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Abstfact

The qua.nt.xta.twe assasment. of susceptlblhty of Chilean tomato cultivars to Serobi-
palpula absoluta (Meynck) (Lepidoptera:Gelechiidae), the possible blologxcal basis of
resistance of certain cultivars to this insect, and the interaction between S. absoluta
and the pa.rasntmd Dinculophus phthorimaese de Santis (Hymenoptera: Eulophldae)
were examined. F1eld and laboratory studies showed that within the commercial
cultivars of tomato tested there is a considerable range of susceptibility to S. ab-
soluta larvae. The development of the parasitoid D. phthorimacae does not a.ppear‘
to be correlated with the tomato plant resistance suggesting that resistance and
biocontrol by parasitoids could be successfully combined as a pest management
strategy. An analysis of the possible antifeedant and phagostimulant compounds in
. tomato cultivars indicated that chlorogenic. acid inhibits feeding by second instar
larvae of S. absoluta when added to tomato leaf disks. However under field condi-
tions there was only a marginal relationship between the susceptibility of varieties
and the levels of chlorogenic acid in tomato plants. On the other hand, levels of
sugar were found to be inversely and sllgniﬁca.ntly correlated with susceptibility, de-
apite the fact that sugars are usually considered as phagostimulants. Determination
of sugar content using gcolorimetric method might be an effective way to rapidly
classify tomato plant varieties for differential resistance to S. absoluta . The possible

interaction between sugars and some antifeedants in tomato plants is discussed.
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— Résumé
+

L’évaluation quantitative de la susceptibilité des cultivars chiliens de la tomate
A Scrobipalpula ;::bsoluta (Meyrick) (Lepidoptera: Gelechiidae), le fondement bi-
ologique possible de la résistance de certains cultivars & cet insecte, et l'interaction
entre S. absoluta et le parasitoide Dineulophus phtorimacae de Santis (Hymenoptéra:
Eulophididae) sont examinés. Les études en laboratoire et sur le terrain démontrent
que les cultivars commerciaux évalués varient de facon considérable dans leur sus-
ceptibilité aux attaques des larves de S. absoluts. Aucune corrélation n'apparait
entre le développement du papasitoide D. phthofimaeae et la résistance du plant
de tomate au Lépidophére, ce qui suggére que la résistancé et la lutte biologique ‘
a l'aide de parasitoides pourraient étre combinées avec succds et utilisées contre
les insectes nuisibles dans un programme de lutte intégrée. Des composés chim-
iques retrouvés dans les plants de tomate ont été analysés afin de vérifier s'ils
agissent comme phagorépresseurs ou phagostimulant pour S. absoluta. L’acide
chlorogénique agit comme i)hagorépresseur pour lcs larves de second stade de S.
ab:soluta, lorsqu’ajoutée & des disques de feuilles de tomate. Par co;1tre, dans
des conditions naturelles, il n’y a qu’une faible relation entre la susceptibilité des
variétés et le niveau d’acide chlorogénique dans les plants de tomate. Par ailleurs,
la teneur en sucres dont, plusieurs sont considérés comme étant ‘phagostimulants,
varie inversement et de fagon significative avec la susceptibilité au Lépidophete. La
détermination de la teneur en sucre dans les plants en utilisant une méthode col-
orimétrique pourrait étré une fagon efficade de classifier les différentes variétés de
tomates pour leur résistance & S. absoluta. L’interaction possible gntre les sucres et

les composés phagorépresseurs de la tomate est discutée.

Rt
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Chapter I

Introduction

1.1 General Introduction

Torhato Lycopersicon esculenturn Mill. is economically the most important veg-
et_a.blé crop grown in Chile occuping an area upwards of 10,000 ha. annually. Tomato
growing areas are mainly concentrated in the Norte Chico region, the ;egion .of Cen-
‘tral Chile including the Santiago metropolitan region (Symposium Dept. of Veg-
etable Sciences Catholic University of Chile, 1984). At present this crop is g;l_erally
cultivated commercially both in the field and under greenhouse conditions.

In Chile, the tomato fruitmoth Scrobipalpula absoluta (Meyrick) (Lepidoptera: |
Gelechiidae), is classified as a major pest on tomato based on its perennial o;:cur-
rence and the level of damage it causes in North and Central Chile (Apablaza, 1984';
Rojas, 1981; Matta and Ripa, 1981; Ripa, 1981;Quiroz, 1976; Vargas, 19:70; Acuna,
1970).°

Tomato fruitmoth S. absoluta (Meyrick) has also been found in tomato crops in
Uruguay (Carballo et al, 1981), Argentina (Bahamondes et al, 1969), Peru (Razuri
and Vargas, 1975; Sarmiento et al, 1976), Colombia (Garcia, 1984). Moraes et al
(1982), Scardini et al (1983), and Lourencao et al {1984) also reported its presenee
in Brazil.

The larva of the tomato fruitmoth is an oligophagous sp;ecialist attacking solana-
ceous plants. It causes severe damage to leaves, stems, flowers and fruits of tomato
(H‘errera, 1963; Sanchez and Bravo, 1969; Vargas, 1970; Muri and Vargas, 1975;

Rojas, 1981). The damage to plants can destroy up to"Sé.g% of the commercial
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fruxt yields (Matta and Ripa, 1981; Moreu‘a et al, 1981). : ‘e.“

The traditional control method of this tomato pest in Chlle is to spray thh in-
secticide every 6-7 days during the summer season. According to Apablaza(1984),
there was during the 1981/1982 and 1982/1983 growing seasons total dependency
on chemicals for control of tomato fruitmoth in localities of the V and metropolita.-n.
region both for field and greenhouse grown tomatoes. Chemical methods of con-
trol concurrently carry the risk of hiéh level of contaminants in the tomato crop,
although few residue studies are available. Since the insecticides are applied close
to or even during the harvest, the risk of residues is high. Another resuit of de-
. pendence on chemical control is that tomato fruitmoth has develdbed resistance
to some insecticides (Rojas, 1981; Bravo, 1983; Bravo, 1984). At the same time,
insecticides induce a -very high mortality in populations of the natural parasitoid of —

— -

tomato fruitmoth larvae.

An alternative to strict chemical control is Integrated Pest Management (I.P:M.) -
which includes the use of resistant tomato varieties , cultural control, natural ene-
mies and chemical control. The Aguila Sur Experimental Station, in collaboration
with Department of Biology, University of Ottawa,is attempting to establish an
I.LP.M. Program for control of tomato fruitmoth in Central Chile.

The majority of previous studies on the control of S. absold¥a deal only with
chemical control (Campos and Klein, 1967; Acuna, 1970; Campos, 1976; Ripa 1981;
C;rbal_lo et al, 1981). However the presence of natural enemies of tomato fruitmoth
(predators and parasites) has been reported in Chile (Vargas, 1970; Rojas, 1981;
Santis, 1983; Larrain, 1986), Peri (Prada et al, 1974; Pacora, 1982), and Colombia

Garcia, 1984). Presently, a biological control programn for this insect is also being



developed in Instituto Colombiano de Agricultura (I.C.A.).

Basic information on this insect pest includes population dynamics in Centrai
Chile, which was studied by light traps and sticky. traps baited with virgin females
(Quiroz, 1978) | .

With regard to cultural control,Matta and Ripa (1981) proposed early trans-
plantation of tomato plants, which ﬁrould advance the peak harvest period suffi-
ciently so as to precede the period of peak larval abundance. Vargas(1970) also
proposed the elimination of tomato stubble a and species of 'alteijnate‘host weeds of
the Solanaceae such as Lycopersicon puberulum, Solanum nigr;_g: (L), Solanum sp.
and Datura stramonium (L) |

Tolerance or resistance of tomato varieties to S. absoluta is the only element of
I.P.M. that has not yet been thoroughly examined. Lourencao et al,(1984) evalu-
ated in a qualitative study eighty five wild and- cultivated tomato accessions and
determined that Lycopersicon pcruvianzfm is a promising source of resistance to

Scrobipalpula absoluta. "Although it is possible to interbreed this species with com-

mercial tomato culivars, transfer of the genes for resistance would probably be time

consuming and expensive.

The quantitative assmément of susceptibility of Chilean tomato cultivars to 5.
absoluta and the possible bic;logical basis of resistance are ;zxamined in the present
investigation. Nine Chilean commercial cultivars and one land race were selected
for a field study infestation by S. absoluta . This selection of cultivars included
early and late production varieties. Only one land race was available, and it was
obtained from Central, Chile. Determinations of the number of larvae supported

per leaf in field conditions were made during the 1984 and 1986 growing seasons.



Considering that an I.P.M. strategy requires compatibility of plant resistance with
the third trophic level, the population of Dineulophus phthorimaeae de Santis, the
principal parasitoid of tomato fruitmoth larvae, was also studied:in relation to the
tomato varieties.

Undef more controlled conditions the feeding behavior of the four larval instars
of S. absoluta was sfudied on leaf disks of theﬁ:ultiva:s under study.

Secoxfda.ry metabolites in plants are known for their biological activity as aeter-
rents (or éqmetimes as phagostimulants} to insects and représent one very importar;t
type of resistance factor in the plant. Among the most prevalent secondary com-
pounds in tomato foliage are the low molecular weight phenolics, chlorogenic acid
and rutin; which have recently been shown as effective growth inhibitiors to larvae
of Heliothis zea in artificial diets (Elliger et al, 1981; Isman and Duffey, 1982). On
the other .ha.nd, levels of éugar and nitrogen are reported as phagostimulants in
the majority of insects currently studied. Therefore, };ypot}ietica.l deterrents such
as &hlorogenic acid and rutin, and phagostimulants as sugar and nitrogen, were
studied to determine the concentrations of these compounds in leaves of tor.rllato
cultivars and their relationship with S. absoluta larvae under field and laboratory

.

conditions.

1.2 Literature review
1.2.1  Secrobipalpula absoluta (Meyrick) Lepidoptera: Gelechiidae

The tomato fruitmoth Scrobipalpula absoluta (Meyrick) is a microlepidopteran which
occurs in South America (Rojas, 1965; Gates Clarke 1965; Herrera, 1963; Carballo

et al, 1981; Bahamondes and Mallea, 1969; Garcia, 1984; Lourencao et al, 1984) and

..



was originally described as Phthorimaeae absoluta by Meyrick(1917) from Peri. Po-
volny (1967), included this insect ‘in the gerﬁm Serobipalpula. R,ojas(196§) reported
its presence for the ﬁrst time in Chile, but acknowledged that tomato frﬁitmdtl;l
larvae h; probably'been attacking tomato plants in Chile since 19557- Af I;r;:.;seﬁt
' this insect has not been reportechas a pest in North Amenca, however, W:Ihe(1952)
cited in Vargas, 1970} recagnized that S. absoluta (Meyr) is very similar to the
tomato pinworm, Kesferia lycopcr—a:cclla Wa.lsmgha.m (Lepidoptera: Gelechiidae) in
shape, colour and host prefereﬁce. Presently to;nato pinworm is t.he rmost important
tomato pést in Florida. (P;hronezny et al, 1986). .

S. absoluta is a multivoltine insect having three to eight generations per year
depending on the environmentyl conditions. Seven to eight may ocﬁur throughout
the year under Az§pa’s conditions (Northern Chile), with mean temperatures be-
tween 14.4 to 22.9 C during the year (Vargas,197 In Central Chile infestations can
bt‘egin in early spring.Under temperature conditions higher than 12 C, S. absoluta
can attain three to five generations in a year (Quiroz, 1976; Rojas, 1981). Female
moths oviposit throughout the day, but are preferably noéturnai. Eggs may be laid
on any part of ‘the plant, but are more commonly found on both sides of the leaves.
Eggs are normally laid singly, and a female may produce a variable mean number
of eggs between 52 to 237 under laboratory conditions (25 £ 2C, 75 + 10%RH)
{Vargas, 1970; Razuri and Vargas, 1975). At first the eggs are white to light yellow
, with a mean length of 0.38 mm and width 0.21 mm, and later acquire a dark
coloration close to hatching, The ;eggs hatch in 4 to 6 days, and the larvae develop

through four instars. The duration of larval development can be between 9.5 and 27

days, depending on temperature and number of generations developed in laboratory

)



conc!i{;ions (Razuri and Vargas, 1975). Mean duration of larval development is 27
dalyé under constant temperature of 14.5 (Quiroz, 1976).The third generation of S.
absoluta reared under laboratory conditions of 24 +1C and 65+ 10% R.H. will have
a period of larval development shorter than the two previous generations lasting,
9.5 days (Razuri and Vargas, 1975). The larvae have a cylindrical body with the
hea.ci flattened dorsotra-.nsversely. Newly emerged larvae have a length 0.84 mm, and
by fourth larval sinst;a.r reach a ma.x'i,mum length of 7.7 mm. The first larval instar
is white, but a dark green head develops in the other instars, as a result of their
feeding. The mean H;;Ld capsule width is a measure utilized t¢' differentiate each.
larval instar. The mean head capsule width of first instar larvae is about 0.15 m.m-,
0.253 mm in the second instar larvae, and 0.399 mm in the third instar, but differ-
ences are reported in the fourth instar. Vargas(1967) and Quirc;z (1976) reported
a mean width of 0.834 mm, and Razuri é.nd Vargas(1975) 0.550 mm. . Chrysalids
pupate either on the leaves or on the soil. The chrysalid’s mean length is 4.35 mm
and duration of this stage is between 8 to 10 days. ’I‘—}:e tomato fruitmoth adult,
is a microlepidopteran with wing length of 10 mm and body length of 6 to 7 mm.
Wings are dark gray and brown in coloration.

