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fefunsmuauinasseuindsdanusiduiieananudomeiionafindenands nsnuamnas
goudnfinaneiidedu uimsliiderlsauaadudnmsnmandsidemianldidomnuaonss uasd
UsgAvsnmgslunisauauuuasdngiis linnaounisnelfiaalsauuatuasaiusuusiveadon
Metarhizium suizhouense PSUMO4 Wag Beauveria bassiana PSUBO1 fundsseudniisveiaan
96 alaie iWoTlsANIAY M. guizhouense PSUM0A ansnsaidwinaneindssoudnldyunssuasnunis
#8100 Wesidud wanAanidesilsauas B bassiana PSUBOL (89.0%) wazynaiunil (4.0%)
atafitudAydanead (P<0.01) deviteslsauuaia 2 viaumadeusERUATIIALILLINTEY
aUes7l 1x10°, 1x107, 1x10° uay 1x10° alassefladans sonisuviatewaesseudn L. erysimi
WUt AsefuaunuuiuresaUss 1x10° uag 1x10° aleidefadans dwaliindsseudninis
sontAntosidioisuifivuivalesuriuassiissduanumuiuiudug wagganiuae uenanids
wutuwdesausin L. erysimi fiRndesannsouninszateionluginassouinunald Wevuden
M. guizhouense PSUMO4 uag B. bassiana PSUBO1 #isasndau 5:5 dwalvindesouinaisgsn
73.0 + 18.0 uaz 50.0 = 4.7 Wosldusd muddu wazldnsnssendinede 8.43 + 0.5 uag 9.29 +
0.6 u muddu MntuldFnwmNaIaveteT s laransnseuasastunstludiusin
iy uarlundsannlaidesluuda 7, 14, 21 uay 28 Ju wuindesn M. guizhouense PSUMOA dinase
s ivinvesiuazdnldfidoseufisuiuies B bassiana PSUBOL uazgnaIua ile
nndauas1 M. guizhouense PSUMO4 Tuannlssdeulslasluiindsaufunisudesmasseudn
L. erysimi vuguayii nuiduasihildidesdienssuianumslu mswilussuusin wayniswumis
TuswAumslussuusnianugeesiuaziannninyamuauuazuanesiuegeiidodAbma
adiA (P<0.01) drumnugnasnluiui 28 wuirduulifuanuensnvesiuaztiunniiganiugy
dmsuiminanuazdminuisesdinazilunsaisidnsldidesmunisuiusumlussuusn
wagniawluszuusn danuwandsiusgreiifeddnydmsadiangnauaudilifinisldidos
(P<0.01) waziievmsUsediumsivinaneveanasseusn L. erysimi Twiufl 28, 35 waw 42 vudu
azth nuilunssudsfiinisldidesmiumslususumlussuusn uagnsmluszuusn d9wau
UszrnnawdsseudintosniigamuauuasuandiuegaiiteddyBmsadnionny anuauilid
nsldidos1 (P<0.01) Fethuidion M. guizhouense PSUMOA fidnaawlunisauauwdssoudn L.
erysimi luiinagthiiugnluszuulelasiuind
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Abstract

