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CHAPTER 1
INTRODUCTION

Currently, several studies in ecology have focused on the relationship between an
organism and both its biotic and abiotic environments which influence the organisms’
distributions and populations. The studies of biotic factors are involved in the disciplines of
physiology, behavior, genetics and evolution which are interrelated under the subject of ecology.
Among the biotic factors, these natural products with biological origin and activities which
mediate interactions between organisms are the subjeet of “‘chemical ecology”. The interactions not
only involve chemicals having-direct physical effeets; but-also their existing signals which give

these compounds potentials of being conirol agents as alternatives to pesticides.

Volatile organic_compeunds (VOCS)_ are very important as chemical composition of
ambient atmosphere. Ozone is formed fhrougilg ‘the photochemical reactions of VOCs of both
anthropogenic and biogenic ofigin with oxides 0} nitrogen (NO,) (Atkinson, 2000). VOC emissions
from anthropogenic sources sugh as power plant;énd, road traffic have been well studied for quality
control of air pollution. However, little is knowﬂ about VOC emissions from biogenic sources.
Plant volatile organic compounds dre constltuenls_that can be found both in plants and in the
atmosphere. The most abundant VOECS found in the fo‘rest air.are phytogenic chemical species such
as isoprenes and monoteipenes-tFuentes-et-al-1996:-IMoukhtar-et-al., 2006; Nunes and Pio, 2001).
Since VOCs play impoﬁant roles in the interactions among organisfns in an ecosystem, a study on

the relationship between VOCs emitted from particular plants and their effects on other organisms,

especially insects,-would lead to a betteriunderstanding of such‘intetactions.

In Thailand, however, there have been no studies in the fieldyof chemical ecology,
althoughiThai forests.have high degree of diversity of plants and insects/ Therefore, this research
work aimed to study the interactions between the emitted volatiles and some kinds of insects
found in the forest. Emphasis was on the test on the efficiency of the attractant or repellent
properties of a particular volatile compound on the insects. It is expected that the obtained
knowledge can be applied for pest control in the future. Furthermore, the volatile compounds of
plants in the study trail were identified and some volatile oils were extracted and tested for their

effects on insects (Sonthimanotham, 2009).



Objectives

1. To evaluate the efficiency of a new device of trapping and identification of volatile

organic compounds present in the forest atmosphere.

2. To study the relationship between some detected volatile organic compounds constituents

and some insects found in the target area.

3. To confirm the predicted effect of some volatile components to the insects by field trials

using pure VOCs.

AU INENTNEINS
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CHAPTER1II
LITERATURE REVIEW
2.1 Doi Phu Ka National Park

2.1.1 Location

Doi Phu Ka National Park is located in Nan province with Global Positioning
System (GPS) at 19°10'34.33"N 100°54'59.94"F. (Google Earth) and covers the area of eastern
part of Northern Thailand near by Lao PDR bouder..Aceording to a royal decree, Doi Phu Ka and
surrounding areas have been established as aJpational park since 17 June 1999 (The Government
Gazette, 1999). The area covers‘approximately 1,704 Kk’ (170,400 hectares or 1,065,000 Rai) in
eight administrative distriets: BorKluea, Cha}lerm Pra Kiat, Chiang Klang, Mae Charim, Phu,
Santisuk, Tha Wang Pha and Thung Chang. Itt_si}pates in high-land area with 1,980 meters (6,600
feet) above sea level (a.s.].)(National Pafks, W:;ldlife and Plant Conservation Department [DNP],

2006). # )

2.1.2 Climate L)

The seasons in /the jpark are dividt;('i.,-'into three characteristics which are rainy

season on May to October with the peak rainqu_l__-dg August and September, cold season on

wd

November-February and summer on March to April. The most popular time to visit the park is the

cold season because “of the good weather and the blooming~of Chompoo Phuka flowers

(Srikosamatara and Suteethorn, 1994; DNP, 2006).

2.1.3 Forest'trees

There are six main different forest types in this National Park which are coniferous
forest, montane' scrub forest,«mixed deciduous forest; deciduous dipterocarp forest, dry evergreen
forest andchill evergreen forest (Srisanga, 2005). There is also a rare plant called Chompoo Phuka
Tree (Bretschneider sinensis) in the park with white rose flower and bloom in long upright
racemes. Furthermore, there is ancient palm, Tao Rang Yak (Caryota gigas), which is the
endangered species. These trees grow well here due to the proper soil properties. These are found
on the rocky mountain slopes. These two species only found at Doi Phu Ka National Park

(Gardner, et al., 2007).
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Thirty nine species of vascular plants on Doi Phu Ka National Park have been
identified as endemic in Thailand, including 6 endemic to Doi Phu Ka and 60 species were
classified as rare species (Srisanga, 2005). One new species is Capparis trisonthiae
(Capparaceae) Srisanga & Chayamarit (Srisanga and Chayamarit, 2004) and additional 15 species

are probably new species or at least new records for Thailand.

Doi Phu Ka National Park consists of a high plant diversity which is potentially the
rich source of emitted volatile compounds. The area in this park was, therefore, chosen to study

the emission of plant volatile compounds in the forgst atmosphere in our research.

2.2 Plant volatile compounds

¥ |

2.2.1 Biosynthesis of plantvolatile compounds

Terpenes arc.the largest class 0% plant secondary metabolites consisting of isoprene
units and many of them are wolatile repr‘esenta.iftii'}es. The compounds with basic skeleton derived
from either mevalonic acid, jor non-mevalonié; acid, are termed terpenoids. Terpenoids are all
based on the isoprene molecule (2-m§thylbutadi§gez_and their carbon skeletons are built up from

the union of two or more of these quunits. Tl:hg classification and the schematic outline of

terpenoids biosynthesis are shown i Table 2.1 an(ji'-'Fig’.‘Z.l.

i od el

Table 2.1 The main classes of plaant"t-erpenoids

Number of Caj'lv)i(i)ri" ~ Name of class - ,7 Main types

isoprenes units number

1 C, isoprene detected in leaf

2 Cy monoterpenoids plant essential oils, lactones, tropolones

3 Cis sesquiterpenoids essential oilsj lactofies, @bscisins

4 C, diterpenoids plant resins, gibberellins

6 C,, triterpenoids sterols, triterpenes, saponins, cardiac
glycosides

8 C, tetraterpenoids carotenoids

n C, polyisoprene rubber

Source: Harborne (1984)



ﬁ) Acetyl Co A (C,) Glucose
CH;C—SCoA
Mevalonate Non-mevalonate
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Geranyl pyrophosphate (GPP) (Cy)) = Monoterpenoids (C,,)

H,;C CH; :

IPB (C,)

Triterpenoids Cy, <2_x Farnesyk pyrophosphate (FPP) (C,5) — Sesquiterpenoids (C,s)

¢ IPP (C,)

o=
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Tetraterpenoids Geranyl Geranyl pyrophosphate (GGPP) (C,,) - Diterpenoids (C,,)

Figure.2.1.Schematic outline of terpenoid.biosynthesis, (Langenheim, 1994)

2.2.2 Function of plant volatile compounds

Plants have affection for perfuming the atmosphere around them and it has been
known that both floral and vegetative parts of many species emit substances with unique smells.
The compounds emitted from flowers are generally presented as the attraction for guide
pollinators. Theis (2006) have discussed the two components of Canada thistle (Cirsium arvense),

benzaldehyde and phenylacetaldehyde, as both pollinators and florivores. Reinhard et al. (2004)
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have shown that a familiar nectar scent can trigger specific memories of route and therefore
expedite navigation to the food source of honeybees.

The release of volatiles from vegetative parts has been widely studied. The
relatively new research field of Chemical Ecology has revealed an important role of plant-
produced volatile organic compounds (VOCs) in mediating interactions between plants and other
organisms (Agelopoulos and Pickett, 1998; D’Alessandro and Tyurlings, 2005). Plants emitting
VOCs for direct plant defences against attackers while indirect plant defences may attract
carnivores or predators of the plant attacker (Fig 2.?). The understanding in these interactions can
be used to apply in agriculture such as pest contr.off(Pic,l(ett et al., 1997) and medicine such as

bioactive compounds for antimicrobial or arematherapy.

Indirect “Symbiotic and
defence pathogenic ‘
microorganisms
f foéetﬁefence o
&
=3 5
W _m’_J

Figure 2.2 Multitrophic context of defence of a plant within a community (Dicke and Hilker, 2003)

2.2.3 Plant'yolatile compounds in the'atmosphere

The plant volatile compounds are constituents that can be found:both in plants and in
the atmeésphere. Much'ofithe recent Wwork on lemissions of biogenic volatile organic compounds
(BVOCs) has focused on isoprene (Geron et al., 2000) and monoterpenes (Vuorinen et al., 2004;
Lee et al., 2005; Holzinger, 2006). Since high concentrations of biogenic compounds can be
found in nature, many sites have been selected to study the biogenic compounds as shown in

Table 2.2.



Table 2.2 Plant volatile compounds in the forest atmosphere

Countries Sites Plants Dominant compounds References
Benin Nangantchori many plants isoprene, monoterpenes Saxton et al.,
and sesquiterpenes 2007
China Xishuangbanna 8 tree species Ol-pinene, B-pinene, Wilske et al.,
sabinene, myrcene, 2007
limonene, camphene,
p-cymene, Ol-phellandrene,
and Y-terpinene
Finland Huhus and Pinus sylvestris.COl-pinene, B-pinene, Rinne et al.,
Hyytila : 3-carene and myrcene 2000
France Corineland Forest trees, isoprene and monoterpenes  Solmon,
Coniferou‘ié 2004
India - 51 local Indian isoprene, Ol-pinene and Padhy and
plants A other VOCs Varshney,
i‘ 2005
Japan Oshiba plateau Pmus densijil;;%a‘; Ol-pinene, limonene and Tani et al.,
: L‘.T 3 LB-phellandrene 2002
Mongolia Inner grassland ﬂgras‘ses, sedgtf:_ isoprene and monoterpenes Bai et al.,
i oy 2006
Netherlands Speuldeib;()s pine ~Ol-pinene; ﬁ-pinene, Peters et al.,
[ 3-carene and limonene 1994
Spain local urban . 3 conifers and 9 (X-pinené, B-pinene, Noe et al.,
végetation angiosperms mycrene, O and B - 2008
phellandrene, careen,
limonene and eucalyptol
Sweden and "' Boreal forest Pinuis sylvestris | acetone, monoterpenesand Janson and
Finland and Picea abies  isoprene Serves, 2001
USA Sierra Nevada coniferous 21 terpenoids, p-cymene Helmig and
Mountains and longifolene Arey, 1992
USA Blodgett in the ponderosa pine,  monoterpenes, Bouvier-
Sierra Nevada manzanita and sesquiterpenes and methyl ~ Brown et al.,
Mountains ceanothus chavicol 2009




2.2.4 Factors affecting plant volatile emission

The emission of a particular volatile compound into the atmosphere depends on both
the rate of its biosynthesis and the rate of its release. Environmental factors such as light,
temperature, and moisture status can greatly influence the emission of volatiles, yield and
composition of essential oils (Dudareva et al., 2004). Moreover, the measurement of isoprene and
monoterpene above Amazonian rainforest has shown that the increase of emissions depends on
light and temperature (Rinne et al., 2002).

