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Abstract 

Scanning electron microscopy, when applied to the 
surfaces of the needles of Taxus spp. (yew) revealed fea
tures that appear useful in the taxonomy of this tree spe
cies which yields the important anticancer drug, taxol. 
For instance, all of the four North American species 
have 3-5 rows of stomata on one-half of the abaxial leaf 
surface, whereas all of the others, including those from 
Europe and Asia, have 7-10 rows of stomata. The ap
pearance of individual or fused papilliform epidermal 
cells and their arrangement on the leaf surface also is a 
feature that varies between species . Patterns of wax 
formation appeared on all species of yew examined but 
none could characteristically be assigned to a given 
species. Wax pattern variation was dependent upon age, 
environment, and probably to some extent, species dif
ferences . This study may provide some additional useful 
and reliable indicators in Tax us taxonomy . 

Key Words: Scanning electron microscopy , yew 
leaves, yew taxonomy, taxol, epicuticular wax, yew 
species, yew geography. 
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Introduction 

The yew (Taxus spp.) is an evergreen in the order 
Taxales, and the family Taxaceae having between six to 
10 or 11 species distributed throughout the north temp
erate zones of Asia, Asia Minor, India, Europe, North 
Africa, and North America (Hartzell, 1991). Taxus is 
thought to have descended from Paleotaxus rediviva 
which is known from the Triassic age fossil record. Re
cently, with the discovery that all Taxus species make 
the extremely important anticancer drug, taxol, interest 
in all aspects of the biology of this tree species have 
intensified . However, one biological aspect that has 
been relatively ignored is the need for more taxonomic 
descriptors that can be used to aid Taxus species iden
tification . Problems are known to exist with yew taxon
omy. It seems that species designation has often been 
based on geographical location rather than on morpholo
gies. This has been true because of the relative lack of 
morphological and developmental indicators of this 
genus. We have examined the leaf surface structures 
using scanning electron microscopy (SEM) to provide 
potential new descriptors that may be useful in the 
taxonomy of yew and its relatives . For this purpose, we 
have conducted a SEM study to determine if various as
pects of leaf morphologies can be correlated with some 
of the species descriptions that currently exist . 

Hartzell (1991) pointed out that there may be ten 
species in the genus Taxus which include T. baccata, T. 
sumatrana, T. floridana, T. brevifolia, T. chinensis, T. 
canadensis, T. wallichiana, T. cuspidata, T. globosa, 
and T. mairei. He pointed out that these taxa are closely 
enough related to be considered by some to be intraspe
cific variants of a single species called T. baccata, 
which is native to Europe and the Mediterranean region . 

The largest remaining natural population of yew is 
T. brevifolia which grows adjacent to the coast in north
western United States and along the southwestern coast 
of Canada (Hartzell, 1991). Other species found in 
North America are T. canadensis, which forms a charac
teristically dense understory, is normally not more than 
six feet in height, and grows in northeastern United 
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States and southeastern Canada, T. jloridana, which 
grows east of the Apalachicola River in northwestern 
Florida, and T. globosa, which grows from the state of 
Neuvo Leon in northeastern Mexico to Guatemala and 
El Salvador. The most well-known species of yew is T. 
baccata which grows to an average height of 30 feet, is 
found in the British Isles and Scandinavia, and ranges 
from the Alps to the Baltic countries and East into the 
Mediterranean countries and North Africa. The species 
which is easiest to cultivate and which grows the fastest 
is the Japanese yew T. cuspidata. It is found on the is
lands of Hokkaido, Honshu, Shikoku and Kyusu and in 
Manchuria, eastern Russia, and in central Korea. This 
species commonly has a pyramidal or upright shape. 

There is apparently still some confusion concerning 
the Asiatic yews. Hartzell (1991) referred to T. mairei 
as the species which grows in China and Taiwan. It 
grows up to 50 feet in height and may attain a circum
ference of 9 feet. However, a number of the asiatic 
yews may be the cultivars of the Asian yew T. suma
trana, which grows in India, Burma, China, Vietnam, 
Indonesia, Sumatra, Celebes, Philippines and Taiwan 
between 1,300 and 7,000 feet (ca. 400-2133 M). An
other asiatic yew species is the Himalayan yew, T. 
wallichiana, which grows in Afghanistan, Burma, Bhu
tan, China, India, Nepal, Philippines and Tibet between 
5,000 and 10,000 feet (ca. 1524-3048 M). 

Since taxol was demonstrated to be a potent anti
cancer drug which was first isolated from the inner bark 
of Pacific yew, (Rowinski et al., 1990; Wani et al . , 
1971; Jijie et al., 1991) attention has been focused on all 
aspects of the chemistry, biochemistry, and pharma
cology of taxol and its related compounds, the taxanes. 
Initially, the most important source of taxol was the bark 
of mature Pacific yew, T. brevifolia (Chen et al., 1994; 
Harvey et al . , 1991; Joel, 1994; Strobel et al., 1993). 
However, more recent studies suggest that needles may 
have a higher taxol content than the bark (Choi et al., 
1995; Kwak et al., 1995). Examples of other studies 
showing the presence of taxol and taxanes in other yew 
species are T. baccata (Appendino et al., 1992a,b; Das 
et al., 1993a,b; Elias and Korzhenevsky, 1992; Heaton 
et al., 1993; Parmar et al . , 1993), the needles of which 
appear to be a good alternative source of taxol 
(Diergarten and Dreps, 1993; Gueritte-Voegelein et al., 
1994), T. chinensis (Zhang et al., 1990; Zongping and 
Zhongjian, 1991), T. cuspidata (Fett Neto and Di
Cosmo, 1992), the hybrid made by man, T. media 
(Castor and Tyler, 1993; Chmurny et al. , 1993), and T. 
wallichiana (Barboni et al., 1993; Georg et al., 1993). 
The biosynthesis of taxol by the various yew species 
may also hold some interesting and important clues in 
Ta:xus taxonomy. For instance, Strobel et al. (1993) 
reported that C-14 acetate served as a precursor, in 
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Figures 1-6 (on the facing page). Scanning electron 
micrographs of Ta:xus cuspidata abaxial leaf surfaces. 
Figures 1-4. From an ornamental plant (in Provo, 
Utah): treated with Teepol detergent (Figs. 1 and 2); 
not treated with Teepol detergent (Figs. 3 and 4). 
Figures 5 and 6. Most recent year growth (from 
Pacific coast Oregon) . Bars = 100 µm (Figs. 1, 3 and 
5) and 10 µm (Figs. 2, 4 and 6). 

