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Application of Black Pepper, Citronella Grass and Lemon Grass
Essential Oils to Control Mushroom Mite, Luciaphorus perniciosus Rack.
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Research Title:  Application of black pepper, citronella grass and lemon grass
essential oils to control mushroom mite, Luciaphorus perniciosus Rack.
Researcher: Jarongsak PUMNUAN, Ammorn INSUNG and Prommart KOOHAKAN
Faculty of Agricultural Technology
King Mongkut’s Institute of Technology Ladkrabang

ABSTRACT

Acaricidal activity of essential oils obtained from pepper (Piper nigrum Linn.), lemon
grass (Cymbopogon citratus (Dc. ex Nees)) and citronella grass (Cymbopogon nardus Rendle.)
against mushroom mite (Luciaphorus perniciosus Rack.) on mushroom cubes was evaluated.
Essential oils at various concentrations were applied to 35 L fumigation chamber; the
fumigation time was 24 hrs. The result presented that essential oils of pepper, lemon grass
and citronella grass were highly toxic to L. perniciosus, remarkably at 10 pyl/ L air, more than
70 and 90% mite mortalities were found at 3 and 7 days, respectively. Effect of essential oils
of lemon grass, citronella-grass and black pepper on the growth of 7 mushroom culture
namely; Lentinus squarrosulus Mont, Pleurotus abalonus Han, Pleurotus sajor-caju (Fr.) Sing.,
Lentinus polychrous Lev., Tricholoma crissum (Berk.) Sacc, Auricularia auricular (Hook.)
Underw., and Pleurotus ostreatus (Jacg. Fr.) Kummer were investicated. The effect of
essential oils was tested by paper disc diffusion method on potato dextrose agar (PDA) and
poison media method in potato dextrose broth (PDB). It was found that essential oil of pepper
showed the least growth inhibition to all mushrooms, comparatively similar result was found
in the control. In the other hand, essential oils of lemon grass, citronella grass could inhibit the
growth of mushroom more than 50%.

Field application was also investigated by direct spray of pepper essential oil (Pep) at
50% in Tween-20 for 15 cc / L water in mushroom farm at the 1* and 2™ week after blooming
period comparing with using insecticide (cypermethrin) and non-treated mushroom farms
(control). The results presented that Pep could completely control the mushroom mite within
4 weeks. The 4 species of insect pests were always found in mushroom farm. The most
number was sciarid fly (Lycoriella sp.), followed by phorid fly (Megasellia sp.), pomace fly
(Drosophila sp.) and mycophagous beetle (Cyllodes sp.), respectively. Numbers of phorid fly,
pomace fly and mycophagous beetle appeared with no-significantly different in all mushroom
farms when the numbers of sciarid fly in mushroom farm treated with Pep were found less
than that of treated with insecticide and control, respectively. Besides, the mushroom vyield
obtained from mushroom farm treated with Pep gave more quantity than that of treated with
insecticide and control, respectively. This might be recommended to farmer in order to
control mushroom insects and mite pests by using pepper essential oil formula.

KEY WORDS: Piper nigrum, Luciaphorus perniciosus, essential oil, mushroom culture,
mushroom farm, mushroom insect
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Tnenldud Sadunmeriilnaansuuidoutenton wwafide wedlsase veufinse

nsdesiulsdagilaeldasial (s sinwnsnsteuldduseisnitenia iesann

sanuazliinad uanansansyyilaegwsinafe liausanuaseildvmslanondia uay

ﬁﬂms?idmmﬁjué'umwasia@’uﬂm IN¥RINT LaganIwadoulagnsy saudaiwnliunisiia
anudumuseansiaiivedls nisléfvanulnsiauautivesniadiuasdidalsdmngiviadu
wnmadenuieitaansaantigmidsnanls mafnwuazveaeulszaniamussivayulnsiile
thunlflunisauanlsdngindadunudoniiunaula IFiseaumnefsatunisldie
ayulwslunistlestuidauuauasls vivlsdngiviarlsu F99ns1eemw0s Kkwon and Ahn
(2003) fildmnaounuaNTREluntsiduensslsainmi Cnidium  officinale  fulslulsafu
Tyrophagus putrescentige (Schrank) ﬁaﬁﬁﬂﬁﬁuﬁa wuI" butylidenephthalide finuauUs
\Uu acaricide TngilAn LDy, 1infiU 5.80 Hg/ em’ Tuvnsil benzyl benzoate wag N, N -diethyl-
m-toluamide (DEET) iif1 LDsy WiNAU 9.75 e 16.26 g/ cm’ AUy uaﬂmﬂuu Insung
and Boczek (1995) lmﬂﬂmLLax‘wmaauﬂ‘izammw’ummiaﬂmmw%, Artemisia dracunculus
malslulsaiu mould mite, Tyrophagus putrescentiae (Schrank) WuIRwsanaadl
Ussavinmeelsudntunnlnesien ECy, iy 0.76% wagyilvignsinisduniuganad wonani
Insung (1995) nAdaUUsEANSAMYES Piper retroffactum  Bafadielemueanuin finny
ity 1% Snalunmsandiunily mgeu Jegu wasdnawisvedlslulsuiv, T. putrescentiae Tu
8m31 92, 98.8, 98.9 Uax 79.2% Aua1RU

dmsun1sfne acaricidal activity Tuuszindlng Somlek (2001) nagauUseansaw
YBsETAfAUNILDaIINNATaUIRININLYEAN (Winlnalul),  Piper nierum  Aulswdesdy,
Fotetranychus cendanai Wu11 @13 caryophyllene oxide ﬁqwéﬁﬁqm laedan LCsy  tinfiu
11.3 mg/ ml ToeauiAe caryophyllene Uaz piperine 34iiAn LCsy WiniU 22 way 36.9 mg/
ml sudidu uazidlawSsuidisuatsuszneures volatile oil fildainwinlvenuazndnlnesh

VHAANA WU 13 Bundded uaswanama auinagal
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mslfiiuneusziveninwinines aelaivon uaznglaitu lunsauaulslivan

WU wWinlnetunasdl caryophyllene oxide %*I'qaaﬂqwéLLazﬁﬁnstw’Lum‘i@hliLmé‘aaﬁmﬁﬁﬂ'j'}
caryophyllene oxide 31ANW3nlnge Tnsdsfuveusimeanwanlnewniian LCso WN11U 23.6
mg/ ml ueneniudafintsmenunsldmsatnanimitenuaulsduld Wy Kim et al. (2003)
AnwUseAnsnmveaniungiulsiy, Dermatophagoides pteronyssinus, D. farinae waglslu
Ty, T. putrescentiae  Akendengue et al. (2003) ldnageudszansanvesanseilsainiiy
Uvaria klaineana, U. mocoli wag U. versicolor fiulsiw, D. pteronyssinus Wu31 crude
extract MNEEUIOY U, versicolor Gsanngme methanol way hexane ﬁﬂi%ﬁwﬁmwﬁﬁqmﬁa a
A1 ECs, WU 0.095 waz 012 o/ m’ audeiu ilow) hexane extract wnafaiieuen
2IAUTENOUNUAINEY flavanone wiialwiAa versuvanone Wag oxoaporphine liriodenine R
fifn ECs 31030 1.5 ¢/ m” dauansadinann U. klaineana fiafiade dichlormetane 5ifn ECqy
wirtu 0.85 o/m” Tuauedl U, mocoli laifiuseansawlunnsails

PNTIENILVOITIFANT WavAny (2552a) 91891UN1saaeUUsEanEamA sty
vonssweaniivayulng 30 viin valsdngnin 2 viin laudlslauan L. perniciosus uaglsin F.
heteromorphus TapAsnssulutieat finas wuiminsunesssmsanniudeniiusdaninlnes
ﬁﬂixﬁm%mﬂumi@iﬂ'ﬂ‘ﬁﬂa’]ﬁﬁqﬂmaﬁﬂ"] LDsy U 0.020 pig/em” 58830 thsfuvey
sumpaniendansnlngdn arladwen nzladinu NIUNE BULYY g wazuyun Tasiien
LDsp WNAU 0.036, 0.074, 0.135, 0.171, 0.241, 0.246 way 0.336 ug/cm3 AuAU nazdnsu
veuszmgaINUAsNRumANEn I iUz Ang nmluniselsinfidianlnedian LDy,  wirfy
0.011 pg/cm’ SedawnAe tifumessmeatniowaansnlned nIuwg afiudu nzladdy
nzlAsven NzU7 warauwe TlasiiAl LDy, winfu 0.020, 0.028; 0.036, 0.059, 0.063, 0.102 uag
0.219 pg/cm’ PIndIU (A53AfnG wazAmE, 2552b; MaluA WasAE, 2552) il madey
L 3sn1sduia wudﬂﬁﬁﬁuwamzmamﬂLﬂé’anﬁuLuﬁﬂw%ﬂl‘wEJﬁﬁﬁﬂ‘izﬁw%nﬁw'lumif:;hlﬂﬂﬂa1
ﬁﬁqﬂiﬂﬂﬁm LDsy -~ WINfU 3.961 pg/em’ SevaunAeinsiunansymeanidowdansnlnes
nung aglaitnu nzlasweu auwe Wiiudy wazuzun Toedldn LDy, Wihdu 4.074, 4.695,
5.017, 5.393, 9.681, 11.301 waz 12.143 pg/c:m2 ANNAIRU ﬁm%’uﬁﬁﬁwamxmmmmuwgﬁ
Ui:ﬁﬁw%ﬂﬂwiuﬂwaqiwliﬁmﬁﬁqmiﬂE}ﬁﬂ"} LDy, WU 2,156 pg/em’ sosaaunferisiunenssine
Mnwdenuudaninlnedr ewdaninlned azladtiu arladveu viudu suive uay
uzun leedln LDs, winifu 2.405, 2.428; 2.555,2.918, 5.665, 6.855 uay 11.017 pg/cm’
ANNENRU (R9AENG uazAmy, 2553  ReluA uazAme, 2552)  9In31e8auasiiulédn
Uszavsnmueniduneusyvennivayulnslunsirdalsialafininlsldvan valaisnissu
uaeISnsdula aenrdeaiunisAnwives Pumnuan et al. (2008) Wenfunisldansatnain
nunguazaulweselsiauarlslivailagiBnisduda wudrarsainanniungiafafae
dichloromethane fUszaniamlunisidalsingsndtlslivan Asfien LDs, winiu 20.44 wasz
34.97 ug/cm’ AUEIRU ﬂaﬂlm'ﬂ,ﬂm‘Uammmwumumamuuwamvmsmﬂwsmnﬂmﬂmﬂ
U199 WAZAINTIBITUTBY Pumnuan et al.(2010) Lﬂmﬂwiuawamwmammwam”mamﬂwm
Urunswilaludsemealne wutnannsesnlslavan L perniciosus 16 Ltamawauqmmuwam
seigniain 0.01% Lﬂuehumamawmﬁmimaﬁﬁ'ﬂﬂwamzmamﬂmzlﬂ%'waw‘%aw%ﬂlwaﬁw
Jussdusenaundnuesgns wuasoiiuUssananmlunisehlsléunniy

339AAN ﬁ uuU 81uT dunded wazwsvaanA H‘H'Iﬂ"lm’im



senuatuauysal
mlfituneussveninwinlned avladven uazazlaitu lunsaunulslivan

dipunhduvenszmeanndonuwdaninines Wewdandnlves agladiu agled
oY NUNG wasviludu 11n1sAnwUsEaNS A maen1sinaanidudiduievaalslavan Tae
AFn155u wusfunaussirenawasnsninesi Juszansawlunisdussnisiineanidusn
2w ' a = " W i A
wrisveslslavaunniiga TnafiAn EDs, Wiy 16.09 peg/cm” sesasnfeuniunensziigan

= s @ a o Ve E23 2\, 7] = o
wWasnvuwdaninlnean aglaitnu sslaivion viiudu uazniung laedidn EDs, winfu 17.39,
3 o at L7 5‘
17.81, 19.66, 41.75 uay 81.11 pg/cm’ @WE1AU (Pumnuan, et al, (2009); 959AANA LAy
AlY, 2552b)
3 & @ q( o 2 = 1 f]" a = o