The Mustard aphid, Lipaphis erysimi, has economically significant effects on many
cruciferous crops. The control of this insect pest is important for reducing crop losses and is
accomplished via several methods. Use of entomopathogenic fungi is an alternative method
of control that is environmentally safe and highly efficient. Pathogenicity and virulence of
Metarhizium guizhouense PSUMO4 and Beauveria bassiana PSUB01 were tested on L.
erysimi. M. guizhouense. PSUMO04 showed the most virulence on L. erysimi with 100 percent
mortality, and a highly significant difference on B. bassiana PSUBO1 and the control (P<0.01),
with 89.0% and 4.0% mortality, respectively, within 96 h. The percentages of mortality of L.
erysimi infected with both entomopathogenic fungi at 1x10° 1x107, 1x10° and 1x10’
spore/ml were investigated. The spore concentrations at 1x10% and 1x10° spore/ ml had a
lower average survival time than other spore concentrations and controls. The infected L.
erysimi with M. guizhouense PSUM04 and B. bassiana PSUBO1 transmitted the fungal spore
to the normal L. erysimi population. The transmitted ratio of both entomopathogenic fungi
at 5: 5 showed the highest percentage of mortality with 73.0 + 18.0 and 50.0 + 4.7 percent,
respectively, and had an average survival time of 843 + 0.5 and 9.29 + 0.6 days,
respectively. The colonization of M. guizhouense PSUMO4 and B. bassiana PSUBO1 in
Chinese kale were investigated. Both entomopathogenic fungi were colonized and detected
in root, stem and leaf at 7, 14, 21 and 28 days after application of the fungi. M. guizhouense
PSUMO04 showed a more positive effect on plant growth than B. bassiana PSUBO1 and the
control. The Chinese kale treated with M. guizhouense PSUMO4 and L. erysimi in a
hydroponic crop system test showed a highly significant difference (P<0.01) of shoot length
than the control, which had fungal applications of spray, pour and spray, and pour. The
Chinese kale treated with M. guizhouense PSUMO04 showed longer root length than the
control at 28 days after application of the fungus. Chinese kale treated with a spray and
pour application, and a pour application of M. guizhouense PSUMO4, showed highly
significant differences of fresh and dry weights from the control (without fungus) (P<0.01). In
addition, the Chinese kale treated with M. guizhouense PSUMO4 with a spray and pour
application, and a pour application, had low L. erysimi infestation on Chinese kale at 28, 35
and 42 days after fungal application, and significantly different from the control (without
fungus) (P<0.01). In conclusion, M. guizhouense PSUM04 was efficient at controlling L. erysimi

in a hydroponic crop system.

Key words: Mustard aphid; Lipaphis erysimi; Metarhizium anisopliae; Beauveria bassiana;
Chinese kale; Hydroponic
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Table 1

Table 2

Table 3

Table 4

Table 5

Table 6

Table 7

Table 8

Table 9
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Percentage virulence (mean + SEM) of Metarhizium guizhouense
PSUMO4 and Beauveria bassiana PSUBO1 on mustard aphid, Lipaphis
erysimi (Kalt.).

Kaplan-Meier survival analysis of adult mustard aphid, Lipaphis
erysimi (Kalt.), infected with Metarhizium guizhouense PSUMO04 in the
laboratory

Lethal time (LTsq and LTgy) (mean + SEM) of different conidia
concentration of Metarhizium guizhouense PSUM04 infected adult
mustard aphid, Lipaphis erysimi (Kalt.), in the laboratory
Kaplan-Meier survival analysis of adult mustard aphid, Lipaphis
erysimi (Kalt.), infected with Beauveria bassiana PSUBO1 in the
laboratory

Lethal time (LTsq and LTgp) (mean + SEM) of different conidia
concentration of Beauveria bassiana PSUB01 infected adult mustard
aphid, Lipaphis erysimi (Kalt.), in the laboratory

Lethal concentration (LCso and LCgo) (mean + SEM) of Beauveria
bassiana PSUBO1 and Metarhizium guizhouense PSUM04 infected
adult mustard aphid, Lipaphis erysimi (Kalt.), in the laboratory
Kaplan-Meier survival analysis of fungal transmission of infected adult
mustard aphid, Lipaphis erysimi (Kalt.), with Metarhizium
guizhouense PSUMO04 in laboratory

Kaplan-Meier survival analysis (mean + SEM) of fungal transmission of
infected adult mustard aphid, Lipaphis erysimi (Kalt.), with Beauveria
bassiana PSUBO1 in laboratory

The incidence of endophytic entomopathogenic fungi, Metarhizium
cuizhouense PSUMO4 and Beauveria bassiana PSUBO1, in leaf, stem
and root of Chinese kale after treated the fungus by spray and pour
methods on day 7, 14, 21 and 28. The control was un-treated the

fungi.
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Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

Figure 10
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Characteristic of infected mustard aphid, Lipaphis erysimi (Kaltenbach), with
Metarhizium guizhouense PSUMO04 (A) and Beauveria bassiana PSUB01 (B)

Cumulative percentage mortality (mean + SEM) of adult mustard
aphid, Lipaphis erysimi (Kalt.), infected with Metarhizium guizhouense
PSUMO4 in the laboratory

Cumulative percentage mortality (mean + SEM) of adult mustard
aphid, Lipaphis erysimi (Kalt.), infected with Beauveria bassiana
PSUBO1 in the laboratory

Cumulative percentage mortality (mean + SEM) of different fungal
transmission of infected adult aphid, Lipaphis erysimi (Kalt.), with
Metarhizium guizhouense PSUMO04 to healthy population in
laboratory