---------------------------

vitro, for taxol in T. brevifolia, T. jloridana, and T. 
canadensis, but in no other yew species. This work 
suggests that inherent biochemical differences do exist 
among yew species despite distinguishing morphological 
characters. As a result of the ever widening medicinal 
uses being found for taxol many laboratories have turned 
attention to the history, ethnopharmacology, botany, 
chemical composition, origin, chemical structure, prop
erties, mechanisms of action, pharmacokinetics and other 
properties of Ta:xus (Mandrile et al., 1993). Examples 
of relatively recent reviews include emphasis upon his
torical (Donehower and Rowinsky, 1993; Reinstein and 
Chang, 1994; Suffness, 1993; Wall and Wani, 1994), 
clinical (Long, 1994; Pazdur et al., 1993; Rowinsky et 
al., 1993; Vyas, 1993), cell culture (Furusaki and 
Nakajima, 1994; Reinstein and Chang, 1994), effects 
upon tubulin activity and cytotoxicity (Chazard et al., 
1994; Gueritte-Voegelein et al., 1992; Kohler and 
Goldspiel, 1994; Long, 1994; Rothenberg, 1993), 
phytochemistry (Appendino, 1995; Das and Kashinath, 
1996; Suffness, 1995), and procedures for determination 
and supply of taxol (Reinstein and Chang, 1994). 
Although taxol has been synthesized (Nicolaou et al., 
1994), the process is extensive and expensive. Perhaps 
a more promising approach may be to find ways to 
obtain taxol from certain yew associated fungi by 
fermentation methodology (Stierle et al., 1994; Strobel 
et al. , 1996; Li et al., 1996). 

For some plant species epicuticular wax has a po
tential taxonomic significance (Ditsch et al., 1995; 
Maffei, 1994; Chandrashekar and Sandhyarani, 1994; 
Theisen and Barthlott, 1994; Weiller et al, 1994; 
Zygadlo et al. , 1994a,b). Plant leaf waxes have been 
studied for a variety of other reasons including acid rain 
(Kim and Soh, 1995; Percy and Baker, 1990; Nouchi, 
1992), herbicide studies (Knoche, 1994), insect resis
tance (Eigenbrode et al., 1991; Eigenbrode and Espelie, 
1995; Stoner, 1990; Sugayama and Salatino, 1995), as 
a barrier against fungal attack (Schwab et al., 1995), 
effects of UV-B radiation (Barnes et al., 1996), water 
stress (Bondada et al., 1996), and chemical composition 
as related to saline and non-saline habitats (Chandra
shekar and Sandhyarani, 1994). McWhorter (1993) re
ported that wax weights on Johnson grass leaves varied 
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significantly with drought stress as compared to non
drought stressed plants, and other investigators have 
reported that cultivar and plant age can significantly 
affect quantity of wax (Guelz and Boor, 1992; Zaid, 
1990). Young rolled leaves may have different compo
sition from mature leaves (Guelz et al., 1991), and 
Shiraishi (1990) observed waxes in the form of sand or 
rodlets during early stages of development with satsuma 
mandarin and the wax crystallized as amorphous plate
lets during later stages. Another important point is that 
tolerant species of cole crops can be protected from am
monium nitrate injury because of the presence of re
sistant epicuticular waxes (Bitterlich and Upadhyaya, 
1990). 

A standard procedure to remove epicuticular waxes 
is with hexane or chloroform or both (Bewick et al., 
1993). These procedures have been used for many 
plants (Boyer, 1996; Guelz, 1994; Johnson and Asay, 
1995; Postbeittenmiller, 1996), and although free fatty 
acids, hydrocarbons, wax esters, aldehydes, fatty alco
hols and fridelan-3alpha-ol, and alcohols have been 
found (Ahmad et al., 1992), the prominent waxes are al
kanes which differ from species to species. Stevens et 
al. (1994a,b) reported that triterpenes were prominent in 
waxes of Sedum species. Wax composition in young 
leaves just emerging from buds may differ from more 
mature leaves (Guelz et al., 1991) and the amount and 
composition may vary when young emerging leaves are 
compared with older leaves (Guelz and Boor, 1992). 
Beech leaves contained mostly n-alkanals, n-alkanes and 
1-alkanols (Reynhardt and Riederer, 1994), and domi
nant alkanes for Coincya were C29, C31, C27 and C29 
(Vioque, et al., 1994). On other plants, the odd
numbered carbon alkanes also predominated (Guelz, 
1994; Osborne et al., 1993; Zygadlo et al., 1994a,b). 
The epidermis may also be covered with uniform wax 
layers without crystalloids (Guelz et al., 1992). 

Epicuticular wax surfaces can be observed with 
SEM or high resolution SEM (Barthlott et al., 1996). 
The preferred methods are the use of low-temperature 
(Blanke et al., 1994) cryofixation-croyosubstitution(Kim 
and Mahlberg, 1995) or low-temperature field emission 
SEM of frozen hydrated tissues. Roy et al. (1994) used 
low-temperature field emission SEM to demonstrate that 
normal artifacts which occur with dehydration and dry
ing can be avoided, and hydrated well-preserved plate
lets of epicuticular leaf waxes can be observed. Unfor
tunately not many laboratories have both low-tempera
ture equipment and field emission SEM, and with these 
procedures the best results are obtained with fresh tis
sues. When tissues are studied from various parts of the 
world it is very difficult to obtain fresh tissues for SEM 
studies. However, tissues are easily fixed and shipped 
in fixation solutions. Most studies of plant surfaces have 
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Figures 7-12 (on the facing page). Scanning electron 
micrographs of Taxus abaxial leaf surfaces. Figures 7 
and 8. T. cuspidata from a young leaf showing subsidi
ary cell development (from Pacific coast Oregon). Fig
ures 9-12. T. brevifolia from Northern Montana: from 
a 50 foot tree, approximately 1 foot stem diameter 
(Figs. 9 and 10); and from a small shrub in Glacier 
National Park, 2-3 cm diam, height 3-4 feet (Figs. 11 
and 12). Bars = 10 µm (Fig. 7, 8, 10 and 12) and 100 
µm (Figs. 9 and 11). 

-----------------------------------

been completed with fixed tissues of critical point dried 
specimens without field emission SEM. The standard 
SEM procedures normally preserve the epicuticular wax 
structures on leaf surfaces. However, it must be 
recognized that critical point drying normally causes 
some tissue shrinkage which slightly distorts the surface 
morphology. This problem can normally be avoided 
with frozen hydrated tissues. 

