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Introduction

Although much information is available on his-
topathological changes in various virus-host sys-
tems, little is known about such changes caused
by TMV in tomato. In addition, histopathological
and anatomical studies were mostly carried out on
diseased stems, and very few on roots, flowers or
fruits. Awasthi and Singh (1974) studied the his-
topathology of Capsicum annuum L. flowers infect-
ed with CMV. Murdock et al. (1976) studied the
histopathology of pelargonium leaves, stems, roots
and flowers infected with tomato ring spot virus.
Sayed (1985) studied the histopathology of Nico-
tiana glauca L. stem, petiole and flower infected
with Egyptian strains of TMV. In 1997 Eskarous
et al. studied the histopathology of tomato flower
and fruit infected with a highly heat-resistant
strain of TMV.

In the present study attention was more par-
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ticularly directed to the reproductive organs of
Lycopersicon esculentum Mill. infected with a severe
strain of tobacco mosaic virus TMV-M, which was
observed in Menoufia, Nile Delta, Egypt, in 1984.

Materials and methods

Seeds of L. esculentum cv. Marmande were plant-
ed in 15-cm pots filled with sterile clay soil and grown
in a greenhouse where the temperature was main-
tained between 20 and 30°C. Tomato plants (40-50
days old) were inoculated with the virus, and 2
months after inoculation infected flowers and fruits
were selected. Control pieces from healthy flowers
and fruits were also prepared for comparison. The
technique used for the preparation of permanent
slides from microtome sections was mainly that of
Johanson (1940), Sass (1951) and Purvis et al. (1964).
Pieces of sepals, petals, anthers, ovaries and fruit
pericarps of diseased and healthy flowers were fixed,
dehydrated, embedded in paraffin wax and sectioned.
The sections were double stained with safranin and
light green. The lignified elements were stained shiny
red against a light-green background.
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Results
Cross sections of sepals of diseased flowers

showed that, in general, the epidermis and meso-
phyll were similar to those from healthy sepals
except that there was undulation and wrinkling
of the lower epidermis (Fig. 1) and the mesophyll
cells appeared loose with large intercellular spaces
(Fig. 2). In some parenchyma cells the chloroplasts
were more numerous and bigger (Fig. 3). Xylem
and phloem were greatly reduced and almost un-
differentiated (Fig. 4). Sometimes two sepals were
joined together and the cells of the connecting
region or isthmus were thick (Figs 5, 7) with un-

differentiated xylem and phloem (Figs 6, 8).
Infected petals exhibited a normal outline in a

few cases, but mostly the infected petal was mark-
edly longer, thinner, strongly undulated and wrin-
kled (Fig 9). The cells of the lower epidermis were
bigger than those of the upper epidermis (Fig. 10).
Various structural abnormalities in the mesophyll
were observed depending upon the particular
shape of the infected petals. In normal-sized pet-
als, the parenchyma cells of the mesophyll con-
tained wide spaces between them due to rupture
and dissolution of some cells (Fig. 11). In thin
blades, the mesophyll was one layer thick and

Fig. 1-4. Cross sections of sepal of Marmande tomato flower infected with TMV-M showing the general form of
infected sepal (1), magnified part of mesophyll (2), magnified part of epidermis (3), magnified part showing xylem
and phloem elements (4).
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even this layer was ruptured (Fig. 9). Xylem and
phloem were reduced and almost undifferentiat-
ed (Fig. 11).

The epidermal cells of infected anthers gener-
ally exhibited prominent thickening forming hook-
like structures on both sides of the pollen sacs. The
anther lobes showed an irregular arrangement, the
number of pollen sacs varied from 2 to 4 and the
pollen grains were mostly aborted (Fig. 12). Gen-
erally, there was no tapetum in sections exhibiting
hooked epidermal cells, and the vascular elements
were degenerated (Fig. 13).

The epidermal layer of the lower region of in-
fected ovaries was strongly undulated (Fig. 14).
In the middle region, there were 3 locules (Fig.

15) or 2 or, rarely, none, instead of the 5 locules in
the ovaries of healthy plants. Ovules were gener-
ally aborted and vascular elements reduced and
undifferentiated. Another common phenomenon
was the rupture and sometimes the dissolution of
whole cells (Fig.14).

