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Abstract

N. Vitta, P. Estay, and Chorbadjian, R.A. 2016. Characterization of resistance expression
in genotypes of Solanum Section Lycopersicon against Tuta absoluta (Lepidoptera:
Gelechiidae). Cien. Inv. Agr. 43(3):366-373. Two studies were conducted with the aim
of characterizing the antixenosis and antibiosis resistance expression of genotypes in the
Solanum section Lycopersicon against Tuta absoluta (Meyrick). The species used were S.
lycopersicum (Fiorentino, Naomi and Belle), S. habrochaites (RCAT030597, P1126446), S.
chilense (INIABB79), S. peruvianum (RCAT031296, RCAT039874 and RCAT030403) and S.
pimpinellifolium (P1390739). For the antixenosis bioassay, a leaf was removed from plants of
each genotype and placed in a cup with a floral foam soaked in water. The cups were stored in
cages covered with anti-aphid mesh. The number of eggs per plant was determined seven days
after releasing the adults. For the antibiosis bioassay, one leaf per genotype and replication was
placed in a plastic cup with floral foam soaked in water, and first-stage tomato leaf miner larvae
were placed individually on the leaves. Larval survival, total average male and female pupal
weight and consumed foliar area were assessed for each genotype. It was determined that most
wild species showed resistance to Tuta absoluta by antixenosis and antibiosis mechanisms.
The genotype S. habrochaites (RCAT030597) presented more resistance by antibiosis based
on larval survival. Nonetheless, the resistance-level characterization depended on the insect
response that was considered because S. chilense was less preferred for oviposition; however,
in this genotype, the larval survival in the no-choice assays was among the highest observed.
Thus, this study provides comprehensive information on the resistance level of several
Solanum genotypes that could be used in further efforts to understand the complex mechanisms
underlying Solanum resistance to the tomato leaf miner.
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Introduction

The tomato (Solanum Ilycopersicum L.) is the
third most important horticultural crop in Chile
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and accounts for 30% of the global horticultural
production, with approximately 4.7 million hect-
ares cultivated and 159,347,030 tons harvested
in 2011. The most important producers in South
America are Brazil, Chile, Argentina and Co-
lombia. Chile produced 872,485 tons in 2011,
with 13,864 ha under production (FAOSTAT,
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2015). The expansion of areas under tomato
cultivation has caused an increase in diseases
and pests. Among the pests are the tomato
leaf-miner Tuta absoluta (Meyrick); several
species of aphids, particularly the green peach
aphid, Myzus persicae (Sulzer), the melon aphid,
Aphis gossypii (Glover), and the potato aphid,
Macrosiphum euphorbiae (Thomas); the tomato
russet mite, Aculops lycopersici (Massee); the
western flower thrips, Frankliniella occidentalis
(Pergande); the corn earworm, Heliothis zea
(Boddie); and the greenhouse whitefly, Trial-
eurodes vaporariorum (Westwood) (Estay and
Bruna, 2002; Alvarez, 2015).

Tuta absoluta is a Neotropical species that is
considered a major pest in tomato production
in South America (Guedes and Picango, 2012;
Luna et al., 2012). It has been one of the main
tomato pests in many South American countries
since the 1960s and, more recently, in Europe
(Desneux et al., 2010). After its invasion of
Europe in 2006, it has spread rapidly to the
Mediterranean basin, Northern Africa and the
Middle East (Desneux et al., 2011; Gharekhani
and Salek-Ebrahimi, 2014). Tuta absoluta is
considered a typical invasive species because of
its capacity to develop rapidly on tomato crops
and propagate rapidly in new areas, thereby
causing significant economic losses (Desneux
et al., 2010). Tuta absoluta is a multivoltine pest
with a high reproductive potential and short life
cycle (Pereyra and Sanchez, 2006). The adult
female lays eggs, mostly singly, on leaves and
stems. The young larvae develop inside the
plant, and pupation occurs mainly in the soil.
Larvae can damage tomato plants in all of their
growth stages by producing galleries in leaves,
stems, apical buds, and in green and ripe fruit,
which result in significant losses in crop yields
in different parts of the world and under diverse
production systems (Lietti et al., 2005; Antdnio
et al., 2011).

