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ABSTRACT

This study evaluated the expression of defense compounds from the secondary metabolism of Eucalyptus globulus
plants, subjected to direct and indirect stimuli by the insect Ctenarytaina eucalypti (blue gum Psyllid). Results showed
that defense responses were activated in plants in all tested cases. Were detected and identified thirty-two compounds in
the leaves of treated plants, of which five compounds differed with the control, and all are part of the chemical defenses
from the plants, three of them were oxygenated monoterpenes (borneol, exo-2-hydroxy cineole and thymol), a aromatic
carboxylic acid (benzoic acid) and a quinone (6-acethyl-flaviolin). The plants induced by volatile compounds and by
indirect entomological manner, showed its capability to synthesize defensive compounds without a wound that pro-
motes these responses. Were also found some constitutive secondary metabolites over expressed in the different induc-

tions compared with the control.
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1. Introduction

A set of signals are triggered when a plant has any dam-
age caused by a biotic or abiotic agent. These signals
provide complex responses in accordance to the nature of
the causative agent [1].

These signals are transmitted in a systematic way to
the whole plant [2]. They may be chemical (oligosaccha-
rides, abscisic acid or sistemin) or physical (electrical
signs) [3,4]. In response to these signals, plants are able
to synthesize toxic or repellent metabolites with antim-
icrobial, antifungal and insecticidal activity [5-7].

Secondary metabolites like terpenes, alkaloids, phe-
nols [8] and volatile compounds are involved in direct or
indirect defense of plants against phytopathogen actions
are among the highlights synthesized metabolites.

Has been found that plants are able to differentiate the
wounds caused by biotic or abiotic agents what implies
the recognition and defense response in each case [9].
This fact was confirmed by different researchers in stud-
ies performed to Arabidopsis thaliana, Nicotiana attenu-
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ata and Populus trichocarpa % deltoides, where they
found out that plant were able to differentiate between a
mechanical abiotic damage and one caused by insects.
This ability of discrimination, prevent unnecessary en-
ergy consumption in the biosynthesis of defense com-
pounds against herbivores [10-12].

It has also been found that plants have an alternative
defense system known as “indirect defense”. When a
plant is attacked by a phytopathogen it releases volatile
terpenes phenolics type compounds or/and derived from
phenyl propane which act as signals that attract patho-
gen’s parasitoids and predator [13,14].

Parasitoids attraction was experimentally proved in
laboratory by Bukovinszky et al., [15] and Lou et al.,
[16]. It was also proved in natural conditions through
studies performed by Kessler and Baldwin [17]. They
quantified the mix of three compounds (cis-3-hexen-1-ol,
linalool and cis-a-bergamotene) in Nicotinia attenuata,
the results showed that this compounds increase the pre-
dation level of Manduca sexta eggs (Lepidoptera: Sphin-
gidae), by Geocoris pallens (Hemiptera: Lygaeidae), a
general predator.
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Among the stimuli that induce the release of volatile
compounds are the biotic external factors. It has been
tested that volatiles from flowers and leaves of undam-
aged plants show different emission pattern of those
which have been attacked by herbivores [18,19].

Thus, plants continuously release small amounts of
volatile compounds, but this amount will increase when
herbivorous insects attack and damage the plants. Studies
with several plant-insect combinations have shown that
insect feeding or application of oral secretions of them in
spots where it has caused an injury; induce a different or
more intense response of volatile than attributable solely
to mechanical damages [19].

Other studies such as those performed with larvae of
Helicoverpa zea, have shown that salivary secretions of
insects qualitatively affect the defense response in plants
[20]. However, experiments performed by Mithofer et al.,
[21] which used mechanical devices that mimic the
damage caused by Spodoptera littoralis on the leaves of
Phaseolus lunatus showed that wounds induced the emis-
sion of volatile compounds similar to those emissions
from the damage caused by the insect.

In ours atudy, we selected to Ctenarytaina Eucalypti
(blue gum Psyllid), specie present in Chile since 1999
[22], one of the best known of the genus Ctenarytaina,
due to the economic importance of some of their hosts,
showing a marked preference for species of the genus
Eucalyptus, within which is E. globulus [23,24]. E. glo-
bulus is one of the most abundant species introduced to
Chile by the forestry sector, with more than 458,611
hectares planted.