Since environmental and genetic differences are ex
pected from plant to plant, significant variations in epi
cuticular wax patterns are to be expected even within a 
species. Using standard SEM procedures Kulshreshtha 
and Ahmed (1993) studied 16 species belonging to 13 
genera of Euphorbiaceae and reported six main types of 
epicuticular wax: granular, crystalloid plates, ribbon, 
crust, rod-shaped, and aggregate. Variation in epicuti
cular crystalline structure can easily be visualized 
with SEM. Although the wax was sparse or inconspic
uous for some species the predominant wax forms were 
fine granules and crystalloid plates. In other studies 
with Sorghum bi color, Jenks (1993) reported 14 epicutic
ular wax classes. On leaf surfaces of some plants there 
is a continuous wax layer devoid of sculpturing or crys
talloids (Guelz et al., 1993; Mo and Wang, 1992; Vogel 
and Freeling, 1993) and Anton et al. (1994) reported 
diffusion or complex anastomosing pores as the mecha
nism of epicuticular wax deposition with broccoli. Ad
ditional studies with a variety of plants will help to 
elucidate questions about epicuticular waxes. Thus, it is 
of interest to use standard SEM procedures in order to 
determine whether different species of Taxus have differ
ent morphological types of waxes on leaf surfaces, to 
characterize stomata! and other leaf characteristics, and 
to relate these observations to Taxus taxonomy. 

Although SEM photos have been published showing 
the leaf surfaces of a few yew species, no concerted at
tempt has been made to relate these observations to yew 
taxonomy (Strobel et al., 1994). Most SEM studies on 
plants have focused upon pathogenic agents which in
vade plants through leaf surfaces. Since fungi constitute 
the largest group of plant pathogenic agents, there are 
more studies with fungi than with the other leaf surface 
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Figures 13-18 (on the facing page). Scanning electron 
micrographs of Taxus brevifolia leaf surfaces from 
Glacier National Park. Figures 13 and 14. Abaxial 
surface from a small plant in an ancient cedar forest. 
Figures 15 and 16. Abaxial surface from a shrub in an 
arid marginal area of the park at the southern limit of 
the range of growth. Figures 17 and 18. Adaxial leaf 
surfaces: from a 50 foot tree, approximately 16 inches 
diameter (Fig. 17) and from a small shrub in an arid 
marginal area of the park at the southern limit of the 
range of growth (Fig. 18). Bars = 100 µm (Figs. 13, 
15, 17 and 18) and 10 µm (Figs. 14 and 16). 

-----------------------------
pathogens. Examples of recent investigations with fungi 
include cocoa fruits involving pathogen-host relationships 
(Flores et al., 1994a,b), conidial germination, prepen
etration structure formation, and postpenetration proc
esses of Alternaria porri conidia on onion leaf surfaces 
(Aveling et al., 1994), a report of mutant strains of con
idia of Fulviafulva with impaired ability to infect tomato 
cotyledons (Kenyon et al., 1993), and studies of the in
fection process of Co.ffea by Hemileia vastatrix (Cou
tinho et al., 1993). Examples of recent investigations 
with other leaf pathogens using electron microscopy in
clude insects (McKenzie et al., 1993), bacteria (Frankie, 
et al., 1993; Van Doom, et al., 1994) and nematodes 
(Endo and Nickle, 1994). 

Other recent investigations of leaf surfaces using 
scanning electron microscopy have included stomata! 
openings filled with dust (Kulshreshtha et al., 1994a), 
studies with particles (Minarcic et al., 1993), effects of 
auto exhaust upon leaf structure (Kulshreshtha et al., 
1994b), stomata on fruit surfaces (Burdon et al., 1994; 
Cohen et al., 1994; Potgieter and Van Wyk, 1994), 
wind damage on needle surfaces (V angardingen et al., 
1991), and paleobotanical studies (Snigirevskaya, 1993), 
including Taxus (Hoeg, 1981). 

Few recent studies have been reported concerning 
Taxus stomata although photosynthetic properties have 
been reported (Hager, 1967; Zajaczkowska et al., 1982). 
Kartusch and Richter (1984) examined anatomical 
changes in T. baccata needles after an increase in the 
hydraulic resistance of the stem one year after a double 
sawcut was made in the stem. During the experiment, 
the number of stomata per unit area decreased, in con
trast to previous literature reports. Given the status of 
current problems with yew taxonomy, and prospects of 
the limited history of leaf surface morphologies to aid in 
plant identification, we sought to use SEM as an aid to 
understanding yew taxonomy. 

Materials and Methods 

Leaf samples (growth from the previous year, unless 
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otherwise stated) were obtained from direct sampling of 
plants grown in field situations, or plant materials that 
were sent through express mail to our laboratories. 
Each specimen was immediately fixed and processed us
ing methods of Upadhyay et al. (1991), except that tis
sues were fixed in 2 % glutaraldehyde in 0.1 M sodium 
cacodylate buffer (pH 7.2-7.4). All tissues, except con
trol samples, were treated with Teepol detergent in the 
fixative. Tissues were critical point dried, gold coated 
with a sputter coater and observed and photographed 
with either a JEOL 840A or a JEOL 6100 scanning elec
tron microscope . 

Results and Discussion 

Abaxial leaf surfaces of Taxus plants have two 
guard cells which are characteristically overlaid by four 
subsidiary cells . Some plants also have distinctive epi
cuticular wax crystals. Since it was necessary to mail 
and transport fixed Taxus leaf tissues from different 
parts of the world, it was not possible to use low temp
erature scanning electron microscopy (SEM), an ideal 
procedure for studies of leaf surfaces (Blanke et al., 
1994). However, excellent images of plant surfaces can 
be obtained with conventional SEM procedures, particu
larly if wetting agents can be used to accelerate fixation. 
A question of concern was the effects of Teepol deter
gent upon epicuticular wax deposits. Therefore, samples 
were processed with Teepol detergent (Figs. 1 and 2) 
and without it (Figs. 3 and 4). These preliminary stud
ies demonstrated that the morphological characteristics 
of epicuticular waxes of Taxus do not appear to be 
altered by the use of this commonly used wetting agent. 

An additional question was whether it was necessary 
to use mature Taxus leaves for leaf surface studies. 
When mature T. cuspidata leaf surfaces, after one year 
of growth, from the Pacific Coast in Oregon (Figs. 5 
and 6) were compared with young leaves (Figs. 7 and 8) 
it was obvious that immature leaves did not have the 
characteristic subsidiary cells located above the stoma, 
although epicuticular wax was evident both on immature 
and mature abaxial leaf surfaces. 

Since T. brevifolia is an important source of taxol, 
this species is of particular interest. Subsidiary cell and 
epicuticular wax characteristics appeared to be similar 
when large trees (Figs . 9 and 10) were compared with 
small shrubs (Figs. 11 and 12) both from the middle of 
established forests. However, when leaf surfaces from 
small yew trees from an ancient cedar forest (Figs. 13 
and 14) were compared with shrubby plants in an arid 
southern limit of the growth range, plants from the more 
arid areas had more distinctive epicuticular wax on the 
leaf surfaces (Figs. 15 and 16). 

Although adaxial leaf surfaces of the various species 
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Table 1. A dichotomous key to the genus Taxus based upon surface features of leaves as observed with SEM. 

