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ABSTRACT

This study was carried out to investigate the epidermal structure and types of
stomata on the upper and lower surfaces of the leaves in six species and one variety
belonging to Korean Crassulaceae. The shape of epidermal cells was polygonal, isodiame-
tric, or elongated. The cell wall was thick, sinuous or deeply sinuous. The subsidiary
cell wall was thin or mostly arched. The cytolith-containing cells were found in Oros-
tachys japonicus. The distribution of stomata was more on the upper surface than on
the lower surface in the leaves of O. japonicus and Sedum sarmentosum. The stomata
in the other species were less on the upper surface than on the lower surface, and
stomatal size was different in each species. The great majority of stomatal types
was the helico-eumesogenous type. This type was subdivided into two, parahelico-
eumesogenous type and diahelico-eumesogenous type by us on the basis of the angle
of division of guard mother cell and the long axis of the last-formed subsidiary cells.
Sometimes allelo-eumesogenous type as well as aniso-eumesogenous type was found.
The tetra-eumesogenous type with four mesogenous subsidiary cells was rarely observed.
It was observed that the varieties of aniso-eumesogenous type with one to three
subsidiary cells and one helix of subsidiary cells were developed by the secondary
division of subsidiary cells of aniso-eumesogenous stoma. The compound shape of helico-
eumesogenous stomata was found. Five new kinds of stomatal types were observed as
follows; the helico-tetra-eumesogenous type, the coallelohelico-eumesogenous type, the
cohelico-allelo-eumesogencus type, the duplotetra-eumesogenous type, and the aniso-
euperigenous type. These types were reported here in the vascular plants for the first

time.
INTRODUCTION

Stomata in dicotyledons were reported firstly to be classified in various types of
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stomata by Vesque (1889). He proposed a terminology that was exemplified and firstly
observed in the families of Ranuncluacéae, Crucifere, Rubiacée, Labiée or Caryophyllée.
Metcalfe and Chalk (1950) discussed the difficulties of terminology proposed by Vesque
(1889). They developed a second terminology which was widely used for anomocytic
(ranunclaceous), anisocytic (cruciferous), paracytic (rubiateous), diacytic (caryophyllac-
eous), and actinocytic types of stomata that were newly found and named the above five
stomatal types. Pant (1965) and Payne (1979) reclassified the embryophyte on the basis
of stomatal ontogeny. Cotthem (1970) reclassified the adult stomata on the basis of their
morphological feature with fifteen types. Fryns-Claessens and Cotthem (1973), Dilcher
(1974), and Stevens and Martin (1978) discussed and associated the terminology with a
morphological feature of adult stomata and ontogenetic stomata.

In Crassulaceae Strasburger (1866) reported the stomatal development in the leaves of
Sedum spurium. Yarbrough (1934) pointed out that the stomatal ontogeny was proceeded
by spiral preparatory divisions forming four to six subsidiary celis. Metcalfe and Chalk
(1950) suggested that the stomata in most of Crassulaceae were nearly always surrounded
by a girdle of three subsidiary cells. Therefore, they used the terminology of anisocytic
for the cruciferous. Inamdar and Patel (1970) reported that the great majority of stomata
was the anisocytic type being surrounded by three to six subsidiary cells in Kalanchoe.
Payne (1970) found helicocytic and allelocytic types in many Crassulaceae and the other
several families of dicotyledons. The study on the stomatal types in Korean Crassulaceae
has not been known. Therefore the present study was carried out to investigate on the
epidermal structure and the stomatal type in Korean Crassulaceae. Some new stomatal
types which were found by the authors were reported here.

