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Tomatoes are susceptible to a wide array of arthropod pests, particularly in tropical
countries. The common ones according to Ministry of Agriculture, Kenya and JICA,
(2000) and Varela et al, (2003) are; mites (Zetranychus spp.), African bollworms
(Helicovérpa armigera Hiibner), white flies (Bemisia spp.), leaf miners (Liriomyza
spp), leaf hoppers (Empoasca spp.) and cutworms (A4grotis spp.).

Spider mites (Tetranychus spp) can become very destructive tomato pests when they
find appropriate conditions for their development, such as high temperatures and low
relative humidity. The intensive use of pesticides affects the populations of their
natural enemies, often resulting in a significance increase in the spider mite
populations. These mites feed on both sides of the leaves; their action reduces
photosynthesis and also causes defoliation. Tomato yield and quality have been
reported to reduce when 13% of plant leaflets are infested (Berlinger, 1986).

The tobacco spider mite Tetranychus evansi is a new pest in Kenya and was recorded
for the first time at Mwea in 2001 (Knapp, 2002). It is a very invasive pest, and has a
characteristic webbing pattern not common in other mite species (Knapp et al., 2003).
The mites cause white-silvery spots on tomato leaves that many farmers confuse for a
tomato disease due to their small size. Control of mites with chemicals has not been
easily achievable. The application of pesticides is not usually straightforward, for
example the acaricide may not make direct contact with mites on the lower surfaces of
leaves. It is known that pesticides may stimulate mite reproduction and populations
may reach high levels of infestation (Meyer, 1996). The regular use of pesticides
could lead to development of resistance, which will reduce choice of materials to be
used for effective control of mites. New pests might also be induced or rare innocuous

species may become abundant and very injurious.









resistance (Stevens and Rick, 1986). Direct selection for pest resistance is expensive
and slow, but indirect selection techniques based on correlated traits with high
heritability could be used to speed up introgression (Juvik et al., 1982).

Amongst the most important resistance factors in tomato are trichomes that cover the
leaves and stems of the plant. Luckwill (1943) and Reeves (1977) described several
trichome types of Lycopersicon species. The resistance exhibited by wild
Lycopersicon species has been attributed to trichomes, small-specialized hairs on the
foliar surfaces of the plants. Glandular trichomes can operate by irritating, trapping, or
poisoning arthropods and non-glandular trichomes can act as barrier to movement or
to nutritional tissue (Simmons and Gurr, 2004). Some of the chemicals conferring
toxicity in wild Lycopersicon taxa are; methyl ketones such as 2-tridecanone in L.
hirsutum f. glabratum (Gongalves et al., 1998; Guo ef al., 1993; Weston et al., 1989;
Williams et al., 1980); sequiterpenes in L. hirsutum f hirsutum (Eigenbrode et al.,
1994); acylsugars in L. pennellii (Goffreda et al., 1989).

These compounds are found in glandular trichomes present on the leaf surfaces
(Snyder and Carter, 1985; Carter et al., 1989), and are often associated with
moderately high or high heritability values (Maluf er al., 1997). Allelochemical
content could be useful clues to pest resistance (Juvik ef al., 1982). This has been
demonstrated with 2-tridecanone or sesquiterpene (zingiberene) content and resistance
to South American tomato pinworm Tuta absoluta Meyrick and spider mite
repellency (Gongalves ef al., 1998; Maluf et al., 1997).

Resistance to several arthropods especially spider mites has been reported in wild
tomato species including L. hirsutum f. hirsutum, L. hirsutum f. glabratum, L.
peruvianum (L.) Mill and L. pennellii (Gentile et al., 1969; Rick, 1973; Williams et

al., 1980) but these species do not have immediate commercial value.



Since L. hirsutum can easily be hybridized with cultivated tomato and presents a
broad spectrum of arthropod resistance, it is ideally suited for breeding programs
aimed at improving pest tolerance of tomato cultivars (Williams et al., 1980; Zamir et
al., 1984; Kenhedy and Farrar 1987). L. hirsutum is resistant to the red spider mite
Tetranychus urticae Koch. (Weston et al., 1989) as well as to other pest species such
as green peach aphid, Myzus persicae Sulz. (Leite et al., 1999), tomato pinworm
Keifera lycopersicella Walshingham (Eigenbrode and Trumble, 1993); Colorado
potato beetle Leptinotarsa decemlineata Say (Kennedy and Sorenson, 1985; Carter et
al., 1989) and corn ear worm Helicoverpa zea Boddie (Farrar and Kennedy, 1987).
The objective of this study was therefore to investigate whether tobacco spider mite
(7. evansi) resistance in L. hirsutum accession LA2204 can be incorporated into the
susceptible but widely cultivated tomato (L. esculentum) cultivar “Money Maker”
through conventional backcross breeding.

The study was carried out at the International Centre of Insect Physiology and
Ecology (ICIPE)-Nairobi and Jomo Kenyatta University of Agriculture and

Technology (JKUAT) in Juja, Nairobi-Kenya.

1.2. Justification

Tomato is one of the most important vegetables in eastern and southern Africa yet
yields are far below the crop’s potential. Among the reasons for yield reduction is the
large number of pests and diseases that attack this crop.

