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Abstract—Raw wood vinegar was purified by both standing an
filtering methods. Toxicity tests were conductedden laboratory
conditions by the topical application method (cehtpoison) and
feeding method (stomach poison). Larvicidal atiggi of wood
vinegar at four different concentrations (10, 18, 25 and 30 %)
were studied against second instar larvae of hbus@flusca
domestica L.). Four replicates were maintained for all trseits and
controls. Larval mortality was recorded up to 9@itsoand compared
with the larval survivability by two methods of V@cidal bioassay.
Percent pupation and percent adult emergence wasenad in
treatedM. domestica. The study revealed that the feeding metho
gave higher efficiency compared with the topicgblagation method.
Larval mortality increased with increasing concatitm of wood
vinegar and the duration of exposure. No mortaligs found in
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d Furthermore, there are an increasing number ofrtepo
the literature describing house fly populationst tieahibit
varying levels of resistance to currently availalisecticide
classes, including pyrethrins and pyrethroids,
organophosphates and carbamates, fiproles, insenttly
regulators, avermectins, and organochloritjé§ [10], [12]
,[14]. Consequently, new insecticides that are ndjext to
resistance or cross-resistance with existing chamiare
continually needed for successful pest managemetipes,
%rincipally to mitigate or delay the onset of résice and
preserve the effectiveness of older chemical ctasse

Wood vinegar is a byproduct from charcoal productitis

treatedM. domestica larvae at minimum 10% concentration of wooda liquid generated from the gas and combustiomeshf wood

vinegar through the experiments. The treated lawe® maintained
up to pupa and adult emergence. At 30% maximum ergration

larval duration was extended to 11 daysvindomestica for topical

application method and 9 days for feeding methaddil&ly the

pupal durations were also increased with increasmttentrations
(16 and 24 days for topical application method feetling method
respectively at 30% concentration) of the treatment

Keywords—Housefly (Musca domestica L.), wood vinegar,
mortality, topical application, feeding

|. INTRODUCTION

HE house flyMusca domestica L. (Diptera: Muscidae), is

a well-known cosmopolitan pest of both farm and Bom
House flies are always found in association wittmhnos or
activities of humans including on postharvest cmpfood
with many pathogens, such as enterohemorrhagiberichia
coli, Yersinia pseudotuberculosis, and Salmonella spp. [8].
Chemical methods of control, principally involvinghe
judicious use of insecticides as premise-sprayglyobaits,
play a key role in comprehensive pest managemergrgms
designed to minimize the impact of house fly irdéisns.
Methods for house fly control inside commercial
establishments are extremely limited. Applicatidrpesticide
fogs or surface residuals is rarely permitted, amdnular
sugar/toxicant scatter baits cannot be used [1bvdver, a
limited number of chemical classes are representtddthese
products, some with mammalian safety issues.
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burning in an airless condition namely, Iwate k¥Mihen the
gas from the combustion is cooled, it condenses liquid.
Wood vinegar has been used for a variety of pupasech as
industrial, livestock, household and agricultureodhrcts.
Wood vinegar improves soil quality, eliminates pest
accelerates plant growth, plant growth regulatorgoowth
inhibiting [3], [17]. Since the 1930's, wood vinegar has also
been used in agriculture as a fertilizer and grepvtimoting
agent. Raw wood vinegar has approximately 200 obemi
compounds, such as acetic acid, formaldehyde, -etigtate,
phenol, methanol, tar, etc. The condensate consts
pyroligneous acid and a tarry residue, which walbarate and
settle upon cooling. Wood vinegar is slightly toxicfish and
very toxic to plants if too much is applied [23].

This study was carried out to investigate the tioxiof
wood vinegar against housefly larvaédusca domestica L.).

Il. MATERIALS AND METHODS

A. Preparation and purification of raw wood vinegar:
Wood vinegar is made from burning waste wood itarcoal
kiln (or lwate kiln). The wood is burnt at 120-480°The
Ismoke from carbonization is cooled by the outsictendien
passing through the chimney to produce pyroligndmusor.
The hot steam condensed into liquid is collecteds kalled
raw wood vinegar and must be purified before usetviny
methods.

1. Sanding method

The raw wood vinegar is stored for 3 months to vallo
siltation. The vinegar is yellow like a vegetablé. d\fter
setting, it will turn light brown and the tar witlecome silted.
The top content will be light, clear oil. Removeettar and
light oil, as well as the dark brown translucerit, and the
remainder will be sour vinegar.

2. Filtering method

Charcoal was broken into small pieces, soaked witer
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and placed on a funnel. Then the wood vinegar aftemnding
method was poured through the charcoal. The woodgar
after filtering method was diluted with water in ricaus
concentrations and was tested on the 1st instaradaf house
fly. The wood vinegar was formulated and dose-raspo
bioassays were conducted to measure toxicity tosefou
larvae.

