern of anticlini-
cal cells may vary in different species and between
the adaxial (Ad) and abaxial (Ab) epidermis of the
same species. Straight to curved walls occur in both
Ad and Ab of S. elongata (Bl.) Baill. (Figs 12, 13),
S. lancifolia (Rehd. & Wils.) Smith A. C. (Figs 10,
11), S. plena Smith A. C. (Figs 23, 24), S. propinqua
(Wall.) Baill. (Figs 21, 22), Kadsura coccinea
(Figs 25, 26); straight to curved walls in Ad and
slightly undulate walls in Ab occur in S. elongata
(Figs 14), S. grandiflora (Wall.) Hook. f. & Thoms.
(Figs 1, 2), S. henryi Clarke (Figs 5, 6), S. pubescens
Hemsl. & Wils. (Figs 7–9) and S. repanda (Sieb. &
Zucc.) Radlk. (Figs 19, 20); straight to curved walls
in Ad and strongly sinuous walls in Ab are observed
in S. glabra (Brick.) Rehd. (Figs 17, 18) and some
populations of S. elongata (Fig. 15); slightly undu-
late walls in Ad and strongly sinuous walls in Ab
occur in S. chinensis (Turcz.) Baill. (Figs 3, 4). When
examined with SEM, the anticlinal walls of cells
are invisible or represented by obscure to marked
reticula.

Stomatal apparatus: Stomata are present on both
surfaces in S. chinensis (Fig. 3), but are seen only on
the abaxial surface in other species in the genus. The
stomata on a single leaf conform to several types,
including paracytic, laterocytic or weakly anomocytic.
Determination of the extent of the variability, the

predominant stomatotype and the proportion of other
types is necessary, so that the stomatal characters
can be properly correlated with other characters and
be useful for the purposes of classification (Baranova,
1992). Paracytic stomata are predominant in
S. henryi (70.9%), whereas laterocytic stomata pre-
dominate in S. glabra (82.%) and S. repanda (97.5%).
Anomocytic stomata are occasionally found in
S. propinqua (16.8%) and S. plena (19.4%). In some
species in which laterocytic stomata are predomi-
nant, most subsidiary cells are 1+2 (one on one side of
the pair of guard cells and two on the other), e.g.
S. chinensis,  or most are 2+2 (two on each side of
the  pair  of  guard  cells),  e.g.  S. repanda.  Under
SEM observation, the guard cells of Schisandra are
slightly elevated above the subsidiary cells. The outer
stomatal rims, which are double, are surrounded by
thick and sparse concentric striae, radiating striae or
striae irregularly arranged in both of the evergreen
groups, e.g. S. plena (Figs 45–47) and S. propinqua
(Figs 42–44), in contrast to one that is a single rim
surrounded by fine and dense concentric striae or
radiating striae in other deciduous groups:
S. chinensis, S. elongata, S. glabra, S. grandiflora,
S. henryi, S. lancifolia, S. pubescens and S. repanda.
K. coccinea also has similar double rims of outer sto-
mata. Cuticular intrusions known as ‘T’ pieces (some-
times reduced to a rod or bar) found between the ends
of each guard cell of a pair are observed in some
species of the genus, especially obvious in S. plena
(Fig. 24), S. propinqua (Fig. 22) and K. coccinea
(Fig. 26).

Statistical analysis of the size of stomata: Data for
the long axis of stomata were analysed by using a sta-

Table 3. Leaf epidermal characters of Schisandra with SEM (surface view)

Taxa
Outer 
stomatal rim

Cuticular membrane and wax 
ornamentation

Shape of guard 
cells Figure

Schisandra
S. grandiflora single striated or flaked elliptic Figs 27, 28
S. chinensis single striated and granular elliptic Figs 48, 49
S. elongata single striated or flaked elliptic Figs 36, 37
S. lancifolia single striated and granular elliptic Figs 34, 35
S. pubescens single striated and flaked elliptic Figs 31–33
S. henryi single striated, flaked and granular narrow elliptic Figs 29, 30
S. glabra single striated, flaked and granular elliptic Figs 38, 39
S. repanda single striated wide elliptic Figs 40, 41
S. propinqua double striated wide elliptic Figs 42–44
S. plena double striated and flaked wide elliptic Figs 45–47

Kadsura
K. coccinea double striated suborbiculate Fig. 50

D
ow

nloaded from
 https://academ

ic.oup.com
/botlinnean/article/148/1/39/2544411 by guest on 20 M

arch 2024



COMPARATIVE LEAF MORPHOLOGY IN SCHISANDRA 43

© 2005 The Linnean Society of London, Botanical Journal of the Linnean Society, 2005, 148, 39–56

tistical t-test (Table 4, Fig. 51). It is shown that the
long axis of S. chinensis (51.3 mm) is shorter than that
of any other deciduous species, whilst S. repanda
(85.6 mm) has the longest long axis. S. henryi and
S. pubescens are not significantly different. In addi-
tion, there is no significant difference in long axis
between S. plena and S. propinqua.

Guard cells: The pair of guard cells of Schisandra has
a usually elliptical outline in surface view, with
length/width (L/W) ratios of 1.5–1.6 : 1; however, those

of K. coccinea are nearly round with L/W ratios of
1.02 : 1. The stomatal poles, where the guard cells
meet, are rarely circular in most species.

Hairs on epidermis: The leaves of most species in
Schisandra are entirely glabrous, although a small
number of taxa have hairs on the abaxial lamina sur-
face, e.g. S. chinensis and S. pubescens (Fig. 8). The
degree of pubescence is variable, with hairs either
restricted to the main veins or extending across the
entire abaxial lamina surface, or glabrous com-

Figures 1–6. Characteristics of epidermal cells (LM): adaxial (Ad) on the left, abaxial (Ab) on the right. Figs 1, 2.
Schisandra grandiflora. Figs 3, 4. S. chinensis. Figs 5, 6. S. henryi. Scale bars = 100 mm. (Fig. 1, Drummond J. R. 6288, K;
Fig. 2, Qinghai-Xizang Exped. 3871, PE; Figs 3, 4, Wang W. T. 2522, PE; Figs 5, 6, Sino-Russia Exped. 1839, PE).

