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ABSTRACT. Most tomato cultivars are susceptible to a 
wide range of arthropod pests, which can cause significant 
losses, including complete destruction of the crop. The use 
of chemicals has had a negative impact on the environment, 
which has led the scientific community to assess the 
genetic resistance as a key element in the Integrated Pest 
Management (IPM) as a more durable and safe. Few 
results of genetic resistance to insects in the wild species 
of the genus Solanum and in particular, its introgration into 
cultivated tomato. This paper compiles the main findings 
regarding genetic resistances possessing wild species, 
which have been associated, in most cases, to the presence 
of glandular trichomes and the type of substance they store: 
type trichomes IV and VI present in S. habrochaites S. Knapp 
& DM Spooner and type IV glandular trichomes present in 
S. pennellii Correll and S.pimpinellifolium L. Besides the 
physical effect that could exercise the trichomes on insect 
behavior, the resistances are based primarily on the effect of 
antibiotic and antixenótico reserve compounds in trichomes. 
The three main groups of allelochemicals associated with 
these resistances are methylketones, sesquiterpenes and 
acilazúcares. In this paper we report the main sources of 
resistance to insect pests have been found in wild Solanum 
species. It also discusses the limitations and perspectives of 
introgression of insect resistance in tomato.
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RESUMEN. La mayoría de los cultivares de tomate son 
susceptibles a una variedad amplia de plagas de artrópodos, 
las que ocasionan pérdidas cuantiosas, incluida la devastación 
del cultivo. La comunidad científica valora la resistencia 
genética como un elemento clave en el Manejo Integrado de 
Plagas (MIP), como una vía más duradera e inocua con el 
ambiente. Son escasos los resultados obtenidos en el estudio 
de la resistencia genética a insectos en las especies silvestres 
del género Solanum y, en particular, su introgresión al 
tomate cultivado. En este trabajo se muestran los principales 
resultados en cuanto a las resistencias genéticas que poseen 
las especies silvestres, asociadas, en su mayoría, a la presencia 
de tricomas glandulares y al tipo de sustancia que estos 
almacenan: tricomas glandulares tipo IV y VI, presentes en  
S. habrochaites S. Knapp & D.M Spooner y tricomas 
glandulares tipo IV presentes en S. pennellii Correll  
y S. pimpinellifolium L. Además del efecto físico que pudieran 
ejercer los tricomas sobre la conducta de los insectos, las 
resistencias se basan, fundamentalmente, en el efecto antibiótico 
y antixenótico que provocan los compuestos almacenados en 
estos. Los tres grupos principales de aleloquímicos asociados 
a estas resistencias son las metilcetonas, los sesquiterpenos 
y los acilazúcares. En este trabajo, además de informar las 
principales fuentes de resistencia a plagas de insectos que se han 
encontrado en las especies silvestres de Solanum, se discuten las 
limitaciones y perspectivas de la introgresión de la resistencia 
a insectos en el tomate. 
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INTRODUCTION

Cultivated tomato (Solanum 
lycopersicum L.) is one of the 
most important vegetables from 

human consumption either to eat 
fresh or processed industrially. It is 
the second vegetable crop (after 
potatoes) of higher consumption 
and more popular as a garden crop 
in the world (1).

Despite the great amount 
of cultivars has been generated 
and marketed in this species, it is 
most susceptible to a wide variety 

of arthropod pests that provoke 
considerable losses, including the 
complete destruction of crops. (2) 

The arthropod community 
associated to pests in tomato 
is broad. It includes numerous 
species of aphids, white flies, 
thrips, lepidoptera, coleoptera, 
diptera and some mite species 
(3, 4).
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It requires, often, the use of 
chemical products with a negative 
impact in the environment (5), 
resistant population appearance 
of insect, new pests and biological 
imbalances that affect men and 
natural enemies of insect-pest (6).