Seasonal variation has also effect on'the concentration of VOCs. In summer, there is
not only the highest isoprene emission observed but also sesquiterpenes. In addition to the seasonal
changes, degradation of the monoteipenes by ;tmospheric radicals and the diffusion processes in the
mixing layer, air temperature.and the development of the leaves and needles appear to be important
for the monoterpene concentrationsin coniferoul forest (Hakola et al., 2003).

i

2.2.5 Analytical technique for plant velatile compounds

/4
Gas Chromatography-Mass spectfqm9_try (GC-MS) has been the method of choice
for the separation, identification, and qt{antiﬁcéf@q of volatile components. Before the analysis,
collection of the volatile componént is consid@;ﬂ{fﬁponam. A Volatile Collector Trap is a

passive chemical filter designed-for the colleéﬁxoﬂ...‘ of trace (extremely low-level, ppm-ppb)
volatile organic compoupds from_sampled air or_eas SQm_Qsia_mi)ient air, container/chamber air,
head-space volatiles, chemical odors/fumes, etc...). The sample’d;éas is either pulled or pushed
through the filter at a constant flow-rate and any VOCs in the gas stream are absorbed onto the
filter media. However, just as-important the ;adsorbent; must,also-be able to release the analytes
during desorption.process for analyzing by laboratory analytical methods. The general traps were
packed as shown in Fig 2.3.
Adsorbent occupied

5.Tem h:e:l lengih
{hFee” volnme)

T |

S5 Cilp & Flaw direction during the Challengs ’_‘ Glass Frit

Glass wool plug Flow direction during Desorplion > Infet of the tube

Figure 2.3 Drawing of packed adsorbent tube (Brown and Shirey, 2001)
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After the collection, the collected VOCs are removed from the filter by either

eluding them from the adsorbent media using some type of extraction such as a strong organic
solvent or using gas which has a higher affinity for the adsorbent media than the collected
compounds. Another method is by driving off the compounds by re-volatilizing them using heat

(thermal desortion) with the optimization of parameters such as time and temperature (Penton,

1992).

Ruther and Hilker (1998) have analyzed the volatile compounds emitted by living
aerobic organisms using a modified thermal desorber and then utilize the purge and cold trap

technique coupled with GC-MS. The volatiles arctisually carried out by using a 30 m length (L) x

¥ |

0.32 mm internal diameter (I.D.),~DB-5ms (5% phenyl, 95% methylpolysiloxane) fused silica
column, film thickness (d,) 10" tmeor 0.25 pm with helium as carrier gas. A temperature program
is started at 40°C, held for Jsmingand raised alt 4°C/min to 280°C. The column effluent is ionized
by electron impact ionization (EL) at 70 ¢V arjlg"éluted compounds were identified by comparing

obtained spectra with National Institute-of Stan@ard and Technology (NIST) library spectra.

Picone et al. (2002) have shown that the emission of floral volatiles from Mahonia

G
Japonica can be trapped by Perapak -Q adsorbent, identified by GC-MS and confirmed by

i Bl

retention times of pure reference cbmpounds. Thﬁ—éélumn is an HP ultra2 (5% diphenyl, 95%
dimethylpolysiloxane) 50 m Lx 0.2 mm L.D., with film thickness,0.33 pm. Carrier gas is Helium
at 1.6 ml/min and the oyén temperatire can be programmed from 50-270°C at 2°C/min and

injector temperature is 250 °C.

The monoterpene emissions in Pinus sylvestris dominated forests have been
extensively studied using adsorption of air samples onto adsorbent. The samples have been
analyzed using gas chromatograph with an HP-1 (100%_dimethylpolysiloxane) column 50 m L x
0.32 mm,I.D; and mass ‘selective detector in seleeted ion monitoring (SIM) ‘mode (Rinne et al.,
2000). A number of monoterpenes have also been found in an old-growth Pacific Northwest
coniferous forest using gas chromatography with DB-1 (100% dimethylpolysiloxane) capillary

column 30 m L x 32 mm 1.D., and flame ionization detection (FID) (Pressley et al., 2004).
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2.3 Relationship between plant volatile organic compounds and insects

In an ecosystem, the plant substances can be involved in plant-insect interactions or
chemical defense as attractants, stimulants or deterrents to feeding and oviposition. Plants normally
release small quantities of VOCs, but when they are attacked by herbivorous insects, many more
volatiles are released. These volatiles, dominated by terpenes, can attract predatory insects and/or
repel herbivores (Fig 2.4). After a plant damaged by herbivore, it releases terpenes, the substances
play role as chemical indirect defences by attracting predators and parasitoids that prey on the
herbivores or use them as hosts for their larvae (Fig 2:4a). The same terpenes can also affect other
herbivores, either attracting them to feed (Fig 2.4b) ortepelling them from feeding or oviposition

7

(Fig 2.4¢). In addition, plant traits-involved in direct-defences against herbivores (e.g. glandular

trichomes or toxins) can negativelyaffect predator or parasitoid success (Fig 2.4d) (Degenhardt et

al., 2003). ]
¥ {a)/ Atiraction o ¢ T

- A
Tl

‘, (c) Repulsion of
herbivores

predatcrs and
parasifoids

(d) Reduction of N - (b) Attraction of
predator or \—Ej [ herbivores
parasitaid . b
success \ - ) \\‘

w m 2 ._h.-— "

Direct defences 7 '

Current@ipinicn in Bictechnalogy

Figure 2.4 Interactions between plants, herbivores and herbivore enemiesimediated by terpenes.

(Degenhardt'et al., 2003)

Since Plant VOCs play important roles in the interactions among organisms in a forest
ecosystem, the study on the relationship between plant VOCs emitted from particular plants and
their effects on other organisms, especially insects, would lead to a better understanding of such

interactions like attracting or repelling effect on insects.
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2.3.1 Attracting effect

Plants can attract insects for pollination and indirect responses by which plants attract
natural enemies of their herbivores that act as plant defending agents. The discoveries of plant
volatiles that attract enemies may help harness the full potential of biological control in

agroecosystems and applications. Some plant attractants tested with insects were shown in Table 2.3.

Table 2.3 Attracting effect of plant volatile compounds on insects

Efficient plant VOCs Insects Insect Order references
Volatile compounds from  fruit fly Diptera Lopez et al., 2006
Spondias mombin fruits J
(-)-camphene Eremosubes opacus Koch — Coleoptera  Geiselhardt et al., 2006
Ol-pinene conifer-feeding bé'etles Coleoptera ~ Chenier and Philogene,

:" 1989
Ol-pinene female J apahese hdﬁnt&ils Hymenoptera Sato and Maeto, 2006
1,4-dimethoxybenzene females of bee © " Hymenoptera Dotterl et al., 2005
G 4
1,8-cineole femalesf‘of éfapc ber;yd _ (7 Lepidoptera  Katerinopoulos et al.,

moth . 2005

2.3.2 Repelling effect

In some cases, herbivore-induced volatiles may act as direct defense that
concerned with repelling effect on insects. Many investigations reported that some plant essential
oils not only repelyinsects, but‘also*have contact and fiumigant insecticidal actions against specific

pests (Isman, 2000)! Some plant repellants tested with insects were shown in Table 2.4.

Table 2.4 Repelling etfect of plantwolatile compounds onjinsects

Efficient plant VOCs Insects Insect Order references

Volatile compounds yellow fever mosquito Diptera Hwang et al., 1985

from Artemisia vulgaris
1,8-cineole Mosquito Diptera Klocke et al., 1987

Linalool, limonene, Drosophila melanogaster Diptera Yamasaki et al., 2007

and B-pinene
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2.3.3 Correlation analysis

Correlation analysis means the method for measure the strength and direction of the
linear relationship between two variables by correlation coefficient value (Buntinas and Funk,
2005). In statistics, the value of the correlation coefficient varies between +1 and -1 (-1 << 1)
with scaled rating are very strong (>0.8), moderately strong (0.5-0.8), fair (0.3-0.5) and poor (<0.3).
There are three types of correlation: Pearson correlation, Kendall rank correlation and Spearman
correlation.

Pearson correlation is widely used: in statistics to measure the degree of the
relationship between the linear related variables. For the Pearson correlation, both variables should
be normally distributed. When outliers are present, Kendall rank correlation and Spearman rank

correlation, non-parametricwtests, are_used. Kendall rank correlation doses not assume any

assumptions related to thesdisiributions like Pearson correlation. Spearman rank correlation was
1

developed by Spearmang thussit 4s/ called ‘_the Spearman rank correlation. Spearman rank

correlation test does notgassume/ any assufz};)tions about the distribution. Spearman rank

correlation test is used when the Pearson test gi.v’{/,es‘misleading results (Chen and Popovich, 2000).
2.3.4 Bioassay for VOC-insect interacf;bn

The responses of insects o Volatifé'ﬂcoqmpounds have been studied by using various
methods. In laboratory, olfactometers have been;uzs!&i to monitor the responses of insects by
tracking and measuring_upwind movements to od&fé‘*frém plant or specific odors. For example,
four-arm olfactometer has-been-used-for-testmg-the-muitiple-odors on Trichogramma chilonis
Ishii by recording the distance travel and unit time (Ranjith, 2007). Y-tube olfactometer has also
been used for comparing the responses of vine weevils to two choices between attractant and no
compound (Nakamuta et al., 2005).

HoWwever, in the field, the baited sticky traps were used to determine the effects of
monoterpenesionsthe mumber<of insects)captured: ¢Foryexample; baited sticky stovepipe traps have
been used:to study the responses of certain forest coleoptera to conifer monoterpenes and ethanol by
compare the number of captured insects per treatment with unbaited traps (Chenier and Philogene,
1989). Sticky panels traps and black pyramids traps baited with different synthetic host odors and
synthetic aggregation pheromone have been used to examine the attractiveness of adult plum
curculios (Pinero and Prokopy, 2003). In addition, yellow sticky cards baited with 2-ml glass vials
of herbivore-induced plant volatile solutions and unbaited traps were tied to wooden poles 2 m

above the ground for demonstrating the responses of green lacewing (James, 2003).