However in Chile there are not studies, focused on the
knowledge about of inducible defense mechanisms, of E.
globulus specie against the C. eucalypti action. The spe-
cies of Eucalyptus genus accumulate essential oils in the
glands of those leaves that have shown antifungal, an-
timicrobial and insecticidal activity [6,25,26], which fa-
cilitates a study of this type.

The main objective of this work was to clarify and
evaluate E. globulus capability to express secondary me-
tabolic defense responses against stimuli caused direct
and indirectly by C. eucalypti.

2. Materials and Methods
2.1. Plant Collection

Thirty-six plants of E. globulus were produced from
seeds to develop the project. Seeds were put in water for
24 hours, later they were sown in a plant tray with pine
bark substrate which was sterilized previously at 80°C in
an oven for 24 hours. The system was watered twice a
day with a manual sprayer. Seeds emerge 6 days later
and the fertilization began when they had the first real
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two leaves (N: 9.75 gr., P: 3.45 ml. y K: 2.5 gr. per liter
of water). Fertilization was performed for two weeks
using 2 ml of the solution. Irrigation was held three times
a day (40 ml per plant).

2.2. Field Collection

Insects were collected from the Malven farm every day
from a E. globulus plantation which had a high level of
infestation. The farm is located 12 Km west of the city of
Mulchén (Latitude 37°42'6.49"S, Longitude 72°21'28.83"
W, datum 1984), Bio Bio region. The insects corresponded
to those described by Maskell [27]. Insects were treated
and placed in cylinders made of polyester film PROFIM®
(4 cm in diameter x 10 cm long), they are close on one
side with a tulle (0.34 um). The capture of insects was
carried out with the help of an entomological aspirator
and then transferred five adult insects per polyester cyl-
inder.

2.3. Treatments

Once the plants reached 50 cm tall they were randomized
obtaining 9 plants from each of the following treatments:

TO: Control treatment.

T1: Direct entomological induction. Plants of this treat-
ment were exposed to the direct attack by the insect. A
polyester cylinder was put and ties with five adults of C.
eucalypti in the apical section of each of the 9 plants.

T2: Indirect entomological induction. Application of C.
eucalypti macerate. The macerate was obtained by grind-
ing 30 insects in 2 ml. of deionized water; the solution
was applied with a paintbrush to the first 6 leaves of the
apical section of each of the 9 plants.

T3: Induction by exposure to volatile. Plants from this
treatment were subjected to stay with a group of 27
plants, also E. globulus, massively attacked by C. euca-
lypti and separated by a tulle (0.34 um) in a chamber
built with PVC tubes (20 mm o) and closed with green-
house plastic (0.2 mm thick), (I m length x 1 m wide x
0.9 m in height).

Each induction was applied for periods of 24 hours,
followed by 48 hours without induction. The cycle was
repeated nine times for each treatment.

2.4. Chemical Analysis

Once the third, sixth, and ninth inductions of each treat-
ment were completed, two leaves were extracted from
the apical section of each plant in each treatment. The
leaves were sectioned manually and placed in vials with
50 mL n-hexane and stored at 4°C for 48 hours, for the
extraction of compounds. Later, chromatographic pro-
files were obtained in a gas chromatograph Agilent 6890
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A with an FID detector and a chromatograph Hewlett
Packard Mod. 5890 Series II (California, USA) with a
mass detector HP model 5972. The gas carrier was he-
lium, with a flux of 1 mL-seg'; injector temperature was
275°C; detector temperature was 300°C; and the program
for oven temperature was 60°C for the first 5 min, in-
creasing 10°C per minute until reaching 275°C, with a
final time of 15 min. A 30-m chromatographic fused sil-
ica column HP-5MS (J&W Scientific) with an internal
diameter of 0.25 mm and a phase thickness of 0.25 um
was used to compare the retention times with commercial
standards (SIGMA) and the database EPA-NIST 98 was

used to compare the mass spectra.

3. Results and Discussion

Thirty-two compounds were found and identified (Fig-
ure 1). Mainly oxygenated monoterpenes, an aromatic
carboxylic acid and a quinone, were also found but in
less amount (Table 1). In the T1 treatment, (direct ento-
mological induction), the plants expressed four different
compounds, in comparison with the control. They were;
borneol, exo-2-hydroxy cineole, thymol and the quinone
6-acethyl-flaviolin. For the treatment T2, (indirect ento-
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Figure 1. Chromatograms with peaks of detected compounds: (TO) control, (T1) direct entomological induction (T2) indirect
entomological induction, (T3) induction by exposure to volatile compound. The triangles indicate those compounds in which

the treatment differed from the control (see Table 1).
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Table 1. GC-MS, identification of compounds.