Pesticide-based methods for control of arthropod pests generally used in tomato
production are time consuming, expensive and can have adverse effects on producers

and the environment (Hond ef al., 2003).















The inflorescence comprises of flower clusters that arise from internodes usually
when the shoot has five to 10 leaves, morphologically it terminates the main growth.
Flowers are lemon yellow to bright yellow in color (Luckwill, 1943).

The tomato fruit is botanically a berry. Fruit size varies from small cherry types with
only two divisions of the ovary to large multi locular types. Fruit color can be green,
yellow, orange, pink or red when ripe. The red color comes from the pigment
lycopene, while orange and yellow colors come from beta-carotene pigments. Fresh
market tomato shapes ranges from round to oblate, while processing tomatoes are
more elongate or pear shaped (Peet, 2000). Tomato seeds are numerous, pear or
kidney shaped. The size ranges from 1.5 mm — 5 mm in length. They are flat, hairy

and vary in color from pale buff to brown (Pursglove, 1968).

2.1.1. Description of Lycopersicon species

Lycopersicon esculentum Mill. is villose especially towards the apex, glandular and
strongly scented. The stem is first erect then decumbent. Leaves are large and more
than 20 cm long, comprising of 7-9 leaflets that are ovate, acute to acuminate. (Plate
1a) Inflorescence is shorter than leaves with 3-20 flowers. Corolla is lemon yellow
and up to 2.5 cm diameter. Fruits are densely villose and glandular when young
becoming glabrous and shining when mature, red, yellow or pink when ripe (Plate
1b). Seeds are hairy pale buff in color and flat (Luckwill, 1943; Taylor, 1986).

L. esculentum is widely distributed all over the world due to its value as a crop. All its
representatives are self compatible and inbreeding due to domestication, which has
ensured progressive withdrawal of the stigma into the anther cone hence guaranteeing

automatic self pollination (Rick, 1976).
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[t is not a source of pest and disease resistance genes because of its isolation but has
salt tolerance genes (Rick, 1973).

Lycopersicon parviflorum Mill. is a green fruited species found in watershed regions
of Peru. It is self compatible and highly self-pollinating. This species easily hybridizes
with L. esculentum but little has been done to exploit its potential for high soluble
solids and vitamin C content (Rick, 1973).

Lycopersicon peruvianum (L.) Mill. is a green fruited species found in Chile and Peru.
It is the least thoroughly exploited wild tomato species due to severe barriers to

interspecific hybridization with L. esculentum (Rick, 1973).

2.1.2. Description of interspecific hybrids

MacArthur and Chiasson (1947) emphasized de L. hirsutum x L. esculentum hybrids,
because they might introduce valuable wild genes into the tomato. The F; hybrids are
strongly L. hirsutum like with respect to the recessive mutant differences. They tend
to be more nearly intermediate between parents in most of the normal specific and sub
generic contrasts and dominance is often partial or lacking.

Such blending of characters is evident (Table 1) in various degrees in general habit of
growth. The stem size and hairiness the development of pseudostipules and floral
bracts and the shape, size and the number of leaflets. The flower size and shape and
seed size, flatness and pubescence. The F; fruits are oblate 2-3 loculed, definitely
smaller than intermediate, green in color and moderately or faintly stripped with
purple, less leathery skinned than L. hirsutum and have tastes reminiscent of both

species.
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On either red-fruited species L. hirsutum pollen produced viable seeds, which
developed vigorous F; hybrids, but reverse pollination with L. hirsutum as female
plant was incompatible, though one-way compatibility could not be assumed since L.
hirsutum was female sterile with its own pollen under the prevailing conditions
(MacArthur and Chiasson, 1947). Stevens and Rick (1986) also reported
incompatibility when L. Airsutum was used as female with L. esculentum as male

parent.

2.2.3. Hybrid sterility

The natural set of fruits was reported to be low both on plants isolated indoors, and
those left to uncontrolled pollination outside. Making the diploid hybrids tetraploid
did not restore, or even raise their fertility (MacArthur and Chiasson, 1947).
Germination ranged from 31-73% in the backcrosses with F; as males and L.
esculentum as females, and from 50-90% in F2 samples tested, as compared with over
90% in L. esculentum. Collapsed seeds often greatly out number the filled ones, and a
selective mortality may well affect segregation ratios in the F2 and backcross
progenies. Many of the F2 plants were completely sterile, and plant fertility from the
backcrosses ranged from nil to that of L. esculentum parent (MacArthur and Chiasson,

1947).

2.2.4. Transfer of economic attributes from wild species to commercial cultivars
Some notable examples of incorporation of resistance genes from wild species to true
breeding cultivars are resistance to fusarium wilt, root knot nematodes and tomato

mosaic virus (Bohn and Tucker, 1940; Pilowsky, 1982).
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2.3.3. Biology

The tobacco spider mite 7. evansi males do emerge earlier and keep watch over
female deutonymphs; they copulate with them immediately after they emerge from
the exuviae. Oviposition begins a day after emergence of females and they reach
maximum egg laying capacity on the fourth day. Thereafter, the number of eggs laid
per day reduces considerably with the female ovipositing daily until she dies.
Individual mites may oviposit over 100 eggs during their lifespan (Meyer, 1996).
Unfertilized females produce fewer eggs than fertilized ones and only males emerge
from these eggs. However, unfertilized females tend to live longer than fertilized
ones. The sex ratio tends to favor females, Moutia (1958) found a sex ratio of 1 male
for every 3.3 females on tomato plants in the field, and Silva (1954) found a sex ratio
1 male for every 10 females. The lifecycle can be as short as 9-12 days, and
reproduction continues throughout the year, resulting in 24-30 generations per year
(Meyer, 1996; Qureshi et al., 1969).

