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The leaves of three deciduous broadleaf trees namely Quercus robur L. (oak), Acer pseudo-
platanus L. (maple) and Juglans regia L. (walnut) have different wax surface structures with
different chemical compositions. On both the upper and lower side of the oak leaf, crystalloid
platelets with sharp fringed edges were observed. Maple and walnut leaf surfaces showed quite
different crystalloid arrangements on the upper and the lower side of the leaves. On the lower
side of the maple leaf crystalloid platelets in form of lumps were found, whereas the upper side
showed no crystalloids. Walnut leaves exhibited dense platelets with rounded edges on the

upper side but not on the lower side.

Introduction

All aerial organs of higher plants are covered
primarily with a thin continuous wax layer. These
waxes consist of a complex mixture of homolo-
gous series of very long chained lipids. Often triter-
penoids were also present either free or esterified
or in form of their ketones.

The surface waxes on the seed coats [1—3], pet-
als, anthers [4] and young leaves [5, 6] had a layer
of waxy or fluid consistency. The reason for this
may be the melting point depression of the wax
lipids resulting from the solubility of the different
lipid classes or their individual components in each
other. But in contrast to this, crystalloids with very
different and manifold crystal structures were ob-
served in mature leaves [1, 3, 7—13]. In the present
paper an attempt was made to correlate the surface
wax structures obtained by scanning electron mi-
croscope with the chemical composition of the leaf
wax layers from the deciduous broadleaved trees
of Quercus robur, Acer pseudoplatanus and Juglans
regia.

Materials and Methods

Leaves of deciduous broadleaf trees were har-
vested in July from Q. robur L., A. pseudoplatanus
L. and J. regia L., cultivated in the garden of the
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Botany Institute of the University of Cologne. The
extraction and chemical analysis of these leaf wax-
es were described recently [14—16]. The patterns
for each tree in Fig. 4 were described in peak area
percent of the gas chromatograms. Fresh and air-
dried leaves were prepared for scanning electron
microscopy by sputtering them with gold using a
Semcoat sputter coater (A 1231) and examined in
a Hitachi scanning electron microscope (S-405 A).

Results and Discussion

Scanning electron microscope pictures from the
leaf surfaces showed structures of the wax layers
which were differing from tree to tree. Moreover,
on the upper or the lower leaf sides wax structures
differing in form and arrangement were observed.
Oak leaves have nearly the same crystalline surface
structures on the upper and lower side (Fig. 1,
A—D). Maple leaves were found to contain crys-
talloid structures only on the lower leaf side but
not on the upper side (Fig. 2, A—D). Walnut
leaves show again different upper and lower sur-
face structures. In this case only the upper leaf side
has dense crystalline wax platelets (Fig. 3, A—D).

The three broadleaf trees studied in the present
investigation showed different qualitative and
quantitative leaf wax lipid compositions and there-
fore different arrangements in the wax surface
structures. The distribution patterns of the wax
lipids are summarized in Fig. 4.

Q. robur leaf surface waxes were isolated in
amounts of 1.3% of dry weight with a wax layer of
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Fig. 1. Quercus robur leaf surface. A, upper leaf side, crystalloid platelets are distributed continuously, arising from a
fluid wax layer. Bar = 15 um. B, lower leaf side, dense crystalloid platelets are observed similar as on the upper side,
but with a concentrated orientation around the stomata. Bar = 45 pm. C, lower leaf side, similar to B, but in a magnif-

ication like A. Bar = 15 pm. D, lower leaf side, the wax layer was extracted with CHCI;. Bar = 15 um.

59 pg/cm? leaf area. These waxes consisted of hy-
drocarbons (6.4% wax), wax esters (1.1%), alde-
hydes (38.8%), alcohols (36%), fatty acids (6.1%)
and triterpenoids (Fig. 4). Taraxerol, B-amyrin,
a-amyrin and lupeol were found free (3.6%) and
esterified (0.5%) with long chain fatty acids. The
homologous series of aldehydes and alcohols with
steep distribution patterns were dominating in this
leaf wax [14]. These chemical wax compositions re-
sulted in a continuous wax layer of dense crystal-
loid platelets with irregular sharp fringed edges
arising from a fluid wax layer, both on the upper
and lower side of the oak leaf. Around the stomata
on the lower side a defined orientation of these
platelets was observed (Fig. 1, A—D).

A. pseudoplatanus leaf surface waxes were ex-
tracted in amounts of 1% of dry weight with a wax
layer of 34 pg/cm? of leaf area. These waxes con-

sisted of hydrocarbons (6.9% wax), wax esters
(5.5%), benzyl acyl esters (2.1%), aldehydes
(38.1%), alcohols (10.2%), fatty acids (17.1%)
and triterpenoids (19.3%). B-Sitosterol, B-amyrin
and 24-methylene-cycloartenol were found pre-
dominantly in form of their acetates in considera-
ble amounts (14.4%). B-Amyrin was observed also
free (4.9%) and esterified with long chain fatty
acids (~0.7%) (Fig. 4). The aldehydes are the
dominating lipid class in the maple leaf wax [15].
The upper side of the maple leaf shows a fluid con-
sistency without any crystals, but with very dense
arrangements of cuticular folds (Fig. 2, C-D).
The lower maple leaf side has a continuous wax
layer with numerous crystalloid lumps arising
from the wax layer. The single lumps consisted of a
very dense arrangement of platelets which also
covered the stomata (Fig. 2, A—B). The upper and
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Fig. 2. Acer pseudoplatanus leaf surface. A, lower leaf side, crystalloid lumps arising from a fluid wax layer with irregu-
lar distribution. Bar = 225 um. B, lower leaf side, the crystalloid platelets in form of lumps are arranged in a dense and

concentrated manner around stomata.

