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FRUIT FLIES @actrocera correcta Bezzi)/BIOLOGICAL CONTROL/MARIGOLD/
SIAM WEED/HEDGE FLOWER

Biological control of fruit flies Bactrocera correcta Bezzi) using leaf extract
of marigold {Tagetes erecta L.), Siam weed Chromolaena odorata (L.) King &
Robinson) and hedge floweldntana camara L.) and their combinations was
investigated in this study. The results showed tthatiotal phenolic compounds (TPC)
of ethanol extracts were slightly higher than watetracts. The Siam weed leaf
ethanol extract (SLE/e) contained highest totalnplie compound of 133.03 + 3.48
milligrams gallic acid equivalents per gram (mg G4k Thin layer chromatography
(TLC) revealed the presence of terpenes group wiveshthe major compounds in the
extracts. The cytotoxicity of the extracts was ipnelarily evaluated by brine shrimp
lethality assay. The lethality concentration of 50%sg) value indicated that the plant
extracts could be potentially used for insect pesitrol. Especially, the SLE/e showed
the highest cytotoxicity on brine shrimps with dg@alue of 147.15 pg/ml at 24 hours,
and also was the most potent in controlling aljesaof guava fruit flies development.
The SLE/e exhibited the highest effect on egg hagechf 82.22 + 6.19% inhibition at
24 hours with the effective concentration of 50%C4{§ value of 44.54 mg/ml. For
larvicidal efficacy, SLE/e was highly induced themality of second instar larvae at
83.33 + 1.92% by feeding assay, which was simdatipping assay at 87.78 + 1.11%.

The LCso value was5.56 mg/ml in feeding assay while dipping asslg ] Cso value



v

was52.99 mg/ml. The effects of the plant extractslmnddult emergence were similar
to the effects on egg hatching and larva mortalltye antibiosis on fruit fly adult
emergence by SLE/e exhibited highest efficacy off87+ 2.22% inhibition. The
repellent efficacy of plant extracts on adult friliés was conducted by olfactometer.
The result indicated that the SLE/e showed thedsghepellency of 85.43 + 3.90% at
15 minutes of treatment. The repellency of the aottivas concentration dependent
and inversed to time treatments. At 15 minutes,oéltreatment extracts had high
ability to repel the fruit flies. After 30 minuted treatment, the repellent efficacy was
declined. It was also found that the SLE/e produited highest mortality effect on
adult fruit flies at 80.00 + 1.92% with Lgvalue of 67.32 mg/ml. For the treatment
with combination extracts, Siam weed leaf ethaxdlaets and marigold leaf ethanol
extracts at the ratio of 3:1 was highly effective/a.22 + 1.11% mortality at 24 hours.
The combination extracts showed lower percent rityrtaf adult fruit flies than the
individual extracts. The correlations among treatthreonditions in biological control
of adult fruit flies are significantly correlated.

The cytochrome ¢ oxidase (COX) activity, relatedoafular respiration, was
investigated on the fruit flies lysate. All extra@s well as cyanide could inhibit COX
activity with more than 50% and expressed the simgattern of COX inhibition.
Therefore, it could be concluded that the leaveaexs of marigold, Siam weed and
hedge flower are promising candidates for util@atas guava fruit flie®. correcta

control agents.
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CHAPTER

INTRODUCTION

1.1 Background

Varieties of fruits grown in Thailand, includingi@va, mango, litchi, longan,
peach, rose-apple and sapodilla, have great ecenahie and are important exports.
Fruits are vulnerable to pests and germs. Inseetthe most damaging pests of fruit
crops affecting the valuable export trade of adtiral products of Thailand. Fruit
flies are considered as a major pest causing danwagewide variety of fruits and
vegetable crops throughout the tropics and sulisomf the world, including
Thailand. With increasing emphasis on quality afitfrand vegetable produce and
with the possibility of expansion of trade in houitural commodities, the countries
importing as well as exporting are giving attentitm fruit fly management at
preharvest and postharvest levels (Drew, 1992).edo@momics losses due to fruit fly
damage as estimated using domestic price showedrddirmillions dollar (Asian
Institute of Technology, 2010). The guava fruit, Bactrocera correcta (Bezzi), is
one of the examples of economically important pektsesh fruits of Thailand.

Thailand’s trading partners have classified ffliégs as a primary quarantine
pest. Exports market of fresh fruits such as Jagahthe United State of America
surveillance for fruit flies requires that posthest disinfestations treatment prior

transport fruits to markets. The cost of disinféstes depends on treatment methods



and varieties of fruits but is seen as a significast (Asian Institute of Technology,
2010). However, the quarantine restrictions impobgdhe presence of fruit flies
hinder the development of export markets. Frugsflare attracted to host plants while
their fruits are developing. Fruit flies feed anekdxd in their host plants. Adult fruit
flies mostly lay their eggs in fresh fruits. Thegedhatch into larvae (maggots) which
feed on the fruit pulp, causing the fruit to becoansoft and mushy mess (Dekker and
Messing, 1999). The secondary infections by baxterifungi sometimes follow the
egg-laying and lead to further bad marking on thefase of the fruit (Cantrell,
Chadwick and Cahill, 2002). Infested fruits quickigcome rotten and inedible; this
can induce fruit drop prior to harvest but insidelee fruits there is also destruction
(Guaman, 2009), thus causing considerable lossesontuction or if harvested, the
result of damage makes the fruit unsaleable botlexjoort market and domestic
market (Collins, 1998; Orankanok, Chinvinijkul, Tlamhum, Sitilob, and Enkerlin,
2007). Other major losses result from quarantinstrictions are imposed by
importing countries to prevent the entry or essdbhent of unwanted fruit fly
species. Considerable financial burdens are impasedovernments, farmers and
exporters, who have choices but to implement quex@nsurveillance systems,
guality assurance schemes and acceptable postshajuarantine treatment if they
wish to export fruit fly host products (Allwood aldew, 1997).

Fruit fly management involves application of cheafly synthetic insecticides,
especially to commercial fruits. Although they a&féective, it is reported that their
use for several decades had disrupted the biologocdarol system of natural enemies
and led to outbreaks of insect pests including spdead development of resistance,

undesirable effects on non-target organisms, anf@mmental and human health



concerns (Kim, Roh, Kim, Lee and Ahn, 2003). Itdifficult to design chemicals
which act specifically towards a given group ofgkgrinsects (Well, Mongin and
Bertsch, 1993). Besides hazardous effects on nanemies, the limited availability,
dangers and cost associated with the use of syntihsecticides, there are problems
regarding the resistance of the pest insect agthese products (Boeke et al., 2004).
The accumulation of insecticides in plants and atsncan lead to long term human
health problems as well. In this regard, the intensises of synthetic insecticides
increased global concern to develop alternativecgsuof insecticides to use in plant
safe management against pests and decrease enentahmand toxicological risks
(Mello and Silva-Filho, 2002).

A simple and safe technology has been developgdotect various fruits from
the flies avoiding economic damage so that harrafulironmental side effects are
minimized (Stewart and McClure, 2013). There israwgng interest in the use of
botanical insecticides to reduce the use of chdimisginthetic insecticides and also
to avoid problems of insecticide resistance (Thoaras Callaghan, 1999). The plant
products that are traditionally used and producedabmers in developing countries
appear to be quite safe and promising for consuneaith (Rajapakse and Van
Emden, 1997). Many plants may provide potentiaraktives to currently used insect
control agents because they constitute a rich safrbioactive chemicals (Kim, Roh,
Kim, Lee and Ahn, 2003). The interaction betweeantd and insects is chemically
mediated by secondary metabolites (Pascual-Viltzaadind Robledo, 1999).

Secondary metabolites of plants are important oudor biopesticides, the
development of new pesticides. The important rofe secondary metabolites

compounds was appreciated increased, especigtisotective plants from pests. The



roles of secondary metabolites in plants are defgnithe plants against insect acting
as insect repellents, feeding inhibitors and/ornrtoMello and Silva-Filho, 2002;
Kennedy and Wightman, 2011). Attention has receh#gn focused on the plants
products investigation for plants protection beeat®y are low mammalian toxicity,
non-phytotoxic and easily biodegradable (Isman,620Broducts of plants secondary
metabolites may be used as alternatives pestitideseveral applications approach in
integrated plant protection (Dubey, Kumar, Singll éhukla, 2009). In order to
enlargement human health concerns the developnfemtegrated and sustainable
strategies for plant protection, which are safectmsumers, producers and the
environment, the use of biopesticide need to benpted (Margarita Stoytcheva,
2011). Since these are active against a limitedbeunof species including specific
target insect, biodegradable to non-toxic produats] potentially suitable for uses in
integrated pest management, thus, they could 2aldet development of new classes
of safer insect control agents (Kim, Roh, Kim, lsewl Ahn, 2003).

This research focused on some plant extractsdtenpially useful products as

guava fruit fly Bactrocera correcta Bezzi) control agents.

1.2 Research objectives

The main objectives of this study are as followings

1.2.1 To observe the cytotoxicity of marigolth@etes erecta L.), Siam weed
(Chromolaena odorata L.) and hedge flower@ntana camara L.).

1.2.2 To control guava fruit flyBatrocera correcta Bezzi) by the extracts of
marigold Tagetes erecta L.), Siam weedChromolaena odorata L.) and hedge flower

(Lantana camara L.) on egg, larval, pupal and adult stages.



1.2.3 To evaluate the correlations among treatngentitions in the guava
fruit fly (Batrocera correcta Bezzi) control experiments.
1.2.4 To investigate the mortality effect of plaxtracts on insect cytochrome ¢

oxidase.

1.3 Research hypothesis

Marigold, Siam weed and hedge flower extracts @¢awdntrol guava fruit fly

eggs, larvae, pupae and adults.

1.4 Scope and limitations of the study

The leaf ethanol and water extracts of marigd@abétes erecta L.), Siam weed
(Chromolaena odorata (L.) King & Robinson) and hedge flowdrgntana camara L.)
were investigated for biological control of guawvaiitf fly (Bactrocera correcta

Bezzi).

1.5 Expected result

This study will develop the hiological control géiava fruit flies by the leaves
of marigold, Siam weed and hedge flower to whicé #alue is added. The plant-
based insecticides can be used to replace synihegcticides which is beneficial to

human health and sustain the environment.
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CHAPTER I

LITERATURE REVIEWS

2.1 Biology of guava fruit fly, Bactrocera correcta (Bezzi)

Fruit fly is know as a pest causing damage to wariouits and vegetable crops.

The major fruit fly pests in Thailand belong to thenusBactrocera (Wuas %5@%@11‘?,

2544; Kapoor, 2005; Liu and Ye, 2009; Puanmaneendpiyasatid, Sutantawong
and Hormchan, 2010Bactrocera correcta (Bezzi), is one of the main insect pests of
fruits affecting the valuable fruit production agdality and also impact exportation
of agricultural products of Thailand. Adult femalefsfruit flies often lay their eggs in
fruits and vegetables. The fruits that are infestgdruit flies obviously appear black
spots on the fruit surface. The eggs hatch inteakarthat feed on the flesh of the
fruits. Feeding damage is cause of preharvest thap and reduce quality of fruit
production.B. correcta has potential to infest fruit from the early fiog stage till to
the harvest stage. Therefore, the investigatiorefédécts is difficult in the early
infestation. When infestations are not controlkbe, fruit production may be damaged
up to 100% (Guaman, 2009). The common routine oftroling fruit flies is
insecticide spray. However, there are several #eatdges of the insecticide spray.
Most insecticides are not only toxic to fruit fliesit can also be toxic to humans or
other life and persistence in environment (Gall@)?). To improve quality of fruit

products, consumers, producers health and redus@oemental impacts, the
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alternative techniques for fruit fly control by ptaproducts emphasize on in natural

pesticides.

2.1.1 Fruit fly, Bactrocera correcta (Bezzi)
B. correcta, known as the guava fruit fly , is one of the mdsstructive

pests in the genwBactrocera. B. correcta taxonomic is classified as follows;

Kingdom Animalia
Phylum Arthropoda
Class Insecta
Order Diptera
Family Tephritidae
Genus Bactrocera

Species Bactrocera correcta
Source: http://www.itis.gov/servlet/SingleRpt/SieBbt?search_topic=TSN&search_

value=671680.

2.1.2 Lifecycleof thefruit fly, Bactrocera correcta (Bezzi)

The fruit fly has complete metamorphosis life eyalhich is composed
of four stages. Fruit fly life cycle depends on parature. Cool temperature slows the
developmental cycle and warm temperatures speegs iThe development from an
egg to an adult is in summer which requires ab&utldys. Eggs are barely visible,
they are white and elongate. They are laid on a feaurce of fermenting fruit or
other moist organic materials and hatch into layagroximately 24 hours after being

laid. Larvae are pale white, feed constantly, agach full size in 5 up to 6 days
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(Lind, 1999). They are very difficult to be seentiuthey feed for a while and get
larger. While feeding, they tunnel throughout thatf destroy the pulp and allow an
entry of secondary infestation of bacteria and fUvgssen, Varela and Devarenne,
2004). Larvae feed on fungi and yeast organisms o in their food sources.
Their feeding efforts turn their food into a semguid mess. The larval stages

complete developing in three larval instars befarpation.

Figure 2.1 Life cycle of the fruit flyBactrocera correcta (Bezzi).

When they fully grow, the larvae move to a driexaato pupate. Pupae are straw
color and shape like small wheat grains. Emerg@fdbe adults takes place after a
few days when the adult fruit fly forces its waydtgh the anterior end of the pupa.
Shortly after emerging, the adult fly darkens idocpits abdomen expands, and it

extends its wings. The adult is 1/8 — 1/4 inch lenth clear wings, a dull brown body



12

(the female’'s abdomen is crossed by dark lineg), dastinctive red compound eyes.
Adult females can begin laying eggs within 48 hoafiter emerging from the pupae
and begin mating within 12 hours. Adult fruit fliean live from a few days up to 30

days and the females lay approximately 500 eg¢fsein life span (Lind, 1999).

2.1.3 Distribution of fruit fly Bactrocera correcta (Bezzi)
B. correcta is widespread irsouth Asia and South East Asia (India, Sri
Lanka, Burma, China, Taiwan, Laos, Vietnam, Camépdncluding Thailand
(Kapoor, 2005; Liu and Ye, 2009; Asian Institute Déchnology, On-line, 2010;

Arakelian, 2011; Weems and Fasulo, 20B)correcta infestations in Thailand most

occur in northern and central parisiés %i’cj%’@ﬁ, 2544; Clarke et al., 2001).

2.1.4 Host plants

The fruit fly B. correcta is polyphagous with a wide host range, infesting
the tropical and subtropical fruits of more thanhgiats in 30 plant families (Allwood
et al., 1999; Maynard, Hamilton and Grimshaw, 2004)

Recorded hosts plants suchGisus spp.,Coffea canephora Pierre ex
Froehn. (afoffea robusta), Eugenia uniflora L. (asEugenia mitchelli), Mangifera
indica L. (mango)Prunus persical. (peach),Psidium guajava L. (guava)Ricinus
communisL. (castor bean, castor-oil-plant, palma christonder tree)Santalum
albumL. (sandalwood, white sandalwoo&yzygium jambos L. Alston (asEugenia
jambos) (roseapple), andizphus spp., includingZiziphus jujuba Mill. (ber, jujube,

Chinese date)Annona squamosa L. (Sugar apple) an#lanilkara achras Fosberg



13

(Spodilla) are the most commonly attacked By correcta (Asian Institute of

Technology, On-line, 2010; Weems and Fasulo, 2012).

2.1.5 Control of fruit flies

The fruit flies activity and population vary thmghout the year and
widespread in Thailand. Because of the potentistde from fruit fly infestations,
control is typically carried out on routine bastespecially in commercial plantings.
There are several application for fruit fly contrdlhe most common methods for
controlling fruit flies are cultural control, physil control, chemical control and
biological control.

2.1.5.1 Cultural control

Cultural control is simple practice to reduce thaitf flies

population, such as, protect fruit flies infestatiby early harvesting. Crops are
harvested at maturity stage when the crop prodsctet susceptible to fruit fly attack
(Allwood, Leblanc, Vueti and Bull, 2001). The renabvallen fruit or over-ripe fruit
that destruction of fruit flies infested are keptsealed plastic bags then place under
sun light for a period until larvae and other sgatgnds to die or bury to a depth of 1
meter and thick covering by soil could reduce thevisal probability of larvae and
other life stages of fruit flies reach to reducaitfiflies populations (Collins, 1998;
Asian Institute of Technology, On-line, 2010).

2.1.5.2 Physical control

Physical control practices involve preventing feenfblit flies

laying their eggs on crop products (Asian InstitoteTechnology, On-line, 2010).

The most common method is to bag or wrap fruitaatyefruiting stage before crops
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productions are susceptible to fruit fly attackadice of bagging can lessen damage
from individual fruit (Collins, 1998). Bags are neffom double layers of newspaper
or brown paper. Bags may be carefully opened talcifehe fruit inside is ripe when
nearly harvest time. Plastic bags are not suitedau®ed, because the inside gets hot
and moisture favors fungus growth (Allwood, Lebla¥aeti and Bull, 2001).
2.1.5.3 Chemical control

Fruit fly control involves application of synthetinsecticides.
The most common method for controlling fruit fly @ synthetic insecticide spray.
Because this method has a potential to drop douihffy population in a minimum
(Allwood and Drew, 1997). However, there are selvéisadvantages of the synthetic
insecticide spray. The synthetic insecticide sppaysist on the fruit surface and
coverage thorough crop products (Allwood, LeblaNceti and Bull, 2001). An
indirect lost from the use of the synthetic insade spray is the impact on other
insect species which are beneficial to productibimese species include pollinators
and natural parasites and predators of other fiests. The intensive use of synthetic
insecticide spray can also elevate grower riskxpiosure and the potential for long
term health problems (Collins, 199&). Thailand, pesticide residues have been found
in soil, water and agricultural products (Thapiatel Hudak, 1998).

2.1.5.4 Biological control

The alternative methods for fruit fly control haseln increasing
for replace synthetic insecticide spray in recesdrg. The use of biological predators
and parasitoids are commonly know as control agéfasever, predators have little
effect on fruit flies populations. The use of pa@ds to control fruit flies has a

potential in reducing fruit fly populations (Allwadg Leblanc, Vueti and Bull, 2001).
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The natural products have also been proved efectivfruit fly control. Some plants
are especially rich in chemicals that can be etgthand used for fruit fly control.
These plant products are known as botanical ingsdes (Cranshaw, On-line, 2006).
Botanical insecticides refer to plant secondary aietites which include crude
extracts and isolated or purified compounds fromous plants species (Stoytcheva,
2011). The extracts of mintweedHyfptis suaveolens L.), yam bean Rachyrhizus
erosus L.) and celery Apium graveolens L.) has a potential to used as biological
control agents omedes aegypti larvae and adults (Yongkhamcha and Indrapichate,
2012). The extracts of mintweedHyptis suaveolens L.), kitchen mint Mentha
cordifolia L.) and kaffir lime Citrus hystrix L.) are highly toxic to adults and larvae
of rice weevil Stophilus oryzae infested in stored milled rice (Buatone and
Indrapichate, 2011). Tanprasit (2005) reported tivatefficiency of mintweedHyptis
suaveolens L.) and hedge flowefLantana camara L.) extracts as individual and
combination extracts was able to conthel aegypti. Chokkhun (2011) demonstrated
that the potential of kaffir limeQjtrus hystrix CD.) peel and papay&érica papaya

L.) seeds extracts in biological control ofe. aegypti. The extracts of
mugwort @Artemisia wvulgaris), mangosteen peelGércinia mangostana), croton
(Croton tiglium), tobaccoNicotina tabacum), Japanese poinsettiaPedilanthus

tithymal oides), pencil tree Euphorbia tirucalli) and ginger Alpinia officinarum) were
reported to kill adult fruit fliesBactrocera dorsalis H.) (a1 Lﬁﬁ%’ﬂuyiwm 2523). The
efficacy to repellent adult fruit flies was founal the extracts from lipsticktre®ixa

orellanaL.), neem Azadirachta indica var.siamensis Veleton), Kaffir Lime Citrus

hystrix), melon Cucumis melo L.), lemongrass@ymbopogon citraius S.), heliotrope
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(Heliotropium indicumR. Br.), shrubby basil Gcimum gratissmumL.), orange
gingerlily (Hedychium occineumvar.), and castor-oil plantR{cinus communis L.)
(Areekul, Sinchaisri and Tigvatananon, 1978). Clwenrg (2006) showed that the
potential of the extracts from neemAzédirachta indica J.), sugar appleAftona
squamosa L.) and mintweedHyptis suaveolens L.) could control egg, larva, pupa and

adult fruit flies Bactrocera dorsalisH.).