In the fruits, the epidermis of infected pericarp
was very thick, covered with a layer of cuticle that
was too thick to reveal the epidermal region to be
observed (Fig. 16). Sometimes the epidermis was
ruptured or disintegrated (Fig. 17). The cortical
region was small (Figs 17, 18), composed of a few
layers of wavy-walled parenchyma cells with
curved cells walls. Sometimes these cells were com-
pletely ruptured (Fig.16).

Fig. 5-8. Cross sections of sepal of Marmande tomato flower infected with TMV-M showing the connection of 2 sepals
(5), magnified part of lateral vein (6), region of connection or isthmus (7), magnified part of midvein (8).
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Fig. 9-11. Cross sections of petal of Marmande tomato flower infected with TMV-M showing the general form of
infected petal (9), magnified part of midvein (10), magnified part of lateral vein (11).

Fig. 12-13. Cross sections of anther of Marmande tomato flower infected with TMV-M showing the general form of
infected anther (12), hook-like structure of infected anther (13).
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Fig. 16-18. Cross sections of pericarp of Marmande tomato fruit infected with TMV-M showing the epidermal layers
very thick and covered also with thick cuticle layer (16), rupture of epidermis (17), undulation of epidermis (18).

Fig. 14-15. Cross sections of ovary of Marmande tomato flower infected with TMV-M showing the general form of the
lower region of the ovary (14), general form of the middle region of the ovary with ovules and carpel traces (15).

Discussion
This study showed that, in general, the epider-

mis and mesophyll of infected sepals were similar
to those of healthy sepals except that the lower
epidermis tended to be undulated and wrinkled,
the mesophyll cells appeared loose with large

intercellular spaces, and the chloroplasts were
more numerous and larger. Infected petals showed
severe distortion and abnormalities in general
shape, with curvature and wrinkling of the blade.
Other peculiarities of both infected sepals and pet-
als were the joining of two sepals or petals together,
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the thickening of the cells of the connecting region
or isthmus, and a reduction in the number of xylem
and phloem vessels, which were undifferentiated.

Esau (1960) and Fahn (1974) stated that the
sepals and petals resembled the leaves in their in-
ternal structure.

Sayed (1985) showed that the blades of sepals
of N. glauca and Petunia hybrida infected with an
Egyptian strain of TMV were either singly curved
upwards or did not develop a midvein. The epider-
mal cells were small and their cuticle was thin.
The epidermal cells appeared either loose with
large intercellular spaces or were elongated and
long-lobed in a palisade-like manner. The xylem
and phloem were not well developed. Diseased pet-
als did not show alterations in internal structure
except for a marked undulation of the abaxial epi-
dermal surface. The blade appeared thinner. The
mesophyll cells were somewhat collapsed and dis-
torted. The epidermal cells of infected anthers ex-
hibited prominent thickening, forming hook-like
structures on both sides of the pollen sacs. The
anther lobes showed an irregular arrangement, the
number of pollen sacs varied from 2 to 4, and the
pollen grains were mostly aborted. Generally there
was no tapetum in sections exhibiting hooked epi-
dermal cells and the vascular elements were de-
generated.

The epidermal layer of the lower region of in-
fected ovaries was strongly undulated. In the mid-
dle region of the ovaries there were 3 or 2 locules
or, rarely, none at all, instead of 5 in ovaries of
healthy plants. Ovules were generally aborted and
the xylem and phloem were reduced and undiffer-
entiated. Another common phenomenon was the
rupture and sometimes the dissolution of whole
cells in the blade.

Awasthi and Singh (1974) and Murdock et al.
(1976) reported the following histological symptoms
for infected anthers and ovaries: anther lobes
showed an irregular arrangement with aborted pol-
len grains, and the ovaries were smaller with ab-
normal, aborted and faintly stained ovules.

The main histopathological symptoms observed
in infected pericarp were either the rupture and
disintegration or alternatively a notable thicken-
ing of epidermal cells and cuticle. The fleshy lay-

ers below the epidermal layers were composed of
undulated parenchyma cells which were sometimes
completely ruptured.

It has been suggested that anatomical abnor-
malities of flowers and fruits in infected plants may
be due either to altered growth habit (Goodman et
al.,1986) or to an altered metabolism of growth hor-
mones (Hamacher and Quadt, 1990).
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