Nowadays it has encouraged 
the creat ion  o f  a l te rnat ive 
control method, biological, with 
less chemical damage to the 
environment because it uses 
pathogen or insect predators and 
insecticides plants, nevertheless 
as examples of effective control 
by this way, in occasions it is not 
satisfactory. Another strategy to 
control pests would be the use of 
resistant cultivars for its durability 
and safety. It has been limited due 
to most cultivars do not have a 
high level of resistance to allow a 
significant reduction in chemical, 
providing few commercial cultivars 
with specific insect resistance (3).

In modern agriculture, Host 
Plant Resistance (HPR from 
English) is incorporated into the 
Integrated Pest Management (IMP 
from English) as an integral program 
in order to regulate arthropod 
pests. In addition of ecological 
benefits that entails, the use of 
resistant cultivars to arthropods is 
good for producers because the 
cost to control pest is implicit in the 
seed cost (11).To have progress 
in obtaining resistant cultivars to 
arthropods and integrate them 
in IMP programs, should be an 
interdisciplinary collaboration that 
good exploit of chances offered 
by the genomic of arthropods with 
these purposes and progress in 
research the molecular basis of 
resistance to arthropods (12). 

In tomato crop despite the 
wide genetic variability present 
and exploitable in wild species of 
Solanum (7), there are few resistant 
cultivars to arthropods. Wild species 
related, S. habrochaites S. Knapp 
& D.M Spooner, S. peruvianum 
L. and S. pennellii Correll have 
mainly been reported as resistant 
pattern to lots of arthropod pests. 

Also some resistance to insects 
have been found in species as S. 
lycopersicum L., S.pimpinellifolium 
L., S. cheesmaniae (L. Riley) 
Fosberg, S. chmielewskii (C.M. 
Rick, Kesicki, Fobes y M. Holle) 
D.M. Spooner, G.J. Anderson 
& R.K. Cansen and S. chilense 
(Dunal) Reiche (9). However, the 
introgression of these resistances 
in tomato cultivars has been limited 
by difficulties in maintaining uniform 
levels required for selection of 
the resistance (10) and other 
difficulties involved in complex 
traits introgressed from wild 
species to the cultivated tomato. 

I n  t h i s  p a p e r ,  s o m e 
fundamental elements of insect 
resistance in plants and the 
particular case of the resistance 
in some of the wild species of 
tomato (Solanum spp.) and the 
l imitations and perspectives 
offered to improve tomato occur, 
alternatively pest control.

RESISTANCE TO 
INSECTS IN PLANTS

Most of the time, plants face 
various environment factors, among 
them are: temperature fluctuations, 
light intensity and its quality, water 
availability, a wide range of pests, 
pathogens and phytophagous 
animals (13). Phytophagous affect 
vegetable tissue integrity to obtain 
nutrients contained in foliage, 
seeds, pollen, nectar, roots and 
stems that they need for living and 
reproducing(14).Due to this plants 
should protect themselves from 
multiple “consumers” that come 
from different types of herbivorous 
(mammals, snails, and insects) 
and even typical parasites (insects, 
mites, fungi, and bacteria) or 
phytopathogens. 

Continuously, plants face 
various environmental factors, 
among which are included: 
temperature fluctuations, light 
intensi ty and qual i ty,  water 
availability, a wide range of viruses, 
pathogens and phytophagous 

animals (13). Herbivores affect the 
integrity of plant tissues to obtain 
nutrients in the foliage, seeds, 
pollen, nectar, roots or stems, they 
need to live and breed (14). Broadly, 
the plant must be protected from 
the many consumers who come 
in search of food, several types 
of herbivores (mammals, snails 
and insects), to typical parasites 
(insects, mites, fungi and bacteria) 
or phytopathogens.

To protect from the wide range 
of consumers, plants, likewise, 
have developed a great amount 
of mechanisms. In this section 
those main concepts related to the 
genetic resistance of the host plant 
pest, some generic and applicable 
to herbivores or arthropods will 
refer; others refer, in particular, to 
insects.

