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AN ABSTRACT OF THE THESIS OF

Ali Akbar Chand for M.S. in Plant Pathology

Title; Qccurrence and importance of tomato viruses in
[.Lebanon.

In the survey program of 1965-66, virus disease
specimens were collected to identify and record the species
and strains of viruses occurring on tomatoes. Tobacco
mosaic virus (TMV), potato virus X (PVX), potato virus Y
(PVY), cucumber mosaic virus (CMV), and tomato big bud
virus (BBV) were found in Lebanon. Qf these CMV was wide
spread and was predominant in the North, TMV and PVX were
abundantly present in the South and the Beqa®a Plain, and
BBV was restricted to Agricultural Research and Education
Centre,

TMV collected from Tabarja had subnormal thermal
inactivation point (809 to 90°C) which suggested a
special strain of TMV different from the normal one
(96°%¢ to 95°%).

A field experiment was set up to evaluate the
deleterious effect of TMV, PVX, TMV + PVX, and CMV on the
yield of five tomato varieties, The results indicated
that TMV, PVX, and the combination of TMV 4+ PVX were more
destructive to tomato yield than were CMV and control.
Among the varieties, the worst affected one by virus
infections was Local Malty., Although none of the tested
varieties was immune from all the virus infections, Red
Jacket was found superior in yielding ability to others,

As a result of CMV infection Red Jacket yielded even
higher than unaffected control,

None of these viruses was seed transmissible,

Therefore, it is safe to use seed from local sources for
planting,

The present findings will substantially contribute
to other established facts about the virus Sspecies in
suggesting judicious control measures. For CMYV,
introduction of Red Jacket variety and use of insecticides
against the virus vector Myzus persicae will constitute a
dependable measure of control. Selection of resistant
varieties for replacement of Local Malty, the cultural




practices such as wide spacing and avoiding of staking
of tomato plants and disinfection of the hands and tools
of workers with 20 percent trisodium phosphate will
effectively minimize TMV and PVX infections,
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I. INTRODUCTION

The tomato (Lycopersicum esculentum) is grown

widelj in Lebanon, It 1is planted in the mild ciimate of
theilittoral zone throughout the year and in the Beqa'a
Plain (900 - 10350 m in elevation) in the spring when the
danger of the frost is over, The area and production of
the tomato crop in Lebanon are increasing rapidly‘and
were nearly doubled during the last five years, The rise
in tomato fruit tonnage was recorded from 25,000 t@ﬁs in
1960 to 45,000 tons ih 1965 (Anonymous 1966),

The tomato crop is subjkct to numerous diseases
which cause substantial reductions in yield, Among the
virus diseases not less than twent§ virus species have
been reported on tomatoes frem othér parts of'the world
(Smith 1937, pp. 289-335 . yiltshire 1957, pp. 55-58).
In this country Weltzien and Jabur (1963) have mentioned
only the big bud disease., Evidently the virus species
occurring in [ebanon have not been ascertained,

Some degree of reduction in total yield has been

<

found in nearly all crops attacked by viral diseases

(Holmes 1964, p, 36). 1In tomatoes large reductions in

: : : €
yield have been observed as a result of virus infections

(Mc Ritchie and Alexander, 1957)., The extent of losses




sustained by tomato growers in [ebanon on account of virus
diseases has not been evaluated,

Before measures to control a virus disease can be
formulated and applied it is nscessary-to identify the
caussi virus (Broadbent 1964, p, 330). Furthermore the
magnitude of loss resulting from the disease will
determine the practicability of any control measures.,
Csntrol based on these two considerations must be fsasible
and low 1in cost so that the investment in terms of labour
and money will result in a net profit to the growers.,

In view of -these facts the present study was under-
taken to ascertain the status of tomato virus diseases
based on data sollested during the survey program of the
year 1965-66. The work was intended to differentiate
between virus infections and the other diseases and to
determine the virus species involved. Investigations were
also concerned with the distribution of tomato virus
diseases. Such information can be of practical value for
determining the type of control measures which should be
employed in certain areas,

Another aspect of the study was aimed at assessing
the yield reductions induced by widely prevalent tomato
viruses found in Lebanon. Finally it was hoped to
determine to what extent such losses can be minimized by
selection of resistant or tolerant varieties and by

planting seed from healthy tomato crops,




II. REVIEW OF LITERATURE

Susceptibility of tomatoes (Lycopersicum

esculentum [L,) to more than twenty virus diseases has been

reported by Smith (1937, pp. 290-331). The similarities

in symptoms produced by some viruses are so nearly alike
that there has been marked inconsistency between different
authors regarding the naming of the cauﬁal.agentsg
Wiltshire (1957, pp. 55-58) in an attempt to bring
uniformity to the nomenclature of plant viruses, summarized
_ the previous work, assigned final namés to the known

viruses, and included their synonyms,
Tomato Virus Symptomatology

According to Ross (1964, pp. 68-91) symptomatology
has been the most widely used criterion for identification
of plant viruses, This is a natural consequence of the
fact that the known plant viruses, with few exceptions,
have been discovered and recognized on the basis of the
disease they cause, As such the symptoms produced by any
virus on tomatoes are expected to be characteristic.
However the complications created by those viruses which
induce identical symptoms ére illustrated amply in the

following discussion of the several viruses and the




symptoms exhibited when they attack the tomato plant,

Alfalfa mosaic virus was described as causing
black necrotic lesions on tomatoes which ultimately kill
the plants (Holmes 1964, pp. 17-38).

Aster yellows virus induced chlorosis and dwarfing
of the plants which assumed bushy habit as a result of
stimulated growth in the axils of the leaves and leaflets
(Smith 1937, pp. 214-222),

Cucumber mosaic virus was described by Doolittle
(1916), as exhibiting mottling and distortion of the
leaves, which in extreme cases, show fern leaf and show-
stringing, Holmes (1964, pp. 17-38) observed that the
plants as a whole may be dwarfed., Simple dead spots may
be formed on the leaves, the size and shape of the fruit
is adversely affected, and the yield is reduced,

Delphinium stunt virus showed dwarfing of the plant
and vein clearing accompanied by rolling of the leaf
margins and of the tips (Smith 1937, pp. 1-5). The leaves
often become lobed (Holmes 1964, pp., 17-38).