B. Treatments and concentrations

Different concentrations of wood vinegar 10%, 1520%,

25% and 30% were formulated by water and were dest

against first instar larvae of housefly in the lediory.
C .Insect preparation
House fly, Musca domestica L. were collected from

Thailand, and were laboratory-reared with laid egws
powdered of dog food and hatched at room temperaliwo-
day old larvae (second instar) of house fly weemntiiied and
prepared for bioassay tests.

D. Larvicidal bioassay

Topical application method use contact poison; wued
vinegar 1.0 pl droplet of each treatment was drdppe the
head area of the first instar ®. domestica larvae with a
micro applicator, and then the larvae were transteto a cup
(10 larvae /cup) with 5 g powdered of dog food, &ach
concentration of wood vinegar treatments and corftar
replicates were maintained. After the treatmenrab@ral and

morphological changes were observed and mortaligs w

recorded daily. Acute toxicity analysis was carroed after 24
hour and sub acute toxicity analysis was carriedadter 11
days. Feeding Assays use stomach poison; firsarirgt
domestica larvae were orally treated with different
concentrations of wood vinegar through piece of dood.
The wood vinegar 5.0 ul droplet of each treatmemts w
dropped on 5 g powdered of dog food. After 24 hotiis
larvae were fed daily with untreated dog food. lzumortality
was recorded in the larvae for 96 hours as desthly§l].

After 96 hours, the surviving larvae from both nogth were
reared on untreated dog food. The growth developraed
metamorphosis were observed and recorded untilathvae

occurred onMusca domestica larvae by topical application
method after 96 hours (3 days); except the 25% 20fb
concentrations had non significant differences (PSP with
mortality rate of 2.5 and 5.0 percent respectivBigrticularly,
no mortality was found in treatel. domestica larvae with
10% concentration of wood vinegar through the expental.
Whereas the mortality had not occurred on houdaflyae by
feeding method after 48 hours (2 days); except2®f# and
30% of concentration produced a significant diffexe
éP<0.05) with mortality rate of 5.0 and 12.5 petcen
respectively. After 3 days the surviving larvae sad
increasing percent mortality rate day after dayil utite
surviving larvae developed to pupae. At 11 dayseraft

) ! ) _treatment, the survival larvae in treatment of oanfwater)
livestock cages in the campus of Naresuan Uniyersity,q 100,

concentration had developed to pupa. Whetea
toxicities to housefly larvae resulted 15%, 20%/@2and 30%
of concentration were also significant differenPe@.05) with
mortalities rate at 10, 25.0, 32.5 and 47.5 peroespectively
(Table 1). Similarly, at 9 days after treatment§.®3 37.5,
45.0, 52.5 and 72.5 percent larval mortalities wermrded in
wood vinegar concentration of 15%, 20%, 25% and 30%
respectively (Table II). Hence, the feeding metishdwed a
higher mortality of housefly larvae than the topiapplication
method. Wood vinegar is a potent inhibitor of ldrva
development it shows late developed activities b first
instar housefly larvae. Pupae were responsibléhactivities
and also had significant activity. All the test@dod vinegar
did not show insecticidal properties k. domestica larvae.
However the tested wood vinegar showed some immpit
effects on growth and metamorphosis activity andigal of
first instar larvae ofM. domestica. As the concentration
increased, the observed mortality also increasedony the
tested formulations, the 30% concentration showechighest
effect in both bioassay methods (47.5 percent &gpictl
application method and 72.5 percent for feedinghoa).

TABLE |
LARVICIDAL ACTIVITY OF WOOD VINEGAR AGAINST HOUSEFLY LARVAE
(MuscA DOMESTICA L.) BY TOPICAL APPLICATION METHOD

Treatment Larval mortality (%)

Day Day Day Day Day
1 2 3 4 5 6 7 8 9 10 11

developed to pupae and adults. Pupal mortalityasimulated (U, (00 00 66 o0 o0 o0 oo oo oo o0
by subtracting the number of emerging adults frowm total wood vinegar 15% 0.0 0.0 00 50 50 50° 75 7.5 100 100° 100
ood vinegar 20% 0.0 0.0 0.0 5.0 7% 100 128 150 200 20.0° 25.¢
number Of pupae' The percent adU|t emergence andood vinegar 25% 0.0 0.0 25 75 15% 200 275 27.0% 325° 3259 32.8
deformities were also recorded. wood vinegar 30% 0.0 0.0 5.0 125 175 275 3006 350 400 428 475
E. Satistical analysis C.V. (%) 36.5 472 496 644 673 598 543 849. 273
. F-test - - ns ns * * * * * * *
The Significance Of treatments was Ca|Cu|ated W my ns = non significant; * = significant different, ares when followed by the same letter are not sigmtly different at 5% level by DMRT
Analysis of Variance (ANOVA) and effective treatmemas TABLE I

separated by the Duncan new multiple ranges tédRD).
Differences between means were considered signtfieaP<
0.05.