 A response of plants to 
herbivores is complex. Genes 
that are activated against attack by 
herbivores are strongly correlated 
with the feed mode of herbivores 
and the degree of damage to 
the tissue at the feed way (15). 
Plants, during their evolution, 
have developed mechanisms of 
“defense” essentially responsible 
allelochemicals or biophysical 
factors incompatible interactions 
between an arthropod and a 
resistant plant (12).  

These “defenses” of plants 
can be direct or indirect. Direct 
ones are those in which only the 
plant and its “aggressor” take 
place in antagonistic interactions 
( 1 6 )  i n c l u d e  t h o s e  p l a n t 
structures (the tissue hardness, 
pubescent, glandular and non-
glandular trichomes) that serve 
as obstacles to arthropod. Also, 
those allelochemicals contained in 
plant tissues exhibiting antifeedant, 
toxic, or repellent effects arthropods 
that attack such as cyanogenic 
glycosides, digestive enzyme 
inhibitors, lectins, glucosinolates, 
and terpenoids, alkaloids (17, 18).
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A Pérez Rosero, M. Mejoramiento genético en 
Solanum lycopersicum para la resistencia al 
pasador del fruto Neoleucinodes elegantalis 
Gene (Lepidoptera: Crambidae). [Tesis de 
Maestría]. Universidad Nacional de Colombia. 
Facultad de Ciencias Agropecuarias. Palmira, 
Colombia. 2010, 113 pp.

In indirect ones, however, 
other organism, foreign predators, 
parasitoids, releasing to plant 
its “aggressors” (19) involved; 
They consist of volatile organic 
compounds that are released 
by plants, once they have been 
damaged by the arthropod pest 
and these compounds can attract 
natural predators and parasitoids of 
phytophagous or repel oviposition 
of this on the ground (20).

Direct strategies “defense” 
of plants are divided artificially 
in: constitutive and induced, 
depending on whether the defense 
mechanisms of the plant were 
present or not before this contact 
occurs with the herbivore. Both 
types of defense can coexist to 
prevent colonization and hinder 
feeding, growth, development and 
fertility / fertility of herbivores (13, 
21). This kind of direct “defense” is 
the most interest from the genetic 
improvement point of view of the 
host plant, above all, the effective 
combination of constitutive and 
induced mechanisms that reinforce 
the response of the plant against 
the pest.

However, the development 
of defense mechanisms has a 
“cost” to the plant, which could 
be reflected in a decrease in 
its vegetative and reproductive 
development. In this sense, the 
plant must balance the responses 
induced and constitutive “defense” 
without sacrificing its viability, 
longevity and reproduction (15). An 
example of this is usually observed 
at times when the “attacked” plant 
by a plague shortens its life cycle 
and reproduce, albeit precariously.

For many years, research 
on the defensive response of 
p l a n t s  t o  p h y t o p a t h o g e n s 
presence was very poor and many 
aspects were not understood 
(22); however, in recent years 

have intensified investigations 
related to understanding types 
and  mechan i sms  o f  p l an t 
defense, especial ly against 
herbivorous arthropods, as in 
modern agriculture, the resistance 
of the host plant is an integral 
component in control of arthropod 
pests in programs integrated pest 
management (IPM) (23).

It is necessary, given the 
focus of genetic improvement of 
this article, defining what is meant 
by arthropods resistant plant. 
To do this, we have taken CM 
Smith criteria, set out in its recent 
review about the molecular basis 
of resistance to arthropod host 
plant resistance (HPR, English 
host plant resistance) is the sum 
of the genetically inherited qualities 
having a plant of a cultivar or 
species, resulting in that, this is 
less damaged by the arthropod 
pest which susceptible plant that 
lacks these qualities (12). As can 
be seen, this author considers the 
damage caused by the pest on 
the ground, compared with the 
susceptible host plant, not referring 
to effects on the arthropod.

