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1. INTRODUCTION
Today, tomato yellow leaf curl disease has become the limiting factor for tomato
production in many tropical and subtropical regions of the world. This disease
is induced by a number of begomoviruses, the type member being Tomato
yellow leaf curl virus (TYLCV), transmitted by the whitefly Bemisia tabaci
(Gennadius), whose severe population outbreaks are usually associated with
high incidence of the disease. Control measures in infected areas usually rely on
seclusion of the whitefly vector, mainly through multiple applications of insecticides or physical barriers (Antignus & Cohen, 1994; Hilje et al., 2001; Palumbo
et al., 2001; Polston & Anderson, 1997). Due to the large populations of whiteflies, and their ability to develop pesticide resistance, vector seclusion is not an
ideal way of fighting the spread and damage induced by TYLCV. Hence, development of genetic resistance in the tomato host is the best solution for any virus
problem, and especially for whitefly-transmitted viruses such as TYLCV, since
it requires no chemical input and/or plant seclusion and may be stable and longlasting. Thus, the best way to reduce TYLCV spread is by breeding tomatoes
resistant or tolerant to the virus (Lapidot & Friedmann, 2002; Morales, 2001;
Pico et al., 1996).
Wild tomato species have been screened for their response to the virus and a
number of TYLCV-resistant accessions identified, because no resistance has
been found in the domesticated tomato (Solanum lycopersicum) (Lapidot &
Friedmann, 2002; Nakhla & Maxwell, 1998; Pico et al., 1996). Thus, breeding
programs have been based on the transfer of resistance genes from accessions of
wild origin into the cultivated tomato. Progress in the breeding for TYLCV
resistance has been slow, due in part to the complex genetics of the resistance
and the presence of interspecific barriers between the wild and domesticated
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tomato species. The lack of an accurate and reliable mass inoculation and
selection system has also slowed breeding programs. Since TYLCV is not transmitted mechanically, it is essential that inoculation protocols be developed using
whiteflies, which can ensure 100% infection rate, and a standardized (as much
as possible) inoculum pressure.
To succeed in a program aimed at developing resistance to TYLCV, a number
of issues must be addressed: development of inoculation protocols, screening
for resistant genotypes, development of a symptom-severity scale, inheritance of
resistance, and determination of the effect a resistant host may have on virus
epidemiology. This chapter focuses on aspects of screening for TYLCV resistance using whitefly-mediated transmission.
2. TYLCV INOCULATION
2.1. Controlled greenhouse inoculation vs. spontaneous field inoculation
To identify resistant plants, in either wild-type species, as segregating populations
following introgression of resistance to domesticated plants, full control of the
pathogen is absolutely essential. Hence, the development of a protocol for a
controlled inoculation method is essential. Such an inoculation method must
be highly efficient and reproducible. The need to develop an inoculation protocol may seem odd, since TYLCV is the limiting factor in tomato production in
many areas worldwide. Hence, why not rely on spontaneous field inoculation?
Field populations of whiteflies are usually high. Surely one can grow plants in
the field and all of them will be inoculated with TYLCV. Although many
breeders have indeed made this assumption, it turns out to be invalid. In fact,
spontaneous field-exposure infection has been shown to be largely inefficient,
as many plants escape infection, even under heavy inoculation pressure
(Vidavsky et al., 1998). Following planting of susceptible tomato plants in an
area stricken with whiteflies and TYLCV, only 50% of the susceptible tomato
plants were infected during the first month after planting. Despite high whitefly populations and available viral inoculum, 90 days after transplanting, 10%
of the susceptible plants had still escaped infection (Vidavsky et al., 1998).
Moreover, in another study (Cohen et al., 1988), the percentage of viruliferous
whiteflies in the general whitefly population in the field was found to be rather
low. Depending on the TYLCV-susceptible host from which the whiteflies were
collected, only 3–6% of the whiteflies collected in the field were actually able to
transmit the virus (Cohen et al., 1988). It should be noted that a susceptible
plant that escapes inoculation and is thus screened (erroneously) as resistant
will probably be used as a resistant parent for further crosses. Quite soon the
breeding program will get clogged with a large number of susceptible plants
that are supposed to be resistant. Thus, selection of tomato plants based solely
on the absence of symptoms in an infested field could be misleading (Vidavsky
et al., 1998).
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Spontaneous field inoculation has other disadvantages besides promoting
inoculation escapees. Inoculation may lead to milder disease symptoms compared to controlled inoculation, probably due to late and unsynchronized infection (Pico et al., 1998). A plant inoculated at an older age may exhibit milder
symptoms than one infected at a young age. Thus, milder symptoms might be
wrongly considered a manifestation of genetic resistance, rather than just late
infection. Indeed, some cultivars with partial resistance to TYLCV reacted as
susceptible under controlled greenhouse inoculation, whereas in field inoculation
they showed a “resistance” level comparable to other more highly resistant cultivars (Pico et al., 1998). It was concluded that the response of a resistant source
to TYLCV may vary with the inoculation technique used, and that controlled
greenhouse inoculation corresponds to high-inoculum levels, while spontaneous
field inoculation corresponds to low ones. It was also concluded that despite the low
and delayed disease incidence following spontaneous field inoculation, it is possible
to discard the most susceptible genotypes with field testing (Pico et al., 1998).
Another problem with spontaneous field inoculation is that TYLCV-resistant
plants may be infected by an unrelated virus, or any other pathogen, and erroneously considered susceptible. In field inoculation, the whitefly pressure, intensity of inoculation, level of viral inoculum, and plant age at time of inoculation
are all unknown (Table 1). The elapsed time between whitefly acquisition and
transmission of the virus is also unknown. TYLCV, like all begomoviruses, is
transmitted by its whitefly vector in a persistent, circulative manner. As shown
for TYLCV, although transmission may continue for the life span of the vector,
transmission efficiency declines with time (Cohen & Harpaz, 1964). Thus, the
efficiency of field inoculation is unknown and it is not reproducible.
Table 1. Main differences between spontaneous field inoculation and controlled inoculation in a
greenhouse
Parameter/aspect
Whitefly
Gender
Age
Number per plant
Acquisition feeding time
Time between acquisition
and transmission
Transmission feeding time