Sources of natural resistance in wild and
cultivated genotypes that provide protection
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from insect pests constitute an important con-
tribution to integrated pest management. In
general, the resistance mechanisms of plants
against herbivorous insects can be divided
into the categories of antixenosis and anti-
biosis. Antixenosis is defined as a response
of the insect that results in a non-preference
for plants that lack the necessary characteris-
tics to serve as feeding, oviposition or refuge
hosts (Painter, 1951). Antibiosis includes all
adverse physiological effects of a temporary
or permanent nature that occur in an insect as
a result of ingesting a plant (Kogan, 1994). A
considerable number of studies have described
and investigated the resistance mechanisms of
plants of the genus Solanum to disease-causing
agents and insects (Kennedy, 2003); however,
few studies have included Tuta absoluta. Host-
plant resistance to tomato leaf miner has been
reported for some host plants in the genus, such
as Solanum pimpinellifolium, S. peruvianum,
and S. habrochaites, compared with com-
mercial tomato genotypes (Leite ef al., 1995;
Leite et al., 1999; Thomazini et al., 2001). A
recent study demonstrated that genotypes that
are produced with introgressions of the 7y-/
gene from S. chilense to S. esculentum confer
resistance to the tomato leaf miner (Duarte
et al., 2015), thus demonstrating the utility of
investigating genotypic resistance mechanisms.

Despite the general knowledge that wild relatives
of the tomato are more resistant to the tomato leaf
miner, we decided to characterize some of the
genotypes conserved at the germplasms centers
of Instituto de Investigaciones Agropecuarias
(INTA) La Platina and INIA Vicuiia to obtain
a detailed biological response to this insect
and to validate previous information. Hence,
this research used a controlled methodology
for artificial infestation by 7. absoluta to as-
sess the antixenosis and antibiosis resistance
mechanisms in a comprehensive sample of the
wild germplasm of Solanum section Lycoper-
sicon and the commercial species Solanum
lycopersicum.
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Materials and methods
Assessed germplasm

We evaluated three commonly used commer-
cial genotypes of S. lycopersicum (Fiorentino,
Naomi and Belle) (Bioamerica S.A.) and seven
wild tomato genotypes: S. habrochaites (RCAT
030597, PI 126446), S. chilense (INIA BB79),
Solanum peruvianum (RCAT 031296, RCAT
039874, RCAT 030403) and S. pimpinellifolium
(PI 390739) (Germplasm Bank; INIA Vicuiia,
INIA La Platina). The wild genotypes show an
indeterminate growth habit; therefore, the com-
mercial genotypes were chosen to match this
growth trait. The study was conducted at the La
Platina Regional Research Center of the Instituto
de Investigaciones Agropecuarias (INIA) located
at 33° 34" S and 70° 38" W at 630 m.a.s.1.

The seeds were pre-germinated in petri plates
(9 cm in diameter) on paper for subsequent in-
chamber germination (BTP 36 L 05, Phillips), ata
temperature of 20+1°C and a photoperiod of 12 h
light and 12 h darkness, until the radicle emerged,
which was then transferred to seedling trays. The
substrate used was composed by an 80:15:5 mix-
ture of Canadian peat, horticultural vermiculite
and dolomitic limestone. The seedling trays were
kept in a polycarbonate greenhouse (18 m?) until
two to four leaves appeared, at which point, they
were transferred to pots. Nutrients were applied
weekly from transplanting until the end of the
assays. Modified Hoagland solutions composed
of macronutrients (KNO,, Ca (NO,),.4H,0,
NH,H,PO,, MgSO,.7H,0) and micronutrients (KCl,
H,BO,, MnSO,.H,0, ZnSO,.7H,0, CuSO,.5H,0,
H,MoO, (85% Mo0,), Fe-chelate) were applied
according to the nutritional requirements in the
stage of plant development.