1 2

43

5 6
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pletely (such as the populations in Guangdong and
Guangxi provinces, China, Fig. 9). Unicellular and
multicellular hairs are usually present on the same
leaf (Fig. 8).

Secretory cells: Secretory cells are surrounded by five
or seven ordinary cells forming a rosette (Figs 12–14,
16, 17, 20, 26). There are wide variations in the fre-
quency and distribution of secretory cells even in the
same species, and as the variations might be closely
related to the environment, they provide few diagnos-
tic characters.

Cuticular and wax ornamentation: Under SEM obser-
vation, the cuticular membrane of the leaf epidermis
often has striae, sometimes with wax granules or
platelets. Some species have only cuticular striaes, e.g.
S. propinqua (Figs 42, 44) and S. repanda (Figs 40,
41); some have cuticular striae and wax granules, e.g.
S. chinensis (Figs 48, 49) and S. lancifolia (Figs 34,
35); some have cuticular striae and wax flakelets, e.g.
S. elongata (Figs 36, 37), S. grandiflora (Figs 27, 28),
S. plena (Figs 45, 47) and S. pubescens (Fig. 33); whilst
others have cuticular striae, wax granules and flake-
lets, e.g. S. henryi (Fig. 30) and S. glabra (Figs 38, 39).

Figures 7–12. Characteristics of epidermal cells (LM): Figs 7–9. Schisandra pubescens. Fig. 7. S. pubescens (Ad). Figs 8,
9. S. pubescens (Ab). Fig. 8. Pubescence on abaxial surface (arrow). Fig. 10. S. lancifolia (Ad). Fig. 11. S. lancifolia (Ab).
Fig. 12. S. elongata (Ad): secretory cells on adaxial surface (arrow). Scale bars = 100 mm (Figs 7, 9, Sun C. R. 140, IBSC;
Fig. 8, Tsien C. P et al. 50197, PE; Figs 10, 11, Yu T. T. 1771, PE; Fig. 12, Lin Q. 975, PE).
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KEY TO SPECIES STUDIED ON THE BASIS OF LEAF EPIDERMAL CHARACTERS

1. Outer stomatal rim single.
2. Abaxial surface lamina variably pubescent or tomentose (at least on primary and second veins).
3. Anticlinal walls of cells distinctly sinuous in abaxial surface, and slightly undulate

in adaxial surface ....................................................................................................................... 1. S. chinensis
3. Anticlinal walls of cells undulate in abaxial surface, and straight in adaxial surface........2. S. pubescens

2. Abaxial surface lamina glabrous.
4. Long axis of stomata in the range 73.4–85.6 mm.
5. Anticlinal walls of cells very sinuous in abaxial surface ......................................................... 3. S. glabra
5. Anticlinal walls of cells undulate in abaxial surface ............................................................ 4. S. repanda

4. Long axis of stomata <73.0 mm.
6. Cuticular membrane with striae, wax granules and flakelets. .............................................. 5. S. henryi
6. Cuticular membrane with striae and wax granules, or with striae and wax flakelets, 

or only with striae, but never with both wax granules and flakelets.
7. Cuticular membrane with striae and wax granules.........................................................6. S. lancifolia
7. Cuticular membrane with striae and wax flakelets, or only with striae.
8. Cuticular membrane only with striae............................................................................... 7. S. elongata
8. Cuticular membrane with striae and wax flakelets ............................... 8. S. elongata, S. grandiflora

1. Outer stomatal rims double.
9. Cuticular membrane only with striae .......................................................................... 9. S. propinqua
9. Cuticular membrane with striae and wax flakelets ......................................................... 10. S. plena

DISCUSSION

CONSIDERATION OF PREVIOUS TAXONOMIC REVISIONS 
OF SCHISANDRA

Most species of Schisandra can be classified in the key
according to leaf epidermal morphology. Smith (1947),
Law (1996), Saunders (2000) and Lin (2000) agree on
the species delimitation of S. chinensis, S. glabra,
S. lancifolia and S. plena based on morphology. In our
study, with extensive sampling from 3–10 provinces in
China, it is shown that the characters of leaf epider-
mis are constant with no significant variation between
different populations of the same species. This sug-
gests that all of the four species are reliable.

S. glaucescens Diels was described by Diels (1900)
based on a single collection, C. Bock & A. von Rosthorn
131, collected from Mount Jifoshan, Chongqing City,
China. Diels describes the species as single-fruited,
and makes no mention of flowers in his original
description. Examination of this specimen shows that
the leaf laminae are obovate, slightly obovate or oblan-
ceolate to elliptic; that the aggregate fruits are 5.0–
6.0 cm long and 1.8–2.3 cm wide, with 50–70 closely
arranged apocarps; and with a torus c. 4 mm in diam-
eter. This description is very similar to that of
S. grandiflora (Wall.) Hook. f. & Thoms [fruiting spec-
imens, collected from the same location as the type:
Xiong J. H. & Zhou Z. L. 95243 (PE), Anonymous

Table 4. t-test analyses within the genus Schisandra

Species GRA ELO LAN CHI HEN PUB REP GLA PRO PLE

GRA –
ELO 1.472 –
LAN 3.686 1.019 –
CHI 7.894 4.330 4.640 –
HEN 1.273 2.214 3.816 7.014 –
PUB 1.630 2.552 4.871 8.609 0 –
REP 4.925 5.257 6.847 9.267 3.471 3.814 –
GLA 1.818 2.628 4.165 7.144 0.535 0.609 2.900 –
PRO 4.218 1.611 0.900 3.474 4.275 5.291 7.145 4.590 –
PLE 4.469 2.384 1.973 1.598 4.655 5.378 7.280 4.945 1.190 –