Controlled inoculation

Field inoculation

Known/controlled
Known/controlled
Measurable and controlled
Synchronized
Known/controlled

Unknown
Unknown
Unknown/varies
Unsynchronized
Varies

Synchronized

Unsynchronized

Virus source plant
Plant age
Virus titer

Known
High

Varies
Varies

Inoculated plant
Age at time of inoculation
Transmission efficiency
Avoiding other pathogens

Controlled and synchronized
Very high, 99–100%
Controlled

Unsynchronized
Unpredictable
Limited

332

Lapidot

Contrary to spontaneous field inoculation, the different parameters dictating
inoculation efficiency are known and can be manipulated under controlled greenhouse inoculation. Table 1 summarizes the main differences between spontaneous
field inoculation and controlled greenhouse inoculation. For instance, under controlled greenhouse inoculation, whitefly age, acquisition feeding time, transmission feeding time, number of whiteflies per infected plant and more, can all be
manipulated by the researcher conducting the inoculation.
When using whiteflies as viral vectors, it is important to remember that apart
from virus transmission, they may cause extensive direct damage to the plant.
Upon feeding on a plant, whiteflies damage it through excessive sap removal,
excretion of honeydew that promotes growth of sooty mold fungi, and induction
of systemic disorders (Byrne & Bellows, 1991; Schuster et al., 1990). Hence, inoculation feeding of whiteflies on the target plant should be long enough to ensure
efficient inoculation, but short enough to minimize the direct damage induced by
whiteflies.
In essence, a good controlled inoculation consists of allowing whiteflies to
feed for 48 h on TYLCV-infected source plants (acquisition access feeding), followed by exposing young tomato seedlings to large numbers of viruliferous
whiteflies (approximately 30–50 whiteflies per plant) (Figure 1) which, upon
feeding on the plants, transfer the virus with close to 100% efficiency (all susceptible controls become infected with TYLCV) (Lapidot et al., 1997).
2.2. Inoculation in cages
Even in controlled greenhouse inoculation, one may encounter the problem of
non-preference. When inoculating tomato plants from different cultivars in the
same location, whiteflies may not efficiently inoculate a certain type or cultivar
and may prefer to feed on another. In tomato, most examples of non-preference

