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ABSTRACT: Sequoia sempervirens (D. Don) Endl. is the unique living species of genus Sequoia.
Epidermal structures of S. sempervirens were reported divergently. This study focuses on the
understanding of variation of the epidermis structures of S. sempervirens, based on integral leaves,
rather than on leaf fragments. Epidermal cells on both upper and lower surfaces of leaves possess
similar features, but their shape and size in non-stomatal areas arc different from those in stomatal
areas. The amount and distribution of stomata on the lower surface vary indistinctly, but obvious
variations of them on the upper surface are described as four situations. Guard cells of stomata are
sunken and partly blanketed with subsidiary cells. Each stoma has 4-6, but mostly 4 subsidiary cells,
occasionally exceeding 6. Long axes of stomata are mostly parallel to, but sometimes oblique or
perpendicular to the mid-vein.
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INTRODUCTION

Sequoia sempervirens (D. Don) Endl., the unique living species of the genus Sequoia in
the family Taxodiaceae, is an endemic species restricted to the ocean fog belt from the
extreme southwestern corner of Oregon to about 100 miles south of San Francisco, California
(Zheng and Fu, 1978; Benson, 1979), but fossils of the genus were reported in many localities
of the Northern Hemisphere from Late Mesozoic to Tertiary time (Mai, 1995; Yu, 1995).

The leaves in some genera of Taxodiaceae show similar features of morphology.
Epidermal structures of leaves reflected in the leaf cuticle (Boulter, 1970) provide important
evidence to separate the similar leaves of these genera in Taxodiaceae (Sze, 1951; Kerp,
1990). Data of epidermal features in the living plants are also the source of cellular
information for fossil plants, for example, to identify the taxa of fossil conifers (Florin, 1931;
Kerp and Krings, 1999).

The distribution of stomata on Sequoia leaves was described to be amphistomatous (Yao
and Hu, 1982; Srinivasan and Friis, 1989) or hypostomatous (Stebbins, 1948; Chaturvedi,
1993; Villar De Seoane, 1998), and the direction of stomata on leaves, as well as their
structure, was also reported to be varied (Florin, 1922; Stebbins, 1948; Miki and Hikita, 1949;
Yao and Hu, 1982; Srinivasan and Friis, 1989; Chaturvedi, 1993; Villar De Seoane, 1998). In
this work, we pay more attention to the former studies on the epidermal features of Sequoia
and focus on understanding the variations of epidermal structures of S. sempervirens.
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MATERIALS AND METHODS

Specimens of Sequoia sempervirens were collected from California (No. 583003 from
Santa Cruz County, No. 1173131 from Upper Mill Greek Valley, Marin County, 14 miles
NW of San Francisco and No. 1589799 from Del Norte County) of USA; Hangzhou (No.
1524948 from the Botanical Garden at Hangzhou) of Zhejiang Province and Luotian (No.
1605246, Institute of Forests at Luotian) of Hubei Province, China. Entire leaves studied in
this paper were obtained from top, middle and lower parts of shoots. These specimens are
preserved in the Herbarium, Institute of Botany, Chinese Academy of Science, Beijing.

Leaves were placed with their adaxial surface upwards and lacerated at the right edge of
leaves by a knife, so that the epidermis is easy to be distinguished between its upper or lower
surfaces when the epidermis of leaves is obtained. Prepared with hydrogen peroxide (H202)
and glacial acetic acid mixed at 1:1, in 60°C, 54 pieces of epidermis were obtained from the
specimens. Epidermis was stained in 1% safranine solution in water and stain washed out
with 100% alcohol. The epidermises were photographed by light microscopy (LM) (Olympus
BX50) and scanning electron microscopy (SEM) (Hitachi S570).