Field observations indicate that 7. evansi prefers to oviposit on the lower, unexposed
surface of the host leaf, although at high population eggs are laid also on the upper
surface. The order of preference for oviposition site was; at the junctures of the main
veins with the midrib; at the junctures of large veins and; at the inter-veinal areas. The
fewest eggs are laid along the margins. Female mites prefer ovipositing on leaves with
normal pubescence, than those with light pubescence, this helps to explain the mite

preference for the lower leaf surface, which is more pubescent (Qureshi ef al., 1969).
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2.3.4. Damage and dispersal

The tobacco spider mite, 7. evansi feed by sucking sap from plants, they prefer the
lower surface of leaves, but under severe attack, infestation will occur on both leaf
surfaces as well as on stems and fruits. The damage first appears as stipples that later
give the leaf a silvery or yellowish appearance (Plate 4a); as the population increases,
the mites completely cover the plant with webbing (Plate 4b).

The leaves eventually turn entirely yellow or brown and die (Plate 4c). These mites
can kill plants very rapidly. 7" evansi has characteristic extensive webbing under high
population not known to exist in other mite species in the genus Tetranychus (Knapp,
2002). The mites are spread by wind and the infestation often starts on the outside
(border rows) of a plot. Therefore, other adjacent Solanaceae crops, wild plants and
weeds can serve as sources of infestation. The mites can also be spread by irrigation

water, dust storms, clothing and implements (Meyer, 1996).
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The host plant range of 7. urticae is determined through host plant acceptance, i.e.
whether the adult female decides to settle on or leave the encountered host plant. The
host plant suitability of 7. urticae on different plant species can be expressed as the
mean number of eggs produced by the females within five days. Positive correlation
was reported between plant acceptance and fecundity in 7. urticae (Yano et al., 1998).
The spider mite 7. urticae has a broad range of host plants but it does not accept all
plants at the same degree because of differences in nutritive and toxic constituents.
Other factors, such as the induction of secondary metabolites, the morphology of the
leaf surface and presence of natural enemies, also play an important role in plant
acceptance. Boom et al, (2003) reported that acceptance of 7. urticae varied among
plants belonging to the families Fabaceae and Solanaceae families with the best

accepted being tobacco and the worst accepted being sweet pepper.

2.5. Trichome types and description in Lycopersicon species

Amongst the most important resistance factors in tomato are trichomes. These are
small-specialized hairs on the foliar surfaces of the plants that cover the leaves and
stems of the plant. Luckwill (1943) and Reeves (1977) described several trichome
types of Lycopersicon species. The resistance exhibited by wild Lycopersicon species
has been attributed to trichomes that are either glandular i.e. possessing a small
membraneous head containing toxins and/or adhesives, or non glandular.

Glandular trichomes can operate by irritating, trapping, or poisoning arthropods and
non-glandular trichomes can act as barrier to movement or to nutritional tissue
(Simmons and Gurr, 2004).

Trichomes are responsible for pubescence in Lycopersicon species, which is one of

the most valuable diagnostic characters for separation of species.
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Table 2: Trichome type and occurrence in Lycopersicon species

Species Trichome types

1 I 11 IV \Y% VI VII

L. esculentum a - a a a a ]
L. pimpinellifolium - v.s - - a a -
L. peruvianum a* - - - a ] ]
L. pissisi - Vs - - a a S
L. cheesmanii - - - - a ] s
L. hirsutum a - s a - a s
L. glandulosum - a - - a a s
L. pennelli V.S - V.S a - S V.S

a- abundant (>5 mm?®), s- sparse (1-5 mm?), v.s- very sparse (<1 mmz),

*- absent from some individuals, - absent.
Source: (Luckwill, 1943)

2.5.1. Trichome based resistance of Lycopersicon species to arthropods

Glandular trichomes of Lycopersicon species are responsible for resistance to various
insects (Gentile ‘& Stoner, 1968; Gentile et al., 1968, Dimock & Kennedy, 1983;
Kennedy & Sorenson, 1985). Wild Lycopersicon spp are generally more resistant to
arthropod pests than L. esculentum, although some L. esculentum cultivars have been

shown to possess comparable resistance (Heinz and Zalom, 1995).
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Type IV trichomes on L. hirsutum, L. hirsutum f. glabratum and L. pennellii have
been reported to be positively correlated with either entrapment, mortality, reduced
adult emergence or decreased survival; and positively correlated with decreased
survival of H. armigera, S. exigua, P. opercullella, T. urticae and M. persicae (Carter
and Snyder, 1986; Eigenbrode and Trumble, 1993; Gurr and McGrath, 2002;
Simmons et al., 2003; 2004). Gurr and Mc Grath (2002) reported that type V trichome
density is positively correlated with potato tuber moth, Phthorimaea operculella
Zeller survival and development on abaxial leaf surfaces of five accessions of L.
hirsutum f glabratum. This is similar to the trend observed for Bemisia argentifolii
Perring and Bellows (Heinz and Zalom, 1995).

