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Summary: Anatomic studies have been performed on the leaf blade, petiole and annual shoot on six apple cultivars by means of scanning electron
as well as light microscope. Four of the cultivars examined are resistant to scab (Florina, Freedom, MR-10, MR-11), whereas two of them are
susceptible (Jonathan and Idared). Preliminary results suggest that differences in the width of cross sections of leaf blades, in hairyness. in the
shape and size of epidermal cells. moreover, in the cross sections of petioles and shoots are considerable. Some of the anatomical properties seem
to be correlated with scab resistance or susceptility of the respective cultivars, Therefore, further studies extending to other cultivars may
corroborate our claims to find causal relations between anatomical traits of the leaves and disease, especially scab resistance of apple cultivars.
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Introduction

Observations in the field (T6th et al., 2005) as well as
detailed pomological descriptions (Bereczki, 1886, Tomcsanyi,
1979) prove the inter-varietal variability of cultivated apples
regarding leaf shape and size, hairyness of the adaxial and
abaxial surface, being glossy or leathery, often perceived with
unarmed eye or palpation. The relation between the anatomy
and the photosynthetic activity of leaves has been explored
around the first half of the 20th century (Picket, 1933, 1937),
moreover, considerable varietal differences have been
described in the thickness of leaf blades, size and density of
stomata. Later, the anatomical structure of the leaf blade
affected by the scab fungus (Venturia inaequalis Cke.Wint.)
has been studied and followed up by tracing the development of
symptoms of the disease (Kline et al., 1964) presented also
recently (Jones & Aldwinckle, 1990, Holb, 2002). Our own
observations (Tdrh et al., 2004a) proved substantial differences
between the leaf structure of the apple cultivars “Jonathan’,
"Starking” and "Golden Delicious’.

In our practice of acclimatizing scab resistant foreign
apple cultivars and breeding work (T6th et al., 2004b),
perceived differences of the leaves on resistant as well as on
susceptible cultivars called our attention to the anatomical
studies of the leaves in order to predict etiological
expectations after scab infection.

Material and method
As cultivars susceptible to scab "Jonathan' and "Idared’,

whereas as scab resistant cultivars the French "Florina® and
the American 'Freedom’ cultivars, moreover, breeding

stocks of our Department of Fruit Science MR-10 and MR-
11 cultivar candidates have been chosen for the
examinations. The scab-resistant genotypes owed their
resistance to the VI gene originating from a Malus

floribunda 821 clone, but that of the cultivar "Freedom’

inherited it from its ancestor, the cultivar 'Antonovka’ as
documented in the pedigree.

The shoots for the studies were collected in the
experimental farm of the Corvinus University of Budapest,
where the trees are grown on M4 rootstocks. Leaf samples
were taken on June 13, 20035.

The surface as well as sections made by rasor blades of
the respective organs were examined by scanning electron
microscope (SEM) and alternatively by light microscope
(LM). Leaves were examined and measured for the
following traits: diameter of the blade, palisad and spongy
parenchyma, hairyness, petiole, epiderm and their ratio as
well as histological structures.

Results

The thickness of the leaf blade in a cross section

Substantial differences appeared in the cross section of
the cultivars (Figure 1). A leaf of the cultivar *Jonathan®
represented the thin category with 931 pm. Similar measures
were found for the cultivars “Idared’ and "Florina’. .The most
thick cross sections have been found among others at the
clone MR-10 with 1270 pm, being similar to MR-11 and
"Freedom’.

The measures of the palisad parenchyma and the spongy
parenchyma were equally variable, but the variability
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Figure 3 Hairyness of the adaxial surface of leaves
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Florina Freedom

Figure 6 Size and shape of the adaxial epiderm
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Figure 7 Cross section of the petiole
Legend: Yellow arrow: collenchyma; Red arrow: semicircular bundle of conductive tissues
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Figure 8 Cross section of the shoot
Legend: Red arrow = xylem

correlated with the thickness of the leaf blade. (Table 1). In the
leaves of 'Jonathan’ the upper (adaxial) epiderm with the
palisad measured 496 pm, whereas the spongy parenchyma
with the abaxial epiderm 434 pm. Approximately the same
data were raised in 'Florina’ and 'Idared’, or somewhat larger.

The same parameters obtained in leaves of MR-10
cultivar candidate are 744 pm and 527 pm taking the upper

and lower part of the leaf, respectively. Nearly the same data
are obtained in the leaves of "Freedom’ and MR-11.

Figure 2 presents observations on the structure of palisad
parenchyma layers. In "Florina’ and "Idared’, there are two
layers, whereas in 'Jonathan’, *Freedom’, MR-10 and MR-
11 the number of palisad layers is three. Individual cells of
the palisad parenchyma are long (248-280 pm) in 'Idared’
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Table 1 Cross section of the leaves

Cultivar Thickness of the Palisad Spongy
leaf blade pm parenchyma + parenchyma
epiderm pm + epiderm pm
Jonathan 930 496 424
Idared 1092 537 455
Florina 1035 558 455
Freedom 1209 620 651
MR-11 1209 620 589
MR-10 1270 744 527

and *Freedom’ leaves. As a rule, cells of the upper (abaxial)
layer arc longer than those of the layers underneath, the
shortest are the palisad cells of the third layer.