Cumulative percentage mortality (mean + SEM) of different fungal
transmission of infected adult aphid, Lipaphis erysimi (Kalt.), with
Beauveria bassiana PSUBO1 to healthy population in laboratory
Shoot (A) and root length (B) (mean + SEM) of Chinese kale treated
with different applications of Metarhizium guizhouense PSUM04. The
mean of shoot and root length were compared by Tukey’s rang test
(P =0.01 and 0.05)

Shoot (A) and root length (B) (mean + SEM) of Chinese kale treated
with different applications of Beauveria bassiana PSUBO1. The mean
of shoot and root length were compared by Tukey’s rang test (P =
0.01 and 0.05)

Fresh (A) and dry (B) weight (mean + SEM) of Chinese kale treated
with different applications of Metarhizium guizhouense PSUM04 and
Beauveria bassiana PSUBO1. All treatments were not significantly
different by Tukey’s rang test (P>0.05).

Shoot (A) and root length (B) (mean + SEM) of Chinese kale treated
with different applications of Metarhizium guizhouense PSUMO04. The
aphids were released on day 14. The mean of shoot and root length
were compared by Tukey’s rang test (P<0.05).

Fresh (A) and dry (B) weight (mean + SEM) of Chinese kale is treated
with different applications of Metarhizium guizhouense PSUMO04. The
mean of fresh and dry weight are compared by Tukey’s rang test
(P<0.05).
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Figure 11

Figure 12

Figure 13

Figure 14

Figure 15

Figure 16

Figure 17

Figure 18

GURTLTT

Characterization of Chinese kale after treated with Metarhizium
guizhouense PSUMO04 by different application methods; spray, pour
and spray + pour, and coincidence with aphid infestation. The
control is not treat with the fungus.

Shoot (A) and root length (B) (mean + SEM) of Chinese kale treated
with different applications of Beauveria bassiana PSUBOL. The aphids
were released on day 14. The mean of shoot and root length were
compared by Tukey’s rang test (P<0.05 and P>0.05).

Fresh (A) and dry (B) weight (mean + SEM) of Chinese kale treated
with different applications of Beauveria bassiana PSUBOL. The mean of
fresh and dry weight are compared by Tukey’s rang test (P>0.05).

Characterization of Chinese kale after treated with Beauveria
bassiana PSUMO01 by different application methods; spray, pour and

spray + pour, and coincidence with aphid infestation. The control is
untreated with the fungus.

The fungal colony of endophytic entomopathogenic fungi,
Metarhizium guizhouense PSUMO04 (D-) and Beauveria bassiana
PSUBO1 (J-O), in leaf, stem and root of Chinese kale after treated
with the fungus by spray (D, E, F and J, K, L) and pour (G, H, | and M,
N, O) methods on day 28. The control was un-treated the fungi (A)-
Q.

Shoot (A) and root length (B) (mean + SEM) of Chinese kale treated
with different applications of Metarhizium guizhouense PSUMO04. The
aphids were released on day 14. The mean of shoot and root length
were compared by Tukey’s rang test (P<0.05).

Fresh (A) and dry (B) weight (mean + SEM) of Chinese kale treated
with different applications of Metarhizium guizhouense PSUMO04. The
mean of shoot and root length were compared by Tukey’s rang test
(P<0.05).

Level of mustard aphid, Lipaphis erysimi (Kaltenbach), distribution
on different treatment of Metarhizium guizhouense PSUMO04. The
mean of shoot and root length were compared by Turkey’s HSD test
(P<0.01)
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Figure 19

Figure 20

GURTLTT

Characteristic of Chinese kale infestation with mustard aphid,
Lipaphis erysimi (Kaltenbach)

Characteristic of Chinese kale after infested 42 days with mustard aphid,
Lipaphis erysimi (Kaltenbach) in hydroponic system. The Chinese kale is
inoculated with Metarhizium guizhouense PSUM04 at 1x10°
spore/ml by spray, pour and spray + pour, every 7 days. The control