MATERIALS AND METHODS

The materials of six species and one variety belonging to Crassulaceae were examined.
The plants such as Orostachys japonicus, O. malacophyllus, Sedum kamtschaticum, S. aizo-
on var. heterodontum, S. alboroseum, S. bulbiferum, and S. sarmentosum were collected
from the field growing under the natural condition at the area of Chinju and then were
normally grown on the sand culture of Hoagland solution in the polyethylene flower
pots from April to August, 1982~1983. The epidermal peels of sample were taken from
the young and mature fresh leaves by making the paradermal hand section for the obser-
vation of stomatal types. They were stained with saffranin, and then mounted in the
glycerine water solution. They were observed and microphotographed with the Olympus
Universal Research Microscope of Vanox Model AD-1. The terminology used here was
followed to Stevens and Martin (1978), and Patel (1978).
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RESULTS AND DISCUSSION

Epidermal structure. Although the number of stomata per square millimeter was different
in each species, the leaves of all the material plants were observed as an amphistomatic.
The leaves were a few or a lack distribution of stomata in vein. The epidermal cells were
polygonal, isodiametric, sometimes elongated in vein, and irregularly arranged. Also their
cell walls were thick and sinuous or deeply sinuous (Table 1), but subsidiary cell walls
were thin (Patel, 1978) and mostly arched (Fig. 20-22, 27,28, 31-38). A noteworthy
difference between two species in Orostachys was an occurrence of cytolith in O. japonicus
(Fig. 38-40) and a compound helico-eumesogenous stomata in O. malacophyllus (Fig. 37).
The distribution of stomata in the leaves of O. japonicus was more on the upper surface
than on the lower surface (Table 2). The stomata of O. japonicus, O. malacophyllus, S.
alboroseum, S. bulbiferum, and S. sarmentosum occurred as well-marked groups. The differ-
ence among the species of Sedum was the occurrence of deeply sinuous-walled epidermis
in two species of S. bulbiferum and S. sarmentosum, but the other species were sinuous.
In S. alboroseum the first-formed subsidiary cells might become noticeably larger than the
other species (Fig. 36). The compound helico-eumesogenous stomata in S. kemtschaticum
and S. aizoon var. heterodontum existed more than the other species (Table 1).

Types of stomata. The protodermal cell was divided unequally into two cells. One larger
cell developed into the epidermal cell, the other smaller cell developed into the stomatal
meristemoid (Fig. P 1,15) like other reports (Esau, 1953, 1965, 1977; Lee and Hong,
1961; Payne, 1970; Fahn, 1974). Sometimes it was divided equally to produce two
stomatal meristemoids in the area of vein on the leaves in S. kamtschaticum, and S.
aizoon var. heterodontum (Fig. P2, 16; Johnson and Riding, 1981). In S. sarmentosum,
stomatal meristemoid was divided equally into two stomtal meristemoids in the area of
vein (Fig. H1, 17).

The stomatal meristemoid was tetragonal or pentagonal, and scattered or clustered in
random fashion (Fig. 15, 16,28, 30), and also occurred on both upper and lower surfaces
of the leaves. It could be easily distinguished from the adjacent epidermal cells by its
small size, densely staining properties, and prominent nucleus (Fig. 15,16, 34; Inamdar
and Patel, 1970). The stomatal meristemoid was divided into various patterns in the shape
and in the orientation of the common wall between two daughter cells which were gener-
ally unequal in volume (Fig. la, 10a, 12a, 16). This common wall in the shape could be
cut off so that a small triangular daughter cell might be formed at one corner of stomatal
meristemoid (Fig. la, 15-17), and divided unequally by a curved wall from a side of
stomatal meristemoid (Fig. 10a, 12a, 26). Development of various stomatal types from
stomatal meristemoids was discussed as follows.

(1) Helico-eumesogenous and aniso-eumesogenous types. The stomatal meristemoid was
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divided into unequal cells. One large cell differentiated as the first subsidiary cell, while
the other cell divided again. The new curved wall was placed at an interior angle of
about 60° to the preceding one so that a helix of subsidiaries was formed. The guard cells
were completely surrounded by three subsidiary cells among four to six cells in the helix
(Fig. 1, 15-17, 28, 31-38). At any stage of the development, the last-formed and small-
est cell might act as a guard mother cell and produce two guard cells by an ultimate
division of the parallel or at right angle to the long axis of the last-formed subsidiary
cell. These became parahelico-eumesogenous (Fig. 1f, 28, 31-34, 38) and diahelico-eumeso-
genous stoma (Fig. 1/, 35, 37). In the case of the ultimate division, after three times
division of stomatal meristemoid, an aniso-eumesogenous stoma was produced (Fig. 2, 21).
The spiral sequence of division might be either clockwise or anticlockwise direction (Fig.
15, 28; Pant and Kidwai, 1967; Payne, 1970).