Figure 1. Mass inoculation of young tomato seedlings. (A) Whiteflies immediately after landing on
the tomato plants, prior to moving to the abaxial side of the leaf. (B) Close-up on plants from A.
(C) Inoculation access feeding of whiteflies on tomato seedlings.
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by whiteflies are due to physical barriers, such as waxy or thick cuticles or the
presence of specialized trichomes that inhibit whiteflies from settling and feeding on such a leaf (Bellotti & Arias, 2001). This problem is most prominent during inoculation of wild species of tomato; in a search for new sources of
resistance, accessions of some wild species tend to escape infection as a consequence of non-preference by whiteflies (Pico et al., 1998). The problem of nonpreference can be overcome by carrying out individual inoculation of different
wild tomato species in cages. In this case, a single plant is introduced into a cage
containing viruliferous whiteflies, forcing them to feed on the target plant (and
transmit the virus in doing so) since it is the only plant the insect can feed on.
Another issue that arises following mass inoculation using whiteflies is precision work, or the lack of it. When mass-inoculating large numbers of plants
with whiteflies, it is nearly impossible to determine the exact number of whiteflies per plant, and which leaf serves as the inoculation target. Clip cages (or leaf
cages) enable precision work with whiteflies (Figure 2).
The advantages of clip cage inoculation are numerous; it allows controlling
the number of whiteflies used per plant, their age and gender, the exact length
of the acquisition access period (AAP) and of the inoculation access period
(IAP), and the site of TYLCV inoculation. Clip cages also enable comparisons
between different plants in terms of their response to TYLCV infection, for
instance when comparing plants with different levels of viral resistance, since
clip cages facilitate the same whitefly-mediated inoculation conditions for all of
the different test plants. The clip cage is basically a small transparent plastic
cylinder that is truncated on both sides. One side is equipped with a fine mesh
cover that can be opened so that whiteflies can be put in the cage by aspiration.
The other side has a clip that facilitates its attachment to the underside of the
desired leaf (Figure 2). Thus, following the AAP, a known number of whiteflies