(water) is untreated.
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\Fansfunnlng guszneunsnedes ieusinsugnlizuusemuluaiaBeu dfwmaneuiad
annsavgnldluszuulalasiuing wu nquinadndsdivarsiia ldun n3ulda (green oak) L5nldn
(red 0ak) NSUADE (green cos) Unnasian (butter head) 15nAasaa (red coral) Unntly (Battavia)
finmszgansnarviacieg o fanansds dnniavilalaifen dnningeadinieninsdssead
fnazth savadntauazdinlon fasihnmsugnieluszuulelnsluindanunsavinifeamsssuinges
LuanguIeYiala wRnuIwaegeuin Lipaphis erysimi (Kalt.) @u13a101vinaneazingg
szumvasnsdlufivnsznansvdfivgnluszuudengnn Sandnlddnduusasdngfivddgyuianied
afannudemenngnanfivinaszgansvailuszuulelasluindlutiagdy

nsmuAunAsseuvdafinaniivansuuinie udnsldansenuadlunsmunuduidey
GUENm‘wmﬂsﬁmmalﬁmaaéwﬁmL%q mialdine aseuuasiinguinisnuns (2553) wusilild
mmmwaaaawu@uﬂa a1slusiluned (profenofos) wazaisluslslenea (prothiofos) umaensls
Any mim 2 viladandm envdwmansynuseguanuasguilaamnldlignaes Immawwamammi
shusais 2 siail muhmmuwsumﬂmaaﬂmmwsﬂs‘u AIATINTNYAS, 2553) Kaunismuun
yamsmvuauindeseudnlagbildasaifainudniudmiumandefivinasegangvdiluszuy
lelasluing lunsifendsdfsldfnvinuimmansq wuamadierhluldmuaumdsseudnluns
Ugnfiwszuulelasluing laefnwanureulunsdwihaefivesenangvdiesdasine vounieseu
finluszuunsugnuuuagusendeuasiuudauazsUgnitvasegansrannfuivinslinduse
ssrUInTeNNAEBaudng1 Taenslidnssssurdlduiuasihdnla Wes Audnnrunien
wazansafinnfisurseialunseununassoudn

Tnslanized1adenisléifosranunlsnuesuuas 1y Metarhizium anisopliae Lag
Beauveria bassiana \duAsn1sudsidnisialdlunsavauuuasdnsfisnarosia Fudes
fanamasdludendeusasyhaiaidedeia vesuuasdng Werlsauuasusanaaunsnadn
ansfiwuazioulssiunsslinlg @ndaR, uuy; ingad, 2533) defunsléidenanglsavoauuaiadu
madennilsimngauuazdasafodainunsnsuaziuilaalumsauauuiasingiia Sniloniadi
uuasa i uusaldeydurdidesnnvdefniudimnnifleisusunmsansadsuas (fing
28, UUU) IWEJLQ‘W’]%ngﬂéauﬁﬂﬁlLﬁu{]iyj%ﬁﬁ’]ﬁliyfumﬂ’]iﬂgﬂﬁ‘UIUiSUUVLﬁIGﬁIUﬁﬂé Fodunsidely
adsiazAnunisléidesn M. guizhoense PSUMO4 was B. bassiana PSUBOL dalluidedilasuide
NAUIAIUANARFIYIAsTIUNIIUvar A Audniald (USa, 2554; Thaochan and Chandrapatya,
2016) Inei¥es M. guizhoense uiderilsauuasiifinuauiflunsdhaeduieafuiuides
M. anisopliae (Bischoff et al., 2009) Lﬁaﬂjfmﬂ%’muQmwgaéauﬁﬂiuiwumsUQﬂﬂﬁmwu
lelasliind Sadunsiauuuwimsdunstesiuidafiddunarans idduieannisldansadiid
Sunmededsditinuanduingioanmundon uanitedudeyanislimuauuuasinidmiuns
Ugnluszuulalaslulindsiely
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1. iednwiarwannsaluniaidnlsavendosilsauuas Metarhizium anisopliae uas
Beauveria bassiana lunsrslhiAnlsafuindeseunsma

2. \efnwenududuiivunzauvondeslsaunas M. anisoplice waz B. bassiana u
MIAUAMNABSBUNEYEN

3. LﬁaﬁﬂmmsmawamLﬁ?iijaiﬂimmaq M. anisopliae Wa¢ B. bassiana 1uﬂissufmisuaam§8éau
N

4. ifiefnymarontonlsnuuasionIsanaunISasyuarINIERUANLIUN LA DLIATTO I
wluszuulgniiwuuulelasluing

5. evssyndliidoslsauuas M. anisoplice uaw B. bassiana lun1sAIuANINEESaY
nzvdnluszdulsaFouszuuigniivuuulslasiuind