Potato virus X induced necrotic lesions followed
by mosaic and mottling (Smith 1937, pp. 341—350), It was
also observed to cause over all reduction in fruit yield
(Holmes 1964, pp. 17-38). I

Potato virus Y induced vein clearing and mottling,
followed by characteristic green banding of the veins.

The symptoms were never strongly marked, disappeared




entirely as the plant grew and the mature tomato plant
carried the virus without symptoms (Smith 1937, pp.
346-333) .

Tobacco etch virus is characterized by twisted
leaves hooked together with rolled margins (Holmes 1964,
pp. 17-38). '

Tobacco mosaic virus produced mosaic and mottling
of the leaves, which may also show a distortion leading to
fern leaf and shoe-stringing. The total yields of the
fruit may be reduced. (Anonymous 1948, pp., 36-50),

Tomato apicai virus manifests the curving of apices
(Holmes 1964, pp. 17-38),

Tomato aspermy virus inhibited the growing point of
the main stem resulting in axillary growth giving the plant
a bushy stunt appearance, Distortion and mottling in the
leaves appeared, The production of fruit by diseased
plants was severely curtailed. The number of the fruit
set was decreased, the size was reduced and the formation
of seed was completely suppressed (Blencowe and Caldwell
1949) .

Tomato big bud virus induced abnormalities in the
floral parts ard in normal geotropic response. Virescence
of flowers and proliferation were the most characteristic
symptoms, The stem became thicker and the plant as a

whole was dwarfed (Samuel et al., 1933). The leaves of the

diseased plants may become purplish and thickened, The




sepals were not separated and the fruits became woody
(Holmes 1964, pp. 17-38).

Tomato black ring virus showed both Systemic
lesions as small black necrotic rings, and at the same
time, dark reddish streaks on the stem and petiole, the
former sometimes also bore rings, An oak leaf pattern
occasionally was noticed in ring type diseases. The
disease was fatal to young tomato plants (Smith 1943),

Tomato bunchy top virus produced a tuft of leaves
at the top and caused reduction in internode length
(Holmes 1964, pp. 17-38).,

Tomato bushy stunt disease appeared as yellow spots
on the top-most-leaves, and the rest of leaves became
yellow and purplish in color, The growing points were
sometimes killed, followed by growth of the secondary
sinoots giving a characteristic bushy appearance to the
plart (Smith 1937, p. 317).
| Tomato ring spot virus manifested a circular water-
soaked i1ntricate pattern of necrotic rings on young leaves,
streaks on-the stems and faint to conspicuous concentric
necrotic rings of varying size on the fruits (samsbn and
Imle 1942),

Tomato shatter virus was observed by Frasér (1949)
to produce small, dark brown, irregular, necrotic areas
between the main veins, Necrotic streaks up to 2 mm or

more in length may border the main or the lateral veins,




Affected leaves continued growth and the necrotic spots

split giving the mature leaf a shattered appearance,
Tomato spotted wilt virus exhibited the character-

istic bronze colored, circular markings which tended to

coalesce., The young leaves may curl downwards. Tomato

Fruit bronzing occurred in the green fruits and produced
variable symptoms in the ripe fruits (Smith 1937,

pp. 296-315, Jenkins et al, 1964),

Tomato symptomless virus described by vVasudeva and
Samraj (1947) developed a faint transient mottle after
6 to 12 days, Following the disappearance of this symptom
- the plant looked normal while continuing to harbour the
virus,

Tomato top leaf curl affected the top of the plant
and 1s characterized by chlorosis, growth restriction,
'downward curling and twisting of the leaves (Newton and
Peiris 1953). This virus caused curling with or without
thickening of the leaves., The shoot growth was also
arrested (Yasin and Nour 1965),

Tomato twisted leaf commonly appeared with marked
stunting and dewnward twisting of the leaves, The leaf-
lets were reduced in size, After seﬁeral days infected
plants may tend to recover and normal height may be
attained but the leaves will remain smaller than the
healthy onmes and show an interveinal chlorosis

(Ferguéon 1951) .




A virus designated as Vh52-l is characterized by
vein clearing with an occasional necrosis of leaf areas,
and an interveinal chlorosis with veinal areﬁs remaining
green (Miller 1953).

Tomato yellow net virus expressed proncunced
yellow chlorosis of the veins and .the veinlets of the
infected plants, The initial phase of the disease
symptoms was bright coloration on new growth which became
less noticeable as the infection aged, and after six
menths the chlorosis vanished. The setting of fruit was
normal (Sylvester 1954),

Rochow et al. (1935) observed an intermediate type

of symptoms when plants were affected by two strains of a
yirus, I8 siriking contrast the simultaneous infection
by two unrélated viruses gave a more severe disease and
perhaps a disease of a differeﬁt type than that of either
virus alone, The symptoms of single viruses were reviewed
above, The typical examples of effect of simultaneous
irfection of 2 viruses are as follows:

In dcuble streak caused by infection of potato
virus X and tobacco mosaic virus the Ssymptems are light
green mottling accompanied by a number of grayish brown
dead spots and stunted growth, The narrow dark brown
streaks that appear on the stem give it the name,
Streaked plants set few fruits and these few are mis-

shapen (Anonymous 1948).