1. One-half of abaxial side of the leaf having 3-5 rows of stomata. 
T. floridana, T. canadensis, T. brevifolia, and T. globosa 

1. Abaxial side of the leaf having raised individual papilliform epidermal cells between stomata ordered more or less in rows 
T. jloridana, T. brevifolia, and T. g/obosa 

2. Abaxial side of the leaf having what appear to be fused papilliform epidermal cells between stomata that are not raised 
T. canadensis 

2. One-half of abaxial side of the leaf having 7-10 rows of stomata all other species 

1. Abaxial side of the leaf having raised individual papilliform epidermal cells ordered between stomata more or less in rows 
T. wallachiana, and T. sumatrana 

2. Abaxial side of the leaf having more fused papilliform cells arranged in block-like patterns between the stomata 

of yew were also examined with SEM, consistent differ
ences were not evident except when adaxial leaf surfaces 
were examined comparing plants from large trees in the 
middle of the forest (Fig. 17) with small shrubs in the 
more arid southern limit of the growth range (Fig. 18). 
It was obvious that more dense epicuticular wax crystals 
were present on adaxial surfaces of leaves from the 
more arid regions. 

It was assumed that the appearance of large deposits 
of epicuticular waxes on T. brevifolia growing in a rela
tively arid portion of the southern extreme limit of its 
range may be attributed to the environmental influences 
on wax production. The reasons for other wax pattern 
variations on yew leaf surfaces are unknown. For in
stance, commonly, the epicuticular wax pattern may 
vary from one area of a leaf to another and from one 
subsidiary cell to another on the same leaf. Also, the 
epicuticular wax patterns do vary slightly and indescrib
ably from one species to another such as the case with 
the leaf surfaces of T. floridana (Figs. 19 and 20), T. 
canadensis (Figs. 21 and 22), and T. globosa (Figs. 23 
and 24). All three are North American species. How
ever, there is just as much, if not more, variation be
tween the two specimens of T. baccata, one from Swe
den (Figs. 25 and 26) and one from Norway (Figs. 27 
and 28). 

Even though the epicuticular wax differed morpho
logically between leaves from T. wallichia11a (Figs . 29 
and 30) and T. sumatrana (Figs. 31 and 32), general 
leaf characteristics were similar . It is obvious that epi
cuticular wax patterns can very significantly even within 
the same species. As an additional example, the epi
cuticular wax patterns on leaves from T. chi11ensis dif
fered significantly when young plants (Figs. 33 and 34) 
were compared with old plants (Figs. 35 and 36). 

We observed what appeared to be environmentally, 
age, and location related differences in the epicuticular 
wax patterns on the surfaces of Tax us leaves. However, 
we could not find significant and consistent patterned 
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T. baccata, T. cuspidata, and T. chinensis 

Figures 19-24 (on the facing page). Scanning electron 
micrographs of Taxus abaxial leaf surfaces. Figures 19 
and 20. T. floridana from Northern Florida. Figures 
21 and 22. T. canadensis from Canada. Figures 23 
and 24. T. globosa from Mexico. Bars = 100 µm 
(Figs. 19, 21 and 23) and 10 µm (Figs. 20, 22 and 24). 

--------------------------------

differences between the designated species of yew. On 
the other hand, a very obvious difference between some 
of the yew species was observed which was the appear
ance of protruding papilliform epidermal cells on some 
species. This was especially evident on the Western 
yews, T. brevifolia (Figs. 9-18), T. globosa (Figs. 23 
and 24) and T. floridana (Figs. 19 and 20), each of 
which has distinct protruding papilliform epidermal cells 
of the stomates. On the other hand, T. canadensis, an
other Western species, did not follow this pattern (Figs. 
21 and 22). Its epidermal cells were only slightly pro
truding and appeared to be fused. Interestingly, the 
Himalayan yew, T. wallachiana (Figs . 29 and 30), and 
to a lesser extent , T. sumatrana (Figs. 31 and 32), have 
an appearance similar to the Western yews described 
above. The remainder of the yew species studied, in
cluding T. cuspidata from Japan and the Pacific coast of 
North America (Figs. 1-8), T. baccata from Europe 
(Figs. 25-28), T. sumatrana from Asia (Figs. 31 and 
32), and T. chinensis from Asia (Figs. 33-36), have 
much less distinctive and more fused papilliform epider
mal cells, best illustrated by T. chinensis (Figs. 33-36) 
and T. baccata (Figs. 25-28). The development of pat
terns of these papilliform epidermal cells seemed to be 
independent of age and environmental conditions of the 
plants . 

Undoubtedly, the most consistent and significant ob
servation of yew leaf surface morphology, as it relates 
to current proposed Taxus taxonomy, is that each of the 
native yew species from North America, including T. 
brevifolia (Figs. 9-18), T. canadensis (Figs. 21 and 22), 
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Figures 25-30. Scanning electron micrographs of Taxus 
abaxial leaf surfaces. Figures 25-28. T. baccata from 
Sweden (Figs. 25 and 26) and from Norway (Figs. 27 
and 28). Figures 29 and 30. T. wallichiana from 
Nepal. Bars = 100 µm (Figs. 25, 27 and 29) and 10 
µm (Figs. 26, 28 and 30). 

T. globosa (Figs. 23 and 24) and T. floridiana (Figs. 19 
and 20), have 3-5 rows of stomata on one-half of the ab
axial leaf surface. Each of the other designated yew 
species found in other parts of the world consistently 
have 7-10 rows of stomata on one-half of the abaxial 
leaf surface (Spjut, 1992). Thus, although leaf surface 
wax patterns on Taxus show variation with regard to 
age, environmental, and perhaps species differences; the 
influences of the former factors seem to mask any con
sistent patterns that might be related to the latter in
fluences. However, it seems that SEM observations of 
other features on yew leaf surfaces may prove useful in 
providing hints of taxonomic origin of any given plant. 
These include the number of rows of stomata, and the 
pattern and orientation of the intra stomata! papilliform
epidermal cells . When these two features of leaf mor
phology are combined an instructive dichotomous key 
can be developed which relat es these two important 
characters to some of the curr ently accepted Taxus 
taxonomy (Table 1). 

Commonly, given the absence of a sophisti cated 
SEM for making leaf surface photographs to assist in 
Taxus identification , a simple but powerful hand lens or 
binocular microscope will prove useful in making these 
leaf surface observations. 