The larva of S.I absoluta (Meyr.) is an oligophagous specialist attacking solana-
ceous plants, especially tomato and potato (Vargas, 1967; Hérrera, 1963). According
Vargas (1970), the pest also infests wild Solanaceae such as Lycopersicon puberu-
lum, S.oicmum nigrum, Solanum sp. and occasionally Datura stramonium L; species
which are present in Chile.

The tomato fruitmoth larvae grow in galleries or mines in the leaves, o burrow

into stems, flowers and fruits. The damage to fruits can destroy up to 89% of the



yield. The larvae on s;edlings can cause death because they feed on parenchyma
{Vargas, 1970; Matta and Ripa, 1981; Moreira et al, 1981).

The tomato fruitmoth.ha,s received little attention with respect to host plant
resistance. Recently, Lourencao et af {1984) evaluated eigty five wild and cultiva.tea :

tomato accessions and determined that Lycopersicon peruvianum is a promising

source of resistance to S. absoluta.

1.2.2 Dineulophus phthorimaeae (De Santis) (Hymenoptera: Eulophidae)

Accofaiﬁg to Santis (1983) D. phthorimaeae is a parasitoid of S. absoluta and potato
tubermoth, Gnorimoschema operculella (Zeller). This parasitoid occurs in Chile,
Argentine and Uruguay. In Central and Northen Chile , D. phthorimaeae is the most
important parasitoid of S. absoluta, parasitizing under natural c0ndition; about
40% of total S. absoluta larval pgopulation (Rojas, 1981). It is an ectoparasitoid of
the second and fhird larval instar of S. absoluta . The female oviposits on these
larvae generally in the host’s dorsal region. In some cases, it is possible to find
two parasitoids on one tomato fruitmot larvae. The parasitized larvae lose their
mobility and finally die by the action of this ectoparasitoid. The parasitoids pupate
™. in the galleries built By S. absoluta in the tomato leaves. The pupae are black in .
color (Rojas, 1981; I;arrain, 1986). The highést levéls'of pa.rasi—t:)id population are‘
found in February and March (Central, Chile), when the population of S. absoluta is
also at a maximum.Unfortunately, this also coincides with' the highest application of
pesticides (Rojas, 1981; Larrain, 1986). At the present time, no further information

about D. phthorimaeae biology and itsrlife cycle is available.



1.2.3 Tomato plan‘t resistance to insects

It has been established that both the availability of nutrients in the plants and the
effects of physical barriers and/or-toxic allelochemicals are the important factors
determining the resistance or susceptibility of plants to insects (Fraenkel, 1959;
| Whittaker and Feeny, 1971; Schoonhoven, 1982). Resistance of tomato cultivars and
wild related s\pecies to several insects pest has been investigated with respect to these
factors. The literature documents resistance to many insects including the.tomato
fruitworm, Heliothis zea (Barbosa, 1974; Beland and Hatchett, 1976; Cosenza and
Green, 1979; Fery and Cuthbert, 1975; Fery Ia.nd Cuthbert, 1974; Elliger et al, 1981,
Duffey and Isman, 1981; Isman and Duffey 1982a and 1982b}, leaf miners (Liriomyza
spp) (Wolfenbarger, 1966), the tomato pinworm, Keiferia Iycopersicella (Schuster,
1977; Schuster et al ,1979), the tobacco hornworm, Manduca sezta (Keﬁnedy and
Henderson, 1978), the colorado potato beetle, Leptinotarsa decemlineata (Shalk and
Stoner, 1976), the beet armyworm, Spodoptera exigua (Hubner) (Broadway et al,
1986),as well tomato fruitmoth §. absoluta (Meyr.) larva {(Lourencao et al, 1984),
and other insects (Lange ahd Bronson, 1981). The modes of resistance in tomato
have been documented as morphological cilaracteristics, phenological development
(such as flowering time, time o of fruiting, et cetera), physiological incompatibility,
antibiosis , and plant age ( Bronson et al, 1981). |
Secondary metabolites found in the stems, leaves and fruit of tomato have shown
‘biological activity against many insects, and represent one very important compo-
nent of resistance for the plant. Several compounds that retard the larval growth
of Lepidoptera, and some cases induce mortality, have been isolated .from wild Ly-

copersicon such as L. hirsutum and L. hirsutum f. glabratum (Fery and Cuthbert,



1975; Kennedy et al, 1981; Williams et al, 1980). Others have also been isolated and
identified from cultivated tomato leaves ( L. esculentum Mill.) (Elliger et al,1981.
The major allelochemics presently known to be found in tomato plants are phe-
nolics compounds containing a catechol moiety ( o-dihydroxy substitution) such
as chlorogenic acid, rutin and a complex mixture of caffeyl glucaric acid ;nd its
lactone. Another compound identified as an allelochemical in tomato plants is the
steroidal glycoalkaloid « tomatine. .

Chlorogenic acid and rutin are ubiquitous in higher plants. Chlorogenic acid is a
hydrocinnamic acid (Figure 1) that is conjugated to a cyclohexane known as quinic
acid . The presence of chiorogenic acid in tomato and Sol,anaccacl was reported by
Politis (1948}, and its antibiotic effect toward H. zea has been described (Elliger ;t
al, 1981; Isman and Duffey, 1982a and b). In other systems, such as the greenbug,
Schizaphis graminum, it also acts as a feeding deterrent (Todd et al, 1971). However,
in insects attacking other plants, it has been observed as a phagostimulant. For
example Kato, 1978 reported that catechol based phenolics are essential for growth
of the silkworm, Bombyz mori.The addition of chlorogenic acid to the diet improved
ia.rva.l growth.

Rutin is also a phenolic compound with a catechol moiety (o-dihydroxy sub-
stitution on the B ring). Rutin is a flavonol glycoside, in which the 3 hydroxyl
group is bound to the sugar rutinose (Figure 2). This compound was isolated as
the colouring r;n'citter of tomato stems (Blout, 1933) and its growth inhibiting effects
on Heliothis species have been reported with cotton (Chan et a, 197-8-) and tomato
cultivars (for H. zea) (Elliger et al, 1981; Tsman and Duffey 1982a and b). However,

the response with rutin is dependent on the insect species. Mc Farlane and Dustler
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(1982) and Neville and Luckey (1971) reported that ruti'? enhances larval growth in
the cricket (Acheta domes'ts'::us) when adcied to. the insqé{‘sdiet. Similgr response
to dietary concentrations of rutin have been found in the boll weevil‘Anthonomus
grandis (Maxwell et al, 1967). |
| Isman and Duffey, 1982 found that chlorogenic acid and rutin in artificial diets
are feeding inhibitors for second instar H. zes lé.rva.e. However, when H. zea were
reared on excised tomato leaflets, they found significant differences in larval gr;wth,
but did not‘ obtain a significant relationship between phenolic foliar content and
larval growth. Therefore these authors suggested that for tomato, the antibiosis of
isolated compounds or extracts in artificial diets may not always be an indicator
of antibiosis in situ. In the foliage of the tomato plant, chlorogenic acid and rutin
may constitute a large proportion (60%) of the total phenolic content of the tissue
(Isman and Duffey, 1982.). The foliar phenolic levels found by Isman and Duffey,
1982 from different tomaté cultivars are within 0.2-0.6% fresh weight. Elfliger et
al (1981) determined concentrations of chlorogenic acid and rutin to be between
1.2-0.8 mg/g fresh wt. and 2.3-1.3 mg/g fresh wt. _reépectively in tomato cultivars.
The same authors indicated that the effective dosage (ED50) to reduce the larval
growth of first instar of tomato fruitmoth (H. zea) by 50 acid and 2.4 mg/g fresh
weigth for rutin. . ‘ o
Caffeic acid esters of a mixture of glucaric acid and lactone forms also occur in
tomato leaves. Hydrolysis of these materials yields only caffeic acid and glucaric
acid. These esters have also been described as inhibitory to the growth and devel-

opment of the tomato fruiworm (H. zea), and therefore also represent one of the

several resistance factors of the plant. They are present at approximatively 1% of
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the dry tomato leaf (cultivar Ace) (Elhger et al, 1981).

“Elliger et al, 1981 suggested that the msectmda.l antibiotic activity of the phe—
nolic compounds chlorogenic acid, rutin, and ca.ffeyl aldaric acid is derived from
the catechol moiety of the molecule. This moiety is able to complex with metal
ions ( e.g.. Cu) which are essential for growth. Another possible mode of action
was suggested by Isman and Duffey(1982b), based on the observations that early

instars of H. zea are sensitive to certain phenolics whereas later instars are not. The

ability of older larvae to rapidly overcome toxicosis could indicate that catechols

act either by inhibition of feeding behavior (age-specific) or by limiting the avail-__
ability of some essential nutrients which become deéreasingly essential wit;h larval
age. Other possibilities include reduction of lysine availability (Davies et al, 1978)
and non-specific enzyme inhibition (Hoover et al, 1977}.,

" The steroidal glycoalkaloid & tomatine found in tomato plants and other Solanaceae
is reported to be significantly more toxir; to H. zea than the phenolic compounds;
with an ED50 between 0.04 to 0.09% fresh weight (Eiliger et af, 1981; Isman and
Duffey, 1982a a.1.1d b). Fontaine et al(1948) elucidated the structure of this com-
pound which co\{l.sists of an aglycm‘ne moiety, tomfatidine, and a tetrasaccharide
moiety cc-)n-aistin; of two molecules of glucose a.nd one each of galactose and xylose.
a tomatine is found in the stems, leaves and fruits of tomato and has demonstrated
biological activity against many microorganisms (Courtney and La.mbéth, 1977;
Irving et al, 1945; Levi;s_on,' 1976; Roddick, 1974}, It has also been found to be
a potent feeding deterrent to the Colorado potato beetle, Leptinotarsa decemliin-
eata (Say) (Sinden et al, 1978) and to inhibit feeding in the potato leafhopper,
Empoasca fabae (Dahlman and Hibbs, 1967). Bernays a.nd Chapman, 1978 showed

/.
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that in Locusta, tom;ztine is a feeding deterrent which interacts with phagostimu-
lants, regulating the amount of food that this insect eats. Increasing concentrations
of a tomatine reduce the amount of food eaten.

The primary metabolic function for glycoalkaloids in Solanaceus plants is not
known. However because they are toxic and repellent to insects, several researchers
have suggested that their primary function may be to protect the plant from insects
- and other pests (Buhr et al, 1958; Sinden et al, 19_78). _

Ca.mﬁbeil and Duffey (1981) determined that the toxicity of a tomatine to H. zea
and its ichneumonid pafasitoid Hyposoter exiguae is alleviated by antidotal products
in the foliage of tomato plants. These authors demonstrated that the toxicity of the
alkaloid depends on levels of phytoesterols in the plant, which 'macye a tomatine
by complexing it. For this reason, the role of a tomatine as a resistance factor was

not considered in the presént study .

-



Chapter II

Methods

2.1 - Tomato Cultures

The origin, characteristics and fungal resistance of 9 commercial culti;rars and one
land race obtained from Rengo, Central Chile are described in Table 1. These
were grown under ambient conditions in the feld. The day/night mean monthly
temperatures were 21/18 in January; 20/17 in February and 18/15 in March. These
means are approximate {+ - 1 C) and were very similar during the summers of
1984 and 1986. The same cultivars were grown under controlled conditions in
the laboratory with mean day/night temperatures of 24./17 C aad a 14:10 L:D
photopcriod.' ‘ | |

Thc seeds were germinated in peat pellets in December of-1983 and 1985 (spring-
. summer in Chile). Thirty days old seedlings were divided into two g::oups. One

group was transplanted into plots; the other was planted in the field.