Fern leaf caused by tobacco mosaic virus and
cucumber mosaic viru§ shows short plants with peculiar
bushy and upright habit of growth near the growing point,
The young leaflets are curled_and distorted and a few may
show shoe-stringing and malformation. The blossoms are
malformed and abortive, The fruits are deeply ridged
showing protrusions at the blossom ends (Anonymous 1948),

According to Ross (1964, pp. 68-91), the inadequacy
of symptomatology alone, as a basis for identifi cation has
been recognized because although a given virus usually
~causes similar symptoms in a species, different strains
or isolates of the same virus can cause entirely different
diseases and the symptoms induced by a given strain in a
given host can vary greatly under different environments,

Symptomatology may become a more effective tool for
identification if indicator or differential host plants
are found and employed for the purpose, The reaction of a
single indicator species is sometimes sufficient for a
practical diagnosis, Potato virus-X is recognized on the

basis of strietly leeal lesiens eof Gomphrena globosa,

This single test might not detect the presence of a
second virus if present, hence it is best to use two or
more indicator species, Tobacco mosaic virus can be
identified by the comparative response of two tobacco
varieties, one with, and one without the "N" gene from

Nicotiana glutinosa, Potato virus Y is identified by
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local lesions on USDA seedling 41956 and the immunity of

Datura stramonium (Ross 1964, pp. 68-91)., Cucumber mosaic

virus and delphinuum stunt virus are infective to Cucumis

sativus, but the delphinum stunt virus produces no

symptoms on patura stramonium (Smith 1937, pp. 1-89),

The indicator plants need to be grown under optimal
conditions of light (Bawden and Robert51947), temperature
(Daft 1964), and nutrition (Bawden and Kassanis 1950) , and
are to be inoculated at a particular age for a particular

test,
Tomato Virus Transmission

The property of transmissibility is a characteristic
of viruses which can facilitate in identification of
viruses and also can help in control measures of virus
diseases, Several viruses can be transmitted only by
specific vectors, The tomato spotted wilt virus is known
to be transmitted by thrips only, Thus if an unknown
tomato virus can be transmitted by thrips, very little
further information is needed to identify the virus as
tomato-spotted wilt virus, Consequently the control
measures against thrips will minimize the transmission of
the virus, Sap transmission is possible in cucumber
mosalc virus, potato virus X, potato virus y, delphinum
stunt virus, tomato bunchy top virus and tomato y-52-1,

Of these cucumber mosaic virus and potato virus Y can also
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beltransmitted by inseets (Smith 1937, pp. 1~397).

Some tomato infecting viruses.that are not
mechanically transmiséible but can easily be transmitted
by insects; Examples ére spotted wilt transmitted by

Thrips tabaci L. (Smith 1937, pp. 285-331), tomato

yellow net virus by Myzus persicae (Sylvester 1954), and

tomato symptomless virus by Bemesia tabaci (vVasudeva and

Samraj 1§47)ﬂ All viruses can be transmitted by budding-
or grafting.

The poﬁsibilities of transmission of certain
viruses found on tomatoes through seed has been considered
by many workers, (Cucumber mosaic virus was reported to be

transmitted through seed of Cucumis sativus (Doolittle

and Gilbert 1919), tomato black ring virus through @glycine

max (Lister 1960), whereas cucumber mosaic virus and

tomato black ring virus are not transmitted through the

seed of Lycopersicum esculentum (Fulton 1964, pp. 39-63).

Tobacco mosaic virus (Bewley and Corbett 1930) was

reported to be transmitted through the seed of Lycopersicum

esculentum., Dpoolittle and Beecher (1937) found that

tobacco mosaic virus can not be transmitted through tomato

seed. Taylor et al, (1961) stated that germinating seed

remained healthy even though accompanied by trash

containing tobacco mosaic virus., Broadbent (1965) found

that tomato seeds usually carried tobacco mosaic virus
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externally, oscaéionally high infectioﬁs occurfed
internally, He however, admitted that the plants never
became infected when allowed to gfﬂw undisturbed after
such infected seeds were sown, Seed infection occurred

only when the seedlings were pricked or transplanted,
Influence of Viruses on Tomato Yield

An infection of tobacco mosaic virus influences
the yield adversely.

Different varieties of tomato respond differently
to tobacco mosaic virus infection (McRitchie and Alexander
1957, Sinclair and Brown 1958). The laiter authors found
that yields of marketable and cull fruits as well as
total yields were significantly higher in non-inoculated
plants when compared with inoculated plants in two of the
three tested varieties,

Early infections cause the greatest reductions in
yield (Heuberger and Moyer 1931, Alexander 1950, Walter
1950, weber 1960, Broadbent 1964)., According to Weber
(1960), the younger the plants were at the time of
infection, the greater was the reduction in yield.
Infections of TMV made 4 to 5 days after planting reduced
the yield of Marglobe about 54% whereas inoculations made
2 months later reduced the yield only 14%. Broadbent

(1964) observed that the yield losses were a result of

poor setting of fruits when plants were systemically
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infected in earlj stages and due to necfotic pitting and
severe bronzing in late infected plants.

Weber (1960) noted yield reduction at the first
picking about 11)% weeks after inoculation in early
infections, Late infection reduced yield in the second
picking. On the other hand, the variety W.R. Brookston A
gave higher yield in the first picking in early inoculated
plants than 1in late inoculated ones.

Walter (1930) tested yield reduction in tomatoes
infected by three viruses namely tobacco mosaic virus,
cucumber mosaic virus and tobacco etch virus., All the
three viruses were equally harmful on W185-6, but although
tobacco etch virus and cucumber mosaic were equally
damaging on Wst-Ww210-5, this variety was not affected by
tobacco mosaic virus. Alexander (1950) observed that the
plants in unstaked plots remained free of TMV but that

13.2% of the plants in the staked plots were infected,

because of virus transmission through wounds as a result
of staking. Holmes (1964) stated that fruits may become
woody when infected by tomato big bud virus, fail to
reach maturity with tomato spotted wilt disease, and are
decreased in number in the case of tomato aspermy. No
reduction in yield of fruit occurs when plants are

affected by tomato yellow net virus (Sylvester 1954).