For the breeder to assess 
accurately, the damage caused 
by the plague in the host, it 
should establish a controlled and 
standardized way, which is difficult 
and expensive, in the case of 
insect pests. In early stages, 
especially, may not be limited only 
to plant response in the field, under 
free choice of insect; because 
many other factors, outside the 
“defense” of the plant, could be 
influencing this behavior. The 
lack of standardized assessment 
of the resistance sources and 
subsequently, to selection stages, 
has in our opinion, the main 
cause of limited results have been 
achieved in improving resistance 
to pest methods in plants.

It has made more progress 
in the study of allelochemicals 
associated with resistance on the 
plant. The importance of these 
allelochemicals in the “defense” 
of plants has been explained by 
some authors by antixenotics or 
antibiotic effects that these have 
on herbivores (24).

Antibiosis and antixenosis 
concepts are clearly defined. 
Ant ib ios is :  adverse effects 
caused by a resistant plant on 
survival, development, or fertility 
of an arthropod. Antixenosis: no 
preference reacting of arthropod 
for  a  res is tant  p lant  when 
allelochemicals or biophysical 
factors affect negatively the 
behavior of arthropod, causing 
the late acceptance or rejection of 
the plant as host (12).

The antixenosis, including 
resilience as an example of this 
mechanism is given by a set of 
features, color, odor, taste of 
the plant, which cultivar is less 
preferred for the herbivore to the 
process of oviposition and food. 
Mechanisms may be physical 
(presence of trichomes, waxy 
surfaces, tissue hardness) or 
chemicals as repellent (terpenes, 
oils) or dissuasive (alkaloids, 
flavonoids, lectonas, phenols, 
tannins)A.

The occurrence expression 
of this mechanism in a plant is 
its inability to serve as host of a 
herbivorous insect, forcing these 
to change host plant to feed and 
make oviposition. This mechanism 
reduces the  ra te  o f  in i t ia l 
accumulation, and subsequent, of 
the insect population (25).
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Meanwhile, the antibiosis 
affect the survival, development 
or arthropod fertility, attempting 
to use resistant plant as host, 
causing mortality or decreasing 
the growth rate of this (12). This 
resistance type acts as a natural 
insecticide produced by the plant 
to protect the insect may be 
due to the presence of chemical 
factors such as proteins, toxins 
(alkaloids, ketones, organic acids), 
inhibitors (alpha amylase, trypsin, 
proteases ) or physical factors 
(hypersensitive growth, trichomes, 
silica deposits). These can cause a 
lethal effect on nymphs, preventing 
their development; excessive 
prolonging life or preventing 
reproduction of this in the resistant 
cultivar (26, 27).

Another term that handles, 
frequently, between farmers and 
breeders is plant tolerance to 
insects. Tolerance is a polygenic 
trait that allows the plant to 
withstand or recover from the 
damage that causes the arthropod, 
without the survival and growth 
of arthropods that attack (12) is 
affected. This feature of the plant is 
important for agriculture and there 
are cultivars tolerant of different 
species that are commercially 
exploited, for lack of cultivars with 
resistance genes. However, little is 
known about tolerance, since it is 
difficult to measure and is confused 
usually with quantitative resistance 
forms (28).

While it is true that plant 
breeders and entomologists, using 
conventional methods of plant 
breeding, resistant cultivars have 
developed to some arthropods in 
the last 50 to 60 years; for many of 
these cultivars, resistance genes 
have not been named and the bases 
of the resistance mechanisms are 
unknown, although they are used 
in cropping systems worldwide, 
to reduce the damage caused by 
insects and mites. By contrast, only 
a few genes have been identified 
and incorporated into cultivars 
using classical genetic approaches 
(29, 30, 31).

At present, there are numerous 
opportunities to use advances in 
molecular techniques to identify 
more efficiently, controlling and 
manipulating resistance genes to 
arthropods in cultivars. However, 
it will have to achieve effective 
interdisciplinary collaborations 
for the successful integration of 
these cultivars in the programs 
of integrated pest management 
tactics of biological, chemical and 
cultural control (12).