ELO, S. elongata; GRA, S. grandiflora; CHI, S. chinensis; LAN, S. lancifolia; HEN, S. henryi; PUB, S. pubescens; GLA,
S. glabra; REP, S. repanda; PRO, S. propinqua; PLE, S. plena.
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96164 (PE), and Specimens Group 10115 (IMC)]. Lin
(2000, 2005) considered S. glaucescens to be a syn-
onym of S. grandiflora and that those specimens,
determined as S. glaucescens (except for the type), are
S. elongata. We have observed the leaf epidermal mor-
phology in the above collections and on additional
specimens identified as S. grandiflora, S. incarnata
Stapf., S. rubriflora (Franch.) Rehd. & Wils. and
S. sphaerandra Stapf., respectively. We have found
that characters of the leaf epidermis in these speci-
mens, such as outer stomatal rim single, glabrous on
abaxial surface, long axis of stomata not exceeding
69 mm, cuticular membrane with striae and wax

flakelets, are constant with no apparent difference
among  them.  Our  results  thus  support  the  view
that S. glaucescens, S. incarnata, S. rubriflora and
S. sphaerandra be included in S. grandiflora (Lin,
2000).

Specimens of S. bicolor Cheng W. C., S. repanda and
S. tuberculata Law Y. H., collected from their type
localities and regions nearby, were examined. They
have common leaf epidermal features, for instance,
the long axis of the stomata exceeding 80 mm, anticli-
nal walls of cells slightly undulate on the abaxial
surface, that are distinct from other species in the
genus, confirming the suggestion of Lin (2000) to

Figures 13–18. Characteristics of epidermal cells (LM). Figs 13–16. Schisandra elongata. Figs 13–15. Different pattern
of anticlinal walls. Figs 13, 16. Secretory cells on adaxial surface (arrow). Fig. 17. S. glabra (Ad). Fig. 18. S. glabra (Ab).
Scale bars = 100 mm. (Fig. 13, Lin Q. 975, PE; Fig. 14, Wang J. C. & Lin H. W et al. s.n., TAIF; Fig. 15, Pai Y. Y. 1484, PE;
Fig. 16, Pao S. Y. 1597, PE; Figs 17, 18, RSA Herb. no. 311533, RSA).
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Figures 19–26. Characteristics of epidermal cells (LM): Ad on the left, Ab on the right. Figs 19, 20. Schisandra repanda.
Figs 21, 22. S. propinqua. Figs 23, 24. S. plena. Figs 25, 26. Kadsura coccinea. Arrowheads, ‘T’ pieces intrusions. Scale
bars = 100 mm. (Figs 19, 20 Law Y. H. 1334, PE; Figs 21, 22, Wilson E. H. 1304, K; Figs 23, 24, Feng K. M. 22455, IBSC;
Figs 25, 26, Duan L. D. & Lin Q.138, PE).
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Figures 27–32. Characteristics of stomata (SEM). Figs 27, 28. Schisandra grandiflora. Figs 29, 30. S. henryi. Figs 31, 32.
S. pubescens. Figs 27, 29, 31. Outer view of Ab after peeling. Scale bar = 23.1 mm. Fig. 32. Inner view of Ab after peeling.
Scale bar = 23.1 mm. Fig. 28. Wax platelets (arrow), Ab. Scale bar = 20.0 mm. Fig. 30. Striae and wax granules (arrows), Ab.
Scale bar = 20.0 mm. (Fig. 27, Wu S. K. 1913, PE; Fig. 28, Shennongjia Exped. 30734, PE; Figs 29, 30, Liou T. N. 22536B,
PE; Figs 31, 32, Sun C. R.140, IBSC).
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Figures 33–38. Characteristics of stomata (SEM). Fig. 33. Schisandra pubescens. Figs 34, 35. S. lancifolia. Figs 36, 37.
S. elongata. Fig. 38. S. glabra. Figs 34, 37, 38. Outer view of Ab after peeling. Scale bars = 23.1 mm. Figs 33, 35, 36. Ab.
Scale bars = 20.0 mm. (Fig. 33, Sun C. R. 140, IBSC; Figs 34, 35, Feng K. M. 2844, PE; Fig. 36, Shennongjia Exped. 30478,
PE; Fig. 37, Zhang Z. W. 42, PE; Fig. 38, PH Herb. no. 547754, PH).
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Figures 39–44. Characteristics of stomata (SEM). Fig. 39. Schisandra glabra. Figs 40, 41. S. repanda. Figs 42–44.
S. propinqua. Figs 41, 42. Outer view of Ab after peeling, arrow shows fine concentric striae. Scale bars = 23.1 mm. Fig. 43.
Inner view of Ab after peeling. Scale bar = 38 mm. Figs 39, 40, 44. Ab. Scale bars = 20.0 mm. (Fig. 39, PH Herb. no. 547754,
PH; Fig. 40, Furuse M.30861, PE; Fig. 41, Anonymous 377, PE; Figs 42, 43, Dang C. Z. & Dang P.205, PE; Fig. 44, Qinghai-
Xizang Exped. 5956, PE).
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Figures 45–50. Characteristics of stomata (SEM). Figs 45–47. Schisandra plena. Figs 48, 49. S. chinensis. Fig. 50.
K. coccinea. Figs 45, 48. Outer view of Ab after peeling. Scale bars = 23.1 mm. Fig. 46. Inner view of Ab after peeling. Scale
bar = 23.1 mm. Figs 47, 49, 50. Ab. Scale bars = 20.0 mm. (Figs 45–47, Feng K. M. 22455, IBSC; Figs 48, 49, Kuan K. C.
et al. 2165, PE; Fig. 50, Duan L. D. & Lin Q. 138, PE).
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reduce S. bicolor and S. tuberculata to synonyms of
S. repanda.