CHAPTERIIII

MATERIALS AND METHODS

3.1 Sample sources
Forest is understory air samples were collected from 15 permanent plots at Dong Ya Wai

on hill evergreen forest, Doi Phu Ka National Park by GPS as follows:

No. of sites* Global Positioning System Elevation (m, a.s.l.)

01 19°11'00.10"N 1012,5'59.60"E 1,544
02 19°11'01.90N {01°.5159.90"E 1,632
03 19°11'08:00"N 101°°6'04770"E 1,759
04 19°11'12470"N 101° 6'19.30"E 1,806
05 19°1 14 70"\ | 101°622.90"E 1,812
06 19°1146.30"N _ 9101°624.90"E 1,876
07 1981117 10"N 1 1018 627.60"F 1,913
08 19912 804N ; 101° 633.20"E 1,926
09 19°1180.50'N 101 632.80'E 1,910
10 19°11'40.90N 1013628.90"E 1,849
11 19°11'50.704N @j@pOJT‘E 1,815
12 19°12'00.80'N 101° 6'16.80"E 1,804
13 19°12106.50"N 101° 6'08.90"F 1,772
14 19212'08.50"N 101° 6'04.40"E 1,712
15 19°12'1510'N 101° 5'56.78"E 1,666

* These sites were chosen-based on the preliminary study-of 35 sites which are 100 m apart from

each side or had high volatiles quantity and some sites also.had fragrance plants.

The area 'of Dong Ya Wai‘in"Doi'Phu Ka National-Park' was' selected as the study
site because it has high plant diversity (Srisanga, 2005) that potentially be a source of biogenic
VOCs. From 35 sample sites preliminary specified in the survey trail, 15 sample sites were
subsequently selected based on their high VOCs content. Some fragrance plants were also found
in these selected sites such as Cinnamomum iners, Litsea cubeba and Zanthoxylum sp.
(Sonthimanotham, 2009). Air samples were collected in February/March and October/November

from 2005-2008 for representing the air VOC constituents in the summer and winter,
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respectively. The experiments were started in late October 2005. We omitted the rainy season
because the high rainfall (Fig. 3.1) causing difficulty in travelling and research operating.

mm.
1,100

z

1
-3
Amount of rainfall

-8C

5

8

L ac

Temperature

Figure 3.1 The amount of rq'n 1 (mm) and temp e (°C) at Doi Phu Ka National Park in 2005

e QUSRS
TR M ANLIA

Eugenol SIGMA Chemical Co

(+)-Linalool SIGMA Chemical Co
(1S)-(-)-0l-Pinene SIGMA Chemical Co

Safrole CHEM SERVICE

Eucalyptol (1,8-Cineol) CHEM SERVICE and Fluka Chemika

(+)-3-Carene Fluka Chemika
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Camphor Fluka Chemika

Benzaldehyde Aldrich Chemical Co
Camphene Aldrich Chemical Co
p-Cymene Aldrich Chemical Co
Limonene Aldrich Chemical Co
E-4-Octene Aldrich Chemical Co
1-Octen-3-o0l Aldrich Chemical Co

1, 2, 4-Trimethylbenzen

‘ Aldrich Chemical Co

)) polymer, Alltech
;

3.2.2 Equipment —

3221 Por ol

battery (Fig 3.2).

Figure 3.2 The applied portable volatile collectors.

3.2@ uﬂagGwoﬂgam-ms’slﬂjnetry (HS/ GC-MS)
: e GC- perfo eﬁo Genesi ®l§ ce Autosampler
connecttaq tmgaﬁﬁan%amm ﬁtzj i um Efi:j?) FJ coupled directly

to Ion Trap Mass spectrometer at the central laboratory of faculty of Pharmaceutical Sciences,

Chulalongkorn University

3.2.2.3 Yellow sticky traps
The trap was applied by coating one side of yellow plastic board (22 c¢m x

22 c¢m) with glue traps for catching the population of insect. The yellow sticky trap for field-tests
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was performed by putting the eppendrof tube without cap filled with absorbent cotton soaked with

a pure chemical in the middle of the trap.
3.3 Optimization of a portable volatile collector in laboratory

The volatile trap was put into the enclosed chamber (30 cm x 30 cm x 30 cm) with standard
volatile compounds. Ten microliters of seven pure oils: O -pinene, 3-carene, eucalyptol, eugenol,
linalool, safrole and caryophyllene were diluted with 10 ml methanol, and then 1ml of the mixed

oils was placed in petri dish. Air sample wa ected until the pumps run out of batteries (2 days).

The optimization of headspace was t parameters for the analysis, which are

temperature at 120, 150, 180 a; at 5, 10, 15, 20 and 30 mins.

The portable ig trees for sampling at the height
of 2 m above the ground in Bun | “ and then the adsorbed components
were extracted and conce ] h : ough the adsorbent tubes filled
with solid trap, Super Q, for 48 hr py_rgdrtd; The samplings were collected on

October 2005, March 2006, F rua.@zém November 2007, March 2008 and November 2008,

After the collection, the air trapSsmré:. k@_pt?fx;. ntil analysis was carried out in laboratory

\

within one week.

Pt
AEEE i caens
SURENF- o Rl[EWDl

The Understory

The Forest Floor

Figure 3.3 The layers of growth in the forest
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3.4.2 Gas chromatography-mass spectrometry (GC-MS)

For identification of the composition of essential oil, a headspace technique coupled
with GC-MS was used. The adsorbent from each collector was placed into a vial (22 ml) with
aluminum cap seal. Then, the vial was heated at 200°C for 5 minutes in the Genesis" headspace-
autosampler before the volatiles were automate-injected into GC-MS system. The condition of GC-
MS was described below. The spectra were recorded and compared with the NIST and terpene
library. GC-MS condition was modified from the method described by Ruther and Hilker (1998):

Column DB-5ms fused silica column film thickness (d,) 0.25 pm, 30 m
length (L) x 0.25. mmunternal diameter (I.D.)
Column programming 40°C hold for 5 minttes then rose to 230°C with the rate at 5°C

perminute and hold for 10 minutes

Carrier gas Helium, 12 psi
Injector SPI injéctor-holds at 250°C
Accelerating voltage 1700.volts -

Sample size 250 ul -
¥,
3.4.3 Identification of the components = .
Identification of the components ba§T¢d on GC retention time computer matching of

NIST and terpene library, comparison of the fraginent pattern.with those reported in the library.

The peak areas were used for quantitative analysis.
3.5 Relationships between volatile composition and insect distribution

The peak ar€as of compounds were/used for quantification ©f some VOCs which were
then correlated toithe types and numbers of insects caught by yellow traps posted nearby the sites
of air samplings (Fig-3.4)s Data of- VOCs wereycollected,twice per year from; 2006 - 2008. This
was analyzed by correlation’ analysis using SPSS 15.0 for ‘windows program. (The insect data
were obtained from “Studies on Biological Interactions and Biochemicals in the Ecosystems of
Deciduous Dipterocarp and Deciduous Forests in Nan Province” project. The number of insects

was obtained from the total counts of two yellow traps (22 cm x 22 c¢m) for each site).
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Figure 3.4 Set up of the volatile col]j_é;{gznd the insect trap in the forest
” -j

—

3.6 The effect to insects of soé;volatile co@iponents —_——

o volatile-insect effects from the analysis were confirmed by
a-- it I;llal' ites of the forest. The treatment was separately by 3
ﬁIjndilﬁwest dose or about tenfold of compounds which
detected in the forest air) on Nov. ﬁ'2097, &)\fémber 2008 and March 2008, respectively. The
&l [FF]

sset.on 3 p,l;i&sifes with 5 replicates. The numbers of insects

* o 4 1
were then compared with control (the traps with?yuﬁf_compounds which were set up 2-4 days before
v — e \
-'pr!'f a;‘fd
o

those tests). gt e
B R | o N 7
L'i ::r A
| =
(‘j i .



CHAPTER IV
RESULTS AND DISCUSSION

4.1 Testing of a volatile collector device in laboratory

4.1.1 Volatile trapping efficiency of the collector
A simple, inexpensive and effective volatile collector was constructed by using

aquarium air pump. A 5-ml plastic syringe p

. —
slightly polar porous polymer
volatiles (Tholl et al., 200 v ‘

al., 1996). When the chro

yed with 0.5 g Super Q resin was connected with a

/fg t;e air pass through the column. In this

ible adsorbents. These adsorbents are
—ﬁlof VOCs sampling such as plant
and other volatiles (Pankow et
apak Q obtained by HS/GC-MS
were compared, the results
had 2 peaks of contaminants v B /in 10 the pri imination of contaminants in Super Q
by washing with a selec ' of orgamg sols cids and then conditioned in an

oxygen-free atmosphere to -\‘-y nomers and polymerization catalysts (Althech

catalogue).

orapak Q

AUEINENINYINg
RIAINTUNRINIAY

Super Q

Figure 4.1 The chromatograms obtained from blank adsorbent
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Subsequently, a new volatile collector device was tested for its adsorbing ability
with the mixture of seven pure oils set up in laboratory and the analysis was performed with the
operating condition that modified from Adams (1995). The chromatograms obtained from trapped
volatiles on porapak Q and Super Q run with HS/GC-MS were compared with the chromatogram

of manual directly injection of mixture to GC/MS (Fig.4.2).