YaULINVBILATINSIAY
3 a v d' o a v & . . . & |
L‘U‘Lm'ﬁﬁ]"i]ElLW'P]WGNN']L‘VlﬂUﬂﬂWﬂGULGU@T] M. anisopliae Wag B. bassiana AIVANINAYDDU
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Fmenvsanassoudin
ngaéauﬁﬂ%"'aLﬂuﬁﬁyméf’]ﬁﬁyiuﬁuﬁﬂqﬂﬁﬂjLsum%faummmLLwﬁﬁumaﬁuﬁimhjﬁmmﬁaL‘Wﬂ
(parthenogenesis) faifiglaifesléunsnaniugainimas anunsounsverewugld nsifiudszains
warnisaiyiiviniuegivsinvesiivends wasiliofivididszorennnon
wasgouITNARTITauRidInsaaTuF LT iadUniedulumiemslwifiaaninuardou
11 fadiuteamadefllfitnndasseudad ¢ S Tnetei 1I%izavnam%fu@uimégumm druled 2
3 uaz 4 Mnanasydulnsening 17-23, 20-24 way 29-31 F3149 mudIdU (Amjad et al.,, 1999)

Jadememenmiitaseuszsnsveuwissaudin

Bakhetia ua Sidhu (1983) 1184791 Maifiusuiuvenndssousinizanaadodunnuay
9UUNNFINTT 30 B LTALTYE azuvmﬁﬁmmsauasﬂwﬁw 20-30 a9Agal@ed Mathur Lag Singh
(1986) Wmﬂ’fjf\]ﬁ]a'i’gmaqaﬂﬁwmmmﬁadmamaﬂiummmaaaaucm I@&Jammumaw 15 84"
waliea AnuTuduimsing 75% auiauannni 3 nu /ey, uardnsnissevevenil 5w/
u dwmaliuumdsseutinanasegnernds usegslsfin Jaglan unzany (1988) nuigamad
wazanududuimslifnasousrnsuadlutiaieununiius-furey wikuandwalfindesen
anateg193Inse lwiueafeaduiun1sfinwiusesinsves Sinha wazamey (1989) sningiau
UNTIAN-NUANUS wummuﬂﬁwmﬂﬁaqamﬂaNmauﬂmwwuﬁmiumqﬂaﬂanuammmaamaEJ
sewin 21.7 - 235 psrwATaazounYIAanoETEIINe 7.2 - 9. 4 peALTALTEa LLavmmmm
Suindrouthednag 5.7 - 69.4% usegalsfinu wudh winaadudindshng 50.9% wde
FoUNYANANTIUM1) hagynilHunnUseyInsanas TuyiueufeIfuiusI89IuLed Sinha wazAMe
(1990) nudFumuimnasseudnludunniil 3 veufousuna wefudunuiudedlufeunnsey
uardsgnaanluifioununius Rohilla wazani (1996) wudh Usssnsiiutugeaeludanigarie
voufounuaius deflgamgiiade 13.7 esrneada uasdaududuiviiade 65% uazsiuan
anasilogumgiininnii 35 ssrwaldea mm%ué’mﬁméﬁmdw 60% LL@%U%MWQJ?E’]NHLQ%EJ&JMMW
10 431./3u - Samdur uazAmz (1997) Wumammmqamaaa 23 aerniaidvd MgmLady 10 8ae
LRIGHE! mwmuauwmammaaa 85-88% AuTUAUMSsaniade 30-35% Tuaterdiad 4 - 7
va/%u Snsssmevenit 2-3 uu/Auuasiinnuiien 3.0 - 4.5 nu/vu/Au wangausonsiy
Sruaumndssoudnluanimls @ Singh way Malik (1998) euaudevennmaldvhaneves
wiggauinlufi Indian mustard (B. juncea cv. Varuna) gaita 59.3% Tuanwls uenainil Kumar
wazAe (1999) Samulssrnandeseuinluduaiiil 3 veafouunmaudsdonmaiindesing 20
psraLdoa auTuduing 90% wasdssrnaifingsiuigageanlufeununiusdeioumgd
Wiy 22-23.25 ssraifua aruudininduinnt 84%
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Prasad Wwa Phadke (1980) :1847u Asgoudnveud e fignszgansmdiiiunnng
iy newuldvinatedinnanes (Brassica campestris) 1MNNIMRNNIALTYY (B. juncea) waglnnIn
black mustard (8. nigra) Rohilla wagane (1990) ANYINITAIUNIUVRINNAIMTET 10 @8R ug
waziinnIAf UL (B napus) 5 anewug dewmdsgouin wudl wusdifinenduuazdduidusiu 8
nsd e unAEgauiing1Imn Kher uaz Rataul (1991) AnwiwgAnssunisaadisiang
finnneda 7 aneug dnnaden 7 aeiusuasdinniadiuen 5 anewus Tnedalenalfindeseu
frudvhanglddasenuin indeseureurhanedinnedaunnitan Turagidivhaiednniafiue
Yoofign Mandal Wavam e (1994) NAAOUAIILAIUNIUYDIHANIIIF 9
25 aeiusHanABsaulin nud1 fnandaidemoogseming 28.2-83.3% WU uuiwABSau 88-141
#/ven Tneaneius Seeta, Pusa bold, Kranti wag SIM-191 fumiusniiagn diu Bhadauria waz
AN (1996) NAADUNITNNAIUENNIALLET 16 genotypes YounassauinNUIn angiug White
Glossy gounatiosiian vasfiansiug JGM 56 souneuniian Lagnuinaewus Varuna linanan
39 907 ke/ha. uiiriluTunaundeseugsfinu uonanidmuin orgvesiivdinarenadonandn
vhane (host selection) usilsifinadansiiuuTinauveandeseu