RESISTANCE TO 
INSECTS IN TOMATO

The tomato  c rop is  no 
exception, with regard to the 
overall situation of cultivated 
plants. At present, commercial 
tomato cultivars have not enough 
high levels of pest resistance to 
reduce, significantly, the pesticide 
application. Therefore, the addition 
of resistant cultivars integrated pest 
management, in order to reduce 
the cost and environmental impact 
of the application of chemicals 
during cultivation, is a goal to 
achieve, for most of pests.

I n  gene ra l ,  r es i s t ance 
mechanisms that have been 
studied in tomato, usually are 
ident i f ied in two groups: 1) 
those that are associated with 
the leaf tr ichomes presence 
(glandular and non-glandular) 
and substances secreted and 
2) those associated with lamella 
leaf, fruit or growth habit of the 
plant (32).

The resistance in tomatoes 
has been associated mostly to 
the first group, specifically the 
presence of glandular trichomes; 
no specific mechanism is present 
constitutively in the plant and which 
is related to the substance type 
they store. Trichomes, considered 
differentiated epidermal cells are 
uni or multi cell structures that 
cover surfaces of leaves and stems 
of plants and which differ in their 
morphology and function.

The trichomes classification 
by their morphology is based 
on criteria for typological and 
morphological differentiation and it 
was performed for tomato in 1943 
by Luckwill, who identified seven 
types of trichomes distributed 
in different Solanum species 
(I-VII). Later, after reviewing this 
classification, an additional type 
proposed, trichome type VIII 
(See table) (32). However, the 
classification for functionality is 
related that are glandular trichomes 
(those possessing differentiated 
cells that store different substances 
or compounds) or non-glandular.

The non-glandular trichomes 
(II, III, V and VIII) are highly similar, 
differing only in length, according 
to some authors; however, the 
glandular trichomes (I, IV, VI and VII) 
containing and capable of releasing 
al le lochemicals which have 
been associated with resistance 
insects (33).

Glandu lar  t r i chomes in 
plants have been associated with 
the production of volatile and 
nonvolatile secondary metabolites, 
including acylsugars, terpenoids, 
phenylpropanoid and flavonoid (34, 
35). There are reports about the 
diversity of allelochemicals present 
in the glandular trichomes of wild 
tomato species and that they are 
associated with resistance to pests: 
methylketones, sesquiterpenes 
and acylsugars (2), are the three 
most famous, perhaps being the 
most studied groups.

I t  has been shown that 
trichomes present in wild tomato 
species (Table) confer resistance 
to many taxa that may constitute 
pests, although researches on 
tomato have been focused on 
Hemiptera and Lepidoptera, as 
main pests. Arthropod resistance 
is associated frequently with high 
densities of glandular trichomes 
type IV and VI and allelochemicals 
that contain essent ial ly the 
tridecanones (methylketones), 
sesquiterpenes (terpenoids) and 
acylsugars.



104

Cultivos Tropicales, 2015, vol. 36, no. 2, pp. 100-110                                                                                                                              April-June

Genre Solanum, section Lycopersicon I II III IV V VI VII VIII

S. habrochaites +  +  +  +  +
S. lycopersicum +  +  +  +  +  +
S. pennellii  +  +
S. cheesmaniae, S. galapagense  +
S. pimpinellifolium +  +b  +  +

S. peruvianum, S. arcanum, S. corneliomuelleri, S. huaylasense + +a  +  +  +
S. chilense  +  +  +
S. chmielewskii  +  +
S. neorickii      +  +  

a Described in variety F. glandulosum by Luckwill, 1943, actual S. corneliomuelleri 
b Described in line TO-937 (36)

Distribution of trichomes different types in tomatoB

B Alba J. M. Herencia de los mecanismos de resistencia a araña roja en tomate. [Tesis de Doctorado]. Departamento de Biología Vegetal. Facultad  
de Ciencias. Universidad de Málaga. 2006. 242 pp.