III. MATERIALS AND METHODS
Survey of Tomato Diseases

In 1965/66 tomato growing areas of the littoral
zone of [Lebanon and Beqa®a Plain were surveyed for
occurrence of tomato virus diseases, The samples were
collected from plants which manifested necrosis (Figure 1),
malformation and shoe~stringing (Figure 2), cufling, fern
leaf symptoms, At Agriculturél Reseﬁrch and Education
Centre (AREC), tomato big bud disease was observed, A
healthy plant (Figure 3) and that with big bud symptoms

(Figure 4) were collected for comparison of symptomatology.
Symptomatology on Indicator Plants

The identification of viruses causing these diseases
was carried out through bio-assay on indicator plants

which included Nicotiana tabacum var, Samsun, N. tabacum

var, Xanthi, N, glutinosa, Datura stramonium, Gomphrena

globosa, Chenopodium amaranticolor, Cucumis sativus,

Vigna sinensis and pPhaseolus vulgaris var, Pinto,

Efforts were made to raise the test plants, as far
as possible, under optimal conditions required for good
growth, The soil was steam sterilized at 15 lbs/sq. inch
for an hour and plants were grown in pots which were
occasionally supplied with Molar®s nutrient solution to

supplement the essential elements, The light and temperature

14
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conditions were maintained near to the optimum by pro-
viding artificial light and keeping the plants in the
laboratory where the temperature was below_ZTOC. The
age at which indicator plants were inoculated with
viruses varied with different host species, In most of
the cases it was thé 2 to 4 leaf stage but in the case

of Cucumis sativus the cotyledon leaflets were prefered,

Fbr inoculations the juice extract was obtained
by crushing the diseased leaves of tomafoes in a mortar
and a pestle, The leaves of indicator plants were
dusted with carborundum and the infectious juice extract
was applied on these either by finger, cotton swab, or
pestle. The excess of carborundum and plant extraects
was washed off by a jet of water., The inoculated plants
were then kept in the laboratory for development of
disease symptoms., The temperature requirement for CMV
was below 27°C. In order to provide a lower temperature
to CMV infected the plants were kept in an air-
conditioned laboratory during the hot season,

The symptoms produced by the indicator plants used,
also observed by other workers (Smith 1937, Holmes 1964,
Ross 1964) are as follows:

A. Tobacco mosaic virus (TMYV)

(a) Nicotiana tabacum var, Samsun developed vein

clearing and afterwards systemic mosaic (Figure 5)




(b)

(c)

(d)

(e)

(f)

(g)
(h)
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with malformation in young leaves,

N. tabacum var, Xanthi produced local necrotic

lesions (Figure 7) which are characteristic for

TMV .

N. glutinosa showed necrotic lesions as dark

sunken areas which tended to be of light tan color

in the centre with dark brown margins,

Datura stramonium was observed to develop local

necrotic lesions with a pale to lighter tanm centre
and darker periphery,

Gomphrena globosa was found with systemic mosaic,

Chenopodium amaranticolor exhibited faint mosaic

(Figure 11),

Cucumis sativus could not be infected.

Phaseolus vulgaris var., Pinto produced tiny local

lesions,

Of these indicator plants only Nicotiana tabacum

var, Xanthi, N, glutinosa, and Phaseolus vulgaris var,

Pinto are considered to be differential hosts for TMV and

symptoms manifested by these hosts lead to identification

of this virus.

B. Potato virus X (PVX)

(a)

(b)

Nicotiana tabacum var, Samsun showed mottling of

young leaves,

N. tabacum var, Xanthi produced mottling symptoms.,
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(c) N. glutinosa showed a pronounced mosaic symptom

(d)

(Figure 8) bécoming neerotic,.

Datura stramonium produced mottling and mosaic

(Figure 10) sometimes coupled with a scorch type

of necrosis,

(e) Gomphrena globosa developed dark brown local

(f)

(g)
(h)
(1)

lesions with a lighter centre (Figure 9),

Chenopodium amaranticolor gave faint grayish local

lesions (Figure 11).

Cucumis sativus developed no symptoms,

Vigna sinensis produced no symptoms,

Phaseolus vulgaris var, Pinto showed no symptoms,

Gomphrena globosa produced local lesions

characteristic for PVX

C. Potato virus Y (PVY)

(a) Nicotiana tabacum var., Samsun developed vein

(b)

(¢)

(d)

(e)
(1)

clearing followed by mottling of the leaves.

N. tabacum var., Xanthi exhibited vein clearing and

mottling.,.

N. glutinosa produced vein clearing and faint

mosaic symptoms,

Datura stramonium showed no symptoms, Jt is

immune from PYY (Ross 1964, pp. 68-91),

Gomphrena globosa produced no symptoms,

Chenopodium amaranticolor remained symptomless.




(g)
(h)
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Cucumis sativus developed no symp'tomsa

Phaseolus vulgaris var, Pinto did not produce any

symptoms,

Vigna sinensis remained without any symptoms,

Nicotiana tabacum var, Samsun and Datura

stramonium served as differential hosts for identification

of PVY.

D. Cucumber mosaic virus (CMV)

(a)

(b)

(¢)

(d)

(e)

()

(g)

Nicotiana tabacum var, Samsun produced mosaic and

malformation symptoms (Figure 6).

Nicotiana tabacum var, Xanthi developed mosaic

with occasional malformation,

Nicotiana glutinosa showed heavy mosaic symptoms

(Figure 8§) and distortion leading to shoe-
stringing,

Datura stramonium manifested pale spots turning

to mosaic and mottling, forming chlorotic rings
and line patterns, These rings were not necrotic
and were darker than the rest %E the leaf.
Gomphrena globosa developed systemic mosaic

(Figure 9).

Chenopodium amaranticolor produced local lesions

with bright red borders and light red centres
(Figure 11),

Cucumis sativus showed a typical mosaic (Figure 12)
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with dark green to greenish yellow areas and leaf

distortion,

(h) vigna sinensis developed very small brownish local

lesions.,

1) pPhaseolus vulgaris var, Pinto produced no symptoms.