2.2 Insects Cultures

5. absoluta eggs and larvae were obtained from a colony established at Aguila Sur
Experimental Station. Males and females of tomato fruitmoth were maintained
on tomato plants in cages (0.70 x 0.60 x 0.85m) of wood and muslin. Eggs of S.
absoluta {rom these plants were separated daily and incubated in a plastic box,
diameter 2.5cm on tomato leaves maintained on water soaked paper towels. Eggs, -

all larval insta}s, pupae and adults were kept under ambient conditions. The meah

13
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Table 1: Tomato cultivars and land race characterized according to plant
characteristics and resistance to fungal disease

SN

Cultivar Origin Plant Characters Resistance to Fungal Disease
Cal Ace Petoseed Vigorous. - Verticsllsum, Fusarium ;
“ . “Chile determinate, late ‘
ripening for field
crops
Ace 55 VF Petoseed Large, determinate, Verticillium, Fusartum
Chile for field conditions
Pakmor Petoseed Compact, determinate Verticillium, Fusarium
Chile for field crops
Duke Petoseed Hybrid, determinate, Alternaria, Stemphilum
Chile vigorous.Early Verticillium, Fusarium
: ripening under field Si and S2
conditions ‘ ‘
Hybrid 6718  Petoseced Hybrid, determinate, Alternaria, Verticillium
Chile vigorous, for and Fusarium

greenhouse crops
Hybrid 7718  Petoseed Hybrid, determinate, Alternaria, Verticillium

Chile vigorous, for and Fusarium !
greenhouse
Baron Petoseed Hybrid detenninate,’ Alternaria, Stemphilum
Chile vigorous, early Verticillium, Fusarg'um,‘

ripening, greenhouse 1
and field conditions.

!
Laser Petoseed Hybrid without Verticsllium, Fusarium :
. Chile pedigree. ~ '
Condino Rengo Indeterminate, low Unknown pedigree. P
land race ' production and very
late ripening s
for-field conditions.
Petoearly Petoseed Indeterminate, high Unknown pedigree.
Chile production, late
ripening for field *
conditions '

* Determinate varieties have a fixed, definite limit of growth (Scage! et al,1984 ).

** Pedigree is referred to one's line of ancestors.

9
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-\\1 .
temperatures were 24/17 day/night, photoperiod was 14:10 L:D. The relative
humidity was 70-75%.

2.8 Field Resistance Test

All of. the tomatos listed in Table 1 were grown in the field during the summer of
1984 and 1986 on loam textured soils, fertilized with nitrogen {90 kg/ha), phosphate
. (90 kg/ha) and potassium (90 kg/ha) following soil analysis. '

Experimental plots were arranged in a randomized complete block design with
4 replicates, where each plot had 5 rows with 4 plants/row. The two outer rows of )
each plot were ignored to avoid edge effects.

Infestations with second instar larvae were made weekly from January 28 when
tomato plants,were 47 days-old: Forty larvae were utilized for eac treatment on the
cultivars.

Determinations were made on randomized plants chosen (in each central row)
of the number of live larvae, number of pa.irasitized larvae by the ectoparasite D.
phthorimaea de Santis and total larvae (as sum of unparasitized and parasitized
larvae). ”

These measd}ements were started t;an days after the first larvae were liberated
and were performed on plants at 57,64,71,85,92;100,116,123 days old.

* Observations were also made on the presence of adult tomato fruitmoth and the

begiiuiing of its attack. ' oo A

2.4 Labdratory Resistance Test

Disks of 20 mm were cut out from detached tomato leaves (70-90 days old) with a

cork borer and maintained in clear plastic containers (25 mm) with paper lids to
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maintain humidity. These tomato diskrs were infested with three‘one day-old

larvae. For-tie other larval instars the disks were infested with a single larva.

Observations were made daily. Each larval instar waé determined according
to Vargas (1970) and Razuri and Vargas (1975) and corroi:orate_d with 30 larvae
" examined with a stereoscopic mic.x"oscope diﬁ'erént instars were established via head
méasurementé of the larvae(Table 2). -

When each larval instar was completed, larvae were transferred to new leaf
disks and maintained under tie same conditions. The third and fourth instar were
transferred to new disks of tomato leaves twice. The laboratory resistance test was

replicated four times. The disks were evaluated for feedir-lg-damage by counting the

. . . !
, cénsumed area on a mm2 grid.

2.5 Test Compounds and H.P.L.C. Analysis

The ghemical structures and absortion spectrum of chlorogenic acid and rutin used
in this experiment are given ig Figure 1 and 2. Chlorogenic acid and rutin were
suppplied .by Sigma Chemical (St Louis, Missouri). Purity was verified by H.P.L.C.
using an ultrasphere octyl (C18) column 4.6 x 250 mm and isocratic elution with
0.5% aq.acetic acid: MeOH 50:50. The major peak for chlorogenic acid had a
retention time of 5.4 min. and for rutin 14.8 min, on line. On line spectra were
identical to published literature values(Markam, 1980). Standard curves of peak
he;gh‘sg versus concentration were linear. The standard curve of chlorogenic acid is
showﬁ in Figure 3 where r = 0.93, F > 0.001 and the line fitted isy = 0.001z-+0.005.
Figure 4 shows the standard curve for rutin where r = 0.98, F' > 0.001 and the line

obtained was-y = 0.0017z 4 0.0079.
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2.

A

. 5 .
Table 2: Characterization of differents larval instars of S. absoluta
(Meyrick) grown at 25+1 C and 70+5% R.H

Instar Mean length Mean head color other charac- duration

(mm) capsule teristics of each
width \ - stage
(mm) (days)
. First 0.84 0.16 white to cylindrical 2.8
light body. The head

green is flattened
dorsotransversally
Second <2.2 0.24 - light 2.0
Third <3.8 0.37 light ' . 2.1
Fourth <9.2 0.55 light 2.5
" green

<

* 30 larvae controlled

1
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Figure 1: Structure and absorbance spectrum of chlorogenic acid from
Markam, 1980
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Figure 2: Structureand absorbance spectrum of rutin from Markam, 1980.
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Figure 3: Standard curve for chlorogenic acid using High Pressure Liquid
Chromatography, with an ultrasphere. octyl column 4.6 x 250 mm and
isocratic elution with 0.5% aq acetic acid MeOH (50:50) at 1 ml/min .
The peak height is plotted against chlorogenic acid amount. Injection
volume was 20 ul, Error bars indicate standard deviation

.
——
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Figure 4;: Standard curve for rutin using High Pressure Liquid Chro-
matography, with an ultrasphere octyl column 4.6 x 250 mm and iso- |
cratic elution with 0.5% as acetic acid MeOH (50:50) at 1 ml/min. The
peak height is plotted against rutin amount. Injection volume was 20 ul.

Error bars indicate standard deviation
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2.6 Tomato Plant Extraction and Quantitative Analysis of
Chlorogenic acid and Rutin

Toxﬁé.to plants were grown in a greenhouse in the Department of Biology , University
of Ottawa, under a day/night temperature regime of 21/18 C. The experiment was
conducted in a randomized complete block design with five replications, with each
plot containing 4 plants. Young foliage of each toma'to cultivar was collected at 98
days of age and the leaves were dried in an oven at 55 C overnight % dry weight was
determined. One gram of dried leaves was ground in a blender with 20 ml of CHCI
: MeOH : H O (6:4:1) containing 20 mg of quercetrin. The residues were separated
by filtration through a millipore filter funnel. The filtrate was shaken and combined
with 10 1.111 of distilled watér. AThe chloroform and methanol phases

were first diluted (with additional solvents) before the addition of water , causing
the homogenate to separate into two layers: the chloroform la:;'er containing lipids
and the methanolic layer containing non lipids (Bligh and Dyer methodology, 1959).

The solutions were maintained for 24 hours in a freezer (-4 to -6 C) to separate
the phases, the upper aqueous layer was analyzed by H.P.L.C. using an ultrasphere
octyl column 46x250 mm isocratically eluted with 0.5% aqueous acetic acid : MeOH
(50:50) as developing solvents. Rutin and chlorogenic acid were identified in the
H.P.L.C. analysis by their retention time oﬁ line spectra which were identical to the
standard ( Figure 5). Quantification was achieved by calculation of concentration
from peak height as derived from the standard curve and corroborated at each time
of analysis. Final chlorogenic acid and rutin concentration were determined on a

fresh weight basis.



| Figure 5: H.P.L.C. chromatogram of tomato extract using an ultrasphere
octyl column_4.6:250 mm and isocratic elution at 1 ml/min. with 0.5%
aqueous acetic acid MeOH (50:50) . Peak 1 was identified as chlorogenic
acid and peak 2 as rutin based on comparison of retention time and on
line spectrum (not shown) with authentic material. Absorbance at 350
nm is plotted against retention time in min.




~-A3s0

28

2
JJ! A i )
o . 5 0 15 - 20
- TIME (min)



29

2.7 Spectroassay for Catecholic Phenolics (O-Dihydroxthenols) -

) Aquépus extracts for phenolic and sugar assays were prepared from tomato leaves

—

by macerating 0.5g dried leaves in 15 ml of Eth : H O’(50:50) and maintaining
them overnight in a freezer (-4 to -6 C). These solutions were then filtered ﬁsing .'-.;
Sartorius special membral;e filter (0.45 mm, 0.47N) which was rinsed with 10ml.EtO
: H 0 (50:50) . The concentration of ca.fechoi in the éxtracts’ was determined via am-
monium molybdate (Pesez and Bartos;1974; Isman and Duffey, 1§8_2) as follows. A
saturated solution of 10% aqumus,aménonium molybdate was prei)ared and main-
tained 24 hours at room tempera;ure béfore use. One ml. of 0.1 N sulfuric acid
was added to 4 ml of the sdlgtioﬁ of aqueous tomato extract. The reaction wjth
molybdate in acidic rdedium is almost instantaneous and results in a yellow color.

The absorbance at 375 nm was read by a Coleman Junior II spectrophbtometer
after 10 minutes. A calibration curve using chlorogenic acid as stanaa.rd was pre-
pared, based on the range of chlorbgenic acid in leaves obtained by H.P.L.C. (Figure
6), with r = 0.97 F > 0.001 and y = 6.28 {mg chlorogenic acid] - 0.042.

)

2.8 Determination of Total Sugar (Dubois et al, 1956)

Tomato extracts (200ul) were diluted with 1.8 ml of distilled water and 50ul of 90%
phenol in water added with thorough mixing. Subsequently 5 ml of concentrated
sulfuric acid was rapidly added to the mixture. The samples were maintained at

room temperature for 30 minutes and the absorbance was read ‘at 485 nm.
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Figure 6: Calibration curve of chlorogenic acid as standard for determina-
tion of catecholics via ammonium molybdate method {Pesez and Bartos
1974; Isman and Duffey, 1982). The concentrations of cholorogenic acid
used in this calibration curve were based on the range of chlorogenic

acid in leaves obtained through H.P._L.C. Error bars indicate standard
deviation. .
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Estimates of total sugars were derived from a stand::.rd curve for glucose(Figure
7) with r = 0.99 F > 0.001 and y = 0.01 [mg glucose] +0.02. The determination v

was conducted in duplicate for each extract with five repetitions per cultivar.

[t

2.9 Determination of Total Nitrbgen

The solid residues from filtration of aqueous extracts (0.5 g dried leaves) used in
the determination of catecholics and sugars were used for determination of total

nitrogen without further treatment. . These determination was made by Janet

" Gale using facilitie at Ottawa Research Agriculture Canada, Ottawa, Ontario by

Kjeldahl analysis o

B v -

2.10 Paper Chromatography to Determine Sugar, Phenolic

Compounds and Aminoacids

Chromatography of extracts to observe sugar, phenolic compounds and amino acids

was performed on sReets of Whatman no.l filter pa;;er. n-Butanol : glacial acetic

acid : water (12 : 3 : §) was used as the developing solvent. Papers were run

descendmgly, overmght Amino acids were identified by spraying nmhyann (0 1%
in n-butanol conta.lnlng about 10% water) on the paper and heating for 3 mmutes ‘
at 105 C. Rf values of reactive spots were determined.