S. henryi var. longipes (Merr. & Chun) Smith A. C.
[= S. sphenanthera var. longipes Merr. & Chun,
S. longipes (Merr. & Chun) Saunders R. M. K.],
S. pubescens var. pubinervis (Rehd. & Wils.) Smith
A. C. [= S. sphenanthera var. pubinervis Rehd. &
Wils., S. pubinervis (Rehd. & Wils.) Saunders R. M.
K.] and S. tomentella Smith A. C. were reduced to
synonyms of S. pubescens based on morphological
characters by Lin (2000). Leaf epidermal morphol-
ogy supports this.

The merging of S. propinqua var. intermedia Smith
A. C. [= S. propinqua ssp. intermedia (Smith A. C.)
Saunders R. M. K.], S. propinqua  var. linearis  Finet
& Gagnep. and S. propinqua var. sinensis Oliv.
[= S. propinqua ssp. sinensis (Oliv.) Saunders R. M. K.]
into S. propinqua (= S. propinqua var. typica,
S. propinqua ssp. propinqua) by Lin (2000) finds sup-
port in our study, based on their double outer stomatal
rims and cuticular membranes with only smooth and
cuticular striaes.

S. henryi var. marginalis Smith A. C. [= S. henryi
ssp. marginalis (Smith A. C.) Saunders R. M. K.],
S. henryi var. yunnanensis Smith A. C. [= S. henryi
ssp. yunnanensis (Smith A. C.) Saunders R. M. K.] and
S. henryi (= S. henryi var. typica, S. henryi ssp. henryi)
are characterized by the stomatal long axis not
exceeding 72 mm and a cuticular membrane with
striae, wax granules and flakelets. The above features
are unique for Schisandra, supporting the view that
they are one species, and that S. henryi var. margin-

alis, S. henryi var. yunnanensis should no longer be
recognized (Lin, 2000).

We have demonstrated that the leaf epidermis of
S. elongata, including the specimens always identified
as S. arisanensis Hayata, S. neglecta Smith A. C.,
S. sphanenthera Rehd. & Wils. and S. viridis Smith A.
C., shows variations in certain features between the
different geographical regions sampled. The anticlinal
walls of cells on the abaxial surface are strongly
sinuous in northern populations (Gansu, Ningxia,
Shaanxi and Shanxi provinces),  whereas southern
and south-eastern populations are slightly undulate
or straight (Sichuan, Guizhou, Guangxi, Yunnan,
Hunan, Jiangxi, Anhui, Zhejiang, Fujian, Taiwan,
Guangdong provinces; India; Indonesia). According to
results from the related families Magnoliaceae (Wang
& Tao, 1993) and Illiciaceae (Lin, 1997), the evolution-
ary trends of anticlinal cell walls in Schisandra may
be inferred from sinuous, undulate to straight or
curved, also associated with geographical distribution.
So, although leaf epidermal diversity between north
and south populations is significant, the variation
between populations in adjacent regions is continuous
and shows certain evolutionary trends. It is suggested
that the names listed here are a single species,
S. elongata.

S. elongata and S. grandiflora are difficult to distin-
guish on epidermal characters (see Key). S. elongata
has the most widespread distribution in Schisandra,
and high variation in many characters, including
shape of leaf, degree of development of apical stamens,
anther dehiscence, seed testa ornamentation, etc.,
show that it is in a phase of active differentiation,
which would explain why the epidermal characters of
this species overlap with S. grandiflora.

EVIDENCE FOR INTERSPECIFIC RELATIONSHIPS

S. chinensis is a distinctive species, and it is the sole
member of section Maximowiczia (Smith, 1947), so all
diagnostic characters at the sectional level are also
diagnostic for the species; Law (1996) recommended
the elevation of the section Maximowiczia to the sub-
generic rank; Saunders (2000) supported Smith’s
point of view of establishing the section Maximowic-
zia. In Saunders’s treatment, sect. Sinoschisandra,
sect. sphareostema, combined with sect. Maximowic-
zia are placed together in the subg. Schisandra. We
analysed the long axis of the stomata using the statis-
tical t-test. The results show that the long axis of
S. chinensis is the smallest in Schisandra. In addition,
it is the only species in Schisandra of which the anti-
clinal cell walls of the adaxial surface are slightly
undulate. Associated with other morphological char-
acters, this supports the placing of S. chinensis in a
distinct subdivision of the genus.

Figure 51. Observed variation of quantitative charac-
ters: data of long axis of stomata. Black squares = median
values. ELO: Schisandra elongata; GRA: S. grandiflora;
CHI: S. chinensis; LAN: S. lancifolia; HEN: S. henryi;
PUB: S. pubescens; GLA: S. glabra; REP: S. repanda;
PRO: S. propinqua; PLE: S. plena.
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The phylogeny of Schisandraceae was inferred from
sequence analysis of nrDNA ITS region and trnL-F
region by Liu et al. (2000). Their results showed
S. repanda nested within Kadsura not Schisandra.
Morphologically, S. repanda is very similar to
S. glabra and distinct within this family, both having a
special androecium of five sessile stamens, radiating
horizontally from a broad floral axis; it therefore
seemed reasonable to place the two species in the
same subdivision of Schisandra (Smith, 1947; Saun-
ders, 2000; Law, 2002b). Analysis of the long axis of
the stomata using a t-test found no significant differ-
ence between S. repanda and S. glabra. The results of
leaf epidermal morphology are consistent with the
views based on gross morphology, and diverge from
the conclusion of Liu et al. (2000).

From the result of the t-test, it can be seen that the
long axis of the stomata of S. henryi and S. pubescens
have almost no difference, suggesting they may be
closely related.