Peak retention

Relative concentration (%), per treatment

# time TO T1 T2 T3 compounds name
Control Direct entomological Indirec.t entop‘lological Entomolqgical ind.u'ction
Induction induction to volatile exposition

Monoterpene Hydrocarbons

1. (4.86) 0.01 0.02 0.00 0.00 a-thujene

2. (4.98) 23.70 32.39 29.11 26.94 a-pinene

3. (5.58) 0.23 0.00 0.00 0.00 camphene

4. (5.65) 1.03 0.92 1.09 1.01 p-pinene

5. (5.82) 1.91 0.90 0.94 0.84 p-terpinene

6. (6.05) 0.20 0.15 0.40 0.43 carene

7. (6.43) 0.46 0.78 0.74 0.68 p-cymene
Oxygenated Monoterpens

8. (6.48) 42.71 45.56 51.14 48.60 cineole

9. (6.89) 0.57 0.50 0.74 0.40 linalool

10. (7.35) 0.00 1.14 0.85 0.00 borneol

11. (7.51) 0.55 0.00 0.00 0.00 phenylethyl alcohol
12. (8.90) 0.80 0.80 0.00 0.00 a-terpineol

13. (9.36) 0.00 0.11 0.00 0.00 exo0-2-hydroxy-cineole
14. 9.77) 0.27 0.00 0.00 0.00 p-terpineol

15. (10.96) 0.00 0.36 0.00 0.00 thymol

16. (11.06) 2.19 4.92 2.80 4.81 o-terpinyl-acetate
Sesquiterpenes Hydrocarbons

17. (11.43) 0.31 0.00 0.00 0.00 a-gurjunene

18. (11.91) 1.46 0.94 0.91 1.33 aromadendrene
Oxygenated Sesquitherpens

19. (12.30) 4.80 1.82 2.00 3.18 epiglobulol
20. (12.56) 1.58 0.65 0.66 1.01 spathulenol
21. (12.97) 7.31 2.07 2.26 3.60 globulol
22. (13.74) 0.57 0.31 0.39 0.48 ledol
23. (13.84) 0.40 0.04 0.00 0.00 y-eudesmol
24. (14.03) 3.32 2.44 2.39 3.02 a-eudesmol
25. (14.13) 0.97 0.71 0.67 0.87 p-eudesmol
Hydrocarbons
26. (14.24) 0.30 0.04 0.00 0.00 tetradecanal
27. (14.46) 2.72 0.47 0.39 0.65 tetradecanone
29. (14.78) 1.31 0.71 1.38 0.86 pentadecanal
30. (16.39) 0.21 0.51 0.33 0.53 heptadecanone
31. (17.24) 3.12 0.71 0.56 0.76 nonadecanone
Aromatic carboxilic acid
28. (14.55) 0.00 0.00 0.27 0.00 benzoic-acid
Quinones
32. (17.51) 0.00 0.06 0.00 0.00 6-acethyl-flaviolin

Copyright © 2012 SciRes.
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mological induction) plants synthetized two compounds
that differed from the control; borneol and benzoic acid.
In T3 treatment (induction by exposure to volatile) plants
synthesized borneol, the only one compound which was
not detected in the control.

The biosynthesis of specific compounds (Figure 1), as
is the case of oxygenated monoterpenes exo-2-hydroxy
cineole, thymol and the quinone 6-acetyl-flaviolin, pre-
sented only in treatment with direct entomological induc-
tion (T1), consistent with those found by Reymond et al.
[28] in Arabidopsis thaliana plants treated with larvae of
Pieris rapae and by Korth and Dixon [29], in Solanum
tuberosum, induced with larvae of Manduca sexta. This
selectivity in the expression of compounds is attrib-
utable only to changes in gene expression and in most
defensive secondary metabolites [1].

Effects of oral secretions from herbivorous insects,
have considered the role of insect saliva in plant-insect
interactions, which enables the plant to differentiate in-
sect damage from mechanical damages. For example, by
damaging Tobacco plants (Nicotiana tabacum) with lar-
vae of Helicoverpa zea, in that the salivary gland was
removed, they have shown evidences that salivary secre-
tions qualitatively affect the defense responses of plant
against this insect [20]. Recently, a new class of sulfated
fatty acid called caeliferin was identified in oral secre-
tions of Shistocerca americana, caeliferins induce the
release of volatile terpenes in corn seedlings [30]. The
background stated above are closely related to the re-
sponse found in T2 (indirect entomological induction)
and benzoic acid biosynthesis.