We suggest that this study may provide some gui
dance to those taxonomists interested in yew species des
ignations in geographical areas in which yew species 
seemingly either overlap or have interbred such as with 
T. wallachiana in the sub-continent of Asia and T. bac
cata whose range may extend across Eastern Europe into 
Asia (Hartzell, 1991). In addition, the leaf surface char
acters mentioned in this report may eventually assist in 
the clarification of yew species designations that have 
been given to a number of Asiatic species whose authen
ticity has been questioned (Hartzell, 1991). For in
stance, it is obvious that the raised papilliform cells of 
T. wallachiana allow it to be distinguished from the 
other asiatic yew T. chinensis and the European yew T. 
bacatta (Table 1). Although it is obvious that these de
scriptors cannot be used to separate all of the species 
studied, they can, nevertheless, be useful to some degree 
in separating some of the species. 

Acknowledgements 

The authors acknowledge the assistance of Dr . 

1121 

Baharat Bashyal of the Nepalese Academy of Sciences 
who assisted us in the location of the Nepalese yew. 
Both Dr. Rob Nicholson of the Smith College Botanical 
Garden and Dr. Melvin Shemluck of Quinsigamond 
Community College in Worchester, Massachusetts 
provided various species of European and Asiatic yews. 
The authors also acknowledge Michael Standing for 
assistance with SEM, and the financial help of NCI 
grant ROI Ca 58315-03 and the Montana Agricultural 
Experiment Station. 

References 

Ahmad W, Nazir M, Rabi NA, Khan SA (1992). 
Epicuticular wax of Euphorbia caducifolia Haines. Pak . 
J. Sci. Ind. Res. 35, 454-458. 

Anton LH, Ewers FW, Hammerschmidt R 
Klompar ens KL (1994). Mechanisms of deposition of 
epicuticular wax in leaves of broccoli Brassica oleracea 
L. var. capitata L. New Phytol. 126, 505-510. 

Appendino G (1995). The phytoch emistry of the 
yew tree. Natural Products Reports 12, 349-360. 

Appendino G, Gariboldi P, Pisetta A, Bombardelli 
E , Gabetta B (1992a). Taxanes from Taxus baccata. 
Phyto chemistry 31, 4253-4257 . 

Appendino G, Lusso P , Gariboldi P, Bombardelli E, 
Gabetta B (1992b) . A 3, 11-cyclotaxane from Taxus bac
cata. Phyt ochemistry 31, 4259-4262 . 

Aveling TAS, Snyman HG, Rijkenberg FHJ (1994). 
Morphology of infection of onion leaves by Altemaria 
p orri. Can. J . Bot. 72, 1164-1170. 

Barboni L, Gariboldi P, Torregiani E, Appendino 
G, Gabetta B, Zini G, Bombardelli E (1993) . Taxanes 
from the needles of Taxus wallichiana. Phytochemistry 
33 , 145-150 . 

Barnes JD, Percy KE , Paul ND, Jones P, Mc
Laughlin CK, Millineaux PM, Creissen G , Wellbum AR 
(1996) . The influence of UV -B radiation on the phys
iochemical nature of tobacco (Nicotiana tabacum L.) leaf 
surfaces. J. Exp. Bot. 47, 99-109. 

Barthlott W, Neinhuis C, Jetter R , Bourauel T , 
Riederer M (1996) . Waterlily , poppy, or sycamore: On 
the systematic position of Nelumbo. Flora (Jena) 191, 
169-174. 

Bewick TA , Shilling DG, Queros R (1993). Eval
uation of epicuticular wax removal from whole leaves 
with chloroform . Weed Technol. 7, 706-716. 

Bitterlich I, Upadhyaya MK (1990). Leaf surface 
ultrastructure and susceptibility to ammonium nitrate 
injury. Can. J. Bot. 68, 1911-1915 . 

Blanke MM, Hoefer M, Pring RJ (1994). Stomata 
and structure of tetraploid apple leaves cultured in vitro. 
Ann. Bot. 73, 651-654. 

Bondada BR, Oosterhuis OM, Murphy JB, Kim KS 



G.A. Strobel and W. M. Hess 

1122 



SEM of yew leaves 

Figures 31-36. Scanning electron micrographs of Taxus 
abaxial leaf surfaces. Figures 31 and 32. T. suma
trana from the Philippines. Figures 33-36. T. chinen
sis from the Hangzhou Botanic Garden: from a young 
plant (Figs. 33 and 34) and from an 8 year old plant 
(Figs. 35 and 36). Bars = 100 µm (Figs. 31, 33 and 
35) and 10 µ,m (Figs. 32, 34 and 36). 

(1996). Effect of water stress on the epicuticular wax 
composition and ultrastructure of cotton Gossypium 
hirsutum (L.). leaf, bract, and boll. Environ. Exper. 
Bot. 36, 61-69. 

Boyer JS (1996). Advances in drought tolerance in 
plants. Adv. Agron. 56, 187-218. 

Burdon JN, Moore KG, Wainwright H {1994). An 
examination of the stomata of the fruits of plantains 
(Musa spp., AAB group) and cooking bananas (Musa 
spp., ABB group). J. Hort. Sci. 69, 81-88. 

Castor TP, Tyler TA (1993). Determination of taxol 
in Taxus media needles in the presence of interfering 
components. J. Liq. Chromatogr. 16, 723-732. 

Chandrashekar KR, Sandhyarani S (1994). Differ
ences in chemical composition of Alysicarpus vagina/is 
(L.) DC. growing in saline and non-saline habitats . 
Biologia Plantarum 36, 139-143. 

Chazard M, Pellae-Cossett B, Garet F, Soares JA, 
Lucidi B, I.avail Y, Lenaz L (1994) . Taxol (paclitaxel) , 
first molecule of a new class of cytotoxic agents: Tax
anes. Bulletin du Cancer (Paris) 81, 173-181. 

Chen TT, Massey PJ, Caudle MR (1994). The inhi
bitory action of taxol on granulosa cell steroidogenesis 
is reversible. Endocrinology 134, 2178-2183. 

Chmumy GN, Paukstelis JV, Alvarado AB, Mc
Guire MT, Snader KM, Muschik GM, Hilton BD 
(1993). NMR structure determination and intramolecular 
transesterification of four diacetyl taxinines which co
elute with taxol obtained from Taxus x. media hicksii 
needles. Phytochemistry 34, 477-483. 

Choi MS, Kwak SS, Liu JR, Park YG, Lee MK, 
An NH (1995). Taxol and related compounds in Korean 
native yews (Taxus cuspidata). Planta Medica 61, 264-
266. 

Cohen E, Shapiro B, Shalom Y, Klein JD (1994). 
Water loss: A nondestructive indicator of enhanced cell 
membrane permeability of chilling-injured Citrus fruit. 
J. Amer. Soc. Hort. Sci. 119, 983-986. 

Coutinho TA, Rijkenberg FHJ, Van Asch MAJ 
(1993). Development of infection structures by Hemileia 
vastatrix in resistant and susceptible selections of Cojfea 
and in Phaseolus vulgaris. Can. J. Bot. 71, 1001-1008. 