F. Larvicidal activity of wood vinegar against Musca
domestica L.

Results of larval mortalities due to the effect wbod
vinegar are shown in Table | by topical applicatimethod
and Table Il by feeding method. In general, lanvedrtality
increased with increasing concentration of woocdegar and
the duration of exposure. It showed that no lamaltality
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LARVICIDAL ACTIVITY OF WOOD VINEGAR AGAINST HOUSEFLY LARVAE
(MUSCA DOMESTICAL.) BY FEEDING METHOD

Treatment Larval mortality (%)
Day4 Day5
0.0 0.0
5.0 10.0*
100" 178
15.0° 22.8
17.5 25.0
35.0 45.0
46.7 52.0

Dayl Day2

Control(water) 0.0 00
wood vinegar 10% 0.0 go
wood vinegar 15% 0.0 ao
wood vinegar 20% 0.0 go
wood vinegar 25% 0.0 g0
125

32.1

Day3
0.0
2.5
5.0
7.5
1258
25.0
36.2

Day6
0.0
15.0
22.9¢
27.5
30.0
52.8
29.1

Day7
0.0
22.8
30.¢
32.8
40.0
60.0
37.0

Day8
0.0
25.0
32.9¢
40.0*
47.5
67.8
35.9

Day9
0.0
30.0
37.8°
45.0¢
52.5
72.8
33.2

wood vinegar 30% 0.0
C.V. (%)
F-test

ns = non significant; * = significant different,eans (in the followed by the same letter) are ngniscantly
different at 5% level by DMRT
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G. Pupicidal activity and adult emergence

Tables Il and IV show the pupal mortalities, dioatof
pupa, and adult emergenceMdf domestica when treated with
wood vinegar. The treated larvae were maintairgtbuadult
emergence. Due to the effect wood vinegar insegtldpment
was interrupted and caused some mortality in thEapstage.
By topical application method, 100, 90, 75, 67.% &%2.5
percent pupicidal activities dfl. domestica were recorded in
10%, 15%, 20%, 25% and 30% of concentration regmygt
Whereas in the feeding method, 70, 62.5, 55, 4 2v.5
percent pupicidal activities were recorded in 1%, 20%,

IIl.  DISCUSSION

This study tested the susceptibility of the firsstar larvae
of House fly, Musca domestica L. to wood vinegar in the
laboratory based on two methods of testing tdpica
application method (contact poison) and feeding hoebt
(stomach poison). Different concentrations of woddegar
did not evoke an immediate mortality response amthrgy
treated larvae. For that reason larval mortalitg wecorded 96
hour after the treatments. The study revealedttiefeeding
method gave higher efficiency compared with theidalp

25% and 30% concentrations respectively(Table |||)'g1pplication method. Following[1] larval mortality was

Similarly, by topical application method, 100, 9%, 67.5 and
52.5 percent adult emergenceMf domestica were recorded
in 10%, 15%, 20%, 25% and 30% concentrations reisjedc
Whereas in the feeding method, 70, 62.5, 55, 4 2v.5
percent adult emergence were recorded in 10%, %%,
25% and 30% concentrations respectively (Table 1V).

At 10% concentration and in untreated control, tess 10
days of period of pupa were recorded Nh domestica by
topical application method (Table Ill). The unatfst pupae
developed into adults. In untreated control all eyad adults
were healthy and had good morphological appearange.
30% maximum concentration larval duration was exéghto
11 days inM. domestica for topical application method and 9
days for feeding method (Table | & Table II). Sianlyy the
pupal durations were also increased with
concentrations (16 and 24 days for topical appboamethod
and feeding method respectively at 30% concentratid the
treatments. Average survival durations of pupatasvn on
Table lll, due to effect of wood vinegar at 10%%4,520%,
25% and 30% were recorded respectively as 9, 10132nd
16 days for topical application method and 12, 15,21 and
24 days for feeding method.