UDNINUUITIRANALAZANE (2553b)  deldsneaudninununaussieannnininesn
mzlafiiu avlaiven ueund viudu suwe waznung Susgdvsamlunislalsinliuinninls
Touanlaunnanaiu lnefiaududu 0.1% yidurenssveainaglaitiu axladven wWisniu

-3 a o é’i’ =3 a o = s 1 g = =

Wwaansnlnent wazilawaansnlnasn duseansainlunislalsieassaialalaaiian %R
1NN 50% LaNANILINTY 1% UnsTuveusyweainezlasinu asladveu nung Waenyu
waansnlned uaziiawdaninlunesi Tuseansamlunislalsfauazlsluvanlémlaeiiang %R
WINAU 60.3-71.4% WA 53.4-62.9% AIUAGU

Tagyildinaziinnulhdenfutindurensyivguwasaisiaiinigg T9e13asilnananis
Wigiulnvedia duiudslalinamegouiiduveussmeaniivnfivsednsamlunisanlsdng
Winran1sRsyAulnveslaminvauuniwayiiainginis 1ae3sn1s paper disc diffusion uu

o 1 !6' L7 = 1% [ a o d!" [

91913 PDA AUt 1.5%  wudnihfuneusuveannifaniuudnndnlnesdi iilewwde
wInlvem Lidmaroniiwigrestomaveus duuiunenssmennidentiuiudaninlvy
M Wawdansnlnem azladtu wazezladvoy lufinansznuvsaiinanssnudesuinmanis
Wigvendoingan1s  Iegltouinaiansaniylamudnd 3alifn clear zone lmelvinall
wansrailoguiunguaun (Tugn waznane, 2553)

nsuniiwienszefiaiannFoniuudatasiawdaninlve azlaiven wasezled
U1u anldlunistesiunazindalsldvan Ingldfinasanisadyveaidowinin duinaulaunn
ﬁaﬁuﬁﬂLﬁuaumiaﬂw@aﬁaxﬁmmqm gﬂqumﬂﬂz’f waLansINIsltdueusseanie e
nstlesiiunasidnlslavan Fadulsdagiraiiddyuaziaumumusoidurenssimeninnii
1sdia anldlursumnzinlildognaunia3e wasiinusslovdggnuninunsnsuazguilan visly
AMULATYEND gun el uardundon

o £ o a w
AANA YUY §1us Bunidsd uazwamuanA guinieyad



N 2
aunsaluazidn1snaaes

BN1sziinuauu1
1. msdssdulevuamisiu
Wudsnawmsaudiomialvuignslaaldilagannaeniinan dhandediiasguy
9137u PDA Tuan1mlasnitie dnvzaeniinandaihuides Wedevsdodlidnvuss nuse
lsAuazuual kazdue) lnsiinengeunsuvziinisiinalesuass Ingldloonsnanssening
d1ufeYDIATULAEIUABN
o w X <2 v 1
2. maivhrsaadiesing
o @ i E% < o R = i 2/ 2 a o =t
ndadhandsawdeivosnliaauasudinld 1. aAu tielvidatiy dnluils
wiosuaunszRadad I gnUszuin 15-20% thlusay walidadrvinauivung
Irlanadudsann 60% nsenldvinuieiniuuiagenn Ussana 1/2 - 2/3 283970ud290q0
g1 unszaevseguatadnnuauiaudesiuletiuazsaaauens Uluiseingenienilais
AMNGALR 15 psi 1Wunan 1 Falus nuudaihiviatiduigw@endididaieite uazaede
£ EII o = L4 @ E:J 27 Eﬂl ﬁl 2 ' 2/ 1 5
Winne s iunAnaud Inesatwiududwdenune 0.5-1 cm” sioradiafiig a1ntudurie
daialingumgiives dulomnvzduauun aunsadtonlldliuszunm 9 Tu
o v & XA
3. MINYNBUYDTULAREY
wnelegldUiaasliiilagou dwivgnsamnauildUseneume Udesldilagau 51
azidun UeanTiey wagBuduvseyuuin Usuam 100, 3, 2 uae 1 kg AINAIRU NANARNIART
drunauvatemsuastlmidaiy Usumnudiulilea 50-55% snussglugananafinnuiou Till
uniinUszana 0.6-1 ke nuliwiu asslngsldremanatadin fshngalieia Wuganaiafinny
W1AARYIA Snedbiie wdIgaregNdId Mumensen1wsegmataannuiou unlulieinds
2 v =t v -~ s o o o Y A %) v 8 v |
mesiatannudun 15 psi e 1 9l dhgeliidesfsudauiuinliduluiesazen

o =

idawinvourniluwdadnvadivsedlildadigeg 10-15 waa sanszanuiviudduazaavin

o &

ihluifulifgnmpivesuasinnsssuisenniad  Ussanm 20-30 Ju duleasiadysiugstides
Fernsaufiashludelieanaonls
4. msdalvivanaan

145l fatngemanadneenausludgs rumzuasoufuuuudy sui A mslih
asliiuay 2 ads luthaduasine ifeudauasuinalsafouiiatnunanudunelulsadey
TlaUszane 80% wazAisavinisatowmeiniad wasaniluilanenlulsaseuladseunn 7-
10 Yu iudunenifinveurnifstularannsafiunenliudminiudnussia 3-5 u s
Lﬁumamﬁmﬂ’;‘iLﬁUImi’Nﬁmaﬂﬁa@uagj wszionenidinazlimilon Snuazvesnandinveuyn
wiidioviedin ledwouagisdunmifuiniavunanuasiifiu udidlenaniduuiu funenae

T892 wazlinuinanuad

o o o P o
A3AANA WU B1us Bumddad uaswswuana guinigya
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S ok
Bnsaesls
4 ' 7 e v & a ¢ &
wiusausalslavan, Luciaphorus pemiciosus Rack annfiouiiaiinuounniainvisidia
Yaanwasns luwn 2.mesys leodlglsliuaszeziewvoduiudowdndnaving inlslavarlugu
#1 2-3 syugrnewvieamageulsEavSnnuBsansannnfivayulnsssly (nwil 2.1)

i 2.1 vandeslsladan Luciaphorus perniciosus Rack

msainaIsaInYaLulng
uivayulnslawn winnea aslasvey uasaslastnu uvudududns udnhlvais
felpsasannndulnedsn1snaunl8tn (water distillation) (A 2.2) Tasifuuilineviog fu

audiealiuaa 3 Filue ludnibuisiuensemeivlilunsusiuies Tudiugamgl 12°C
waldlummaaeuriulssely
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Rnsmesevinduneuszweaniiasslsldvan

1. msvnseulszansmwrastinduvenssmisanwinlnedn azladdnu waznsladunou
solslduan, Luciaphorus perniciosus Rack Tnedsnnssufouds

¥nmadeuUsyansnmueniffuneussimeanninines nglaitiu wavmyladvex
Tunsahlsdngiin TneBmssudouwde vnadesusdulomeadoveslsidar, L pemicosus aq
vueudawiaveuriidediu 75% vesteuideildnionld Smieuiannnon fsly 7-10 Tu
Tuiindnnulsldvandeudiasyinnissy (ufl 0) thAeudewaldludesurun 35 L faae 3 fou
Unehdls udrBanusieisiumeusemeanfininnududu 0 (2.5% Tween-20 Tuin), 0.5, 1.0,
1.5, 2.0 WAz 2.5% U3u19s 7 ml (0, 10, 20, 30, 40 wax 50 pU/L air) sufishd 24 flus thieu
atnoanainds anatuesdudnsaeluiud 3 wag 7 vdminnssy (mwdl 2.3)

> A\ AT ; e e H
;A aunsaln1ssy, B: nssuludssuaung 35

nwil 2.3 esuasioulds L fi9az 3 Aoy

2. nsnedeuNavasinTuessymean e ldlunsindalsldvan, Luciaphorus
perniciosus Rack siamaisyvaadiaingiaiieg

s daiia

mswnedaiausaziinnsshlneihudadioihadi 12 #lus Sehliazenmudaninm
Jeuwdagn Asaulsiuriaonevn Tusu Ussasmamuiavun 250 ml Tusesn 50 ¢ siovin uae
thlususiudislu autoclave figaumaii 121°C pwstu 15 psi Wuna 30 Wit nduiiellvne
LLﬁ"JLs‘ju“?iqmw‘}ﬁﬁm ynsdeieiaveuna (Lentinus squarrosulus Mont) wiaidn8e
(Pleurotus abalonus Han) Lﬁﬂmaﬁmgm (Pleurotus sajor-caju (Fr.) Sing.) \inua (Lentinus
polychrous  Lev.) Win@uwsa (Tricholoma  crissum (Berk.) — Sacc) Lﬁﬂu‘;wy} (Auricularia
auricular (Hook.) Underw.) uLagiinunasudanis (Pleurotus ostreatus (Jacq. Fr.) Kummer) aslu
Tumandmsineianan #5lf 7-9 Su swduduledodinasyivianseunauiamdading sahly
maauwa“nmﬁgﬂﬁwamzm'aﬁiamm‘%ﬁgLﬁuimmaaL%aLﬁm%ﬁmﬁwaﬁ] Aaly

o

= s = o
239AANA Wuuay S Sundded uaswvuuna guinaed

6



senuativauysel
nliidunesssmennwininedh aglaiven uasngladinu lumsauaslslava

msnageuNavassiumenszmenivdeninssyiulnveudaiaviasieg Tne3s
paper disc diffusion Uia1413 PDA
1. wWiBNeMIRele potato dextrose agar (PDA) US39AIRAgNLA 2Imaz 45 ml

thluilseindslu autoclave flaamnd 121°C Arudu 15 psi Wunan 30 il mewnsdeade
PDA aniSeuaslunuemsdsadiaUszana 4.5 ml seauaniy ﬁﬂ*’ﬂﬁmmu’ffnﬁuﬁqquﬁﬁm

2. Wewdedidiiidladodiaudazaimauinanaeemnadeste (PDA) Udes
IﬁL%’e]LﬁG}Lf\]%ﬂﬂﬂﬂﬁLéuﬂﬁuﬂuéﬂaﬂﬁﬂaﬂLﬁulaﬂizuﬁm 5 cm YmIvedeUNATE el TEYE
Mnfivudazialngds paper disc diffusion namRevemindueusEme YAy 1.5%
AUUNTEAY paper disc Ui 20pl 'mmaagwifwLLazmwaamummﬂé’ymL°‘§a wWisuiieuriu
nauAIuAN (1.5% tween-20 T cn<m'lmuuul.l,a:ﬁ'mmmummiLgﬂaL%a (il 2.0)

3. yaFeuNavesTuessmeanaglndtne azladvon uazninlnas fanududy
1.5% saldoiinvourniuagiinganig wisuileuiuaissnls  (triazophos) sasuugih (nsu
TININBAT, 2553) UagADLITBERTILUE (0.15 uaz 0.30% nuaisu) 1neds paper disc
diffusion wilawufiuda 1 ﬁqmmmsﬁﬁtymam%aLﬁmﬂ.l'%amﬁsmﬁ’umjumuam (thndu)

4. neaauravenitunansswe nzladtiu nrledveu wazndnlnada deldoiinvouun
LALLNEINTS Lﬂ.l"i’avl.ﬁauﬁ’uﬁﬂﬁwamxmamquﬁmwm%’u“ﬁu1.5, 3.0uazd.5% lagdd paper
disc diffusion tuileuiuda 1 #unanisainuendemaiaufsuiunguavau (1.5, 30 ua
4.5% Tween-20 luih Asddiv)

AN 2.4 UARIFIUMIANTTIT8Y paper disc T: Ngunaaay, R: NauAIuAY

msnnsauRavaiwiuesszmsaInisian sy iulaveudaiavilagieg laeds
poison media Tua1s PDB

1. wipuesAsae potato dextrose broth (PDB) USS98493AgNULH YW1 250 ml ¥7A
az 50 ml hluileidsly autoclave figaungdi 121°C erwdfu 15 psi Wunan 30 wifi ALl
Buitgamniivies