Das B, Kashinath A (1996). New phytoconstituents 
of yew plants. J. Sci. Ind. Res. 55, 246-258. 

Das B, Takhi M, Sampath Kumar HM, Srinivas 

1123 

KVNS, Yadav JS (1993a). Stereochemistry of 4-aryl-2-
butanols from Himalayan Taxus baccata. Phytochemistry 
33, 697-699. 

Das B, Takhi M, Srinivas KVNS, Yadav JS 
{1993b). Phenolics from needles of Himalayan Taxus 
baccata. Phytochemistry 33, 1489-1491. 

Diergarten K, Dreps A (1993). Taxol: A new an
tineoplastic agent. Onkologie 16, 329-337. 

Ditsch F, Patha H, Barthlott W (1995). Micro
morphology of epicuticular waxes in Fabales s.1. and its 
systematic significance. Beitraege zur Biologie der Pflan
zen 68, 297-310. 

Donehower RC, Rowinsky EK (1993). An overview 
of experience with taxol (paclitaxel) in the U.S.A. 
Cancer Treatment Reviews 19, (Suppl. C), 63-78. 

Eigenbrode SD, Espelie KE, {1995). Effects of 
plant epicuticular lipids on insect herbivores. Ann. Rev. 
Entomol. 40, 171-194. 

Eigenbrode SD, Stoner KA, Shelto AM, Kain WC 
( 1991). Characteristics of glossy leaf waxes associated 
with resistance to diamondback moth (Lepidoptera: Plu
tellidae) in Brassica oleracea . J. Econ. Entomol. 84, 
1609-1618 . 

Elias TS, Korzhenevsky VV (1992). The presence 
of taxol and related compounds in Taxus baccata native 
to the Ukraine Crimea Georgia and southern Russia. 
Aliso 13, 463-470. 

Endo BY, Nickle WR (1994). Ultrastructure of the 
buccal cavity region and oesophagus of the insect 
parasitic nematode, Heterorhabditis bacteriophora. 
Nematologi ca 40, 379-398. 

Fett Neto AG, Di Cosmo F (1992). Distribution and 
amounts of taxol in different shoot parts of Taxus cus
pidata . Planta Medica 58, 464-466. 

Flores D, Galindo JJ, Ramirez C (1994a). Prein
fection process in cocoa fruits by Moniliophthora roreri. 
Revista de Biol. Trop. 42, 39-49. 

Flor es D, Ramirez C, Galindo JJ (1994b). Ultra
structure of cocoa fruits (Theobroma cacao) of cutivars 
with contrasting susceptibility to Mo11iliophthora roreri. 
Revista de Biol. Trop. 42, 29-37. 

Frankie WG, Hopkins DL, Stall RE (1993). Ingress 
of the watermelon fruit blotch bacterium into fruit. Plant 
Disease 77, 1090-1092. 

Furusaki S, Nakajima M (1994). Taxol production 
using yew cell culture. Baiosaiensu to Indasutori 52, 
896-897. 

Georg GI, Gollapudi SR, Grunewald GL, Gunn 
CW, Himes RH, Bhattiprolu KR, Xiao-Zhong L, Mir
horn YW, Vander Velde DG, Qing-Mei Y (1993). A re
investigation of the taxol content of Himalayan Taxus 
wallichia11a Zucc. and a revision of the structure of 
brevifoliol. Bioorganic Med. Chem. Letters 3, 1345-
1348. 



G.A. Strobel and W. M. Hess 

Guelz PG (1994). Epicuticular leaf waxes in the 
evolution of the plant kingdom. J. Plant Physiol. 143, 
453-464. 

Guelz PG, Boor G (1992) . Seasonal variations in 
epicuticular wax ultrastructure of Quercus robur. Z. 
Naturforsch. Sect. C. Biosci. 47, 807-814. 

Guelz PG, Muller E, Prasad RBN (1991). Develop
mental and seasonal variations in the epicuticular waxes 
of Tilia tomentosa leaves. Phytochemistry 30, 769-773. 

Guelz PG, Muller E, Hennrann T (1992). Chemical 
composition and surface structures of epicuticular leaf 
waxes from Castanea sativa and Aesculus hippocasta
num. Z. Naturforsch. Sect. C. Biosci. 47, 661-666. 

Guelz PG, Muller E, Herrmann T, Loesel P (1993). 
Epicuticular leaf waxes of the hop (Humulus lupulus). 
Chemical composition and surface structures. Z. 
Naturforsch. Sect. C. Biosci. 48, 689-696. 

Gueritte-Voegelein F, Guenard D, Dubois J, Wahl 
A, Potier P (1994). Chemical and biological studies in 
the taxol (pacitaxel) and taxotere (docetaxel) series of 
new antitumor agents. J. Pharm. Belg. 49, 193-205. 

Gueritte-Voegelein F, Guenard D, Potier P (1992). 
Anticancer substances from plants. Spindle poisons: vin
caleuk:oblastine, leurocristine and navelbine; taxol and 
taxotere. C. R. Seances Soc. Biol. Ses. Fil. 186, 433-
440. 

Hager A (1967). The backward reaction in the xan
thophyll cycle of Chlorella, Spinacia, and Taxus. Planta 
76, 138-148. 

Hartzell H Jr (1991). The yew tree, a thousand 
whispers. Hulogosi Press, Eugene, Oregon. pp. 319. 

Harvey SD, Campbell JA, Kelsey RG, Vance NC 
(1991). Separation oftaxol from related taxanes in Taxus 
brevifolia extracts by isocratic elution reversed-phase 
microcolumn high-performance liquid chromatography. 
J. Chromatogr. 587, 300-305. 

Heaton DM, Bartle KD, Rayner CM, Clifford AA 
(1993). Application of supercritical fluid extraction and 
supercritical fluid chromatography to the production of 
taxanes as anti-cancer drugs. J. High Resolut. Chro
matogr. 16, 666-670. 

Reinstein PF, Chang CJ (1994). Taxol. Ann. Rev. 
Plant Physiol. Plant Mo!. Biol. 45, 663-674. 

Hoeg OA (1981). Contributions from fossil plants 
to neo botany. Blyttia 39, 151-164. 

Jenks MA (1993). Cellular and biophysical impli
cations for BM gene mutations affecting plant epicuti
cular wax (Exserohilum turcicum). Ph.D. Thesis. Purdue 
University, Volume 55/03-B of Dissertation Abstracts 
International. pp. 118. 

Jijie G, Rongliang Z, Zhongping Z, Zongjian J 
(1991). Inhibition of taxanes on DNA and protein syn
theses of tumor cells. Planta Medica 57, 495. 

Joel SP (1994). Taxol and taxotere: From yew tree 

1124 

to tumor cell. Chem. Ind. 5, 172-175. 
Johnson DA, Asay KH (1995). Breeding and selec

tion of grasses for improved drought response: A 
review. Ann. Arid Zone 34, 163-178. 