Vesque(1889) regarded such stomata as cruciferous on the basis of development. Metcalfe
and Chalk (1950) introduced the terminology of anisocytic for the cruciferous type of
Vesque (1889) on the basis of the structure and the orientation of mature stomata. Accord-
ing to them, the stomata in Crassulaceae were surrounded by a girdle of three cells.
Whatever, Yarbrough (1934) pointed out that the stomatal ontogeny in Bryophyllum
calycinum was preceded by the spiral preparatory divisions forming four to six subsidiary
cells. Korn (1972) reported that stomata in Sedum stahlii were anisocytic type possessing
usually six subsidiary cells. These cells were formed by the spiral series of cell division,
the last of which produced two guard cells. Inamdar and Patel (1970) reclassified them
as three subtypes with anisocytic stomata, such as monocyclic surrounded by three, incom-
pletely amphicyclic surrounded by four to five, or completely amphicyclic surrounded by
six subsidiary cells. In the present study the parahelico-eumesogenous type could be applied
to the report of Yarbrough (1934) and Korn (1972), and to two subtypes of incompletely
amphicyclic anisocytic and completely amphicyclic anisocytic type among anisocytic stomata

Fig. 1-14. The developmental pathway of ontogenetic types of stomata in Crassulaceae. Fig. PI,
P2. Protodermal cells divided unequally(P1) or equally (P2) into the stomatal meristemoid. Fig. M1,
M2. Stomatal meristemoid divided unequally and developed into stomata (M1) or divided equally
into two stomatal meristemoids (M2). Fig. 1. Ontogeny of helico-eumesogenous stomata inducing to
parahelico-eumesogenous type (1f) and diahelico-eumesogenous type (1f’), and ontogeny of the second
(1Aa-a,a’; 1Ba-a,a’; 1Ca-a’), third (1Ab-b,b’; 1Cb-b,b’; 1Cc-b,b’), fourth (1Ab-a,a’’’; 1Ch-a,a’’;
1Cc-¢,¢’), and fifth (1Cc-a,a’’) stoma in the subsidiary cells of helico-eumesogenous stoma. Fig. 2-7.
Ontogeny of aniso-eumesogenous type (2d) and the varieties of aniso-eumesogenous type with one
(3e), two (4f), three (5g) subsidiary cells, a helix of subsidiaries (6h) developed by the secondary
division of subsidiary cells of aniso-eumesogenous stoma, and the variety of helico-eumesogenous type
(Fig. 7g). Fig. 8. Ontogeny of the compound type of helico-eumesogenous and tetra-eumesogenous
type derived from Fig. lc (8f) stage. Fig. 9. Ontogeny of coallelo-helico-eumesogenous type derived
from Fig. le stage. Fig. 10, 11. Ontogeny of cohelico-allelo-eumesogenous type (10), and allelo-
eumesogenous stomata inducing to diallelo-eumesogenous type (1le) as well as parallelo-eumesogenous
type (1le’). Fig. 12. Ontogeny of duplotetra-eumesogenous type. Fig. 13. Ontogeny of tetra-
eumesogenous type derived from Fig. 12d stage. Fig. 14. Ontogeny of aniso-euperigenous type.
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of Inamdar and Patel (1970). Also, the aniso-eumesogenous type could be applied to the
monocyclic anisocytic type of Inamdar and Patel (1970).