2, ﬁmﬁuﬁau%uﬁmﬁmﬁmmﬂ #8 cock borer Miaesliuupmsidsade (PDA) eldly
yngurmiaTns POB mude 1 udmemiruneussmeann azledthu agladvey uasninlne
fi1 Usums 100 pl aslu pNsAeate POB fifilaasinan

o

4 3 - ar
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3. dluweuuunyuwies (Rotary Shaker) Wuiian 10 Tu thlunsesitunszaenses
¢ ®, w i v o v 2 oA a
\wes 1 (Whatman ) ¢281A304 Vacuumn pump udthlusuliwisiigamgll 50 °C Wuan 24

Pl FahludalmilnduleveaderSeufisuiu nquaiunu (ldldwe) (nwii 2.5)

g —— i

AWA 2.5 NsvedeuravesdsiuMeNsz e nitren sl aautefinviad1ag lu
A m3siyiulavestiainens 10 1, B: M3nses, G mssuidilevoude

c
PDB,

281113

3. NSNAEBUUSEAVS MwvasinuraussmEaaNydalslvUan Tunady KMITL
MInedeuUseansamweaaditiuneussmeainas lasiu selasvou wazwsnlves wia
niluszansamlunsenlslavamnniian walnansevuseltainioaiign dmadeuUsEANSAW
Tunsanlsldvanluaninviisy vasaazinpluladnisinens anunalulagnszaeuindidine
) ~ ac P ' 2 & oy a4
NW5a1RNTEUS (AT 2.6) Wnednisannulsensiasuunaude Tainfureuszimeannivain
WY 509% T Tween-20  USH9S 15 cc i ¥ 1 L vin1saaniu 2 Ase Ao 1 uaz 2 &Ua1
Y] a| =l = as = 1 I (= = 1 4 o (=1
wasnasanen wWisuwsunulssnilslidarszuiaudlidfinsaanuans wazlsadinnlusinng
szunvadlslulan
vinsgaiiusuuliuagi iy Tevedlslulan eguugeanadin Tasnsduiinu3unalslal
A A a Py | e o W o gy 9
Uameanumnganalasn 1 cm” augeag 6 30 nensu 911U 30 Nau (ansulteyiavum 300 Aoy
s N15nAaed) Tulinnanne dUai iWunaiiamn 10 dUanv

e 1 ;
Al 2.6 Tsawizidin KMITL vesrnigmaluladnisinums, A duwen, B: dly, C-D: Ansguilu
Fruliuazdnduiovaclsludan

. £ G s e
T9AANG WL d T Bunided uazwsmuand gwintsyatl



Teruaiuanysal
maliihdumaussmenniinlned avlaiuen wazngladtiu lunsaoualslivan

4. msvedeUUsEAvEMwvenituvesssmeT N sRausAsiagLin Tuvhdu KMITL

msneAeuUsEAvEn s suvewsEme ey ladtinu eylaivien wasnsnlnes viladiil
UszAvBamlunsainlslovannniian witlanssnusiediedintosiian wmeasuusyavsamluns
dwiseldwuasdngiiinluanimnisy vesruzwaluladmsineas aantuweluladnszaeundndn
Arummsatnnsls Inginsaamulnensiasuudoude Thtuveussmennitvenududu 50%
Tu Tween-20 Y3103 15 cc sl 1 1 L vinsdomiu 2 ass fle 1 wae 2 §Uaoi vdwnmsilinnen
Wisuisuilsaillsliumszunnudliifinisdanuans uadlsadailiifinsszunvedlslivm

vhnsquifurdiauariununsasingiafinuuuiusinnamien wuin 6x10 cm Shuau 4

s

fudndenisvaaes Sufinuanne v 1Buavisnun 10 ek (nndl 2.7)

5. msfnwrardnvasnisimizifinvauynrainmsiduniuneussmeaindia Tunns
Jesfiuindnunasuazlsdnguin Turnsa KMITL

Anwaan ez USnamanamesnsmnziiareauan udsnnastdsunessemean
frvwiiafiiiuszavsamlumssnlslivaninnilan wilienssudadoiatiosiign wldlumstesty
Mdnuuasuazlsdmgunluanmrnsy vemmuzmaluladmainues aardumeluladnszaeund i
Aamvnsaansyli IneTBnsdnviulnesssasuufouie Tihhiumssssmenniiveududu 50%
Tu Tween-20 U335 15 cc st 11 1 L ¥insdeviu 2 ada fe 1 waz 2 dUni wdaannisdanen
Wisuisuiulseiillslavanszunaud i ins@anueans wazlsadind bifinsssunnvadlslavan

ﬁﬂmiﬁ’uﬁﬂwawémﬁmﬁlﬁnm $u Hunanioun 10 &anv

6. mi‘wﬂﬁa‘uﬂsxaw%mwwaqﬁqﬁuwammamnﬁm&iaLLuaaLLazliﬁﬂgLﬁﬂ Tunsa
INEATNTIMIATIVYT WAz IWYsy3

Wrsudanias1vys

ﬁﬂ‘lﬂ’?‘ﬁﬁﬂLLﬁ%U%iJ'lmﬂE‘NLLiJaﬂLLaﬂ'iﬁﬂ‘ELﬁﬂﬁWU wﬁafmﬂmii%gmsﬁqﬁumamsmﬂ%ﬂﬁ%
yiafifiuszavsamilunsailslivanunitgn willnansenudadoidiatasiian anldlunistesiu
Mdnunastaslsdngialuanmving vuin 15,000 Aoy vesungUsyius dae thuaed s my 15
suauintes suneseni Sminsvys Tnouvdsuwziinoandu ¢ daw & 2 dauwsn (7,500
faw) luwnnuewihnisianulaenssasutouds MWifuveussmeanfiaeududu 509 lu
Tween-20 USinms 15 cc sia 1 1 L ¥insiemiu 2 ads Ao 1 uay 2 §Uansk ndsnnmsdasen 3n

ik g
AMAANA YuuI Sm3 Bundded uazwswusnA auannad



sneauaduauysel
msliiumeussmennuininesih szladven wazmsladtin lunsmuanlslivan

2 d e (7,500 fiaw) ¥n1s@aviuansiadl (cypermethrin) - Faduansafifinessldmuun
(nmii1 2.8) vimsduiuriauarduuuwiasdngifinfinuuuiuinnrmiles auim 6x10 cm 1w
10 fudndentsneaes Tudinuanng dami Wuaviomn 15 dUandk

fﬁ?i \

i |
Win, C: MINauanszinuiad (insecticide), D: 115
Nﬂﬂﬁ’ﬁ@ﬁiﬂ’lﬁu‘lﬁaﬁﬁxmﬁlmﬂﬁ“ﬁ, E: MsRANUENs, F: Msmanawitien, G: Msieniwmiien

‘(.,-" / N‘ \ :;:v“'; g ‘
a1 2.8 lsamasia Jminsags, AB: lsuseuws

WIsUB I TN 5YT

AnvilauasUSinaeinauazlsdngiafiny wasnMsldgasunduvensemeaniie
yilaflivssansnmlunsenlslivannign wiflnansznudedeiiaiesfign uldlunmsiasiu
o w o = o [ o @ v P '
Adauuamazlafngiialuanimiu guim 1,000 few vesunewslan Weoiui druaed 108 Wy
2 fuansed dunetuan dwdamesys leesuudlsuwziineanidu 2 dau Fedumnils (500
now) nsaanulaensiasuuieudie TdditurenseeaInivaNutudy 50% lu Tween-20
USHMT 15 cc ma 11 1 L innsaany 2 A59 Ao 1 wa 2 dUast vasannnisilanen Wisuiisuiu
= 1 ot o 1y = 1 kY d' o 1 LY a ] o o o
andauntlsnludins@anuanslas (500 faw) (M 2.9) inmsgutiveiauazdnnuiiadngiind
wuuuiusnnImLlen 1 6x10 cm 91U 3 Audnsensaaes Tuitnnayng dUai Wunan
ylaviala 15 dUuann

o

£ 3 a a
TAANA Wauau 1us Dunided uazvanuuna quinigyay
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Teuatiuauysel
msliiniumeuszmeainnnlned ezlaivey wazsslaitu lunsmunulsliuan

A7 2.9 Tsamgiiin Saniamesys, A-B: lssdoumiziia, G msmntamiles, D: mswile,
E: ns@anuans

7. asAnwmandavasmawnzfinainnisldthifunesszmvennity Tunsiesiufda
wuasuazlsdngiia Tunhsunuasnsdwiaseys wes wwsys

WrsNTIInTI19Y3

AnvBinauasnanmeskaEninuei wdsmnmsligasiuneusaveaniivein
fifiuszavsnmlumseilsldvanniian uiliieansznusedadindesiian wldlumsdestuiidn
usaswazlsdngialuan sy vun 15,000 fou vesuneyseius finte tuawd 84 wy 15
sualinges suaevends Swiaseys Taeulslsameiaeanidu a @ d 2 duusn (7,500
fiow) luuwmussinnisdanulasnssasuuieude THinuneussimeannilvaududu 50% lu
Tween-20 U311As 15 cc mg 17 1 L vihnsaamu 2 e Ao 1 wae 2 8uami vdanmsdsnen 3n
2 g Mwde (7,500 few) vinsdanuansiail (cypermethrin) - Fauansieiifiinuasldmuund

yhmstufinuadsmng Fu unarienue 10 #nsi (wil 2.10)

(B - 329

295 - e v Sl i e RS %
A 2.10 Msiiunasdaiauia anlsadia

I INTVYT

o of o = 2 «
259AANA WHUIU 27UT FUNSAID LaTWIHLLA AN
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enativauysel | (2
nslduinsunesssmennnEnives azladuey wazazlaitnu lumsauaulslivan

WIsuTmInnysys

AnwSinauasnanmemandninggu vimnnsligasiuonssmenniiveiied
fiuszavdnmlunisanlsldvananniian udsinansenudederiindesiign wildlumstiestuinde
wiasuazlsfnguinluanmungu aunm 1,000 feu veswnenelan WWeauf Sruawd 108 i 2
fruagse Sunethuaa Jor¥amesy3 lneuddlsavnziiineenidu 2 dau Fadaumils (500 o)
yhmsiaviulagnsaasuuiouie Thiuesssmenniiveuududu 500 lu Tween-20 Y3ums
15 cc 9 11 1 L vhnsiawy 2 ada e 1 wew 2 fUai vifsanmsdanen Wisuidieufiudndau
Wil (500 fow) Filaifinsdavivanslag yinmstuiinwandsayng u unaniaun 15 dUani (am
2.11)

= o a . d 2 ww =
AN 2.11 mimuwawammqgm ﬁ]ﬁﬂiﬁ\‘iL‘WﬂﬁNVI'}ﬂLW’U‘iui

NSVNANULANANVINERR VB IA LAY

MUNUAISYIAEEILUY CRD (Completely Random Design) wawiindasaiilaviavainun
Bazdruwandnnatalaglilusunsudndogy SAS - (Statistical . Analysis  System)
WiguiisuAaiedeiinns DMRT (Duncan’s Multiple Range Test) fiszdfumnudosiu 95%
95%

39AANG Wuuay s Bundded uaswivuana gy



UNN 3

WNaN1IVNANEBY

1. n1snadauyszansninvssindunaussmeainwiningan azlafiiu waznzladnou dols
[ . P ao o 3
leivan, Luciaphorus perniciosus Rack Tng3sn155ufouiaie

INNSNAFBUYUSEENTNNvasurausseannsnlnes azlasiiu waznzlasvau

Tuntsdilslovan L. perniciosus

TAEITNI5TUNBULTD WUNUNTUNBUSE N 3 adle 1

Useansnmlunisenlslavarvunawde Refimududy 0.5% (10 pl/L air) a@unsesinlsivvan
lauannin 74.8 uaz 90.8% Mgl 3 war 7 Yu eudeu (M1599 3.1, AT 3.1-3.2)

d s s ] ") 5 ¥ 2
a19197 3.1 Wesiuansaevesiasnisveslsluval, Luciaphorus perniciosus Rack vufiou
Wallinwauen? NamInsufeuuvaLssmeannsninga aelastnu wazezladnau 7