\Waslsnuuas

Tsnsvesunaniussduszneudidned1midlilunisnuauUz N TU0ILNAMIETTUVR
Tngunfidonanvalsaveusanintmedusssumifusssudlizusannin msssunvende
sravlsavesuaseniatuiuafias delinmssruiniudertisansiuiuusadngivdnalif
Uszrnsilauiadnas wazilunaanszauanudenievesiivainnisidrinaisveuiatassig 910
mssruelusssurnsalfthuldusslovllunseuauuias dmsuidenainglsausasiuilivden
n1 700 wiia uitiegiedlifviamimiuitaunsoiulilunsnusuuangiinlned 35l @atad

, 2534; Lacey et al., 2001)

mamuqmLmaaﬂmgwﬂﬂstﬂ%’L%ammm@ﬂliﬂsuaﬂLLuaqmmmmmuLLuaqﬁmgﬁﬂé’wmﬂ
¥iin wagduduidnsiidufinsfudunden lidusunedededdinedndu uenanidady
mudenveinismuauuaadiaglildasadfidusunse edrdlsfinunisldideslsauuadids
todiiin fAosveziaailunadniansuins (St Leger et al., 1996) Fosrauvmlsnvesuuasuisyin
Tsrozinan 2-5 Yuleiliuuasne uenaniuuasiignidosudihaise1aidinsonadld faids
Juogfifutiinandesilasy safsammuedeumeenuazaiuia

Tudruresaudiiusveatonduuuasiufivanssuuuy Aednuusdudeanvalsafiuriass
Fosnasaivimanizlusiuuas Sendn oblisate parasite wazdailidosdmfusiuauuind
AFUTUS TULNa LU semiparasite AstaSaiulaldnslufunasuaruuemisdansz
uennidosuiiafiumn saprophyte fianansauialivissnfivuazennuuas 29astinvenie
s1lsAnuasd@ Uy IAUFURUS A UTZE NS Y UOILNAIDIAY LAYANINLIAAOUAIBUDN
Tnsamzaninuindouseusade iddvdnadensiaiguendeifuagnauin iwy RIVEH AT
LALLEIEI19 (Shan and Pell, 2003)



(%

nsldiderlsaunaaiuauuuadnsiisuasinieseu

dufvanaveadoranvlsavesiuasiininiuldmuauisadngiviuinaisvia wy
Metarhizium, Beauveria, Paecilomyces, Verticillium, Isaria Wa ¢ Hirsutella (W&7@ g, 2534)
TneianzagsBaios M. anisopliae uax B. bassiana Wuidesanuvalsavosuasifinisiiunld
TunsmuauuLawniian wmzL%jamﬁ'aaaqaqaﬁ)mmmLﬁﬂ’wﬁﬂmaLLuaﬂé}’waW%ﬁ@ (Feng et al.,
1994; Faria and Wraight, 2001; Robert and St Leger, 2004) L%JE)iﬂﬁdﬁ@ﬂ%ﬁmﬁmmﬁﬂﬂ’wﬂuLLﬂJaﬂ
Angrinlavaneviln 1y Wapsau (Vandenberg, 1996; Vandenberg et al., 2001; Ye et al., 2005)
LLaJaW%SU’]’J (Wraight et al., 1998; Malsam et al., 2002; Feng et al., 2004a) ngaﬁﬂfﬁbu (Feng et
al., 2004b; Pu et al., 2005) asnszlaadiiana Uin et al., 2008) wazlsuuasyy (Shiand Fene,
2004, 2006; Chandler et al., 2005; Wekesa et al., 2005)