Stomatal frequency gives the number of stomata per unit area of leaf surface. In the
present paper, the selected area is 0.5%0. 4 mm®, 0. 4 mm is about equal to width of stomatal
area on each side of the mid-vein, and then convert to stomatal numbers per mm’. One
hundred areas were chosen at random from about 15 lower epidermises. Stomatal index =
100S/(E+S), where S = number of stomata per 0.2 mm’, E = number of epidermal cells per
0.2 mm’, stomatal index calculated according to the same 100 areas as used in stomatal
frequency.

RESULTS

Leaves are dimorphic, linear and scale-like, and arranged spirally on branch. Leaves have
entire margins, with the obvious mid-vein seen on the lower surface of leaves. Leaf bases are
decurrent and obliquely trending along the branch. The angles between leaves and branch axis
are 15-71°. Linear leaves are 0.3-2.3 cm long and 0.7-2.2 mm wide, with L/W from 3.3:1 to
13.5:1. Scale leaves are triangular in shape, about 6 mm long and 4 mm wide.

Epidermal cells on both the upper and lower epidermis of leaves are very similar. The
epidermal cells are elongate, with thick and straight walls. Pits are clearly observed from cell
walls (Figs. 9, 10). Long axes of cells are parallel to the mid-vein. The epidermal cells are
30-300 um long and 10-45 um wide, with L/W ratios from 1.1:1 to 17.3:1 in linear leaves
(Figs. 1-5), 25-150 um long and 15-37.5 um wide, with L/W ratios from 1.0:1 to 10.0:1 in
scale leaves (Fig. 6). The shape and size of epidermal cells in stomatal areas are more
irregular than those in non-stomatal areas. The L/W ratios of epidermal cells in stomatal areas
are smaller than those in non-stomatal areas (Figs. 1-6).

The lower epidermis of leaves has 3-8 rows of stomata located on each side of the
mid-vein. The amounts of stomata vary on the lower epidermis (Figs. 1-5). In the stomatal
area of the lower epidermis, mean stomatal frequency is 128 per mm’; mean stomatal index is
13.8.

The distribution of stomata on the upper epidermis is obviously different from that on the
lower one. The stomata on the upper epidermis are fewer and irregular in arrangement,
comparing to the lower one (Figs. 1-5). There are four situations of distribution of stomata on
the upper epidermis of linear leaves.
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Figs. 1-4. Leaves epidermis of Sequoia sempervirens. The left side of each figure is upper surfaces of leaves,

while the right side is lower surfaces. Scale bars = 0.05 cm.
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Fig. 5. Top parts of leaf epidermis of Sequoia sempervirens. The left side of figure is upper surface of leaf, while
the right side is lower surface. No stomata are found downward on upper epidermis. Scale bar=0.05 cm.
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1) Almost no stomata are found at the upper epidermis (Figs. 1 & 2). Leaves in this situation
are 9 in number and occupy about 16.7% of the total obtained epidermis of 54.

2) Only 1 to 2 rows of stomata on upper epidermis are discontinuously distributed on each
side of the mid-vein (Fig. 3). This kind of leaf is 14 in number, about 25.9% of the 54
epidermises.

3) Most stomata are located at the top of the upper epidermis and are decreased in number
and finally absent downwards (Fig. 5). This kind is 15 in number and occupies about
27.8% of the epidermises.

4) The distribution of stomata on the upper epidermis is most similar to the lower one (Fig.
4). This kind of leaves is 16 in number and occupies about 29.6% of the 54 epidermises.

The stomata on the upper epidermis of scale leaves are located on each side of the
mid-vein and are a little fewer in number than those on the lower one (Fig. 6).
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Fig. 6. Epidermis of scale leaf of Sequoia sempervirens. The left side of figure is upper surfaces of leaf, while
the right side is lower surfaces. Scale bar=0.05 cm.

The two guard cells of the stoma are sunken, 35-70 um long, 7-20 pm wide. The guard
cells have thickened walls, which are prolonged towards the two poles forming polar lamellae
(Figs. 9 & 10). Each stoma has 4-6 subsidiary cells, occasionally exceeding 6, but mostly 4
subsidiary cells. Subsidiary cells are arched over the guard cells and cover part of the guard
cells (Figs. 9 & 10). Pores of stomata are elliptic, sometimes elongate, 15-27 pm in length and
4-10 pm in width (Figs. 7, 8 & 9). The long axes of pores are mostly parallel to the mid-vein,
sometimes oblique or perpendicular to the mid-vein (Figs. 1-6).