Porapak Q

R
{

AULINENINYINS
RININIUUNIING)Q Y

Figure 4.2 The chromatogram of mixture oils (a) manually by direct injection to GC-MS
(b) trapped on porapak Q and (c) trapped on Super Q
(1) O-pinene, (2) 3-carene, (3) eucalyptol, (4) eugenol, (5) linalool, (6) safrole and (7) caryophyllene
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The comparison in Figure 4.2 shows the appearance of mixture oils by GC/MS

with seven peaks of chromatogram arranged by the number of peak or retention time were
Ol-pinene, 3-carene, eucalyptol, eugenol, linalool, safrole and caryophyllene (fig 4.2a) which have
boiling point (bp) at 155-156°C, 168-169°C, 176-177°C, 198°C, 232-234°C, 254°C and
262-264°C, respectively. Almost all compounds were detected in both adsorbents (Fig 4.2b and c)
which showed similar patterns of peaks between the trapped samples and the direct injection
samples. Eugenol, linalool, safrole and caryophyllene were rarely detected in porapak Q but well
detected in Super Q. Comparing between the two, adsorbents, it was obvious that interference
peaks were detected in porapak Q but not in Super«Q. Moreover, Super Q could be reused by
washing with organic solvent.such as acetone. For.these reasons, Super Q was selected as
adsorbent for VOCs sampling in the applied volatile collector for trapping of VOCs, particularly

terpenes, in this study. \

i

4.1.2 Parameters affecting the headép;ice - GC/MS results

After sampleicorzection, the trapf;ed volatiles were desorbed from the adsorbent by
using Genesis Headspace autosampler. The ifhﬁohtant parameters such as temperatures and
- 4 |I'
- * Ak . e e . .
equilibration time of the sample heating which are related to its sensitivity and maximize

precision (Penton, 1992) were studled It was ﬁnd that these parameters could influent the

i -I

GC/MS performance as presented by peak areas (Téble 4.1). It.can be seen that some components

were detected only at h_'fgh temperature such as eugenol and cafygphyllene at 200°C, while the
lower bp monoterpenes ;_such as O-pinene, 3-carcne and eucalyptol were desorbed at all
conditions. Optimization study-showed that the highest quantity of volatile oils were established
at 200°C which is the/maximum temperature reachable by autosampler oven (Fig. 4.3a), and
almost all volatile oils show high level of compounds at.200°C and 5 minutes (Fig 4.3b). So this
conditiof, was|selected to,evaporate the trapped volatiles_from Super Q adsorbent for analysis of

all experiments.



Table 4.1 Optimization data of temperature and time to analyze mixture oils in Super Q
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Parameter Peak Area x 10°
A _ 5
Sample Temp(°C) / E: § ;% _§ ié i ;:
Equilibration Time(min) = 3 5 E & 3 %
o
120/10 - - -
120/20 - - -
120/30 - - -
150/ 10 75 - -
150/20 71 - -
150/30 68 - -
180/ 10 326 33 29
180/ 15 291 10 28
180/20 275 2 20
180/30 289 - 23
200/ 5 570 74 22
200/10 570 88 23
200/ 15 530 50 28
200/ 20 519 86 30
200/30 531 97 72

AU INENTNEINS

AMIAN TN INGINY
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Peak Area x 103

4000
120°C
3000 0O 150°c
O 180°c
W 200°C
2000
1000
0 —
o -Pinene 3=Carene Eucalyptol Linalool Safrole Eugenol  Caryophyllene
) @ ) ° o © )
c = = o o c <
[} [ o . 4 S o [}
c = > @ b= o =
X S 5= = » 3 z
® o S % w S
g )
Peak Areax 103 8
4000 T —F F - S T W
. B 5 min
A4
3000 - 1 & 10 min
] - ¥ L1 15 min
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2000 - R |
u ] (130 min
1000 - u i ] -
0 - m = Imlﬁle
Ol-Pinene 3-Carene -, Eucalyptol Linalool Safrole Eugenol  Caryophyllene

Figure 4.3 Effects of temperatures and time on the response of volatile compounds
(a) vary temperatures at 10 min

(b) equilibration time at 200°C
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4.2 Volatile compounds collected from the understory air in a forest at Doi Phu Ka
National Park
4.2.1 Identification of VOCs
After collection of air samples in the forest, the trapped VOCs were desorbed from
the adsorbent and analyzed for constituents by using optimal HS conditions and our modified
GC-MS program, respectively. The analysis of the air VOCs was firstly performed by using the

same GC method used previously in our laboratory (60°C for 3 min, then increased to 220°C at

3°C/min and held for 10 min). Wi itions, the chromatograms showed no clear

appearance of peaks of VOCs (Fi ating conditions was changed to be as

5 1‘11 thml from 40 to 230°C at a rate of 5°C/

follows: initial oven tempera

min and held for 10 min. ditio : ta d chromatogram of the same air

€ e 1g 4.4b). Thus, in this study, the
j ponents in the forest air.

sample showed the presence

new program of GC ope

-

TOT

Figure 4.4 Typical GC chromatograms of a forest air sample obtained by using
two different GC programs
(a) 60 °C (3min) -> 220 °C (3 °C/ min) -> 220 °C (10 min)
(b) 40 °C (5min) -> 230 °C (5 °C/ min) -> 230 °C (10 min)
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Based on the GC analysis, chromatograms of various air samples collected in this
study showed variation in the composition of the forest air VOCs (appendix A). Fig 4.5-4.7 show
representative chromatograms of the air samples collected from site no. 5 compared with the
controls (blank). In this experiment, different conditions of Super Q adsorbent were used for each
sample collection. The VOCs trapped by newly purchased Super Q (October 2005 and March
2006) showed more contaminated constituents compared with the blank control (Fig 4.5).
This contaminated problem was solved by washing the new Super Q with acetone and heated at
100°C for 1 hr before use. The washed Super O allowed the samples collected in February and
November 2006 be analyzed with clear peak separation (Fig 4.6). Thusfore, in practice, the used
Super Q was cleaned by washing 3 times with acetone and then heated at 100°C for 1 hr before
being reused. Although, the obtained GC chromatogram showed some background of peaks of
constituents left in the adsorbent, different }fleaks of VOCs could be detected readily in these
samples (Fig 4.7). As a-fesultystructure identification of compounds in these analyses obtained
could be performed by comparison between qlr‘e mass spectra of the samples with those in the

NIST and terpene library.sSome corﬁparisonsiof the mass spectra are shown in appendix B.

Fig 4.8 shows'the overall, pictur&;'ff the chemical profiles of VOCs in each air
collection obtained from various satapling site.i@dﬁ be seen that the profiles showed similar
pattern with peaks of contaminated eompounds :gi—if“-%ethylbenzaldehyde and naphthalene which
were utilized for relative:peak area quantity. Even though these cémponents were detected at high
level in the new Supef Q-samples, they were decreased by WaSHi-rllg with acetone as mentioned

earlier. The detected compounds from the washed adsorbent wére as good as the original Super

Q. This confirmedsthat Super Q-is a suitablesadsorbentifortrapping=V QEs in the open field.
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National Park from the site no. 5
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From the results of GC-MS analysis, the VOCs in the forest air at different sites could
be identified as two classes of terpenes, which are normally found in most of plant essential oils.
Among these, seven compounds were classified as monoterpenes which are Ol-thujene, camphene,
3-carene, p-cymene, limonene, (1,8)-cineole and camphor and one as sesquiterpene which could not
be identified. Furthermore, other VOCs were also found in this study which are E-4-octene,
Z-2-octene, styrene, 1-octen-3-ol, benzaldehyde, 1,2,4-trimethylbenzene, n-octanol, 2-chloro-octane
and benzothiazole (Table 4.2). This pattern of these compounds emission was specifically detected
in Hill ever green forest of Dong Ya Wai at Doi Phu Ka National Park with the new collector,

which is the first information of VOCs in this area:

Table 4.2 Composition of volatile compounds adsorbed by Super Q from the understory air.

Oct Mar Feb Nov Mar Nov

Identification compounds Formula 005 2006~ 2007 2007 2008 2008

Monoterpenes

O-thujene ¢ A7 B 7‘- '\/ '\/ '\/ '\/ '\/
Camphene CgH,, 4 -\/ -\/ -\/ -\/ .\/
3-Carene @ H, - A | ) -\/ -\/ .\/
p-Cymene C, M 3 : 7, '\/ - -\/ -\/ )
Limonene C H = . -. ‘\/ '\/ '\/ '\/ '\/
(1,8)-Cineole cio ‘- Ve vy VvV OV OV
Camphor (GnlIe) '\/ '\/ '\/ '\/ '\/ _
Sesquiterpenes

Unknown sesquiterpene C.H, '\/ '\/ '\/ - - -

Other volatile cormpounds

E-4-Octene CHe -\/ -\/ .\/ .\/ _\/ _\/
Z-2-Octene CH,, -\/ ¢ ; | i ]

Styrene CH, -\/ -\/ .\/ _\/ _\/ _\/
1-Octen-3-ol CH, O '\/ '\/ '\/ -\/ -\/ .\/
Benzaldehyde CH,O '\/ '\/ '\/ -\/ -\/ .\/
1,2,4-Trimethylbenzene CH,, '\/ -\/ -\/ .\/ .\/ _\/
n-Octanol C,,H,, \/ \/ \/ \/ ] \/
2-Chloro octane CH,.Cl \/ \/ \/ \/ \/ \/
Benzothiazole C.HNS \/ \/ \/ \/ \/ \/
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The sources of volatile emissions in the forest are many. Plants are the certain
sources of biogenic volatile organic compounds (BVOCs), especially terpenes, assuming that
their fate in the air is similar. In this study site, several plants were collected and analyzed for
VOCs which the results showed that VOCs from plants also be detected in the atmosphere such as
terpenes, E-4-octene, 1-octen-3-ol, and n-octanol (Sonthimanothum, 2009). Although, the sources
of terpenes and some VOCs are natural plants, some of them may be released from several
sources such as the plastic part and batteries of collector. Moreover some VOCs such as 1-octen-
3-ol was not only emission from plants that also has been found as a major volatile produced by
fungi (Kishimoto, 2007) and inseet (McMahon, 2001). In addition, the anthropogenic VOCs
found in ambient air such_as styrene (symonym: vinylbenzene) and 1,2,4-trimethylbenzene
(Hinwood, 2006) should be trapped by Super Q because the slightly polar property of Super Q
(ethylvinylbenzene-divinylbenzene polymer) (ISturaro et al., 1992).