Chenopodium amaranticolor and Cucumis sativus are

differential host plants for cucumber mosaic virus,
Mixed infections could be separated on the basis

of susceptibility of indicator plants, CMV was infective

. to Cucumis sativus whereas PVX and TMY were not. TMV
could be separated from the mixture of PVX and CMV by
inoculating indicator plants, after heating the virus
extract up to 60 to 70°c for 10 minutes, PVX and CMV lost
infectivity and only TMV was still infective,

Big bud symptoms observed at AREC; when
mechanically transmitted on indicator plants produced the
symptoms-characteristic of TMY, It seems that fhere was
a mixed infection of big bud virus (BBV) and tobacco

mosaic virus., According to Samuel et al, (1933) big bud

disease can not be transmitted mechanically but can be

done so by budding and grafting,
Thermal Inactivation Point (TIP)

The heat inactivation point of TMV, PVX. and CMV
was determined by using tomatoes as host plants, One ml

portions of virus juice extract were heated in a water
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bath with temperature thermostatically controlled,
Portions of each virus extract were_heated to the
following temperatures; 50°c, 60°c, 70%, 80°%, 90°c, and
950C for ten minutes and cooled immediately.. Tomato
plants were inoculated with heated virus extract and time
was given for disease symptoms to develop. The heat
inactivation point was determined by the ﬁortion in the
temperature series of virus extract which produced no

symptoms on the tomato host plant,.
Design and Description of Field Experiment

A field experiment was set up at the Agricultural
Research and Education Centre (AREC) 1in the'Beqa*a Plain
to estimate the losses by viruses on tomatoes when
infections were caused by a single virus or by a mixture
of viruses,

A split plot design with 4 replications was
adopted wigh viruses in the main plots and tomato
varieties in the sub-plots, The treatments consisted of
tobacco mosaic virus (TMV), tobacco mosaic virus plus
potato virus X (TMV + PVX), cucumber mosaic virus (CMV)
and no inoculation (control). The tomato varieties were:
Marglobe, Red Jacket, Red Long, Pearson, and Local Malty.

The rows were 5 meters long, These were spaced
1.5 meters in order to avoid contamination of the

plants from the adjacent rows through contact of foliage
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or roots, Each plant was 1 metef apart within the rows,
and each row had 6 plants, from which the central 4 plants
were chosen for observations,

The seedlings were started in a hot bed at a
temperature ranging from 29 to 310C and transplanted to
the field in late April when the danger of the last frest
was over, The piants were inoculated in éarly July with

viruses obtained from the diseased leaves of Nicotiana

tabacum var, Samsun for TMV culture, N, tabacum var,

Xanthi for PVX, and Cucumis sativus for CMV. In all cases

the reaction of these source plants was systemic mosaic
which is preferable to local lesions as a source of
inoculum, The diseased leaves were crushed in a mortar
and the inoculum was applied with a brush to two leaves
per plant, which had been dusted previously with
carborundum,

The operation of inoculation was performed by a
single pérson for a particular virus, in oerder to avoeid
undesired contaminations. To keep off the interference
of insects and fungi in the experiment Dipterex:

1:1000 and Dithane; one kg/400 litres were sprayed on
alternate weeks, The yield data were analysed
statistically according to split plot design, assigning
virus treatments in main plets and varieties in sub-plots.

The least significant differences for viruses, varieties
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and interaction between viruses dhd variéties wer e
calculated to compare the means with control,

A visual estimate of rating symptoms was adopted,
in which the type of symptom was fecorded as Mosaid (M),
Necrosis (N), malformation (Mf), and aurling'(C) and the
intensity of symptoms were shown as light (+4), medium
(++), and severe (+++).

The observations on the development of Symptoms
were takenm onm 195.7.609, 24.8.686, and 16,.9.65, The fruit

yields were harvested oen 25.8.65, 17.9.65, and 29.9_65,

Transmission of Viruses Through
Tomato Seed

To study transmission of viruses through seed, the

seeds from heavily affected tomato fruits were sown and

the seedlings were observed for the development of disease

symptoms,




IV. RESULTS AND DISCUSSION

Collection and Identification of Tomato Viruses

A survey of tomato-virus diseases conducted during
the year 1965-66, included localities selected at random
from the tomato growing areas along the coastal strip of
the Mediterranean Sea and in the Beqa®a Plain of Lebanon,
The samples were collected in all seasons of the year,
The following symptoms were observed on tomatoes growing
in selected localities,

1. Light or heavy mosaic accompanied with curling
and malformation of the leaflets with manifestation of
fern leaf and shoe-stringing,

2, Light mosaic with extreme distortion in which
the leaf lamina was cempletely suppressed into "shoe-
stringing™.

3. Young leaves with necrotic lesions and mosaic
symptoms,

4, Vein clearing and characteristic green banding
of the veins,

5. Plants short with upright habit of growth, the
young leaflets curled, and distorted showing shoe-

stringing and malformation,

23
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6. Numerous small grayish brown necrotic spots
having a thin papery appearance, mosaic and narrow dark

brown streaks on the stems,

7. Leaves dwarfed, youngest fruit tfuss attachment
in upright poéition? calyx enlarged to form bladder with
toothed opening and fruit turning woody.