3 uay 7 U

v oy
ANULTUIUY T o =

a 1/
wWasigudmseewdy” +SD

UWHW@N?L’LWEJ%T\W?H‘LWHGT’]

!‘! ar v W
unluvenszmenasladUnu

Undumeusameanazlasviau

O/O(HM-air) A o o o o o FY=| o =
MUN 3 AMWUN 7 1UN 3 AUN 7 AU 3 IUN 7
__non-spray  0.0+0.0d =~ 0.0+00e 0.0£00d 0.0+£0.0 e 0.0+00d  0.0£0.0 e
0.0%(0) | 36:72d  42+44d° . 36:7.2d  42+44d 38£36d  4.2:44d
0.5% (10) 76.2+4.2 ¢ 90.8+24c T6.7+6.3 ¢ 91.7+29 ¢ 748+99¢c 912+11c
10% (20)  852#20b 94.1+17b  854+40b 942:17bc  _840x01b  946x23b
15% (30)  90.7+12a.  957+17ab  912+15ab 964:14ab . 913+22ab  969+02b
2.0% (40) 920+14a  97.2+0.8 ab 92.4+08a 96.8+1.7 ab 944+21a 97.5+1.1ab
2.5% (50) 94.1+1.9 a 97.7+0.4 a 948+1.1a 98.6+0.6 a 96.4+07a 100.0+0.0a
Snwsiiuianmiiouiilusuads ludrmumndneiuesnitddnmneain (p<0.05)
100
80
=
& 60
"5l
£
& W3nlnesh
£ % # arlafiu
H ngladuay
20
0 o

30 40

anududu (ul /L ain

50

AR 3.1 Wesidurnisaevesiuiuisveslslauan, Luciaphorus pemiciosus Rack Uufoudaiin
YOU VERINSUAWUTUMBLSEMEINWS N nean szlastnu wasnzlasveu 71 3 Ju

ol £
AANA WU Grus Bunddad waswsnasnA aunyal



Tenuatuanysa
msliifuneuszmeaniinlve nzladnen uasezlaitin Tumsauaulslivan

100

80

60

winlvnam
40

B aglasiu

wWadidudnisniy

W nzlasnau

20

0 10 20 30 40 50

AnsLdudy (ul / L air)

= o s [ x e o &
A 3.2 WesWuinsaevesiamudevedlslyvan, Ludaphorus pemiciosus Rack Uufaudalfin
YUV KAINTUMIBINTUBLSEWIRINNE nInasn aglastu wazezlasven 71 7 Yu

2. mIfnwwavasvasduenTsmEIn Al lunsiidalslavan dentsiyestaii
YUAKIN9

17833 paper disc diffusion U1481%15 PDA

HaYesL e NsANEANTUTY 1.5% Ao niasaveidaiia

nnmsfnyravesiuvetszennaslastiiy azladuen  wawdnlnessienis
Wiyiulmentariaounn Wianhe Waudh aus Wefiusse diany uasdaussednd
wuinifumenssmets 3 via Aaradudu 1.5%  lLifinasemsisdyivinveadoia (nwd
3.3-3.9)

: — - e =

NN 3.3 ﬂ'ﬁL’«oiﬁyLﬂUIWUENL‘*ﬁaLﬁG\ﬁUEJwUTJ (Lentinus squarrosulus Mout.) %a9INNAFDU
UNTURBUITENENANVAIUNTY 1.5% USuew 20 pl (T) 1ae?B paper disc diffusion
Uuams PDA Wisuiwsuiiunguaiuas (R), A: aelaiinu B: avlaivien C: winlnesh

o o o a @
a59AANA Wy S Sunided uaswavana guaniyad
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Tunuatuaiysal
mslddhduransasennninined axladven uavmelaithu Tunsaunulsldlan

i - = ¥ *| g u 5°/ o
A 3.4 maasyiulnvesdiawinidnEe (Pleurotus abalonus Han) ndsanneaaeuingiumesl
SENEAINNYALTLDY 1.5% UTuiad 20 pl (T) TeeAB paper disc diffusion Uus
PDA Wisuifigufiunguaiunu (R), A: agladtnu B: asladweu C: winlnesh

A wd 3.5 nmsiasgiulnveaiainuneila (Pleurotus - sajor-caju(Fr.) Sing.) vidanagaUnsiu
ROUTZABAINANVAIUNTY 1.5% USuams 20 ul (T) Ineds paper disc diffusion uu
971115 PDA 1SsuWiguiiunguauau (R), A: slastnu B: aglaivan C winlnad

o a5 ) AR
AINWN 3.6 ﬂ’l‘imiﬁy,muimmmmﬁﬂum (Lentinus polychrous Berk.) #aamnag@auuINUNDY
SEMEAINNYAUTNTY 1.5% UTumu 20 ul (T) InedF paper disc diffusion uuams
PDA iW3suiisudunguaiuau (R), A: aglasthu B: azladuen C winlnasn

o £ Pl P ]
HAANA Wanu Sws Bundded uazwsvasnAa awneya
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Tenualtuauysal
mslfhduvenssmennwinined arlaswon uavneladin lunsmuaulsladan

d S B s ; S 2h
QNN 3.7 ﬂ']‘iLﬁﬁt‘gLﬁlUIWUﬂ&L‘ﬂ@L‘lﬁW}ULLiﬂ (Tricholoma crissum(Berk.) Sacc.) haanaaauuly
NOUTLUGAINNVAINANTY 1.5% Usuad 20 pl (T) 1aedS paper disc diffusion U
8713 PDA Wiguiisuiiunguaiuas (R), A: axladtnu B: azladveun C: winlnes

] = A = Y ; ! LY
NN 3.8 ﬂ’]‘iLQ‘if‘gLfﬂUImj’eNL%Lﬁﬂﬂm‘.} (Auricularia auricular (Hook.) Underw.) iganaaau
UdunausLgINNYATINTY 1.5% Usunau 20 ul (T) 1aeds paper disc diffusion
vuaWNs PDA Wisuiisunungumiuna (R), A: siglasinu B: avlasvey C winlnes

A 3.9 nasyiRulpealioinunssugnis (Pleurotus ostreatus (Fr.) Kummer) vidaingeau
UNTiunon T INNYAIENTY 1.5% U3una 20 pl (T) 1aeds paper disc diffusion vy
8115 PDA Wisuiisuiungumiuau (R), A: azladtnu B: seladvon C: winlnas

. R SR
AANR uuIU S1us Bunided uaswsraunA guanigad
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dilnvodyanan WIZIoUINIIAIANSTEIN

Teratuanysal | {7
milduniuneussmeaninlned azlasvey wazazlaitu Tumsmuaulslivan

wansmwaqif’;zi’wamzmzumzmsmZm’amm?gwaq;ﬂyagﬁm

navesthTuenssmennnyladthy arladven uazwinlnesi Aaududy 1.5%
nagauiulaifnreusnitasifinuiasudentd ﬁﬁaﬁﬁmgtﬁﬂﬁa 15fin wazlsladanr  eudidu
wWiguiiguriuansenls (triazophos) 8nyuuzi ("su3wINTnERS, 2553) LaraodNvesns
wuzAl1 (0.15 waz 0.30% maidhei) Tae33 paper disc diffusion wWisuifisufunguauA (i
ndu) wuiniumessmeannngladthu eglaivey wasrnlnedimnududy 1.5% wazanssh
15 (triazophos) liifinasensiasavesdowin (nwdl 3.10-3.11)

S — S

Al 3.10 ﬂﬁlﬂ‘%ﬁyL?}UIG!“UENL%@LﬁWU@U‘U’I’J (Lentinus squarrosulus Mout.) WaRINNAADU
hifumeusmeann upnududy 15%  waganssils (triazophos) Usuaed 20l (T)
wWigueununguaauay (R) 1ne38 paper disc diffusion vuemns PDA, A: aglast, B:
azla¥uen, C: winlves, D: triazophos 0.15%, E: triazophos 0.30%

e, -
Al 3.11 mawsaiulaveaideufiauissusantd (Pleurotus ostreatus (Fr.) Kummer) wdaann
naaouLuvensEeInwAd Ity 1.5% wazansaiils (triazophos) U3unad 20 pl
(T) Wiguiiguiunguauay (R) 1neds paper disc diffusion uuemis PDA, A: azlead
U, B: melainiow, ¢ winlnasn, D: triazophos 0.15%; E: triazophos 0.30%

£ o =Y ar
59AANA Wauau 8103 Bumided uazwanuuna gwinigyay
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senuaduauysal
naldfihsunenssmeanwining alainon waznzla3tu lumsauaulsldvan

msSeuiiigunavasisiuneuszeainazla it nsladven uaswinlnesiiy
zfqﬁ’uwamzmemnmuwg} damsiosyiulnvaadain

mimaa‘uwamaaﬁﬁﬁuwamymamﬂmlﬂ%’ﬁw mulﬂ%’mau wagwsnlnaslangliainy
L“EJJJ‘UHVIE’{\‘I‘UU (1.5, 3.0 WAy 4.5%) LﬂiaumarunUmuwawwammmawﬂuavuwsuaqmi NUN
umuwauivmammwmlwammmwmu1.5, 3.0 way 4.5% thsuneussmeanagladtuuay
nelasvonmnundudu 1.5% lifnadenmswiuiulnvesdediaassiinsataunietsiuron
iwmamﬂmvlﬂ%’ﬁ'nuuavmvlﬂ%'mmﬁmmLﬁt’l'u%'u 3.0 uay 4.5% ﬁwaﬁaaﬁiamsm%mLﬁu‘lmmamﬁa
L7i muumwamvmmnﬂmuwawﬂm'mLﬁumumamaﬂﬁmmawﬁamﬂm 2 yfialddaaud
mduduias 1.5% Wuduly (i 3.12-3.13)

azlasinu

azlasvau

wWanlneal

MUNE
u

AW 3.12 nssLAulaveinuouva (Lentinus squarrosulus Mout.) B&391AN1SAEBY
dhduneusvme M nnagladdu zladwey wasnsnlnesdieuiieuiuisiumey
FLVMYIINNUNGAIHTNTY 1.5% (A), 3.0% (B), 4.5% (C), USunau 20 pl 1aeds paper
disc diffusion Uwe 1S PDA wWisuigununguauay (R)

oo

39A ﬁ ET TR FIL 'E)‘U‘V'I‘iﬁ’lﬂ WAZWIWULNA nwsmmi]'u
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Tenuatvasysal | g
msliiiunonsymeainvinlyenn nzladuey wazaglaftin Tumsauaulslaiven

azladinu

nzladviay

wWinlnee

NMTUNE
u

Al 3.13 nsasaiAulaveaiinuesudand (Pleurotus ostreatus (Fr.) Kummer) #énnnsg
nodeuitunanszme (T) anegladiu asladvey waswinlnasdSouioufuiiai
MOUTLNEINNUNGAMINTNTY 1.5% (A), 3.0% (B), 4.5% (C), Usumu 20 pl a3
paper disc diffusion Uwa W13 PDA Wisuiisuiungueuay (R)

o £ o a )
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Tonuaduasiysal
msliifuneuszmeinwinlved azlaiven uasavlaitu lunmsasuaulslian

1ne3% poison media luawns PDB

MnMsEnwnareiumenssmeanazladthu aladvey uazwinlnas denns
Wiaiulavedoiaunsii Wingints Weeriuuse Waveurn wWishde wesidefiaun Tnes
poison media T893 PDB Y3103 100 pl luewns 50 ml wuindsumenseieanwinlneg
Finadenisiaiyivlnveadaiiannaiintoniian Taeiidminuiesduluety 10 Su wihfy
61.4, 47.0, 48.3, 60.0, 35.0 uag 33.3 mg MUAIAY mmsﬁﬁwwﬁ'ﬂLLﬁwaaLﬂ?})aLﬁﬂluﬂejmmmm
winfiu 85.0, 72.0, 60.0, 63.3, 47.5 uaz 40.0 mg AUGIAU dudhsfuneussanagla i
wazmzladneu ﬁwaFi'ﬂﬂ’]‘iL%%@Lauim%@ﬂLﬁaLﬁﬂﬂﬂﬂiﬁﬂ ﬁaamﬁaﬁus‘?aﬂﬁm%ﬁymmﬁaLﬁﬂlﬁ
1NN 50% (A 3.14)