Type VI trichomes; are reported to be positively correlated with mortality of P.
operculella in L. hirsutum, and negatively correlated with survival of 7. wrticae
(Carter and Snyder, 1986; Gurr and McGrath, 2002).

The predominant trichomes associated with negative effects on pests (e.g. mortality,
survival and entrapment) are the glandular trichomes types IV and VI. Correlation
analysis has an advantage over exudates removal as the role of non-glandular
trichomes in resistance can also be documented (Simmons and Gurr, 2005).

The chemical constituents of trichome exudates confer antibiosis; they have been
reported to have antibiotic effects on Helicoverpa zea Boddie and 7. urticae in L.
hirsutum and L. hirsutum f glabratum (Aina et al., 1972; Fery and Cuthbert, 1975);
however the chemicals responsible were not identified. Research has subsequently
established relationships between individual trichome types and the chemical
component of their exudates. Two methyl ketones from type VI trichomes on L.
hisutum f glabratum, 2-tridecanone and 2-undecanone are associated with numerous

negative effects on several pests. 2-tridecanone was reported to cause mortality,
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CHAPTER THREE

3.0. MATERIALS AND METHODS
The experiments were carried out under greenhouse conditions at ICIPE on wooden
benches measuring 2.0m long by 0.9m wide by 0.6m high. Each bench held twelve

pots measuring 18 cm x 20 cm with 13 cm base diameter.

3.1. Establishment of parent plants

Seeds for the mite susceptible L. esculentum variety “Money Maker” were sourced
from East Africa Seed Company, while those of the mite resistant L. hirsutum f
glabratum accession LA 2204 where provided to ICIPE by the World Vegetable
Center (AVRDC), Taiwan. Accession LA 2204 was used as the male parent, while
“Money Maker” as the recurrent female plant. The morphological characteristics of
the parent plants are as described in (Table 3). The planting media was prepared from
soil, manure and sand in the ratio of 3:2:1 (v/v). Seedling trays used to raise seedlings
had eighty holes each measuring 3 cm diameter and 5 cm depth. Two trays were used
in this experiment. Plastic planting pots were measuring 18 cm x 20 cm with 13 cm
base diameter and approximately 3 kg capacity. The pots had two holes of 5 mm
diameter at the bottom to allow water drainage. The ratio of male to female plants was
1:2, and male plants were always established four weeks in advance so as to produce
sufficient pollen.

Moist planting media was uniformly filled into seedling trays and 20 seeds each of
accession LA 2204 and “Money Maker” were sown in individual holes and labelled.
The seeds were watered moderately on daily basis to keep the soil moist. Seedlings

were transplanted three weeks after sowing into pots.
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The female plants “Money Maker™ were established and managed following the same
procedures as in section (3.1) after sowing to fruit harvesting and seed extraction. The
BC, generation seed was established with the F, hybrid as the male parent and
“Money Maker” as the female plant. Two F; hybrid plants were used to pollinate each
three plants of “Money Maker”.

The BC, generation seed was established with the BC, generation as the male parent
and “Money Maker” as the female plant. Two BC; generation plants were used to
pollinate each three plants of “Money Maker”.

The BC, generation seed produced following the above procedures was used to
establish BC; generation male plants. The same procedures as in section (3.1) for
establishment of male plants were followed. The female plants “Money Maker” were
established and managed following the procedures as in section (3.1). F; hybrid seed
was used to establish six F| plants that were allowed to self and produce F, generation

seed.

3.4. Mite rearing

The mite species used was Tetranychus evansi. The colony was maintained at the
ICIPE rearing room and laboratory since 2001, when the species was first found
attacking tomatoes in Kirinyaga District, Central Province. The mites were reared
under controlled conditions of 25° C and a relative humidity of 50-70%, 12 hours light
and 12 hours dark on “Money Maker” and “Cal J” tomato plants. The mites were
supplied with fresh plants that were at least five to ten weeks old after sowing after
every 3-5 days. Depleted plants appear silvery, extensively covered with mite

webbing and mites aggregate at top portions of the plant in readiness to migrate.
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Table 4: Morphological characteristics of LA 2204, “Money Maker” and the Fy, F;, BC, and BC, generations

Tomato line

Stem

Leaf

Inflorescence

Fruit

Seed

LA 2204

Money Maker

Fi

Fy

BC,

BC,

Weak, more than
2 m height.

Strong, less than
2 m height

Slightly weak, more
than 2 m height.
Vigorous

Weak, more than
2 m height.

Slightly strong,
more than 2 m
height.

Strong, more than
2 m height

Bright green, many
toothed, teeth entire
or dentate margins

Dark green, entire
to lobed margins

Bright green,
narrow serrated
margins, hairy.

Bright green,
narrow serrated
margins, hairy.

Bright green, entire
to lobed margins

Green, entire to
lobed margins

Forked
monochasical cyme,
bright yellow
crowded flowers.

Simple, lemon
yellow sparse
flowers.

Compound, bright
yellow less crowded
flowers.

Compound, bright
yellow less crowded
flowers.

Simple, lemon
yellow sparse
flowers.

Simple, lemon
yellow sparse
flowers.

Green, less than
2 ¢cm diameter,

hairy, bilocular,

dark green stripe.