2.2 Plantsfor B. correcta control

221 Marigold (Tageteserectal.)
Marigold (Tagetes erecta L.), a common garden plant grown throughout
Thailand, is an herb of ancient medicinal reputetkGvic, Djilas, Canadanovic-
Brunet and Thumbas, 2004). Marigold is classifiedadlows;
Kingdom Plantae

Division Magnoliophyta

Class Magnoliopsida
Order Asterales
Family Asteraceae
Genus Tagetes L.

Species Tagetes erecta L.

Source: http://plants.usda.gov/java/profile?symB&ER.
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Figure 2.2 Marigold (Tagetes erecta L.).

In traditional and homeopathic medicine it hasrbemsed for skin
complaints, wounds and burns, conjunctivitis andorpeeyesight, menstrual
irregularity, varicose veins, hemorrhoids, duodeneérs, etc. The yellow or golden-
orange flowers of marigold are used as spice, neangedicine. The pharmacological
activity of marigold is related to the content oéveral classes of secondary
metabolites such as essential oils, flavonoidsplstecarotenoids, tannins, saponins,
triterpene alcohols, polysaccharides and resink@at, Djilas, Canadanovic-Brunet,
and Thumbas, 2004). Marigold is typically plantediatercrops or in rotation with
crops to control nematodes. Natarajan e(2006) found that population of tomato
root knot nematodeviel oidogyne incognita, were reduced by cold aqueous extracts of
marigold. Broussalis et al. (1999) demonstrated tifva activity of marigold extracts

by maceration with dichloromethane and methanalgainst rice weevilsjtophilus
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oryzae). Sarin (2004) showed the potentiality of callugltures of marigold to
produce ascorbic acid as well as insecticidal jynes. The pyrethrins extracted from
the callus cultures can be safely used as an ingkxton flour beetlesTgibolium
spp). In Thailand, marigold used locally as insadas. The plants have a history of

usage as folk remedies and are still used to killepel insect such as white flies,

common cutworms and cabbage mot"lmul(as’f ¥, On-line, 2546). Nikkon et al.

(2009) Showed the insecticidal activity of cruderagts from the flower of marigold
Tagetes erecta L. for against a stored product insect peBtibolium castaneum
(Herbst). Islam and Talukder (2005) demonstrated the potential of marigoldr(
erecta L.) to against the red flour beetl&ri{bolium castaneum) in stored products.
Parugrug and Roxas (2008) showed that the effidacyagainst maize weevil
(Stophilus zeamais M.) as repellency, adult mortality and antiovigms1 and growth

inhibition.

2.2.2 Siam weed (Chromolaena odorata (L.) King & Robinson)

Siam weedChromolaena odorata (L.) King & Robinson), a perennial,
is a diffuse, scrambling shrub that is mainly a &veéplantation crops and pastures in
Asia and Western Africa (Thang, Patrick, Teik andny, 2001). Due to its fast
growth rate, and prolific, wind-dispersed seed patn, the plant can spread very

easily (McFadyen and Skarratt, 1996). Siam weedasssified as follows;
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Kingdom Plantae
Division Magnoliophyta
Class Magnoliopsida
Order Asterales
Family Asteraceae
Genus Chromolaena DC.

Species  Chromolaena odorata
(L.) King & H. Rob.

Source: http://plants.usda.gov/java/profile?symbbb.
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Figure 2.3 Siam weedChromolaena odorata (L.) King & Robinson).

Traditionally, fresh leaves or a decoction of Saeed leaves have been
used throughout Vietnam for many years as welhasther tropical countries for the
treatment of leech bite, soft tissue wound, burrumeh skin infection and dento-
alveolitis (Thang, Patrick, Teik and Yung, 2001pu8la, Tapondjou, Fontem and
Gumedzoe (2001) reported that essential oil exdrfaotm leaves of Siam weed has an
insecticidal effect on the adult of maize grain wkse (Stophilus zeamais). Leaf
powder of Siam weed has been found to reduce atfestand damage caused by rice
moth Corcyra cephalonica). The powder showed a high efficacy against ricghm
egg hatching into adult (Allotey and Azalekor, 2D0Biam weed extracts was used as

domestic insecticide in Thailand. Leaves of Sianedvean used to control common

cutworms, cabbage moths, aphids and beefles)§ 31903 o 0y581, 2535).
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2.2.3 Hedgeflower (Lantanacamaral.)
Hedge flower(Lantana camara L.) is commonly found in Thailand. It is
also an important weed that infested farm and laraind house. Sometime hedge

flower found as an ornamental garden plant. Hebtryeef, is classified as follows;

Kingdom Plantae
Division Magnoliophyta
Class Magnoliopsida
Order Lamiales
Family Verbenaceae
Genus Lantana L.
Species Lantana camara L.

Source: http://plants.usda.gov/java/profile?symtaua?.
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Figure 2.4 Hedge flower(Lantana camara L.).

In Africa, hedge flower play the role as meditipéant. Leaves of
hedge flower are used to treat skin itch, ulceepalitis and rheumatism (Bouda,
Tapondjou, Fontem and Gumedzoe, 2001). Moreovesengigl oil extracts from
leaves of hedge flower has an insecticidal effecin@ize grain weevilsStophilus
zeamais). Insecticidal activity of the essential oil caxp®it for maize grain weevils
(S zeamais) control in stored products (Bouda, Tapondjou,tEonand Gumedzoe,
2001). Hedge flower leaf extracts was found an oceff@gainst termites
(Microcerotermes beesoni). The extracts exhibit excellent termites morya(erma,

2006). In Thailand, hedge flower has been usedl&srfsecticide. Leaves extracts of

hedge flower has a strongly insecticidal activitegginst aphids and beetlegi(ay

PAINNT ¥ BYFYN, 2535). Hedge flower leave extracts has potemtiahgainstAe.
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aegypti (Tanprasit, 2005). Kumar and Maneemegalai (20C6f)onted that the
larvicidal effect of hedge flower leave extracts lanvae of mosquito specieke.
aegypti andC. quinquefasciatus. Adulticidal properties of hedge flower leaf extis
against adult mosquitoe&edes aegypti L., Culex quinquefasciatus S., Anopheles
culicifacies G., An. fluviatilis J. andAn. stephensi Liston have been reported by Dua,
Pandey and Dash (2010).

In this study, the leave extracts of marigolhdetes erecta L.), Siam weed
(Chromolaena odorata (L.) King & Robinson) and hedge flowékantana camara
L.) were investigated as the guava fruit fBatrocera correcta Bezzi) control agents

of the eggs, second instar larvae, pupae and thitsad
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CHAPTER I
PHYTOCHEMICAL PROPERTIES AND CYTOTOXICITY
OF LEAF EXTRACTS OF MARIGOLD ( TAGETES
ERECTA L.), SIAM WEED (CHROMOLAENA
ODORATA (L.) KING & ROBINSON) AND

HEDGE FLOWER (LANTANA CAMARA L.)

3.1 Abstract

Marigold (Tagetes erecta L., MLE), Siam weed Chromolaena odorata (L.)

King & Robinson, SLE) and hedge flowdrafitana camara L., HLE) leaves were

extracted in water and 70% ethanol. The total phermmmpounds (TPC) of the
extracts were quantified by Folin-Ciocalteu methdthe TPC contents of SLE/e,
MLE/e and HLE/e were 133.03, 59.67 and 47.43 mdings gallic acid equivalents
per gram (mg GAE/ g), and in SLE/w, MLE/w and HLEMmere 84.87, 52.50 and
33.93 mg GAE/qg, respectively. The major compounastituents of the extracts were
analyzed by thin layer chromatography (TLC). Vaniulphuric reagents detection
indicated that the terpenes group was the majorpoomds in the extracts. The
cytotoxicity of the extracts was investigated binbrshrimp lethality assay (BSLA).

The cytotoxic efficacy at 24 hr of SLE/e, MLE/e aAtdE/e were 147.15, 182.60 and
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208.82 pg/ml, and SLE/w, MLE/w and HLE/w were 19%.256.32 and 273.29

pa/ml, respectively.

3.2 Introduction

Plant extracts have been used in controlling skah pets. The insecticidal
properties are the actions of to plant secondangibodites. The active ingredients of
plant secondary metabolites, such as mineralsmuits, volatile oils, glycosides,
alkaloids, flavonoids and other substances that iamportant for insecticidal
properties (Obi, Nwanebu, Ndubuisi-Nnaji, Onuoha &hiegboka, 2011; Kennedy
and Wightman, 2011). The compounds of plant semgnehetabolites have different
various effects on insects (Boeke et al., 2004anPlextracts contain several
secondary compounds such as, phenolic and terpehe$fi have toxic activities
against insects (Boudet, 2007).

Plants rich bioactive chemicals provide the po&tiid use as alternative insect
control agents. Plant extracts from neem sé&adthenium hysterophorus L. and
eucalyptus leaves have been reportet the efficacycodntrolling melon fruit fly,
Bactrocera cucurbitae (Coquillett) in bitter gourd Momordica charantia L.) (Ali et
al., 2011). The effects of sweetflafycbrus calamus L.), tumba Citrullus colocynthis
L.), turmeric Curcuma longa L.), kuth Gaussurea lappa (Decaisne) C. B. Clarke),
balchar Valeriana jatamansi J.) and harmal Reganum harmala L.) extracts in
petroleum ether, acetone and ethanol were promisipgjlents against peach fruit fly
Bactrocera zonata and suppressed the overall egg laying (RehmaaniJiKhan,
Masih and Kanvil, 2009). The potential of leafraxts of the hedgerow plant panax,

Polyscias guilfoylei (B.), were reported that their attractiveness datwl male and
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female oriental fruit fliesBactrocera dorsalis (Jang, Carvalho and Stark, 1997). The
citronella grass methanolic extract has the potdncipe used as a tool to protect
mango fromBactrocera carambolae oviposition (Muryati, Trisyono, Witjaksono and
Wahyono, 2012). The insecticidal activities of exts fromAlpinia galanga and
Cleome viscosaplant using topical mist spray method showed the paérmtgainst
Bactrocera dorsalis (Sukhirun, Bullangpoti and Pluempanupat, 2009)e Tiant
extracts of harmalReganum harmala L.), rhizomes of kuthSaussurea lappa C. B.
Clarke) and balcharV@élariana officianalis L.) in petroleum ether, acetone and
ethanol exhibited the repellent properties and tnownhibiting effect against
Bactocera zonata Saunder (Khattak, Shahzad and Jilani, 2006).

The aim of this study was the control of guavatffiy (Bactrocera correcta)
by the extracts of marigoldégetes erecta L.), Siam weedChromolaena odorata L.)
and hedge flowerL@ntana camara L.) leaves. The information of this study is also
expected for develop the biological control of gadvuit flies by the leaves of
marigold, Siam weed and hedge flower to which thkie is added. The plant-based
insecticides can be used to replace synthetic ficg#es which are beneficial to

human health and sustainable the environment.

3.2.1 Plants for insect pest control

Marigold (T. erecta L.) is a common garden plant in Thailand. Marigoléve
several compounds in their tissues which have gio#b activities against a range of
organisms (Vasudevan, Kashyap and Sharma, 199KpWet Djilas, Canadanovic-
Brunet, and Thumbas, 2004). Marigolds have the ntiaeto control plant pests

including insects (Riga, 2009). The pharmacologasivity of marigold is related to
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the content of several classes of secondary meétadosuch as essential oils,
flavonoids, sterols, carotenoids, tannins, saponiegoenoids, triterpene alcohols,
alkaloids, polyacetylenes, fatty acids, polysaccles; resin, alilanisol, anetol,
limonene, methyl eugenol, angtkaryophyllene (Cetkovic, Djilas, Canadanovic-
Brunet, and Thumbas, 2004; Salinas-Sanchez eR@l2). The bioactivities of.
erecta extracts containing thienyls and terpenes haven lstedied extensively and
known as nematocide, fungicide and insecticide (dasan, Kashyap and Sharma,
1997). The major components of the essential oill oErecta were cis-ocimene
(18.46%), (E)-oscimene (8.65%), |-limonene (11.16%&)-tagetone (10.56%)3-
caryophyllene (6.9%) and dl-limonene (4.16%) (TtipaBhatia, Walia and Kumar,
2012).

Siam weed €. odorata L.) is widely spread weed in Thailan@. odorata has
been used as traditional medicine for the treatroémeech bite, soft tissue wound,
burn wound, skin infection and dento-alveolitis &hly, Patrick, Teik and Yung,
2001; Vaisakh and Pandey, 2012). Phytochemicalesarg of previous studies
demonstrated compound Gf odorata extracts such as flavonoids, saponins, tannins
steroids, triterpenes, alkaloids and essential dile oil fromC. odorata also has
been used as effective insecticides (Misra, 2008ya8or, Aina, Olushola and
Aniyikaye, 2011; Alisi, Ojiako, Osuagwu and Onye2811; Félicien et al., 2012).
The major chemical constituents @ odorata ethanolic extract were protocatechuic,
p-hydroxybenzoic, pcoumaric, ferulic and vanilldds (Phan et al., 2001). The major
components of essential oil fro@. odorata analyzed by GC-MS were-pinene
(42.2%), B-pinene (10.6%), germacrene D (9.79)copaen-4-ol (9.4%), (E)-

caryophyllene (5.4%), and geijerene/pregeijereng%y (Owolabila et al., 2010).



33

Hedge flower I(. camara L.) is commonly found as weed widely occur in
Thailand and also found as an ornamental gardent.pkedge flower has been
commonly used as medicinal plant in Africa. Leawéd.. camara are used to treat
skin itch, ulcers, hepatitis and rheumatism (Boudapondjou, Fontem and
Gumedzoe, 2001). The major chemical constituentsL.incamara leave were
terpenoids, steroids, flavonoids, phenylethanoidagides, furanonaphthoquinones,

iridoid glycosides and triterpenes (Sousa et &12). In ThailandL. camara has

been commonly used as folk insecticidei(s 9¢131903 & pyF81, 2535). The major

constituents of.. camara leaves extracted carried out by GC and GC-MS wWeaas
-B caryophyllene (17.65%), sabinene (9.11%), eucalyf?.53%), a-humulene
(7.14%), bicyclogermacrene (5.77%), germacrene [B35@), p-elemene (2.24%),
nerolidol (2.14%), davanone B (1.22%)-caryophyllene (27.0%)a-humulene
(11.8%), sabinene (9.7%), bicyclogermacrene (8.4%g davanone (4.7%) (Singh

and Tiwari, 2011; Saikia and Sahoo, 2011).

3.3 Materials and methods

3.3.1 Materials
Folin-Ciocalteus’s reagent and sodium carbonatesvpurchased from
Merck Chemical supplies (Darm-Stadt, Germany). \ianivas purchased from BDH
Chemicals Ltd. (Poole, England). Gallic acid wasnir Sigma (St. Louise, MO,
U.S.A.). TLC plate of silica gel, 60 F-254 (thick 0.2 mnf) 2 20 cnf) was purchased

from Merck Chemical supplies (Darm-Stadt, Germaynethylsulfoxide (DMSO)
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was purchased from Merck (Darm-Stadt, Germany). élemicals were used

analytical grade.

3.3.2 Collection for plants and extracts preparatio
The fresh leaves of marigold, Siam weed and hefilgger were
collected from the areas surrounding Suranaree dgsity of Technology (SUT)
campus and then dried by sun light for 2-3 daysoteefextraction. Dried plant
samples of 10 g were extracted in distilled water@% ethanol by Soxhlet extraction
apparatus (Buchi model B811, Germany). The extrasse evaporated, dried by
lyophilizer (Heto power dry LL3000, Wag Technologghd stored at -20°C until

used. The dried extracts were dissolved in itsimaigsolvent during study.

3.3.3 Determination of total phenolic compounds aviability

Phenolic compound was determined by the Folicatteau colorimetric
method using gallic acid as a standard phenolicpoamd (Huang et al., 2004). A
hundred micrograms of the extracts was dissolveitsioriginal solvent. A hundred
microliter of samples was mixed with 2 mL of 2% &od carbonate and incubated
for 2 min. Added Folin reagent (Folin:Methanol. /%) 100 pL and incubated for 30
minute. The absorbance was measured at 760 nm.reduits were expressed as
milligrams gallic acid equivalents (GAE) per gramxtract. All samples were

performed in triplicate.

3.3.4 Thin layer chromatography fingerprintings of plant extracts

TLC is a standard technique for separation of cmumpg mixture. Its
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sensitivity is high which allows separation of ledsan microgram amounts of
material. Silica gel on a support material suclglass or aluminum is most widely
employed (Harborne, 1998). TLC was used to obthm fingerprinting of plant
extracts in order to figure out the differenceshafir components. The extracts of 0.05
g were diluted in solvents, spotted on a TLC plsil&za gel60 Foss (2 X 7.4 crf). The
TLC system for marigold extraction used the mobpit@se systems of ethyl acetate:
methyl alcohol: carbon tetrachloride (3: 2: 5). THeC system for Siam weed water
extract used the mobile phase systems of ethyhatecetarbon tetrachloride (3: 7).
The TLC system for Siam weed ethanol extract ubedntobile phase systems of
toluene: chloroform: methyl alcohol (1: 7: 2). TheC system for hedge flower water
extract used the mobile phase systems of ethyhatecetarbon tetrachloride (3: 7).
The TLC system for hedge flower ethanol extractdubee mobile phase systems of
toluene: chloroform: methyl alcohol (1: 7: 2). TA&C plate was air dried and
developed with different solvent. Bands developeadeavisualized under UV light at
366 nm (CAMAG UV cabinet). The relative migratioh O_LC bands was described
by R value. The TLC plate was sprayed with Vanillin-dulpc acid reagent, and
then the TLC plate was heated at 100°C until cafypeared. The Vanillin-sulphuric

acid reagent produced pink-red and blue spots (€gi998).

_ Distance traveled by the center of sabpse spot from the origin (cr

R
f Distance traveled by the solvent from the origim)c

where: R stands for ratio of front and its characterisbésny given compounds on
each stationary phase using the appropnatikile phase for the development

of the plate.
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3.3.5 Determination of cytotoxicity of plant extrad¢s by brine shrimp
lethality assay (BSLA)

The brine shrimp lethality assay was used forimiahry assessment of
cytotoxicity (Solis, Wright, Anderson, Gupta andilipson, 1993). Brine shrimp
(Arthemia salina) was cultured in artificial seawater (3.6 g of sadt granules in 1
litter of distilled water). After egg hatching (2dours), 10 first instars of brine
shrimps were transferred to a 24-well plate. Theous concentration of extract
sample was selected based on the concentratiopsebiminary tested. The plant
extracts with various concentrations 10, 50, 10m),%nd 1000 pg/mL were added
and 0.1% DMSO v/v was used as control. The numberastality was observed and
counted for 24 hr. The median lethal concentraflodDsg) was calculated by Probit

analysis (Solis, Wright, Anderson, Gupta and Rislbin, 1993).

3.3.6 Data analysis
Data from all experiments were analyzed with a-way analysis of
variance (ANOVA) using program Statistical Packé&methe Social Sciences (SPSS)
program for Windows v.17.0. All analyzes were a®#®8onfident level. The L&

value was determined by Probit analysis (Finny,1)97

3.4 Results

3.4.1 Total phenolic compounds
The total phenolic content of marigold, Siam weed hedge flower
leave extracts were determined by the Folin-cieealt colorimetric method and

calculated as GAE. The results were shown in Tadle
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Table 3.1 Total phenolic compounds content of marigold, Siaxeed and hedge

flower leave extracts.