The cells of the three-layer palisad parenchyma are
somewhat shorter, i.e. between 162 and 207 pm ("Jonathan’
cultivar and MR-10, MR-11 cultivar cadidates).

The intercellulary space is narrow in 'Florina’, “Idared’
cultivars and MR-10 and MR-11 cultivar candidate, whereas
rather spacious in "Jonathan” and "Freedom” cultivars.

Hairyness of the leaves

The leaves of *Jonathan' are strongly hairy on both the
adaxial and abaxial surface. All other genotypes examined
are considered to be bald on the adaxial surface of the leaf.
Moderately hairy are ‘Idared” and "Freedom” on the abaxial
surface, and the rest of the genotypes develop there hairs but
scarcely, along the veins only (Figure 3—).

Shape and size of the epidermal cells

There is also an important diversity among the genotypes
examined. On the adaxial surface, the cells are polygonal
isodiametric in "Florina®, "Idared’, "Freedom’, whereas in the
rest of cultivars they are slightly elongated: “Jonathan’, MR-10.,
MR-11.

On the adaxial surface of "Jonathan’, the epidermal cells are
small, in "Idared’ they are of intermediate size, whereas larger
by about 90% in "Florina’, MR-10 and MR-11 (Figure 4).

The cells of the upper (adaxial) epiderm are polygonal in
"Freedom’, elongated in MR-10 cultivar candidate (Figure
5). Cells of the abaxial epiderm are particularly variable in
size as well as in shape. For the examination of details we
need more magnification (Figure 6).

The cross section of the petiole and the shoot

The cross section of the petiole shows, generally, the
shape of a hand bag. The abaxial surface is semicircular and
the two edges of the adaxial side are clongated, They are
especially characteristic in "Florina® and MR-10. Much
smaller and less pronounced continuations are observed in
the petioles of "Jonathan', "ldared’, ‘Freedom’ and MR-11
(Figure 7).

The size and length of the petiole is hardly variable.
Larger and relatively broad are the cross sections of "Florina’
and MR-10. Below the hairy epiderm, the collenchyma is
more extended in "Florina® and MR-10 than in the rest of
genotypes.

The conductive tissues are in the cross section of the
petiole in a semicircular arc. Its two edges are turned
adaxially. The xylem is in the inner zone, the phloem is in the
outer one. The cross scction area of the xylem varies
according to the cultivar. It is most extended in "Florina’ and
in “Idared’.

In the anatomic structure of annual shoots, differences
are observed in the extension of the collenchyma beneath the
epiderm and the width of the xylem cylinder. The
collenchyma of 'Idared” shoots is conspicuously narrow,
similarly to that of the cultivar candidate MR-10. The
continuous ring of the xylem is extremely narrow in
“Jonathan® and *Idared’, intermediate in "Florina’, "Freedom’
and MR-11 shoots. The xylem is the widest in "Freedom’
(Figure 8).

References

Bereczki. M. (1886): Gyiimolesészeti vizlatok. 1. Kotet.
Nyomtatott Gyulai Istvinndl. Arad.

Holb, I. (2002): Az alma venturids varasodisa. Szaktudds Kiado
Hiz, Budapest. 136 pp.

Kline, D. M., Boone, D. M. & Keitt, G. W. (1964): Venturia
inaequalis. XV. Histology of Infections by Biochemical Mutants.
Am. J. Bot. 51 (6): 634-638.

Jones, A. L. & Aldwinckle, H. S. (1990): Compendium of apple
and pear diseases. APS Press. St Paul, Minnesota. pp. 100.

Picket, V. F. (1933): A comparative study of the intercellular
spaces of apple leaves. Am. Soc. For Hort, Sci. 30: 156-161.
Picket, V. F. (1937): The Relationship Between the Internal
Structure and Photosynthetic Behaviour of Apple Leaves. Kansas
Technical Bulletin 42, Manhattan, Kansas. 58 pp.

Tomesanyi, P. (ed.) (1979): Gyitimolesfajdink, MezOgazdasigi
Kiadd, Budapest.

Toth, M., Gracza, P. & Simon, G. (2004a): Nehiny almafajta
levelének Gsszehasonlité szoveti viszonyai. 26. Bioldgiai
Vindorgyilés, Budapest. Osszefoglalé: 65-66.

Toth, M., Kovies, Sz., Kisa, K., Rozsnyay, Zs. & Hevesi, M.
(2004h): First selections of the Hungarian apple breeding program
for multiple resistance. Int. J. Hort. Sci. 10(3): 91 B

Toth, M.. Kasa, K., Szani, Zs. & Baliko, E. (2005): Traditional
old apple cultivars as new gene sources for apple breeding.
Proceedings of the 11" Eucarpia Symposium on Fruit Breeding and
Genetics. Sept. 1-5, 2003. Angers, France. Acta Horl. 663:
609-612.

William, E. MacHardy, W. E., Gadoury, D. M. & Gessler, C.
(2001): Parasitic and hiological fitness of Venturia_ inaequalis:
Relationship to disease management strategies. Plant Dis. 85 (10):
1036-1050.



http://www.tcpdf.org