Kartusch B, Richter H (1984). Anatomical reactions 
of yew needles to an impairment of water transport in 
the plant body. Phyton 24, 295-303. 

Kenyon L, Lewis BG, Coddington A, Harling R, 
Turner JG (1993). Pathogenicity mutants of the tomato 
leaf mould fungus Fulvia fulva (Cooke) Ciferri (syn. 
Cladosporium fulvum Cooke). Physiol. Mo!. Plant 
Pathol. 43, 173-191. 

Kim ES, Mahlberg PG (1995). Glandular cuticle 
formation in Cannabis (Cannabaceae). Amer. J. Bot. 82, 
1207-1214. 

Kim MR, Soh WY (1995). Effect of simulated acid 
rain on foliar structural changes of Ginkgo biloba and 
Pinus thunbergii. J. Plant Biol. 38, 79-86. 

Knoche M (1994). Effect of droplet size and carrier 
volume on performance of foliage-applied herbicides. 
Crop Protection 13, 163-178. 

Kohler DR, Goldspiel BR (1994). Paclitaxel (taxol). 
Pharmacotherapy 14, 3-34. 

Kulshreshtha K, Ahmed KJ (1993). SEM studies of 
foliar epicuticular wax morphology in some taxa of 
Euphorbiaceae. Feddes Repert. 104, 361-370. 

Kulshreshtha K, Farooqui A, Srivastava K, Singh 
SN, Ahmed KJ, Behl HM (1994a). Effect of diesel ex
haust pollution on cuticular and epidermal features of 
Lantana camara L. and Syzygium cuminii L (Skeels.). J. 
Environ. Sci. Health. 29, 301-308. 

Kulshreshtha K, Srivastava K, Ahmed KJ (1994b). 
Effect of automobile exhaust pollution on leaf surface 
structures of Calotropis procera L. and Nerium indicum 
L. Feddes Repert. 105, 185-189. 

Kwak SS, Choi MS, Ko KS, Park YG, Liu JR 
(1995). Analysis of taxol and cephalomannine in Cheju 
Island yew (Taxus cuspidata S. et Z.). Korean J. Phar
macognosy (South Korea) 26, 116-121. 

Li JY, Strobel G, Sidhu R, Hess WM, Ford EJ 
(1996). Endophytic taxol-producing fungi from bald 
cypress, Taxodium distichum. Microbiology 142, 2223-
2226. 

Long HJ (1994). Paclitaxel (taxol): A novel an
ticancer chemotherapeutic drug. Mayo Clinic Proc. 69, 
341-345. 

Maffei M (1994). Discriminant analysis of leaf wax 
alkanes in the Lamiaceae and four other plant families. 
Biochem. System. Ecol. 22, 711-728. 

Mandrile EL, Bongiorno de Pfirter G (1993). 
Taxol: A new antineoplastic of plant origin. Acta Farm. 
Bonaerense 12, 89-100. 

McKenzie CL, Cartwright B, Miller ME, Edelson 
JV (1993). Injury to onions by Thrips tabaci (Thysanop-



SEM of yew leaves 

tera: Thripidae) and its role in the development of purple 
blotch. Environ. Entomol. 22, 1266-1277. 

McWhorter CG (1993). Epicuticular wax on john
songrass (Sorghum halepense) leaves. Weed Sci. 41, 
475-482. 

Minarcic P, Kubicek R, Simonovic V (1993). Lo
calization of emissions on the needle surface. IL 
Occurrence of emissions in the stoma apparatus of the 
Norway spruce (Picea abies}, the Vysoke Tatry Moun
tains, northeastern part of Slovakia. Ekologia 12, 189-
198. 

Mo J, Li W, Wang J (1992). Inheritance and agro
nomic performance of the waxless character in Brassica 
napus L. Plant Breeding 108, 256-259. 

Nicolaou KC, Yang Z, Liu JJ, Ueno H, Nantermet 
PG, Guy RK, Claiborne CF, Renaud J, Couladouros 
EA, Paulvannan K, Sorensen EJ (1994). Total synthesis 
of taxol. Nature 367, 630-634 . 

Nouchi I (1992). Acid precipitation in Japan and its 
impact on plants. 1. Acid precipitation and foliar injury. 
JARQ-Jap. Agric. Res . Quart. 26, 171-177. 

Osborne R, Salatino A, Salatino MLF, Sekiya CM, 
Va7.quez Torres M (1993). Alkanes of foliar epicuticular 
waxes from five cycad genera in the Zamiaceae. Phyto
chemistry 33, 607-609. 

Parmar VS, Vardhan A, Bisht KS, Sharma NK, Jain 
R, Taneja P, Tyagi OD, Boll PM (1993). A rare bifla
vone from Taxus baccata. Indian J. Chem., Sect. B 
32B, 601-603. 

Pazdur R, Kudelka AP, Kavanagh JJ, Cohen PR, 
Raber MN (1993) . The taxoids: Paclitaxel (taxol) and 
docetaxel (taxotere). Can. Treat. Rev. 19, 351-386. 

Percy KE, Baker EA (1990). Effects of simulated 
acid rain on epicuticular wax production, morphology, 
chemical composition and on cuticular membrane thick
ness in two clones of Sitka spruce (Picea sitchensis 
[Bong.] Carr.). New Phytol. 116, 79-87. 

Postbeittenmiller D (1996). Biochemistry and mo
lecular biology of wax production in plants. Ann. Rev. 
Plant Physiol. Plant Mol. Biol. 47, 405-430. 

Potgieter MJ, Van Wyk AE (1994). Fruit structure 
of the genus Pyrenacantha Hook (Icacinaceae) in south
ern Africa. Bot. Bull. Acad. Sinica 35, 105-113. 

Reynhardt EC, Riederer M (1994). Structures and 
molecular dynamics of plant waxes 2. Cuticular waxes 
from leaves of Fagus sylvatica L. and Hordeum vulgare 
L. Eur. Biophys. J. 23, 59-70. 

Rothenberg, ML (1993). Taxol, taxotere and other 
new taxanes. Curr. Opin. Invest. Drugs 2, 1269-1277. 

Rowinski EK, Cazanave LA, Donehower, FC 
(1990). Taxol: A novel investigational antimicrotubule 
agent. J. Natl. Cancer Inst. 82, 1247-1259. 

Rowinski EK, Wright M, Monsarrat B, Lesser G, 
Donehower J (1993). Taxol: Pharmacology, metabolism 

1125 

and clinical implications. Cancer Surv. 17, 283-304. 
Roy S, Watada AE, Conway WS, Erbe EF, Wergin 

WP (1994). Low-temperature scanning electron micros
copy of frozen hydrated apple tissues and surface or
ganisms. Hortscience 29, 305-309. 