Plant Extracts Total Phenolic Compounds
GAE(mg/g) = S.E.
Tagetes erecta MLE/w 52.50 + 1.23
MLE/e 59.67 + 2.80
Chromolaena odorata SLE/w 84.87 + 2.05
SLE/e 133.03 +3.48
Lantana camara HLE/w 33.93+0.77
HLE/e 47.43 +0.40

The values are means of 6 observations, withinlanoo followed by different letters are

significantly different by Duncann's New MultipleaRge Test (P < 0.05).

The total phenolic content of marigold, Siam weed hedge flower
ethanol extract (SLE/e, MLE/e and HLE/e) were 133#03.48, 59.67 + 2.80 and
47.43 + 0.40 mg GAE/qg, respectively. The total pieencontent of marigold, Siam
weed and hedge flower water extract (SLE/w, MLEmd &HLE/w) were 84.87 +
2.05, 52.50 + 1.23 and 33.93 + 0.77 mg GAE/qg, repely. The ethanol extracts of
all plants contained the total phenolic compound \wagher than that of the water

extract.

3.4.2 Thin layer chromatography (TLC) analysis
TLC analysis was used to investigate some majanponents of plant
extracts. The relative migration, Rf value and infation of TLC bands were shown

in table 3.2. The profile of marigold, Siam weedl dredge flower before and after
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spraying with the vanillin reagent were shown igufes 3.1-3.6, respectively. The
different fluorescence bands were observed undetighf at 366 nm. The Vanillin-
sulphuric acid reagent produced pink, red and Blpets, which indicated that the

presence of terpenes.

Terpene

Terpene

A B

Figure 3.1 TLC chromatographs of marigold.(erecta) water extract using a mobile
phase of ethyl acetate: methyl alcohol: carboratétlioride at the ratio of
3:2:5.
A: before spraying with vanillin-sulphuric acid gent

B: after spraying with vanillin-sulphuric acid resag
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Terpene

Terpene

Terpene

A B

Figure 3.2 TLC chromatographs of marigoldr.( erecta) ethanol extract using a
mobile phase of ethyl acetate: methyl alcohol: cartetrachloride at the
ratio of 3: 2: 5.
A: before spraying with vanillin-sulphuric acid gent

B: after spraying with vanillin-sulphuric acid resag
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Terpene

Figure 3.3 TLC chromatographs of Siam wee@. (odorata) water extract using a
mobile phase of ethyl acetate: carbon tetrachlaatdbe ratio of 3: 7.
A: before spraying with vanillin-sulphuric acid gt

B: after spraying with vanillin-sulphuric acid resag
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Terpene

Terpene

Terpene

A B

Figure 3.4 TLC chromatographs of Siam wee@. (cdorata) ethanol extract using a
mobile phase of toluene: chloroform: methyl alcoholhe ratio of 1: 7: 2.
A: before spraying with vanillin-sulphuric acid gemt

B: after spraying with vanillin-sulphuric acid resag
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A B

Figure 3.5 TLC chromatographs of hedge flower. camara) water extract using a
mobile phase of ethyl acetate: carbon tetrachlatdée ratio of 3: 7.
A: before spraying with vanillin-sulphuric acid gemt

B: after spraying with vanillin-sulphuric acid resag
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Terpene

A B

Figure 3.6 TLC chromatographs of hedge flowér. Camara) ethanol extract using a
mobile phase of toluene: chloroform: methyl alcohlhe ratio of 1: 7: 2.
A: before spraying with vanillin-sulphuric acid gemt

B: after spraying with vanillin-sulphuric acid resag



Table 3.2The information detailed on TLC analyses of mddg&iam weed and hedge flower leaf extracts.

Plant Solve Mobile phase Spraying No.of R Values and color components
nt reagent  spots
Tagetes erecta H,O ethyl acetate: methyl alcohol Before 2 0.17 (deep red), 0.37 (light green)
carbon tetrachloride (3: 2: 5)  After 2 0.17 (deep red), 0.37 (pink)
Alc  ethyl acetate: methyl alcohol Before 5 0.3 (green), 0.37 (blue), 0.43 (pink),
carbon tetrachloride (3: 2: 5) 0.58 (pink), 0.87 (pink)
After 3 0.1 (deep red), 0.2 (blue), 0.3 (deep
red)
Chromolaena odorata H,O  ethyl acetate: carbon Before 4 0.38 (light green), 0.5 (light blue),
tetrachloride (3: 7) 0.57 (green), 0.8 (light green)
After 0.57 (deep red)
Alc  toluene: chloroform: methyl Before 9 0.27 (yellow), 0.38 (green), 0.4 (pink),
alcohol (1: 7: 2) 0.47 (light blue), 0.52 (light blue),
0.57 (pink), 0.68 (light blue), 0.8
(blue), 0.85 (pink)
After 3 0.47 (deep blue), 0.57 (deep blue),

0.68 (light blue)

14%



Table 3.2The information detailed on TLC analyses of mddg&iam weed and hedge flower leaf extracts (Qonedl).

Plant Solve Mobile phase Spraying No. of  RfValues and color components
nt reagent  spots
Lantana camara H,O ethyl acetate: carbon Before 1 0.1 (light green)
tetrachloride (3: 7) After 0 -
Alc  toluene: chloroform: methyl Before 4 0.2 (blue), 0.68 (red), 0.83 (pink), 0.88
alcohol (1: 7: 2) (pink)
After 1 0.68 (red)

17
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3.4.3 Cytotoxicity

The cytotoxicity of the extracts was investigatby brine shrimp
lethality assay (BSLA). The median lethal concemdra (LCsg) of treatment was
evaluated at 24 hours. The ethanol extracts of Samad (SLE/e) showed most
prominent activity with LGy of 147.15 pg/ml. The ethanol extracts of marigadi
hedge flower exhibited potent lethality with §of 182.60 and 208.82 pg/ml
respectively. Whereas, the kfralues at 24 hours of Siam weed, marigold and éedg
flower water extracts (SLE/w, MLE/w and HLE/w) wet86.35, 256.32 and 273.29

pa/ml, respectively. The data represent the me&Cegf values (Table 3.3).

Table 3.3The cytotoxicity of the plant extracts performedthg brine shrimp

lethality assay (BSLA).

Plant Extracts LC so(ng/ml)
Tagetes erecta MLE/w 256.32
MLE/e 182.60
Chromolaena odor ata SLE/w 196.35
SLE/e 147.15
Lantana camara HLE/w 273.29
HLE/e 208.82

Note: MLE/w, Marigold leaf water extract; MLE/e, Mgold leaf ethanol extract;
HLE/e, Hedge flower leaf ethanol extract; HLE/w,dde flower leaf water extract;

SLE/e, Siam weed leaf ethanol extract; SLE/w, Sizend leaf water extract.
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3.5 Discussion

Plant extracts contain several secondary compoumbdgEh have toxic
activities to against insects (Boudet, 2007). Thernwlics and their functional groups
are considered as pest control (Makoi and Ndakig2@€7). The extracts of marigold
(T. erecta), Siam weed(. odorata) and hedge floweflL. camara) were investigated
for phenolic compounds. The ethanolic extract ofigudd, Siam weed and hedge
flower showed higher phenolic content than water extrBte major components of
plant extracts were analyzed by thin layer chroguaphy (TLC). It was mainly
composed of terpenes detected by Vanillin-sulphteagent, similarly the previous
literature that found terpenes in the extracts afigold, Siam weed and hedge flower
(Vasudevan, Kashyap and Sharma, 1997; Cetkovitad)jCanadanovic-Brunet and
Thumbas, 2004; Misra, 2009; Anyasor, Aina, Olusheria Aniyikaye, 2011; Alisi,
Ojiako, Osuagwu and Onyeze, 2011; Félicien et2012; Salinas-Sanchez et al.,
2012; Sousa et al., 2012). The presence of terpente extracts is believed to be

insecticide (Vasudevan, Kashyap and Sharma, 1997).

3.6 Conclusion

In conclusion, this study indicates that the estgaf marigold, Siam weed and
hedge flower possess insecticidal activities. Tdtal tphenolic compound contents of
ethanolic extracts were higher than water extmnaclli plants. The presence of major
components of the extracts was analyzed by TLGlllextracts, exceplt. camara
water extract, the Vanillin-sulphuric acid reagendbduced pink, red and blue spots,
which were likely to be terpenes. It is suggestet the extracts can be used as an

insect control agents.
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CHAPTER IV
ANTIBIOSISEFFECTS OF LEAF EXTRACTSOF
MARIGOLD (TAGETESERECTAL.), SSAM WEED

(CHROMOLAENA ODORATA (L.) KING & ROBINSON)
AND HEDGE FLOWER (LANTANA CAMARAL.) ON

FRUIT FLIES (BACTROCERA CORRECTA BEZZI)

4.1 Abstract

The leaf ethanol and water extracts of marigdlagétes erecta L., MLE), Siam
weed Chromolaena odorata (L.) King & Robinson, SLE) and hedge flowérafitana
camara L., HLE) were investigated for antibiosis on eggsyae and pupae of guava
fruit flies (Bactrocera correcta). The inhibition of egg hatching by SLE/e exhikiite
the highest effect of 82.22 £ 6.19% at 24 hourh G, value of 44.54 mg/ml. The
inhibitory effects of all extracts on fruit flieggg hatching were ranged as SLE/e >
HLE/e > MLE/e > SLE/w > HLE/w > MLE/w. The moralitgf second instar larvae
were most induced by SLE/e at 83.33 + 1.92% maytalith the LC50 value of 55.56
mg/ml by feeding assay, which was similar to dijgpassay at 87.78 + 1.11% with
LCsp value of 52.99 mg/ml. The range of larvicidal edity of all extracts by feeding
assay and dipping assay was equal. The efficacyraraged as SLE/e BLE/e >
SLE/w >MLE/e > HLE/w > MLE/w. The effects of the three ptaextracts on the

adult emergence were similar to the effects of #gg hatching and the larva
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mortality. The antibiosis on fruit fly adult emerge by SLE/e exhibited the highest
efficacy with EGp of 69.55 mg/ml, produced 67.78 + 2.22% inhibitiblawever, the
inhibition rates were ranged as SLE/e > MLE/e > SLE HLE/e > MLE/w >
HLE/w. It is concluded that the SLEs extracts werast potent in controlling eggs

hatching, larvae and pupae mortalities of guavi fifas B. correcta.

4.2 Introduction

Fruit flies are serious pests that cause econoassek of fruit and vegetable
products in many countries. The major corps pradaatxport market of Thailand is
fresh fruits. However, many crops especially citetsrambola, guava, litchi, longan,
peach, rose-apple, sapodilla and mango fruits areaded by fruit fly attacks and
losses may reach up to 100% (Dick and Drew, 198d0lt fruit flies lay their eggs in
the pericarp and larvae feed inside the fruits. ifiiestations not only cause severe
damages by reducing both fruit production and d¢uabut also impacting on fresh
fruit exportation due to the quarantine restrici@hen, Dong, Li and Liu, 2006).
There are several strategies for controlling oftffly in commercial or domestic
crops. The synthetic insecticides have been usgehliy to reduces economic losses
and maintain agricultural products. The frequert aisthose synthetic insecticides for
fruit flies control has not resulted in sustainatmanagement of the pest. Problems of
chemical control are many residues of insecticigétsin crops, health problems for
farmers, contamination of water and soil, insed#écresistance development and
decrease in natural enemy populations (Guaman,)2088 plant products have been
used as botanical insecticides are better waysvtodaproblems of insecticide

resistance. They are also biodegradable and hasitddbe environment, pest-specific
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and relatively harmless to non-target organismsudiog humans (Rehman, Jilani,
Khan, Masih and Kanvil, 2009). One plant speciey passess substances with a
wide range of activities. Some plant products atatiractants while some plant
products act as repellent, deterrent and anti-@iilpn, like neem oil and cotton seed
oil (Khattak, Shahzad and Jilani, 2006). There saeeral promising candidates of
plant materials for future utilization as insectgttol agents. The marigolddgetes
erecta L.), Siam weed Chromolaena odorata (L.) King & Robinson) and hedge
flower (Lantana camara L.) are plant from which several domestic insedtés have
been considered worldwide.

Leaves and flowers methanol and ethanol extradiealge flowerL. camara
have been found larvicidal effect off @and 4" instar larvae of mosquito species
Aedes aegypti andCulex quinquefasciatus. The components of them were carried out
by GC/MS analysis presence saponin, flavonoidpeterids and cardiac glycosides
(Kumar and Maneemegalai, 2008). Essential oil ftbenleaves oL. camara showed
adulticidal activity against important vectors oélaria, dengue, dengue hemorrhagic
fever, yellow fever and chikungunya (Dua, Pandeg Brash, 2010). The flowers of
T. erecta are very effective lavicide and could be usefldiagt Cx. quinquefasciatus
(Nikkon, Habib, Saud and Karim, 2011). The powdérSeam weedC. odorata
showed a high efficacy against rice moth egg hatgchnto adult (Allotey and
Azalekor, 2000). Therefore, this study aimed tadfitne use of plant extract for

getting rid of fruit flies for biological safety toumans and the environment.
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4.3 Materials and methods

4.3.1 Plantscollection and preparation for extracts

Siam weed Chromolaena odorata (L.) King & Robinson) and hedge
flower (Lantana camara L.) leaves were collected on Suranaree University
Technology (SUT) campus. Marigoldagetes erecta L.) leaves were collected from
a local farm surrounding Suranaree University othimlogy (SUT) campus. All
plant leaves were cleaned, sun dried and groupdwalers. The dried plant powders
of 10 g in a cellulose extraction thimble (Whatmiaternational Ltd., Maidstone,
England) were extracted in 150 ml of water or 708tamol in Soxhlet extraction
apparatus (Buchi model B 811, Germany). The exraare filtered, evaporated in
rotary evaporator (Buchi instruments, Switzerlaad)l dried by lyophilizer (Freeze-
zone 12 plus, Labconco Corporation, Missouri, USFhe extracts powders were
stored at -20°C until analysis. The dried extragese dissolved in their original

solvents for experiments.

Figure4.1 The crude extracts of water and ethanol leavesasigold, Siam weed

and hedge flower.
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4.3.2 Fruitfly rearing

Pupae of guava fruit flyBactrocera correcta) were obtained from the
Thailand Institute of Nuclear Technology (Publicg@nization), Ministry of Science
and Technology, Thailand. Adult flies emerge frame pupa cases in 7 days. Fruit
flies were cultured in wire-net cages under labmsatonditions at 28 + 2°C, 65-70%
relative humidity, and 12 hours light: 12 hourskdaFruit fly fed with artificial food
(Walker et al., 1997) and allowed to mate. The fesiavere allowed to lay eggs in
the egg dome (contain guava juice). After hatchthg,larvae feed on artificial food

and allow moving to pupa stage in wood chip trays.

4.3.3 Antibiosisto egg hatching

The antibiosis to egg hatching assay was modifif@m

previous methoch{uny) asnsena, 2544). Thirty eggs were gently moved and plamed

Whatman filter paper discs #3 (42.5 mm in diametef)ich were damped with 20,
40, 60, 80 and 100 mg/ml of the plant extracts. pagers were placed in the artificial
food. Water and ethanol were used as controls.efjgs were allowed to hatch into
larvae. The numbers of larvae were counted witdirh@urs. The experiments were
performed in triplicate. The median effective camtcation, EG,, was calculated by
Probit analysis, used SPSS (Statistical Packagéh@oSocial Sciences) program for

Windows v.17. The results were expressed as pegenof inhibition rate as

Number collected from control - Numberleoted from treated
% Inhibition = x 100.
Number collected from the treated
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Figure 4.2 The preparation for testing eggs hatching.

4.3.4 Antibiosisto larval growth
4.3.4.1 Feeding assay
The antibiosis to larval growth by feeding assas modified

from previous methods (Chuenwong, 2006 aritha wnnzimuiAseg, 2542). Thirty

second-instar larvae of guava fruit fly were cudtiin artificial food mixed with 20,
40, 60, 80 and 100 mg/ml of the plant extracts. t&ldy of larvae were counted after
6, 12 and 24 hourdVater and ethanol were used as controls. The erpats were
performed in triplicate. The mortality was correttey Abbott's formula (Abbott,
1925). The mortality was calculated and analyzedtfe LG, by Probit analysis. The

results were expressed as percentage of mortalitgllawing formula;

% Test mortality-% Control mortalit¥ 100

% Mortality =
y 100-% Control mortality
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Figure 4.3 The preparation for larvicidial mortality tests f®&eding assay.

Figure 4.4 Second instar larvae of fruit fB. correcta fed on artificial food.

4.3.4.2 Dipping assay

The antibiosis to larval growth by dipping asseys modified

from previous methods (Chuenwong, 2006jua wazdmulAseg, 2542 andiysal uga

utne uazalz, 2548).Thirty second-instar larvae of guava fruit fly wedipped into
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20, 40, 60, 80 and 100 mg/ml of the plant extrémts3 seconds. Treated larvae were
put in a 100-ml bottle, which the lid with a smhtle was covered. The number of
mortality larvae was counted after 6, 12 and 24rfiWater and ethanol were used as
controls. The experiments were performed in trggkc The mortality was corrected
by Abbott’s formula (Abbott, 1925). The mortalitya calculated and analyzed for
the LG by Probit analysis. The results were expressgueasentage of mortality as

previous formula.

4.35 Antibiosisto adult emergence

Thirty third-instar larvae of guava fruit fly wereultured in artificial
food mixed with the three extracts at the concéiotna of 20, 40, 60, 80 and 100
mg/ml. Water and ethanol were used as controls.|ditvae were allowed to develop
into pupaén the food. The numbers of molted adult flies weaunted. The
experiments were performed in triplicate. The medé#ective concentration, kg
was calculated by Probit analysis, used SPSS ¢8tali Package for the Social
Sciences) program for Windows v.17. The resultsewexpressed as percentage of

inhibition rate as previous formula.

Figure 4.5 Third instar larvae of fruit flyB. correcta before cultured in artificial food.
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Figure 4.6 Pupae of guava fruit fl§3. correcta.
A: Normal pupae

B: Pupae treated by plant extracts

4.4 Data analysis

All data were analyzed using analysis of variandE@QVA) and in completely
randomized design (CRD) using Statistical Packageltfe Social Sciences (SPSS)
program for Windows v.17. The means were separbtethe Duncan’s Multiple
Range Test (DMRT) when ANOVA was significant (P<).0Probit analysis (Finny,
1971) was used to estimate 40@nd EGpvalue. The percentages of the mortality and

inhibition rate were corrected by Abbott’s form(l25).



62

4.5 Results

45.1 Antibiosisto egghatching

The eggs of fruit flies were treated with Siam d&€. odorata, SLE)
and hedge flowerl({ camara, HLE) marigold T. erecta, MLE) leaf extracts. The
effects of the extracts were dose dependent. THeeSat the concentration of 100
mg/ml produced highest inhibitory effect of 82.2549% with EG value of 44.54
mg/ml (Table 4.1). The marigold leaf water extraddi,E/w was least effect on the
egg hatching at 62.22 + 1.11% inhibitory with $£Galue of 75.41 mg/ml. The
ethanol extracts was much higher effect to egghimagcat the same concentration.
The SLE/e produced 82.22 + 6.19% inhibition, b 8LE/w produced only 76.67 +
1.92% inhibition which was 1.08 fold lower. The HleEcaused 80.00 + 1.92%
inhibition, while the HLE/w at the same concenwaticaused 66.67 + 1.92%
inhibition. The HLE/e was 1.2 fold more toxic th#me HLE/w. Similarly, MLE/e
produced 72.22 + 1.11% inhibition and MLE/w show&2l22 + 1.11% inhibition
which was 1.16 fold lower. Thus, the inhibitoryesfts of all extracts on fruit flies egg
hatching were ranged as SLE/e > HLE/e > MLE/e > @LE HLE/w > MLE/w

(Figure 4.7).



Table 4.1 The egg hatching inhibition of guava fruit flieg leaf extracts of marigold, Siam weed and hedpedt.