Red, more than 4
cm diameter,
smooth,
shiny and
multilocular.
Yellow/orange, 1.5-
2 cm diameter,
hairy, bilocular.

Green/yellow, less
than 2 cm diameter,
hairy, bilocular,
dark green stripe.

Red, more than 2
cm diameter,
smooth,
shiny and 2-3
locules.
Red, more than 2
cm diameter,
smooth,
shiny and 2-3
locules.

Tiny, dark brown
and glabrous

Light brown, kidney
shaped and flat.

Tiny, brown and
glabrous.

Tiny, dark brown
and glabrous

Tiny, light brown
and glabrous

Tiny, light brown
and glabrous










4.3. General performance of parent plants, and the F,, F;, BC, and BC, generations

Accession LA 2204 took longer to flower compared variety “Money Maker”. The
inflorescence comprised of 16 to 20 flowers with the first flower appearing ten weeks
after sowing and the plant is perennial. Fruit set was not observed under natural
conditions. This may be attributed to the fact that stigmas protrude through the anther
cone. Seed germination was poor took five to seven days longer compared to “Money
Maker”, and less than 70% of the seeds germinated.

“Money Maker” germinated within seven days, and over 90% germination was
observed, this variety was vigorous, produced inflorescences and fruits under prevailing
conditions. The first inflorescence was noticed seven to eight weeks after sowing, and
each cluster comprised of seven to nine flowers out of which only five to seven set fruit.
Initial fruit set was ten weeks after sowing while the last fruit set was approximately
eighteen weeks after sowing. In this tomato line flower stigmas do not protrude through
the anther cones as in the case of L. Airsutum. The hybrid fruit produced with this variety
as the female and accession LA 2204 as the male was similar to that of the female plant;
produced many seeds though a small portion of less than 5% were immature or shrunken
at time of extraction.

Seeds of F; germinated within seven days, and over 90% germination was observed.
They were vigorous in growth compared to their parent plants; were uniform in

appearance and produced flowers rapidly under prevailing conditions.
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Type 1l trichomes were significantly higher on the abaxial leaf surfaces of BC;
generation than the F, generation, but not significantly different in “Money Maker”, LA
2204, F; and BC, tomato lines. Type IV trichomes on both abaxial and adaxial leaf
surfaces were significantly higher on accession LA 2204 compared to “Money Maker”,
Fi, F2, BC; and BC, tomato lines. Type V trichomes on abaxial leaf surfaces were
significantly higher on “Money Maker” compared to LA 2204, F,, F», and BC,, but there
was no significance with the BC; generation. Type VI trichomes on abaxial leaf surfaces
were significantly higher on BC,, compared to F, F; and BC; tomato lines. Type VII
trichomes on abaxial leaf surfaces were significantly higher on LA 2204 and BC,
compared to F; generation, but no significant difference with “Money Maker”, F, and

BC, tomato lines (Table 5).
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Correlation analysis of trichomes types revealed a significant negative relationship
between type IV and type V trichomes; trichome types I and 1V; and trichome types III
and IV. Correlation between types [ and VII; types Il and VII; types IV and VI; and
types V and VII was not significant. There was a significant positive relationship between
trichome types VI and VII; types I and III; types I and V; types IIl and V; and types III
and VI, while a non significant positive relationship existed between trichome types I and

VI; types III and VII; types IV and VII; and types V and VI (Table 6).

Table 6: Trichome types correlation coefficients on abaxial leaf surfaces

Variable Correlation coefficient

Type | Type 111 Type IV Type V Type VI
Type I 0.38* - . - .
Type IV -0.35* -0.39* - - =
Type V 0.49%** 0.47%* -0.84%%* - -
Type VI 0.29"™ 0.38* -0.12" g32™ -
Type VII -0.02™ -0.04™ 0.28™ -0.23™ 0.55%%*

Non significant (ns) or significant (¥, **, ***) at 5%, 1%, 0.1% levels
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Table 7: Glandular and non-glandular trichomes on abaxial and adaxial leaf surfaces

Trichome Surface LA 2204 Money Maker Fi F> BC, BC,
type
Glandular Abaxial 23.93+1.65a 6.56+0.69¢c 12.224+0.98b 9.59+1.01bc 8.89+0.70bc l3.03#:0.9]b
Adaxial 13.43+1.41a 5.05+£0.56b 6.97+0.63b 5.65+0.67b 6.86+0.72b 8.18+0.73b
Non Abaxial 0.10£0.10d 29.19+1.88a 17.07+1.78¢ 18.9941.89bc 24.54+1.74ab  20.61%+1.70bc
Glandular ] 0.40+0.20¢ 9.79+1.29a 4.94+0.99b 6.26+1.35ab  8.68+1.23ab  5.76+0.97ab
axia
Total Abaxial 24.04+1.64b 35.76+2.08a 29.29+2.09ab 28.59+2.05ab  33.43+£1.95a 33.64+1.82a
) 13.84+1.38a 14.85+1.37a 11.92+1.14a 11.92+1.43a 15.56+1.29a 13.94+1.16a
Adaxial

Means with same letter notation within are not significantly different (Tukey test, p > 0.05).
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4.5. Development time of mites from egg to adult