A second (duplicate) paper chromatogram was used to detect sugars and phe- .
nols. Sugars were detected by spraymg aniline hydrogen phthalate (aniline(930mg)
phthalic acid(1.6), dissolved in water sa.tura.ted n-butanol(100ml)) and were visual-
ized permanently by heating in a oven at.105 C for 5 minutes. Phenolic compoun'ds
were identified using ammonium vapor. Chlorogenic acid was a blue color and rutin

a brown color in the presence of UV light.



Figure 7: Standard curve for glucose using the method of Dubois et dl
(1956). Absorbance at 485 nm following the color reaction is plotted
against glucose concentration. Error bars indicate standard deviation
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2.11 Feeding Deterrence Test

The effect of chlorogenic acid and rutin on feeding behavior of second instar larvae
of S. absoluta was tested by applyhir.lg various concentra.tiqﬁs of aqueous solutions to
both surfaces of 20 mm leaf disks. The chlorogenic acid concentrations used were
0.0, 0.4, 0.8, 1.6, 3.2, 6.4 mg/g fresh wt. For rutin the concentra.tionsrused were
0.0, 0.6, 1.2, 2.4, 4.8 mg/g fresh wt. - o
The tomato cultivars sele_cted for low endogenous concentrations of these com-
pounds were ”Laser” in the caﬁe of chlorogénic acid and cultivar "Baron” in the
case of rutin. Control disks were treated with distilled water only. Five sibling
second instar larvae of the same age were placed ina plastic box (2.5 cm diameter) '
with treated disks of each treatﬁent in a ra.ndom';zed complete block design with
four replications. The experiments were conducted in ambient laboratory condi-
tions at 16/10 C day/night tempera.fures. After 48 hours the disks were evaluated

for consumption by counting the consumed area on a mm grid.



Chapter 1II

Results

- 3.1 Susceptibility of Tomato Cultivars under Field Condi--
tions a
Tomato cultivars grown in the field during the summers of 1984 and 1986 showed

significant differences with respect to total, parasitized and unparasitized number

of tomato fruitmoth larvae.

3.1.1 Total Tomato Fruitmoth Larvae (Parasitized and Unparasitized)
by Cultivar

Differences between the cultivars for the total number of tomato fruitmoth lar-
vae(determined as the sum of unparasitized and parasitized tomato fruitmoth lar-
vae) were remarkably consistent for the years 1984 and 1986 (Table 3; Figure 8).
During both years the cultivars Baron and Cal Ace had the largest number of total
larva, however, during 1984, the cultivar Laser was also among the most suscepti-
ble with no significant difference from Baron and Cal Ace. In 1986, this cultivar
appeared to have significantly lower (intermediate) susceptibility than Baron and
Cal Ace. The cultivars Hybrid 6718, Duke and Condino were found to have the
lowest suscepti_bility, with the lowest number of total larvae in 1984(without sig—
nificant differences). During 1986 the cultivar Duke also had the lowest number of
total ia.rvae but there was a significant difference from the cultivars Hybrid 6718
and Condino, which éxhibited a number of total larvae higher than that of Duke,

but significantly lower than that of the other varieties under study. Cultivars such
as Hybrid
\
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Cultivars

Baron

Cal Ace
Laser
‘|{Hybrid 7718
Ace 55 VF
Pakmor
Petoearly
Hybrid 6718
Duke
Condino

Mean

Table 3: Total number of S. absoluta (Meyrick) larvae on tomato varieties.during
summer of 1984 and 1986 in the field

Mean of total larvae  (#of larvae/leaf) **

1984

408 a

3.98 a

389 a

3.66 b
2.86 . c
2.72

2.47 d
1.84

- 1.78

1.73

2.90

Cultivars

Baron

Cal Ace
Hybrid 7718
Laser
Petoearly
Ace 55 VF
Pakmor
Hybrid 6718
Condino
Duke

)

1986

3.08 a

3.07 a

2.73 b
259" b

2.36 c d
2.33 d
2.31 d
1.42

1.28

. 0.90 Cf

2.21

* Means followed by the same letter in a column are not significantly different by
Tukey’s studentized range test (P = 0.0001)

** Based on an assessment of all cultivars placed in a randomized split plot design
| with 4 replicates. Each figure represents the mean number of unparasitized larvae
and parasitized larvae of tomato fruitmoth on ten leaves per replicate assessed at
the following plant ages: 57,64,71,85,92,100,116,123 days.
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Figure 8: Total tomato fruitmoth larvae (determined as the sum of un-
parasitized and parasitized tomato larvae) on tomato cultivars during
1984 and 1986.— Eack column represents the number of unparasitized
and parasitized tomato fruitmoth larvae on 80 leaves with 4 replications

per variety. Error bars represent one standard deviation and are given
for total larvae only
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- T718, Petoearly, Ace 55 VF, Pakmor showed an intermediate susceptibility in
both years.

When . examining total léa.rva.e per leaf for all cultivars at different plant ages
(Figure 9 and Appendix 1A), the same general trends were observed in both 1984
and 1986. The number of larvae increased to a maximum at 92 days when the
plants were between flowering and fruit set. These increases in larvae from days 57
o 92 are highly significant in both years.{Detailed statistical analysis for each plant
age c;in be'seen in Appendix 1A.) Following the peak at day 92, there is a gradual
decline in the number of larva; to day 123 (m-a.turity) which is also also significantly
different from the peak at day 92. How‘/ever, there were some differences in the

pattéfri between the two years (1984 and 1986). For exa.mplé the mean of larvae

over all plant ages was 2.90 larvae/leaf in 1984 but declined significantly to 2.21

)

larvae/leaf in 1986.(t = 16.8 df = 3.198 p > 0.0001). Another difference between
the years is the much moré rapid increase in population in 1984 as compared to
1986, which is also evident in the statistical analysis in Appendix 1A.

The anallysi.s of the total larvae, for individual varieties by plant age (Figure 10;
Figure 11), showed that maximal infestation was also high in individual varieties
in 1984 as compared to 1986. On the other hand,,@isusceptibie varieties showed
a much higher rate of increase to maximum tha._n resistant varieties which had a
much more stable population over whole the plant life cycle.

Another anaiysis was undertaken with only the total number of larvae between
72 and 100 days, this interval x;epresents both the major periodl of infestation and

the age of plants used in the la.b‘orat_ory study (Figure 9, Table 4). For this

——
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| Figure 9: Distribution of total and parasitized populations of tomato fruit-
moth larvae at different plant ages in the field during the summers of
1984 and 1986. The beginning of floweriry; and fruit set are indicated on
the diagram. Each point represents the mean of 100 leaves x 4 replicates




| ?33 b0 jup|d

czl ol 00l 26 S8 L ¥9 IS

o —e-
0.. l.r.r.... l\.ll\.\\.\.
o _ _e
.l.tr. \\.
O o —e--0"
o
el
! \o i
c _
/W -v \o \\\4
¥ /4/0// 5 v \\
\ / /
/4 d .\4
. v [o] // \\
| /o /// o ——Y,
"
/ ST 0\.. Y
o/ /
o
Lo/
\, S
\./
o
v
QB6| ADAID| PAZL|ISDID] @ - - - - - °
86| 90AID| paziiispidd o o
agE| 90AID] |DIOL v--- -~ v
b6l 90AID] [DIOL v v -
|08 - Bupiamoy} abDis
::: wco_
sbpys jup|d

o'l

02

1o¢

o'v

0'S

JD3| / 9DAID| UDAN



43

Figure 10: Distribution of the total and unparasitized population of
tomato fruitmoth larvae, on each variety at different ages of plant, in
the fleld during the summer of 1984. Each point represents the mean
of larvae on 10 leaves x 4 replicate ; Error bars represent one standard
deviation - \J '

A
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Figure 11: Distribution of the total and wunparasitized populations of
tomato fruitmoth larvae, on each variety at different ages of plant, in
the fleld during the summer of 1986. Each point represents the mean
of larvae on 10 leaves x 4 replicates. Error bars represent one standard

deviation
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Table 4: Total number of S. absoluta (Meyrick) larvae on tomato varieties between
171 and 100 days of age during summers of 1984 and 1986 in the field

N

Mean of total larvae (#of larvae/leaf) **

Cultivars 1984 Cultivars 1986

Baron 5.556 a Hybrid 7718 3.72 a

Laser 5.36 ab Cal Ace  3.60 a
Hybrid 7718 5.25 ab Baron 3.46 a

Cal Ace 5.09 b Laser 2.84 b

Ace 55 VF  3.78 c . Ace 55 VF  2.64 b
Petoearly 3.40 d Petoearly 264 b
Pakmor 3.39 d Pakmor 2.58 b
Duke 2.56 . e Hybrid 6718 1.66 c
Condino 2.50 e Condino 1.43 c d
Hybrid 6718 2.45 e Duke 1.22 d

* Means followed by the same letter in a column are not significantly different by
Tukey’s studentized range test (P = 0.05)

** Based on an assessthent of all cultivars placed in a randomized split plot design
with 4 replicates. Each figure represents the mean number of unparasitized larvae
and parasitized larvae of tomato fruitmoth on ten leaves per replicate assessed at
the following plant ages: 57,64,71,85,92,100,116,123 days.’
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plant age range the cultivars show excelleént consistency with respect to suscepti-
bility for the who‘le experimental peric;a (57 tc;' 123 days). The cultivars Baron, Carl
Ace, Hybrid 7718 andi‘ Laser showed the highest susceptibility and Duke, Condino
and Hybrid 6718 had the lowest susceptibility (Table 4).

3.1.2 Infestation of Tomato Fruitmoth Larvae by Parasitoid D. Phthori-

maeae de Santis on Leaves of Tomato Cultivars

 In both years D. phtho:;;'ﬁacac de Santis parasitized larvae of tomato fruitmoth
but during the summer of 1986, the number of parasitized larvae was significantly
lower than the summer of 1984 (¢t — test t = 55.9 df = 6.398 p > 0.0001) (Table
5). The highest number of parasitized tomato fruitmo.th'la.rva.e/ leaf was observed
on the Hybrid 7718 in both years. However the other varieties did not show total
consistency between years althou%)h similar trends were evident.

Significant differences were als;; determined with respect to plant:age (Appendix
2A) and between years (Figure 9) in relation to plant age. In 1984 and 1986 the
parasitized population followed very closely and in phase onf; the host population.
The highest number of parasitized fruitmoth larvae was observed at 92 days in both
years; This was the same time as the peak of total larvae. At 57 days the lowest
number of parasitized larvae was observed but was not significantly different with
plants at 116 and 123 da.ys‘ of age.

A stepwise regression was made of the parasitization rate by variety with re-
spect to the susceptibility (as measured by total number larvae/leaf by variety). A
correlation coefficient (r = 0.23 p > 0.51) was found for 1984 (Appendix 3A, Figure

12) and (r = —0.36 p > 0.31) for 1986.
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Table 5: Infestation of tomato fruitmoth larvae by parasitoid D. phthori-
maeae de Santis on tomato cultivars grown in the field during 1984 and
1988, Central Chile.

Mean number of tomato fruitmoth larvae parasitized/leaf **

Cultivars 1984 Cultivars 1986
Hybrid 7718 3.48 a Hybrid 7718 0.92 a

i Laser 328 b CalAce ~ 052 b
Baron 3.00 c . Pakmor 051 b
Cal-Ace 2.60 d Ace55 VF .049 b
Ace 55 VF 2.00 e Hybrid 6718 0.45 b

. | Pakmor’ 1.96 : e Petoearly 0.40 Dbec
Condino 1.48 f Baron: 0.28 cd
Duke 1.30 g Condino 0.24 d
Hybrid 6718 1.19 - g ". Duke 0.21 d
Petoearly 1.01 h Laser 0.18 d

Y. ap

Mean 2.13 | 0.42 *

* t test procedure indicates significant differences P = 0.0001.

** Based on an assessment of all cultivars placed in a randomized split plot design
‘| with 4 replicates. Each figure represents the mean number of parasitized larvae of

tomato {ruitmoth on ten leaves per replicate assessed at the following plant ages:
57,64, T1,85,92,100,116,123 days. |

Means followed by the same letter in a column are not’ significantly different by
Tukey’s studentized range test (P = 0.0001)
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Figure 12: Relationship between percentage of parasitization/leaf and
mean total number of larvae/leaf in the field during 1984 and 1986.
Percentage of parasitization and mean total number of larvae/leaf were
obtained from the cultivars in study. Error bars represent one standard
deviation '
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Differences between the cultivars for susceptibility to S. absoluta larvae \ﬁex;é not
entifely consistent but showed.the same trends for both years, based on number of

unparasitized larvae on leaves of tomato cultivars: (Table 6).