In both of the evergreen groups, S. plena and
S. propinqua, data for the long axis of the stomata
indicate no significant difference between them. Cor-
related with other characters above, it is shown that
they are closely related.

LEAF EPIDERMIS EVIDENCE FOR SUBDIVISION OF THE 
GENUS SCHISANDRA

Smith’s (1947) supraspecific treatment of Schisandra
divides Schisandra into four sections (Table 1), largely
defined by reference to androecial structures. Section
Pleiostema in his system is too extensive. Law (1996)
recommended some significant changes to the former
classification and proposed the recognition of six sub-
genera in Schisandra, including the revised more
natural section Pleiostema, based on morphology. His
supraspecific changes were not based on a phyloge-
netic interpretation of the data, however, and mono-
phyly of the subgenera was not demonstrated. The
above two taxonomic treatments do not represent the
course of evolution. Saunders (2000) monographed the
genus and presented an amended supraspecific classi-
fication that was based on a cladistic analysis of mor-
phological data. His system was developed within an
evolutionary context. In Saunders’s section Sphaero-
stema, the plants are evergreen; leaf laminae are
chartaceous to subcoriaceous; cuticular intrusions
occur between the ends of the two guard cells known
as ‘T’ pieces; outer stomatal rims are double; flowers
are solitary, in clusters, raceme or panicle; receptacles
are carneous and inflated, globular or obovoid (male
flowers); torus is not thickened and peduncle not elon-
gated as fruits mature (female flower); testa is retic-
ulate. In other sections and subgenera the plants are
deciduous; leaf lamina are papyraceous to thin-papy-

raceous; rod or bar type cuticular intrusions occur
between the ends of the two guard cells, sometimes
with unclear ‘T’ pieces; the outer stomatal rim is sin-
gle; flowers are solitary; receptacles are terete, conical
or compressed, not carneous or apically inflated (male
flowers); torus is thickened and peduncle elongated as
fruits mature; testa is verrucate. The above character-
istics makes his subgenus Schisandra confused. In
addition, the specimens and statistical data he used
were of limited value and some important characters
were misinterpreted because of lack of field work in
the centre of diversity of the genus. We thus believe
that his subgen. Schisandra, subgen. Pleiostema and
subg. Sinoschisandra are not natural. On the other
hand, Saunders’s sect. Sphaerostema, comprising
S. propinqua and S. plena, is justified by evidence
from the macromorphology, epidermal features, seed
surface feature and molecular data, which indicated
that the two species are closely related. So neither the
elevation of the two species to two subgeneric levels,
respectively (Law, 1996) nor placing them into the
same subgenus with other species (Saunders, 2000)
seemed unreasonable. The treatment of the evergreen
groups as distinct from the deciduous species of the
genus appears natural.

RELATIONSHIP BETWEEN SCHISANDRA AND KADSURA

As Kadsura coccinea is the most primitive species in
Kadsura, the leaf epidermis of this species was
observed by using LM and SEM (Figs 25, 26, 50). It
has been shown that the epidermal morphology of
K. coccinea is similar to that of the evergreen groups
in Schisandra with respect to the pattern of epidermal
cells, the cuticular intrusions between the ends of a
pair of guard cells and double outer stomatal rim, cor-
related with pollen evidence (Sun, 2000), seed surface
features (Bi et al., 2002; Yang et al., 2002) and molec-
ular systematics (Hao, Chey & Saunders, 2001; Wang
et al., 2003). Such data indicate that the evergreen
groups of Schisandra are analogous to Kadsura to a
certain extent, and raise the possibility that Schisan-
dra and Kadsura might originate from a common
ancestor and have undergone parallel evolution along
two different pathways; i.e. Schisandra and Kadsura
have different evolutionary directions: the former is
along the way that floral receptacles become greatly
elongated during fruit development so that the fruit-
ing apocarps are separated at maturity; the latter is
along the other way where floral receptacles remain
short during fruit development so that the fruiting
apocarps are closely appressed at maturity.

ACKNOWLEDGEMENTS

This work was supported by the National Natural
Science Foundation of China (grant no. 30270103)

D
ow

nloaded from
 https://academ

ic.oup.com
/botlinnean/article/148/1/39/2544411 by guest on 20 M

arch 2024



54 Z.-R. YANG and Q. LIN 

© 2005 The Linnean Society of London, Botanical Journal of the Linnean Society, 2005, 148, 39–56

and a Key Project of the Knowledge Innovation Pro-
gram of the Chinese Academy of Sciences (grant no.
KSCX2-SW-108). We are grateful to the herbarium
keepers of HNNU, IBSC, IMC, K, PE, PH, RSA, SM
and TAIF for permission to examine specimens or for
the loan of material. We also thank Professor Alex
Monro for his helpful advice and comments on the
manuscript.

REFERENCES

Bailey IW, Nast CG. 1948. Morphology and relationship of
Illicium, Schisandra and Kadsura. I. Stem and Leaf. Jour-
nal of the Arnold Arboretum 29: 77–89.

Baranova M. 1972. Systematic anatomy of the leaf epidermis
in the Magnoliaceae and some related families. Taxon 21:
447–469.

Baranova M. 1987. Historical development of the present
classification of morphological types of stomata. Botanical
Review 53: 53–79.

Baranova M. 1992. Principles of comparative stomato-
graphic studies of flowering plants. Botanical Review 58:
1–99.

Bi HY, Lin Q, Liu CJ, Zhao JC. 2002. Seed morphology of
Kadsura Juss. (Schisandraceae) in relation to its taxonomic
significance. Acta Phytotaxonomica Sinica 40: 501–510 (in
Chinese, with English abstract).

Cronquist A. 1981. An integrated system of classification of
flowering plants. New York: Columbia University Press.

Diels L. 1900. Die Flora von Central-China. Nach der vorhan-
denen Litteratur und neu mitgeteiltem Original Materiale.
Botanische Jahrbücher für Systematik 29: 169–659.