The symptoms obtained on the indicator plants are
summarized in Table l;

Symptoms observed on tomatoes were typical for big
bud virus infection, The symptomatology, in this case,
was considered reliable criterion for correct,identifi—
cation of the virus,

Summarizing the results of the identification of
viruses corresponding to the symptoms of disease specimens
collected during the survey program, the following viruses,
in the given combinations, were detected;

1, Tobacco mosaic virus (TMV)

2, Cucumber mosaic virus (CMV)

3. PpPotate virms X (PVX)

4, Potat@ virus Y (PVY)

5. TMV 4+ CMV or CMV + PVX

(it was not possible to differentiate between
the mixtures because symptoms on tomatoes were
identical)

6. THY 4 P¥X

7. -‘TMY + BBV
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Table 1 (continued),

3 M = Mosaic
WM = Weak mosaic
HM = Heavy mosalc
N = Necrosis
C = Curling
MF = Malformation
Sh = Shoe-stringing
FL = Fern leaf
BB = Big bud
S = Systemic mosaic

L. = Local lesions

ARy = Nicotiana tabacum var, Samsun
2 = M., tabacum var, Xanthi
3 = N. glutinosa
4 = Datura stramonium
) = Gomphrena globosa
6 = Chenopodium amaranticolor
7t = Ccucumis sativus
5] = Yigna sinensis
9 = Phaseolus vulgaris var, Pinto

o CMV = Cucumber mosaic virus
PVX = Potato virus-X
PVY = Potato virus-Y
TMV = Tobacco mosaic virus
TMV; = Special strain of TMV
BBV = Big bud virus

The locations in [ebanon surveyed for tomato virus
diseases and the viruses found 'in these areas are shown
in Figure*ISu

According to Figure 13 CMV was most prevalent in
the Norith which 1includes Abdeh, Tripoli and Chekka,
Whereas TMV and PVX were mainly found in the central and
southern parts of [Lebanon, The reason for such a
distribution may be the careful handling of comparatively

smaller culture of tomatoes in the northern areas, The
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viruses TMV and PVX, réadily transmitted mechanically, are
most harmful in densely cultivated areas where trailing
and careless handling of the tomato crop are practiced.,

CMV was not only found in the North hut also in
other parts of the littoral zone because this virus 1is
readily transmissible by insects as well as by mechanical
means, The main sources of inoculum are the many
different crops which are susceptible hosts for this
virus, The practice of planting a variety of cucurbits
and solanaceous crops in the same garden all the year
round in the littoral zone is an unavoidable source for
contracting the virus infection in these areas,

TMV was found very widely spread in the areas
between Byblos and Beirut where tomatoes are commonly
grown, supported on stakes, The careless handling of the
crop during staking and the use of contaminated stakes
from previous crops can constitute one of the main Eourﬁes
of infestation in the tomato crop, This explanatioﬁ 18 in
agreement with the findings of previous workers,

Alexander (1950) found 13.2% of plants were infected in
staked as compared to healthy unstaked control plants, It
was not surprising to find that many fields checked, were
one hundred percent infected by the virus, JIn several
fields, 6 to 8 week old tomato plants exhibited mosaic
symptoms due to TMV infection. Most probably the roots

that were injured during transplanting contracted the
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disease from the Virusés mechanically lying on the seed
coat, or from the soil in the plots which were heavily
contaminated due to intensive and continuous production
of tomato and other TMV-susceptible crops, ﬁnothef
possibility for infection at such a young age might be
from the contaminated hands of the workers and un-
sterilized tools which were used in various agronomic
practices, These observations are in agreement with the
results of many workers who found that TMV can be
transmitted through the contaminated seed during trans-
planting (Broadbent 1964), or through the soil and through
tools or hands of workers (Broadbent 1966).

Symptoms due to big bud virus iﬁfection were only
found in plots at the Agricultural Research and Education
Centre, This virus, which is not mechanically transmitted
but can be transmitted by certain leaf hoppers, has
already been reported by Weltzien and Jabur (1963) and

seems L0 ocCcCur every year,

Thermal Inactivation Point of yirus

To confirm the results of the identification
through bioassay, the thermal inactivation point (TIP)
of sap transmitted viruses namely TMV, TMV,. PVX, and

CMV were determined,
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Table 2, Thermal inactivation point (TIP)
of viruses TMV: TMV, . PVX, and

CMV.

Temperatures Viruses
TMV TMV, PVX | CMV
Control + + + 3
50°C 4 + + +
0

60 C + o ¥ T
70°¢ . o = =
8000 - + = =
90°¢ + = = =
95°% - = = =
+ = Infection
— = No infection
TMV = Normal tobacco mosaic virus
TMVl = Special strain of tobacco mosaic virus,
PVX = Potato virus-X
CMV = Cucumber mosaic virus

Control: Juice extract unheated.

From table 2it can be seen that tobacco mosaic
virus (TMV), potato virus--X (PVX) and cucumber mosaic
virus (CMV) when heated for tenm minutes were inactivated
at the temperatures indicated as in the literature (Smith
1937, pp. 90-348), <characteristic for these viruses, 1In
case of TMV from two fields at Tabarja the TIP was lower

than the normal (between 80 and 900(,‘,)u It 1is suggested
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that these isulations'belong to a special strain which
could be called val. The symptoms on indicator plants
were not different from the normal.
Effect of Vyirus Infection on
Tomato Yield

The effects of the viruses TMV, PVX, TMV + PVX,
and CMV on the yields of tomato varieties Marglobe, Red
Jacket, Red [Long, Pearson, and [Local Malty are shown 1in
Table 3,

The data were analysed statistically (Table 4),

The least significant differences for testing significance
between viruses, varietlies and the interactions are
presented in Table 3. The statistical analysis of the
experiment showed significant differences between viruses,
between varieties and the interaction of virus X varieties
was also significant,

.Among the virus treatments, PVX, TMV: TMV + PVX,
were significantly detrimental to tomato yield as compared
to CMV and control. CMV was least damaging and the yields
in this treatment did not differ significantly frem the
control, From the harmful virus treatments, double
infection caused by TMV + PVX was comparatively more
destructive than were single infections of PVX or TMV.
Infections of TMV alone or PVX alone resulted in similar

losses.
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The productivity of the four foreigm tomato
varieties Red Jacket, Red Long, Pear;on, and Marglobe was
compared with Local Malty. It was found that Red Jaﬁket
was highly superior to Local Malty. On the other hand
Marglobe and Pearson were inferior to Local Malty in
yielding ability, and Red Long was comparable to the
Local Malty. |

A response of individual tomato varieties to the
different virﬁs infections as compared to control was'
noted, Marglobe was not much affected by any infection
except that caused by the double infection of TMV + PVX.
This double infection resulted in significant reduction
in yield,

In the Red Jacket the most damaging effect on
yield was caused by PVX followed by the double infection
of TMV + PVX. Both these treatments, PVX and TMV + PVX
reduced the yield of Red Jacket significantly, An
important contrast was observed when Red Jacket was
infected. with CMVY. This variety when infected with CMV
gave a significantly greater yield than when not infected.
This reaction of Red Jacket can be explained on the basis
0f stimulation of metabolism of tomato plant., The effect
of the virus was not severe enough to bring about adverse
effects after stimulation due to virus infection,

The yielding ability of the Red Long was damaged

by CMV, TMV, and TMV + PVX. It seems that PVX was not
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very injurious to Red Long and in this treatment its
yield was comparable to that of the uninfected control,

The yield of the variety Pearson was seriouslj.
reduced by TMV, TMV + PVX, and PVX.