Artificial rearing of Tuta absoluta

Greenhouse-grown tomato plants of the com-
mercial variety Linda were employed to rear the

insects. The plants were infested with adult moths
for breeding. Once the larvae were developed
on the leaves, they were removed, transferred to
the laboratory and kept in wide-mouthed glass
flasks with water in transparent plastic chambers
(0.88 x 0.78 m) (Plas Labs, Inc. Model 830-CP-
21). The leaves were examined regularly until
pupae appeared, and the latter were transferred
to rearing chambers (BTP 36 L 05, Phillips) with
a temperature maintained at below 9 °C until the
antixenosis assay began. A separate subset of plants
was maintained to rear a colony of 7. absoluta,
from which first-stage larvae were obtained for
the antibiosis assays.

Antixenosis bioassays

There were 10 treatments in this experiment, each
corresponding to a genotype of Solanum, with
three replications and three observations per rep-
lication. One fully expanded leaf from the middle
part of the plant was removed from each plant in
all treatments. Each leaf was placed in a plastic
cup containing a piece of floral foam (open-cell
phenolic foam that absorbs water rapidly and is
used as a base for cut flowers) that was soaked
in water and a central opening that supported
the leaf, with a tape attached to the petiole indi-
cating the date, treatment and replication. The
plastic cups were placed in 60 x 40 cm exclusion
cages in the greenhouse that were covered with
anti-aphid mesh. Ten plastic cups were placed in
each cage with leaves from all treatments, and a
pair of adult tomato leaf miner moths (male and
female) was released on each cage. The number
of eggs per leaf of each genotype was counted.
The variable studied was oviposition preference
(% of total eggs per female).

Antibiosis bioassay
There were 10 treatments in this experiment, each

corresponding to a genotype of Solanum, with three
replications and three observations per replication.
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One fully expanded leaf from the middle part of the
plant of each genotype was detached and placed
in a plastic cup with water. Each leaf was infested
with one first-stage tomato leaf miner larva that
was approximately 4 days old. The leaves were
examined daily to determine whether there were
larvae on them and to ensure that the water con-
tent of the cups was sufficient to keep the leaves
hydrated. When the first larvae were observed to
be approximating the pupal states, a small piece
of cardboard was placed over the floral foam so
the larvae would pupate on either the leaf or the
cardboard. It was not necessary to change the
leaves because the floral foam maintained sufficient
moisture to keep the leaves hydrated throughout
their development from larvae to pupae.

Larval survival was registered in percentages.
Measurements of the total pupal weight and total
male and female pupal weight (mg) were taken, and
consumed foliar area was used as an indicator of
damage using the Micrometrics SE Premium software
(Standard Edition. 2000-2009), expressed in cm?.

Statistical analyses

A random block experimental design was used for
both bioassays (antibiosis and antixenosis), with
ten treatments and three replications. An ANOVA
was applied to the dependent variables, followed
by a means comparison test. A linear correlation
analysis was used to determine the relationship
between leaf area consumed and larval survival
(PROC CORR). The statistical software program
SAS/STAT 9.2 (SAS Institute Inc., Cary, NC, USA.
2010-2011) was used for the analyses.

Results
Antixenosis bioassay
The number of ovipositions per leaf was higher

in the commercial genotypes of S. lycopersicum
(cultivars Belle, Naomi and Fiorentino) than in
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the wild genotypes (F, ,=33.02; P<0.001). Thus,
commercial tomato genotypes received at least
four times more eggs than did the least preferred
genotypes. There were differences in female ovi-
position preference among the wild types, with
accessions of S. peruvianum being more preferred
than those of S. pimpinellifolium (P1390739)
and S. chilense (INIABB79). The preference for
S. habrochaites was more variable because S.
habrochaites RCAT030597 received the same
number of eggs as S. chilense did, whereas S.
habrochaites P1126446 was at an intermediate
level of preference within the wild types (Table 1).