&

4.2.2 Quantitative apalysis/ /= =

_—

The quantitative analysis.by relat'%ive‘peak arcas of the obtained GC chromatograms
was calculated. Since all ‘chromatograms shovs}iéfg_ili tge presence of 4-ethylbanzaldehyde (E) and
naphthalene (N) in both samples and blanks with }fh_g same peak sizes in October 2005 and March
2006 (Fig. 4.9a). The peak areas df these com&ﬂéﬁts were averaged and used to adjust the

compounds quantity of all samples (Fig 4.9b) Witﬂh"'th.eq'equation as follow:

coefficient of E at that site x coefficient of N at that site

coefficient of each'sites = 5

- coefficient of-Ejat-thatsite asjthesmean ofipeak area of E /peak area of E
- coefficient'of N at that site'as the mean of peak area of N /"peak area of N
- .the means of peak area of compounds as the total of peak area from sample sites and

blanks /the number of'samples
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Figure 4.9 Peak areas of 4-Ethylbenzaldehyde and Naphthalene (a) before and (b) after calculation,
Blk = Blank Y

o

However, naphthalene was sharply decreased in blank and samples from February
2007 and November 2007 because the adsorbent was washed with acetone. Thus the
quantification of.samples ,n-the washed Super .Q , wete .adjusted..by only peak areas of
4-ethylbanzaldehyde. This=single compeund adjusting was-also used for samples in March 2008
and November 2008. The peak areas of these componefits were averaged and used to adjust the

compounds quantity of all'samples (Fig 4. 10).with/the equation as_follow?

mean of peak area of E

coefficient of each sites = 3
peak area of E at that site

- the mean of peak area of compounds as the total of peak area from sample sites and

blanks /the number of samples
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Figure 4.10 Peak areas of 4-Ethylbenzaldehyde (a) before and (b) after calculation, Blk = Blank
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The VOC composition from the forest air was calculated and is shown in table
4.3-4.8. The variation of compounds was detected at all 15 sites, possibly due to the diversity of
plants at each site that emitted the volatile compounds into the forest air. It can be seen that seven
monoterpenes including Ol-thujene, camphene, 3-carene, p-cymene, limonene, (1,8)-cineol and
camphor and one unknown sesquiterpene were the major constituents detected. These compounds
have been reported as plant volatile compounds which may function to protect plants from pests

or attract parasites of their pests in the defend mechanisms (Degenhardt et al., 2003; Dicke and

AU INENTNEINS
RINININUNINYAY
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T——— 3
‘Mve Peak Area x 10" **

RTime Compounds control*
1 8 9 10 11 12 13 14 15
3.89 E-4-Octene 0 1394 1426 1742 1492 1492 1552 1341 2904 2288
4.18 Z-2-Octene 0 190 94 327 319 134 411 221 402 613
10.02 1-Octen-3-o0l 0 286 191 212 165 151 145 124 247 221
10.28 Benzaldehyde 0 806 487 587 304 323 437 522 503 843
11.38 1,2,4-Trimethylbenzene 0 247 192 83 255 194 165 180 146 230 448
12.86 n-Octanol 0 1589 1209 1376 1368 1003 498 809 754 1238 819
P TTaTe
16.69 Camphor 0 83 2 ¢ 3 =i 74 60 46 32 40 46 29 71 88
17.25 4-Ethylbenzaldehyde 546 356 _ 616 636 653 519 595 454 496 368
17.84 Naphthalene 1036 1979 1@2 y 5ﬂ7 932 910 890 1072 963 1266 1131 1828
24.36 CH,, 18 31 0 0 15 0 28

* Control means the adsorbent in the plastic syringe tﬁ"ﬂfjkq w ﬂﬁ j w ﬂ q ﬂ j

** Relative Peak Area x 10° means peak area x 10’ of compounds calculated by interfere 4- ethylbenzaldehyde and naphthalene

‘-]W’]ﬂﬁﬂim UANAINYIAY

S¢



Table 4.4 Composition of the volatiles emitted into the headspace on

36

RTime Compounds control*
8 9 10 11 12 13 14 15

4.03 E-4-Octene 0 626 3526 4760 3243 4011 2087 3912
9.08 Ol-Thujene 0 76 126 183 146 162 152 125
9.64 Camphene 0 0 116 132 0 0 0 102
10.04 1-Octen-3-ol 0 334 456 634 580 640 522 745
10.32 Benzaldehyde 0 2599 3077 3620 2341 3086 3626 3517
11.41 1,2,4-Trimethylbenzene 180 330 478 528 481 491 490 509
12.55 p-Cymene 0 106 112 125 112 127 118 92
12.68 Limonene 0 71 127 130 203 232 213 148
12.79 (1,8)-Cineole 0 213 5 0 0 0 253 11
12.88 n-Octanol 0 2444 2173 3222 4969 3580 4472 2784
16.73 Camphor 0 67 0 24 61 129 77 95
17.19 4-Ethylbenzaldehyde 1638 1253 IOSf 1165 13&; 1120 1299 1225 1084 1096 1196 1139 1157
17.78 Naphthalene 3128 ﬂ uﬂ 36?] ﬁ%ﬁ? wzﬁl q ﬂ % 3814 4344 4313 3931 4133 40064
24.35 C.H 4B2 103 105 193 80 76 0 0 71 126

157724

* Control means the adsorbent in the plastic

** Relative Peak Area x 10’ means peak are

Eol 0[ col pouSs ZJ(E mn;:tgrtﬁ ’] ’Qbenzalggl\ de a@ nglhthalene

9¢



Table 4.5 Composition of the volatiles emitted into the headspace on

RTime Compounds control*

3.82 E-4-Octene 0

8.79 Ol-Thujene 0

9.36 Camphene 0

9.74 1-Octen-3-ol 0

10.03 Benzaldehyde 0

11.11 1,2,4-Trimethylbenzene 0

12.36 Limonene 0

12.46 (1,8)-Cineole 0

12.55 n-Octanol 0 1049+
16.34 Camphor 0

16.95 4-Ethylbenzaldehyde 148

17.50 Naphthalene 57 68
23.86 C H 0 ﬂ

157724

* Control means the adsorbent in the plastic syringe thaﬂvas not set up in targeé area

37

tive Peak Area x 10°%*

8 9 10 11 12 13 14 15
467 2345 2644 2615 2747 1058 1334 186l
13 24 33 45 44 39 20 40
11 24 25 36 38 24 26 26
66 195 181 209 207 167 170 201
221 400 411 552 435 478 469 410
37 122 105 130 98 85 120 169
3 46 40 61 44 43 39 63
63 0 0 18 13 0 10 15
372 433 665 468 512 677 540 419
8 18 19 32 23 24 23 28
148 148 148 148 148 148 148 148
56 87 93 89 105 96 88 105 115
4 8 6 9 0 22 12 16

** Relative Peak Area x 10" means peak areaquw q“ﬂ"& ﬂ“di m ﬁ% Q‘Q’ﬁﬁ'@ a E]

LE
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RTime Compounds control*
1 2 9 10 11 12 13 14 15

4.36 E-4-Octene 0 2540 4288 0192 46 57 > z . 7633 3569 8680 2730 18533 6310 6825
9.38 Ol-Thujene 0 179 150 A3 -. - 5\ 0 0 0 0 174 0 75
9.98 Camphene 0 1969 2021 S 3 10> 1 1202 1923 3509 2064 1560 1263 2150 627
10.34 1-Octen-3-ol 0 164 531 v @ . 4 697 451 860 295 681 713 600
10.61 Benzaldehyde 1027 2270 3486 ) I ‘. £e 4558 g 4353 6030 11325 5055 3392 7181 2709
11.68 1,2,4-Trimethylbenzene 1362 5718 3383 65 A .-'r—-—_ - 5739 7485 12219 19139 5217 7030 3348 21157 2917
12.19 3-Carene 0 543 430 : 850" 718 541 825 744 733 188 494 1007 258
12.81 p-Cymene 0 521 311 : g 10 774 894 749 512 191 348 134
12.94 Limonene 0 120 2 - 171 0 159 0 81 185 36
13.08 (1,8)-Cineole 0 248 =, 37 - 506 707 124 201 126 74 73
13.14 n-Octanol 0 1976 6235 ESO3 4303 4383 3452 '&11 2809 3834 2376 2858 1350 5866 3401
16.94 Camphor 0 127 93 €88, 107 100 @186 187 0 155 136 107 0 61
17.51 4-Ethylbenzaldehyde 1794 179§ﬂ % EIK ’g %ﬂ%@] ?w E)q ﬂ j 1803 1807 1796 1802 1803 1795 1788
18.09 Naphthalene 593 AU 549 573 533 ¢ 607 534 556 485 5 941 592 692 572 562 1100

* Control means the adsorbent in the plastic ﬁ wﬂr«m ﬂlﬁfﬁ‘ ﬂ VI '] ’g Vl EI ,] a E]

** Relative Peak Area x 10’ means peak area x{10" of compounds calculated by interfere 4-ethylbenzaldehyde

8¢



Table 4.7 Composition of the volatiles emitted into the headspace on

39

ive Peak Area x 107+

RTime Compounds control*®
1 2 9 10 11 12 13 14 15

4.34 E-4-Octene 0 2034 863 1185 1827 2545 998 725 1983 1589
9.30 Ol-Thujene 0 31 72 159 434 328 320 234 295 87
10.00 Camphene 1543 10397 5667 7136 12425 9765 9321 5866 7930 4281
10.34 1-Octen-3-ol 0 512 268 335 343 413 460 250 337 416
10.61 Benzaldehyde 112 3610 3222 3456 2653 2334 2987 2469 1856 1836 1779
10.73 1,2,4-Trimethylbenzene 3249 84955 45035 44782 77936 42551 91055 65449 73734 51620 64262 47264
12.19 3-Carene 114 1524 687 1556 779 1453 1347 1372 662 1025 640
12.79 p-Cymene 622 5104 2726 2969 3024 4042 3647 2120 2739 1837
12.94 Limonene 0 724 285 196 217 564 189 76 110 123
13.06 (1,8)-Cineole 4693 12178 6868 6 07, 7488 10645 11610 10563 6616 10369 6414
16.94 Camphor 3076 15736 10706 103@ 15367 12621 18165 18052 +17109 13085 15253 17762 17767 8177 15300 9855
17.46 4-Ethylbenzaldehyde 846 847 847 847 & 2846 846 847 846 847 847 846 847 846 846
18.03 Naphthalene 0 ﬂ u EJ ’] gq EJ w j w Ej)q f})j 0 0 0 0 0 0

* Control means the adsorbent in the plastic syringe thaﬂvas not set up in targ%t area

#* Relative Peak Area x 10’ means peak area‘quw {]nan& ﬂﬁ fﬁ ﬁ%ﬁ Q‘Qbﬁ%l‘ﬁf a E]

6¢



Table 4.8 Composition of the volatiles emitted into the headspace on November 2008

Al

s‘:_~,.__/_’_—

40

i

Peak Area x 107+

RTime Compounds control*
1 2 \\\\\ 9 10 11 12 13 14 15
421 E-4-Octene 0 1196 11379 . 1 ’k\ 2866 12821 3329 12865 14590 2789 2844 6407
9.24 Ol-Thujene 0 591 713 \; 899 1236 8879 3965 14768 477 379 569
9.84 Camphene 0 554 713 284 859 796 4716 2190 7906 479 379 569
10.23 1-Octen-3-ol 0 388 832 634 696 1129 611 1358 1206 538 379 860
10.49 Benzaldehyde 0 12520 17278 874 13118 32348 6045 21959 11801 8788 51529 40212
11.34 1,2,4-Trimethylbenzene 0 3378 5303 4058 38527 30476 10964 3448 2298 4710 2341 2400 3864
12.08 3-Carene 0 1386 3056:3 3562 3909 18046 8679 31307 1780 1591 1807
12.68 Limonene 0 386 = 808 2003 1255 2280 420 499 459
12.83 (1,8)-Cineole 0 223 - 513 595 4739 2120 8321 456 321 385
13.09 n-Octanol 212 5260 11443 E2OO 10922 9837 5505 14004-m 7453 12809 8809 6940 10164 8790 3919 7375
17.39 4-Ethylbenzaldehyde 1514 4 ;A 1514 1514 1514 1514 1514 1514 1514 1514 1514 1514 1514
17.98 Naphthalene 417 279 ﬁ u ﬂ q mﬂ m j w ﬂ;a ﬂ0§ 544 591 356 243 105 475