Hao G, Chey ML, Saunders RMK. 2001. A phylogenetic
analysis of the Schisandraceae based on morphology and
nuclear ribosomal ITS. Botanical Journal of the Linnean
Society 135: 401–411.

Hu HH. 1950. A polyphyletic system of classification of
angiosperms. Science Record. 3: 221–230.

Jalan S. 1962. The ontogeny of the stomata in Schisandra
grandiflora J. D. Hooker & Thomson. Phytomorphology 12:
239–242.

Law YW. 1996. Schisandra Michaux. In: Law YH, Lo HS, eds.
Flora Reipublicae Popularis Sinicae. Beijing: Science Press,
30: 243–269, 272–273.

Law YH. 2002a. Systematics and evolution of the family
Schisandraceae, I. Foundation of Schisandrales and system
of Kadsura. Acta Scientiarum Naturalium Universitatia
Sunyatseni 41: 77–82.

Law YH. 2002b. Systematics and evolution of the family
Schisandraceae, II. System of Schisandra and evolution of
Schisandrales. Acta Scientiarum Naturalium Universitatia
Sunyatseni 41: 67–72.

Leitch IJ, Hanson L. 2002. DNA C-values in seven families
fill phylogenetic gaps in the basal angiosperms. Botanical
Journal of the Linnean Society 140: 175–179.

Lin Q. 1997. Systematics and evolution of the family Illici-
aceae. Unpublished DPhil Thesis, Forestry College, South

China Agricultural University, Guangzhou, China (in Chi-
nese, with English abstract).

Lin Q. 2000. Taxonomic notes on the genus Schisandra Michx.
Acta Phytotaxonomica Sinica 36: 532–550 (in Chinese, with
English abstract).

Lin Q. 2005. Discussions on micromorphological features of
the seed of Schisandraceae and their systematic significance
put forward by SUN Cheng-Ren. Acta Phytotaxonomica Sin-
ica 43 (3): in press (in Chinese, with English abstract).

Liu Z, Wang XQ, Chen ZD, Lin Q, Lu AM. 2000. The phy-
logeny of Schisandraceae inferred from sequence analysis of
the nrDNA ITS region. Acta Botanical Sinica 42: 758–761 (in
Chinese, with English abstract).

Metcalfe CR. 1987. Magnoliales, Illiciales, and Laurales. In:
Metcalfe CR, Chalk L, eds. Anatomy of the dicotyledons, 2nd
edn. Oxford: Clarendon Press, 3: 83–85.

Qiu YL, et al. 1999. The earliest angiosperms: evidence from
mitochondrial, plastid and nuclear genomes. Nature 402:
404–407.

Saunders RMK. 2000. Monograph of Schisandra (Schisan-
draceae). Systematic Botany Monographs 58: 1–118.

Smith AC. 1947. The families Illiciaceae and Schisandraceae.
Sargentia 7: 1–224.

Stace CA. 1984. The taxonomic importance of the leaf surface.
In: Heywood VH, Moore DM, eds. Current concepts in plant
taxonomy. London: Academic Press, 25: 67–94.

Sun CR. 2000. Pollen morphology of the Schisandraceae and
its systematic significance. Acta Phytotaxonomica Sinica 38:
437–445 (in Chinese, with English abstract).

The Angiosperm Phylogeny Group. 2003. An update of the
Angiosperm Phylogeny Group classification for the orders
and families of flowering plants: APG II. Botanical Journal
of the Linnean Society 141: 399–436.

Upchurch GR. 1984a. Cuticle evolution in Early Cretaceous
angiosperms from the Potomac Group of Virginia and
Maryland. Annals of the Missouri Botanical Garden 71: 522–
550.

Upchurch GR. 1984b. Cuticular anatomy of angiosperm
leaves from the Lower Cretaceous Potomac Group. I. Zone I
leaves. American Journal of Botany 71: 192–202.

Wang YF, Tao JR. 1993. Studies on the leaf cuticle of three
Chinese endemic genera in Magnoliaceae. Acta Botanica
Sinica 35 (Suppl.): 106–110.

Wang YH, Zhang SZ, Gao JP, et al. 2003. Phylogeny of
Schisandraceae based on the cpDNA rbcL sequences. Jour-
nal of Fudan University (Natural Science) 42: 550–554 (in
Chinese, with English abstract).

Wen XY, Lin Q, Zeng QW, et al. 2000. Study on the leaf
epidermis of the genus Schisandra in China. Life Sci-
ence Research 4: 41–47 (in Chinese, with English
abstract).

Wilkinson HP. 1979. The plant surface (mainly leaf). In: Met-
calfe CR, Chalk L, eds. Anatomy of the dicotyledons, 2nd edn.
Oxford: Clarendon Press, 97–167.

Yang ZR, Lin Q, Liu CJ, Zhao JC. 2002. Seed morphology of
the genus Schisandra and its taxonomy significance. Acta
Botanica Yunnanica 24: 627–637 (in Chinese, with English
abstract).

D
ow

nloaded from
 https://academ

ic.oup.com
/botlinnean/article/148/1/39/2544411 by guest on 20 M

arch 2024



COMPARATIVE LEAF MORPHOLOGY IN SCHISANDRA 55

© 2005 The Linnean Society of London, Botanical Journal of the Linnean Society, 2005, 148, 39–56

APPENDIX

MATERIAL EXAMINED

Kadsura coccinea (Lem.) A. C. Smith
China. HUNAN: Xinning, Duan L. D. & Lin Q. 138,
150 (PE). Guangdong, Lin Q. 972 (PE)

Schisandra chinensis (Turcz.) Baill.
China. BEIJING: Mentougou, Lin Q. 991 (PE); Miyun,
Wang W. T. 2522 (PE). HEILONGJIANG: Shangzhi, Li
Q. T et al. 71 (PE). JILIN: Antu, Hong D.Y et al. 33.279
(PE). LIAONING: Yixian, Li S. X et al. 115 (PE). NEI
MONGOL: Tuquan, Medical Exped. 2005 (PE).
SHANXI: Wutai, Kuan K. C et al. 2165 (PE).