Table 1. Effect of host genotype on oviposition preference
of T. absoluta (Meyrick) in controlled oviposition choice
experiments.

Genotype Oviposition preference (%)

S. lycopersicum (Belle) 19.72+0.78 a

S. lycopersicum (Naomi) 18.69+1.06 ab

S. lycopersicum (Fiorentino) 16.53+0.80 b

S. peruvianum (RCAT031296) 9.12¢1.55¢

S. peruvianum (RCAT039874) 8.40+1.19 ¢

S. peruvianum (RCAT030403) 7.93+1.56 ¢

S. habrochaites (P1126446) 6.33+1.22 cd

peds

S. chilense (INIABB79) 4.62+0.66 d

S. pimpinellifolium (P1390739) 4.04+0.63 d
(F,,,=33.02; P<0.001)

9,20

Treatment means followed by the same letter are not
statically different (Fisher LSD, 0.05).

Antibiosis bioassay

Solanum genotypes had a large effect on larval
survival, which ranged between 100 and 11%, de-
pending on the accession tested (F, ,,=9.33; P<0.001)
(Table 2). The most susceptible cultivars were the
commercial genotypes of S. lycopersicum (cultivars
Fiorentino, Naomi and Belle) and the wild geno-
types S. chilense INIABB79) and S. habrochaites
(PI126446), in which the larval survival was the
highest. Larval survival was at an intermediate level
on S. peruvianum (RCAT031296, RCAT030403,
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RCATO039874) and S. pimpinellifolium (P1390739),
and it ranged between 55.5 and 72.3%. The lowest
larval survival rate of 11.1% was observed on S.
habrochaites (RCAT030597) (Table 2).

Individual pupal weight was not as sensitive at
detecting differences among genotypes as it was
for larval survival. As expected, the total male
pupal weight was lower than that of females.
However, no differences were found among the
different evaluated genotypes (Table 2). There was
no register of total female pupae for the accession
S. habrochaites (RCAT030597) because in this
genotype only one male survived. Unfortunately,
it is impossible to know if, by chance, all of the
female larvae died or whether only males were
randomly assigned to this treatment.

The amount of leaf area consumed by each T.
absoluta larva varied depending on the Solanum
genotype (F, ,=2.46; P=0.045) (Table 2). Larvae
consumed more leaf area of S. lycopersicum
(Fiorentino and Belle), but this consumption
was not significantly different from those of
S. lycopersicum (Naomi), S. pimpinellifolium
(P1390739), S. peruvianum (RCAT030403) and
S. chilense (INIABB79). In contrast, 7. absoluta
larvae consumed the least leaf area when fed on S.
habrochaites (P1126446), which was significantly
different from that of the commercial genotypes.
The amount of leaf area consumed was positively
correlated with larval survival (r= 0.45; P =0.013).

Discussion

Initially, antixenosis was termed non-preference
by Painter (1951), who defined it as the response of
insects to plants that lack the required characteristics
to serve as hosts and is the result of negative reactions
or total avoidance in the search for food, oviposition
sites or refuge. Antixenosis has been reported in the
genus Solanum Section [ycopersicon and is associ-
ated with chemical compounds in the plant tissue
(Smith, 2005; Neto et al., 2010). The antibiotic effect
of a resistant plant can be lethal or produce chronic
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sub-lethal results that can arise from the chemical
or morphological defense factors of the plant. The
lethal effect can be acute, in which case, it often af-
fects young larvae. Chronic antibiosis effects often
result in slow growth or even mortality among older
larvae. Insects that survive antibiosis to adulthood
can suffer weakening effects of a smaller body size
and weight, longer periods of development in im-
mature stages and reduced fecundity (Suinaga et
al., 2004; Schoonhoven et al., 2005; Smith, 2005).