* Control means the adsorbent in the plastic syringe that was not set up in target area

** Relative Peak Area x 10’ means peak area‘qqlqualb& ﬂmﬁtﬁu 1%% Q‘@%H@ a E]

/

014
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The VOCs after adjusting showed that terpenes were present with lower quantity
than other VOCs in some samples or absent in some collections. For example, camphor was
detected with average of peak area is 100 x 10° from 2005-2007 in the exception of March 2008
and absent in November 2008. E-4-octene and n-octanol were found with the high quantity in all
collections. In this study, emission of some terpenes such as Ol-thujene might be depended on
season and temperature. The high Ol-thujene detections were found in March 2006 and February
2007 compared to in winter of both years (Fig 4.11). The reason for different amount of VOCs
emission in the atmosphere may be becauses of many factors such as diurnal, seasonal,
temperature, light and sources (Dudareva et al.; 2004 Hakola et al., 2003). These may be the
result of the unique VOC emissions profiletin this research when compare with other forest.
Although the diurnal behavior of VOCemissions was naturally observed from some living plants
(Holzke et al., 2006; Pio et al.,.2005), the vol@tile collectors were performed continuously for 48
hrs in this study which-€ould/be eliminated the diurnal behavior. Moreover benzaldehyde and
1,2,4-trimethylbenzene were imregular highly q‘l%tegted on November 2007 because the error of
quantity in control that may'be the cont-aminant;‘s_‘fr;)m handle it in the field work. However many

contaminants were found in ghe gonfrol on March 2008 because some errors that may cause of

‘4
reused Super Q, they werdRVPaPBU&RES on Novertige;r,?.OOS. Alpha-Thujene
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Figure 4.11 The comparison of the amount of Ol-thujene on four collections
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4.3 The relationship between volatile composition and insect distribution

The relationship between volatile emissions and insect distribution in the understory air of
the forest on five sampling times; October 2005, March 2006, November 2007, March 2008 and
November 2008 was analyzed by using spearman rank correlation analysis. This method is
generally used to measure the strength and direction relationship of two numerical variables that
are non-parametric (Chen and Popovich, 2000). The peak area of each compound obtained from
4.2 was paired and correlated to the numbers of four orders of the insects; Diptera, Hymenoptera,

Homoptera and Coleoptera.

Table 4.9 shows the “effect on VO(} compositien and insect distribution. It expresses
in forms of (+) for attractant~or (=) for repellant based.on the value of Spearman’s rank
correlation coefficient ()t can'be seen th?lt the values showed relatively strong correlations
in most pairs of the compoundsand insect; &-Ehujene-Hymenoptera (0 = +0.554 and +0.541),
Ol-thujene-Homoptera (0 = +0.561), éampﬁéglle-Hymenoptera (p = +0.779), and limonene-
Homoptera (p = +0.603). Fogdiffercut périods obtir}ie, the result also showed similar relationship for
Ol-thujene-Hymenoptera. Other correlation coefﬁéi_ent data are shown in appendix C and the trend of
all relations are shown in Table 4.10. It'showed:@lf{at_ there are seven identical effects of the repel
activity on insects of all samﬂingﬂ times; —:ﬁ;:;ignene-Diptera, benzaldehyde-Hymenoptera,
p-cymene-Homoptera, (1,8)—cineb_lfHomoptera, :“'Ill-'-iié!t_eh%-ol—Coleoptera, p-cymene-Coleoptera
and (1,8)-cineol-Coleoptera:~Some-relationships—between=VOCs-and the insects by calculation

showed similar effects in only some sampling times probably caused by the environment factors.

The results in this study. lead to understand the complex relationships between the volatile
emissions and the'existence of the msects.| All of the trapped insects found these experiments were
the flying insects that were trapped by yellow traps. Therefore, their behaviors responding to the

actual volatile compounds,are of interest and'were studied in the next experiments.



43

Table 4.9 Correlation coefficient (p) values of some volatile compounds detected and the insects trapped

Correlation coefficient

Compounds Relationship Time

P Sig.

0-Thujene + Hymenoptera +.554 .040 March 2006
+.541 037 November 2007
+ Homoptera +.561 .030 November 2007

Camphene + Hymenoptera £909 .001 March 2006
Limonene + Homoptera ! +.603" .017 November 2007

* and ** mean the correlation issignificant at ¥he 0.05 level and 0.01 level, respectively.

+ represent compound atiract tofinsect. s &

Table 4.10 The observed€ffect of some VOCSTISn the insect existance

Diptera Hyme,f]‘mptera Homoptera Coleoptera
Compounds ol T

1 2 3048591527 =3 4 4 5|1 2 3 4 5|1 2 3 4 5
Monoterpenes Jd - £
Ol Thujene n A Re—i A_—R Rln RAAR R|n R R AR
Camphene n A K [n ik A‘ - R_' R |n A R R{n R A R R
p-Cymene n R"A R nin A A Ran|n R R R n|n R R R n
Limonene n R'Rfn A ARRNRATRT RI|nRATRTR R
(1,8)-Cineol n R Rin R A R R |n R R R R |n R R R R
Camphor R R R ANMATAMD I JAPRERAR n [R A R A n
OtherVOCs
E-4-Octene R R A ARR"A R RRHA A R R "A/A R R R R
1-Octen-3-0l R+ R*%A A RyR/{ AL RIR R¢y[R . Al R R4A/IIR R R R 0
Benzaldehyde A A RRAIRIR R RRI|A AR R AI|A A R R A
1,2,4-TrimethylbenzeeA R R A A |[R A R R R A A R R A A A A R A
n-Octanol R R R n AJIR A A n RR A A n AR A A n A

1 = October 2005, 2 = March 2006, 3 = November 2007, 4 = March 2008 and 5 = November 2008
* and ** mean the correlation is significant at the 0.05 level and 0.01 level, respectively.
n means no data and 0 means no correlation.

A and R mean trend of compound that attract and repel to insect, respectively.
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4.4 Test of some volatile components in the forest field

In order to confirm the potential effect of volatiles on insects, further experiments were
performed by emitting certain amount of pure volatiles into the understory air that could be
detected from this forest trail. The yellow sticky traps baited with pure volatile oils were placed for
observing the responses of insects comparing with unbaited traps. Synthetic volatile oils were tested
with three doses in various times, the dosage of 500 ul, lowest doses and 200 ul were tested on

November 2007, March 2008 and November 2008, respectively. The amounts of the lowest doses
’ wo pound from 15 sites in summer and winter
arca &n first treatment which is the emissions

J
of 500 ul per one baited tra@ates otal @te) by the equation as follow:

2.5 A+B
X
f 2.5 ml emission 30

amount of each com;
Where A is th 07 and B is the total of each
compound on November 2

After the calculati g'* ’ ound was multiplied by ten for the
rest and then divided by five and the

absolutely values were used for a _‘E@M;pgp \ ) (Table 4.11).

Ty Iy
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Table 4.11 Estimation of the low dose of each volatile oil

Peak are ten fold
Compounds Emissions of . ml/1site (ml)/site ul/trap dose/trap

2.5 ml/site A (5 traps)
E-4-Octene 276555 0.038 0.38 76.96 100 ul
Camphene 656708 0.004 0.04 8.59 0.07 (g)*
1-Octen-3-ol 23397 0.040 0.40 79.27 100 ul
Benzaldehyde 96151 0.070 0.70 139.52 100 ul
1,2,4-Trimethylbenzene 171593 0.059 0.59 117.33 100 ul
p-Cymene 24599 0.029 0.29 58.73 50 ul
Limonene 153224 0.002 0.02 3.88 S5ul
(1,8)-Cineole 161948 0.003 0.03 5.43 Sul
Camphor 30361 0.005 0.05 10.44 0.05 (g)*

A = total peak area of each compound on February 2007 and B = pt eak area of eac mpound on November 2007

* The solid of camphene and camphor were calculateﬂ' u‘ﬂq % Eh%q ‘j (W/ilaq ﬂp@ is 0.992 g/ml, m is mass (g) and V is volume (ml).

Dose of solid compounds at 200 ul; camphene = 0. 33 and camphor = 0.20 %

Dose of solid compounds at 500 ul; camphﬂ wq aﬁ@@ﬂf?m u VI '] ’g VI EI ’] a E]

9%
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The increase of pure volatile compounds in the understory air showed some effects on
the four groups of insects in the area; Diptera such as flies and mosquitoes, Hymenoptera such as
bees and wasps, Homoptera such as leaf hoppers and Coleoptera such as beetles. The results
showed that all insects were repelled by the use of highest dose (500 ul) of volatile oils, except
the pair of 1-octen-3-ol and Diptera (Fig 4.12; Table 4.12). This compound was detected in several
living organisms and plays role the attractant of Diptera (McMahon et al., 2001; Pates et al., 2005).
The medium and lowest doses of all compounds differentiate between the numbers of insects
from atmospheric compounds and volatile oils greatments. These findings are discussed in the
different respond of insects to the concentrations*of.eompounds (Whitman and Eller, 1992).
Moreover, the field trapping”of pure compounds showed some similarities to VOC-insect

correlation that can confirm the.eorrelation analysis.

From the data obtained fyomithe corre{ation analysis, the insect group of Hymenoptera was
moderately strong attracted (o camphene (0= -1;0‘.’7.79, Sig. = 0.001) that correspond to low dose of
camphene (0.07 g) in the field experiment. .':‘Hymenoptera were caught in traps baited with
synthetic camphene more than in unbaited traﬁs{_. Ihis result was similar to the previous work
showing that (-)-camphene is an imporfant com}ﬁf)gnt of attractant to wasps (Tooker et al. 2005).
Camphene at low dose that was not only attrac-"[_i-.v;éj-}to Hymenoptera but also Homoptera and
Coleoptera. Although camphene-was attractive'tb‘éoleoptera at low dose, it was repellent at
moderate and highest ‘dose-(0.33-and-0.83-g) during thc response of Coleoptera in the field test.
It is possible that these insects respond differently to the concentrations of compounds. Previously,
Geiselhardt et al. (2006) tested the response of E. opacus (Coleoptera) to synthetic blend and
single volatile and réparted that énly (+)-camphené) wasiattractive, tosthis beetles. Furthermore,
Abdelgaleil et al. (2009) studied the fumigant toxicity of some monoterpenes on rice weevil and rust
red flour-beetle (Colcoptera) and reported that camphene were significantly less toxic with LC,, value
(the lethal concentration causing 50% mortality” after'24~hr) greater than' 100=mg/l against both

Coleoptera.