TABLE IlI
COMPARISONOF PERCENTAGESURVIVING PUPAE OF HOUSEFLY (MUSCA
DOMESTICAL.) AFTERTREATMENT WITH WOOD VINEGAR BY TOPICAL
APPLICATION AND FEEDING METHODS

Topical application
pupation duration of

Feeding method
pupation duration of

Treatment

(%) pupa(day) (%) pupa(day)

Control(water) 1000 7 100.0 8

wood vinegar 10% 1000 9 70.0 12

wood vinegarl 5% 90.0° 10 62.8¢ 15

wood vinegaR20% 75.0 12 55.0° 18

wood vinegaR25% 67.8° 13 47.8 21

wood vinegaB0% 52.5 16 27.5 24

C.V. (%) 16.2 21.8
F-test * *
* = significant difference, means (in the followley the same letter) are not significantly differan6% level
by DMRT
TABLE IV

COMPARISONOF THE PERCENTAGESURVIVING ADULTS OF HOUSEFLY
(MuscA DOMESTICA L.) AFTERTREATMENT WITH WOOD VINEGAR BY
TOPICAL APPLICATION AND FEEDING METHODS

Adult emergence (%)
Topical application Feeding method
100.0' 100.0
100.0' 70.0

Treatment

Control(water)
wood vinegar 10%

wood vinegar 15% 20.0° 62.9°
wood vinegar 20% 75.0 55.0¢
wood vinegar 25% 67.8 a47.8

wood vinegar 30% 52.5 27.5
C.V. (%) 16.2 21.8
F-test * *

* = significant difference, m@ans (in the followed by the same letter) are rgstiicantly different at 5¢
level by DMRT
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recorded after 96 hours. Toxicity studies of woddegar
indicated that less than 50 per cent larval mdytalccurred
96 hours after the treatment and pupal morality alscurred
before the adult emergence. At lower concentratiupation
was delayed less than a higher concentration. Ahehni
concentration, pupation occurred less becauseativad died
after extended period in the instar. Higher cobegion of
wood vinegar indicated thall. domestica larvae were highly
susceptible to stomach poisoning and the pupa idarat
elongation was increased.

Generally most of the botanical insecticides iniigd
commercial products caused delayed mortalitieasedt pests
as reported by many investigators. In the last&frg, natural
hytocompounds are used in the development of alatur
pesticides and these natural pesticides interfeith whe
growth, development and metamorphosis of inseck [2
Leatemia and Isman [9] reported that high concéotra of
plant extracts caused high mortality of larvae etmeugh only
very small portions of the leaf discs were consumed
Schmutterer [21] reported that developmental effeon
insects caused by azadirachtin are attributed soupltiion of
endocrine events. Also azadirachtin showed larval jpupal
duration elongation and reduced longevity similarthe test
compound.  According to Sharma and Seth [19] adult
deformities might be due to disruption of the newmaocrine
regulation of molting. Schmutterer [21] reportedatth
developmental effects on insects caused by azé#diinaare
attributed to disruption of endocrine events.

Generally, insect development and differentiatiore a
controlled by hormones [5]. During larval and pugges,
ecdysteroids and juvenile hormones play major role
moulting and metamorphosis. Hoffmann and Lorenz [7]
pointed out that the toxic plant compounds carr altenodify
ecdysteroid titer in insect haemolymph due to akdge of
release of prothoracicotropic hormone from the rbirpus
cardiacum complex. Hence the organic compoundsdodw
vinegar that mimic hormone analogues can be utilinensect
pest control programmes. Additional, Hummelbrunaerd
Isman [6] have reported that the exposure to séyseat
substances causes delayed larval development throug
decreased growth rates. Typically azadirachtin had
detrimental effect on larval growth and developmeatd
prolonged the larval duration [13]. Murugan [l6lsa
observed increased larval and pupal duration arwledsed
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life span of adult male and female. Neem oils wesed as
insecticides, antifeedants, repellants and disniptaf normal
growth; Disruption of growth are the main charaistas of
pest control; neem is being used in the field awelo

concentrations than those originally recommende@].[1
Similarly, Singh et al., [21] reported that stem-bark of 9]
Mundulea sericea is used for controlling house-flies as an

insecticide; this plant is found in South India.gbelin was

isolated fromM. sericea and it is most commonly used asyyq]

insecticide in Africa and South America [11].

IV. CONCLUSION

The need is for research and development
environmentally safe, biodegradable and low costurah

products which can be widely used by individualsd anp;3

communities in specific situations. This study istigated the
efficiency of wood vinegar against housefly. It wleol
potential biological activities such as, larvicidalpicidal, and
adult deformities againsM. domestica. As a resultM.

domestica larvae tested with feeding activity were more

susceptible than th#. domestica larvae tested with topical
application method. It showed potential inhibitoddarvicidal

activities in M. domestica L. The effect of wood vinegar at [16]

various concentrations was chronic also. The tied@tsect
species showed deformities at larval, pupal andt adages.
After the treatment, development efficiency, metgphosis,
and growth were highly reduced depending on
concentrations. Due to the effects of wood vinetgaral and
pupal durations were elongated,
inhibited, and emerged adults’ life span was desgéaThe
studies of this promising natural product may bnimgv leads
in developing future pesticides.
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