3.1.3 Number of Unparasitized Tomato Fruitmoth Larvae on Leaves

Significant differences were observed between the years for the means of all cultivar
in 1986 the population had increased with respect to 1984. (t test t=42.2 df=6398
p > 0.0001). - ' :

-

i ’
Significant differences were also found in relation to plant age and between the .

two years (Appendix 4A).

~

In both years the popula.tién showed the same tendencies observed for total

and parasitized tomato fruitmoth, whereas at days 85 and 92, the population of
unpa.rasiti;ea is significantly higher than the at other plant ages analyzed. At days
57, 116 and 123, the lowest numbers of unparasitized larvae were observed, but

significant differences were found (Appendix 4A)

3.2 Susceptibility of Tomato Cultivars under Laboratory
Conditions

In order tb avoid the complication of parasitization in the assessment of suscepti-
bility in va.ri.eties, laboratory tests with tomato leaf disks and fruitmoth larvae were
undertaken.

During the first larval in'star, the lowest damage to Ieavles was observed on
cultivar Duke but this cultivar was not significantly different from the land race
Condino (Table 7). These cultivars showed signiﬁca.n_t differences from Hybrid 7718,

| _ Pakmor and Cal Ace, which had the highest feeding rate by tomato fruitmoth.

n
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"“"Tabfé 6: Total unparasitized larvae of S. absoluta (Meyrick) on tomato varieties
| during summer of 1984 and 1986 in the field

Mean of live larvae (No. of larvae/leaf) **

P

Cultivars 1984 Cultivars 1986

Petoearly 1.46 a . Baron 2.831 a

Cal Ace 1.42 a Cal Ace 2.56 b
Baron . 1.05 " b " Laser 2.42 b
Ace 55 VF 0.86 - ¢ Petoearly 1.97 b
Pakmor 0.76 cd Ace 55 VF 1.83 C
Hybrid 6718  0.65 de Hybrid 7718 1.82 C
Laser 0.61 e f Pakmor 1.80 C
Duke 0.49 f Condino . 1.04 . d
Condino 0.25 g Hybrid 6718 0.97 d
Hybrid 7718  0.18 g Duke 0.70 e
Mean 0.77 I.79%

g g . . T

* t test procedure indicates significant differences P = 0.0001.
|

** Based on an assessment of all cultivars place in a randomized split plot design
with 4 replicates. Each figure represents the mean number of unparasitized larvae
of tomato fruitmoth on ten leaves per replicate assessed at the following plant ages:
57,64, 71,85,92,100,116,123 days. Means followed by the same letter in a column
are not significantly different by Tukey’s studentized range test,

m:‘
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Table 7: Consumption of tomato leaf disks by first and second larval instar of §.
absoluta (Meyrick) under laboratory conditions. 1984

Cultivars (Consumption of leaf/disk (So)*

Duke 15.2 a Duke 19.9 a
Condino 21.5 ab Petoerly 26,6 a b
Petoerly 26.2 bc Condine . 27.0 a b

Ace 55 VF 26.7 b c Hybrid 6718  34.8 b
Hybrid 6718 289 b ¢ 4 - Hybrid, 7718  45.3 c
Baron 320. bcd Hybrid Laser 46.1] C
Hybrid Laser 32.8 becd Baron 47.3 C
Hybrid 7718 . 33.2 cd Ace 55 VF ° 53.5 cd
Pakmor " 35.6 cd Cal Ace 60.2 de
Cal Ace 38.7 . d Pakmor 64.8 e

* Based on an assessment of all varieties placed in a fandom.ized complete block
design with 4 replicates, Each figure represents the mean percentage of consumption

of three (first larval instar)and one (second instar) larvae/leaf on 10 leaf disks per
replicate.

Means followed by the same letter In a column are not significantly different by

Duncan’s multiple range test (P = 0.05)
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Feeding increased with larval growth in the second and third larval instars on
all cultivars (Table 7 and Table 8). The cultivar Duke and the land race Condino

"also showed the lowest feeding by S. absoluta, and in the second larval instar were

* gignificantly different from Petoeatly. Results with the thir instars were very sim- -

ilar: Duke and Condino had the lowest consumption f leaves (14.5 and 17.6 %
respectively) while Cal Ace showed the highest consumption with (68.8%). The’

feeding of larvae on all cultivars as well as th‘é and race decreased du:ing the fourth

_ larval instar (Ta.ble 8). This decrea.se was due to the larvae enterxng their prepupal

phase. Nevertheless, in this stage Duke and Condino also had the lowest percentage
of leaf disk consumed, with no significant differences with Hybrid 6718. Cal Ace
Pakmor, and Ace 55 VF induced the highest feeding rate in fourth instar larvae.
Across all larval instars (figure 13} many culti;.rars were intermediate in their sus-

ceptibility, :;hd the overlapping ranges of signiﬁcancé in the Duncan’s test indicate

" a gradation in susceptibility. From the curves , it is evident that three cultivars are
" lowest in susceptibility (Duke, Hybrid 6718, Condino), two are intermediate (Baron

' Petoearly) and the rest are highly susceptible.

3.3 Analyisis cf Tomato Cultivars for Chlorogenic acid and
Rutin by H.P.L.C.

Chlorogenic acid and rutin which are known as insect detex;rents in other systems,

were analyzed in all cultivars.

Table 9 shows that the highest concentration of chlorogenic acid was found in

the land race Condino (3.19 mg/g fresh wt). The lowest .concentrations were found.

in the cultivars Ace 55 VF, Pakmor, Baron and Laser (0.74 to 0.30 mg/g fresh wt).



Table 8: Consumption of tomato leaf disks by third and fourth larval instar of S.
absoluta_(Meyrick) under laboratory conditions. 1984

Cultivars (Consumption of leaf/disk (%) *

Duke 14.5 a Duke 10.2 a

Condino - 176 a Hybrid 6718 164 ab

Hybrid 6718 184 ab - Condino 18.8 abe

Baron 277 b ec Petoearly - 23.8 bc
Petoearly 35.6 ¢ * Baron 26.6 c

Ace 55 VF 535 d Hybrid Laser 28.5 cd
Hybrid Laser 58.2 d . Hybrid 7718 28.5 cd -
Hybrid 7718 58.6 d Cal Ace 30.5. de
Pakmor 598 - d Ace 55 VF  33.2 de

Cal Ace 68.8 e Pakmor. 38.3 e

* Bas_ed‘,q‘r.l_;j-aﬁ .assessment of all varieties placed in a randomized complete block
design Wi‘t,_'h_’ 4 replicates. Each figure represents the mean percentage of consumption
of one larva/2leaf (400 mm2), with 10 leaf disks per replicate.

at

Means followed by the same lettér in a column are not significantly different by
Duncan’s multiple range test (P = 0.05}
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Figure 13: Consumption-{%) of tomato leéf disk by 4 larval stages of S.

absoluta (Meyrick) under laboratory conditions. The numbers indicate
the following cultivars.

Lot

1- Cal Ace 2- Ace 55 VF 3- Pakmor 4- Duke 5- Hybrid 6718 6- Laser 7- Baron 8-
Hybrid 7718 9- Petoearly 10- Condino ' '
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’I‘a.'ble 9: Levels of chlorogenic acid in leaves of tomato cultivars

Cultivars Chlorogenic acid

Condino 3.19 a

Petoearly 2.23 b

Hybrid 7718  2.21 bc

Hybrid 6718 2.00 bcd

Cal Ace l.44 cde

%e 1.37 def
55 VF 0.74 e f

Pakmor 0.59 f

Baron 0.40

Laser g.36

ta ¢a 09 gu ga

in tomato cultivars (mg/g fresh weight)*

* Each figure represents the meaq concentration of (as determined by H.P.L.C.)

chlorogenic acid in four plants with five
under greenhouse conditjons.

Means followed by the same letter in a
Duncan’s multiple range test (P = 0.05)

replicates at 98 days of plant age, grown

column are not significantly different by

+
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It is importa;lt to note that the cultivar Duke, which showed the lowest damage
to leaves under field and laboratory conditions contained only 1.37 mg/g fresh wt.
This is not signiﬁ;:a.ntly different:. from the cultivar Cal Ace had the highest feeding
rate by S. agbsoluta in the same test.

In the case of rutin (Table 10) the Hybrid 7718 showed a significantly higher
level (2.25 mg/g fresh wt) than all other cultivars. Ace 55 VF, Duke, Pakmor, Laser

and Baron had the lowest concentrations.

3.4 Total Concentration of Catecholic Phenolics

Total catechol content was found to be in the range of 2.13-8.76 mg/g fresh wt
(Table 11) for all cultivars. The Hybrid 6718 had the highest catecnol content but
was not significantly different from cultivars Hybrid 7718; Cal Ace; Pakmor and
Condino. Intermediate levels were found in the cultivars Laser, Duke Petoearly
and Ace 55 VF with overlapping ranges bf significance in the Duncaﬁ"s test. The
lowest level was found in the cultivar Baron, which also had overlapping ranges of

significance in the Duncan’s test with cultivars Ace 55 VF and Laser.
3.5 Sugar Content

The total sugar present in the tomato cultivars analyzed ranged between 34.7 and
8.1 mg glucose per gram foliage (fresh weight). (Table 12). The cultivars 6718,
Condino, Duke and Cal Ace showed the highest levels of sugar. Ace 55 VF and
Baron had the lowest levels, while intermediate levels were found in the other cul-

tivars.
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Table 10: Levels of rutin in leaves of tomato cultivars

Cultivars Rutin in tomato cultivars (mg/g fresh weight)*

"Hybrid 7718  2.25 a

Cal Ace 1.50 b
" Condino 1.38 b c
Hyrid 6718 1.20 b ¢ \
Petoearly 0.96 C "
Ace 55 VF 0.85 cd g
Duke 0.39 d
Pakmor 0.38 d
Laser 0.35 d
Baron 0.32 d

*

* Each figure represents the mean of concentration of (as determined by H.P.L.C.)

rutin in four plants with five replicates at 98 days of plant age, grown in greenhouse
conditions. '

Means followed by same letter in a column are not significantly different by Duncan's
multiple range test (P = 0.05)
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Table 11: Levels of catecholic phenolics leaves of tomato cultivars

Cultivars Free catechols in tomato cultivars as mg/g fresh weight

Hybrid 7718
Cal Ace
Pakmor
Gondino
Petoearly
uke
aser
Ace 55 VF
Baron

oW
gooToToT
nnoao
coao

o 0o

J

- . - . .j:_o:—-\h\ﬂ
— ) ™S
W O A ND ORI RN W W

* Each figure represents the mean of concentration of (as determined by H.P.L.C.)

catecholic phenolics in 16 leaves with five replicates at 98 days of plant age, grown
under greenhouse conditions. '

Means followed by the same letter in a column are not significantly different by
Duncan’s multiple range test (P = 0.05)

ha

,/k

=
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Table 12: Total sugars in leaves of tomato cultivars

Cultivars Total sugar in tomato cultivars
Hybrid 6718 34,7 a

Condino 33.9 a v
Duke 27.6 a b

Cal Ace 26,4 abc

Petoearly 22.5 bcd

Laser 21.7 bcd

Pakmor [9.6 becd

Hybrid 7718 17.6 cd

Ace 55 VF 13.5 de

Baron - 3.1 e

i

* Each figure represents the mean concentration of sugar content{ analyzed by the
methodology of Dubois et al 1956) of 16 leaves with five replicates assessed at 98
days of plant age, grown under greenhouse conditions.

¥

Means followed by the same letter in a column are not significantly different by
Duncan’s multiple range test (P = 0.05) '

~
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3.6 Nitrogen Content

The results of the determination of total nitroéen are shown in Table 13. Significant
differences in the content of nitrogen were found between the cultivar Baron and all

the other cultivars. The Hybrid 7718 and Petoearly showed the lowest percentage

of nitrogen in leaves.

3.7 Determination of Sugar, Amino acids and Phenolic Com-
pounds by Paper chromatography

-

Glucose and sucrose were observed to be main the sugars present on chromatograms
of tomato leaf extracts. The main phenolic compou.nds separated were, as expected,
chlorogenic acid and rutin. Phenylalanine was the only amino acid detected in all
cultivars under,-study by paper chromatography.