This study compared the antixenosis and anti-
biosis effects of the wild species of Solanum (S.
habrochaites, S. chilense, S. peruvianum and S.
pimpinellifolium) to those of commercial S. /yco-
persicum cultivars (Fiorentino, Naomi and Belle)
on the response of 7. absoluta, as evidenced by
the differences among treatments. The greater
susceptibility of cultivated tomato plants compared
to wild genotypes was determined in relation to
the expression of resistance, as evidenced by the
differences in oviposition preference (antixenosis)
and larval survival (antibiosis). This finding is
interesting because other investigations have not
found differences in oviposition preference (Boiga
Junior et al., 2012). Differences were also deter-
mined between wild and commercial species in
the total consumed foliar area by tomato leafminer
larvae, with a greater damaged area observed in
the commercial genotypes Fiorentino and Belle.
Considering the larval survival among the wild
genotypes, an intermediate resistance level was
quantified on S. peruvianum, and greater resistance
was measured on S. habrochaites. In accordance
with this work, other reports have found higher
resistance in wild genotypes compared with com-
mercial cultivars (Thomazini ef al., 2001; Proffit
et al., 2011; Oliveira et al., 2012). Nonetheless,
we here provide further information on the vari-
ability that can occur within a single genotype,
depending on the accession tested, as we detected
a wide range of larval survivals in the accessions
of S. habrochaites (Table 2). Additionally, we
demonstrated that the resistance level may vary
depending on the insect response that is considered,
as determined for S. chilense. In this genotype,
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Table 2. Average survival rate of 7. absoluta larvae (Meyrick), average male and female pupal weight (mg) and consumed
foliar area per leaf (cm?) in the different laboratory treatments.

Leaf area consumed

Female pupal weight ~ Male pupal weight

Genotype Larval survival (%) (cm?/larva) (mg) (mg)

S. lycopersicum (Naomi) 100+0.0 a 19.83+2.5 ab 2.7+0.21 1.6+0.05
S. lycopersicum (Fiorentino) 100+0.0 a 24.2342.5a 2.8+0.10 1.6+0.10
S. lycopersicum (Belle) 100+0.0 a 23.2743.0 a 2.9+0.20 1.94+0.00
S. chilense (INIABB79) 94.4+5.8 ab 15.434+2.4 abe 2.9+0.17 1.6+0.06
S. habrochaites (P1126446) 83.3£9.6 abc 10.4740.6 ¢ 2.7+0.22 1.7+0.15
S. peruvianum (RCAT031296) 72.3+5.5 bed 13.13+1.1 be 2.5+0.10 1.7+0.09
S. peruvianum (RCAT030403) 72.2+11.1 bed 16.20+3.4 abc 2.6+0.05 1.8+0.05
S. pimpinellifolium (P1390739) 61.1+14.7 c¢d 19.00+6.5 abe 2.7+0.12 1.7+0.03
S. peruvianum (RCAT039874) 55.5+14.7d 13.87+2.5 be 2.940.35 1.7+0.15
S. habrochaites (RCAT030597) 11.1£11.1e 11.83+0.7 be No survivors 1.4+!

(F,,,=9.33, P<0.001)  (F,,;=2.46; P=0.045) (F =0.62; P=0.750) (F, =1.44; P=0.257)

9,20

9,20

8,18

'l pupa.

Treatment means followed by the same letter in each column are not statically different (Fisher LSD, 0.05).

the female oviposition preference was the lowest,
but it did not correlate with larval survival, which
was among the highest. Thus, this study provides
comprehensive information on the resistance level
of several Solanum genotypes, which was assessed
under controlled conditions of infestation with the
tomato leaf miner.