The development of the mite from egg to adult was through five stages, egg, larva,
protonymph, deutonymph and adult. The period from egg to larva was significantly lower
in “Money Maker” compared to LA 2204, F| and F5, but not significantly different from
BC,; and BC,. The larval, protonymph and deutonymph periods for “Money Maker” were
not significantly different from LA 2204, F,, F,, BC, and BC,. However the shortest
lifecycle was on “Money Maker” (11.3 days) compared to 13.2, 13.4, 12.9, 12.3 and 11.6
days on LA 2204, F,, F,, BC; and BC, respectively. The adult mites lived significantly
longer on “Money Maker” compared to LA 2204, F,, F,, BC; and BC,. Survival was

52.5% on “Money Maker”, but less than 25% on LA 2204 F,, F,, BC, and BC, (Table 8).
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Table 8: Development time from egg to adult of T. evansi

Plant Egg Larva Protonymph Deutonymph Adult Sex Survival

M F (%)
n Duration n Duration n Duration n Duration n Duration
(days) (days) (days) (days) (days)

MM 80 42+0.16¢c 69 2.7+0.14b 60 2.4+0.10a 48 2.0+0.09a 43 9.3+1.26a 13 29 52.5

LA 80 5.1£0.19ab 40 3.1+0.21ab 9 3.0+£0.37a 2 2.0+0.00a 0 0.0+0.00b 0 0 0.0

2204

Fy 80 5.3+021a 44 3.4+0.26a 18 2.440.16a 11 2.320.14a 10 1.1+0.36b 4 6 12.5

Fy 80 5.1£02lab 56 3.0£0.16ab 36 2.840.i2a 25 2.0£0.11a 12 2.4+0.56b 5 7 15.0

BC, 80 4.5+£0.12bc 67 3.0+0.19ab 27 2.840.13a 20 2.0+0.09a 16  2.0+£0.54b 4 13 21.3

BC, 80 4.5+0.14bc 62 2.5+0.13b 28 2.440.16a 17 2.240.16a 13 1.1£0.30b 5 8 16.3

Means with same letter notation within columns are not significantly different. (Tukey test, p > 0.05)
F = Female, M = Male, MM= Money Maker.
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4.6. Fecundity and longevity of mites

The mean number of eggs laid per female mite was .signiﬁcamly higher on “Money
Maker” compared to LA 2204, F,, F», BC, and BC,. Longevity was significantly higher
on “Money Maker” compared to LA 2204, F;, F,, BC; and BC, (Table 9). Multiple
regression analyses with various combinations of trichomes showed that types IV and V
are responsible for most of the variation in fecundity and longevity. Their exclusion from
the analyses reduced the 55% variation in fecundity due to the effect of all trichomes to

38%, while in longevity variation reduced from 66% to 47% (Table 10).

Table 9: Fecundity and longevity of T. evansi

Tomato line/generation Eggs/mite Longevity (days)
Money Maker 57.9+4.46a 13.1£1.06a
LA 2204 0.04+0.02d 4.5+0.23d
F, 10.5+1.94c¢ 8.7+0.43bc
F> 5.4+0.94c 6.94+0.38cd
BC, 26.5+£2.25b 9.2+0.49bc
BC; 26.44+2.32b 9.4+0.49bc

Means with same letter notation within columns are not significantly different. (Tukey

test, p > 0.05)






Table 11: Correlation coefficients of trichomes with fecundity and longevity

Trichome Correlation coefficient

Egg Longevity
Type I 0.49%x 0.51**
Type HI 0.51** (.5]1%*
Type IV 0,61 %% S
Type V SE L 0. 76 %%
Type VI 0.30™ 032"
Type VII -0.08™ -0.20™
Glandular -0.46** -0.50**
Non glandular (0. Fke (0. 78%%%*

Non significant (ns) or significant (*, **, ***) at 5%, 1%, 0.1% levels

4.7. Repellence choice tests

4.7.1. Thumbtack bioassay method

The distance covered by the mites on abaxial leaf surfaces in the first 20 minutes was
significantly higher on “Money Maker” compared to all other lines. However, after 40
and 60 minutes the difference between™ Money Maker” and BC| was not significant.

The shortest distance was covered on accession LA 2204, while the longest distance was

(Table 12).

65



Table 12: Distance traveled by mites on leaf surfaces in 20, 40 and 60 minutes

Tomato line Distance traveled by mites on to leaf surface in mm

20 minutes 40 minutes 60 minutes
Money Maker 8.83+1.27a 10.10£1.19a 11.80+1.28a
LA 2204 0.12+0.05d 0.20+0.06d 0.65+0.19d
F| 3.12+0.47bc 5.02+0.66¢ 5.44+0.68c
F, 2.20+0.30cd 6.57+0.74bc 7.48+0.86¢
BC, 5.17+0.56b 8.55+0.56ab 10.98+0.67ab
BC; 2.58+0.37cd 4.77+£0.71c 8.00+0.93bc

Means with same letter notation within columns are not significantly different (Tukey

test, p > 0.05)