According to the reports (Biinning, 1952; Korn, 1972; Sachs, 1974; Esau, 1977; Marx
and Sachs, 1977), the stomatal meristmoid inhibited all the adjacent cells becoming stoma-
tal meristemoid. This phenomena appeared strongly in O. japomicus (Fig. 38). In the
other species, the inhibitory influence was decreased with increasing the distance from the
developing stoma like other reports (Marx and Sachs, 1977; Jeong, 1983). Three subsidiary
cells directly surrounding the developing stoma could act as an inhibitory zone in this
study and other reports (Fig. 1Ab, 1Cc, 28, 31-37; Pant and Kidwai, 1967; Jeong, 1983).
All the plants except for O. japonicus were retaining the meristematic activity for a long
time like the reports (Yarbrough, 1934; Paliwal, 1967; Inamdar et al., 1969; Inamdar
and Patel, 1970; Payne, 1970; Jeong, 1983). The secondary and tertiary stomatal meri-
stemoid might develop from the other subsidiary cells except for the inhibitory zone directly
surrounding the developing helico-eumesogenous stomata, and produce various compound
helico-eumesogenous types like the reports (Payne, 1970; Fryns-Claessens and Cotthem,
1973). The secondary division of subsidiary cells began at a center or a corner, sometimes
a side of subsidiary cell in the present study (Fig. 1Aa, 1Ab, 1Ba, 1Bb, 1Ca, 1Cb, 1Cec,
28, 32-34).

After three divisions of the stomatal meristemoid, one to three subsidiaries and a helix
of subsidiaries developed by the secondary division of subsidiary cells of aniso-eumesogenous
stomata were found (Fig. 3-6, 22-24,27). Also, one subsidiary cell developing by the
secondary division of the first-formed cell in three subsidiary cells directly surrounding
two guard cells of helico-eumesogenous stoma was found (Fig. 12,36). This stoma became

a variety of helico-eumesogenous type.

Fig. 15-42. Stomatal types and epidermal structure in Crassulaceae. Fig. 15. Early stage in
ontogeny of helico-eumesogenous type in 8. aizoon var. heterodontum. Fig. 16. Stomatal meristemoid
and developing stomata at vein region of 8. aizoon var. heterodontum (noted the protodermal cell
divided equally into two stomatal meristemoids). Fig. 17-25. Stomatal types of S. sarmentosum;
Fig. 17. Developing stomata from two secondary formed-stomatal meristemoids by the longitudinal
division of stomatal meristemoid, Fig. 18. Tetra-eumesogenous type with four mesogenous subsidiary
cells, Fig. 19. Duplotetra-eumesogenous type with a helix of eight mesogenous subsidiary cells
doubly surrounding the guard cells, Fig. 20. Parallelo-eumesogenous (upper) and parahelico-eumeso-
genous stoma (lower), Fig. 21. Aniso-eumesogenous type, Fig. 22-24. The varieties of helico-
eumesogenous type with two (Fig. 22), three (Fig. 23) subsidiary cells, and a helix of subsidiary
cells (Fig. 24) developed by the secondary division of subsidiary cells of aniso-eumesogenous stoma,
Fig. 25. Helico-tetra-eumesogenous type, a compound type of helico-eumesogenous and tetra-eumeso-
genous type. Fig. 26, 30. Diallelo-eumesogenous type in S. alboroseum (noted stoma developed by a
curved wall from a side of stomatal meristemoid cell like Fig. 26) and S. dulbiferum (Fig. 30).
Fig. 27,28. The variety of aniso-eumesogenous type with one subsidiary cell developed by the secon-
dary division of the first-formed subsidiary cell at aniso-eumesogenous stoma (Fig. 27) and the
secondary stoma developed at the center of subsidiary cells in helico-eumesogenous stoma in S. aizoon
var. heterodontum (Fig. 28). Fig. 29. Coallelo-helico-eumesogenous type of allelo-eumesogenous in
the center of helicoallelo-eumesogenous in S. bulbiferum developed.
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(2) Helico-tetra-eumesogenous type. The stomatal meristemoid was divided into unequal
cells. In subsequent division the curved wall was placed at an interior angle of about 60°
to the preceding cell. After that, one to three subsidiary cells were produced, and the new
curved wall was placed at an interior angle of about 90° to the preceding cell. Finally
one helix of five or more mesogenous subsidiary cells including four mesogenous subsidiary
cells directly surrounding the guard cells was developed. This stoma became compound
type between helico-eumesogenous and tetra-eumesogenous type. It was firstly found in S.
sarmentosum (Fig. 8,25).