% Inhibition (Mean + SE)

Water extract Ethanol extract
Concentration
mg/ml MLE/w SLE/w HLE/w MLE/e SLE/e HLE/e
H,O 0.00 = 0.00a 0.00 = 0.00a 0.00 £ 0.00a 0.00 = 0.00a 0.00 £0.00a  0.00 £ 0.00a
Ethanol 5.56 + 1.11b 556 +1.11a 5.56 £ 1.11k 556+1.11a 1.11+1.11a 556 +1.11a
20 12.22 +1.11c 14.44 + 2.22b 14.44 + 2.94¢c 44449412 51.11 + 5.56b 44.44 + 2.94b
40 27.78 +1.11d 35.56 £ 4.84c 31.11+£1.11d 46.670010 63.33 = 3.33bc 46.67 + 0.00b
60 4444 + 1.11e 48.89 = 2.94d 45.56 + 2.22e 57.781d 70.00 £ 6.94bc 57.78 £ 1.11c
80 55.56 £ 1.11f 60.00 + 1.92e 56.67 + 0.00f 67.7884d 78.89 £ 6.76¢C 67.78 £ 4.84d
100 62.22 +1.119g 76.67 + 1.92f 66.67 + 1.92¢ 72.22Hd 82.22 +6.19c 80.00 + 1.92e
ECso (mg/ml) 75.41 65.66 72.03 55.92 44.54 53.42

Each value is the mean * standard error, n = 3. duswith different letters within the same coluare significant difference, R
0.05, analyzed by Duncan multiple rang test (DMRT).

ECso, median effective concentration

MLE/w, Marigold leaf water extract; SLE/w, Siam wkkaf water extract; HLE/w, Hedge flower leaf wagatract; MLE/e, Marigold
leaf ethanol extract; SLE/e, Siam weed leaf etharthct; HLE/e, Hedge flower leaf ethanol extract.

€9
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Figure 4.7 Egg hatching effects with Egvalues of the leaf water and ethanol
extracts of marigoldT. erecta, MLE/w, MLE/e), the Siam weed
odorata, SLE/w, SLE/e) and hedge flowdr. camara, HLE/w, HLE/e)

onB. corrrecta.
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The relation among the conditions of treatment Itesshown in Table 4.2. It

indicates that the fruit flies egg hatching inhiit with treatment of three plants (P)

and two solvents (S), plant (P) and concentrat{@)ssolvents (S) and concentrations

(C) is well correlate. However, the plarfi?) and solvents (S) and concentration (C)

are not significantly correlatedt can conclude that the inhibition of egg hatchof

these 3 plant extracts are concentration dependent.

Table 4.2 Correlation among treatment conditions analyzedahglysis of variance

for percent egg hatching inhibition of fruit fliesith plant extracts, solvent and

concentrations.

Variation Degree of Mean square F-value Sig.
freedom

Plant (P) 2 2.523 71.234* 0.000
Solvent(S) d 21.696 612.526* 0.000
PxS 2 0.255 7.210* 0.001
Concentration (C) 4 17.922 505.965* 0.000
PxC 2 0.255 7.210* 0.000
Sx C 8 0.354 10.003* 0.000
PxSxC 8 0.051 1.432 0.188
Error 150 0.035

Total 180

* = Significant at p< 0.05

P = marigold, Siam weed and hedge flower S = watbanol

C = concentration of 20, 40, 60, 80, 100 mg/mi
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45.2 Antibiosisto larval growth
45.2.1 Feeding assay

The second instar larvae of guava fruit By correcta were
cultured in artificial food mixed with the extract§he effects of plant extracts on
larval mortality were compared by the if/alues at 24 h. The larvicidal efficacy of
all extracts was ranged as SLE/éibE/e and SLE/w >MLE/e > HLE/w > MLE/w
(Figure 4.8). It was evidently that the SLE/e esgexl the highest effects on the
second instar larvae at 83.33 + 1.92% mortalithvi€Cs, value 55.56 mg/ml (Table
4.3). The MLE/w efficacy was least with k§£of 80.14 mg/ml causing 62.22 + 2.22%
mortality. The HLE/e and SLE/w toxicities were similar witlCso values of 65.95
mg/ml. The mortality of fruit fly larvae was increased ##® extract concentration
increased and prolonged time (Tables 4.4 and Z1%9. ethanol extracts was much
higher effect to larvae at the same concentrafibie. SLE/e produced 83.33 £ 1.92%
inhibition, but the SLE/w produced only 74.44 + %60 inhibition which was 1.1 fold
lower. The HLE/e caused 74.44 + 4.01% inhibitiorhiler the HLE/w at the same
concentration caused 65.56 + 1.11% inhibition. Hid/e was 1.1 fold more toxic
than the HLE/w. Similarly, MLE/e produced 68.89 #1% inhibition and MLE/w

showed 62.22 + 2.22% inhibition which was 1.1 flader.



Table 4.3 The mortality effects of marigold, Siam weed aedde flower on fruit fly larvae by feeding assag4thours.

% Mortality (Mean + SE)

Water extract

Ethanol extract

Concentration
mg/m| MLE/w SLE/w HLE/w MLE/e SLE/e HLE/e
H.0 0.00 + 0.00a 0.00 + 0.00a 0.00 + 0.004 0.00 @0.0 0.00+000a _ 0.00%0.00a
Ethanol 0.00 + 0.00a 0.00 + 0.00a 0.00 + 0.00a 8.0D0a 0.00+0.00a  0.00+0.00a
20 1556+1.11b  21.11+111b  1556+1.11p 2111141  28.89+1.11b  21.11+1.11b
40 2333+1.92¢c  31L11+1.11c  2444+222c 2556144  40.00+192c  31.11+1.11c
60 3778 +2.94d  4889+1.11d  4444+111d  41.1194@  60.00+192d  48.89+1.11d
80 4778 +1.11e  6333+192%¢  5444+294e  57.722®  73.33+192%  63.33+1.92€
100 62.22+222f  7444+401f  6556+1.11f 68893  8333+1.92f  74.44+4.01f
LCso (mg/ml) 80.14 65.95 74.67 72.33 55.56 65.95

Each value is the mean * standard error, n = 3. duswith different letters within the same coluare significant difference, R
0.05, analyzed by Duncan multiple rang test (DMRT).

LCso, median effective concentration.

MLE/w, Marigold leaf water extract; SLE/w, Siam wkkaf water extract; HLE/w, Hedge flower leaf wagatract; MLE/e, Marigold
leaf ethanol extract; SLE/e, Siam weed leaf etharthct; HLE/e, Hedge flower leaf ethanol extract.

L9



Table 4.4 Mortality effects of marigold, Siam weed and heflgever water leaf extracts on fruit fly larvae f@eding assay.

Concentration

% Mortality (Mean £ SE)

mxtracts mg/m| 6 hours 12 hours 24 hours
MLE/w 20 7.78 £1.11b 11.11 £2.22b 15.56 £ 1.11b
40 8.89 +1.11b 16.67 +1.92c 23.33+1.92c
60 17.78 £+ 1.11c 31.11 + 2.94d 37.78 + 2.94d
80 31.11 £ 2.94d 42,22 +1.11e 4778+ 1.11e
100 43.33 £ 1.92¢e 55.56 + 2.22f 62.22 + 2.22f
SLE/w 20 13.33 £ 0.00b 13.33+£1.92b 21.11+1.11b
40 17.78 £1.11c 20.00 +1.92¢c 31.11+1.11c
60 32.22 +2.22d 40.00 +1.92d 48.89+1.11d
80 41.11 +1.11e 55.56 + 2.94e 63.33 £ 1.92¢
100 56.67 + 1.92f 66.67 + 1.92f 74.44 + 4.01f
HLE/w 20 10.00 £ 1.92b 12.22 +1.11b 15.56 + 1.11b
40 12.22 +1.11b 17.78 £ 1.11c 24.44 + 2.22c
60 18.89 + 2.94c 37.78 +2.94d 4444 +1.11d
80 35.56 + 2.94d 46.67 + 1.92e 54.44 + 2.94e
100 47.78 +1.11e 60.00 + 1.92f 65.56 + 1.11f
H,O 0.00 £ 0.00a 0.00 = 0.00a 0.00 + 0.00a

Each value is the mean * standard error, n = 3. duswith different letters within the same coluame significant difference, R
0.05, analyzed by Duncan multiple rang test (DMRT).
MLE/w, Marigold leaf water extract; SLE/w, Siam vadeleaf water extract; HLE/w, Hedge flower leaf wad&tract.
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Table 4.5 Mortality effects of marigold, Siam weed and heflgever ethanol leaf extracts on fruit fly larvag teeding assay.

Concentration

% Mortality (Mean £ SE)

mxtracts mg/m| 6 hours 12 hours 24 hours
MLE/e 20 11.11 £ 1.11b 15.56 + 1.11b 21.11+1.11b
40 15.56 + 2.22b 20.0 £ 01.92b 25.56 + 1.11b
60 24.44 + 2.22¢c 34.44 + 2.94c 41.11 + 2.94c
80 37.78 £ 2.94d 51.11 +2.22d 57.78 £ 2.22d
100 52.22 +1.11e 61.11 + 2.94e 68.89 +1.11e
SLE/e 20 14.44 £ 1.11b 21.11+1.11b 28.89 +1.11b
40 23.33+1.92¢c 31.11+1.11c 40.00 + 1.92c
60 38.89+1.11d 48.89 +1.11d 60.00 + 1.92d
80 48.89 +1.11e 63.33 +1.92e 73.33 £ 1.92¢
100 QLATNS & AN 74.44 + 4.01f 83.33 + 1.92f
HLE/e 20 14.44 +1.11b 11.11 +£1.11b 21.11 +1.11b
40 17.78 £1.11b 20.00 £ 1.92c 31.11+1.11c
60 27.78 £ 2.22¢ 40.00 +1.92d 48.89 +1.11d
80 41.11 £ 2.94d 55.56 + 2.94e 63.33 +1.92¢
100 54.44 +1.11e 64.44 + 1.11f 74.44 + 4.01f
Ethanol 0.00 + 0.00a 0.00 = 0.00a 0.00 £ 0.00a

Each value is the mean * standard error, n = 3. duswith different letters within the same coluame significant difference, R
0.05, analyzed by Duncan multiple rang test (DMRT).

MLE/e, Marigold leaf ethanol extract; SLE/e, Siarees leaf ethanol extract; HLE/e, Hedge flower kthfinol extract.
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Figure 4.8 Mortality effects with LGo values of the leaf water and ethanol
extracts of marigoldT. erecta, MLE/w, MLE/e), the Siam weed}
odorata, SLE/w, SLE/e) and hedge flower.( camara, HLE/w,

HLE/e) on second instar larv8ecorrrecta by feeding assay.

Table 4.6 demonstrated the correlations of the tplextracts and the
experimental conditions. The plants (P), solvelsy ¢oncentrations (C), artdne
periods(T) were not significantly correlated. The plantimes; and solvents - times
are also not significantly correlated. However, fllants and solvents; plants and
concentrations; solvents andoncentrations; timesand concentrations were
significantly correlated. The plants and solventsd econcentrations were well
correlated. It can conclude that the mortality effen fruit fly larvae of these 3 plant

extracts are solvent and concentration dependent.
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Table 4.6 Correlation among treatment conditions analyzedahglysis of variance
for percent mortality of fruit fly larvae by feedjrassay with plant extracts, solvent,

concentrations and times.

Source of Variation Degree of Mean square F-value Sig.
freedom
Plant (P) 2 1.645 3.778* 0.023
Solvent(S) 1 0.021 0.049 0.825
PxS 2 2.030 4.660* 0.010
Concentration (C) 4 8.116 18.636* 0.000
PxC 8 9.769 22.432* 0.000
Sx C 4 2.262 5.194* 0.000
PxSxC 8 1.922 4.413* 0.000
Time(T) 4 22.156 50.875* 0.000
PxT 6 .826 1.896 0.079
SxT 4 554 1.271 0.280
CxT 16 2.211 5.078* 0.000
PxSxCxT 34 0.088 0.203 1.000
Error 786 0.436
Total 900
* = Significant at p< 0.05
P = marigold, Siam weed and hedge flower S = watbanol

C = concentration of 20, 40, 60, 80, 100 mg/mi d,42, 24 hours

45.2.1 Dipping assay
The effects of plant extracts by dipping assaynwortality of
fruit fly B. correcta larvae were observed. These toxic effects werelailpito the
effects on the larval by feeding assay. The SLEde &able to induce highest mortality
over 87.78 £ 1.11% with L& value of 52.99 mg/ml, while the MLE/w was least

induced 65.56 + 1.11% mortality with kgvalue of 77.52 mg/ml (Table 4.7). The
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effects of the extracts were dose and time depeén(l@ables 4.8 and 4.9). The
mortality effect of HLE/e was nearly equal to thia¢ SLE/w which were 63.43 and
64.08 mg/ml and induced 67.78 + 1.11% and 76.6702% death, respectively. The
larvicidal efficacy of all extracts by dipping agsaere ranged as SLE/e > HLE/e >
SLE/w > MLE/e > HLE/w > MLE/w (Figure 4.9). The ethol extracts more effective
on fruit fly larvae than those of the water extseadthe HLE/e caused 67.78 £ 1.11%
inhibition similarly the HLE/w with LGy, value of 63.43 and 71.77 mg/ml
respectively. The SLE/e produced 87.78 + 1.11%hbitibn which was 1.1 fold
greater than the SLE/w which produced only 76.61.92% inhibition. Similarly,
MLE/e produced 71.11 + 1.11% inhibition and MLE/fhwosved 65.5665.56 + 1.11%

inhibition which was 1 fold lower.



Table 4.7 The mortality effects of marigold, Siam weed aedde flower on fruit fly larvae by dipping assaydthours.

% Mortality (Mean + SE)

Water extract Ethanol extract
Concentration
mg/ml MLE/w SLE/w HLE/w MLE/e SLE/e HLE/e
H>O 0.00 = 0.00a 0.00 = 0.00a 0.00 = 0.00a 0.00 84.0 0.00 = 0.00a 0.00 = 0.00a
Ethanol 0.00 = 0.00a 0.00 = 0.00a 0.00 £ 0.00a 0.0M0a 0.00 = 0.00a 0.00 = 0.00a
20 15.56 £ 1.11b 22.22 +1.11b 16.67 £ 0.00b 22.221448 30.00 = 0.00b 16.67 £ 0.00b
40 24.44 + 2.22cC 32.22+1.11c 26.67 = 0.00c 26.6798d4 42.22 +1.11c 26.67 + 0.00c
60 40.00 £ 0.00d 51.11+1.11d 46.67 £ 0.00d 43.3392d4 61.11 £ 2.22d 46.67 £ 0.00d
80 48.89 £+ 1.11e 64.44 +1.11e 57.78 £ 2.22e 58.89 1€l 75.56 + 1.11e 57.78 £ 2.22e
100 65.56 + 1.11f 76.67 £ 1.92f 67.78 £ 1.111 71.11.311 87.78 £ 1.11f 67.78 £ 1.11f
LCso (mg/ml) 77.52 64.08 71.77 70.29 52.99 63.43

Each value is the mean * standard error, n = 3. duswith different letters within the same coluare significant difference, R
0.05, analyzed by Duncan multiple rang test (DMRT).

LCso, median effective concentration.

MLE/w, Marigold leaf water extract; SLE/w, Siam wkkaf water extract; HLE/w, Hedge flower leaf wagatract; MLE/e, Marigold
leaf ethanol extract; SLE/e, Siam weed leaf etharthct; HLE/e, Hedge flower leaf ethanol extract.
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Table 4.8 Mortality effects of marigold, Siam weed and heflgever water leaf extracts on fruit fly larvae tipping assay.

Concentration

% Mortality (Mean £ SE)

mxtracts mg/m| 6 hours 12 hours 24 hours
MLE/w 20 7.78 £1.11b 11.11+£1.11b 15.56 £ 1.11b
40 10.00 £ 1.92b 17.78 £ 1.11c 24.44 + 2.22c
60 20.00 £ 0.00c 33.33+£1.93d 40.00 + 0.00d
80 31.11+1.11d 4444 +1.11e 48.89 + 1.11e
100 45,56 + 2.22¢e 57.78 £ 2.22f 65.56 + 1.11f
SLE/w 20 11.11£1.11b 15.56 £ 1.11b 22.22+1.11b
40 17.78 £1.11c 22.22+2.22¢c 32.22+1.11c
60 33.33+1.93d 42.22 +1.11d 51.11+1.11d
80 44.44 +1.11e 57.78 + 2.22e 64.44 +1.11e
100 57.78 + 2.22f 67.78 £ 1.11f 76.67 + 1.92f
HLE/w 20 11.11 +1.11b 13.33 £ 0.00b 16.67 + 0.00b
40 13.33 + 0.00b 18.89 +1.11c 26.67 £ 0.00c
60 21.11 +2.22¢ 40.00 +1.92d 46.67 =+ 0.00d
80 38.89 + 4.44d 46.67 + 1.92e 57.78 + 2.22e
100 48.89 +1.11e 63.33 + 1.92f 67.78 + 1.11f
H,O 0.00 £ 0.00a 0.00 = 0.00a 0.00 + 0.00a

Each value is the mean * standard error, n = 3. duswith different letters within the same coluame significant difference, R
0.05, analyzed by Duncan multiple rang test (DMRT).
MLE/w, Marigold leaf water extract; SLE/w, Siam vadeleaf water extract; HLE/w, Hedge flower leaf wad&tract.
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Table 4.9 Mortality effects of marigold, Siam weed and heflgever ethanol leaf extracts on fruit fly larvag @pping assay.

Concentration

% Mortality (Mean £ SE)

mxtracts mg/m| 6 hours 12 hours 24 hours
MLE/e 20 12.221.11b 15.561.11b 22.221.11b
40 16.671.93c 21.111.11c 26.671.93c
60 25.561.11d 35.562.22d 43.331.92d
80 38.892.22¢ 52.221.11e 58.891.11e
100 53.330.00f 62.222.22f 71.111.11f
SLE/e 20 16.670.00b 22.221.11b 30.000.00b
40 24.452.22c 32.221.11c 42.221.11c
60 38.891.11d 50.000.00d 61.112.22d
80 51.111.11e 64.441.11e 75.561.11e
100 62.221.11f 76.671.92f 87.781.11f
HLE/e 20 15.561.11b 12.221.11b 22.221.11b
40 18.891.11b 21.112.22c 32.221.11c
60 28.891.11c 42.221.11d 51.111.11d
80 42.222.22d 57.781.11e 65.561.11e
100 56.671.92e 65.561.11f 77.781.11f
Ethanol 0.00 + 0.00a 0.00 = 0.00a 0.00 £ 0.00a

Each value is the mean * standard error, n = 3. duswith different letters within the same coluame significant difference, R

0.05, analyzed by Duncan multiple rang test (DMRT).

MLE/e, Marigold leaf ethanol extract; SLE/e, Siarees leaf ethanol extract; HLE/e, Hedge flower kthfinol extract.
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Figure 4.9 Mortality effects with LGy values of the leaf water and ethanol
extracts of marigoldT. erecta, MLE/w, MLE/e), the Siam weed}
odorata, SLE/w, SLE/e) and hedge flower.( camara, HLE/w,

HLE/e) on second instar larv8ecorrrecta by dipping assay.
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The correlations of the plant extracts and the ewptal conditions were
shown in table 4.10. The plants (P) are signifigacbrrelated to the solvents (S) and
the concentrations (C). However, the plants, theesds, the concentrations, the time
period (T) were not significantly correlated. Ithceonclude that the mortality effect

on fruit fly larvae of these 3 plant extracts asbsent and concentration dependent.