[Local Malty was more sensitive to virus infections
than were the foreign Varieties tested,.,Maximum reduction
was observed in LLocal Malty when infected by the.TMV + PVX
mixture,

From the above discussion it can be observed that
TMV was more harmful to Local Malty, Pearson, and Red LLong
than to Marglobe and Red Jacket. PVX was significantly
reducing the yield in varieties Local Malty, Red Jacket and
Pearson but it was not so harmful to the other two varieties,

From the yield figures in Table 3 it can be
observed that the mixture of TMV + PVX reduced the
yields of all the tomato varieties but its effect was
most detrimental in case of Local Malty., The double
infection of TMV + PVX had two contrasting effects, In
varieties Red Jacket and Pearson yield reductions occurred
which were intermediate to those caused by either TMV or
PVX alone, On the other hand, the effects of single
infections of TMV or of PVX were additive when the viruses
were present together in varieties Marglobe, Red Long, and
Local Malty., A double infection by TMV + PVX caused more
serious losses in some of the varieties, as compared to

that effected by single infections. Such results have
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also been obtained by Rochow and Ross (1953). Alternately
the mixed infection caused redﬁctions ihtermediate;tﬁ
those induced by either virus$s alone in other varieties,
This type of phenomenon, although reported in viruses, is
rarely met with in the case of TMV + PVX.

CMV caused significant reductioﬁ in Lbcal Malt y
and Red Long,

- Although none of the varieties tested was found to
be immune or even tolerant to all the viruses in the
experiment, Red Jacket has certﬁin merits for consideration,
This variety 1s relatively high yielding, is less affected
by the mixed infection tested and was stimulated by CMV
infection to produce higher yields, |

The reaction of Red Jacket to CMV indicates that
the search for the selection of tomato varieties which
might show tolerance to other viruses too, may be
continued, Walter (1950) had already found WStw 210-5
resistant to TMV.

Effect of Symptom Development
on Tomato Yield

The type of symptoms expressed and the degree of
severity as induced by virus infections on Tomato
varieties were recorded at intervals, The data were
collected on the basis described under Chapter III. The

observations are summarized in Table 5,
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It can be noticed that after inoéulation the first
manifestation of the symptoms induced‘by all'the virus
infections on tomatoes was a mosaic. This was followed
or accompanied by necrosis. The combination of mosaic and
necrosis was most destructive to the plant growth and the
production of fruit. Malformation and curling ﬁere only
advanced stages in the development of symptoms.

Comparing the "averages" of degrees of symptom
expressions caused by different viruses on the five
varieties of tomatoes, it was evident that after TMV-
infection, mosaic symptoms (M), later combined with
necrosis (N) were most pronounced,

The plants infected by PVX were mainly damaged by
the necrosis. The mixture of both TMVY and PVX caused
heavy necrosis and malformation., Malformation was the
most pronounced symptom of CMV infections. The curling
effect was more or less specific to PVX being severe on
the variety Pearson, where as other varieties did not

react in the same manner.,

The effect of symptom expressions on the yield was
examined. It was noticed that the type and severity of
the symptoms appearing in early stages influenced the
yield of subsequent and final harvests. The appearance
of light mosaic (M+) accompanied by light necrosis (N+),
in early stages, induced by TMV + PVX, in the variety

Marglobe (Table 5) reduced the yield more than light
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mosaic (M+) alone produced by TMV on thé same Variety;

The final manifestations of syﬁptoms and their
effect on yield can be concluded as follows. The necrotic
reactions were seriously affecting the yield, mosaic
symptoms have an intermediate influence and the mal-
formation a very slight effect. This may be explained by
the role of assimilation area on the production of fruit.
Necrotic reactions are killing the tissue, reducing the
assimilation area considerahly, ‘Mosaidlsymptoms are due
te the destruetion of chlerophyll 1n certain parts of the
tissue so that the assimilation area is reduced to é
certain degree. Malformation does not affect the
assimilation as long as the leaf margin is not reduced to
the shoe—stringing.stage.

The effect of early infections on the yield has
been recognized by many workers (Weber 1960, Broadbent
1960), but the comparative influence of mosaic, necrosis,
malformation, and curling on tomato yield has not been
worked out. The present study has given a useful
information regarding the different types of symptoms
produced by certaim viruses, and the extent losses, each
type of symptom can do, in terms of yield reductions,

Transmission of Viruses Through
Tomato Seed

The seed from tomatoes heavily infected by CMV,
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PVX, and TMV were selected,_ The seeds were sown in pots
and the seedlings were checked for symptom development,
It was found that none out of iOO seedlings 1n each case
developed any disease,

The transmission of PVX through any seed has never
been recorded., CMV has been reported seed-transmissible

through Cucumis sativus (Doolittle and Gilbert 1919) but

there is no evidence as to its transmission through the

seed of LLycopersicum esculentum,

Transmission of TMV through tomato seed has remained
'a controversial issue for a long time, Most of the workers
agreed that tobacco and tomato seedlings produced from

seed of plants infected by tobacco mosaic virus are virus
free. A few have described infections, which they
attribute to TMV as seed bormne virus (Bawden 1964, p. 9).