Shan wae Feng (2010) lénnaeuidosn M. anisoplice wanelelaaniiuenldainumassie
unegeuRUWasSouRY (Myzus persicae) wuindesdendnannsadvhaemasseuls uazi
PUANTUNTIRIUA 10.1-95 3% Fetuagiuleluanvondes dmuamumuuiufiansosmie
gould 100% ndnrudesogsening 1x10%-1x10° aUasrefinddns uazdluogifuaeiusuos
L%Uaiﬁﬂf;ﬁﬁ (Loureiro and Moino, 2006)

finsiidesn 8. bassiana WUnegeuuszansamnisiviaremasseunansy aila 1wy
Schizaphis eraminum, Rhopalosiphum padli, Brevicoryne brassicae Wag Lipaphis erysimi 11
o AtAn1s nuiuvuwluresaUefdend 1x105-1x10° alesreiiadans awnsasnnde
gould uazanumuIuiuvesatefifesgeanlisraznalumsuuasiiosiian Ingldsrezinaly
miézht,wgaéauagﬂmm 23 Ju (Akmal et al., 2013) uonaniadslafinsimundesfinarivdu
HanAugIIN1sAtuTURUUYRIAeiRNee) 1nsne (Faria and Wright, 2007)

mMsdaasunsissuduivveatoslsauuas

L%@iﬂﬁﬂl,wﬂiﬂsuaqLmaqmwﬁm NUI1A1UII0NTEAUNITASYLHULR (Elena et al., 2011;
Sasan and Bidochka, 2012) #39&l@3un1SANUNIUIBIAUNIRDN1TIUNINa18uelNad (Bing and
Lewis, 1991, 1992) waglsafivunavilala (Parsa et al., 2013) dmFun1InseAunIsasLAvlnves
Fufiy Kabaluk way Ericsson (2007) wuinwdadalnadilasuidesn M. anisopliae fn158ns1n1s
sommeuarBudulfiininniuy suvdheduaduludiuvesihminanvesdudiilng wenaniide
SsnamansInsERusIuTINKosvesufieflasuTesl#Ende (Sasan and Bidochka, 2012)

UM TELASUATAUNIUVDIRUNTR DA TLTYINAUUDILUAY Bing Wag Lewis (1991, 1992)
I¢indeslsnuuas B. bassiana THfusudnlng Sadesdananannsanigegnisluduining
WUy endophyte ldn&sannisrunisly waranuisaananudemefiinanuewaisiind1ilng
(Ostinia nubilalis) 19 uaﬂmﬂﬁ Bruck (2005) 18U NT03 M. anisopliae ﬁw%igmaumaﬂu
dIUV93INIY (thizosphere) a@1u15adaiunisidnvinatsvesnieeitesu (Otiorhynchus sulcatus)
lusiuau (Picea abies) 16



A5N15nNang

d' = 1 Y a 49/ o o
N1IMAaan 1 AnwriAuaINIsalun1snaliinlsALNaLazANNTULIIYBYBIT Metarhizium
guizhouense PSUMO04 Wag Beauveria bassiana PSUBO01 AOLNAYDDURNN Lipaphis erysimi

'mLqumiwmaamwdmauyiaﬁ (completely randomized design, CRD) 911U
3 NIMUUA A LWDILIALLAY M. guizhouense PSUMO4 W@asilsauuas B. bassiana PSUBOL lay
lasuieainaudaiuaudn NelaeTIunTdunud audaiald (WSe, 2554; Thaochan and
Chandrapatya, 2016) wazdundandugamuau dnesiiaessiaiiliideduoimsiiion SDAY
Y o 1 v v A a = A & ) = &
wat Ul Induuenunnll 28 + 2 asawa@ea tuanmiiailuiign 15 Tu ¥seauningesn
v s I Y o = ¢ Qq' ' ¢ 9 s ,a _aa
#59aUouANa UM warthlumssuaUesiuiuassianunuiuiualss 1x10° ales/daddns
o/ %,’ & =t 1 4ﬂy a a aa gj o [ [ ::941 1 o A 1l
psinauileenonas 0.1% Tween 80 Usuns 100 fadans anuuiisauismasgeudniludl
Yndruau 10 1 wumealesivivassdeswaaradamaieuld antuilinaseeunnluidesdunass
warafnlavwn 10x10x10 wudins diangsuasUameinaiessuigeinia anglundesussyly
Anaztindiuiy 1 Tufudareiumeddaduiedesiuluuis ieldiluunasomsvesndssoudn
JuiinauaIunsalunsiinlsnveudosusiasyin AUTULTITOLYDTT LATNIINITINUAEANYDY
Wosudazydanniu Wunan 4 Tu vy 10 9190usaz3nuug 1A31zRauwUsUTIunI
ahm (ANOVA) uaglU3suiigualaag seninamsniuudlagis Tukey's HSD test