70

60 55.3
p2.8 515 ik

~ 50

o > 44.2 43,5 44.2

£ ;

p—

B0

=

G

ag 30 - :
= 22.0 8
= .
aon 20

13,033 §

10

%
|

Cyc
Cyn

& = O T | H 4 a & a & & & o
\Wawiaunada LUBLAATING LUDLRAAULLIA LUBLAUaUT wakage LUBLURAURA

&« % W
LUBLAA / UNHUNDUIZLNEY

d' :’ @ 2/ d’l) & 1 = ot [ 8 % L%
A 3.14 uminidulevediiomausiazaiinany 10 U vuemas PDB wavadeumetiiuvien
SNy C: nguatuay, Cye azladthu, Cyn: nzladwo, Pep: winlnesh

3. ManadauYsAnEnmvasisueNsEMBINAivsalsliUan Turhda KMITL
nmsthgasisiunaussmeanninlnes smesoulszansnmlunissnlslivaluanmriiy
vasnmsnalulagnisinens anduwmealuladnszrenindidinummnsainnseds Ingisn1sdanu
Tnemssasuufouds Tinumeuszmeaniiveudutu 50% Tu Tween-20 U3ums 15 cc de 1h
1L yhmsdanu 2 asa fe 1 wae 2 &t viainniadanen Wisuidieuiulsafeiidnisanmy
wuirdwliuasiaduioveslslivaiioguugananadin anamdsandavuegasinduron
sumennwinlned wazanunsoauaulsldvanldnielu 4 Uasivdsannisldadegarig
vauzilsadindlifinisdany Smuviunuiudutsvesdlslivalusnmasiinaonsyezian 10
&ensi vausFilivGunailaianas (nwil 3.15)

o £ ° = o
3AANA WawY Sus Bunsded wazwsvaanA guingyad
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Tenuatuany sl
misliiumenszmenaninlved agladvey wazazlaithu Tunsauaulslivan

WUET
G 200 - v AT @evinhshmausssnnndnlngdn) - 160 =
& = . @
- 180 o I iy (ngueauRy) o =
% 160 —— 1§ [@aviviafuvsuszmvesinwinlngs) =
S a0 = = = ld (ngaAiun) - 120 2
I ks :—‘ﬁ
2

5 120 L 100 T’S
& 2
= 100 + L &0 j
= b
T @
2 80 S m 3
L 60 =
- L 40 =
40+ - g
\\ n(t;

0 - % L 20

s Lo

1 2 3 4 5 6 7 8 9 10
o ¢
aua

and 3.15 Suulduasdafuteveslsliuan, Luciaphorus perniciosus Rack Uufiaulaiiin
YUY UMEga T duneNssivganniniveds (50%  Tu Tween-20)
U3uns 15¢e / 1 1 L ilSguiisuiungueasvas (lainisdanu)

4. mvageulszaniamvasisiuveszienniigiaudasdagiin Tursy KMITL

NNNITVAFBUYTEANEATWeEn U uRNsTmEI NN Inaa e slasiuidausas
Qs =1 a I = = C% = N 2/
Anginviindneg TulsaSeu KMITL ammalulagnisinuns andumelulagnszaenndiiin
nmsaansela wWisuieuiulsadinibifinasldasgasanulnaienann sivsvieuiiouiu
lsaseuniiuaglifinssyunavedlslival wudtansanuiasdmngdialutudnn imilelavans
wia laun fasazia (Cyllodes sp.), wiasiulese (Lycoriella sp.), WiasTunasn (Megasellia
sp.) wazuNas (Drosophila sp.) \uiu (Andl 3.16)

29 3.16 waasinululsamnsidia KMITL paieinaluladinisinues, A: faaaizwia,
B: uiasiu@ese, G uuasiuness, D: uyasw)

ar

G s
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seuatuduysnl
maldlunenszwmeninidnines aslaiuon wazazlaithu Tunmspauaulslavan

Usunaasinulusudnnnmiden diewdesuiisusenindsadailiinnsszuineesls
Tsainfiinsszuiavedlslavan vidnuasbidanueganiviuveussmennwinives wui
USunadiaansiiin wiastudese wasiunedn wazunasd Susuiadiliuandisiunass
syEyIan 10 dUAY 289n1599894 InUSinumaasdin wuasTunese warkuavi nuusunu
founin 10 F/fudn vasdivsinausasfudssanvunntudieszeznailunsimzfiaunniy
Taelutae 4 dUavt wdandanendianuySinauuasiudedalulsanisdiailuiinisdanudae
anmisfunonsEmenwininedgenilsaumizdiiafiinnsdawudoganifunenssivean
winlvas (il 3.17)

50 - A 50 - B
...... P S —=ef@=== P
7= el R EL SRS =
IE e
ae'_':' ?2
& 30 & 30
& =
TE 20 = 20
a a
= c
10 10
0 0
N EREY ) ocac 0 a5 48 ool 4 B°dl7 8 o 10
duani FUai

505 50
B —==@=-= P R Sy ~—c@e-- P
E40 —a— PN -e =M C 240 N ——PM --®- =M D
e I
?g aé
3?"' 30 -~ ;'{-“e 30 -
g =
E 2
A 20 U 20
e =
Lo c
€ &
10
0
1. -2 .3 -4 .5 6, B9 10 1252 3 4.5 6 8 9710
dUa FUai

Al 3.17 UsinauuwasiinunsiasdUni (A faaenzidie, B: wasiudeda, C uuasiunasa, D:
wiaend) llsamnedfiasineg fu ¢ Tsamuay, P I‘N‘ﬁ"ﬁﬂwuqmﬁﬂﬁwamxmamﬂ
W3nlnesn, MP: Isa“?iﬂéaalﬂﬂﬂﬂmLLasﬁm‘w'uQmiﬁ'\ﬁwamzmamﬂw%ﬂlmﬁﬂ, M: 59
Uaolslivaualidfinsdanuansliag

IAANA Warwu Sus Bundded waswswuunA avnyal
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nefILULUE BLRRIEMZEN Rapsng LE NIt uggrse
[sLé‘LLL!éTLNLléEE,LUFﬁFtllﬁ11LB[lﬂ;1§1B@Q[LMI}§,1 ‘W LMH%IULMUL&BVL?"LN@VL?’LFEL?L
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Effectiveness of Essential Qils of Pepper (Piper nigrum Linn.), Lemon
grass (Cymbopogon citratus (Dc. ex Nees)) and Citronella grass
(Cymbopogon nardus Rendle.) against Mushroom Mite (Luciaphorus

perniciosus Rack.)

Jarongsak PUMNUAN* and Amniorn INSUNG

Department of Plant Production Technology, Faculty of Agricultural Technology,
King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, Thailand

Abstract

Acaricidal activity of essential oils obtained from pepper (Piper nigrum Linn.), lemon grass
(Cymbopogon cifratus (Dc. ex Nees)) and cif;onella grass (Cymbopogon nardus Rendle.)
against mushroom mite (Luciaphorus perniciosus Rack.)on mushroom cubes was evaluated.
Essential oils at various concentrations of 0 (2.5% Tween-20 in water), 10, 20, 30, 40 and50
ul/ L air were placed respectivelyinto 35 L fumigation chamber. The fumigation time was 24
hrs and mortalities of mites were observed in3 and7days after treatment. The result presented
that essential oils of pepper, lemon grass and citronella grass were highly toxic to the L.
perniciosus, remarkably at10 pl/ L air, more than 70and 90% mite mortalities were found at
3 and 7 days, respectively.The effect of those essential oils on mushroom (Lentinus
polychrous Le’v) was conducted by evaluating their growth inhibition rates. Essential oils at
the concentrations of 0% (2% Tween-20) and1.5% were tested bypaper disc diffusion on
PDA. It was found that essential oil of pepper did not inhibit the growth of L. polychrous,
comparatively similar result was found in the control. Field application was also investigated
by direct spray of pepper essential oil at50% inTween-20 for 15 cc /L water in mushroom
farm at the 1%and 2™ week after blooming period. The results presented that it could

completely control the mushroom mite withind weeks.
Key words: essential oil, direct spray, Luciaphorus perniciosus, Lentinus polychrous

1. Introduction

Several mite species are known to attack cultivated mushrooms in Thailand. Luciaphorus
perniciosus Rack (Family Pygmephoridae) is considered one of the most important mite causing

*Corresponding author: Tel: +662 329 8514 Fax: +662 329 8514
E-mail: kpjarongsak@kmitl.ac.th
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yield losses in mushroom production. They often cause 10-20% yield loss and occasionally total
crop loss [1]. This mite reduces the production of Lentinus squarrosulus (Mont.) Singer, Lentinus
polychrous  Le’v, Awricularia auricular (Bull.) Wettst.andFlammulina velutipes Karst,
mushrooms in north and northeast Thailand [2]. Control of mite populations in mushroom farms
is remarkably limited and chemical substances are sometimes used during the beginning of
growing period. Therefore, only sanitary measures are to be appropriately applied in the
mushroom house. Carbamate and organophosphate insecticides and some organic solvents are
employed to control this mite, but without much success. Because of the potential for resistance to
develop, together with concern about environmental damage and human health risks resulting
from chemical pesticides, there is increased interest in biological control of this mite [3].

Plant essential oils may provide an alternative means of controlling mushroom mites since they
contain a rich array of bioactive chemicals that can be used to control several agricultural pests.
To date, several crude extracts of many plant species were tested against stored product mites,
Tyrophagus putrescentiae Schrank [4], pig mange mites [5] as well as house dust mites [6, 7]. As
for the mushroom mite, [8] reported that clove and cinnamon extracts induced 88.7% mortality of
L. perniciosus when applied at the rate of 125 pg/cm®. Moreover, dichloromethane extracts of
clove and cinnamon showed the highest toxicity against L. perniciosus with the LDs, values of
34.97 and 35.57 pg/em’, respectively. There were so many reported of using plant extracts for
controlling insect and mite pests as well as some reported dealing with controlling fungus plant
diseases. However, report of its effect to mushroom was not found. Antifungal properties of plant
essential oils have been reported by researchers throughout world [9, 10]. Some researchers in
India have reported a number of essential oils for their antifungal activity [11]. A good number of
essential oils are reported to be effective against many phytopathogenic fungi [12]. The extract of
clove, citronella grass and lemon grass were tested for in viro antifungal activity on Phomopsis
azadirachiae, the results indicated that showed 100% inhibition of mycelia growth at 2,500 ppm.
[13]. The essential oils of thyme,clove peppermint, soybean and peanutcould be used for
controlling the storage fungi ofcowpea [14]. Oregano oil is also reported to inhibit the growth
ofdspergillus flavus, Aspergillus nigerand Aspergillus ochraceus [11]. Use of plant essential oils
for controlling mushroom mite pests which does not effect to the growth of mushroom would be a
satisfactory alternative method. These involve high efficiency, convenience, economic and safe
for health and environment. '

The objective of this study was to evaluate effectiveness of some medical plant essential oils,
namely; pepper (P. nigrum), citronella grass (C. nardus) and lemon grass (C. citratus) against
mushroom mite, L. perniciosus on mushroom cubes by using fumigation method, as well as to
conduct the effect of those essential oils on mushroom (L. polychrous) by evaluating their growth
inhibition rates, additionally, field application by direct spray method.

2. Materials and Methods

2.1 Stock culture of mushroom mite; _
Colonies of, L. perniciosus was reared on sorghum grain infested with mycelia of Lentinus

polychrous Le’v and kept at 27.2+2°C, 70+5% RH.

D66

I5eRAnA wuuru ST Buwdded waswmuand guanigad



Menuatuanysal | g0
nslithifunaussmearnwinlneda adlaiven uavayladtiu lumsmunulsldvar

2.2 Extraction of essentialoils;
The essential oils tested were extracted by water distillation from the following plants; seed of

pepper (P. nigrum), leaf of citronella grass (C. nardus) and peel of lemon grass (C. citratus). The
distilled essential oils were stored in a refrigerator at 12°C for further experiment.