Table 4.10 Correlation among treatment conditions analyzearslysis of variance
for percent mortality of fruit fly larvae by dippynassay with three plant extracts, at

two solvent, with five concentrations and threegsmn

Source of Variation Degree of Mean square F-value Sig.
freedom
Plant (P) 3 1.004 2.282 0.078
Solvent(S) 1 0.061 0.139 0.710
PxS 2 2.228 5.062* 0.007
Concentration (C) 4 8.173 18.569* 0.000
PxC 8 9.570 21.744* 0.000
Sx C 4 2.349 5.337* 0.000
PxSxC 8 1.985 4.509* 0.000
Time(T) 4 21.623 49.130* 0.000
PxT 6 0.767 1.743 0.108
SxT 4 0.485 1.102 0.354
CxT 16 2.186 4.967* 0.000
PxSxCxT 34 0.073 0.166 1.000
Error 785 0.440
Total 900
* = Significant at p< 0.05
P = marigold, Siam weed and hedge flower S = watbanol

C = concentration of 20, 40, 60, 80, 100 mg/mi d,42, 24 hours
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45.3 Antibiosisto adult emergence

The antibiosis on fruit fly adult emergence by tleave extracts of
marigold, Siam weed and hedge flower were conductéde inhibition of molted
adult flies was observed. The effects of the extram the adult emergence were
similarly to the effects of the egg hatching anel ldrvae. All ethanol extracts of plant
leaves induced higher inhibition of molted aduledl than the water extracts. The
inhibition rates of all extracts were ranged as BLE MLE/e > SLE/w > HLE/e >
MLE/w > HLE/w (Figure 4.10). The highest efficacyass SLE/e with E of 69.55
mg/ml, produced 67.78 + 2.22% inhibition which wsisnilar to SLE/w (72.91
mg/ml, 66.67 + 1.92% inhibition) (Table 4.11). Slanly, the MLE/e produced 67.78
+ 2.22% inhibition, but the MLE/w produced only 88.+ 1.11% inhibition which
was 1.2 fold lower. The HLE/w produced lowest eftig caused 55.56 + 2.94%
inhibition, while the HLE/e at the same dose caus8@9 + 2.94% inhibition. The

HLE/e was 1.2 fold more toxic than the HLE/w.



Table 4.11 The inhibition of adult fruit flies emergence ®af extracts of marigold, Siam weeds and hedgeeflow

% Inhibition (Mean + SE)

Water extract Ethanol extract
Concentration
mg/ml MLE/w SLE/w HLE/w MLE/e SLE/e HLE/e
H,O 0.00 = 0.00a 0.00 = 0.00a 0.00 £ 0.00a 0.00 = 0.00a 0.00 £0.00a  0.00 £ 0.00a
Ethanol 0.00 = 0.00a 0.00 = 0.00a 0.00 £ 0.00a 0.0M0a 0.00 = 0.00a 0.00 = 0.00a
20 12.22 £1.11b 18.89 +1.11b 13.33+£1.92b 15.560412 15.56 £ 2.94b 23.33+1.92b
40 27.78 +1.11c 3445+ 1.11c 25.56 £ 2.94c 30.00024 30.00 + 1.92c 37.78 £ 2.94c
60 41.11+1.11d 4556 £1.11d 36.67 £ 1.92d 4444044 44,44 +£1.11d 46.67 + 3.85d
80 53.33+1.92e 51.11 +1.11e 47.78 £ 2.22e 55.54 1€l 55.56 + 1.11e 54.44 + 2.22e
100 58.89 £ 1.11f 66.67 + 1.92f Sexnbd: 2045 67.78.222 67.78 £ 2.22f 68.89 * 2.94f
ECso (mg/ml) 78.38 72.91 83.44 72.49 69.55 77.23

Each value is the mean + standard error, n = 3. bdéusnwith different letters within the same coluare significantly difference, R

0.05 Duncan multiple rang test (DMRT).

ECso, median effective concentration.
MLE/w, Marigold leaf water extract; SLE/w, Siam wkkaf water extract; HLE/w, Hedge flower leaf wagatract; MLE/e, Marigold

leaf ethanol extract; SLE/e, Siam weed leaf etharthct; HLE/e, Hedge flower leaf ethanol extract.

6.
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Figure 4.10 Adult fruit flies emergence effects with E§values of the leaf water and
ethanol extracts of marigold .(erecta, MLE/w, MLE/e), the Siam weed
(C. odorata, SLE/w, SLE/e) and hedge flowet.(camara, HLE/w,

HLE/e) onB. corrrecta.
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The correlations of the plant extracts and the ewptal conditions were
shown in table 4.12. The plants (P) are signifigacorrelated to the concentrations
(C). However, the plants (P), the solvents (S), tmmcentrations (C) are not
significantly correlated. The solvents are also sighificantly correlated to the plants
and the concentrations. It can conclude that thiabition of adult fruit flies

emergence of these three plant extracts is coratentrdependent.

Table 4.12 Correlation among treatment conditions analyzearslysis of variance
for percent inhibition of adult fruit flies emergenwith three plant extracts, at two

solvent, with five concentrations.

Source of Variation Degree of Mean square F-value Sig.
freedom

Plant (P) 2 .869 61.252* 0.000

Solvent(S) 1 956 67.378* 0.000

PxS 2 .018 1.278 0.282

Concentration (C) 4 14.544 1025.221* 0.000

PxC 8 102 7.161* 0.000

Sx C 4 .024 1.670 0.160

PxSxC 8 .023 1.650 0.115

Error 150 .014

Total 180

* = Significant at p< 0.05

P = marigold, Siam weed and hedge flower S = watbanol

C = concentration of 20, 40, 60, 80, 100 mg/mi
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4.6 Discussion

The natural products have been increasingly usedrefgace synthetic
insecticidal sprays as alternative methods fot fiyicontrol. Plant extracts have also
been proved effective on fruit fly control. The peat study demonstrated the effects
of marigold, Siam weed and hedge flower extracteguys, larvae and pupae of guava
fruit fly B. correcta. The leaf extracts of marigoldr.(erecta L.), Siam weed .
odorata (L.) King & Robinson) and hedge flowék. camara L.) have a potential as
the guava fruit fly control agents against eggsosd instar larvae and pupae. The
marigold demonstrated that the activity againstotsr insects. Sarin (2004) showed
the potentiality of callus cultures of marigold pooduce ascorbic acid as well as
insecticidal pyrethrins for flour beetlegr(bolium spp) control. Natarajan et al.
(2006) reported that population of tomato root knmmatode, Meloidogyne
incognita, was reduced by cold aqueous extracts of mariddtdeover, the marigold
extracts by maceration with dichloromethane andharatl showed efficacy against
rice weevils Gtophilus oryzae) (Broussalis et al., 1999). Similarly, Parugrugd an
Roxas (2008) showed that the efficacy against maieevil against maize weevil
(Stophilus zeamais Motsch) by repellence, adult mortality and anfpmsition and
growth inhibition. Nikkon et al. (2009) and IslamcaTalukder (2005) also reported
the insecticidal activity of crude extracts frone tlhowers of marigold against a stored
product insect pestribolium castaneum (Herbst). The powder of Siam weed showed
a high efficacy against rice moth egg hatching iatllts (Allotey and Azalekor,

2000). Leaves extracts of hedge flower have a glyansecticidal activities against

aphids, beetles and has potential agaiestAegypti (611178 8AT19)T ¥ 0Y581, 2535;
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Tanprasit, 2005). Similarly, Kumar and Maneemegd2008) which found the
larvicidal effects of hedge flower leaf extracts lamvae of mosquito specieke.
aegypti and Culex quinquefasciatus. Moreover, the essential oil extracts of hedge
flower have insecticidal effect on maize grain wke{Stophilus zeamais) (Bouda,
Tapondjou, Fontem and Gumedzoe, 2001).

These finding well supported the efficacy of leatracts of marigold, Siam
weed and hedge flowen the guava fruit fiyB. correcta control of the eggs, second

instar larvae and pupae.

4.7 Conclusions

The leaf ethanol extracts of marigold, Siam weed lbedge flower were more
potent for fruit fly B. correcta control than the water extracts at the same
concentrations. The SLE water and ethanol extractse extremely potent for
controlling egg hatching, larval and pupal of guéwat flies mortalities. The SLE/e
produced highest inhibitory effect of 82.22 + 6.19%th EG;, value of 44.54 mg/ml
on egg hatching. The morality effects of SLE/e enosnd instar larvae were express
at 83.33 + 1.92% mortality with the LC50 value 35 mg/ml by feeding assay and
express at 87.78 £ 1.11% with §fLvalue of 52.99 mg/ml by dipping assay. The
inhibitory effects of the extracts on the adult egemce were similarly to the effects
of the egg hatching and the larval mortality. Thé&® was high potent in controlling
fruit fly adult emergence with Bg of 69.55 mg/ml, produced 67.78 * 2.22%
inhibition. Therefore, the SLE extracts was bederahtive for controlling egg

hatching, larval and pupal development of guavd flies, B. correcta. However, the
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correlations among treatment conditions in antisie$fect on egg, larva and pupa of

guava fruit flies are not significantly correlated.
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CHAPTER V
BIOLOGICAL CONTROL OF FRUIT FLIES
(BACTROCERA CORRECTA BEZZI1) BY LEAF
EXTRACTSOF MARIGOLD (TAGETESERECTAL.),
SIAM WEED (CHROMOLAENA ODORATA (L.) KING &

ROBINSON) AND HEDGE FLOWER (LANTANA CAMARAL )

5.1 Abstract

The extracts of marigoldTagetes erecta L., MLE), Siam weed ¢hromolaena
odorata (L.) King & Robinson, SLE) and hedge flowdraftana camara L., HLE)
were investigated for biological control of aduthif flies (Bactrocera correcta). The
ethanol and water extracts were applied to thetddut flies. The SLE/e was the
most potent in repelling adults with E35.42 mg/ml and the MLE/w was the least
with EGsp 43.23 mg/ml. The extracts of SLE/e at the conediain of 100 mg/ml
produced the highest mortality effect at 80.00 2% with LG, of 67.324 mg/ml
while, the MLE/w produced the least effects ontfflies at 52.22 + 1.11% with Lfg
of 93.67 mg/ml. The combination extracts of SLE/&kE/e at the ratio of 3:1 was
highly effective at 72.22 + 1.11% mortality at 2duns while the least effective pair
was HLE/w and MLE/w at the ratio of 1:3 which wd$eetive only 34.44 + 4.01%

mortality at 24 hours.
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5.2 Introduction

The production of fruits and vegetables in Thallgenerates important sources
of income (Guaman, 2009). The insects are the emmtomically damaging pests of
fruit and vegetable crops affecting the valuablpogiktrade of agricultural products in
Thailand. Fruit flies damage is caused of econonusses estimated using domestic
price showed hundred millions dollar (Asian Indetwf Technology, On-line, 2010).
The guava fruit fly,Bactrocera correcta (Bezzi), is considered a very destructive
insect that cause enormous economic losses ofgdraducts in Thailand and occurs
throughout most countries in Southeast Asia, inagdakistan, India, Nepal, Burma,
Sri Lanka, Vietham China and Thailand (Drew and iReag@002; Wang, Zhu, Zhou,
Niu and Lei, 2006). Th®. correcta is listed as a quarantine pest by most countries
worldwide (Puanmanee, Wongpiyasatid, Sutantaword) ldarmchan, 2010). The
damages on crops consist on oviposition stingsherfruit surface causing fruit that
drops early and be destructed inside of the frditss results in unmarketable crop
(Guaman, 2009).

Insect pests controls are involve synthetic inse@s for their quick knock
down effect (Khattak, Shahzad and Jilani, 2006 Tlequent use of insecticides to
fruit flies control for fruits and vegetable hast mesulted in sustainable management
of the pests (Guaman, 2009). Moreover, the usasdcticides as the only way to
control pests in fruits and vegetables causes oong&ion of environmental and
hygienic problems that represent a risk for peopl@mals, non-target insects and
other organisms (Khattak, Shahzad and Jilani, 2@#lo, 2007). The alternative

methods for controlling fruit flies has been dey&d to protect against various fruits
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avoiding economic damage and protect the envirohrmed as well as human health
(Khattak, Shahzad and Jilani, 2006; Stewart and IM&COn-line, 2013).

The use of plants and plant-derived products aterasted as botanical
insecticides to reduce chemically synthetic inggbéis and also to avoid problems of
insecticide resistance (Thomas and Callaghan, 199y plants may provide
compounds that they use in preventing attack frosedts pests and diseases (Kim,
Roh, Kim, Lee and Ahn, 2003; Khattak, Shahzad aladiJ) 2006; Marta and Moore,
2011). Plant products have several uses to comsetts due to plants derivatives are
less toxic or non-toxic to mammals, vertebrates iandrtebrates (Khattak, Shahzad
and Jilani, 2006). The primary role of plant proucs insecticide. Some plant
products act as attractants while some plant ptsdact as repellents (Khattak,
Shahzad and Jilani, 2006).

Marigold (Tagetes erecta L.) Siam weed Chromolaena odorata L. (King &
Robinson) and hedge flowdrgntana camara L.) have been used as insecticides and
are still used to kill or repel insects. Nataragaral. (2006) reported that the inhibition
of cold aqueous extracts from marigold on tomatat koot nematode\el oidogyne
incognita. Broussalis et al. (1999) showed that the actieitynarigold extracts by
maceration with dichloromethane and methanol taragaice weevils Sitophilus
oryzae). Sarin (2004) showed that the efficacy of maugoallus cultures produced
ascorbic acid as well as insecticidal pyrethringirgt flour beetlesTgibolium spp).
Nikkon et al. (2009) and Islam and Talukder (20@&monstrated the insecticidal
activity of marigoldTagetes erecta L. against a stored product insect p@stbolium
castaneum (H.). Parugrug and Roxas (2008) showed that theaef/ to against maize

weevil Stophilus zeamais M.) was repellency, adult mortality and antioviias
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and growth inhibition. Bouda, Tapondjou, Fontem &umnedzoe (2001) showed that
the potential of essential oils from the leave£obdorata and L. camara for maize
grain weevil, Stophilus zeamais control in stored productd.antana camara leaves
chloroform extract were found termiticidal effectagainst adult termite
Microcerotermes beesoni (Verma, 2006).

Therefore, the present study was conducted to figpate the effects of the
water and ethanol leaf extracts of marigolddetes erecta L., MLE/w, MLE/e), Siam
weed Chromolaena odorata L. (King & Robinson, SLE/w, SLE/e) and hedge flowe
(Lantana camara L. HLE/w, HLE/e) on adults of fruit fliesBactrocera correcta

Bezzi). Insecticidal, attractant and repellent\aitéis were tested.

5.3 Materials and methods

5.3.1 Plant collection and preparation for extracts

The fresh leaves of Siam wee@hfomolaena odorata (L.) King &
Robinson) and hedge flowdrgntana camara L.) were collected from surrounding of
Suranaree University of Technology (SUT) campusriddd (Tagetes erecta L.)
leaves were collected from a local farm near byaBaree University of Technology
(SUT) campus. All plant leaves were cleaned, diwdsunlight and ground to
powder. Ten grams of dried plant powders in a @kl extraction thimble (Whatman
International Ltd., Maidstone, England) were extdcin 150 ml of water or 70%
ethanol in Soxhlet extraction apparatus (Buchi mh@&l811, Germany). The extracts
were filtered and evaporated in rotary evaporaBuchi instruments, Switzerland)

and dried by lyophilizer (Freeze-zone 12 plus, ladoo Corporation, Missouri,
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USA). The extracts were stored at -20°C until Ude= dried extracts were dissolved

in its original solvents for use in all experiments

5.3.2 Fruitflyrearing
Pupae of guava fruit flyBactrocera correcta) were obtained from the
Thailand Institute of Nuclear Technology (Publicg@nization), Ministry of Science
and Technology, Thailand. Adult flies emerge frame pupa cases in 7 days. Fruit
flies were cultured in wire-net cages (Figure Jutjler laboratory conditions at 28 +
2°C, 65-70% relative humidity, 12 hours light: 12 muwark. Fruit fly fed with
artificial food (Walker et al., 1997) and alloweal mate. The adult fruit flies aged 2

days after emerging were used for all experiments

Figure 5.1 Bactrocera correcta rearing in laboratory.

5.3.3 Repdlent tests
The repellent properties of the plant extractsrewgéested in an
olfactometer (Figure 5.2), made of a-75 cm longsfitatube with 4 cm in diameter

and a-29 mm diameter hole in the middle (Boekd.eP@04).
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Figure 5.2 Olfactometer set up for repellent tests.

At one end of the tube, a 10-ml beaker contai2ifdg40, 60, 80 and 100
mg/ml of the plant extracts. At another end of tinlee, a 10-ml beaker containing 1
ml distilled water without plant extracts or ethanere used as controls (Figure 5.3).
The hole in the middle was covered with gauze, e&®ithe ends of the tube were
covered. Individual female or male of fruit fliesere introduced through the hole at
the middle of the tube. The fly's behavior was atsed for 15, 30 minutes and 1, 3
and 6 hours, the flies did not move immediatelgitber separate ends of tubes were
counted. All repellent tests were repeated forl&s {15 females and 15 males). The
median effective concentration, EfCwas calculated by Probit analysis, used SPSS
(Statistical Package for the Social Sciences) rogfor Windows v.17. The results

were expressed as percentage of repellency asviolip

Number collected from control - Numberleoted from treated
% Repellent = x 100.
Number collected from the treated
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Figure 5.3 The extracts (A), distilled water (B) for repelteasts.

5.3.4 Insecticidal activity on adult guava fruit flies
Thirty adult guava fruit flies were placed into @lastic boxes
(100x100x60 mri), which the lids are punched to make a hole ancerem with
gauze (Figure 5.4). The extracts of three planteeatoncentrations of 20, 40, 60, 80

and 100 mg/ml as individuals or combinations (B1L, 1:3) were spray directly on

guava fruit fly §ai Lé’ﬁmuyiww, 2523). Mortality of guava fruit flies was counted

after 1, 6, 12 and 24 hours. Water and 70% ethaeot used as controls. The tests
were performed in triplicate and repeated twicee Thortality was corrected by
Abbott’s formula (Abbott, 1925). The mortality wealculated and analyzed for k£
by Probit analysis. The results were expressed exseptage of mortality as

following;

% Test mortality-% Control mortalit}g 100
100-% Control mortality '

% Mortality =
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Figure 5.4 The insecticidal activity test in a plastic box.

5.4 Dataanalyss

Data were analysis of variance (ANOVA) and in coetglly randomized design
(CRD) using Statistical Package for the Social s (SPSrogram for Windows
v.17. The means were separated by the Duncan’spgluRRange Test (DMRT) when
ANOVA was significant (P < 0.05). The Lgand EGvalues were determined by
Probit analysis (Finny, 1971). The percentage pktllence and the mortality were

corrected by Abbott’s formula (1925).

55 Results

551 Repellent tests
The repellent effects of the extracts of marig@ldgetes erecta, MLE),
Siam weed Chromolaena odorata, SLE) and hedge floweténtana camara, HLE)
on fruit flies were concentrations dependent (T&blg. The repellent activities of all

extracts on the adult fruit flies could be compabgotheir EGp values. The ethanol
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extracts of all plant had higher potential than wWeder extracts. The SLE/e was the
most effective in repelling the fruit flies as coanpd among the other which extracted
in the same solvent, while the MLE/w was the legftctive. The SLE/e exhibited
ECso of 35.42 mg/ml and the MLE/w exhibited 43.23 mg/ifthe repellent efficacy of
the ethanol extracts were ranged as SLE/e > MLEM:E/e and efficacy of the water
extracts were ranged as SLE/w > HLE/w > MLE/w. Atrhinutes the E§g values of
the SLE/e, MLE/e and HLE/e were 35.42, 36.58 and @8ng/ml respectively. The
ECso values of the water extracts of SLE/w, HLE/w antdBviv were 37.66, 39.17,
and 43.23 mg/ml respectively.

The repellent effects of the water extracts, SLElowed the highest
repellency of 85.43 + 3.90% at the concentrationldo® mg/ml at 15 minutes of
treatment. The lowest repellency of MLE/w was 74:9818% (Table 5.2).

The repellent effects of the ethanol extracts, BLshowed the highest
repellency of 88.46 + 1.24% at the concentrationld® mg/ml at 15 minutes of
treatment. The lowest repellency of HLE/e was 75%@319% (Table 5.3).