Figure 2. Inoculation of a tomato plant using a clip cage. Viruliferous whiteflies were aspirated into
a clip cage, and the cage was attached to a tomato leaf. (A) Side view of the clip cage attached to a
tomato leaf. (B) Bottom view of the clip cage, showing the caged whiteflies feeding from the tomato
leaf abaxial side.
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are aspirated into the cage which is then placed on a leaf, creating an inoculation
site (Figure 2). Clip cages were recently used to follow TYLCV multiplication at
the inoculation site of a resistant plant, in comparison to viral multiplication in
a susceptible plant (Lapidot & Polston, 2006; Segev et al., 2004).
2.3. Non-whitefly-mediated inoculation
Due to the need to breed whiteflies in order to develop a controlled inoculation
protocol for TYLCV, other, non-whitefly-mediated inoculation procedures were
required. Attempts were made to transmit TYLCV mechanically, using different
combinations of source and test plants (Makkouk et al., 1979). The highest
TYLCV transmission achieved via mechanical means was less than 17%, and
then only when TYLCV-infected datura (Datura stramonium) plants were used
as the source plants. When datura plants were used as the test plants, the success
rate was only 12%. When tomato plants were used as source and test plants, no
transmission was achieved with mechanical inoculation (Makkouk et al., 1979).
Hence, although it is possible to transmit TYLCV mechanically, the successes
rate is far too low to justify the development of an efficient inoculation protocol for this technique.
Graft inoculation has also been used to inoculate TYLCV. With this method,
either the test plant is grafted on a TYLCV-infected scion, or a leaf or apex from
an infected plant is side-grafted on the test plant. Graft inoculation has been
used to screen for TYLCV-resistant plants with high-transmission efficiency
(Abou Jawdah et al., 1995; Fargette et al., 1996; Kasrawi et al., 1988). An advantage of graft inoculation is that it allows the continuous exposure of a test plant
to high levels of viral inoculum (Friedmann et al., 1998). Grafting might be used
to screen for resistance. Resistant plants on which symptomatic TYLCVinfected leaves were grafted remained symptomless (Friedmann et al., 1998). In
any event, graft inoculation is labor-intensive and time-consuming and therefore
not appropriate as a mass-inoculation technique.
Another inoculation assay applied for TYLCV is agroinoculation (Czosnek
et al., 1993; Kheyr-Pour et al., 1994). Agroinoculation uses Agrobacterium
tumefaciens to deliver cloned viral DNA into host cells (Grimsley et al., 1986,
1987). In the case of TYLCV and other geminiviruses, a tandem repeat (or a
1.5–1.8 mer) of the viral genome is cloned into the T-DNA of an A. tumefaciens
Ti plasmid, which is then usually delivered by injection into the plant. As a
result, genome-sized viral DNA is formed, replicates (Stenger et al., 1991),
spreads systemically through the plant and induces disease symptoms.
Today, agroinoculation is used routinely to inoculate plants or leaf disks
with geminiviruses. Agroinoculation has been used successfully to introduce
TYLCV into leaf disks and whole plants, and thus was proposed as an
assay system to inoculate and screen for resistant plants with TYLCV
(Czosnek et al., 1993; Kheyr-Pour et al., 1994). However, it was shown that
the delivery of cloned TYLCV DNA by agroinoculation may overcome the
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natural resistance of wild tomato species to this virus. It was concluded
that the usefulness of agroinoculation in screening for TYLCV resistance is
questionable (Kheyr-Pour et al., 1994).
In a recent study, the effectiveness of agroinoculation as a tool to test for
TYLCV resistance in different wild and cultivated tomato genotypes was
tested (Pico et al., 2001). Rub agroinoculation (rubbing a leaf dusted with
carborundum with a A. tumefaciens suspension) resulted in an erratic and
mild infection and did not discriminate between genotypes with different
resistance levels. Stem agroinoculation (injecting the stem with a A. tumefaciens suspension) was more effective; although the inoculation rate of the susceptible control reached 100%, the efficiency of inoculation of the resistant
genotypes was lower. It was concluded that agroinoculation can be used in a
breeding program but only to complement whitefly-mediated inoculation
(Pico et al., 2001).