2.3 Experimental treatment;
Fumigation qnethod on mushroom cubes, amount of 2,000-3,000 female adults were brushed to

the mushroom cube which about 75% fully growing stage. Left it for 7-10 days and mite count
was made before fumigation. Three mushroom cubes were put in 35 L fumigation tank. Then, 7
ml of each essential oil at various concentrations, 0 (2.5% Tween-20 in water), 0.5, 1.0, 1.5, 2.0
and 2.5% (equal to 0, 10, 20, 30, 40 and 50 ul/ L air) was applied. The fumigation time was 24 hrs
and mite mortality was observed at 3 and 7 days after treatment.

Effect of essential oils on mushroom (Zentinus polychrous Le’v) was conducted for evaluating
their growth inhibition rates bypaper disc diffusion on PDA. Four pieces of filter paper sized 5
mm diameter were dipped in each essential oil at the concentration of 1.5% and then were put
separately in a square shape on PDA containing inoculated mushroom. Where, the control was
2% Tween-20 in water. After 3 days, observationg as colony characteristics, growing area, were
made until 7 days and compared with the control.

Field application, it was also investigated by direct spray of pepper essential oil at50%
inTween-20 for 15 cc/ L water in mushroom farm at the 1¥and 2™ week after blooming period.
Number of egg and adult were weekly randomized counted on 30 mushroom cubes located in
side mushroom hut (each hut contained 300 cubes). Observation was made for 10 weeks and
compared with non essential oil application.

The experiment was designed in three completely randomized replicates. The data obtained
was statistically analyzed by applying analysis of variance (ANOVA) and Duncan’s multiple
range tests (DMRT).

3. Result and Discussion

The essential oils obtained from those three plant species could be used to reduce Z.
perniciosus numbers under. laboratory condition. By using the fumigation method on
mushroom cubes, the essential oils of pepper, lemon grass and citronella grass were highly
toxic to the L. perniciosus, at10 ul/ L air, 76.2+4.2, 76.7+6 3and 74.8+9.9% mite mortalities,
respectively were found at 3 days. When at 7 days after treatment they remarkably resulted
90.8+2.4, 91.7+2.8and 91.2+1.1% mite mortalities, respectively (Table 1).[7] stated that the
essential oil of citronella grass was extremely toxic to Dermatophagoides pleronyssinus
(Trouessart) with LDsq value of 0.935 pg/ecm’® at 24 hrs after fumigation. Moreover, essential
oil of P. nigrum showed acaricidal effect on the spider mite, Eotetranychus cendanai
Rimando with LCs; of 23.6 ml/L [15]. [16] also reported that essential oil of black pepper at
0.14 mg/em’ could be used to repel the red mite, Dermanyssus gallinae (De Geer) during the
first 2 days. [17] studied the effectiveness of lemon grass and citronella grass essential oils
on pregnant female of L. perniciosus with a median effective concentration(ECsy) value of
18.15 and 19.66 pg/cm’, respectively. Whereas, turmeric and clove essential oils showed
ECs of 41.79 and 82.09 pg/cm’, respectively. The results of this study have indicated that
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these three plant essential oils showed high potential to be used as a botanical acaricide
against the mushroom mite, L. perniciosus. However, studies on application under farming
conditions are still needed.

The effect of those essential oils on mushroom (Lentinus polychrous Le’v) was conducted by
evaluating their growth inhibition rates. Essential oils at the concentrations of1.5% were
tested bypaper disc diffusion on PDA. It was found that essential oil of pepper did not inhibit
the growthsof L. polychrous, comparatively similar result was found in the control
(Figurel). Nowadays, report of effect of plant extracts on mushroom has not been found.
Whereas, many reports dealing with effect of plant extract on plant disease fungus were
found, asthe essential oils of clove, citronella grass, turmeric and cinnamon were reported
thatinhibit the growth ofCladorium herbarum [18]. This was the first report regarding effect
of essential oil on mushroom, particularly of pepper; it did not show any consequences to
mushroom. It was a very interesting result because normally mushrooms are very sensitive to
odor or scent substances as essential oils.

The results of field application presented that it could completely control the mushroom mite
within4 weeks (Figure 2). This might be recommended to farmer in order to control
mushroom mite pests by using pepper essential ail.

4. Conclusion

Essential oil obtained from pepper was highly toxic to the mushroom mite and did not inhibit
the growth of mushroom. Field application by direct spray of pepper essential oil at50%
inTween-20 for 15 cc / L water in mushroom farm at the 1%and 2" week after blooming
period presented that it could completely control the mushroom mite withind weeks. Data
obtained are very useful for controlling mushroom mite pests.

Table 1 Percentage of mortality of Luciaphorus perniciosus Rack after treated with essential oils
from pepper (Piper nigrum Linn.), citronella grass (Cymbopogon nardus Rendle.) and lemon
grass (Cymbopogon citratus (De. ex Nees)) on mushroom cubes at various concentrations at3
and 7days by fumigation method.

% Percentage of niortality 4 (Average+SD)
Concentration pepper lemon grass citronella grass
(10 pl/ L air) 3 days 7 days 3 days 7 days 3 days 7 days
non-spray 0.0£0.0d 0.0:I:0.0 e 0.0+0.0d 0.0+£00e 0.0+0.0 d 0.00.0e
0.0% (0) 3.6£7.2d 2i4 4d i 3.6+7.2d 42+4.4 d 3.8£3.6 d 4. 2ﬂ:4 4 d =
0.5% (10) .76 2442 ¢ 90 8ﬂ:2 4c 76.7£6.3 ¢ 91.742.9¢ 74.8499 ¢ 91. 2ﬁ:1 le
0% (20) 85 2:|:20b 94.iil.7b 35 4d:40b 94. Zil 7bc 84. 0ﬂ:4 Ib 94.6&2.3 b
“ 5% (30)“ 90. 7:!:] 2 a N 95 7:!:1 7 ab V 91. 2:+:l 5 abm ”.-96 4i1 4 ab_w | 791 3£2.2 ab 96 9+0. 2 b :
2.0% (40)l 92.0+1.4a 97 2:I:0 8 ab“ . 924+08a  96.8%1.7ab 944212  97.5=1.1 ab
2.5% (40) 94.1£1.9a 97.7+04 a 94.8+1.1a 98.6+0.6 a 96.4+0.7 a 100.0£0.0 a

"Means in column followed by the same common letter were not significantly different (P<0.03)
according to DMRT.
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Figure 1 The growth of mushroom (Lentmus polychrous Le’v) after treatment of 1.5%
essential oils from pepper (a), citronella grass (b) lemon grass (¢) control (d) (1.5%
Tween-20 in water) by paper disc diffusion on PDA.*
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Figure 2Number of adult and egg of mushroom mite (Luciaphorus pémiciosus Rack) on
mushroom cubes after direct spray of pepper essential oil at50% inTween-20 for 15 cc / L water
in mushroom farm at the 1*and 2™ week after blooming period.
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ITAANA WLy uazadil 350304 2555, UstAvBamussansannainaenaaiies (Tagetes erecta L) Tums
mquuau‘lﬂﬁﬂ (Plutella xylostella L.). nTenstnumsnszanuna. 30(2); 1-7.

INAENR WUUAY Wazd s Bunsded. 2555. qmaagulwamuﬂmmzﬁﬁmlsﬁmgLﬁmﬁﬁﬁwﬁummsmama
winlneddudiulsznauvan. drueluandvisti lauil 1201004243 asiuft 22 Asnau 2555,

939AdNA WU UazdIus Bunsded. 2555, UssAnSninues Eugenol Lgasﬁwﬂuwamxmamnmquuaz
susselumsmuaulsTulsuiiy, Suidasia’ pontifica Oudemans. 215@15IMeAA0T WY, 40(4): 1204-
1213,

g3 Bundded I59RANA WAL LazauAsTA Wangny. 2554, UsvivBnmduroadiinndulunisemugy
wasnsElaadtiana, Nilapanata  lugens | (Stal) (Delphacidae: Homoptera). NIAsAguazdnTinen.
30(1): 17-24.

A59RENR LAY S5 Bunidsd efasal infalin wavauassA sawgns. 2554 Usydniannuesdusead
?JIG]%LE'Elunlumimw}ungﬂLLﬂdﬁuﬁﬂﬂxMﬁdﬁLm, Pseudococcus — jackbeardsleyi Bimpel&Miller
(Pseudococcidae: Homoptera). 3senshguazdniing). 29(2): 3-11.

AN WaLIY 0391 3tioE Wazduwy viya. 2554 mavaaauauveulun st Wiasveisniy
wiet (Cylas formicarius F.) Yuiumaiiugangs. nsansununs. 39(fiy 2):59-66.

g1 Dunided 9R9RENR NawaY Lazwasswm nTimaGos. 2553 Anamatnvaneeslsduluinaianansves
Uszielny. NIasnguazdniven. 28(1): 31-39.

$15 Bunsdad uazeseddnd wuuau. 2553 nsrauaulslulsafu Suidasia pontifica Oudemans Tngldinsiu
VOUIEMEIINWY. MIATINGUasdmInet. 28(1): 40-53.

WagETA NTINAG0S ANARNG WaLIu Uagd s Bundded. 2553 mmvarnnansaslslulsaivluwmmn
nansveslseinAlng, nsansnguardaninen. 28(2): 10-18.

ATAANR WHUIU uazews Bunided. 2553 UssAmsamuasinifunenszimeainauslunisniugulsiy
Dermatophagoides pteronyssinus (Trouessart). MESNATNIZIOUNAT. 28(3): 84-91.

ATIAANG WHUIL Tiaue soana uazews Bunided. 2553 UssAvBnwvesihiunenssmeaniivauulng
lunseilsiia Formicomotes heteromorphus Magowski IaeASn1sduda. 1sansingnemans u. 38
(1):124-132.

959AANR Wuuau uagdws Bunided. 2553, Tsu.. Susrelndsnivesliviu tdals. Tagldayulns. 9ns
LNUATATENT UNTINERENEATATENS. 55 (1):24-36.

9594dNA WuIY Risiun osmawaysus Sunided. 2553, UssAnsnmnislavestntumensmeaniivdels
#n (Formicomotes heteromorphus Magowski) wazlslauan (Luciaphorus perniciosus Rack). 113813
ngrenansinuns. 41(2) (five): 633-636.

I59AfnA WHUIY 8735 Bundded uazanlsy \I50AnA. 2553. UsgAnSanvesansanngandudia (Eucalyptus
camaldulensis Dehnh) lumsauaunuaunIsiiRn (Spodoptera (itura. F.). M3a1TInemansinyms.
41(2) (Wiv): 629-632.
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anlse LeSeyfnn aseddng WaUIY Uayvd1us Junided. 2553, YszAvsnmvasansaingaiduda (Fucalyptus
camaldulensis Dehnh) Tun1saauauvueuledn (Plutella xylostella L). MIanTingimaniinems.
41(2) (W) 625-628.

g Sefing 95eddnR wuuau Rewum soana wazdws Bunsded. 2553 wawewifuveussmeaInity
aigul‘wwiaﬂ"t'ﬁw'%iy“uau%mﬁﬂ‘nau"u’n (Lentinus  squarrosulus  Mont) uazifingani3 (Pleurotus
ostreatus (Jacg.Fr.) Kummer). 219en93Meaansinens. 41(2) (fuaw): 669-672.

oy dlas ailsm Sosauysal S1us Bunsded waraseddnd wauaw. 2553 UsrAvBnmvesansadnmeny
namIevwInive Relsiu Dermatophagoides pteronyssinus (Trouessart) lnei5duda. vl 184-
192. Iy L‘%@QLﬁuﬂ’liUiz‘quﬂﬂﬁ"UTﬂ’l‘i‘i}mﬁmﬁmEJ’IﬁEJLﬂ‘BG!'SF!’]HG]% adsit 48 (@uUseny). Tudt 3-5
AUAWLS 2553 1 INMINFBNYATAIERT, NTUNN.