Abdelgaleil et al. (2009) suggested that (1,8)-cineol and (-)-limonene could be effective
biocontrol agents against rice weevil and rust red flour beetle with low LC,, values. The identical of
trend relationships of all sampling times show that (1,8)-cineol and limonene may be the repellent
of Coleoptera. Therefore, it is not surprising that the traps baited with these volatile oils were

completely repelled to Coleoptera in the field trapping testes. Moreover, the correlation of
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limonene-Homoptera (p = +0.603, Sig. = 0.17) was confirmed by the attraction of medium doses
(200 ul) in this experiment. From the same trend of relationship, (1,8)-cineol and limonene were
considered as repellent to Homoptera and Diptera, respectively. The experiments of pure
compounds in the field showed similar effect on these insects. Klocke et al. (1987) reported the
avoidance of mosquito (Diptera) to (1,8)-cineole in the feeding and oviposition behavior. However,

the results of field testing show the different response on various concentrations.

From the trend of such a relationship, p-cymene may repel to Homoptera and Coleoptera.
The field testing showed that p-cymene is the potential compound that can repel not only these
insects but also the group of Hymenoptera. However, p=¢ymene appeared to repel to Diptera at
highest dose of pure compound; while theré are dissimilar activity at lowest dose. Besides, the
field trapping testes also confizm therepellent effect on the pairs of Benzaldehyde-Hymenoptera
and 1-octen-3-ol-Coleoptera. i the case of Coleoptera, host plant volatile compounds were often
discussed for insect feeding fiéquency in-bectle species (Faccoli et al., 2005; Kalberer et al., 2001;
Martel et al., 2007). The'actual numbers of insgcts_i captured in this forest were low indicated that
there are none host plants of them around‘the tr;fps. Although, the correlation analyses of camphor
were not cleared, the repellent activity- of camph(;rjtosléll four orders of insects was exhibited in the

v ol o

field testing. The most abundance of camphor.in dried ,lf:aves can repel beetles (Weaver et al., 1995)

and camphor had weak activity towaid both rice wa_cyil ‘and rust red flour beetle (Abdelgaleil et al.,

2009).

For the usage of! these compounds, the concentratton of the compound should be
considered to get good responses. Although the relationships between VOCs and insects were not
significantly found ifi allorelations; /this study «ested) the field «esponses of certain insects to
monoterpene emissions in a forest ecosystem that may be apply in the field. For example, use the
attractant,of-Hymenoptera.for-attracting these insects«into. the susrounding-of damage plants, then
Hymenoptera will ‘play role"as the predator”of plant pests. Sinee the discovery of chemically
mediated communication in insects, the science of chemical ecology is extensively attempted in
multidisciplinary. Almost topics are emphasized about the pheromones or plant volatiles that
influence insect behaviors (Aluja and Fleischer, 2006; Blackmer et al., 2004; Sureda et al., 2006)
by direct testing. This research presented simple method for verify the relationships between
emission compounds and insects in the forest sample site that is useful for the chemical ecology

study.
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Figure 4.12 Mean numbers of insects in traps with the effective pure compounds and
control, atmospheric compounds (D) in the forest. L = lowest dose, M =200 pl and H = 500 pl
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Table 4.12 Correlation between various volatile contents on insect existence
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Diptera Hymenoptera  Homoptera Coleoptera
Compounds

L M H L M H L M H L M H
E-4-Octene nt. + - ot - - nt. + + nt - -
Camphene 0 - - + - - + - - + - -
1-Octen-3-ol + - - - -
Benzaldehyde + - - - -
1,2,4-Trimethylbenzene - - + - -
p-Cymene - - - - -
Limonene + - - - -
(1,8)-Cineol - - - - _
Camphor - - 0 - -

X
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CHAPTER YV
CONCLUSION

A new volatile collector assembled in this work is an effective device to collect volatile
samples in the field. Preparation of the collector is simple only using 5-ml plastic syringe packed
with 0.5 g Super Q and connected with a portable air pump modified from a fish-tank air pump.
Super Q adsorbent can be replaced by other adsorbents for absorbing different types of VOCs and
the glass tube can replaced the plastic syringe to eliminate the interference of target compounds.
In addition, the rechargeable batteries of portable aispump can be used to minimize waste and the
cost of experiment. In this study;one method use forreduce cost is recycle adsorbent by washing
with 3 times of acetone and thensheapat 1009C for 1 hr. The adsorbent was more carefully handle
both before and after sampling by‘separate from the other volatiles and kept in the dark place,

respectively. 1 4

The HS/GC-MS method was able t(;:,‘n analyze the trapped volatile from the trapped
Super Q by heated it up to 200°C for-5 mian, amfﬂ_}e evaporated components was separated by GC
with DB-5ms column that programmed at 40°C;ﬁold for 5 minutes, then rose to 230°C with the
rate at 5°C per minute and hold “for 10 mmutgs, ’%nally, chromatograms were analyzed by
compare mass spectral of each peak-with database. This HS.condition could evaporate the highest
volatiles from Super Q adsorbent-The resuits-show the-identified compounds from the ecosystem
of Doi Phu Ka Nationaj Park which trapped by Super Q are seven monoterpenes (Ol-thujene,
camphene, 3-carene, p-éymene, limonene, (1,8)-cineole and camphor) and one unknown
sesquiterpene. Maoteover,! the ‘other 'VOCs ‘were-also/found in|this| study which are E-4-octene,
Z-2-octene, styrefie, 1-octen-3-ol, benzaldehyde, 1,2,4-trimethylbenzene, n-octanol, 2-chloro-
octane and (benzothiazoler The diluted yolatile) propeutyy make fa troublesfory standard volatiles
preparation in quantity analysis, however, the peak area was used for comparative the quantity of

volatile compounds.

The relationship between volatile emission and insect was also evaluated based on
correlation analysis. This type of relationship can lead to a better understanding of chemical
ecology in a forest ecosystem. The correlation analysis is a simple useful method for this purpose,
while the results could be confirmed the influence of these volatiles. The results show that the

insects of Hymenoptera, Homoptera could be attracted by camphene and limonene, respectively.
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Besides, This interaction was confirmed by testing its pure compound in the field which showed
that the insects of Coleoptera were repelled by p-cymene, (1,8)-cineol and 1-octen-3-ol, whereas
Homoptera was repelled by p-cymene and (1,8)-cineol. Hymenoptera and Diptera were repelled
by benzaldehyde and limonene, respectively. Consequently, these compounds are the possible
substances for application in pest control such as using for the attractant components in trap-

baited or repellent components in insecticide.

In summary, a new equipment and analytical procedures are useful as a simple tool for

AU INENTNEINS
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Table C 1 Correlation coefficient of volatile compounds and insects on October 2005

Paired Samples Correlations N p Sig.
Pair 1 E-4-Octene & Diptera 15 -.254 361
Pair 2 Octen3ol & Diptera 15 -.189 499
Pair 3 Benzaldehyde & Diptera 15 +.043 .879
Pair 4 Trimethylbenzene & Diptera 15 +.122 .666
Pair 5 n-Octanol & Diptera 15 -461 .084
Pair 6 Camphor & Diptera ”y 15 -.159 571
Pair 7 E-4-Octene & Hym / 15 =227 417
Pair 8 Octen3ol & Hy 15 -.465 .080
Pair 9 Benzaldehyde 15 -.187 .505
Pair 10 15 -.380 162
Pair 11 15 -.234 402
Pair 12 15 -.224 422
Pair 13 15 +.049 .863
Pair 14 15 -.009 974
Pair 15 15 +.080 178
Pair 16 15 +.036 .898
Pair 17 n-Octanol & Homoptera "’_’T; 15 -.232 406
Pair 18 Camphor Ss:Hom 15 +.026 926
Pair 19 T L5 wom 4
Pair 20 Octen3ol & m 15 -018 949
Pair 21 Benzaldehy Coleoptera o 15 +.326 236
Pair 22 ben ﬁ +178 525
Pair 23 n-(ﬁ:ﬁ ﬂ WE] ﬂ 5 w EJ‘ ,] ﬂ ﬁ -.094 740
Pair 24 Camp or & Coleoptera -.005 985

QW’]@NﬂiﬂJNMT}V] 18 8



Table C 2 Correlation coefficient of volatile compounds and insects on March 2006

Paired Samples Correlations N D Sig.
Pair 1 E-4-Octene & Dintera 14 -112 703
Pair 2 Ol-Thujene & Diptera 14 +.125 .669
Pair 3 Camphene & Diptera 14 +.196 .503
Pair 4 Octen3ol & Diptera 14 -371 191
Pair 5 Benzaldehyde & Diptera 14 +.108 714
Pair 6 Trimethylbenzene & Diptera 14 -.024 935
Pair 7 p-Cymene & Diptera 14 -.092 753
Pair 8 Limonene & Diptera 14 =222 446
Pair 9 (1,8)-Cineol & Diptera 14 +.267 355
Pair 10 n-Octanol & Diptera 14 -.209 474
Pair 11 Camphor & Diptera 14 +.200 493
Pair 12 E-4-Octene & Hymenoptera 14 +.308 284
Pair 13 Ol-Thujene & Hymenoptera 14 +.554 .040
Pair 14 Camphene & Hymenoptera 14 +.779 .001
Pair 15 Octen3ol & Hymengptera 14 +.152 .604
Pair 16 Benzaldehyde &Hymenoptera 14 -.040 .892
Pair 17 Trimethylbenzene & Hymenoptera 14 +.257 376
Pair 18 p-Cymene & Hymenoptera 14 +.104 124
Pair 19 Limonene & Hymenoptera 14 +.045 .880
Pair 20 (1.8)-Cineol & Hymenoptera 14 -.114 .697
Pair 21 n-Octanol & Hymenoptera 14 +.027 928
Pair 22 Camphor & Hymenoptera' A 14 +.078 791
Pair 23 E-4-Octene & Homoptera ! 14 +.264 361
Pair 24 Ol-Thujene-& Homoptera e’ 14 -.009 976
Pair 25 Camphene-& Homoptera 14 +.437 118
Pair 26 Octen3ol & Homoptera 14 +.099 736
Pair 27 Benzaldehyde & Homioptera 14 +.247 .395
Pair 28 Trimethylbenzene & Homoptera 14 +.187 522
Pair 29 p-Cymene & Homoptera 14 -.079 187
Pair 30 Limonene & Homoptera 14 -.421 134
Pair 31 (1,8)-Cincol &Homoptera 14 -.002 .994
Pair 32 n-Octanol & Homoptera 14 +.015 958
Pair 33 Camphor & Homoptera 14 4009 976
Pair 34 E-4-Octene & 'Coleoptera 14 =174 552
Pair 35 Ol-Thujene & Coleoptera 14 -.495 .072
Pair 36 Camphene & Coleoptera 14 -.518 .058
Pair 37 Octen3ol & Coleoptera 14 -.038 .898
Pair 38 Benzaldehyde & Coleoptera 14 +.337 239
Pair 39 Trimethylbenzene & Coleoptera 14 +.016 958
Pair 40 p-Cymene & Coleoptera 14 -.432 123
Pair 41 Limonene & Coleoptera 14 -.076 796
Pair 42 (1,8)-Cineol & Coleoptera 14 -.331 .248
Pair 43 n-Octanol & Coleoptera 14 +.411 145
Pair 44 Camphor & Coleoptera 14 +.011 .970