Multiple regression analyses with various combinations of trichomes showed that types
[V and V are responsible for most of the variation on distances covered in 20, 40, 60
minutes, respectively. Their exclusion from the analyses reduced the variation in distance
covered due to effect of all trichomes from 61% to 35% in 20 minutes; 74% to 23% in 40
minutes and 76% to 34% in 60 minutes. Type V seems to have a higher variation effect
because most of the significant effect is due to the presence of this trichome. Effects of

type IV are only significant in analyses where type V is excluded from the multiple

regression models except for 60 minutes (Table 13).
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Table 13: Multiple regressions of trichomes with distance covered by mites in 20, 40

and 60 minutes

Multiple Distance (mm) Distance (mm) Distance (mm)
variables (20 minutes) (40 minutes) (60 minutes)

R? Trichomes R’ Trichomes R’ Trichome

p <0.05 p <0.05 B

L IOL IV, ¥, VI, Q65%%= \Y% 0.74%%* V, VI 0. 76 V, VI
VIl
LILV, VL VII  0.61%*%* A% D.F3%® V, VI 0.74*** V, VI
I I, IV, V1, VII 0.48%* v Q.62%%% 1A% 0.69%*** v
I, I, VI, VII 0.35%=* VII 0.23" non 0.34%* I
Glandular 0.26** - 0.50%* E 0.49** -
Non glandular Q60w - (ula 3 eies - 0.66%** -

Non significant (ns) or significant (*, **, ***) at 5%, 1%, 0.1% levels

Correlation analysis of trichomes with distance covered by mites on abaxial leaf surfaces
in 20, 40 and 60 minutes revealed a strong significant relationship with trichome types IV
and V. The type IV trichomes had a highly significant negative relationship with distance

covered in 20, 40 and 60 minutes, respectively.
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However type V trichome had a highly significant positive relationship with distance
covered in 20, 40 and 60 minutes, respectively Trichomes type [ and III had significant
positive relationship with distance covered. Glandular trichomes had a significant
negative relationship with distance covered, while non-glandular ones had a positive

relationship with distance covered by the mites (Table 14).

Table.14: Correlation coefficients of trichomes with distance covered in by mites in

20, 40 and 60 minutes.

Trichome Correlation coefficient
20 minutes 40 minutes 60 minutes

Type 1 0.36* 0.39* 0.5]**
Type I 0.46** 0.33% 0.39*
Type [V -0.61%** -0.77%** -0.79***
Type V (. 76" (g [ H s 0.8 1%k
Type VI 0.23™ 0.05™ 0.08™
Type VII 0.23"™ -0.21™ -0.19™
Glandular -0.51%* -0.71%%x* 0.7 [+
Non glandular W 0.80%** g1+

Non significant (ns) or significant (¥, ¥*, ***) at 5%, 1%, 0.1% levels
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4.7.2. The slide method

This method was used to determine number of mites attracted to either tomato line in a
set of two tomato lines. The t-values obtained using the Student t-test analysis revealed
significant difference in number of mites attracted to either tomato line (p < 0.05) in all
sets of tomato lines that were compared except for F| and F,.

Majority of the mites i.e. more than 60% were attracted to “Money Maker” compared to
LA 2204, Fy, F,, BC, and BC;; while the minority i.e. less than 15% were attracted to LA

2204 compared to “Money Maker”, F;, F2, BC; and BC2 (Table 15).
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Table 15: The number of mites attracted in paired tomato plants

Tomato line Number of mites t-value
Money Maker 156 12.34%*
LA 2204 14

Money Maker 128 b.17%
Fi 37

Money Maker 138 6.73%
F, 45

Money Maker 138 7.82*
BC, 49

Money Maker 153 0.23%
BC, 38

LA 2204 25 4.44%*
F 70

LA 2204 20 S5
F; 60

LA 2204 11 7.23%
BC, 81

LA 2204 8 12.05*
BC, 89

Fi 37 1.7
F, 56

F; 36 4.6*
BC, 76

Fi 35 2.97*
BC; 65

F> 36 5.51%
BC, 82

F> 41 5.69*%
BC, 104

BC, 38 345"
BC, 74

*. Significantly different (Student t-test p < 0.05), NS_ Not significantly different
(N =200 mites)
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Table 17: Correlation coefficients of trichomes with greenhouse fecundity and
motiles

Trichome Correlation coefficient

Motiles Fecundity
Type I 0.25™ 0.41**
Type HI 0.49%* 0.41%*
Type IV -0.62%** -0,69%**
Type V 0. 7%= 0.76%*x*
Type VI 0.26™ 0.25™
Type VII -0.09™ -0.16™
Glandular -0.5]1** -0.50%**
Non glandular L.79%%% O 7 %R

Non significant (ns) or significant (¥, **, ***) at 5%, 1%, 0.1% levels
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CHAPTER FIVE

5.0. DISCUSSION

5.1. Establishment and description of parents and Fy, F,, BC, and BC; generations
Lycopersicon esculentum variety “Money Maker” easily hybridized with L. hirsutum f.
glabratum accession LA 2204 and produced plenty of viable F; seeds. Rick (1973)
reported that L. hirsutum f. glabratum could be a source of valuable traits to improve the
cultivated tomato since it easily hybridizes with L. esculentum. Other authors also have
successfully established hybrids of these two species and worked on them (Erb et al.;
1993; Fery and Kennedy, 1987; Snyder and Carter, 1985). Accession LA 2204 failed to
produce flowers under dry hot conditions and did not set fruit under prevailing conditions
in the greenhouse; artificial pollination brought little success in terms of fruit set. This
failure to reproduce could be attributed to two factors; either lack of insect pollinating
agents since plants were in the greenhouse or unfavourable climatic conditions. L.
hirsutum f. glabratum is known to be highly out crossing. This is evident from the flower
morphology as stigmas protrude outside the anther cones and flower corollas are bright
yellow (Taylor, 1986) and establishment in the greenhouse could have led to lack of fruit
set due to absence of natural pollinating agents. However, this factor might not be the
reason in our case, siﬁce artificial pollination failed to yield fruits especially under dry
hot conditions. L. hirsutum has been reported to flower and set normal seeded fruits in
South America its native habitat. where temperatures are cool (MacArthur and Chiasson,
1947).