I3

SIAANG WA Tllud 599a wazeus Bunsdad. 2552. navasnissuiduneussieaniivayulnsdels

#n Formicomotes heteromorphus Magowski (Acari: Pysmephoridae). i1 101-110 [ nsUszYu
Jmin1serinuivuiend adedt 9. a Tsausugdd unsud sunmiles fwminguasivsidl. Juil 24-26
NEAINBY 2552,

A5eAFnG ey Shwis BumsEed wasnue TomA, 2552, wavestiiuvoussmEnivayUlnsrslsuasuenE U
(Eutetranychus afficanus (Tucker)) (Actinedida: Tetranychidae). ansansinenmansinuns. 40(3) (Wie):
189-192.

felue 0ama ATIAANA WauY uazsws Bunsdad. 2552, waasnissutiuvessTmeIndvayulnsaels
laan, Luciaphorus perniciosus Rack. 275815338 asaua3uN50 AT, 26(3): 20-25.

13 Bunsded uovaseddng wauay 2552 wavesdiuvensumeanitudelsu Dermatophagoides
pteronyssinus (Trouessart) M3@NTINENATARS U, 37(2): 183-191.

A59RANR Wauau Jaiew Sunsas S Bunsded uasfisiue soama. 2552, HaveniiiuvessMeTINTiTaUlns
NavD I aNsT VS ALNes (Piper nigrum Linn.) lunasginlsunauewsy (Eutetranychus africanus
(Tucken)) (Actinedida: Tetranychidae). 1M5ansineAT unTIneaelsslnl. 25(2); 169-176.

B3 Bunided uazaseddng wauaw, 2551 msmamvanevaslsiivlusinonesngil Saimaauys. 115ans
AguavdenInen. 26(1): 11-22.

aseddnd Wuuaw 95 sunsded  uavanlsy \3finR, 2551 UssAvdnmupsansadesindan (Anethum
graveolens Linn.) HNWAN (Qroxylum indicum Vent.) wagnkws? (Polygonum odoratum Lour.) luns
Hosturirdavueulelin (Plutella xylostella Linn.). Mmsansinenmansinuns. 39 (3) (iww): 464-467.

S1us Bunsded wavaseddng waiau. 2551 waveniumaLsWETNWININGS (Piper nigrum Linn.) Tunisen
158}u (Dermatophagoides pteronyssinus (Trouessart)). NIEFINYINARIINYAT. 39 (3) (Filew): 468-471.

S5 Bundded 959fdnd wauau ousdnid wenuugy g $oudln Bednval GuAs uazadion arssdns,
2551. masaiivluasnandndullng Bombyx mori L) fiessheawnsidien (Abstract). wih 69 Tu
nsUszapivnmevsieulnseiunn adsi 1 3ufl 22-23 fueneu 2551 w medwdaied augineiemans
UATINEEENYATAIERS, NTINNL

feur s09mA  DIRANR WaLIU wawdus Bundded. 2551 waveshifuvenssmennfivayulwsdslslilan,
Luciaphorus perniciosus Rack. w1 376-382 I msuszyafinnminisiniaueraniideserutudindne
adaft 1 9uft 28 Gomew 2551 u andumaluleBnszasndiaumnsainnsed, ngamme,

39 19efy 95eAFNA WAL wazdus dunsded. 2551. wawaqﬁwﬁwamzmmmﬁ%ﬂwmwﬁmkrﬁ{u,
Dermatophagoides pteronyssinus (Trouessart). #ii1 371-375 lw nsUssgaivinismsuiauenainide
sedudiudindinu Asedl 1 Yufl 28 Aamen 2551 w aumelulaBwszasuinddaummsananseds,
NFANN.

113 Bunided  2seAdnd wauau  ouned Wintaundbne warywn Sundudaudl. 2551 UssAvEamwnnssy
vasasainnWvmelsiu Dermatophagoides  pteronyssinus  (Trouessart) Wag Blomia  tropicalis
Bronswijk. 71S@1SINEATNTZI0MAAN, 26(3): 42-51.
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asefdnd wWauay  91us Bunsded wasailsv \93eufnR. 2551, UssAnBniwvasansanadndan (Anethum
graveolens Linn.) Anwn1 (Oroxylum indicum Vent.) uagdnuws? (Polygonum odoratum Lour.) Tunns
dastuidaunuadledn (Plutella xylostella Linn.) (Unfnga). 2551. 275a75tAMNNTINYAS. 32(10); 243,

13 Bundded uazasedAdnd WUUIU. 2551. Qmsa&gulwsmuquLLasn’w%’ﬂl’iﬂuﬁiﬁf’lﬂwammamnmquL"‘f}u
drusznauvdn. fueluandviuR laefl 0801005027 asfuil 30 fugneu 2551,
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dUsznouvan. AvetuasdvsUR il 0801005026 aviud 30 fueneu 2551.
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wiAlulagmsinwas aaiumalulagnszasunaidiaammsaiansyda. 199 wi.

S7 Bunded 939ddnA v uazasin iewdums. 2550 wavssungiinarnLtudiindsenisnsdinues
1s#w, Blomia tropicalis (Bronswijk)- M3enTinenmmansuasmalulat unTinendusssuemans. 15(3): 79-86.

$u3 Bumided a59RFnA wauIu uazasiaw veuduns, 2550, navesguugliuazamdudiinsiondiaves
s8}u, Dermatophagoides pteronyssinus (Trouessart). 1SENTINEFNENS WATANESeINuRTAERT. 25(1-
3): 1-9.
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wiAlulad avTInenduimanse. 26(4): 327-336.
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anulws. win 288-303 T s1eaun1sidelulasenis BRT 2550 galassmameswigineTunn. lasamsiam,
psfruiiasAnylevienmsiantvsnenstanmludssmalng. namme,

103 Bunided wazasesdns wauaw, 2550, gasauulwsenuauwazidnlsduiiiasadaeinniungdu
duusznounan. Arwetuaedvat? wufl 0701002942 asiuil 14 fguney 2550,

Saus Bunided uazaseAdng wauu. 2550, gmamulwsravsuuazinlsiuiitasaiaonouwedu
duusznouvan. Aueduardvit e 0701002943 asiufl 14 fiquieu 2550.

g1us Bunided unvaseding wuuay. 2549, Jadedemaianssruinuemusumiusndudniiu (Dama furva
Wileman). msUsvasfivaniiviand adedl 6 (7-10 trwisu 2509 Tsaustlaraneenuuit 9. 3udlv)).
MIITINEFEANTINYRT. 37(WiAe): 987-990.

S5 Bunsded vidnA dlunia  wavaseddnd wawau. 2508 UssAviBamwowaudou Dolichogenidea
parasae (Rohwer) Wazihuiienavueu Eocanthecona furcellata (Wolf) 'Luﬂ']jﬂ’guﬂuﬂuauﬂﬁ’]uujﬂ’}én

3

U ol

whifu Dama funva Wileman. nsUssrsAnnisfivaouuiend afed 5. (26-29 wwiey 2548 @ Tsausy
DaduvouisLTY Wnen vau3).

959AAnG wawau wasdnuon eusdu 2508 Uinadlussawarlulnsdluindisweluviesmann. nsussay
AnsRELLTR AT 5. (2629 wweu 2508w Tsawsunadusemiondy e 1. vays). 13
emansinuns. 36 (Wimy): 136-1139.

szl vt 939AANA WAL weddnd nopenawed auanid JumndSInG  uas ¥ gt 2548 nns
Winuifisuravesansanindeniuwaniile (Archidendron jiinga Nielsen) AEUNEIUBARALLENTUDARD
nsmunudoamelsafivunia.  MsUssrAnnmsivauuriand Asfl 5. (2629 e 2508 w T
wsnaRuaNdisudy e 9. 9ay3). MsETInemaEnsinuns. 36 (W) 1168-1171.

AR WauTy Tevdld vese neddnA nonewsned uazauadind Jumndsing. 2508, UssdvSuewansaria
maa (Gloriosa superba Linn.) @den (Acacia catechu Willd) wagiiles (Archidendron jiringa Nielsen) Tu
nstesatufdmuueuludn (Plutella xylostella Linn.). 1sensasvanuasuns atuinemaniuazialulad.
27 (5): 1037-1045.
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gus Bunided WiAnA Tlund wATSIARNA WL, 2508, FIne Az TNTInTemsumThs UGS
(Darna furva Wileman). NIAINYASHIZIDUARAT. 23(3): 58-67.

gus Bunsded asiaw Sunsas uwavaseRdng wauau. 2547, UssBvBamaesensarn leviueaniniivlunis
muawuaumﬁ%m Darna furva Wileman (Lepidoptera: Limacodidae). 15ansinumIsnszaaungi. 22(1):
1-9.

AAANR WY uavdws Sunided. 2547, mstuduaulmisseniialaduioamelsaniniaiug Tavansain
wiasgasnIluvpEMALaEANSUILIN. MIATNYRINIZIDUNRT. 22(2): 87-97.

959RFNA wautu wavdnoon ousAu. 2547, mislfleulwleneniialadueameraniniisiuglunsnea
AaseansiivanAnslufivdn. NsansinunsnsyIamng1. 22(3):40-50.

s Sumsas S1us Bundded uazaseddng wauu. 2546, UsAvnmvesansgusanuivialunisaiuny
WaUNIWIN Dama furva Wileman waganudufiwsawmudeunuau Dolichogenidea parasae Rohwer
wazaIuNeAvUeY Focanthecona furcellata (Wolf). M3ansnenInszaningn. 21(3): 19-26.

IRANR Yy, 2566, mildassiusasumuinnszian: nsdifine 8. uNnd 2.auvsUTING. NSASINYAIHSY
8N, 21(3): 88-90.

S oxsAu uazasIAANA wauu. 2545, navedsinsiiilavleadesyAumsyinuvesevenfialafueamelsd
wazmaduiiwashaius (Apis mellifera). 105 SiNYATHILAOMNEA. 20(1):70-78,

Snunn DusAY UAXASIRANR WAl 2504, n1sendnsesivsawnsilseeuludnaziiiiiuluannedsneiu,
NINTNYATWIZIBUNAT. 19(1): 81-89.

Fnvan ousAu Sy Sufanays uerasesddng wauaw. 2504, nisugninnansdslildnandngauasany3unm
Tuwsauaglulagi. Msmanszasunamanszds. 9(2):19-24.
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Insung, A., Tawatsin, A, Thavara, U. and J. Pumnual. 2012. Effectiveness of Essential Oils of Lime (Citrus
aurantifolia Swing.), Kaffir Lime (Citrus hystrix DC.) and Betel Vine (Piper betle Linn.) against Bed
Bug (Cimex hemipterus Linn.). p. 23-28. In: 10" International Symposium on Biocontrol and
Biotechnology (10™ 158B2012). 27-30, Dec. 2012, Harbin Institute of Technology, Harbin,
P.R.Chaina.

Boonplain, A, Pumnuan, J. and A. Insung. 2012. Effectiveness of Essential Oils of Lemon Grass
(Cymbopogon citratus (Dc.exNees)), Cinnamon (Cinnamomum  bejolshota (Buch.-Ham.) Sweet) and
Clove (Syzygium aromaticum (Linn.)) against Mealybug (Pseudococeus jackbeardsleyi Gimpel&Miller).
p. 50-53. In: 10" International Symposium on Biocontrol and Biotechnology (10" 1SBB2012). 27-30,
Dec. 2012, Harbin Institute of Technology, Harbin, P.R.Chaina.

Chantawee, A, Pumnuan, J. and A Insung. 2012, Effectiveness of Essential Oils of Medicinal Plants
against Brown Planthopper (Nilaparvata lugens (Stal). p. 54-58. in: 10" International Symposium on
Biocontrol and Biotechnology (10th ISBB2012). 27-30, Dec. 2012, Harbin Institute of Technology,
Harbin, P.R.Chaina.

Thanasirungkul, W., Pumnuan, J. and A. Insung. 2012. Effectiveness of Essential Qils of Medicinal Plants
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Technology, Harbin, P.R.Chaina.
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Harbin, P.R.Chaina.
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Luciaphorus perniciosus Rack (Acari: Pygmephoridae) and Formicomotes heteromophus Magowski
(Acari: Dolichocybidae). Systematic and Applied Acarology. 13(3-4): 188-194.