3. REARING WHITEFLIES
3.1. The whitefly
About 1,300 whitefly species (family Aleyrodidae) in over 120 genera have been
described, but relatively few transmit plant viruses (Byrne & Bellows, 1991).
Presently, only three whitefly species, Bemisia tabaci, Trialeurodes vaporariorum,
and T. abutilonia, are known as vectors of plant viruses. Of the three virustransmitting whiteflies, B. tabaci is the most important, demonstrated to be the
vector of over 100 different viral diseases in the tropics and subtropics, belonging mostly to the Begomovirus genus (Jones, 2003).
There are a number of biotypes of B. tabaci (see Part I, Chapter 3). The
two known biotypes which are prevalent in the Mediterranean region and
transmit TYLCV with high efficiency are the B (also known as the silverleaf
whitefly) and Q biotypes. The B biotype, which is the most studied, has also
been considered as a different species – B. argentifolii, but this separation is
not universally accepted (Brown et al., 1995; Perring, 2001; Perring et al.,
1993). Unless stated otherwise, this chapter discusses only the B biotype of
B. tabaci.
The whitefly life-cycle progression, from egg to adult emergence, is governed
mainly by temperature. In warm weather, such as the Mediterranean summer,
the life cycle takes approximately 3 weeks, but it may take up to 2 months under
cool conditions. Adult emergence does not occur when the temperature drops
below 17°C. The vast majority of adult whiteflies emerge during daylight with
only a few emerging in the dark. The rate of whitefly reproduction varies with
the host plant, but the average is 160 eggs per female (with an approximate range
of 50–400), with female crawlers emerging from about two-thirds of the eggs
(Byrne & Bellows, 1991).
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3.2. Host plant
The B. tabaci species is highly polyphagous. Although the genus Bemisia has a
wide range of host plants (more than 500 species from 74 plant families), not all
of them support large populations of whiteflies. Plants that do support large
numbers of B biotype whiteflies include cotton, cabbage, cucumber, squash,
melon, watermelon, tomato, eggplant, sesame, soybean, okra, bean, peanut, and
many ornamentals, including poinsettia, hibiscus, lantana, verbena, garden
mum and Gerber daisies, to name a few.
When considering which plant to use as a host for rearing whiteflies, a number of issues have to be considered: (1) the plant should be able to support large
populations of whiteflies; (2) the plant has to be strong enough to survive these
large populations of whiteflies without collapsing; (3) the plant should be a nonhost for the viral diseases under investigation – in our case, TYLCV; and (4) the
plant should be relatively easy to grow and maintain.
We use cotton plants routinely as a host to rear whiteflies. Cotton plants are
non-hosts for TYLCV and the other whitefly-transmitted viruses native to the
Mediterranean region, relatively easy to maintain and can support large numbers of whiteflies without collapsing. However, cotton plants grow relatively
slowly, and develop poorly below 15°C. Therefore, cotton plants are suitable for
whitefly rearing mainly in warm climates, and even then they require efficient
heating in the winter.
3.3. Whitefly cages
When growing whiteflies, the insect has to be contained in a cage, due to its flying ability. Cages come in all shapes and sizes. The simplest cage is built from
basic structural materials (plastic, metal, or wood) with an insect net (such as
50-mesh) attached. For routine whitefly growth we use greenhouse benches covered by stainless-steel plates: these are light, strong, and unaffected by water
(unfortunately, they are expensive). Thin plastic rods in the shape of an arch are
attached to the plate. The “arches” are covered by 50-mesh nets. This structure
is cheap to build and maintain, easy to replace when broken, and of course, not
affected by water.
Regardless of its shape or the material used to build it, the cage must be well
ventilated. Whiteflies secrete honeydew on the plants, and together with high
humidity, sooty mold fungi are inevitable. A high rate of fungi together with a
whitefly colony usually causes plant-host collapse.
Another constant problem is the invasion of other insects in the whitefly
cages. The whiteflies are provided with the best growing conditions, which
attract other insects as well. Moreover, spraying with insecticides is practically
impossible once the whiteflies are in the cage. The 50-mesh nets will usually prevent penetration of aphids, but not of thrips or mites. The best way to deal with
insects other than whiteflies is to make sure that the plants used as whitefly hosts
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are as devoid as possible of other insects prior to whitefly colonization. Ants
and spiders are also attracted to the whitefly cages; ants are attracted to the
secreted honeydew, while spiders find the caged whiteflies easy preys. In this case
as well, the best way to deal with the problem is to keep the growth area as
clean as possible, and to eliminate ants and spiders from the whitefly facility.
4. SCREENING FOR RESISTANCE LEVEL
4.1. Symptom-severity rating
The immediate manifestation of a pathogen infecting a plant is the expression