DISCUSSION

The distribution of stomata on leaves of S. sempervirens was reported on the lower surface
of leaves (Stebbins, 1948; Chaturvedi, 1993; Villar De Seoane, 1998), or on both upper and
lower surfaces, but more on the lower ones (Yao and Hu, 1982; Srinivasan and Friis, 1989).
Linear leaves possess the discontinuous rows of stomata on the upper surface and two white
bands of stomatal rows on the lower one (Zheng and Fu, 1978). The scale leaves were
described as having the rows of stomata only on the upper surface (Zheng and Fu, 1978).

After carefully examining the stomata on both upper and lower epidermis, we describe
four situations of stomatal distribution on the leaves of S. sempervirens. These four situations
cover the formal reports of stomatal distribution of this species. As the distribution of stomata
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Figs. 7-10. Epidermis of Sequoia sempervirens. Fig.7: Outer surface of leaf (SEM). Scale bar=40 pum. Fig. 8:
Inner surface of leaf (SEM). Scale bar=40 pm. Figs. 9-10: A epidermis in different focus, showing two guard
cells of stomata are sunken and subsidiary cells mulch part of guard cells. Scale bars=30 pm.

on the upper epidermis of leaves is not stable obviously (Figs. 1-5), we took the data of
stomatal frequency and index based only on the distribution of stomata on the lower
epidermis.

The stoma of S. sempervirens was described as being surrounded by 6 (Chaturvedi, 1993),
4-5 (Florin, 1922; Villar De Seoane, 1998) or 4-6 (Yao and Hu, 1982; Srinivasan and Friis,
1989) subsidiary cells. We observed that each stoma usually has 4-6 subsidiary cells and
occasionally more than 6. Two different appearances of stomata in S. sempervirens were
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described (Ma ef al, 2000a), but were caused by the chemical treatment of cuticles. When the
chemical macerates more liginified walls of guard cells, the stomata display changes in their
outline. Guard cell walls of Taxodiaceae have polar lamellae (Boulter, 1970; 1971); polar
lamellae were also found in S. sempervirens (Fig. 10).

The long axes of stomata of S. sempervirens are mostly parallel to the mid-vein (Figs. 1-3
& 5), sometimes oblique or perpendicular to it (Figs. 4 & 6) (Chaturvedi, 1993; Villar De
Seoane, 1998). Srinivasan & Friis (1989) described the irregularity of orientation of stomata.
On the mature leaves the stomatal orientation is longitudinal in the decurrent part of leaves,
mostly transverse in the basal and central part and rather irregular in the apical part. Such
variation of orientation of stomata was not observed from the material in this study.

Morphological features of branches and leaves of some genera in Taxodiaceae are similar
to each other, especially Sequoia and Metasequoia (Stebbins, 1948; Chaney, 1951;
Christophel, 1976; Srinivasan and Friis, 1989; Ma and Gu, 2000; Ma et al, 2000b). The
undulate walls of epidermal cells of M. glyptostroboides (Sterling, 1949; Liu et al, 1999) are
not present in the leaves of S. sempervirens.

Epidermal analysis is a valuable method for the identification and classification of fossil
remains of gymnosperms (Kerp, 1990). The intact epidermis of leaves is difficult to obtain
from the fossil specimens of Taxodiaceae. Usually only fragments of epidermis are obtained,
because the specimens are very brittle (Kerp and Krings, 1999). As we know that the
distribution of stomata on leaves are variable on different leaves or different parts of a leaf of
S. sempervirens, we need to collect intact fossil leaves of Taxodiaceae, in order to reach the
correct analysis of their epidermis.
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