Insung, A. and J. Pumnuan. 2008. Acaricidal activity of essential oils of medicinal plants against the house
dust mite, Dermatophagoides pteronyssinus (Trouessart) (Abstract). P 145 In Research and Thesis 2008
12" BRT Annual Conference October 10-13, 2008 Diamond Plaza, Suraj Thani, Thailand.
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Pumnuan, J. and L. Amonsin. 2004. Rapid Bicassay of Insecticide Residues on Vegetables by
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IT9AANR WL uazdaus Sumided. 2555, ansanulnsmunuayidnlsinginifididuneyssmean
winnesugiulsznaundn, fruetuandvaUR leafl 1201004243 aviudi 22 anau 2555,
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A59AANA WAL UATEINS Duaed. 2555 UssAnBamues Eugenol  wazihifurouszieaInnungua
auwglunismueulslulsufiv, Suidasia pontifica Oudemans. MIaNTInemans . 40(4): 1204-
1213.

s Bunsded 259AAnA wuuau uazaLassA Faawgnd. 2554, UszAnsnmdureadiinsdunlunisaiuas
ngﬂﬂiﬂﬂﬂﬁ"j’]ﬁﬁa, Nilaparvata lugens (Stal) (Delphacidae: Homoptera). 2158150 uadNINe.
30(1): 17-24.

A59AFNA Wauau S1us Bunsded efasal irSet uazauassd Weangnd. 2554. YszAninmeesduvead
Ynsideulunisaiu ﬂmwﬁy putaTud1usnasding, Pseudococcus  jackbeardsleyi Bimpel&Miller
(Pseudococcidae: Homoptera). 113an3nguazdnIinen. 29(2): 3-11.

13 Sunsded 95eAdnA wauu wavwaseLy niniaFes. 2553, eamuvannvansueslsiululunaianatsves
Uszwelng. 21sansfiguasdandnen. 28(1): 31-39.

s Bunded uazaseddnd wuuau 2553, pasmuepilstulsaiu Suidasia pontifica Oudemans. 15an37ig
WwawdnIven. 28(1): 40-53.

wapgTA NTINAT0Y T59AANE Wi uavdams Bundded. 2553, Animatnvansveslslulsuivluumaia
nanvaslszwdAlng. Msansiguardnine. 28(2): 10-18.

AAANR WLy uazdns Bumsded. 2553 UsrAndamwesnfuveyssmeninauglunisaiunulsdy
Dermatophagoides pteronyssinus (Trougessart). MIENFNYATNIZIBUNGT. 28(3): 84-91.

IRAANA WL Rsiue oA uavsws Sundded. 2553 UssAvBnmaeainduneussmeainiivayulng
lunisailsfin  Formicomotes -~ heteromorphus . Magowski  laadn1sduia. 215a153Meeans
UMINERYVIUUAY. 38 (1):124-132.

239F8NR W wawsns Sumsded. 2553, Tsilu . fuselndiaiiuedhiviu ddals. Tagldayulns, 4nas
WERSATERS NWTINYIABNBRIATERT. 55 (1):24-36.

A39ANR WY Rsnus seswaLazsws Bunded. 2553 Ustavtnminislaveshiiuvessineiniusiols
#n (Formicomotes heteromorphus  Magowski) wazlslauan (Luciaphorus perniciosus Rack). 113
Ussyuitvaiuwienn asedl 9 (11-14 wwninu 2552) o 15en39e30es anszunseioyse,

Fugn Sailnd 95968 Wit Relud soswa wagsaus Bumided. 2553,  mavewhiuveussmenii
auulnssontsaiyvontoifinueuena (Lentinus - squaosulus  Mont) wagwiindann3 (Pleurotus
ostreatus (Jacg.Fr.) Kummer). N15Uszauiteulisni A$sl 9 (11-14 wquniAu 2552) o Tsengams
1985 9. WSEUATATDYGEN,

AR Wy fisiud sma - LazBaus Bundded. 2552 wavesn ssuuiuveysseInfivayulnssiols
A Formicomotes heteromonphus. Magowski (Acari: Pyemephoridae). #t1 101-110 Tu ARFRVFEA Y
Arrnnsornuifituiend adedt 9. w Tssusuaild unsud suneulos Swinguasiuetil. Yuil 24-26
NEAINTEY 2552,

39N W B Bumsded waziisiur saawa. 2552, navestsuvensMeInTivALIwsHelsuAEWE Ty
(Eutetranychus africanus (Tucker)) (Actinedida: Tetranychidae) Msensinenamansinuns. 40(3) (Aimw):
189-192.

faud sasma 939AANA WY uazsws Bunded. 2552, navesnissuthiuvenssveanfivayulnssels
e, Luciaphorus perniciosus Rack. 113815338 uasdaa3un1sineng. 26(3): 20-25.

w3 Sundded uavaseddngd wuwiu 2552 waveaiuvenszeanfivselsilu Dermatophagoides
pteronyssinus (Trouessart) MIASINEAENT URTINIRBTDURAY. 37(2): 183-191.

59RAN Wy 5y Sunsas S1us Buwsded wazfisiud seea. 2552, naveninuvensssNivalis
navenisuveusEmER i nlnee (Piper nigrum Linn.) Tunseilsunswansiy (Eutetranychus aficanus
(Tucker)) (Actinedida: Tetranychidae). MsaNsiNEAT UnTINeaeesln. 25(2); 169-176.
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INAANR Wy Saws Bumdded  wavenlsy 193nydnd. 2551 UseAvBnmvssansaradindand (Anethum
graveolens Linn.) HAwn1 (Oroxylum indicum Vent.) wagiinuns? (Polygonum odoratum Lour.) Tuns
tasturidavueulein (Plutella xylostella Linn.). MaNsinenamansinems. 39 (3) (i) 464-467.

$1us BuNided uaraseAdng W, 2551, wavpnhsumeLsTMEINNS e (Piper nigrum Linn.) Tunssin
s}u (Dermatophagoides pteronyssinus (Trouessart)). MFENTINEIEEATINYAT. 39 (3) (La): 468-471.

Srus Bunsded 939AAnA Wy owsed wavygy atfum Founln Bednual uAS wazadion qasseudnd,
2551. n1sieeyAulpuasnarnamdulvailng Bombyx mori L) dusieawnsifiu (Abstract). vt 69 Tu
maUssgEinnsniouluu sz unA afeil 1 Jufi 2223 Aumeu 2551 @ medndued Anginemans
U INENSENYATAERS, NTIAVINCI,

Faud soma  A59AdNA WU wazdus Fumsded. 2551, wa‘ﬂaaﬁwﬂuwamxmﬂmﬂﬁﬂuﬁgu‘miﬁia‘tﬂﬂu‘ﬂm,
Luciaphorus perniciosus Rack. wii1 376-382 i nsUsssdvinsnisiauenainuidesedududindngm
pSaft 1 3ufl 28 Aemau 2551 o anrumAlulaBwszeBMNE LA AMTAANSETS, NgaINAL

Faned 1safe a59AdnA Wy uazsws Bumsded. 2551 mavamisuvenssmenfivdwialsdy,
Dermatophagmdes pteronyssmus (Trouessart). Wi 371-375 i N3UTEAUNITNTU T UDNAINAIY
spunudinfng asefl 1 Tufl 28 Aomeu 2551 o daiumelulaBnssaemnddnaymsaianseds,
Qe

w3 Dumsded  saANA WU Bymas W3y Sudena wasywst Suvsuiaued. 2551, UssAvsnmnissu
YpsasanaINAvnelsiu Dermatophagoides  pteronyssinus  (Trouessart) Wag Blomia  tropicalis
Bronswijk. 1SS YATHSZIBNAT. 26(3): 42-51.

39AANG WU 99w Bumdded uavanlsw \W3gfnm. 2551,  UssAnSnniasansaindndann (Anethum
graveolens Linn.) BN (Oroxylum indicum Vent.) wagRnwws? (Polyeonum odoratum Lour.) Tuns
tasiurrdavueuledn (Plutella xylostella Linn.) (undnga). 2551. 275875tANNSNEAT. 32(10); 243,

S5 Bumided wazaserdng winu. 2551, gasasulusmIuauuasidalsduiftdumessme g ifu
drutsznaundn. Aaabuandvsld vl 0801005027 astuil 30 Aupnuu 2551,

ITARNA WU Wazdnus Bumsded. 2551. qmm;u"[wamuﬂmtazﬁﬁ'@lﬁﬂuﬁﬁﬁ;ﬂﬁwamzmamﬂauL?JEJL'flu
dautsznoundn. AabuanavsR aut 0801005027 axiuil 30 fugew 2551,

S1s Bumided v59fAnA Wiy uazaiaw veudums. 2550, navesgamnTiuar AL uIVSHoMT N TIneY
Is{lu, Blomia tropicalis (Bronswijk). MsanTinetmanfuazmalulal winedesssumans. 15(3): 79-86.

S35 Bunded aseddnd v uavasinmn viewduns. 2550 navesgamgiinasastudiinsronseiinves
sy, Dermatophagoides pteronyssinus (Trouessart). MIFTING AR WTINeABINYATFNERS. 25(1-
3} 1-9.

g1ws Buwsded 13y WAuTmu 25I0iE IReRAAn - wITiLA Juvsl WALISIARNA WAL 2550. NAYBIANS
aﬁ’ﬂmﬂﬁ%ﬁgﬂmﬁiahﬂ!u, Dermatophagoides  pteronyssinus (Trouessart). 13ETINEIAIARIUAL
wiAlulad Winenduumiansana. 26(4): 327-336.

s Sunided 23z wnAnAnm wefina Fuw adeen vieuduns uazeseAdng waul. 2550, AW
warnuwatguazdive1vealsdu luduaenewngll Yamianiyauys uaruumenistesiuiidnlagly
auulws. vl 288-303 lw meamuns3delulasans BRT 2550 yalasenisnamngingiumn. lasemsiau
asrATuduasAnunileuiemdammineinsinwlussmelng, ngamma,

Snus Bundded uazaseddnd wuwaw. 2550, gesayulwsmunuuezindalsduifiansadaannungiiy
drutsznoundn. Aueliuandvald vl 0701002942 asiuil 14 iquieu 2550,

3 Dunided uarasaddnd wuwau 2550  gesauulwsmunuuaziidalsduiifiasatnainousedu
dutsznoundn. AuebuandvstR vl 0701002943 astuil 14 fiquneu 2550,

s Bumided uazaseddnd wuuau, 2549 Jeteraniafianisssuiavesuouniuudinieiy (Dama
furva Wileman). nsUssgsfivanuiani asai 6 (710 wwieu 2509 o Tsausuladatrsenuu 9.
WBealwad). M3esIneImansinues. 37(iee): 987-990.
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ws Dunsded vidnd vlona  uazassdAnA wiu. 2508 UssAvsnmwesusuideu Dolichogenidea
parasae (Rohwer) uazriuiisnavueauy Eocanthecona furcellata (Wolf) Tumseruguviusumiiuiathas
1hifu Dama fuva Wileman. nisUssafensfivanuusinni afal 5. (26-29 wwieu 2508 a Tsausy
VafuvDiBudy e wayd).

a5 Bundded wazsien Sunsas. 2547, UssAnSnmuesdeuuniiSe Bacilus thuringiensis (BY) wagldieu
oy Steinemema carpocapsae ’Lumimwwuawmumﬂwaummu Darna furva Wileman. m3usstu
JumsiiweulianR A3 5. (26-29 Wy 2548 ol Isusuadudeaniiendy Wine vay3).

81w Dunided uazeynad Wintaundbna. 2547, nnslesinlsdudedinissuansatinanniia. wih 125. Tu
unAmgalasanidouasinetlinwug 2547 n1sussgaivinisuszdntlasens BRT Adsdl 8 Sufl 14-17 maneu
2547 Tsausullanousinang Janinasugisil.

$aus Bumided uazviddng vlama. 2547, nsmuasvuounthus @ Dama fuva Wileman Tagih
3 w. 72-84. [ msUszyninnns Tenuemeimiideeiotieuasiaun “Aels” yalasenside: Udu
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