3.8 Effect of Chlorogenic acid and Rutin on Feeding of S.
Absoluta Larvae -
Significant antifeedant activity with chlorogenic acid added to leaf disks was ob-
served at concentrations of 1.6 mg/g fresh weight and above (Appendix 1B). A
regression line through the data showed a significant inverse relationship (Figure
14) y = —27(logC) + 68.9, r = —0.83, p = 0.05 where y is the consumption rate as
% of comtrol and C=[mg chlorogenic acid|. A PC50 (protective concentration for
50% inhibition of feeding) of 2.4 mg/g wt {log C= 0.38 )} was calculated from the

regression line.
At low concentration rutin had a phagostimulant effect on larval feeding (Ap-

pendix 2B). The concentration of 0.6 mg/g wt increased the feeding by 100% ,while

the concentration of 4.8 mg/g wt inhibited feeding significantly.
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Table 13: Content of nitrogen in leaves of tomato cultivars by Kjeldahl
analysis - :

Cultsvars Percent nitrogen in dry tomato leaves *
Baron 5.68 a
Ace 55 VF 4.75 b
Pakmor 4.64 b ¢

- Hybrid 6718 4.15 b ¢
Laser 4.00 c d ‘
Condino 3.59 d e
Cal Ace  3.24 e
Duke '3.22 e
Hybrid 7718 2.56 f
Petoearly 2.44 f

* Based on an assessment of all cultivars placed in a randomized complete block
design with five replicates. Each figure represents the percentage of nitrogen in |-
16 leaves per replicate assessed at 98 days of plant age grown under greenhouse
conditions.

Means followed by the same letter in a column are not significantly different by
Duncan’s multiple range test (P = 0.05)
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Figure 14: S. absoluta (Meyrick) consumption rate as percent of control
in response to different concentrations of chlorogenic acid The dashed
line indicates the concentration required to produce a 50% decrease in
consumption
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The EC50 for stimulation of feeding was 1.28 mg/g wt (log C=0.10) (Figure
i5). There was no change in feeding at 2.28 mg / g wt (log C=0.35) . For inhibition
of feeding,.the PC50 was 4.16 mg/g wt.,a;1d the regression line obtained was y =
—199.5(l0gC) + 173.2 r = —0.991 p > 0.001 where y the consumption rate as % of

control and C=[mg rutin].

-4

3.9 Correlation Between Infestation or Consumption of Leaves
by S. Absoluta and Levels of foliar catechollcs, chloro-
genic acid, rutin, sugar and nitrogen

The susceptibility results obtained in the ﬁeld for total and unparasitized tomato
fruitmoth larvae in 1984 and 1986 , and the laboratory assays of leaf disks con-
sumption by the four larval ipsta;,rs weré analyzed in relation to the concentration
of catecholic phenolicé, chlorogenic acid, rutin, sugar and nitrogen.The correla-
tion analysis revealed a significant inverse relationship betwéen the concentration
of sugar in the leaves at 98 days of age and the means of total number of tomato
fruitmoths per leaf in 1984 and 1986. A regression line fitted to this data for 1_984
(Figure 16) was determined through a stepwise regression procedure. y = —0.075
[mg glucose] +4.61 , r = —0.67 p > 0.033 _

The regression line fitted for 1986 data (Figure 17), also determined through
stepwise regression procedure, was: y = —0.063 [mg glucose] +3.63 r = —0.70
p > 0.024 ”

When comparing the total larvae in the field and the levels of chlorogenic acid

in leaves during 1984 and 1986 (Appendix 1C), an inverse relationship was also
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| Figure 15: 8. absoluta (Meyrick)rconaumption rate as percent.of control in
_ response to different concentrations of rutm. One dashed line indicates
t}:le concentration requu'ed to produce a 50% increase in consumption.
@ The other dashed line represents the concentration.for 50% inhibition of
consumption : ' :
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Figure 16: Relationship betvbe,n infestation of tomato fruitmoth larvae (as
sum of unparasitized and parajitized larvae in the field during 1984) per
leaf and sugar content of tomato, leaves at 98 days of age. Concentrations
of sugar and mean total number of larvae/leaf were obtained from the
cultivars under study. Error bars represent one standard devidtion
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Figure 17: Relationship between infestation of tomato fruitmoth (as sum
of unparasitized and parasitized larvae in the field during 1986) per leaf
and sugar content of tomato leaves at 98 days of age. Concentrations |
of sugar and mean tgtal number of larvae/leaf were obtained from the
cultivars under study. Error bars represent one standard deviation
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found with a mq&.;gina.l significance (r = —0.55, p > 0.099 for 1984 and r = —0.46,
p > 0.19 for 1986 ). The lines fitted through a forward selection procedure for
the variables under study are shown in Figure 18. In relation to consumption of
leaf disks for each larval instar th_e correlation was low but always in an in\_rerse
relationship ‘ (Appendix 1C).

The correlation between the dependent variables in the study and a.ndl the levelg
of rutin in leaves .(Appendix 2C) shows a very low and not significant correlation
(eg p = 0.54 m relation to consumption of leaf disks by third instar larvae and
p = 0.92 in relation to the total larvae in the field during 1984 ) although it is
important to ndtg that a positive slope was found. Lines fitted through a forward
regression procedure were def:ermined {Figure 19 and 20) for consumption of leaf
~disks by S. absoluta in each larval instar and the level of rutin and chlorogenic
acid in leaves. Although the significance levels were between p > 0.15 and > 0.74
(Appendix 1C and 2C) they were gfaphed to show. the negative slope of chlorogenic
acid and positive slope for rutin.

The catecholic phendlics had no significant correlation with the dependent vari-
ables. Ther valué for correlation with total number of larvae for 1984 was -0.41 with
p > 0.24 and for 1986 r = —0.37 with p > 0.28. The r for the correlation between
each larval instar and catecholic. phenolics was between 0.05 and 0.32, with p > 0.53
and 0.92 (Appendix 3C). As is shown in Appendix 4C, there were no significant cor-
relations between total number of larvae in 1984 and 1986, and nitrogen content of
leaves. The same results were obtained for consumption of leaf disks by each larval
instar. When relationships a.mc;ng ievels of catecholic phenolics, chlorogeﬁic acid,

- rutin, sugar and nitrogen were examined, several significant correlations

-
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Figure 18: Relationship between infestation of tomato fruitmoth (as sum
of unparasitized and parasitized larvae in the field during 1984 and 1986)
per leaf and chlorogenic acid content of tomato leaves at 98 days of age.
Concentrations of chlorogenic acid and mean total number of larvae/leaf
were obtained from the cultivars under study. Error bars represent one
standard deviation \
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Figure 19: Relationship between consumption of tomato leaf disks by first
and second larval instar of S. absoluta and chlorogenic acid and rutin
content of tomato leaves at 98 days of age
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.

Figure 20: Relationship between consumption of tomato leaf disks by third
_|and fourth larval of S. absoluta and chlorogenic acid and rutin content of
‘tomato leaves at 98 days of age
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were determined. Betwzen levels of catecholic phenolics and chlorogenic acid
a significant correlation was found with, r = 0.65 and p = 0.04. A significant
correlation was also found between éafecholic phem?lidi and rutin with r = 0.65 and
p = 0.04. The total sugars analyses showed a significant con:elation with catecholic
phenolics with r = 0.74 and p > 0.01. Also, a correlation was,_dételrmined between
total sugar and chlorogeﬁic id (r = 0.65 p > 0.039). There W‘as‘ a significant
correlation between the nitrogen content and the level of chlorogenic acid (r= -0.65

p > 0.04). However, significant correlations between nitrogen and other variable

were not found.

~

3.10 Correlations Between Infestatlon by S. absoluta and .
J Levels of Foliar Sugar
The negative correlation between susceptibility and sugar content was a striking re-
sult which required some reassessment of the experimental design. It is, of 'course,
very unusual to find that a phagostimulant,as sugar, actually is correlated with
decreased susceptibility. A possible explanation for this result is that the Pﬁbois
a:ha.lysis for sugar w;s in fact, detecting a tomatine, which is a glycoside containing
two molecules of glucose and one each of galactose and xylose To test this hypoth-
esis a final experiment was undertaken to determme the effect of pure toma.t.me
in the Dubois test. The Du&a_i-s test indicated that in the case of variety Ace 55
VF, which has been reported as having 0.76 mg tomatine/g fresh Iez;ves (Elliger
et al,1981}, there is yield of 0.537 mg/g fresh weight of glucose equivalents in the
colorimetric reaction based on the tomatine contribution. This tomatine represents

only 4% of glucose equivalents detected in extracts of this variety. If we consider

that Lycopcrs:con esculentum, has been reported to contain betWeen 60 and 400
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mg/100 g fresh weight of a tomatir;e (Sinden et al, 1978), we conld aséume that in
varieties with both high levels of sugars and the .highes.t level of o tomatine(Table
14), only a (8% of the total sugar equivalents could be att{ibuted to the presence
of ¢ tomatine. These results do not support the hypothesis that o tomatine is

contributing significantly to the colour reaction in the Dubois test.

C

rd




%

Chapter IV

‘Discussion
) |

The presént study has determined that within the commercial cultivars of‘ Lycop-
ersicon esculentum Mill. tested, there is a considerable and reproducible range of
susceptibilities to attack by S. absoluta Meyrick larvae. Fﬁrther.more the de.vel_op--
ment of natural eneri:ies of this pest does not appear to be correlated to the tomato
plant resistance. Thus, natural resistance and biocontrol can be combined in the
pesfi managexil’éf@kﬁfrategy. In an investigation of putative antifeedants and phagos-
timularit‘s of S. absoluta in tomato cultivars, sugar a bhagostimulant,is actually
correlated strongly and signiﬁcantiy with decreasing susceptibility. Determination

of total sugar by colorimetric methods might be an effective way to rapidly classify

tomato plant varieties for differential resistance to S. absgluta.

»

4.1 Degrees of susceptibility of commercial tomato cultlvars
' to §. absoluta (Meyrick)

In the presént study degrees of susceptibility of tomato cultivars after infestation
with S. absoluta larvae were classified on the basis of a multiple range analysis at
a level of signiiicance of P=0.0001. In the field, the cultivars that had the highest
number of to larvae/pér leaf were considered highly susceptible and the cultivars
with the lowest significa.nt number of total larvae per leaf were considered to be low
in susceptibility. 'i’.'he cultivars that showed infestation levels between high and low
susceptibility, with significant differences from these two groups, were considered to
be of intermediate susceptibility; |

Degrees of susceptibility and/or resistance are usually measured by the damage

4
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that a specific insect causes under a given set of conditions (Horl;er, 1980; Mihm,
1983). However in the present study, a rating scale of damage in tomato leaves
or fruits by S. absoluta larvae was not considered reliable. Fifst, there was the
problem of quantitatively assessing leaf area damaged by a microlepidopteran which
produces small tunnels. Secondly, a high parasitization rate was observed (Table 5)
in all the cultivﬁ.rs, which masKed the total potential damage that tomato fruitmoth

!
. could have produced. For this reason, total larvae supported per leaf was the best

measure of susceptibility. i

* The field test showed that cultivars Duke, Hybrid 6718 and land race Condineo
have low susceptibility. to S. absolutg‘ larvae, the cultivars Baron and Cal Ace have
a high susceptibility. The other cultivars Laser, Hybrid 7718, Ace 55 YF, Pa.kmor
and Petoearly were of intermediate susceptibility. .

The degree of susceptibility in standardized laboratory tests was also determined
on the basis of the multiple range a.n&lysis .at a statistical level of P=0.0§, using
measurements of the amount of leaf area consumed by each larval instar of S. ab-
soluta per cultivar. This test also showed sighiﬁcant differences among cultivars in
relation to consumption of tomato leaf disks by S. absoluta la;rvae. The varieties
found in the field to be less susceptible to tomato fruitmoth were also found with
low susceptibility in laboratory fee&i;g tests across all larval instars. However, the
cultivar Baron found in the field as susceptible, showed an intermediate susceptibil-
ity, under laboratory conditions, while the other cultivars were found to be highly
susceptible.

While no data is available about oviposition preference, artificial infestation in

the field would tend to mask the natural infestation and reflect antibiosis more
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than preference. Laboratory tests on consumption in a no choice situation are
possibly also an indication of antibiosis (Renwick, 1983). Growth studies, which
were not a.ttempteld because of the lack of a meredic diet and small size of larvae,
may be a better index of antibiosis than consumption studies. On the other hand,
analyses of correlations bet\.a'rééh infestation in the field for both years and feeding
in laboratory conditions across all larval stages, showed a high level of significance
(r =085 p> 0;002 for 1984 and r = 0.67, p > 0.033 for 1986), which sﬁggests
similar mechanisms of resistance to S. absoluta ogerate under field and labofatory
conditions. In addition, the result indicates that a rapid laboratory assessment of
consumption is a predictable indicator of field performance.