Japan. HONDU: Shinano, Furuse M.41523 (PE).

Korea. Kang-Won: Jeon J. I. & Choi D. R. BS047 (PE)

Russia. Primorsk, Palczevsky N. s.n. (PE).

S. elongata (Bl.) Baill.
China. ANHUI: Huangshan, Zhou H. X. 769 (PE)
(S. sphenanthera, identified by Zhou G. S.). CHONG-
QING: Chengkou, Dai T. L. 105261 (PE); Nanchuan,
Fang W. P. 855 (PE) (S. glaucescens, identified by Reh-
der A., Saunders R. M.K., Smith A. C., respectively),
Xiong J. H. & Zhou Z. L. 91123 (PE); Wanyuan, Li P.
Y. 6075 (PE). FUJIAN: Yongtai, Lin Y. s.n. (PE)
(S. elongata, identified by Lin Y./S. viridis, identified
by Zhang Z. Y.). GANSU: Tianshui, Zhang Z. W. 42
(PE). GUANGDONG, Meixian, Tsang W. T. 21423 (PE)
(paratype of S. viridis, identified by Law Y. H., Saun-
ders R. M. K., Smith A. C., respectively). GUIZHOU,
Anlong, Guizhou Exped. 2858 (PE). HENAN: Xinyang,
Zhang X. Q. 20227 (PE) (S. spheranthera, identified by
Zhang Z. Y., Kuan K. C., respectively); Neixiang,
Henan Exped. 792 (PE) (S. sphenanthera, identified by
Law Y. H.). HUBEI: Badong, Fu G. X. & Zhang Z.
S. 829 (PE) (S. sphenanthera, identified by Law Y. H.);
Shennongjia, Shennongjia Exped. 30478 (PE).
HUNAN: Nanyue, Lin Q. 975, 988 (PE). JIANGXI:
Lushan, Cheng W. 168 (PE) (S. sphenanthera, identi-
fied by Cheng S. Z.). NINGXIA: Precise locality not
known, Hsia W. Y. 4317 (PE). SHAANXI: Pusashan,
Pai  Y.  Y.  1484  (PE)  (S. spheranthera,  identified  by
Pai Y. Y.). SHANXI: Ruicheng, Pao S. Y. 1597 (PE)
(S. sphenanthera, identified by Pao S. Y., Zhang Z. Y.,
respectively); Precise locality not known, P. Licent S. J.
181 (PE). SICHUAN: Leibo, Zhao Q. S. 1320 (PE)
(S. sphenanthera, identified by Cao Z. Y.). TAIWAN:
Hualien, Wang J. C et al. 8587 (TAIF) (S. arisanensis,
identified by Wang J. C); Taichung, Yang K. C. s.n.
(TAIF) (S. arisanensis, identified by Yang K. C.).
XIZANG: Bomi, Y. T. & Lang K. Y. 728 (PE). YUN-
NAN: Weixi, Tsai H. T. 59827 (PE) (S. neglecta,
identified by Law Y. H., Saunders R. M. K., respec-
tively), Wang C. W. 63634 (PE) (S. neglecta, identified
by Law Y. H., Saunders R. M. K., Smith A. C., respec-

tively); Precise locality not known, Forrest G. 15825
(K) (S. neglecta, identified by Saunders R. M. K.,
Smith A. C., respectively); Precise locality not known,
Ducloux F. 735 (K) (S. micrantha, identified by
Saunders R. M. K., Smith A. C., respectively). ZHE-
JIANG: Zhuji, Chen S. 293 (PE) (paratype of S. viridis,
identified by Law Y. H., Saunders R. M. K., Smith A.
C., respectively).

India: Khasia, Hook.f. & Thoms s.n. (K); Darjeeling,
Griffith76 (K) (S. neglecta, identified by Saunders R.
M. K., Smith A. C., respectively).

Indonesia: Precise locality not known, Sun H. F. 539
(PE). JAVA: Precise locality not known, Backer12291
(K) (S. elongata, identified by Saunders R. M. K.,
Smith A. C., respectively).

S. glabra (Brick.) Rehd.
USA: Alexandria, J. Hale s.n. (K); RSA Herb.
No.311533 (RSA); PH Herb. no. 547754 (PH). Louisi-
ana 1840; Georgia, Chen S. C et al. 901 (PE).

S. grandiflora (Wall.) Hook.f. & Thoms.
Bhutam. Grierson A. J. C. & Long D. G. 1793 (K)
(S. grandiflora, identified by Saunders R. M. K.), 2555
(K) (S. grandiflora, identified by Saunders R. M. K.).

China. CHONGQING: Nanchuan, Jinfoshan Exped.
1717, 2115 (PE), Anonymous 96164 (PE), SM Herb. no.
10115 (SM) (S. glaucescens, identified by Liu Z. Y.),
60234 (PE), Xiong J. H. & Zhou Z. L. 95243 (PE), Lin
Q. 983 (PE), Li G. F. 62284 (PE) (S. rubriflora, identi-
fied by Zhang Z. Y.). HUBEI: Enshi, PE Herb. no.
637978 (PE) (S. rubriflora, identified by Law Y. H.);
Shengnongjia, Shengnongjia Exped. 30734 (PE); Xing-
shan, Liu Y. 665 (PE) (S. glaucescens, identified by
Law Y. H.). SHAANXI: Shanyang, Liang Y. M. & Yang
J. X. 3134 (PE). SICHUAN: Mianning, Wu S. G. 1913
(PE) (S. rubriflora, identified by Law Y. H.). XIZANG:
Dinggyê, Qinghai-Xizang Exped. 3871 (PE)
(S. grandiflora, identified by Law Y. H.). YUNNAN:
Dali, Liou T. N. 21241 (PE) (S. rubriflora, identified by
Law Y. H.); Zhongdian, Yu T. T. 11482 (PE)
(S. sphaerandra, identified by Law Y. H., Zhang Z. Y.,
respectively).