Among wild species most 
studied for i ts resistance to 
arthropods is S. habrochaites. 
In this species, which grow 
abundantly, trichomes type IV and 
VI described resistance to over 16 
species of pests. Only an entry, 
PI 134417 (S. habrochaites var. 
Glabratum), carries 12 of these 16 
resistance to pests that have been 
reported (32). Other accessions, 
LA 407, PI 134418 and PI 126449, 
of this species and type, have 
proved resistant to pests; also, 
accessions of S. habrochaites 
var. hirsutum, LA 1624 and LA 
1362 have been studied for their 
resistance.

Among the most important 
pest which this species has 
shown res is tance are Tuta 
absoluta Meyrick (37, 38, 39, 
40), Neoleucinodes elegantalis 
Guenée, Tetranychus (41, 42, 
43, 44), Bemisia tabaci (Genn.) 
(45), Heliocoverpa zea (Boddie), 
Trialeurodes vaporariorum (Westw) 
(46), Keiferia lycopersicella (Wals.), 
Spodoptera exigua (Hübner) (47), 
among others.

Several authors discuss the 
possible association of insect 
resistance in S. habrochaites 
(quoted as glabratum type) in 
the presence of methylketones 
(tridecanones). Tridecanones 
generally have an effect both toxicity 

and repellency. Two secondary 
metabo l i tes  have iso la ted, 
2-tridecanone and 2-undecanone 
(44, 48, 49, 50, 51, 52) present 
in the glandular trichomes type VI 
in S. habrochaites var. glabratum 
and proved their effect mainly 
2-tridecanone, against pests of 
T. urticae (43, 53, 54), whiteflies 
(56), T. vaporariorum (45, 57) and 
absolute T. (55), among others.

G e n e t i c  c o n t r o l  o f 
2-tridecanone is complex. Some 
authors report that the legacy 
of high levels of this compound 
is controlled by at least three 
recessive genes (58, 59) and also 
have reported values of broad-
sense heritability of 0,61 ± 0,18 at 
suggesting that selection for the 
same could be effective as indirect 
selection criteria for resistance to 
arthropod (60). Also, they have 
been identified between 3 and 5 
QTLs involved in the synthesis 
of 2-tridecanone in cross S. 
lycopersicum and S. habrochaites 
(49, 61).

Another group of compounds 
that confer insect resistance to 
tomato is the sesquiterpenes, 
Family terpenoids and found 
in trichomes S. habrochaites. 
The zingiberene (a type of 
sesquiterpene) is produced by the 
glandular trichomes type VI present 
in S. habrochaites var. hirsutum. 

It has been associated high 
concentrations of the resistance 
zingiberene insects, T. evansi 
(62), T. urticae, (44, 63); B. tabaci 
(64) and T absoluta. (65), among 
others. Also sesquiterpenes were 
detected in trichomes type IV of 
the species S. habrochaites var. 
hirsutum (43).

Some reports reveal the 
complexity of their heritage. 
The segregation observed in F2 
generation (S. lycopersicum x S. 
habrochaites) for the trichome 
density indicated that this follows 
a genetic additive-dominance 
controlled by the action of a 
recessive major gene, influenced 
by some minor genes (64), also, 
some advances have been 
reported about the presence of 
synthesizing genes for different 
sesquiterpenes and have been 
cloned NILs nearly isogenic lines 
(66).

An aspect to define prior to 
an improvement program is the 
allelochemical/ trichome type is 
more suitable for indirect selection 
of plant resistance to the pest. Thus, 
studies with Bemisia argentifolii 
(67) it was shown that high levels 
of 2-tridecanone induced low 
levels of repellency and toxicity 
of 2-undecanone, high levels of 
repellency and fumigant activity 



105

Cultivos Tropicales, 2015, vol. 36, no. 2, pp. 100-110                                                                                                                               April-June

while the zingiberene caused high 
toxicity and repellency.