The repellency of the extract was concentratigmeddent and inversed
to time treatments. At 15 minutes, all of treatmextracts were able to repel the fruit
flies highly. After 30 minutes of treatment, thgpedlent efficacy was declined. At the
highest concentration of 100 mg/ml the repellef¢ats of MLE/w decreased from
74.98 =+ 4.18% to 41.09 + 8.20%; of SLE/w decredseh 85.43 + 3.90% to 67.85 *
5.15%; and of HLE/w decreased from 81.72 + 2.97989®0 + 7.89% (Table 5.2).
While the repellent effects of MLE/e decreased fr8660 + 2.54% to 42.21 *
3.97%; of SLE/w decreased from 88.46 + 1.24% tdl®% 2.47%; and of HLE/e

decreased from 75.03 £ 2.19% to 60.22 + 5.17% @ &al8).
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However, the repellent effects of all water extisawere slightly lower
than those of the ethanol extracts of the sametgplas well as of the same
concentration. It is concluded that the SLE hadHhigiest repellent activity on adult

fruit flies as compared in Figure 5.4.



Table5.1 The repellent effects of leaf extracts of marig@tm weed and hedge flower on guava fruit fliesSaminutes treatment.

% Repellent (Mean * SE)

Water extract Ethanol extract
Concentration
mg/ml MLE/w SLE/w HLE/w MLE/e SLE/e HLE/e
H>O 0.00 = 0.00a 0.00 = 0.00a 0.00 = 0.00a 0.00 84.0 0.00 = 0.00a 0.00 = 0.00a
Ethanol 0.00 = 0.00a 0.00 = 0.00a 0.00 £ 0.00a 0.0M0a 0.00 = 0.00a 0.00 = 0.00a
20 11.79 £ 9.06a 18.68 +5.91b 16.28 + 7.53b 2Z2.84b 24.68 £ 5.87b 27.46 £ 6.64b
40 26.28 £ 4.59b 69.59 + 2.25¢ 31.65 + 3.95¢c 34.2270b 38.99 + 3.45¢c 41.54 + 3.42c
60 54.77 + 1.44c 40.63 +1.73d 66.82 + 3.12d 66.97/65¢C 75.33 £ 2.94d 70.86 £ 2.12d
80 68.88 + 1.88d 78.37 £4.87d 68.35 + 3.95d 72.8719cd 81.20 = 3.75de 75.03 £ 2.19d
100 74.98 £ 4.18d 85.43 + 3.90e 81.72 £ 2.97e 86.5G4d 88.46 + 1.24e 87.43 £ 2.63e
EC50 (mg/ml) 43.23 37.66 39.17 36.58 35.42 38.16

Each value is the mean * standard error, n = 6. duswith different letters within the same coluare significant difference, R
0.05, analyzed by Duncan multiple rang test (DMRT).

ECso, median effective concentration.

MLE/w, Marigold leaf water extract; SLE/w, Siam wkkaf water extract; HLE/w, Hedge flower leaf wagatract; MLE/e, Marigold
leaf ethanol extract; SLE/e, Siam weed leaf etharthct; HLE/e, Hedge flower leaf ethanol extract.
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Table 5.2 Comparison of repellent activities of marigoldai@iweed and hedge flower leaf water extracts oft gdava fruit flies at

designated times.

Extracts

Concentration

% Repellent (Mean + SE)

mg/m| 15 min 30 min 1 hours 3 hours 6 hours
MLE/w 20 11.79 + 9.06a 29.22 +6.87b 9.13+9.78a 0.80 6.1 1.04 £ 2.60a
40 26.28 + 4.59b 34.80 + 8.39b 25.04 + 7.72ab 13.2726a 9.74 +5.37ab
60 54,77 +1.44c 63.18 + 3.49¢ 49,71 +7.72c 35.0208H 21.45 + 1.90bc
80 68.88 + 1.88d 75.60 £ 0.98cd 73.06 + 2.55d 47.5668b 29.76 £ 6.77cd
100 74.98 + 4.18d 78.64 £ 1.33d 74.40 £ 1.25d 69.4%6d 41.09 £+ 8.20d
SLE/w 20 18.68 +5.91b 21.67 £ 3.80b 20.76 £ 1.62b 11.850b4 9.35 + 2.69ab
40 69.59 + 2.25¢ 43.65 +5.20c 48.08 + 8.88c 17.07368 14.58 + 2.33b
60 40.63 +1.73d 62.09 + 2.59d 63.76 + 1.01d 37.3043b 42.71 +6.70c
80 78.37 +4.87d 73.87 + 3.60e 68.99 + 3.56d 52.5%4hc 48.10 + 2.95¢c
100 85.43 =+ 3.90e 79.61 £ 1.34e 73.45 +1.74d 64.1632 67.85 +5.15d
HLE/w 20 16.28 + 7.53b 38.87 £ 5.63b 27.93 + 7.00b 11.8505bH 6.17 £ 6.17a
40 31.65 + 3.95¢c 45.84 +6.27b 29.15 + 8.58b 16.43312 18.72 + 3.12ab
60 66.82 + 3.12d 64.58 + 2.46¢C 48.23 + 3.98c 32.24146 26.70 £ 1.26bc
80 68.35 + 3.95d 75.97 +1.67d 64.13 £ 1.94d 53.52840 33.88 + 4.49cd
100 81.72 +2.97e 83.08 * 2.46d 71.73 + 3.88d 63.0688948 39.90 + 7.89d
H,O 0.00 £ 0.00a 0.00 £ 0.00a 0.00 £ 0.00a 0.00 £ 0.00a 0.00 + 0.00a
Ethanol 0.00 £ 0.00a 0.00 £ 0.00a 0.00 £ 0.00a 0.00 £ 0.00a 0.00 £ 0.00a

Each value is the mean * standard error, n = 6. dusawith different letters within the same coluare significant difference, R

0.05, analyzed by Duncan multiple rang test (DMRT).
MLE/w, Marigold leaf water extract; SLE/w, Siam videleaf water extract; HLE/w, Hedge flower leaf wad&tract.
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Table 5.3 Comparison of repellent activities of marigoldai@iweed and hedge flower leaf ethanol extractslait guava fruit flies au

designated times.

Concentration

% Repellent (Mean + SE)

Extracts mg/m| 15 min 30 min 1 hours 3 hours 6 hours
MLE/e 20 27.80 £9.14b 29.46 £ 7.61b 20.55 + 4.44b 3.61088. 10.46 + 3.38b
40 34.22 +1.70b 42.98 + 2.86¢C 30.51 £ 7.48b 18.9:486F 17.03 + 3.24b
60 66.97 + 2.65¢c 68.19 +£4.14d 61.80 + 6.91c 38.72824 28.92 + 2.49¢c
80 72.87 £7.19c,d 75.05 £ 3.78de 73.70 £ 2.77cd 52.9016d 32.92 +1.58c
100 86.60 + 2.54d 80.63 £ 0.32¢ 80.45 + 3.86d 7478058 42.21 + 3.97d
SLE/e 20 24.68 £ 5.87b 27.26 £ 6.46b 26.01 £3.17b 21.42%16 17.08 £ 2.55b
40 38.99 + 3.45¢ 48.03 +5.26¢C 53.44 +7.61c 36.191612c 22.31 +3.26b
60 75.33 £ 2.94d G A 3 580 62.93 + 4.55¢ 42.60760 48.77 +5.64c
80 81.20 £+3.75d,e  77.57 +3.63d 74.12 +1.61d 62.9078d 50.05 + 3.02c
100 88.46 = 1.24e 85.29 + 2.95d 79.35 + 1.06d 73.1514dt 67.13 +2.47d
HLE/e 20 0.00 £ 0.00a 48.31 £5.52b 33.44 £ 5.36b 17.0A43812. 10.46 +5.23a
40 27.46 + 6.64b 53.54 +6.27b 35.84 + 7.89b 25.363610 25.52 +4.14b
60 41.54 + 3.42c 73.54 £ 2.15¢ 55.85 +4.81c 37.86046 26.80 + 3.42b
80 70.86 + 2.12d 81.55 + 1.40cd 70.27 + 1.46d 59.917%d 39.58 + 3.84¢c
100 75.03 £ 2.19d 86.95 + 2.38d 79.00 + 1.46d 67.1082@ 60.22 +5.17d
H,O 0.00 £ 0.00a 0.00 £ 0.00a 0.00 £ 0.00a 0.00 £ 0.00a 0.00 + 0.00a
Ethanol 0.00 £ 0.00a 0.00 £ 0.00a 0.00 £ 0.00a 0.00 £ 0.00a 0.00 £ 0.00a

Each value is the mean * standard error, n = 6. dusawith different letters within the same coluare significant difference, R
0.05, analyzed by Duncan multiple rang test (DMRMI.E/e, Marigold leaf ethanol extract; SLE/e, Siamed leaf ethanol extract.
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Figure 5.5 The repellent effects with Bgvalues of the leaf extracts of the leaf water
and ethanol extracts of marigold. (erecta, MLE/w, MLE/e), the
Siam weedC. odorata, SLE/w, SLE/e) and hedge flowdr.(camara,

HLE/w, HLE/e) on adults oB. corrrecta.

The repellency of the extracts on the adult guawmat fflies by various
conditions of treatments was analyzed. The analygdisvariance shows the
significances of effects for percent repellantroitfflies by three plant&P), with two
solvent extracts (S), with five concentrations &)d five time periods (T) and
interactions from plant extracts and concentratigfesnt extracts and times, solvents
and concentrations, concentrations and times, oland solvents and concentrations,
plants and solvents and concentrations and timdsleW\plant extracts and solvents,

solvents and times show non significant effectscah conclude that the repellent
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effects of these three plant extracts is solveahcentration and time dependent

(Table 5.4).

Table 5.4 Correlation among treatment conditions analyzedahglysis of variance

for percent repellant of adult fruit flies with g plant extracts, at two solvent, with

five concentrations and five times.

Source of Variation Degree of Mean square F-value Sig.
freedom
Plant (P) 2 4.586 123.307* 0.000
Solvent (S) 1 8.669 233.099* 0.000
PxS 2 0.006 0.165 0.848
Concentration (C) 4 2 4.586* 0.000
PxC 8 0.319 8.584* 0.000
Sx C 4 0.162 4.360* 0.002
PxSxC 22 0.175 2.279* 0.001
Time (T) 4 51.935 1396.412* 0.000
PxT 8 0.708 19.033* 0.000
SxT 4 0.062 1.655 0.159
CxT 16 1.164 31.294* 0.000
PxSxCxT 80 0.175 4.711* 0.000
Error 750 0.037
Total 900
* = Significant at p< 0.05
P = marigold, Siam weed and hedge flower S = watbanol

C = concentration of 20, 40, 60, 80, 100 mg/mi

T5=30 minutes 1, 3, 6 hours
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5.5.2 Insecticidal activity on adult guava fruit flies

The insecticidal effects the extracts of marig@ldgetes erecta, MLE),
Siam weed Chromolaena odorata, SLE) and hedge flowet éntana camara, HLE)
by direct spraying was investigated (Table 5.5)e Tisecticidal effect on the adult
fruit flies of all extracts could be compared bgith_Csovalues. The ethanol extracts
of all plant extracts had higher efficacy in kitjidruit flies than water extracts of the
same plants as well as of the same concentratiegisleThe extracts of SLE/e
produced the highest mortality effect, while the B produced the least effects on
the fruit flies. The SLE/e exhibited lsgof 67.32 mg/ml and the MLE/w exhibited
93.67 mg/ml. The mortality of fruit flies was inaged as the extract concentration
and time increased (Tables 5.6 and 5.7). The niyregfifect of the ethanol extracts
were ranged as SLE/e > MLE/e > HLE/e and efficatyhe water extracts were
ranged as SLE/w > HLE/w > MLE/w. The kgvalues at 24 hours of the SLE/e,
MLE/e and HLE/e were 67.32, 87.90 and 88.20 mgradpectively. The L values
of the water extracts of SLE/w, HLE/w and MLE/w we80.92, 89.88, and 93.67
mg/ml, respectively.

Table 5.6 and table 5.7 represented the dose depeeffects of water
and ethanol extracts of marigold, Siam weed andgdeitbwer on the mortality
percentage of adult guava fruit flies. At 24 houwsncentration of 100 mg/ml, the
extracts showed maximum effect on the adults. Tte/&exhibited highest mortality
effect of 80.00 + 1.92%. While, the MLE/w causedZ2+ 1.11% mortality of the
flies. It was then concluded that the insecticiaeivity of plant extracts was ranged

asSLE/e> MLE/e> SLE/w> HLE/e> HLE/w > MLE/w (Figure 5.5).



Table 5.5 Mortality effects of leaf extracts of marigold aé weed and hedge flower on guava fruit flies abh@4rs.

% Mortality (Mean + SE)

Water extract Ethanol extract
Concentration
mg/ml MLE/w SLE/w HLE/w MLE/e SLE/e HLE/e
H,O 0.00 £ 0.00a 0.00 + 0.00a 0.00 £ 0.00a 0.00 + 0.00a 0.00 * 0.00a 0.00 + 0.00a
Ethanol 0.00 + 0.00a 0.00 + 0.00a 0.00 + 0.00a 0.00 £ 0.00a 0.00 +0.00a 0.00 £ 0.00a
20 16.67 £ 1.92b 10.00 £ 0.00a 5.56 £ 1.11b 11.119412. 5.56 + 2.22a 5.56 £1.11b
40 20.00 £1.92b 23.33+1.92b 11.11+1.11c 20.00224 16.67 £1.92b 11.11+1.11c
60 28.89+1.11c 41.11 £6.19c 31.11+1.11d 27.7814d 53.33 £ 1.92c 31.11+1.11d
80 37.78 £2.94d 50.00 £ 5.09cd 38.89 + 2.22e 40.60%e 66.67 + 3.33d 38.89 + 2.22e
100 5222 +1.11e 57.78 £ 4.01d 55.56 + 2.94 58 3P 2f 80.00 + 1.92e 55.56 + 2.94f
LCso (mg/ml) 93.67 80.92 89.88 87.90 67.32 88.20

Each value is the mean * standard error, n = 6. duswith different letters within the same coluare significant difference, R
0.05, analyzed by Duncan multiple rang test (DMRT).

LCso, median effective concentration.

MLE/w, Marigold leaf water extract; SLE/w, Siam wkkaf water extract; HLE/w, Hedge flower leaf wagatract; MLE/e, Marigold
leaf ethanol extract; SLE/e, Siam weed leaf etharthct; HLE/e, Hedge flower leaf ethanol extract.
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Table 5.6 Mortality effects of marigold, Siam weed and hefigeer water leaf extracts on adult guava frugdlat designated times.

Concentration

% Mortality (Mean + SE)

mxtracts mg/ml 1 hours 6 hours 12 hours 24 hours
MLE/w 20 1.11+1.11a 11.11 + 2.94b 13.33 £ 1.92b 16.67924.
40 444 +1.11a 14.44 + 2.22b 16.67 £1.92b 20.00024..
60 15.56 + 2.22b 21.11+1.11c 23.33+£1.92c 28.8914d
80 15.56 + 2.22b 23.33+1.92c 27.78 £1.11c 37.7894@
100 33.33 +3.33c 42.22 +2.94d 47.78 £ 2.22d 52.22144
SLE/w 20 2.22+1.11ab 4.44 +1.11ab 7.78 £ 1.11a 10.0MaD.
40 7.78 +1.11b 14.44 + 1.11b 20.00 £ 1.92b 23.3392A.
60 16.67 + 1.92c 27.78 £ 6.19c 34.44 +6.19¢c 41.11196
80 23.33 +1.92d 34.44 + 6.19de 41.11 + 4.84c 50.60049cd
100 34.44 + 4.01e 41.11 + 2.94e 53.33 +1.92d 57.78ct
HLE/w 20 1.11+1.11a 222 +1.11a 3.33 £ 0.00a 556 +1.11b
40 444 +1.11a 8.89+1.11b 10.00 £1.92b 11.11 #d4..1
60 14.44 + 2.22c 22.22 +2.22¢ 25.56 + 2.94¢c 31.1114d4
80 20.00 +1.92c 31.11 + 2.94d 32.22+2.22d 38.8222
100 31.11 +4.84c 47.78 + 2.22¢ 50.00 + 0.00e 55.504f2
H,O 0.00 + 0.00a 0.00 + 0.00a 0.00 + 0.00a 0.00 £ 0.00a

Each value is the mean * standard error, n = 6. duswith different letters within the same coluame significant difference, R
0.05, analyzed by Duncan multiple rang test (DMRT).

MLE/w, Marigold leaf water extract; SLE/w, Siam vadeleaf water extract; HLE/w, Hedge flower leaf wad&tract.
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Table 5.7 Mortality effects of marigold, Siam weed and hefigerer ethanol leaf extracts on adult guava ffligs at designated times.

Concentration

% Mortality (Mean + SE)

mxtracts mg/ml 1 hours 6 hours 12 hours 24 hours
MLE/e 20 3.33 +0.00ab 444 +1.11a 5.56 +1.11b 11.11 £2.9
40 8.89+1.11b 11.11 £ 2.94b 15.56 + 1.11c 20.00024.
60 20.00 £ 1.92c 22.22+1.11c 24.44 +1.11d 27.7814d
80 22.22 + 2.94c 2556 +1.11c 27.78 £ 1.11e 40.0096
100 37.78 £ 4.84d 43.33 +£1.92d 48.89 + 1.11f 58.8922P
SLE/e 20 3.33+1.92ab 3.33+1.92a 3.33+1.92a 5.56 +&.22
40 10.00 £ 1.92b 12.22 +1.11b 12.22 +1.11b 16.670214
60 42.22 + 2.94c 46.67 + 1.92c 46.67 + 1.92c 53.33924
80 51.11 + 2.94d 55.56 + 2.94d 55.56 + 2.94d 66.6738@
100 63.33 + 3.33e 72.22 +1.11e 7222 +1.11e 80.0®2€l
HLE/e 20 1.11+1.11a 3.33+1.92a 7.78 +1.11ab 8.89 +H.11
40 7.78 +1.11b 10.00 + 0.00b 14.44 +1.11b 17.78%4¢@.
60 16.67 £ 1.92c 18.89 +1.11c 22.22 +2.94c 26.6792d
80 23.33 +1.92d 26.67 +1.92d 33.33 +5.09d 38.891t4
100 32.22 + 2.94e 34.44 + 2.94e 55.56 + 2.94e 60.0®2f1
Ethanol 0.00 + 0.00a 0.00 + 0.00a 0.00 + 0.00a 0.00 £ 0.00a

Each value is the mean * standard error, n = 6. duswith different letters within the same coluame significant difference, R

0.05, analyzed by Duncan multiple rang test (DMRT).
MLE/e, Marigold leaf ethanol extract; SLE/e, Siaraeed leaf ethanol extract; HLE/e, Hedge flower kthainol extract.

90T



107

W W W T N - -

%%
%%
%%
%%
%%
%%
%%

N N N N 0N 0N 0N
N\ e N N » N N

ALLMMLLILIIMDMdMIJB

0+ T : :

NN PPN
4 (o\jo \2\\/@ @\fo %\fo \2\\3,

Plant extracts

&)
SO
N

Figure 5.6 Mortality effects with LGgvalues of the leaf water and ethanol extracts of
marigold (T. erecta, MLE/w, MLE/e), the Siam weedJ odorata,
SLE/w, SLE/e) and hedge flowel.(camara, HLE/w, HLE/e) on adult

B. corrrecta.
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The correlations of the plant extracts and the ewptal conditions were
shown in table 5.8. It indicate that the insecttidffect on fruit flies with treatment
of three plants (P), two solvent extract (S), fisencentration (C) and five time
periods (T) are significantly correlated. It camclude that the insecticidal effects of

three plant extracts are solvent, concentrationtiamel dependent.

Table 5.8 Correlation among treatment conditions analyzedahglysis of variance
for percent mortality of fruit flies with three piaextracts, at two solvent, with five

concentrations and four times.