India. Punjab, Drummond J. R. 6288 (K).

S. henryi Clarke
China. ANHUI: Shexian, Deng M. B. 4660 (PE).
FUJIAN: Wuyishan, He G. S. 9840 (PE). GUANG-
DONG: Liannan, Tam P. C. 58965 (PE) (S. henryi ssp.
marginalis, identified by Saunders R. M. K.).
GUANGXI: Lingle, Guangxi Pl Exped.33162 (PE).
GUIZHOU: Xishui, Guizhou Exped. 122 (PE). HUBEI:
Lichuan, Fu G. X. & Zhang Z. S. 1727 (PE). HUNAN:
Nanyue, Lin Q. 956 (PE), 974 (PE) (S. henryi ssp. mar-
ginalis, identified by Saunders R. M. K.). (PE); Sang-
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zhi, Lin Q. 88 (PE); Wugang, Tsoong P.C. 1251 (PE).
JIANGXI: Anfu, Jiangxi Exped. 949 (PE). SICHUAN:
Emei, Sino-Russia Exped. 1839 (PE); Fengjie, Chang
T. Y. 25464 (PE). YUNNAN: Yangbi, Liou T. N. 22536B
(PE) (S. henryi var. yunnanensis, identified by Law Y.
H.). ZHEJIANG: Ruian, Zhang S. R. 5468 (PE).

S. lancifolia (Rehd. & Wils.)
China. SICHUAN: Mianning, Yu T. T. 1771 (PE); Muli,
Feng K. M. 2844 (PE). YUNNAN: Lijiang, Feng K. M.
9125 (PE).

S. plena A. C. Smith
China. XIZANG: Mêdog, Chen W. L. 15063 (PE). YUN-
NAN: Jinghong, Wang C. W. 76340 (PE); Wenshan,
Feng K. M. 22455 (PE).

S. propinqua (Wall.) Baill.
China. CHONGQING: Chengkou, Dai T. L. 107174
(PE); Nanchuan, Lin Q. 985 (PE). GANSU: Wenxian,
Fu K. J. 2316 (PE). GUIZHOU: Xingyi, Guizhou
Exped. 6222, 6510, 6744 (PE); Xingren, Dang C. Z. &
Dang P. 205 (PE). HENAN: Xixia, Henan Forest
Bureau 1422 (PE). HUBEI: Enshi, Dai L.Y. & Qian Z.
H. 635 (PE); Precise locality not known, Wilson E. H.
1340 (K) (S. propinqua ssp. sinensis, identified by
Saunders R. M. K./S. propinqua var. sinensis, identi-
fied by Smith A. C.). HUNAN: Yongshun, Hunan
Exped. 447 (PE). SHAANXI: Yangxian, Liou T. N. &
Tsoong P. C. 3843 (PE). SICHUAN: Tianquan, Hu W.
G. & Ho Z. 11810 (PE) (S. propinqua var. sinensis,
identified by Zhang Z. Y.). XIZANG: Nyalam, Qinghai-
Xizang Exped. 5956 (PE). YUNNAN, Gongshan, Feng
K. M. 7147 (PE); Precise locality not known, Forrest G.
14222 (K) (S. propinqua var. intermedia, identified by
Smith A. C.).

India. Anonymous 356 (PE).

Nepal. Schilling & C. D. Sayers 558 (K).

S. pubescens Hemsl. & Wils
China. CHONGQING: Nanchuan, Lin Q. 984 (PE).
GUANGDONG: Lechang, Ko S. P. 54551 (PE)
(S. sphenanthera var. longipes, identified by Chun W.
Y./S. longipes, identified by Saunders R. M. K.).
GUANGXI: Longsheng, Guangxi Exped. 231 (PE)
(S. longipes, identified by Saunders R. M. K).
GUIZHOU: Leishan, Tsien C. P. et al. 50197 (PE).
HUBEI: Enshi, Fu G. X. & Zhang Z. S. 1373 (PE);
Lichuan, Sun C. R. 140 (IBSC) (S. henryi var. longipes,
identified by Sun C. R). HUNAN: Sangzhi, Li B. G. &
Wan S. B. 750289 (PE). SICHUAN: Ebian, Zhao Z. X.
284 (PE); Emei, Fang W. P. et al. 7765 (PE)
(S. pubescens var. pubinervis, identified by Law Y. H.,
Smith A. C., respectively/S. pubinervis, identified by
Saunders R. M. K.); Hongya, Fang W. P. 8330 (PE)
(S. pubescens var. pubinervis, identified by Law Y. H.,
Smith A. C., respectively/S. pubinervis, identified by
Saunders R. M. K.); Leibo, Zhao Q. S. 1341 (PE)
(S. tomentella, identified by Saunders R. M. K.). YUN-
NAN: Daguan, NE Yunnan Exped. 180 (PE).

S. repanda (Sieb. & Zucc.) Radlk.
China. ANHUI: Jinzhai, Anonymous 377 (PE).
JIANGXI: Shangrao, Nie M. X. 5019 (PE). HUNAN:
Jiangyong, Zhang D. L. 1351 (PE), Liu L. H. & He G.
Z. 16342 (HNNU) (paratype of S. tuberculata, identi-
fied by Law Y. H.).YUNNAN: Wenshan, Wu Q. A. 8388
(PE). ZHEJIANG: Tianmushan, Law Y. H. 1334 (K)
(topotype of S. bicolor, identified by Law Y. H.).

Japan. Iwaki, Furuse M. 30861 (PE).
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