Table C 3 Correlation coefficient of volatile compounds and insects on November 2007

Paired Samples Correlations N D Sig.
Pair 1 E-4-Octene & Diptera 15 +.039 .889
Pair 2 Ol-Thujene & Diptera 15 +.161 .567
Pair 3 Camphene & Diptera 15 +.016 955
Pair 4 Octen3ol & Diptera 15 +.341 213
Pair 5 Benzaldehyde & Diptera 15 -.114 .685
Pair 6 Trimethylbenzene & Diptera 15 -.245 379
Pair 7 p-Cymene & Diptera 15 +.191 495
Pair 8 Limonene & Diptera 15 -.082 771
Pair 9 (1,8)-Cineol & Diptera 15 +.332 226
Pair 10 n-Octanol & Diptera 15 -.130 .643
Pair 11 Camphor & Diptera 15 +.122 .666
Pair 12 E-4-Octene & Hymenoptera 15 -.395 .145
Pair 13 Ol-Thujene & Hymenoptera 15 +.541 .037
Pair 14 Camphene & Hymenopiera | 15 +.320 .245
Pair 15 Octen3ol & Hymengptera s & 15 -.064 .820
Pair 16 Benzaldehyde & Hymenoptera & 15 -.100 723
Pair 17 Trimethylbenzene & Hymenoptera - 4 15 -.291 292
Pair 18 p-Cymene & Hymenoptera . 15 +.250 368
Pair 19 Limonene & Hymenoptera ‘ 15 +.352 .199
Pair 20 (1,8)-Cineol & Hymenoptera . 15 +311 259
Pair 21 n-Octanol & Hymenoptera “’_‘ = 15 +.054 .849
Pair 22 Camphor & Hymenoptera'="*" _“ 15 +.234 402
Pair 23 E-4-Octene & Homoptera o 15 -.107 .703
Pair 24 OL-Thujene & Homoptera i 15 +.561 030
Pair 25 Camphene & Homonptera ’ 15 -.021 939
Pair 26 Octen3ol & Homoptera 15 -.324 239
Pair 27 Benzaldehyde & Homoptera 15 -.404 135
Pair 28 Trimethylbenzene & Homoptera 15 -.157 575
Pair 29 p-Cymene & Homoptera 15 -.292 292
Pair 30 Limonene & Homoptera 15 +.603 .017
Pair 31 (1,8)-Cineol &Homoptera 15 -.299 279
Pair 32 n-Octanol & Homoptera 15 +.363 183
Pair 33 Camphor & Homoptera 15 4199 A77
Pair 34 E-4-Octene & 'Coleoptera 15 =456 .087
Pair 35 Ol-Thujene & Coleoptera 15 -.041 .886
Pair 36 Camphene & Coleoptera 15 +.002 995
Pair 37 Octen3ol & Coleoptera 15 -.481 .069
Pair 38 Benzaldehyde & Coleoptera 15 -.016 955
Pair 39 Trimethylbenzene & Coleoptera 15 +.020 945
Pair 40 p-Cymene & Coleoptera 15 -.234 401
Pair 41 Limonene & Coleoptera 15 +.022 937
Pair 42 (1,8)-Cineol & Coleoptera 15 -.284 .304
Pair 43 n-Octanol & Coleoptera 15 +.029 919

Pair 44 Camphor & Coleoptera 15 -.393 .147



Table C 4 Correlation coefficient of volatile compounds and insects on March 2008

Paired Samples Correlations N P Sig.
Pair 1 E-4-Octene & Diptera 15 +.263 344
Pair 2 Ol-Thujene & Diptera 15 +.186 .508
Pair 3 Camphene & Diptera 15 +.050 .860
Pair 4 Octen3ol & Diptera 15 +.246 376
Pair 5 Benzaldehyde & Diptera 15 -.139 .621
Pair 6 Trimethylbenzene & Diptera 15 +.064 .820
Pair 7 p-Cymene & Diptera 15 -.096 732
Pair 8 Limonene & Diptera 15 -.159 571
Pair 9 (1,8)-Cineol & Diptera 15 +.032 .909
Pair 10 Camphor & Diptera 15 -.357 191
Pair 11 E-4-Octene & Hymenoptera 15 -.035 901
Pair 12 Ol-Thujene & Hymenoptera 15 -.235 .399
Pair 13 Camphene & Hymenoptera 15 -413 126
Pair 14 Octen3ol & Hymenoptera _ 15 -.070 .804
Pair 15 Benzaldehyde & Hymenoptera . 15 -.228 414
Pair 16 Trimethylbenzene & Hymenoptera - 15 -.115 .683
Pair 17 p-Cymene & Hymenoptera ) 15 -.131 .642
Pair 18 Limonene & Hymenoptera. ‘ \ 15 -.243 384
Pair 19 (1,8)-Cineol & Hymenoptera i a 15 -.158 574
Pair 20 Camphor & Hymenoptera s 15 +.004 .990
Pair 21 E-4-Octene & Homoptera ELL 15 -206 461
Pair 22 (L-Thujene & Homoptera.._ 7, _. - 15 -.021 939
Pair 23 Camphene & Homoptera“ 15 -.369 .176
Pair 24 Octen3ol & Homoptera 15 -.304 270
Pair 25 Benzaldehyde & Homoptera 15 =279 313
Pair 26 Trimethylbenzene & Homoptera 15 -.419 120
Pair 27 p-Cymene & Homoptera 15 =319 247
Pair 28 Limoriene & Homoptera 15 -.377 .166
Pair 29 (1,8)-Cineel & Homoptera 15 =211 450
Pair 30 Camphor & Homoptera 15 -.063 .824
Pair 31 Ez4-Octene & Coleoptera 15 235 400
Pair 32 Ol-Thujene & ‘Coleoptera 15 +.061 .829
Pair 33 Camphene & Coleoptera 15 -.442 .099
Pair 34 Octen3ol & Coleoptera 15 -.392 .148
Pair 35 Benzaldehyde & Coleoptera 15 -478 071
Pair 36 Trimethylbenzene & Coleoptera 15 -.380 .163
Pair 37 p-Cymene & Coleoptera 15 -.269 333
Pair 38 Limonene & Coleoptera 15 -.386 155
Pair 39 (1,8)-Cineol & Coleoptera 15 -.197 482
Pair 40 Camphor & Coleoptera 15 +.050 .859




Table C 5 Correlation coefficient of volatile compounds and insects on November 2008

Paired Samples Correlations N P Sig.
Pair 1 E-4-Octene & Diptera 15 -.476 .073
Pair 2 Ol-Thujene & Diptera 15 -.319 247
Pair 3 Camphene & Diptera 15 -.299 279
Pair 4 Octen3ol & Diptera 15 -.172 .540
Pair 5 Benzaldehyde & Diptera 15 +.149 .597
Pair 6 Trimethylbenzene & Diptera 15 +.186 .506
Pair 7 Limonene & Diptera 15 =211 450
Pair 8 (1,8)-Cineol & Diptera 15 -274 323
Pair 9 n-Octanol & Diptera 15 +.263 343
Pair 10 E-4-Octene & Hymenoptera J 15 -.048 .864
Pair 11 Ol-Thujene & Hymenoptera 15 -.152 .588
Pair 12 Camphene & Hymenoptera 15 -.052 .854
Pair 13 Octen3ol & Hymenoptera \ 15 -.091 747
Pair 14 Benzaldehyde& Hymenoptera A_ 15 -.059 .834
Pair 15 Trimethylbenzenef& Hyménoptera — 15 -.043 880
Pair 16 Limonene & Hymenoptera = _‘é r 15 -.349 203
Pair 17 (1,8)-Cineol & Hymegoptéra 3 15 -241 387
Pair 18 n-Octanol & Hymenoptera, - d F. 15 -.380 162
Pair 19 E-4-Octene & Homoptera ‘ , ” 15 +.147 .600
Pair 20 O-Thujene & Homopfera L. 15 -126 655
Pair 21 Camphene & Homoptera~ _‘“ 15 -.151 591
Pair 22 Octen3ol & Homoptera .. .+ - —_. - 15 +.268 335
Pair 23 Benzaldelifile SHOMmOpiera pE 15 +337 166
Pair 24 Trimethylbeazene&-Homoptera== o 15 +.435 .105
Pair 25 Limonene & Homoptera S 15 -.239 391
Pair 26 (1,8)-Cineol & Homoptera J 15 -.013 965
Pair 27 n-Octanol & Homoptera 15 +.365 181
Pair 28 E-4-Octenej& Coleoptera 15 -.101 720
Pair 29 Ol-Thujene & (Coleoptera 15 -.202 470
Pair 30 Camphene & Coleoptera 15 -.204 465
Pair 31 Octen3ol.& Coleoptera 15 +.000 1.000
Pair 32 Benzaldehydew& Coleoptera 15 +.316 251
Pair 33 Trimethylbenzene & Coleoptera 15 +.343 210
Pair 34 Limonene & Coleoptera 15 -.262 .346
Pair 35 (1,8)-Cineol & Coleoptera 15 -.193 490

Pair 36 n-Octanol & Coleoptera 15 +.170 .545
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