Source of Variation Degree of Mean square F-value Sig.
freedom
Plant (P) 2 51.175 289.008* 0.000
Solvent(S) 1 17.394 98.229* 0.000
PxS 2 8.773 49.543* 0.000
Concentration (C) 4 499.424 2820.445* 0.000
PxC 8 10.319 58.273* 0.000
Sx C 4 4.509 25.464* 0.000
PxSxC 8 7.431 41.967* 0.000
Time(T) 3 79.874 451.081* 0.000
PxT 6 0.377 2.128* 0.049
SxT 3 5.030 28.404* 0.000
CxT 12 0.399 2.255* 0.009
PxSxCxT 66 0.561 3.166* 0.000
Error 600 0.177
Total 720
* = Significant at p< 0.05
P = marigold, Siam weed and hedge flower S = watbanol

C = concentration of 20, 40, 60, 80, 100 mg/mi I,$6, 12, 24 hours
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5.5.3 Effectsof extract combinations on adult guava fruit flies

The effects of extract combinations at the rafid:a, 3:1, 1:3 (v/v) were
investigated for insecticidal activity against addituit flies B. correcta. The
combinations made between the same extract solVéet.ethanol extracts of plant
combinations exhibited higher insecticidal activagainst fruit flies than those the
water extracts. The effects of combination on thatatity of adult fruit flies by the
three plant extracts were exhibited in Table 5.6 &able 5.10. The combinations
between the water extracts, HLE/w + MLE/w at thigoraf 3:1 and SLE/w + HLE/w
at the ratio of 1:3 were highly effective at 5889.94% and 58.89 + 2.22% mortality
at 24 hours respectively. The least effective pais HLE/w and MLE/w at the ratio
of 1:3 which was effective only 34.44 + 4.01% mbtyaat 24 hours. While the
combination between the ethanol extracts, SLE/e LEM at the ratio of 3:1 was
highly effective at 72.22 + 1.11% mortality at 2duns. The least effective pair was
SLE/e + HLE/e at the ratio of 1:3 which was effeetonly 17.78 + 2.94% mortality

at 24 hours.



Table 5.9 Mortality effects of the combinations of marigoiam weed and hedge flower leaf water extractsdutt guava fruit flies.

Ratio % Mortality (Mean + SE)
Extract combination mg/ml
1 hours 6 hours 12 hours 24 hours
SLE/w + MLE/w 1:3 16.67 +1.92b 15.11 + 3.62b 41.11 +2.94b 53.339248
1:1 23.33+1.92b 27.78 £6.19b 34.44 +6.19b 50.000815c
3:1 34.44 + 4.01c 34.44 + 6.19b 41.11 + 4.84c 57.784d
SLE/w + HLE/w 1:3 444 +1.11a 8.89+1.11a 10.00 £ 1.92a 58.89 2.2
1:1 31.11 +4.84b 47.78 + 2.22b 50.00 £ 4.01b 55.5604@
3:1 20.00 +1.92¢ 31.11 + 2.94c 32.22+2.22¢c 38.8922@
HLE/w + MLE/w 1:3 3.33+4.0l1a 4.44 +1.11b 5.56 +1.11b 34.44 +d.01
1:1 22.22 +2.94b 25.56 +1.11c 27.78 £+ 1.11c 40.00006
3:1 37.78 + 4.84c 43.33 +1.92d 48.89 +1.11d 58.8994@
H,O 0.00 £ 0.00a 0.00 £ 0.00a 0.00 £ 0.00a 0.00 £ 0.00a

Each value is the mean + standard error, n = 6. bdéuswith different letters within the same coluare significantly difference, R

0.05 Duncan multiple rang test (DMRT).
ECso, median effective concentration.

MLE/w, Marigold leaf water extract; SLE/w, Siam vdeleaf water extract; HLE/w, Hedge flower leaf wad&tract.
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Table 5.10 Mortality effects of the combinations of marigofBiam weed and hedge flower leaf ethanol extrastadult guava fruit

flies.
Ratio % Mortality (Mean + SE)
Extract combination mg/m|
1 hours 6 hours 12 hours 24 hours
SLE/e + HLE/e 1:3 7.78 +1.11b 13.33 £ 1.92b 21.11 +1.11b 17.78%4R.
1:1 16.67 +1.92¢c 18.89 +1.11c 22.22 +2.94b 27.78144
3:1 23.33+1.92d 26.67 +1.92d 33.33+5.09¢c 60.0002d
SLE/e + MLE/e 1:3 6.22 +1.18b 6.89 +0.11b 12.33 £ 1.45b 15.89 806.4
1:1 12.22 +1.11c 12.22 £1.11c 16.67 £1.92b 55.56042
3:1 46.67 +£1.92d 46.67 +£1.92d 53.33+1.92c 72.2214d
HLE/e + MLE/e 1:3 3.33+0.21b 444 +1.11a 11.11 £ 2.94b 27.78 8d.1
1:1 8.89 +1.11c 11.11 £ 2.94b 15.56 + 1.11c 45.56144.
3:1 20.00 + 1.92d 22.22+1.11c 26.67 +0.51d 54.4429@
Ethanol 0.00 = 0.00a 0.00 £ 0.00a 0.00 £ 0.00a 0.00 £ 0.00a

Each value is the mean * standard error, n = 6. dusawith different letters within the same coluame significant difference, R
0.05, analyzed by Duncan multiple rang test (DMRT).
MLE/e, Marigold leaf ethanol extract; SLE/e, Siarees leaf ethanol extract; HLE/e, Hedge flower kthfinol extract.
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5.6 Discussion

The present study on the leaf extracts of marigsldm weed and hedge flower
expressed the repellent and insecticidal activityadult guava fruit flyB. correcta.
These results were supported by the efficacy oettieacts from Kaffir Lime Citrus
hystrix), melon Cucumis melo L.), lipsticktree Bixa orellana L.), neem Azadirachta
indica var. silamensis Veleton), lemongrassCiymbopogon citraius Stapf.), heliotrope
(Heliotropium indicumR. Br.), shrubby basildcimum gratissmumLinn.), orange
gingerlily (Hedychium occineumvar.), and Castor-oil plantR{cinus communis L.)
that could be repellent adult fruit flies (Areek@&linchaisri and Tigvatananon, 1978).
There is a variety of other aromatic plants werentb their potential in mosquito
repellence. (Kumar, Mishra, Malik and Satya, 20Tawatsin et al., 2001). Many
plants have been repeat that their repellent pti@sewas able to against insects such
as clove, peppermint, citronella, turmeric, hainasih eucalyptus, lavender,
peppermint, and catmint essential oils (Tawatsialgt2001). Parugrug and Roxas
(2008) showed that the repellent efficacy marigeidracts against maize weevil
(Stophilus zeamais Motsch). These supports that the plant extractddceontrol
insects by their repellent property.

According to Malik and Naqvi (1984), Adedire anda®y (1996), Olonisakin,
Oladimeji and Lajide, (2006), some plants containgdant and foul smelling
chemicals to which strongly repelled insect peste repellent properties of kitchen
mint and kaffir lime on insects supported that streng choky odors exerted a toxic
effect by disrupting normal respiratory activity weevils resulting in asphyxiation
and subsequent death. The constituents of plaraasthave been studied to possess

their potentials as alternative chemicals for userepellent and insecticide agents
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(Shaaya, Kostjukovski, Eilberg and Sukprakarn, }99Fhe biological control
properties of plant extracts, including marigolthr weed and hedge flower, belong
to monoterpenes which express toxic effects in dewiange on insects, such as
ovicidal, larvicidal, repellent, deterrent, and ilm@dant (Boeke et al., 2004; Coats,
Karr and Drewes, 1991).

The leaf extracts of marigold, Siam weed and hdldgeer in this study showed
insecticidal activities again®. correcta. These results were supported by Parugrug
and Roxas (2008) which showed that the efficaayafigold to against maize weevil
(Stophilus zeamais Motsch) by repellenc, adult mortality and antiamsgion and
growth inhibition. Similary, Nikkon et al. (2009)nd Islam and Talukder (2005)
showed the insecticidal activity of crude extrdoten the flower of marigoldragetes
erecta L. against a stored product insect p@stbolium castaneum (H.). Accordingly,
marigold callus cultures produced ascorbic acidwvadl as insecticidal pyrethrins
against flour beetlesT{ibolium spp) (Sarin, 2004). Cold aqueous extracts of roftig
could inhibited tomato root knot nematodwel oidogyne incognita (Natarajan et al,
2006).

Moreover, marigold extracts by maceration with thcbmethane and methanol
showed that the activity to against rice weev@daphilus oryzae) (Broussalis et al.,
1999). This finding was in agreement with the wofkBouda, Tapondjou, Fontem
and Gumedzoe (2001) that reported the effect adrdiss oil extracts from leaves of
Siam weed has an insecticidal activities on theltadti maize grain weevils
(Stophilus zeamais). Similary, adulticidal properties of hedge floweaf extracts

against adult mosquitoe&edes aegypti L., Culex quinquefasciatus Say, Anopheles
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culicifacies Giles, An. fluviatilis James andAn. stephensi Liston that have been
reported by Dua, Pandey and Dash (2010).

Additionally, Bouda, Tapondjou, Fontem and Gumedg@01) showed that
the potential of essential oils from the leaved_otamara controlled maize grain
weevil, Stophilus zeamais in stored productd.. camara leaf chloroform extract was
found containing termiticidal effects against adwgtmite Microcerotermes beesoni

(Verma, 2006).

5.7 Conclusions

The extracts of marigold, Siam weed and hedge dtowxhibited potent
repellent and insecticidal activities against guéwat fly B. correcta. The ethanol
extracts of all plant had higher potential againsit flies than water extracts of the
same plants as well as of the same concentrati@isleThe SLE, water and ethanol
extracts, were the most effective to control filigs by repellence and insecticide.
They were strong repellent against Bieorrecta within 15 minutes. The correlations
among treatment conditions in biological controlaaiult fruit flies both of repellent
and insecticidal activity are significantly corredd. Therefore, the present findings
suggest that the leaf extracts mfrigold, Siam weed and hedge flower could be
promising candidates for biological control of frélies as repellent and adulticidal

agents.
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CHAPTER VI

INHIBITION ACTIVITY OF CYTOCHROME C

OXIDASE ON THE BACTROCERA CORRECTA BEZZ|

BY PLANT EXTRACTS

6.1 Abstract

The leaves extracts of Marigoldlggetes erectal., MLE), Siam weed
(Chromolaena odoratgL.) King & Robinson, SLE) and hedge flowekahtana
camaral., HLE) were used foBactrocera correctaBezzi. control. The death &.
correctawas analyzed by the inhibition activity of extscin cytochrome ¢ oxidase
(COX). The Cyanide, well known as COX inhibitor wased as control. The
inhibition potential of the ethanol extracts on C@4s slightly higher than the water
extracts. The leave of hedge flower extracted weitiianol (HLE/e) was the most
potent inhibition at 65.32 + 0.78%. The inhibitiohall extracts on COX were ranged
as HLE/e (65.32 + 0.78%) > SLE/e (58.26 + 3.55%$LE/w (56.23 + 5.80%) >
MLE/e (55.35 + 2.89%) > HLE/w (46.61 + 4.82%) > MAE (41.73 + 2.38%). It
demonstrated that the marigold, Siam weed and hitogyer extracts were likely to

be the biological insecticide for fruit flies coolr
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6.2 Introduction

Mitochondria are important organ which play roles many physiological
activities such as the metabolism of cabohydratesd kgpids. The mitochondria
structure was showed in Figure 6.1. In additiorpkaying roles in respiration and
adenosine triphosphate (ATP) synthesis, mitochandslay important energy-
dependent roles in the regulation of cellular fuwnct including intermediate
metabolism, ion regulation, ion transport, as vaslliin intracellular GA homeostasis
and cell motility. The electron transport chaircentral to the energy metabolism of
the cell. The electrons from nicotinamide adenimaicleotide (NADH) and reduced
flavin adenine dinucleotide (FADJ{are passed through the electron transport system,
which are complex I, II, Il and IV in the inner mérane of mitochondria. Finally,
the end product of cellular respiration is the axéme triphosphate (ATP) (Paula,

Sucheta, Szundi and Einarsdattir, 1999).

in the
mitochondrial
matrix -

Mitechondrial
DNA 100 nm

Figure 6.1 Structure of the mitochondria.
Source: http://quizlet.com/15522401/biology-chajiidlash-cards.html.
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In higher organisms, the electron transport chairthie inner mitochondrial
membrane is composed of four integral membrane reazgomplexes which are
nicotinamide adenine dinucleotide (NADH): ubiquieonxidoreductase (Complex 1),
succinate; ubiquinone oxidoreductase (Complex URiquinol; cytochrome c
oxidoreductase (Complex Ill); and cytochrome c asiel (Complex V). The energy
released in this transport chain of electrons isdu® generate a proton gradient
across the inner mitochondrial membrane, which aassamed by ATP synthase
(Complex V) for ATP production (oxidative phosphiatyon) (Mather et al., 2007,
Van Dooren, Stimmler and McFadden, 2006). The mlactransport and oxidative
phosphorylation was showed in Figure 6.2.

Cytochrome c oxidase (COX) is a large transmembpoéin embedded in
mitochondrial inner membrane and is the terminayere which functions as an
electron carrier in the respiratory chain in redgcoxygen to water, producing ATP
via oxidative phosphorylation and thus allowing rgyeand oxygen utilization by
cells (Liénarda, Lassancea, Paulmierb, Picimbora laifstedta, 2006; Liu et al.,
2007). It is a metalloprotein complex, catalyzesc&bns transfer from reduces
cytochrome c¢ to a molecular oxygen, and presemvesree energy released in this
exergonic reaction by maintaining the transmembao¢on gradient that is used to
drive the synthesis of ATP or ion transport actb&smembrane. The activity of this
enzyme is linked to the metabolic demand in theinbend reflects changes in
neuronal activity; as a consequence, COX is use@ra€ndogenous marker for
neuronal activity (Wong-Riley, 1989). The enzyme csnstituted by a variable
number of subunits coded by the nuclear genometlaree subunits coded by the

mitochondrial genome that constitute the catalgbce (COXI, COXIl and COXIIl)
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(Wikstrom and Casey, 1985; Capaldi, 1990). COXItaors the phosphorylation site,
COXIl interacts with cytochrome c in the electroansfer and COXIIl is notably
involved in the transmembrane proton pumping meechamas well as protecting

COX active sites (Namslauer and Brzezinski, 2004sler, 2004).

INTERMEMERANE SPACE

External (rotenone-insensitive) The ubiquincne (UQ) pool diffuses Cytochreme ¢ is a peripheral

NAD{PIH dehydrogenases can accept freely within the inner membrane and protein that transfers electrons
electrons directly fram NAD{PJH serves to transfer electrons from the from complex Il to complex IV,
Inner produced in the cytosal, dehydrogenases to either complex Il
membrane or the alternative oxidase.
f NAD* NADP*

I +) NADH MNADPH
@ Ce
s L8 '

¢
Ve

Fumarate H0  Complex Ill Complex IV
4 NADP* Cytochrome be, Cytochrome
MNAD 1
g:g.?] I::‘e“ complex oxidase
Complex | Rotenone-insensitive
NQDI: NAD(PIH dehydrogenases " srogenaig *@

dehydrogenase exist on the matrix side

ot the merrbraRe: An alternativa oxidase (AOX)

accepts electrons directly
from ubiquinone,

Complex V
ATP synthase

MATRIX

Figure 6.2 An overview of electron transport and oxidativegphorylation.
Source: http://ead.univ-angers.fr/~jaspard/PageR/IRE/ Zsuite/1Respiration/Z999

suite/3ChaineRespiratoire/1ChainRespiratoire.htm.

The mitochondria disruption involved in the releasfecytochrome c¢ from
mitochondria into the cytoplasm. Inhibition of cgtwome c oxidase prevents the
utilization of molecular oxygen by cell leadingltss of cell function and then to cell
death (Haritos and Dojchinov, 2003). The deternmmabf cytochrome c oxidase is
useful marker of mitochondria activities (BalabaMootha and Arai, 1996).

Cytochrome c in a reduced form it is recognizableitb clear absorption spectrum
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between 450 nm (minimum) and 590 nm (maximum). dsedation of cytochrome ¢
substance, it needs cytochrome oxidase. Inhibitioh the oxidation of

ferrocytochrome ¢ was monitored as a function @naye concentration (Way, 1984).
Cyanide binding to partially reduced forms produbgdnixing cytochrome ¢ oxidase

with sodium dithionite was also examined.

4 ferrocytochrome'@’ + 4H' + O, —» 4 ferriccytochrome @" + 2H,0

The inhibition of mitochondrial activity can be mcked by pesticides which
disrupt many sites of mitochondrial function anddi the oxidative phosphorylation
system. Plant products have naturally occurringct@wompound as mitochondrial
respiration inhibitors. Rotenone and the piericsdirave been known for a long time
as insecticidal inhibitors of mitochondrial respiva and they have recently been
increased of interest in this mode of action asoterngial target for insecticides,
acaricides, and fungicides. This has largely beee tb the discovery of new
compounds with good pesticidal activities in theiloition of respiration (Jewess and
Devonshire, 1998). As demonstrated recently by tbisrand Dojchinov (2003), the
volatile formate esters caused inhibition of cyimche ¢ oxidase on the insect stored
product pestSitophilus oryzae(L.). Previous research on Brazilian flora that
contained terpenoids, 1,8-cineole and limonenedioasmented insecticidal activities
on insectsSitophilus zeamaifl_.), Sitophilus oryzaéL.), Rhyzopertha dommicg.)
and Tribolium castaneum(H.) caused by their influence on the respiratand
digestive systems (Prates, Santos, Waquil, Falmis Qliveira, 1998). Previously,
Twenty naturally occurring monoterpenoids, high atibd compounds, were

demonstrated as insecticidal fumigants to conioa weevil Sitophilus oryzag the
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red flour beetle, Tribolium castaneuin the sawtoothed grain beetl®ryzaephilus
surinamensis the house fly, Mlusca domestida and the German cockroach,
(Blattella germanica (Lee, Peterson and Coats, 2003). Recent exampihes,
identification of 20 volatiles from the steam disdl oil of the leaves from
Chamaecyparis obtusaere successfully against adults@dllosobruchus chinensis
(L.) andSitophilus oryza€gL.) (Park, Lee, Choi, Park and Ahn, 2003).

In addition, the extracts of mintweeHy{ptis suaveoleng. Poit) kitchen mint
(Mentha cordifoliaOpiz) and kaffir lime Citrus hystrixDC) leaves which contained
aromatic, monoterpene and phenolic compound haga beccessfully used for the
control of rice weevils (S. oryzae) by inhibitinget cytochrome c¢ oxidase activity
(Buatone, 2010). Moreover, the seed extracts oftwaied Hyptis suaveolengl.)
Poit), yam beanRachyrhizus erosus.) and celery Apium graveolend..) could
control larvae and adults #edes aegypti. the dengue hemorrhagic fever vector
through the inhibition of cytochrome c oxidase watyi (Yongkhamcha, 2010). These
findings suggested that the mode of action of pfaotiucts involve in inhibition of
mitochondrial cytochrome ¢ oxidase of insects.

However, there are few data of the leaves extfacits marigold (MLE), Siam
weed (SLE) and hedge flower (HLE) causes insecttatityy at the cellular
mechanism level. Interestingly, the compounds d¢sits of leaves extracts from
MLE, SLE and HLE were group of terpenes (Vasude¥ashyap and Sharma, 1997,
Cetkovic, Djilas, Canadanovic-Brunet and Thumba¥)42 Misra, 2009; Anyasor,
Aina, Olushola and Aniyikaye, 2011; Alisi, Ojiak@Qsuagwu and Onyeze, 2011;
Félicien et al., 2012; Salinas-Sanchez et al., 28b2za, Gomes, Vieites and Gomes,

2012) which had demonstrated to successfully cbrdracorrecta(see Chapter IV
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and V). The aim of this study was to investigatat tthe efficiency of leaves extracts
from marigold (MLE), Siam weed (SLE) and hedge #owWHLE) mitochondria
activity inhibit cytochrome c oxidase in mitochorafor supporting their mortality

activities onB. correctamortality.

6.3 Materials and methods

6.3.1 Materials
Cytochrome c¢ from horse hearh-dodecylf-D-maltoside, sodium
dithionite, KkHPQ,, KH,PO,, sucrose, disodium EDTA, magnesium sulfate, Tris
buffer and bovine serum albumin (BSA) were purcbasem Sigma Chemicals (St.
Louis, MO, USA). Potassium hexacyanoferrate (lllaswpurchased from Fisher
Scientific (Suwanee, Georgia, USA). Dimethylsulfixi(DMSO) was purchased
from Merck Chemical supplies (Darm-Stadt, GermaAy))chemicals were analytical

grade.