Bar = 45 um. C, upper leaf side, the epidermal cells show a very close and

dense arrangement of cuticular folds. Bar = 225 um. D, upper leaf side, magnification of C, the waxes are continuous-
ly distributed as a fluid layer without crystalline structure over the epidermal cells. Bar = 45 pm.

the lower maple leaf surface showed a quite differ-
ent structure. Therefore, it seemed possible that
the two leaf sides of maple had each a different
wax lipid composition and that the analyzed wax
lipids were a mixture or an average of these two leaf
wax layers.

J. regia leat surface waxes were found in
amounts of 1.64% of dry weight with a wax layer
of 69 pg/cm? of leaf area. These waxes consisted of
hydrocarbons (3.0% wax), wax esters (3.5%),
aldehydes (5.5%), alcohols (41.6%), fatty acids
(8.4%) and juglone (29.8%) (Fig. 4). The presence
of juglone in very high amounts was unusual in
this walnut leaf wax. The homologous alcohols in
a steep distribution pattern were the main wax
lipids [16].

The upper and the lower sides of walnut leaves
showed again a quite different surface structure

but in a manner opposite to that of maple leaves.
The lower side of a walnut leaf with the stomata
has a continuous wax layer of fluid consistency.
Only few single and isolated crystals were seen in
some parts of the leaf surface (Fig. 3, A—B). The
upper side of a walnut leaf contained very dense
packed platelets with rounded edges distributed all
over the upper surface (Fig. 3, C—D). Again in this
case the leaf wax surface of both sides may have a
different chemical wax composition. The higher
concentration of alcohols, a relatively polar lipid,
on the upper side of the leaf might have resulted in
the wax platelets on this leaf side.

All wax analyses clearly demonstrate, that the
plant kingdom shows a considerable diversity con-
cerning the composition of epicuticular leaf wax
layers. The trees studied have species-specific wax
components differing in number, amount and
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Fig. 3. Juglans regia leaf surface. A, lower leaf side, the wax layer shows a fluid consistency with only very little crys-
tals, scattered on the surface. Bar = 30 pm. B, lower leaf side, the wax layer extracted with CHCl,, the folded epider-
mal cells and a stoma is clearly visible. Bar = 90 pm. C, upper leaf side, very dense packed crystalline platelets all over
the surface are seen. Bar = 45 um. D. upper leaf side, magnification of C shows the complex arrangement of the crys-
talloids with rounded edges. Bar = 15 um.

their patterns of the homologous series of lipids in  Acknowledgements
different surface structures. Each of three broad-
leaf trees studied exhibit a different arrangement
of leaf wax surface structures on the upper and the
lower leat side. Nevertheless, these different and
species-specific wax compositions have only the
one and same function: to form a nearly imperme-
able cuticular membrane.
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Fig. 4. Composition and distribution patterns of epicuticular waxes from leaves of the trees Q. robur, A. pseu-

doplatanus and J. regia.

[1]1P.-G. Giilz and K. Hangst, Z. Naturforsch. 38c,
683—688 (1983).

[2] P. Krollmann, C. Eich, and P.-G. Giilz, Z. Natur-
forsch. 39¢, 521—524 (1984).

[3] P.-G. Giilz, Ber. dtsch. Bot. Ges. 99,89—-97 (1986).

[4] S. Hennig, P.-G. Giilz, and K. Hangst, Z. Natur-
forsch. 43¢, 806—812 (1988).

[5] R. B. N. Prasad and P.-G. Giilz, Z. Naturforsch. 45¢,
805-812(1990).

[6] P.-G. Gilz, E. Miiller, and R. B. N. Prasad, in
preparation.

[7]1C. A. Jeffree, E. A. Baker, and P. J. Holloway, in:
Microbiology of Aerial Plant Surfaces (C. M.
Dickinson and T. F. Preece, eds.), pp. 119—-158,
Academic Press, New York 1976.

[8] E. A. Baker, in: The Plant Cuticle (D. F. Cuttler,
K. L. Alvin, and G. E. Price, eds.), Academic Press,
New York 1982.

[9] W. Barthlott, Nord. J. Bot. 1, 345—355 (1981).

[10] W. Barthlott and E. Wollenweber, Tropische und
subtropische Pflanzenwelt 32, 33—97, Akad. Wiss.
Lit., Mainz, F. Steiner, Wiesbaden 1981.

[11]T. Engel and W. Barthlott, Pl. Syst. Evol. 161,
71—85(1988).

[12] S. Gehrenbach and W. Barthlott, Bot. Jahrb. Syst.
109, 47—428 (1988).

[13] H. Hemmers, P.-G. Giilz, and K. Hangst. Z. Natur-
forsch. 41¢, 521—525 (1986).

[14] R. B. N. Prasad, E. Miiller, and P.-G. Giilz, Phyto-
chemistry 29,2101—-2103 (1990).

[15] R. B. N. Prasad and P.-G. Giilz, Z. Naturforsch. 45¢,
599-601 (1990).

[16] R. B. N. Prasad and P.-G. Giilz, Phytochemistry 29,
2097-2099 (1990).