(3) Coallelo-helico-eumesogenous type. The stomatal meristemoid was developed into an
alternating complex of three or more C-shaped mesogenous subsidiary cells of graded sizes
of surrounding guard cells in the center of a helix of three or more mesogenous subsidiary
cells (Fig. 9,29). Occurrence of the other type in the center of one stomatal type
was reported in Polypodiaceae by Patel et al.(1975). This type was firstly found in
S. bulbiferum. Therefore the authors proposed this as a coallelo-helico-eumesogenous
type.

(4) Cohelico-allelo-eumesogenous type. The stomatal meristemoid was developed into one
helix of four or more mesogenous subsidiary cells surrounding the guard cells in the center
of an alternating complex of three or more C-shaped mesogenous subsidiary cells of graded
sizes (Fig. 10). This type was firstly found in S. bulbiferum (Fig. 41). Therefore the
authors proposed this as a cohelico-allelo-eumesogenous type. The difference between coallelo-
helico-eumesogenous type and cohelico-allelo-eumesogenous type occurred that the former
was developed into allelo-eumesogenous in the center of helico-eumesogenous stoma, and
the latter was developed into helico-eumesogenous in the center of the allelo-eumesogenous
stoma.

(5) Allelo-eumesogenous type. The stomatal meristemoid was divided into an alternating
complex of three or more C-shaped subsidiary cells of graded size, and the smallest central
cell was differentiated into the guard mother cell. The cell could be divided at a right
angle to the subsidiary cells and finally formed diallelo-eumesogenous type (Fig. 10e, 26,

Fig. 31. Epidermal structure and a compound helico-eumesogenous stomata in S. sarmentosum.
Fig. 32, 33. Compound helico-eumesogenous stomata developing at cluster and the epidermal structure
of S. kamtschaticum. Fig. 34. The secondary stoma developing at one side of the first-formed
subsidiary cell in S. aizoon var. heterodontum. Fig. 35, 37 Parahelico-eumesogenous type and diahelico-
eumesogenous type of S. bulbiferum (Fig. 35) and O. malcophyllus (Fig. 37).Fig. 36. The first-
formed subsidiary cell noteworthly larger than the others, and the last-formed subsidiary cell smaller
than the others, also the stoma keeping three subsidiary cells developed by the secondary division of
subsidiary cells of aniso-eumesogenous stomata, and stoma with one subsidiary cell developed by the
secondary division of first-formed subsidiary cells in three subsidiary cells directly surrounding two
guard cells of helico-eumesogenous stoma in S. alboroseum. Fig. 38-40. Stomatal type of O. japonicus;
Fig. 38. Epidermal structure without a compound helico-eumesogenous stoma, Fig. 39. The resolute
cytolith in lithocyst, Fig. 40. The beneath-formed cytolith on epidermis. Fig. 41. Cohelico-allelo-
eumesogenous type of helico-eumesogenous in the center of allelo-eumesogenous type in S. bulbiferum.
Fig. 42. Aniso-euperigenous type with three perigenous subsidiary cells in S. sarmentosum.
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30). On the other hand it might take a parallel direction with the subsidiary cells and
form parallelo-eumesogenous type (Fig. 11e’, 20; Payne, 1970; Fryns-Claessens and Cotthem,
1973). The latter could be applied to incompletely amphicyclic caryophyllaceous and com-
pletely amphicyclic caryophyllaceous stomata by Pant and Mehra (1963), and Inamdar
(1970).