This volatile compound has been documented in che-
mical defenses of the plants, in studies of beetles that
attack willow leaves [31-33]. It is very likely that the
expression of this compound is due, to the insect macer-
ate used for this induction has had compounds belonging
to the saliva of C. eucalypti insect, and these have been
perceived by the treated plants, promoting the synthesis
of benzoic acid.

The oxygenated monoterpene borneol, detected in the
treatments of direct entomological induction (T1), indi-
rect entomological induction (T2) and also in the induc-
tion by exposure to volatile (T3) has been described as an
effective repellent insects [34]. The presence of this com-
pound in these three treatments, places it as widespread
action to the different biotic stimuli.

Some monoterpene hydrocarbons, which although are
present in the control treatment, they were presented at a
higher concentration (overexpression), at least in one of
the other treatments (Table 1). This is the case of a-
pinene and p-cymene, which showed a higher relative
concentration in T1, T2 and T3, these compounds have a
A proven insecticide effect. In the case of a-pinene dur-

Copyright © 2012 SciRes.

ing studies on adult females of Musca domestica [35] and
p-cymene as adulticide females and larvae of Thrips
Frankliniella occidentalis [36], while the carene com-
pound that showed a higher relative concentration in T2
and T3 is a volatile compound that acts within the indi-
rect defenses of the plant, causing the attraction of insect
predators of insects that cause damage to the plant [37].

The same happened with the oxygenated monoter-
penes cineole, linalool and a-terpenil-acetate. The com-
pound cineole which was overexpressed in T1, T2 and
T3, as linalool that was overexpressed in T2 possess in-
secticidal effect [6], while a-terpenil-acetate, with repel-
lent effectiveness [38], was overexpressed in T1, T2 and
T3.

Although the results of this study demonstrate the ca-
pability of plants to express defensive responses to dif-
ferent stimuli, there remain at least three stages of re-
search to develop, those that allow the application of
knowledge found. A major research phase to develop, is
to isolate from the saliva of the insect C. eucalypti, which
are the compounds that act as chemical signal, recogniz-
able by plants and that trigger defensive responses from
the secondary metabolism, as the compound “volicitina”
isolated from oral secretions of Spodoptera exigua larvae,
a substance that has the capability to induce the release of
volatile compounds in corn plants, found by Halitschke ez
al., (2001) [39], or as the studios made by Schmelz et al.,
(2007) [40] which sought to induce ethylene production
in Vigna unguiculata plants and identified proteolytic
fragments of the subunit ATP synthase-g into oral secre-
tions from larvae of Spodoptera frugiperda.

An important aspect in a second stage of research is to
determine whether these compounds from oral secretions
of the insect C. eucalypti can be replicated synthetically,
in order to apply them in young plants to induce defense
responses artificially.

Be seen from the above a third stage of research, un-
avoidable, which is the determination of the persistence
of defensive responses in time (as an immunological
memory). While, the defensive success of a plant against
an attack provoked by a pathogen or an insect is based on
the speed with which the plant is able to recognize ag-
gression and trigger the defensives chemical responses,
there an unresolved question yet, is whether the plants
remain predisposed to react more rapidly to future at-
tacks, acquiring a certain level of resistance (systemic)
higher, at least during the first years of life that are most
important to protect. These are questions to be resolved
in future studies.

4. Conclusions
The E. globulus plants, induced by different types of en-
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tomological stimuli, expressed defense compounds com-
ing from the secondary metabolism. The biosynthesis of
defense compounds in plants with inductions in which
there was not a wound in the tissues, show their capabil-
ity to perceive stimuli and express defensive compounds,
without any previous mechanical damage.

Although most of the detected compounds are consti-
tutive secondary metabolites of E. globulus species, was
observed an over expression in their relative concentra-
tions in front of the different performed inductions, when
were compared with the control, while a smaller number
of compounds were synthesized in plants only in front to
stimuli caused.

Considering that in our country, a large number of
plants of E. globulus are produced by vegetative propa-
gation, the importance of the results found, challenges us
to continue studies to elucidate whether these defensive
responses persists in the vegetative propagation, in order
to be able to produce seedlings with a higher level resis-
tance to C. eucalypti, from mother plants previously in-
duced.
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