of disease symptoms. Hence, many resistance-breeding programs rely mainly
(and sometimes solely) on symptom expression. However, host resistance to
TYLCV may be manifested by a reduction in disease symptoms rather than no
symptoms at all. TYLCV-induced symptoms usually appear within 2–3 weeks
after inoculation. Hence, it has been suggested that plants be scored 30 days after
inoculation, when full-scale symptoms are expressed. To analyze segregating
populations for TYLCV resistance, a symptom-severity rating system was developed (Friedmann et al., 1998; Lapidot & Friedmann, 2002), ranging from 0 to
4: (0) no visible symptoms, inoculated plants show same growth and development as non-inoculated ones; (1) very slight yellowing of leaflet margins on
apical leaf; (2) some yellowing and minor curling of leaflet ends; (3) a wide
range of leaf yellowing, curling, and cupping, yet plants continue to develop;
(4) very severe plant stunting and yellowing, pronounced cupping and curling,
plants stop growing (see Part V, Chapter 3).
Viral DNA content was determined for plants from each symptom level
(Friedmann et al., 1998). According to the viral DNA level, three different
groupings were found, which were statistically significant. Plants showing levels
0 and 1 had the same very low amounts of viral DNA, plants with level 2 and 3
symptoms had intermediate, albeit significantly higher amounts of viral DNA
than at levels 0 and 1, while plants of level 4 had very high amounts of viral
DNA. It should be noted that level 3 and 4 plants expressed a high level of variation in the amount of viral DNA detected (Friedmann et al., 1998).
4.2. Yield reduction
The most relevant evaluation of resistance level lies in the effect of TYLCV
infection on total yield and yield components, relative to noninfected controls
(Lapidot et al., 1997). Usually, tests comparing different varieties are carried
out under field inoculation, and comparison is not made with the full yield
potential of uninfected plants. Moreover, often there is confusion between the
general performance of a given variety and the level of TYLCV resistance it
displays. Hence, it is recommended to perform a yield-reduction test as follows.
Seeds of the tested lines or cultivars are sown in an insect-proof greenhouse.
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The seedlings are inoculated at an early stage, preferably at the first true leaf.
Non-inoculated plants of the same cultivar or line exposed to nonviruliferous
whiteflies serve as non-inoculated controls. After a short recovery period, the
plants are transplanted to the field. The inoculated plants of each cultivar or
line are compared with their respective control non-inoculated counterparts, in
terms of total yield, average fruit weight and number. In this way, variation due
to differences in the genetic backgrounds of the tested varieties can be overcome, and only the effects of the virus on yield and yield components are
recorded. It has to be noted that such expensive and time-consuming tests can
only be carried out on the most promising resistant varieties, not on segregating
populations.
4.3. TYLCV-resistance scale
A major obstacle in the development of TYLCV resistance has been the lack of
a standard for its assessment. The assessment of resistance levels displayed by
plants being screened is even more confusing, since to date, TYLCV resistance
has been multigenic and quantitative. Thus, due to the lack of a standard for
resistance assessment, resistance level is usually based on the severity of disease
symptoms induced by the virus. However, plant age at the time of infection,
inoculation pressure and growth conditions can have major effects on the severity of the induced disease symptoms (Lapidot et al., 2000; Pico et al., 1998).
Thus, variability in assay conditions leads to contradictory results, where different resistance levels have been attributed to the same genetic sources (Lapidot
et al., 2000; Pico et al., 1998; Vidavsky et al., 1998). In addition, the performance of at least some of these resistance genes appears to be influenced by the
environment. Significant differences in resistance performance were found when
a number of TYLCV-resistant cultivars were compared under different environmental conditions; for example yield reduction was double when the resistant
plants were evaluated in the field during a hot season than when evaluated in a
greenhouse during a cooler season (Lapidot et al., 2000). Hence, the different
performances of the same cultivars when tested under different conditions can
be misleading and can frustrate efforts to select for the best TYLCV resistance
from a segregating population.
To overcome these difficulties, a scale of differential TYLCV-resistant hosts
was developed, which enables the determination and comparison of TYLCV
resistance levels expressed by resistant tomato lines or by individual plants in a
segregating population (Lapidot et al., 2006). The scale is made up of seven different homozygous tomato genotypes that exhibit different levels of TYLCV
resistance, ranging from fully susceptible to highly resistant. The differential
hosts composing the scale were inoculated with TYLCV under greenhouse conditions. Four weeks after inoculation, the plants were evaluated for disease-symptom