The differences in tomato fruitmoth larvae populations in the field, or feeding

behavior in the laboratory on different cultivars and the significant correlation found

AR

between tﬁeéé variables sﬁg_ge;;ts 'thé pré;enCe of some physical and/or chemical

make up of tomatp leaves tﬁat may be interacting with S. absoluta . The low

number of larvae/legf found in-the land race Coﬁdino under field conditions can

be explained in part by its physical characteristics: }ﬁéher pubescence and tissue

toughness compared to the other cultivars studied. However, physical differences
among other cultivars -was not established.

Condino is a land race obtained from ”campesinos” frorﬁ Rengo, Central‘Chile
where it has been cultivated for a long time and is valued locally because this toma.to‘
land race has lower damage by S. absoluta than the commercial cultivars. The re-
sistance is maintained by active selection by local farmers, who have observed its

agronomic performance. However because of its moderate yields, Condino is not

used commercially. The other resistant cultivars Duke and Hybrid 6718 both are
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hybrids. Duke is known to be highly resistant to fungi, especially to Vertitillium 3

("\

spp and Fusarium ozysporum var lycopersici race R1 and R2, widely distributed.
} _
fungi in Chile. Hybrid 6718 is also knownfor its resistance to Alternaria stem

canker (Pet&éeed,' Chile, 1984). It is’possible that the allelochemicals underlying
‘plant resistance to pathogens in these va.rietie;s are also implicated in the resistance
to S. absoluta larvae, as has been determined in other systems. For example, cat-
echol is apparently é. factor in disease resistance in onions, and has been found
to be toxic to the greenbug, Schizaphss graminum, and to inhibit the growth a}nd
digestive physiology of the black cutworm (Bell, 1974}). However, in the present
study, Baron, a cultivar resistant to fung.i, showed high suscepti'_bility to S. -absolut;:
in. field. Therefore, resistance to fungi may not always be an indicator of resistance
to insects.

The results of the present study show that plant resistance should be studied
in relation to the biology of the insect pest, as well as the natural enemies that
interact with the pest. The larval population remained low at the beginning of
February and increased to 2 maximum in the beginning of March (plant age: 92
days). This result is to be expected considering that regular artificial infestation was
employed. The higher maximum population in 1984 as compared to 1986 probably
reflects higher natural infestation (in addition to the artificial infestation) in 1984
as compared 1986. In this study it was also clearly established that varieties with
low susceptibility showed a more stable population of larvae than high susceptibility
varieties. Another important feature of the population dynamics is that the increase

in the larval population observed at beginning of March coincides with fruit set

in late tomato production. The result is a high level of fruit damage, varying
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from 60 to 100% if the cultivars are susceptible to S. absoluta (Matta and Ripa,
1981). This damage is compounded by the Iﬁovemeﬁt of larvae from foliage to fruits
and new oviposition in fruits. The present observations of the dynamies of larval
populations for the Aguila Sur locality {Paine, Metropolitan Region) are slightly
displaced in relation to observations by Matta and Ripa, 1981 for the Quillota
locality (V' Region), where the ma.xlmum larval populatioh wés observed in mid
February during the 1971 and 1972 season.

The time of p]:{nting of a particullé.r variety and the dynamics of the fruitmoth
population can influence the final damage observed. For example, Cal Ace, one
- of the cultivars found to be the most susceptible to S. absoluta, is also the most
frequently utilized cultivar in later production in Central Chile. The combined in-
crease of‘ the tomato fruitmoth larval population during the beginning of March and
the high susceptibility of Cal Ace explain why extremely high levels of damage cccur
often in this situation, Baron the other cultivar also found to be hfghly susceptible
under field conditions, normally does not have serious problems with S. absoluta be-
cause it matures before the insect pest is at a maximum in Central Chile. However,
it is very important to consider this susceptibility for Northen Chile where 5. abso-
luta attacks tomato plants during the entire yea.r.(Vargas, 1970; Acuna, 1970). The
less susceptible varieties such as Duke and Hybrid 6718 are used in early production
in the field and greenhouse respectively, because of their biological characteristics
in relation to pollen maturation and re_sistance to low temperatures. These are
conditions where fruitmoth E)opulations are Jow, and the consequent damage is very
low because of combined resistance and low populations. Condino, the low sus-

ceptibility land race, is not produced commercially, but potentially could be used
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late in the field, although yields may be generally lower than the cultivar Cal Ace.

The threshold cost-benefit of this land race in comparison to other cultivars and S.

absoluta control is beyqnd the scope of this study, but is an important consideration

for future recommendations.

The effect that the 'miroduction of resistant varieties can have on the third
trophic level (parasitoids and predators), is an important factor to analyze in plant
insect relationships. Natural enemies of a pest doﬁ ﬁot always possess ecological and
physiological tolerances enabling them to survive physical or biochemical perturba-
tions in the host plant (Philogéne, 1982). Several studies (Campbell and Duffey,
1979; ‘Thurston and Fox, 1972; Mc Douga11:1986) have demonstrated: the potential
incompatibility of biological control with host-plant resistance 'progrlé.ni:s that select
for a high contentof a chemical toxic to the pest. Campbell a.nd_Duffey,lQ'TQ and
1980 showed that the naturally occurring glycoalkaloid in tomé.to, a toﬁ:a.tine, is
toxic to an ichneumonid parasitoid of Heliothis zea. In the present investigation,
larvae of S. absoluta were found parasitized in large proportion by the parasitoid
D. ﬁhthor:'macael De Santis. A parasitization rate of 73.4% for 1984 was found
and 19% in 1986. Rojas (1981) indicated that this parasitoid can parasitize up to
40% of S. absoluta in‘\fhe field under natural conditions. Larrain (1986) suggested
that D. phthorimaeae is the most effective natural enemy of S. absoluta in Central,
Chile. rI;he present investigation also determined that D. phthorimaeae was the
most important parasitoid establishing on S. absoluta larvae, but its.population is
evidently highly variable from one season to the next, and in this study was higher

than that found by Rojas,1981. This could be explained by disturbances in the

—
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phytophagous insect-natpral enemy complex. The field test was undertaken in a re-
gion where the surrounding area under tomato cultivation was much higher in 1986
than 1984. Thereforel, the intensive insecticide application during 1986 could have
affected this parasitoid, because natural enemies are generally more sﬁsceptible to
pesticides than their hosts or prey (Philogéne, 1982). The results of the present
study indicate that there is no correlation between the rate of D. phthorimaeae
pa.rasitiza.tion of S. absolutalarvae, with susceptibility among varieties. This finding
suggests that factor(s) confer)ing resiétance in tomato cultivars to S. absoluta do no
affect D. phthorimaeae. Therefore, resistant varieties and biological control utilizing
D. phthorimaecae may be combined for the control of S. absoluta a finding that has

considerable applied importance in an I.LP.M. strategy.

4.2 Chlorogenic acid, rutin and total catecholic phenolic
compounds in leaves of tomato cultivars and their rela-
tion with degrees of susceptibility to S. absoluta (Meyrick)

:l‘he resistance of tomato plants to insect pests has been shown in numefous in-

vestigations to be controlled By physical factors and/or phytochemicals (Cosenza

and Green, 1979; Fery, 1974; Fery and Cuthbert, 1975; Barbosa, 1979; Schuster et
al 1979, Elliger et al, 1981, Duffey and Isman, 1981; Isman and Duffey, 1982a,b).

However, the present investigation suggested that only the land race Condino had

important physical characters that could be involved in the resistance to S. absoluta

In the foliage of tomato plants and related wild and cultivated species, some

chemical compounds have been demonstrated to confer resistance to some insect

N
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péts (Fery and Cuthbert, 1975; Elliger et al, 1981; Duffey and Isman, 1981; Is-
man and Duffey, 1982a, 1982b). Phenolic compounds at concentrations present in
tomato have been found to act as deterrents to Heliothis zea larvae (Lepidoétera:
Noctuidae). In the present study, it was determined that chlorogenic acid at con-
centrat{ori§ found in the cultivars under study (Table 9) {between 0.319 and 0.036%
fresh weight) may contribute to but is not totally responsible for observations of S.
absolu.ta. under field and laboratory conditions. For example, the field results show
an inverse relationship with a negative slope in both years between the numt_{er of
larvae/leaf and level of chlorogenic acid in leaves.The r2 value for 1984 wa.-s 0.30
and for 1986, 0.21, suggesting that 30% and 21% of the variation between cultivars
in the two years can be explained by variation ir chlorogenic acid. In addition, a
direct measure of deterrent action of chlorogenic acid to S. absoluta larvae was ob-
served in laboratory feédinélags'ay where chlorogenic acid had an antifeedant effect
on second instar lacrvae. The PC50 (the concentration for 50% inhibition of feeding)
was 2.4 mg/ g fresh weight, and this concentration is within the concentration range
found in the cultivars under study. The land race Condino showed the highest level
of chlorogenic acid with 3.19 mg/g fresh weight. The PC50 of chlorogenic acid to
5. absoluta is comparable to H. zea (PC50=2.5 mg/g fresh weight) (Elliger et al,
1981; Isman and Duffey, 1982). Both the antifeedant activity of chlorogenic acid
and correla.tioﬁs between field resistance and H.P.L.C. levels of chlorogenic acid in
leaves suggest that the substance plays a role in resistance, but may not be the only”
factor involved.

The response of tomato fruitmoth to rutin was different from that observed with

chlorogenic acid. The field test does not show any significant correlation between
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number of larvae supported per leaf and levels of rutin in leaves, but it is impor-
tant to note that its slopeswas positive. The laboratory feeding test showed that
rutin, at observea intermediate levels in the tomato cultivars (0 32-0.6 mg‘/ g fresh
welght) could be phagostimulatory (EC50, the concentra.txon for 50% stimulation
of feeding, was 1. Z‘é&mg None of the cultwars analyzed had rutm levels sufficiently
high enough to act as phagodeterrents based on the antifeedant assay, where deter-

_,_____/
rence for 50% inhibition of feeding was observed at concentrations above 4.6 mg/g

fresh wt. This result suggests that rutin functions as a kairomone, rather than an al-
lomone, as has been observed with many allelochemicals in other systems (Beck and
Reese, 1976; Bernays and Chapman, 1979). With rutin there are diverse responses

" with different insect spec‘ies. For ex‘a.mple, McFarlane and Distler(1982) and Neville
and Luckey(1971) report that rutin enhanced larval growth of the cricket(Acheta
domesticus) when added to the diet of this insect. Similar responses to dietary con-
centrations of rutin were found in the boll weevil, Anthonomus grandis (Maxwell et
al, 1967).

Total catecholic phenolic compounds were neither related to levels of 5. absoluta
in the field, nor to feeding behavior under the laboratory conditions. Isman and
Duffey(1982) reported that in five tomato cultivars analyzed, including Ace 55. VF,

-chlorogenic acid and rutin consituted é.bout 60% of the total phenolic content. In
the present investigation, in the land race Coﬂdino, chlorogenic acid and rutin con-
stituted 64% of the catecholic phenolics compounds. The total catecholic analysis
reveals the presence of other pl-lenolics, for example, a caffeyl derivative of aldaric

acid and other flavonoid gylcosides not identified, but reported to be present in

tomato leaves (Elliger et e/, 1981; Duffey and Isman, 1981). However there was a
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sighiﬁcant correlation between level of catecholic phenblics and content of chloro- -
genic acid and rutin, suggesting that catecholic content is strongly. influenced by
chlorogenic acid and rutin . For Ace 55 V.F., Isman and Duffey (1982) found a
total phenolic content of 0.45% fresh weight using the same methodology as the .
present study . The value found in -t:.ilis study (0.44 %) is in close agreement with
their finding. Further compa.fison confirms that cultivars analyzed in this study
have levels of catecholic phenolics higher than those of the other cultivars studied
by Isman and Duffey, and that these differences are not due to methodology. H.

zea, the insect that these authors have studied, is present in Chile attacking corn,

but.its occurrence on tomato plant is only occasional. An explanation could he

the higlh level of catecholic phenolic compounds found in the cultivars cultivated in

Chile. Al

4.3 Relationship between sugar content of leaves of tomato

cultivars and their susceptibility to S. absoluta (Meyrick)
The levels of sugar found in the tomato hybrid culiiiva.rs under ?dy coincide with
the ra.nge' determined by Gent(1984), also for tomato hybrids (24.5 to 35.3 mg/g
fresh wt) in greenhouse c;nditions, with the exception of the cultivar Baron, which
showed the lowest level of sugar (8.1 mg/g fresh wt). On the other hand, his cultivar
was the earliest producer. An explanation for the low sugar level is that frﬁit ripen-
ing produces a mobilization of sugar, resulting in decreases in sugar lgvels in leaves
(Gent, 1984). Glucose and sucrose were the free sugars determined through paper
chromatography, although Gent(1984) indicates fructose may also be commonly

found in tomato.