The poor seed germination could also be attributed to climatic conditions especially

temperature (Picken et al., 1986).
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This response might vary amongst accessions of L. hirsutum f. glabratum. Accessions
L06219 and PI1134417, were established together with LA 2204, to access a better pollen
donor, but these two species performed poorly in terms of flower production. They could
therefore not produce sufficient pollen for cross breeding; this was the reason why LA
2204 was used as the male plant and not the widely studied accession P1134417.
Lycopersicon esculentum variety “Money Maker” performed well in all growth
parameters i.e. seed germination, flower production and fruit set. This could be attributed
to the fact that “Money Maker” is a commercial variety adapted to wide climatic
conditions. Fruit set occurred well in the greenhouse conditions since plants are highly
inbreeding, this is evident by stigmas enclosed inside anther cones and dull yellow
corollas (Taylor, 1986).

The F; hybrids were vigorous in growth compared to the parent plants accession LA 2204
and “Money Maker”, good seed germination and flower set were observed, but fruit set
was poor. This could be attributed to the genetic influence of accession LA 2204 which
failed to set fruit completely under greenhouse conditions. MacArthur and Chiasson
(1947) reported vigour in F; hybrids between L. esculentum and L. hirsutum. F,
generation plants were closely similar to the parent L. hirsutum accession LA 2204 in
growth and development, especially regarding failure to set fruit under natural conditions.
MacArthur and Chiasson (1947) reported a high number of sterile plants in the F;
segregating population between L. esculentum and L. hirsutum; they attributed this to
genetic factors. However, in our case the environmental conditions may also have played

arole in poor reproduction of F, generation.
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pennellii are known to contain acylsugars that are responsible for high levels of resistance
to T evansi (Goffreda et al., 1990; Resende et al.. 2002)

In L. hirsutum f hirsutum they are known to contain the sesquiterpene zingeberene
responsible for high levels of resistance to 7. evansi (Maluf er al.. 2001), but no literature
was available on what they contain in L. Airsutum f glabratum to which accession LA

2204 belongs.

5.4. Repellence choice test

5.4.1. Thumbtack bioassay method

Tetranychus evansi prefers “Money Maker” to accession LA 2204, and F,, F.. BC; and
BC, generations. Line differences were evident with measures taken as early as 20
minutes after placement of mites on to the thumbtack. The reluctance of mites to move on
accession LA 2204; and Fy, F,, BC, and BC; generations compared to “Monev Maker”
could be attributed to presence of type IV trichomes, they were absent in “Money
Maker”. Type IV trichomes possess exudates or volatiles that could have impaired mite
movement (Maluf et al., 2001; Resende er al., 2002). Other glandular trichomes may
have contributed to this especially type VI which have been reported to posses high levels
of 2-tridecanone in L. hirsutum f glabrarum but trace amounts in L. esculentum
(Chatzivasileiadis er al., 1999; Farrar and Kennedy, 1991: Kennedy. 2003: Williams er
al., 1980).

Multiple regression and correlation analyses showed that trichomes affect mite host

preference in terms of distance covered (Table 13, 14).
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Host plant acceptance is described as the proportion of adult females settling on the test
plant on which they have been placed. The host plant range of the phytophagous spider
mite 7 wrticae seems to be determined through different mechanisms. Adult females
reach potential host plants either by random walking or by passive wind dispersal
(Kennedy and Smitley, 1985), though they readily escape from unfavorable ones (Fry,
1989). The host plant range of 7. urticae is determined through host plant acceptance, i.e.
whether the adult female decides to settle on or leave the encountered host plant.

Tetranychus urticae has a broad range of host plants. However, the spider mite does not
accept all plants at the same degree because of differences in nutritive and toxic
constituents. Other factors, such as the induction of secondary metabolites, the
morphology of leaf surface and presence of natural enemies, also play an important role
in plant acceptance. Boom et al, (2003) reported that acceptance of T. urticae varied
among plants belonging to Fabaceae and Solanaceae families with the most well

accepted being tobacco and the most poorly accepted being sweet pepper.

5.5. Greenhouse screening for mite population density

The results of the greenhouse screening indicate that the resistance expressed in the
laboratory, was expressed in the greenhouse (Table 16).

The densities of eggs/cm?® and motiles/ cm? were significantly higher on “Money Maker”
compared to accession LA 2204; and the F;, F», BC; and BC, generations.

Fecundity and population density can be used to determine suitability of host plant (Yano

et al., 1998). In this case “Money Maker” is a suitable host to 7. evansi than accession

LA 2204; and the Fy, F,, BC, and BC; generations.
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