This study provides evidence for further studies
seeking to understand the proximal mechanisms
underlying resistance expression to the tomato leaf
miner, as chemical and/or physical plant traits could
be related to plant resistance. Damage to the tomato
plant is generally related to the level of secondary
metabolites, which are toxic to insect pests. Conse-
quently, secondary metabolites related to defense are
stored in vacuoles and trichome heads. The second-
ary metabolites, such as methyl ketones, acylsugars,
several phenolic compounds and sesquiterpenes, that
are present in Solanum species could be related to the
reduced insect survival and growth. Among them,
2-tridecanone and 2-undecanone methyl ketones
have received special attention. Ecole et al. (1999)
found that 2-tridecanone correlates with oviposition
preference but not with larval performance, and
Glas et al. (2012) reported that the susceptibility of
S. lycopersicum is probably due to the absence of
2-tridecanone and 2-undecanone in type VI trichomes,
although Chatzivasileiadis and Sabelis (1997) found

both compounds in type VI trichome exudates of S.
lycopersicum. One factor that may explain the pres-
ence of antixenosis and antibiosis in wild species is
the presence and density of glandular trichomes.
Simmons and Gurr (2005) noted that antibiosis is
conferred by the chemical constituents of trichome
exudates, although there is no consensus on this finding.
During the domestication of the tomato, important
alleles present in the gene pool of the genus were lost,
resulting in a narrowing of its genetic base (Bai and
Linhout, 2007). This may be one explanation for the
susceptibility of commercial cultivars to insect pests.
Current approaches to enhance plant resistance in
commercial genotypes are looking to identify and
transfer resistance-codifying genes into commercial
lines, as demonstrated by the introgression of the 73-1
gene from S. chilense to S. esculentum (Duarte et
al., 2015). Further studies could use the variability
in larval and adult responses detected in this study
to advance our knowledge on Solanum resistance
traits to Tuta absoluta.
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Resumen

N. Vitta, P. Estay y Chorbadjian, R.A. 2016. Caracterizacion de la expresion de resistencia
en genotipos de Solanum Seccion Lycopersicon contra Tuta absoluta (Lepidoptera:
Gelechiidae). Cien. Inv. Agr. 43(3):366-373. Se condujeron dos estudios para caracterizar
los mecanismos de resistencia por antixenosis y antibiosis de genotipos de Solanum seccion
Lycopersicon a Tuta absoluta (Meyrick). Las especies utilizadas fueron Solanum lycopersicum
(Fiorentino, Naomiy Belle), S. habrochaites (RCAT030597,P1126446), S. chilense (INIABB79),
S. peruvianum (RCAT031296, RCAT039874, RCAT030403) y S. pimpinellifolium (P1390739).
Para la evaluacion de antixenosis, se retird una hoja de cada planta y se colocé en un recipiente
con espuma floral embebida en agua. Los recipientes se introdujeron en jaulas cubiertas de
malla anti-afidos. Se determind el nimero de huevos por planta a los siete dias después de la
liberacion de los adultos. Similarmente, pero en forma independiente, cada hoja se inocul6
con una larva de primer estado, evaludndose su sobrevivencia, peso final de pupas hembras
y machos y el area foliar consumida. Se determind que la mayoria de los genotipos silvestres
expresaron mecanismos de resistencia a Tuta absoluta por antixenosis y/o antibiosis. El
genotipo S. habrochaites (RCAT030597) presentd mayor resistencia por antibiosis basado en la
sobrevivencia de las larvas y dafio foliar. No obstante, la caracterizacion del nivel de resistencia
dependio de la respuesta considerada, ya que S. chilense fue menos preferido para oviposicion
pero en este genotipo la sobrevivencia de las larvas estuvo entre las mas altas. Asi, este estudio
proporciona informacion adicional del nivel de resistencia de varios genotipos de Solanum, la
que podria ser utilizada en futuros esfuerzos para comprender los complejos mecanismos que
subyacen la expresion de resistencia de Solanum a la polilla del tomate.

Palabras clave: Antibiosis, antixenosis, interacciones insecto-planta, resistencia de hospedero,

tomate.
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