The role of sugar and especially sucrose, as a general feeding stimulant to many

& iy



insect species is extremely well documented (Shoonhoven, 1982). However, in the
-present 'study, a significant correlation was not found between proportions of leaves
consurned by S. absoluta larvae in laboratory conditions and level of sugar per culti-
var, bul an inverse correlation. was found between the number of tomato fruitmoth
larvae /tomato leaf under field conditions and sugar levels in tomato .leaves. The
_cultivars with the highest levels of sugar in leaves shg_\{v_ed a lower susceptibility to
tomato fruitmoth larvae under field conditions, where some proportion of infestﬁ-
tion by S. ab;soluta is natural. It is particularly striking that these compounds long
recognized asnphagostimulants, are correlated with low susceptibility inthe infesta-
tion under field conditions. Any allelochemical in tomatoes inhibiting the growth

P

of larvae and whose concentration is strongly and highly positi

correlated with
sugar levels could ezlcplain' the observed results. Chlorogenic acid is o
ity, and a correlation between sugar content and cl:xlorogenic acid exists,
r2 value , 0.42, although significant is not very high. Furthermore the correlation
between field infesta'ti.on and syigar content(r2 = 0.45 in 1984 and 0.49 in 1986 )
is much higher than ;:he correlations between field infestation and chlorogenic acid
content (r2 = 0.30, r2 = 0.21 respectively), suggesting that some other factor than
chlorogenic acid must also be involved. }”"_\

A second candidate allelochemical whlich \may be correlated with sugar levels
and be responsible for the. effect is « tomatine, a compound which has been found
to inhibit feeding in Colorado potato beetle Leptinotarsa decemlineata (Sturchkow,
1961), and Locusta (Bernays and Chapman, 1979). « Tomatine is a glycoalka-
loid whose content in tomato Iéa.vgs has been reported as highly variable (range of

460 to 5100 mg/100 g dry-wt): The variation is apparently due to factors such as
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plant genotype, its stage of development and aeasoﬁa& condition{Sinden et al, 1978).
Tomatine content is higher in most wild species than in commercia.i cultivars(Khun
et al, 1050}, Leaves of the tomato cultivars have a tomatine levels of 400-60 mg,/100
g fresh wt. Elliger et ol {1981) and Isman and Duffey(1982) showed that « toma-
tine in diet concentrations reduces the larval growth of H.zea, with ED50 between
0.40 and 0.90 ;ng/g fresh weight. In search of an alternate explanation to the phe-
nomenon, « tomatine was tested for its effect on the colorimetric sugar test. This
cxperiment revealed that a tomatine, which contains two molecules of glucose and
one cach of galactosle and xylose {Roddick, 1974) only contributes between of 4 to
8% the concentration of sugar detected in Chilean tomato cuitivars by the Dubois
methodology. .

At the commencement of the present study the analysis of a tomatine content
.in leaves was not considered as a possible factor of resistance to S. absoluta because
previous investigationsiéhowed that « tomatine, in association with phytosterols
in tomato plants, is inactivated as an insect toxin at both the level of herbivory
and the third trophic level {Campbell and Duffey, 1979a; 1979b; 1981). Neverthe-
less, the result obtained in the present study suggest that the determination of o
toraatine levels in tomato caltivars is warranted, and its interaction in the degree
of susceptibility of tomato cultivars to S. absoluta, and, of course, with other in-
hibitors such as protease inhibitors (Ryan et al, 1986; Broadway et al 1986}, should
be considered.

On the other hand, th:e strong and significant correlation obtained between the
susceptibility of tomato cultivars to S. absoluta and the sugar content of tomato

leaves suggest one possible application of colorimetric methods as an effective way



to rapidly classify tomato plant varieties for differential resistance to S. absoluta .

4.4 Relationship between nitrogen content of leaves tomato
cultivars and their susceptibility to S. absoluta (Meyrick)
Plant nitrogen is a component of plant tissue Acritical t{)r\phyto.phagous insects
(Strong et al, 1984). Nitrogen is variously measured as total nitrogen, soluble
nitrogen, amino acid levels or protein nitrogen, depending upon the author. In the
present study the content of nitrogen in leaves (% N in g dry wt) was tested.

An increase of nitrogen content in plant often improves assimilation and growth
efficiencies, rates of growth survival and reproductioﬁ of individual insects and pop-
ulations, and the average population size increases (Onuf 1978; Prestidge, 1982).
However, in the present investigation, no correlation was observe_d between the
% nigrogen in the leaves and neither number of larvae/leaf in the field, nor the
consumption of tomato leaf disks . Nitrogen had an inverse relationship with the
level of chlorogenic acid in leaves. which is interesting to note, because this result
suggests that high level of chlorogenic acid combined wiﬁh low* levels of nitrogen
in tomato leaves could be negatively affecting the number of larvae supporte'd in
tomato cultivars. However much more experimentation is required.

In summary, the results of the present study suggest that the degree of suscep-
tibiljty of tomato cultivars to S. absoluta can not at this time be clearly correlated
with any one classical allelochemical. The hypothesis of a relatio_nship between
sugar and a tomatine in the tomato cultivars under study must be tested as the

next step towards understanding thejiological badsis of the tomato plant-S. absoluta

interaction.



Appendix 1A

98

Number total of S. absoluta (Meyrick) larvae

on all cultivars of tomato plants at different ages

in the field during 1984 and 1986

Mean of total larvae (total number of larvae/léaf} ¥

Plant age days 1984 -

92  5.17
85  4.10
100 3.78
71 2.69.
116 2.41
123 1.83
64 1.78 -
57 145
Mean2.90

92
85
71
100
64
116
123
57

2.81
2.68
2.58
2.26
2.21
1.79
1.79
1.56

T 2.21

Plant Age days 1086

** Based on an assessment of all cultivars place in a randomized split plot design
with 4 replicates. Each figure represents the mean of 400 plants.

Means followed by the same letter in a column are not significantly different by

Tukey’s studentized-range test {P = 0.0001)

~J
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Appendix 2A

Y

7

Infestation of tomato fruitmoth by parasitoid Dineulophus phthorimacac ]

De Santis . _

—on all cultivars of tomato plants at different ages in the fiéld during
1984 and 1986 -

Mean number of parasstized tomato fruitmoth larvae/leaf *

Plant age days 1984 Plant Age days 1986
92 3.95 a 85 0.72 a
100 3.03 b 92 0.70 a
85 2.78 C 71 0.57 b
116 1.93 d 100 0.51 b
71 1.87 d 64 0.30 c
123  1.53. e 116 0.22 cd
64 1.08 f 57 0.19 d.
57 0.87 £ 123 0.14 d
[4rS
Mean 0.42 2.13

** Based on an assessment of all cultivars place in a randomized split plot design
with 4 replicates. Each figure represents the mean of 400 plants.

Means followed the same letter in a column are not significantly different in Tuﬁey’s
studentized range test (P = 0.0001)
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Appendix 3A

Correlation coefficient between paragitization rate of tomato fruitmoth
larvae and susceptibility of varieties
to tomato fruitmoth larvae (as total number of larvae) during 1984 and
' | 1986 :

‘Dependent variable Independent variable Correlation coefficient

Parasitization rate 1984 Susceptibility 1984 r=023 p>0.51
Parasitization rate 1986 Susceptibility 1986 r=038 p>0.39
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Appendix 4A

Infestation rate of S. absoluta (Meyrick) larvae on all cultivars
of tomato plant at different ages, in the fleld during 1984 and 1986

Mean number of unparasitized tomato frustmoth larvae/leaf *

Plant age days 1984 Plant Age days 1986
85 1.32 a 92 211 a
92 1.22 a 71 2.01 ab
71 0.82 b 85 1.95 ab
100 0.75 be 64 1.90 bc
64  0.69 cd 100 1.76 cd
57 0.57" de’ 123 1.64 de
116  0.49 e 116 1.57 e 4
123 0.31 : f 57 1.37° f

Mean 0.77 1.79

* Baséd on an assessment of all cultivars place in a randomized split plot design-
with 4 replicates. Ea.cP figure represents the mean of 400 plants.

Means followed the saine letter in a column are not significantly different in Tukey’s
studentized range test\(P = 0.0001)

-
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Appendix 1B

Consumption of leaf disk (%) by second larval instar of 5. absoluta

7 (Meyrick) .
on tomato leaves treated with different concentrations of chlorogenic
- acid
!
Concentration of Consumption of leaf disks by
chlorogenic acsd . second larval instar of
- mg/g wt S. absoluta as % of leaf disks *
00 424 a
0.8 363 ab
0.4 336 a bc
3.2 | 21.8 becd
1.6 : '17.4 ¢ d

6.4 o 11.4 d

* Each figure represents the consumption (%) on five leaf disks of five sibling second
instar larvae per leaf with 4 replicates during 48 hours, under laboratory conditions.

Means followed by the same letter in a column are not significantly different by
Duncan’s multiple range.test (P = 0.05)
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. - Appendix 2B
L

Consumption of leaf disk (%) by second larval instar of
S. absoluta {Meyrick) on tomato leaves treated with different

concentrations of rutin :
Concentration of Consumption of leaf disks by
rutin mg/g wt second larval instar of

S. absoluta as % of leaf disks *

0.6 51.7 a
1.2 355 b
0.0 231

2.4 19.5

4.8 10.9 d

4

* Each figure represents the consumption (%) on five leaf disks of five sibling second
instar larvae per leaf with 4 replicates during 48 hours, under laboratory conditions.

Means followed by the same letter in a column are not significantly different by -
Duncan’s multiple range test (P = 0.05)
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Appendix 1C

¢

Correlation coefficient between total number of larvae in the field and
consumption of leaf-disks (%)

by four larval instars of S. absoluta in relation to content of chlorogenic
acid in leaves at 98 days of age

[

Dependent variables Independent variable chlorogenic acid
o correlation coefficient=r

o

Total larvae 1984 ) —0.551 p > 0.099
Total larvae 1986 —0.456 p > 0.185
Consumption by first instar -0.374 p > 0.286
Consumption by second instar  —0.367 p > 0.296 !
Consumption by third instar - —0.481 _ _ p> 0.159

Consumption by fourth instar  —0.383 p > 0.273
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Appendix 2C

Correlation coefficient between total number of larvae in the fleld and

— | consumption of leaf disks (%)

by four larval instars of S. absoluta in relation to content of rutin in~
leaves at 98 days of age

Dependent variables Independent variable rutin
' correlation coefficient=r

Total larvae 1984 0.37 p > 0.918
Total larvae 1986 0.100 p > 0.782
Consumption by first instar 0.192 p > 0.595 -
Consumption by second instar 0.214 p > 0.552 -
Consumption by third instar .. 0.116 p > 0.749

Consumption by fourth instar  0.218 p > 0.543
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Appendix 3C

Correlation coefficient between total number of larvae in the field and
consumption of leaf disks (%) by four larval instars of
S. absoluta in relation to content of catecholics phenolics in leaves at 98
days of age

Dependent variables Independent variable cathecolics phenolics
" correlation coefficient=r

Total larvae 1984 0.407 p > 0.242
Total larvae 1986 , 0.372 p > 0.288
Consumption by first instar 0.059 p > 0.870
Consumption by second instar 0.223 p > 0.535
Consumption by third instar 0.032 p > 0.929

Consumption by fourth instar  0.138 p > 0.702




: ( _
- A

Appendix 4C

Correlation coefficient between total number of larvae in the field and
. consumption of leaf disks (%)
by four larval instars of S. absoluta in relation to content of nitrogen in
A leaves at 98 days of age

Dependent variables : Independent variable nitrogen
correlation coefficient=r

Total larvae 1984 0.206 p > 0.567
Total larvae 1986 0.172 p > 0.634
Consumption by first instar 0.190 p > 0.599
Consumption by second instar 0.195 p > 0.590
Consumption by third instar - 0.214 p > 0.553

Consumption by fourth instar  0.230 p > 0.523
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