severity, and virus DNA titer was determined. The different genotypes were
arranged along the scale according to symptom-severity score. The different
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genotypes were then tested under different environmental conditions, inoculated
at different ages, and tested in a field experiment assaying TYLCV-induced yield
reduction (by comparing the yield of TYLCV-infected plants to the yield of
control non-inoculated plants of the same variety). While the symptom-severity
score of each individual resistant genotype changed under different environmental conditions, their relative position on the scale did not, except for one
genotype. Moreover, the yield reduction induced by the virus was in direct correlation with the symptom-severity score, except for one genotype (Lapidot
et al., 2006). Using this scale, TYLCV-resistance level in a segregating population and/or of stable resistant lines can be determined as quickly as 4 weeks
post-inoculation. Moreover, the scale can be used either in a controlled environment such as a greenhouse or under field conditions. Thus, to evaluate disease resistance of a given tomato genotype, it should be inoculated alongside the
differential hosts composing the scale, and within 4 weeks one can determine the
relative level of resistance of the tested genotype.
5. EFFECT OF TYLCV RESISTANCE ON VIRUS EPIDEMIOLOGY
Although disease resistance reduces the deleterious effects of the virus, the
potential of resistant varieties to serve as virus reservoirs should be considered.
We have used four tomato genotypes with different levels of resistance to
TYLCV, ranging from fully susceptible to highly resistant, as virus source
plants. We have examined the survival rates and the TYLCV acquisition and
transmission parameters of whiteflies that fed on the different infected tomato
genotypes. The survival rates of whiteflies that fed on the different source plants
at 21 days post-inoculation (dpi), shortly after the appearance of TYLCV symptoms, were similar regardless of the source plant. Significant differences were
found after whiteflies fed on infected source plants at 35 dpi; the whitefly survival rate was positively correlated with the level of resistance of the source
plant. This may be due to the deleterious effects of TYLCV in susceptible
plants. At 35 dpi, the susceptible and moderately resistant genotypes exhibited
pronounced symptoms, presumably making the plant less suitable for whitefly
feeding. In contrast, the highly resistant genotypes were symptomless, favoring
whitefly survival (Lapidot et al., 2001).
TYLCV amounts in whiteflies following feeding was found to be in direct correlation with the virus amounts in the source plant: the higher the level in the
source plant, the higher the TYLCV level in the whitefly. This correlation was
maintained, regardless of the time of feeding – 21 or 35 dpi – and regardless of
the state of the source plants. The severity of disease symptoms exhibited by the
source plants did not seem to affect TYLCV acquisition by the whiteflies.
Transmission rate by whiteflies that fed on infected source plants at 21 dpi
was negatively correlated with the level of resistance displayed by the source
plant; therefore, the higher the resistance, the lower the transmission rate.
However, at 35 dpi, transmission rates from the susceptible plants were lowest,
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presumably due to their poor condition. Transmission rates from source plants
displaying a medium level of resistance were highest, with rates declining following feeding on source plants displaying higher levels of TYLCV resistance
(Lapidot et al., 2001).
Based on these results, we postulated that a TYLCV-infected field of susceptible tomato plants may serve as a high-risk virus reservoir early after infection
(Lapidot et al., 2001). However, as the plants deteriorate due to the expression
of TYLCV disease symptoms, the potential of these plants to serve as a source
of virus declines. In contrast, a field of moderately resistant plants will serve as
an effective virus reservoir throughout the season, as plants do not deteriorate
as badly as do the highly susceptible ones. In contrast, following infection in the
field, tomato plants expressing a high level of resistance to TYLCV pose the
lowest risk to the surrounding plants in terms of outbreaks of viral epidemic.
6. CONCLUDING REMARKS
In this chapter, the major issues concerning whitefly-mediated inoculation and
screening of TYLCV-resistant tomato plants were summarized. These include:
the need to develop a controlled mass-inoculation system; the unreliability of
spontaneous field inoculation as a screening tool during breeding for resistance;
how to screen for TYLCV-resistant genotypes, and finally, the effect resistant
plants may have on viral epidemiology. These issues are also valid for other
whitefly-transmitted viruses, and to some extent for viruses transmitted by other
insects as well. Hence, this chapter may serve as a basic guideline for researchers
aiming at the development of resistance to TYLCV in tomato or in other hosts,
as well as at resistance to other viruses.
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