Taylor et al. (1961) observed that infection of tomato

seedlings by TMV occurs during and after germination of
seed by contamination, They substantiated that it may 0CCur
partly at leaét, because virus from the.seed coat 1s trans
ferred mechanically to the seedlings when they are handled.
They found that germinating seéd remained healthy when
accompanied by trash containing TMV. Broadbent (1964)
claimed that TMV is carried through tomato seed extefnally
as well as internally. However, he admitted that

seedlings never became infected if allowed to grow un-

disturbed, Seedlings were infected only when transplanted
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or pricked,

From the above, 1t can be conbiudéd that infection,
which has been described as seed borne, is not an embryo
infection but a contamination of the seed coat which
becomes the source of inoculum for the seedlings injured

during transplanting.
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V. SUMMARY AND CONCLUSIONS

A survey of tomato virus diseases occurring along
the littoral ﬁone and in the Beqa®a Plain was conducted
during 1965-66. Mosaic, necrosis, malformation, fern
leaf, shoe—strinjing? curling, big bud, and woody fruit
symptoms typical of virus infection were observed and
specimens were collected for identification of the causal
virus species on the basis of symptomatology and the
reaction of indicator plants, It wés found that out of
twenty viruses reported on tomatoes from other parts of
the world, only BBV, CMV, PVX, PVY, and TMV were prevalent
in [Lebanon, CMV being predominant in the North,

Thermal inactivation point between 60 and TOUC
confirmed the presence of CMV and PVX. Thermal in-
acti vation temperatures in case of TMV was inconsistant.,
Besides a normal TMV which was inactivated between 9000
and 9500, presumably, a special strain of TMV inactivated
between 80 and 90°C was also présent,

The yield reductions induced by virus infections
caused by TMV, TMV + PVX, PVX, and CMVY 1in tomato varietiles
Marglobe, Red Jacket, Red Long, Pearson, and [Local Malty
were assessed. It was obvious that reductions in the

yields of virus affected crop were highly significant as

44
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compared to unaffected healthy crop. Maximum damage was
caused by double infections by TMV + PVX and, to a lesser

extent, by PVX and TMV. CMV was least injurious,

Reductions in yield depended upon the species of virus
and also on the variety of tomatoes., The yield was
increased in Red Jacket, unaffected in Marglobe and
decreased in [.ocal Malty when infected by CMV.

Local Malty was most susceptible to virus in-
fections. On the other hand variety Red Jacket was found
to be less affected by TMV + PVX and was stimulated as
a result of CMV infection,

The type and intensity of the symptoms appearing in
early stages determined the yield reductions in subsequent
and final harvests of the crop. Necrosis in:early stages
was highly detrimental to the yield, the mosaic had inter-
mediate effect and the malformation was least damaging,

Seed transmission studies indicated that TMV, PVX,
and CMV were not transmissible through tomato seed.

The present studies have shown that five species,
namely, BBV, CMV, PVX, PVY, and TMV were occurring in
Lebanon., None of these viruses-was found transmissible
through tomato seed. Therefore, it is safe to obtain
tomato seed from any source for planting, if treated with
trisodium phosphate.

Among these viruses, CMV was most widely spread and

TMV and PVX were most harmful as they induced significant
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yield reductions, The most susceptible variety in these
investigations was [ocal Malty which sustained losses up

&

to 78% when infected by TMV + PVX.

CMV, on account of its wide host range and its
transmissibility by sap and insects, 1s very tedious to
contrel., It can be miﬁimized by forbidding-the planting
of cucurbits, pepper, eggplant, tobacco, cglery, and

swiss~-chard in the same field or close to it, by using

certified seed of cucurbits to avoid seed transmission, in
the vicinity of tomatoes and by applying chemical control

measures against Myzus persicae, The best control

measures are the production of virus resistant varieties
but it is difficult to find and develop such varieties,
Red Jacket a superior yielder variety, was found to be
tolerant to virus infections and yielded even better, when
infected by CMV, than the healthy. This can well replace
Local Malty.,

TMV and PVX are most readily transmitted by sap.
The viruses are found in abundance where trailing and
careless handling are practiced. These viruses can be
minimized by planting at wider distances, by discouraging
trailing and staking of tomatoes and by disinfecting hands
and tools of the workers as well as sticks used with
previous crops with 20 percent solution of trisodium-
phosphate. The search for selecting resistant varieties

to all the viruses has to be started,
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Lycopersicum esculentum,

Left:

symptoms, Right: Healthy leaf,

Necrotic
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Figure 2.

Lycopersicum esculentum, Left: A healthy

leaf. Centre: Malformation symptoms,

Right: Shoe-stringing symptoms.




Lycopersicum esculentum. A healthy
tomato plant. '

v

Lycopersicum esculentum. A tomato plant

with big bud symptoms:; Upright habit,
enlarged calyx and unseperated sepals as
a result of BBY.
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Figure 5. Nicotiana tabacum Figure 6. Nicotiana tabacum
var. Samsun, var. Samsun,
Systemic mosaic Mosaic and
induced by TMV. mal formation

induced by CMV.




.Figure 7.

Nicotiana tabacum var. Xanthi.

lesions (differential host for

Local
TMV) .
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Figure 8. Nicotiana glutinosa. Left:; Systemic
mosaic induced by CMV. Right: Mosaic

induced by PVX.

Figure 9. Gomphrena globosa. Left: Mosaic

induced by CMYV. Centre and right :

[Local lesions (differential host
10X PYX).
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Figure 10,

Datura

stramonium, Left: a healthy

leaf.
by PVX

Right: Mosaic symptom induced
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Figure 11,

Chenopodium amaranticolor. Left: A

faint mosaic induced by TMV. Centre:
Faint grayish local lesions induced by
PVX. Right; Pronounced local lesions
with bright borders and light centres
(differential host for CMV). |
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Figure 12,

Cueymis satiyns.

host for CMYV).

Mosaic (differential
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Figure 13,

60

A map of LLebanon showing the different
viruses occurring at various locations,
during survey program 1965-66,