Once, chosen to incorporate 
character, it must know its type 
of heredity or genes involved, as 
this will determine the strategy 
to improve the technique to use 
and how to select. In fact, they 
do not yet have sufficient data 
to support the hereditary basis 
of the presence of trichomes / 
allelochemicals responsible for 
resistance in S. habrochaites. This 
has greatly hampered, along with 
other factors such as the character 
complexity and management of 
insect populations, this species 
has been merely exploited as 
a source of resistance to pests, 
despite being the most studied with 
this purpose.

Meanwhile, in this species 
S. pennellii, resistance to nine 
arthropod pests has been explained 
by the trichome presence of type IV, 
primarily on the LA 716 inlet, which 
is resistant to eight of these pests 
(32). This inlet has shown high 
levels of resistance to numerous 
pests ,  complex whi te f ly  B. 
tabaci/B argentifolii, Macrosiphum 
euphorbiae (Thomas), Myzus 
persicae (Sulzer), Tetranychus 
spp. and lepidoptera pests (68, 69, 
70), including T. absoluta (71, 72).

In the case of S. pennellii, pest 
resistance has been attributed to 
high levels acylsugars (5), a third 
allelochemicals family related to 
pest resistance in tomato. These 
compounds have been found 
in glandular trichomes type IV 
exudates and they are responsible 
for the resistance to S. pennellii at 
the LA 716 inlet (73), demonstrating 
an adverse effect on several 
herbivorous arthropods (74, 75).

Lines have been achieved of 
S. lycopersicum (TOM-687, TOM-
688, TOM-689) with high acylsugars 
content, demonstrating that these 
compounds have mediated the 
resistance effectiveness to a broad 
spectrum of pests, T. urticae, B. 
argentifolii and T absoluta. The 
mode single inheritance acylsugar 
content, informed by Resende et 

al, in 2002 and confirmed later by 
Gonçalves et al., in 2007, it favored 
the production of these lines; 
introgress in cultivated tomato, 
high acylsugar contents present 
in LA 716 (5).

On the  o ther  hand ,  a t 
least 5 QTLs were involved in 
the inheritance of the acylsugar 
content on this inlet (76); while 
moderate heritability values (h2 
b = 0,476) were reported (77). 
Anyway, more accurate to describe 
in greater detail the heritage of this 
character and locate gene regions 
involved all studies are required. 
However, aforementioned results 
confirm that progress can be made 
in obtaining improved lines, with 
better conditions to face plagues 
through indirect selection for high 
levels of allelochemical, even 
though it can not have markers to 
conduct a assisted selection for 
pest resistance.

Recently i t  reported the 
presence of high densities of 
type IV trichomes and the high 
acylsugar content present in 
S.pimpinellifolium in the TO-937 
input (78), related to resistance 
pests. It has studied the resistance 
inheritance to T. urticae and the 
presence of type IV trichomes 
present in TO-937, which tomato 
line ABL 14-8 was obtained, 
resistant T. urticae and T. evansi. 
The resistance was controlled by 
a single locus, the greatest effect, 
and dominant; but modulated by 
unknown loci of minor effects. By 
contrast, the trichome presence 
was governed by two dominant not 
linked loci.

T h e  i n h e r i t a n c e  m o d e 
relatively simple of acylsugars 
presence in trichomes type IV TO-
937 indicated that introgression 
of the resistance into commercial 
c u l t i v a r s  c o u l d  b e  m a d e , 
successfully, from a wild species 
close to the cultivated tomato 
(36, 79). This was demonstrated 
by obtaining the ABL 14-8 line 
through conventional breeding with 
resistance levels also to whitefly 

(B. tabaci) (80) and T. absoluta 
(81).

It is very little known about the 
resistance in S. peruvianum (82). 
Among few reports is, resistance 
to Tetranychus ludeni Zacher and 
Aculops lycopersici (Massee) (83) 
and T. evansi. (84); similarly, other 
species that had associated with 
pest resistance (S. lycopersicum, 
S. cheesmaniae, S. chmielewskii 
and S. chilense) (9).

