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This is surprising in view of the much lower proportion of
magnesium in leaf tissue; it indicates a special secretion mecha-
nism for magnesium and, by analogy, of carbonate and bicar-
bonate in the Malvaceae. On the structural level, the high sur-
face pH-values and the excretion of basic salts is correlated
with the presence of glandular hairs®. Such glands have been
found to be responsible for the high pH on the surface of
Gossypium hirsutum leaves®’.

It is tempting to speculate about the function of the alkaline
excretion on leaf surfaces of Malvaceae. It has been suggested’
that, in cotton, under the semi-arid conditions of its natural
habitat, the excretion might function like that of salt glands,
where ions are pumped out in order to maintain the internal
osmotic pressure, or that the excretion might be responsible
for water uptake from the atmosphere, as has been suggested
for the excretion product of a desert shrub, Nolana mollis®.
However, our results show that the characteristic of alkaline
secretion is not restricted to Malvaceae of semi-arid or arid
habitats.

Another possibility is a function in the protection from par-
asites and pathogens, as we have suggested for cotton® The
high pH of the leaf surface might render the leaves unsuitable
for growth of non-specialized pathogens and parasites. In par-
ticular, this might hold for fungi since many fungal spores are
known to be unable to germinate in alkaline conditions®. At
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any rate, the high pH and the unusual ionic composition
found on the leaf surface of many Malvaceae are important
ecological factors which are likely to render the phylloplane
very different from that of most other plant families.
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Secreted oleanolic acid on the cuticle Olea europaea (Oleaceae); a chemical barrier to fungal attack
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Summary. The leaf of the bitter olive Olea curopaea (Oleaceac) is heavily coated by almost pure oleanolic acid, which forms part

of a ‘multichemical’ defense against fungal attack.
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The presence of a large amount of oleanolic acid (1} in the
foliage of bitter olive Olea europaea (Oleaceac) has long been
known>*. During our study of dcfense mechanisms® of this
plant®, which is known to be rarcly attacked by fungi and in-
scets, we found that olcanolic acid might play an important
role in the defense against fungal attack.

Scanning electron micrographs (fig.) show almost pure crystals
of oleanolic acid on the leaf surface of O.europaca. Crystals

(11 mg) were collected under magnification from the surface of
one leaf of an average size (fresh weigth, 343 mg) with a spat-
ula without damaging the cuticle, and were shown to have
only one major component when investigated using TLC
(CHCI,-McOH, 20:1, v/v). The crystals were purified by silica
gel column chromatography (CHCl,-MeOH) to give 2 triter-
penes. The major compound [CyH,O5, m.p. 300-302°C and
[«]3+86.3° (¢ =0.13, CHCL,)], was identified with oleanolic

The electron micrographs of the abaxial surface of the leaf of O.europaea. A, x 31; B, x 429,
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acid (1) from various spectral data (UV, IR, EI-MS, 'H-NMR
and PC-NMR)>*. Another triterpene present in very small
amounts [CyH,s0,, m.p. 264-266°C and {a]¥+60.0° (c = 0.01,
CHCl,)] was another triterpene, maslinic acid (2), was also
identified by spectral data (UV, IR, EI-MS, 'H-NMR and
BC-NMY?. The total yield of these triterpenes from the leaf
surface is at least 3.2% of the total fresh leaf weight, and is
comparable to the yield reported by Roncero and Janer® for
the total leaf.

This means that almost all oleanolic acid present is on the sur-
face of the leaf. O.europaea may be protected against fungal
attack at least to some extent by the simple mechanism of ex-
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creting these triterpenes onto the leaf surface. Although olean-
olic acid itself does not exhibit antifungal activity, it acts as a
barrier at the leaf surface, a site where the physiological envi-
ronment is normally favorable for spore germination. The de-
gree of surface wettability of the leaf is important, since spores
cannot germinate and grow unless sufficient moisture is avail-
able. If a leaf is heavily coated with the non-water soluble ole-
anolic acid, moisture will not remain on the leaf surface. We
consider this simple mechanism of excreting triterpenes onto
the leaf surface to be part of a ‘multichemical’ defense against
fungal attack®.
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Age-dependent tolerance to Baculovirus in last larval instars of the codling moth, Cydia pomonella L., induced
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Summary. LDy, values as well as time-dependent parameters of granulosis virus infections were determined at different times
during the last larval instar (L) of the codling moth, Cydia pomonella L., induced either for pupation or for diapause. A
significant increase of tolerance to virus was found in 48-h-old L; induced for pupation, and 24 h later in L induced for diapause.
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Although the larvae of Lepidoptera are usually very suscepti-
ble to infections with baculoviruses, several authors reported
an increased tolerance to virus among different larval instars!.
Multiplication of baculoviruses in pupae and adult insects is
not common; only few cases have been reported®. In order to
estimate the influence of the pupation on the susceptibility to
Baculovirus infection, experiments were performed with Ls of
the codling moth induced for either uninterrupted devel-
opment to pupation or for diapause as fully grown L;°. The
larvae were reared individually according to our standard me-
thod*, either under continuous light in order to induce pupa-
tion or under a short day-regime with a light: dark cycle of
10:14 h, which induced diapause.

Experimental groups of 3040 individuals were formed with
synchronized L;. Computing of age started as larvae moulted
to the last instar. The age of larvae within a group varied by
+ 2-4 h. Infections with subgroup B Baculovirus® (granulosis
virus) were scheduled for 3-, 24-, 48- and 72-h-old L,. Granu-
losis virus was purified by conventional methods®. A stock sus-
pension containing 3 x 10! granulosis capsules per ml was
prepared with phosphate buffer (s M; pH 7) and stored at
2°C. Dilutions were made with destilled water. 1 pl virus sus-
pension per larva was orally administered by means of micro-
injection’. Larvae not surviving the first 2 days after injection
had probably been wounded when handled for infection and

were discarded. The average time till death was recorded and
the LD;, values were determined by probit analysis with a
computer program?®.

LDy, values calculated from the dose-mortality responses for
larvae infected at different times after the last larval molt are
presented in table 1. The doses necessary to kill 50% of 3- and
24-h-old L; induced for pupation were similar. However, in the
48- and 72-h-old larvae about 2500 and 25000 times higher
doses were necessary respectively. On the other hand, whereas

Table 1. LDs, values of the granulosis virus of Cydia pomonella. Effect
of the age of last instar larvae (Ls) induced for either pupation (IP) or
diapause (ID) on mortality and time parameters

Age of L LDy, 95% confidence level Slope

at infection Lower Upper

IP 3h 9.2 x 10! 7.2 x 10! 1.2 x 102 2.033
24 h 7.6 x 10! 4.1 x 10! 1.1 x 102 1.332
48 h 2.1x%10° 14x10°  31x10° 1.169
72h 2.1 x 106 1.1x 105 36x 108 1.380

ID 3h 1.2 % 19? 8.0 x 10} 1.8 x 10? 1.262
24 h 1.1 x 10? 5.7 % 10! 1.9 x 102 1.238
48 h 7.7 x 10 3.4x 100 12x10° 1.344
72h 2.0 x 10° 88x10*  73x10° 0.758