(6) Duplotetra-eumesogencus and tetra-eumesogenous type. The stomatal meristemoid
was divided into two unequal cells by a curved wall at a corner or a side of meristemoid
cell. In the subsequent division the new curved walls placed at an interior angle of about
90° to the preceding one so that a spiral of eight mesogenous subsidiary cells developed
into an amphicyclic surrounding two guard cells. The difference between this type and the
cyclocytic type of Stace (1965) or the cyclo-mesogenous type of Fryns-Claessens and Cott-
hem (1973) was important that one helix of eight mesogenous subsidiary cells doubly
surrounding two guard cells was produced by the spiral division of stomatal meristemoid.
This stoma was firstly found in S. sarmentosum by us. Therefore we proposed this as a
duplotetra-eumesogenous type. If the guard mother cell was generated, the four divisions
of stomatal meristemoid in duplotetra-eumesogenous development appeared, and then a
tetra-eumesogenous type with four mesogenous subsidiary cells was produced (Fig. 13,
18). This type was observed in S. sarmentosum, S. alboroseum, and S. bulbiferum.

(7) Aniso-eumesogenous type. The meristemoid was cut off from a corner of some large
epidermal cells. This cell developed into the guard mother cell which divided into the
guard cells. In three adjacent epidermal cells the additional divisions occurred to form
three perigenous subsidiary cells which developed into aniso-euperigenous type (Fig. 14, 42).
By the difference between this type and aniso-eumesogenous type, this type had three
perigenous subsidiary cells in stead of three mesogenous subsidiary cells of aniso-eumesoge-
nous type. This stoma was firstly observed in S. sarmentosum.

The ontogenetic pathway and types of stomata were summarized in Fig. 1-14 and
Table 1. The great majority of stomatal types was helico-eumesogenous type (Fig. 28, 31-
38). This type was observed in all species. Sometimes, aniso-eumesogenous type (Fig. 21)
was found in all material plants except for S. kamtschaticum and S. aizoon var. heterodon-
tum. Also, allelo-eumesogenous type was found. Tetra-eumesogenous type was rarely found
(Fig. 18). Particularly in the present study five types of unrecognized stomata were found
as follows; helico-tetra-eumesogenous type (Fig. 25), duplotetra-eumesogenous type (Fig.
19) and aniso-euperigenous type (Fig. 42) in S. sarmentosum, and coallelo-helico-eumesoge-
nous type (Fig. 29) and cohelico-allelo-eumesogenous type (Fig. 41) in S. bulbiferum.
Different types of stomata were observed in the same species (Table 1) like others (Pant
and Kidwai, 1967; Payne, 1970) as well as in the same surface of leaf like Jeong (1983).
Payne (1970) reported that the helicocytic and allelocytic stomata occurred on the fresh
leaves in the plant of arid habits, evergreen species, or weeds of primary site for which

stress could be severe. In the present study our results were agreed with the report of
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Table 1. Stomatal types in Korean Crassulaceae

Species

Stomatal types

115

Number of Fig.

Orostachys japonicus

O. malacophyllus

Sedum kamtschaticum

S. aizoon var.
heterodontum

S. alboroseum

S. bulbiferum

S. sarmentosum

Helico-eumesogenous, sometimes
aniso-eutnesogenous

Helico-eumesogenous, sometimes
aniso-eumesogenous

Helico-eumesogenous

Helico-eumesogenous

Helico-eumesogenous, sometimes
aniso-eumesogenous, allelo-eum-
esogenous, rarely tetra-eumesog-
enous

Helico-eumesogenous, sometimes
aniso-eumesogenous, allelo-eume-
sogenous, rarely tetra-eumeso-
genous, coallelo-helico-eumesoge-
nous, cohelico-allelo-eumesoge-
nous

Helico-eumesogenous, sometimes
aniso-eumesogenous, allelo-eurme-
sogenous, rarely tetra-eumesoge-
nous, duplotetra-eumesogenous,
helico-tetra-eumesogenous, aniso-
euperigenous

Deeply sinuous PI1, M, la-f, 2.