Schwab M, Noga G, Barthlott W (1995). The sig
nificance of epicuticular waxes for defence of pathogens 
as shown for Botrytis cinerea infections in kohlrabi and 
pea plants. Gartenbauwissenschaft 60, 102-109. 

Shiraishi M (1990). Scanning electron microscopical 
observations of leaf epicuticular waxes and the stomata! 
complex of satsuma mandarin Citrus unshiu Marc. En
viron. Cont. Biol. 28, 79-86 . 

Snigirevskaya NS (1993). New data supporting the 
classification of Orestovia voronejiensis T. lstchenko et 
A. lstchenko (Middle Devonian , Voronezh Anteclise) 
with higher plants. Paleonotologicheskii Zhurnal 0(4), 
133-137. 

Spjut RW (1992) . A taxonomic key to the species of 
Taxus. In: Second National Cancer Institute Workshop 
on Taxus, Bethesda, MD. Cragg GM (ed.). Available 
from National Cancer Inst., Frederick Cancer Research 
and Development Center, Frederick, MD. Abstract A-1. 

Stevens JF, Hart H, Bolek A, Zwaving JH, Ma
lingre TM (1994a). Epicuticular wax composition of 
some European Sedum species. Phytochemistry 35, 389-
399. 

Stevens JF, Hart H, Pouw AJA, Bolek A, Zwaving 
JH (1994b). Epicuticular waxes of Sedum series Rupes
tria. Phytochemistry 36, 341-348 . 

Stierle A, Stierle D, Strobel G, Bignami G, 
Grothaus P (1994). Endophytic fungi of Pacific yew 
(Taxus brevifolia) as a source of taxol, taxanes, and 
other pharmacophores. Am. Chem. Soc. Symp. Ser. 
557, 64-77 . 

Stoner KA (1990) . Glossy leaf wax in cole crops 
affects insect resistance. Front. Plant Sci. 43, 4-6. 

Strobel GA, Stierle A, Hess WM (1993) . Taxol for
mation in yew-Taxus. Plant Sci. 92, 1-12. 

Strobel GA, Stierle A, Hess WM (1994). The stim
ulation of taxol production in Taxus brevifolia by various 
growth retardants. Plant Sci. 101, 115-124. 

Strobel G, Yang X, Sears J, Kramer R, Sidhu RS, 
Hess WM (1996) . Taxol from Pestalotiopsis microspora, 
an endophytic fungus of Taxus wallachiana. 
Microbiology 142, 435-440. 

Suffness M (1993). Taxol: From discovery to 
therapeutic use. Annu. Rep. Med. Chem. 28, 305-314. 

Suffness M (1995). Overview ofpaclitaxel research: 
Progress on many fronts. Am. Chem. Soc. Syrop. Ser. 
583, 1-17. 

Sugayama RL, Salatino A (1995). Influence of leaf 
epicuticular waxes from cerrado species on substrate 
selection by Atta sexdens rubropilosa. Entomologia Ex-



G.A. Strobel and W. M. Hess 

perimentalis et Applicata 74, 63-69. 
Theisen I, Barthlott W (1994). Mikromorphologie 

der Epicuticulaiwachse und die Systematik der 
Gentianales, Rubiales, Dipsacales und Calycerales. 
Trop. und subtrop. Pflanzenwelt 89, pp. 62. 

Upadhyay RV, Strobel GA, Hess WM (1991). Mor
phogenesis and ultrastructure of the conidiomata of 
Ascochyta cypericola. Mycol. Res. 95, 785-791. 

Van Doom J, Boonekamp PM, Oudega B (1994). 
Partial characteriz.ation of fimbriae of Xanthomonas 
campestris pv . hyacinthi . Mol. Plant-Microbe Interact. 
7, 334-344. 

Vangardingen PR, Grace J, Jeffree CE (1991). 
Abrasive damage by wind to the needle surfaces of Pi
cea sitchensis (Bong) Carr and Pinus sylvestris L. Plant 
Cell Environ. 14, 185-193. 

Vioque J, Pastor J, Vioque E (1994). Leaf wax al
kanes in genus Coincya. Phytochemistry 36, 349-352 . 

Vogel JM, Freeling M (1993). Molecular genetic 
analysis of maize glossy genes role in epicuticular wax 
production. J. Cell Biochem. Suppl. 0 (17 part A) 32. 

Vyas DM (1993). Recent advances in medicinal 
chemistry of taxol. Pharmacochem. Libr. 20, 261-270. 

Wall ME , Wani MC (1994). Taxol: Discovery to 
clinic. In: Economic and Medicinal Plant Research, Vol. 
6. Wagner H, Farnsworth NR (eds). Academic Press, 
London. pp. 299-322. 

Wani MC, Taylor HL, Wall ME, Coggon P, 
McPhail AT (1971). Plant antitumor agents, VI. The 
isolation and structure of taxol, a novel antileukemic and 
antitumor agent from Taxus brevifolia . J . Am . Chem. 
93, 2325-2327 . 

1126 

Weiller CM, Crowden RK, Powell JM (1994). 
Morphology and taxonomic significance of leaf epicuti
cular waxes in the Epacridaceae. Aust. System. Bot. 7, 
125-152. 

Zajaczkowska J, Lotocki A, Morteczka H, Wit
kowska D (1982). Aging of assimilatory organs of con
ifers under natural and polluted environmental condi
tions. Pol. Ecol. Stud. 7, 401-413. 

Zaid A (1990). In vitro hardening of date palm 
(Phoenix dactylifera L.) plantlets (palm). Ph.D . Thesis. 
Colorado State University. Volume 51-06-B of Dis
sertation Abstracts International. pp. 159. 

Zhang Z, Jia Z, Zhu Z, Cui Y, Cheng J, Wang Q 
(1990). New taxanes from Taxus chinensis. Planta Med
ica 56, 293-294. 

Zongping Z, Zhongjian J (1991). Taxanes from 
Taxus chinensis. Phytochemistry 30, 2345-2348. 

Zygadlo JA, Abburra RE, Macua AV, Guzman CA 
(1994a) . Leaf alkane variation in sapindaceae from 
Argentina. Anales De La Asociacion Quimica Argentina 
82, 111-115. 

Zygadlo JA, Maestri DM, Grosso NR (1994b). Al
kane distribution in epicuticular wax of some Solanaceae 
species. Biochem. System. Ecol. 22, 203-209. 

Editor's Note: All of the reviewer's concerns were ap
propriately addressed by text changes, hence there is no 
Discussion with Reviewers. 


	A Scanning Electron Microscopy Study of Taxus Leaves as Related to Taxonomy
	Recommended Citation

	WDCcentercells1996StrobelHess-ScanningElectronMicroscopy