Most recent work reports 
looking important pest resistance, 
whiteflies, being transmissive 
of virus; and Tuta, to emerge 
as a devastating plague, used 
as sources of resistance S. 
habrochaites species, S. pennellii 
and S.pimpinellifolium. 

Some authors have suggested 
that future research aimed at 
tomato resistance to whiteflies, 
could be heading genotypes 
having glandular trichomes type 
IV, as they are abundant in S. 
pennellii, S. habrochaites, S. 
habrochaites f. glabratum (33) 
and S.pimpinellifolium (80) and 
decrease problems related to the 
transmission of viruses by B. tabaci 
biotype B.

It has paid much attention 
to pest resistance related to 
acylsugar production, exuded by 
the trichomes type IV S. pennellii, 
identifying five quantitative trait loci 
(QTLs, English Quantitative traits 
loci) and two epistatic interactions 
controlling this character. To 
facilitate the work of improving 
future work for fine mapping of 
QTLs that determine the high 
content of acylsugars (85) are 
raised. Also, the group of Dr. WR 
Maluf, from the Federal University 
of Lavras, Brazil; have successfully 
achieved to introgress high levels 
of acylsugars in tomato lines 
(TOM-687, TOM-688, TOM-689) 
and demonstrated the broad 
spectrum of resistance conferred 
by this allelochemical against three 
major pest in tomatoes; T. urticae, 
B. argentifolii and T.absoluta (5).

Introgression of resistance 
to tomato pests associated 
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with the trichome density and 
allelochemicals content is being 
made by various working groups; 
however, to obtain lines with 
allelochemical high levels  and high 
density of trichomes is necessary 
to deepen the genetic control 
knowledge of these characters to 
facilitate the improvement process. 

Another aspect that should 
be taken into account is the long-
term viability of tomato resistance 
associated with the presence of 
trichomes to control pests in the 
crop, because it is not yet sufficiently 
documented. There is a possibility 
that  ar thropods to develop 
resistance to toxins contained 
in the trichomes, especially the 
resistance for antibiosis, which 
is usually controlled by major 
genes, this could be transitory 
arise insect populations that are 
affected by genes plant resistance. 
Another potential drawback is that, 
in some cases, the resistance 
level by antibiosis in a cultivar 
may be incompatible with some 
biological control agents, which 
is not convenient if it is consider 
that resistant cultivars would be 
an integral part of a program 
integrated pest control.

By contrast, “defenses” based 
on glandular trichomes could be 
more durable if multiple toxins 
found in the exudates of glandular 
trichomes of some wild Solanum 
species are combine and also 
it is favorable that chemical and 
physical mechanisms are combine 
(eg entrapment). The combination 
with the antixenotic effect of 
glandular trichomes exudates 
could also increase the durability 
of this mechanism to repel pests 
without damaging significantly 
insect populations.

These factors make finding the 
host plant resistance is attractive 
in this way, despite the lack of 
information available in some 
areas. Also, negative effects of 
pesticides and the growing number 
of insects which are becoming 
resistant to synthetic pesticides, 

justify continued research in these 
resistance mechanisms.

An aspect to consider in 
improving resistance pest is the 
practical difficulty in the resistance 
introgression from wild species 
to the cultivated tomato mainly 
for those from S. habrochaites 
and S. pennel l i i .  That ’s an 
advantage of resistance being 
reported by the presence of type IV 
trichomes, containing acylsugars in 
S.pimpinellifolium, very close to S. 
lycopersicum.

In short, improving resistance 
to pests in tomato has had lots 
of difficulties; however, results of 
new technology application to the 
study of mechanisms and heritage 
provide elements that increase 
introgression effectiveness; as 
identifying of markers associated 
with resistance to enable assisting 
the selection during production of 
tomato cultivars resistant to insect 
pests.
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