Stomatal  piq.. .1
sumber ec Epiecma
cluster
1
1-4  Deeply sinuous
2-6 Sinusous
2-6 Sinusous
1-2 Sinusous
1-3  Deeply sinuous
1-4 Deeply sinuous

P1, M1, M2, la-
f, la-f’.

1Ca.

P1, P2, M1, M2,

la-f, 1A-C,2-
4,7.

P1, P2, M1, M2,

la-f, 1A-C, 2~

4,7.

P1, M1, 1a-f, 1Ca
11-e, 13, 1la-¢’,
2-4,7,8.

P1, M1, M2,1a-1,
la-f/, 1Aa, 1Ca-
¢, 3, 10h, 1le, 11e’
2-4,7-9.

P1, M1, M2, la-
f,1A-C, 2-8,
11-14.

Table 2. Distribution and size of stomata on the upper and lower surfaces of the leaves in
Korean Crassulaceae

Stomatal size,

Stomatal number/mm? _ pm .
Species Upper Lower
Upper Lower Length Width Length Width
Orostachys japonicus 27 18 23.3 15.0 24.3 16.0
O. malacophyllus 17 38 26.7 21.8 37.0 20.8
Sedum kamtschaticum 35 59 33.3 22.5 34.0 21.3
S. aizoon var. heterodontum 27 52 47.5 27.8 46.8 26.0
S. alboroseum 21 30 32.5 21.0 33.5 22.5
S. bulbiferum 14 35 38.3 23.0 35.3 21.5
S. sarmentosum 45 39 36.8 22.0 38.3 20.3

Payne (1970).

Distribution and size of stomata. The number of stomata per square millimeter and size

of stoma with two guard cells in each species was given in Table 2. The distribution of

stomata in the leaves of O. japonicus and S. sarmentosum were more on the upper surface
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than the lower surface. In the other species the number was more on the lower surface
than the upper surface. The difference of stomatal number was recognized in each species
(Table 2). Yarbrough (1934) noticed that the succulents had relatively fewer stomata than
thin-leaved dicotyledons with stomata only on the lower surface in B. calycium. Meidner
and Mansfild (1968) described that the succulents like Crassulaceae had low stomatal
frequency. In these material plants our results were agreed with their reports. The number
of stomata per cluster in each species would be obvious from Fig. 15-42 and Table 1
like Payne (1970).

The largest size of stomata was 47.5x27.8 ym on the upper surface and 46.8x26.0 pm
on the lower surface of the leaves in S. aizoon var. heterodontum. The smallest size was
23.3X%15.0um on the upper surface and 24,3x16.0 gm on the lower surface of the leaves

in O. japonicus. The difference of stomatal size was recognized in each species of Table 2.
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o} A aniso-eumesogenous Zlo], 3fEo] 4] allelo-eumesogenous o] ¥E= 9 I tetra-eumesogenousHl o]
3ol A =84 BRI R47A HE5A & KILBLEEM) st AA FIAEHR BE
S0l tkat 8fEY SRR BT 5 ILAMIRES —“Eo = FeiM gt duplotetra-eumesogenous
&, 24+ MEe AFRE EMS 713 aniso-euperigenous®, AlA & helico-eumesogenous .o
2 S E B B#IRCT tetra-eumesogenous B o 2 STl F JLEMIRE BEiE Euids e 4
fE° FHIMRE wastd 5@ kY FABR BMEEY 1@%E 713 helico-tetra-eumesognousfye]
EUEe A, YA £ helico-eumesogenous ¥l o 2 st ek FIffE7t allelo-eumesogenous # o 2
Sziste] R RS 48 Lk MK BIERE R 38 ke SRS CE EldKs @
% AL 2712 #4&H coallelo-helico-eumesogenous #, ©hA A & allelo-eumesogenous o 2 73243}
+ #® BT helico-eumesogenous F o 2 42t Wik FL =72 HEF 3E UL CHE Al
filasE Aol 4E LIk BERSME SRS WiE-g 2 cohelico-allelo-eumesogenous o] =%
Mgl A AFoz BREAS.
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