6.3.2 Plants collection and preparation for extrats
The fresh leaves of Siam wee@hfomolaena odoratgL.) King &
Robinson, SLE) and hedge flowdrapitana camara.., HLE) were collected from
surrounding of Suranaree University of TechnologyU{) campus. Marigold
(Tagetes erecté., MLE) leaves were collected from a local farman by Suranaree
University of Technology (SUT) campus. All plantalees were cleaned, dried by
sunlight and ground to powder. Ten grams of driéhtppowders in a cellulose
extraction thimble (Whatman International Ltd., Blistone, England) were extracted

in 150 ml of water or 70% ethanol in Soxhlet exti@t apparatus (Buchi model B
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811, Germany). The extracts were filtered and erapd in rotary evaporator (Buchi
instruments, Switzerland) and dried by lyophiliEreeze-zone 12 plus, Labconco
Corporation, Missouri, USA). The extracts were stbat -20°C until analysis. The

dried extracts were dissolved in its original soksgefor use in all experiments.

6.3.3 Fruit fly rearing

Pupae of guava fruit flyBactrocera correctpwere obtained from the
Thailand Institute of Nuclear Technology (Publicg@nization), Ministry of Science
and Technology, Thailand. Adult flies emerge frame pupa cases in 7 days. Fruit
flies were cultured in wire-net cages, fed withfeial food (Walker et al., 1997), and
allowed to mate. The females were allowed to lagseip the egg dome (contain
guava juice). After hatching, the larvae feed oatifieial food and allow moving to
pupa stage in wood chip trays. The culture wasicoeat for a week to allow the new
adults emergedThe adult fruit flies aged 2 days after emergingeaevased for all
experiments were kept at -8 for making death to insects and preserving

mitochondria until used.

6.3.4 Isolation for fruit flies mitochondria
The isolation for fruit flies mitochondria modifiefrom the procedures
described by Haritos and Dojchinov (2003) and Sand Scharf (2009). Five grams
of whole B. correctaadults were manually homogenized in a tissue grirah ice
chilled with 10 ml isolation buffer containing 0.08 Tris buffer (pH 7.4) 0.25 M
sucrose, 0.001 M disodium Ethylenediaminetetraacatid (EDTA), 0.005 M

magnesium sulfate, and 0.2% bovine serum albuB®Aj. The homogenate was
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centrifuged at 500x at 4°C for 20 min to pellet the cellular debris.eT$upernatant
was removed, transfered to a fresh tube and refteyed stepwise, at 300gxand
10,000>g at £C for 15 min. The supernatant was discarded. Theamdndrial pellets
were resuspended in the 5 ml isolation buffer amtrduged at 10,006y at 4°C for
15 min. The supernatant was discarded. The pebsttiven resuspended in isolation

buffer and kept at -8C until used.

6.3.5 Cytochrome c oxidase inhibition

Cytochrome c¢ oxidase activities of fruit flies wemeasure using the
spectrophotometric methods base on the method oldand Dojchinov (2003) and
Song and Scharf (2009). The cytochrome c from hdrsart as a standard was
dissolved in phosphate buffer and used for measemermf cytochrome c activity
(Song and Scharf, 2009). Cytochrome ¢ standardredagced by adding a tiny crystal
sodium dithionite immediately before use (Paula, ch®&ta, Szundi and
Einarsdottir, 1999). One microgram per millilitesduced cytochrome ¢ (36 mM final
concentration) was used as a substrate. The reabiidfer containing 40 mM
phosphate buffer pH 6.2 containing 250 mM sucroed 8.05% (w/v) lauryl
maltoside. The concentration of extract sample vestected based on the
concentrations of insecticidal activity tested. Bx¢racts were obtained at 20, 40, 60,
80 and 100 mg/ml in a reaction well. The reducedadyome ¢ was put into a 96-
well plate, 20ul/well, containing 20ul reaction buffer. The extract sample (gD,
and 0.1% DMSO (2Qul) were added. Lastly, the mitochondrial homoger@tepl)
was added. The COX activity was immediately meabure spectrophotometer

(ELISA microplate reader, BenchmaPks™ Bio Rad) at 550 and 565 nm for 5
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minutes at the most. Cyanide (0.003%) was usedmtsat. The inhibition percentage

was calculated as the following equation.

% inhibition = H Absorbance of the sample ]xloo}

Absorbanceof reducedcytochromec

6.3.6 Data analysis
The data were expressed as mean of three regliaattwere calculated
with one way analysis of variance (ANOVA) using t&acal Package for the Social

Sciences (SPSS) statistical softwafalues were statistically significant at p < 0.05.

6.4 Result

6.4.1 Inhibition of mitochondrial cytochromec oxidase activity

The Inhibition of cytochrome c¢ oxidase (COX) irB. correcta
mitochondrial preparations by the ethanol and watewe extracts of marigold
(Tagetes erecta., MLE/w and MLE/e), Siam weedhromolaena odoratél.) King
& Robinson, SLE/w and SLE/e) and hedge flowear(tana camard.., HLE/w and
HLE/e) was investigated. The presence of the wlatere extracts was obvious that
the SLE/w expressed high potential of COX activibhibition of B. correcta
mitochondria. The SLE/w had higher activities thdbhE/w and HLE/w which also
inhibited COX. The COX inhibition induced by SLE/WLE/w, and HLE/w was
56.23, 46.61 and 41.73% respectively (Table 6.1hekVcompare to the control

SLE/w 100 mg/ml exhibited a significant COX inhibit which was 1.52 fold lower.
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Table 6.1 Inhibitory activity of cytochrome c oxidase (COXh B. correctaadult by
water extracts offagetes erectédVLE/w), Chromolaena odoratdSLE/w)

andLantana camargHLE/w).

Plant extracts Conc. (mg/ml) % COX inhibition (Mean £ S.E.)
MLE/w 20.00 26.93 + 4.13
40.00 26.96 + 6.08
60.00 27.16 + 4.06
80.00 32.28+2.78
100.00 41.73+2.38
SLE/w 20.00 25.96 + 4.18
40.00 27.22 +4.18
60.00 30.32+4.3%
80.00 41.75+4.23
100.00 56.23 + 5.80
HLE/w 20.00 24.85 + 3.44
40.00 28.92 + 4.19
60.00 35.88 + 7.79
80.00 38.60 + 1.0
100.00 46.61 + 4.82
Cyanide 0.003 (mg/ml) 85.96 £ 0.97

Each value is the mean + standard error, n = 3. idushwith different letters within

the same column are significantly difference (P.G5).
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The ethanol leave extracts was demonstrated thatgbtency on cytochrome ¢
oxidase inhibitory activity differ from the wateedve extracts. HLE/e had slightly
higher activities than SLE/e and MLE/e, the COXilmiiion induced by HLE/e,
SLE/e, and MLE/e was 65.32, 58.26 and 55.35% rés@de (Table 6.2). When
compare to the control MLE/e, SLE/e and HLE/e 10§/mi exhibited a significant
COX inhibition which were 1.6, 1.5 and 1.3 fold lemrespectively.

Table 6.2Inhibitory activity of cytochrome c oxidase (COXh B. correctaadult by
water extracts offagetes erectéMLE/e), Chromolaena odoratdSLE/e)

andLantana camardHLE/e).

Plant extracts Conc. (mg/ml) % COX inhibition (Mean £ S.E.)
MLE/e 20.00 28.66 + 1.65
40.00 35.85 + 4.98
60.00 49.18 + 6.28
80.00 51.49 + 4.59
100.00 55.35 + 2.89
SLE/e 20.00 24.21 + 4.42
40.00 27.46 + 4.86
60.00 31.29+1.1%
80.00 44.62 + 8.49
100.00 58.26 + 3.55
HLE/e 20.00 26.26 + 1.83
40.00 31.23+4.53
60.00 35.91 + 2.08
80.00 44.04 +5.27
100.00 65.32 + 0.78
Cyanide 0.003 (mg/ml) 85.96 £ 0.97

Each value is the mean * standard error, n = 3. idushwith different letters within

the same column are significantly difference (P.G5).
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The profiles of COX inhibition by the water or tleéhanol extracts are similar
as in Figure 6.3. The potency of the extracts orX@thibition was ranged as HLE/e
> SLE/e > SLE/w > MLE/e > MLE/w > HLE/w. Thereford&,can conclude that the

HLE/e is the highest inhibitor on cytochrome ¢ @s€d in mitochondria in controlling

**
**
LI |

RS2 S S SR PO

B. correcta

**

ok

% inhibition

Plant extracts

Figure 6.3 Efficacy of the leave extracts of marigolflagetes erectaMLE), Siam
weed Chromolaena odorataSLE) and hedge floweténtana camara

HLE) on the cytochrome c oxidase activity in mitoolria of fruit fly

B. correcta **P < 0.01.
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The spectral profile of reduced—oxidized cytochromatandard from horse
heart was shown in Figure 6.4. It is typical toedetine the extent of reduction of
cytochrome ¢ by measuring the difference in opadadorbance at 550 nm and 565
nm. The spectrum of reduced cytochrome c by themlaaf extracts was shown in
Figure 6.5 and by the ethanol leaf extracts wasveha Figure 6.6. The difference in
absorbance is denoted absorbance of COX, exprassgercent inhibition (% COX).
This demonstrated that the leaf extracts inhibi@@X activity in B. correcta
mitochondria. The COX inhibition of the water exti® was ranged as SLE/w >
MLE/w > HLE/w (Figure 6.5) and of the ethanol extia was ranged as HLE/e >

SLE/e > MLE/e (Figure 6.6).

)
e
SRt /[ [ [ ]|\ \ & Reduced Cyt
(U - -
= Oxidized Cyt
?
<
C v L) v I M I v !
340 440 540 640 740

wavelegth

Figure 6.4 The spectral profile of reduced-oxidized cytocheocrfrom horse heart,

the standard.
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Figure 6.5 The action spectrum of reduced cytochrome c oit flyi B. correcta

mitochondria in the presence of the water extrattsarigold [agetes

erecta MLE), Siam weedChromolaena odorataSLE) and hedge flower

(Lantana camaraHLE).
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Figure 6.6 The action spectrum of reduced cytochrome c oit fly B. correcta
mitochondria in the presence of the ethanol exdraétmarigold Tagetes
erecta MLE), Siam weedChromolaena odorataSLE) and hedge flower

(Lantana camaraHLE).
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6.5 Discussion

Botanical pesticides tend to have broad-spectrumityg are relatively specific
in their mode of action and easy to process andTuszinternational literature on the
biological properties of crude extracts and isalasecondary substances of plants
against different insects and other organisms imdant. Defense plant secondary
metabolites belong to three categories: phenofgsch as tannins, flavones,
flavonoids, glyceollin, and lignin), nitrogen compuls (such as sinalbin, sinigrin,
dhurrin) and terpenoids (such as saponin, monoate)p Overall categories of direct
plant defenses against insect herbivores includetitig food supply, reducing
nutrient value, reducing preference, disrupting gptgl structures, and inhibiting
chemical pathways of the attacking insects (Kesalet Baldwin, 2002)Known
major defense chemicals include plant secondaralmoétes, protein inhibitors of
insect digestive enzymes, proteases, lectins, aagids and oxidases. Cytochrome ¢
oxidase (COX) has been shown to be an interestindidate for expression study in
insects Among those, differential expression of COX subsifias been found to be
correlated with developmental modifications in ictse In Apis mellifera distinct
larval nourishment influences the developmentdediintiation between queen and
worker honeybees. Queen larvae have a higher atigpirrate which is reflected by
an over-expression of the COXI subunit (Coronardést and Zurita, 1999).

The findings of this study provide information tonfirm the impacts of plant
extracts on mitochondrial. This study, the invesiign which demonstrated that the
extracts of marigold, Siam weed and hedge flowetdtcbe control agent of fruit flies
which inhibit the cytochrome c oxidase activitynfarly, Haritos and Dojchinov

(2003) investigated COX inhibition of the volatifermate on the insect stored
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product pestSitophilus oryzagl.) caused by inhibition of cytochrome c oxidase.
Song and Scharf (2009) determinatetbsophila melanogasteiCOX inhibition in
mitochondriaby insecticidal materials, hydramethylnon and godicyanide caused
of COX inhibitory activity.In addition, Buatone (2010) reported that the ettraf
mintweed Hyptis suaveolens. Poit) kitchen mint(Mentha cordifoliaOpiz) and
kaffir lime (Citrus hystrix DC) leaves that contained aromatic, monoterperge an
phenolic compound successfully used for the cordfalice weevils §. oryzag by
inhibiting the cytochrome c oxidase activity in thkectron transport chain of cellular
respiration in mitochondria. Moreover, Yongkhamg®810) demonstrated that the
inhibition of cytochrome c oxidase activity of tleéectron transport chain in cellular
respiration was induced by seed extracts of mintwelyptis suaveolengl.) Poit),
yam bean Rachyrhizus erosuk.) and celery Apium graveolend..) in controlling
larvae and adults dfedes aegypti. the dengue hemorrhagic fever vector. This study
is the first investigation of plant extracts in tafing fruit flies by interfering with
the cellular respiration at the electron transmdrin in mitochondria. This finding
suggests that the extracts of marigollagetes erecta MLE), Siam weed
(Chromolaena odorataSLE) and hedge flowelLantana camaraHLE) containing
monoterpene and phenolic acid may be cytochromedase inhibitors against fruit
flies. As the results showed that the plant extpatential to disrupted cytochrome ¢

oxidase activities more than 50% inhibition.
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6.6 Conclusion

The leaves ethanol extracts bf camara (HLE/e) demonstrated the highest
potency for cytochrome c oxidase inhibition in frdly mitochondria. The COX
inhibition was 65.32 + 0.78%. HoweveZ, odorata(SLE) could also be candidate for
cytochrome c¢ oxidase inhibitor, since both of watad ethanol extracts had higher
activities to inhibit COX equally. Their COX inhiiions were 58.26 + 3.55% and
56.23 = 5.80%. The extracts induced death by CGsXugtion and may be toxic on
other systems. Therefore, this result may suggestihe extracts df. camaraandC.
odorata extracted by water or ethanol can be the bioldgicatrol agents foiB.

correcta
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CHAPTER VII

CONCLUSION

The guava fruit fly, Bactrocera correcta (Bezzi), is one of the main
economically important pests affecting the valualét production and quality and
also impacting the export trade of Thailand agtioall products. The effect dd.
correcta is difficult to investigate in the early infestati, because it has potential to
infest fruit from the early fruiting stage till tine harvest stage. Biological control is
growing interest in the use as simple and safentolgy to reduce the use of
chemically synthetic insecticides and also to awsgeral problems of insecticide.
Therefore, the information for potentially usefubgducts in the biological control of
guava fruit flies is required. In the present stuthe leave water and ethanol extracts
of marigold {Tagetes erecta L.), Siam weed Chromolaena odorata L.) and hedge
flower (Lantana camara L.) were investigated for the efficiency in bioicgl control
of B. correcta in 4 stages: eggs, larvae, pupae and adults.

The total phenolic compounds (TPC) of ethanol etsravere slightly higher
than water extract. The TPC contents of SLE/e, MlL&iid HLE/e were 133.03, 59.67
and 47.43 milligrams gallic acid equivalents peamgrdry sample (mg GAE/ Q),
whereas SLE/w, MLE/w and HLE/w were 84.87, 52.5Q 888.93 mg GAE/qg,
respectively. The major constituents of the extrasere analyzed by thin layer
chromatography (TLC). Vanillin-sulphuric reagentgtettion indicated that the

terpenes group was the major compounds in the @strdhe cytotoxicity of the
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extracts was investigated by brine shrimp lethabgsay (BSLA). The lethality
concentration of 50% (L&) at 24 h of SLE/e, MLE/e and HLE/e were 147.15,
182.60 and 208.82 pg/ml, and SLE/w, MLE/w and HLE¥ere 196.35, 256.32 and
273.29 pug/ml, respectively. The kg&wnhich lower than 1,000 pg/ml indicated that the
plant extracts could be potentially used for ingesdt control.

The SLE/e exhibited the highest effect on egg hatchvith 82.22 + 6.19%
inhibition at 24 hours. The inhibitory effect ofl @ixtracts on fruit flies egg hatching
was ranged as SLE/e > HLE/e > MLE/e > SLE/w > HLEAWLE/w with EGsg
value of 44.54, 53.42, 55.92, 65.66, 72.03 andI7&¢g/ml, respectively. The SLE/e
was the most efficient extract which could induce morality of second instar larvae
of 83.33 =+ 1.92% by feeding assay and also on ipgirty assay at 87.78 + 1.11%.
The range of larvicidal efficacy of all extracts BBeding assay and dipping assay
showed a similar trend. The efficacy was rangedSBE/e >HLE/e > SLE/w >
MLE/e > HLE/w > MLE/w. By feeding assayhe LCso valueswere 55.56, 65.95,
65.95, 72.33, 74.67 and 80.14 mg/ml while dippirsgay,the LCso valueswere
52.99, 63.43, 64.08, 70.29, 71.77 and 77.52 mgfespectively. The effects of the
three plant extracts on the adult emergence wendasito the effects of the egg
hatching and the larva mortality. The antibiosisfiant fly adult emergence by SLE/e
exhibited highest efficacy of 67.78 £ 2.22% inhitmit Nevertheless, the inhibition
rate was ranged as SLE/e > MLE/e > SLE/w > HLEMLE/w > HLE/w with EGsg
value of 69.55, 72.49, 72.91, 77.23, 78.38 and 83n/ml, respectively. The
correlations among treatment conditions in antisie$fect on egg, larva and pupa of

guava fruit flies are not significantly correlated.
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The repellent efficacy of plant extracts on adultitf flies was conducted by
olfactometer. The SLE/w showed the highest repelleof 85.43 £ 3.90% at 15
minutes of treatment. The repellent efficacy wasyesl as SLE/e > MLE/e > SLE/w
> HLE/e > HLE/w > MLE/w with EG, value of 35.42, 36.58, 37.66, 38.16, 39.17 and
43.23 mg/ml, respectively. The SLE/e produced tighdst mortality effect on adult
fruit flies at 80.00 + 1.92%. The mortality effemt the adult fruit flies was ranged as
SLE/e > SLE/w> MLE/e > HLE/e > HLE/w > MLE/w with Cgsy value of 67.32,
80.92, 87.90, 88.20, 89.88 and 93.67 mg/ml, resmdygt The combination extracts
of SLE/e + MLE/e at the ratio of 3:1 was highly exftive with 72.22 + 1.11%
mortality at 24 hours while the least effective tabe was HLE/w + MLE/w at the
ratio of 1:3 which was effective only 34.44 + 4 0X%ortality at 24 hours. Thus, it
could be assumed that the combination extracts aat@gonistic agent reducing the
potential of SLEs in the biological control of atlguava fruit fliesB. correcta. The
correlations among treatment conditions in biolagimontrol of adult fruit flies both
of repellent and insecticidal activity are signgitly correlated. It is concluded that
the SLE/e extracts were the most potent in comtigpleggs hatching, larvae, pupae
and adults mortalities of guava fruit fliBs correcta.

The death oB. correcta was investigated by the inhibitory activity of eadts
on cytochrome c oxidase (COX). The leave etharelicact of hedge flower (HLE/e)
was the most potent inhibition. The inhibition dff extracts on COX was ranged as
HLE/e > SLE/e > SLE/w > MLE/e > HLE/w > MLE/w witBo COX inhibition of
65.32 + 0.78%, 58.26 + 3.55%, 56.23 + 5.80%, 55%3589%, 46.61 + 4.82% and
41.73 + 2.38%, respectively. It indicated that itt@bition of all extracts and cyanide

on COX had the same pattern with more than 50% @dXition.
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The results demonstrated that the marigold, Siaredwend hedge flower
extracts were likely to be the biological inseaeifor fruit flies control as well. The
terpenes group, the major constituents of the eteracould be a potent compound
leading to the death of fruit flies. All plant eatts showed that the efficacy to against
fruit flies as ovicides, antifeedants, larvicidgajpacide, repellents and adulticide,
especially the Siam we€d. odorata leave extracts. Therefore, the applying of Siam
weedC. odorata leave extracts as biological control agent fongfaguava fruit flies
could be used to replace synthetic insecticidexhvis beneficial to human health

and sustain the environment.
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