A5NAaRe 2 Anwanududuiwunzauvesduasidiasn Metarhizium guizhouense PSUM04
waz Beauveria bassiana PSUB01 Tunsnalviinlsanaiwauaauein Lipaphis erysimi
TUHUNITN AL UUANAY Y9 al (completely randomized design, CRD)

MInudUTENoUMLesIlIALNas 2 ¥in Ae M. cuizhouense PSUMOA wag B. bassiana PSUBO1
MagsmmanmziUowy dnllwisuavosuriuaseiseAuanunuinuieesalss 1x10° 1x107,
1x10° waz 1x10° aUos/Aadans Tuuinauilveienay 0.1% Tween 80 Usuns 100 Jaddnslng
~ o & S o S o av iaa o Y ! ¢ & | a
funvandugaruay Mntudindegeuinilifidndiuau 10 63 Wualesuviuaeeitesusazyiln
Usuns 2 fadans laglduanaiusdnniiunisisdielundeisainusduletl (autoclave) Auay
121 Yaua/m151987 unian 15 uil Aszduanunuinduvssalesszauis dundanduye

& o & Y] i v Y o v o a4 v A ¢a
muan Mndudndegeudnluvdesuusunddnaztineny 15 Tu Mdesmeszuulalasiuling Un
meinilufietasiunisindsuiiveanadsseuin Tuiiniesidudnismeilunan 24, 48, 72, 96 was
120 39 90 Tu1A3TalUAILINAIAT L s, LCoo, LTso Wa% LT V09LTDIMAREINATUTEAU
AMNRULULYBIEUDTIZAUY Laglead Probit analysis wagiAs1zit Kaplan-Merier ¥114119u 10
K ' = ¢ a ¢ aa = = ! a ' =
FIVDILAALNINLUUA ATITUAIULUTUIIUNEDS (ANOVA) LhastUTgUmeUAIRAYTETNINN NN
WUALAYIS Tukey's HSD test

msveaesd 3 Anwinisanenanidiesilsauuas Metarhizium guizhouense PSUMO4 uas

Beauveria bassiana PSUB01 Tuuseynsiwaeseausin Lipaphis erysimi
’mLLmumswﬂaamuuejmamyiaﬂ (completely randomized design, CRD) 3%

wusUsEneudeslsaunas 2 vin e M. cuizhouense PSUMOA wag B. bassiana PSUBOL 7



[y

Aosmuanezidosdy thluwsvalesuiuassiitlssiumnumunududl 1x10° aled/fadans luth
naudlaiidenan 0.1% Tween 80 Usinas 100 Tadans wasantameniwaeseusinlliUnaunviuge
aUoduiuansosusazednlusnsiaiu (nasseuiinaes : nassauUnd) sl 1:9, 3:7 uaw 55
Tnefiianduamunu Usanes 2 5ia88ns mintuiumd s susfnud asyamaaaesluifsssaufuuudy
finAztiiony 10 Yu fidssdeszuulalasiusind Tndeindudedestuninndouiiveanissousdn
¥181UIL 10 duvedusazyanmug (10 91) TufindasinismearaunarsnsInIsunsnszaedes
Tguszannsuniivniudunan 15 Tu (Fendes ol el senanAueet MNIusyri Wi vegey)
TN Kaplan-Merier ke 31A9129iA3LUSUTIUVNIadR (ANOVA) uaziUFeuifisuAiadesening

NINUUALAYID Tukey's HSD test

n1snaaasi 4 n1sAneinavesdinasldidesn Metarhizium guizhouense PSUMO4 waz
Beauveria bassiana PSUB01 fian15133gykazaununiuvasduastinlussuudanuuy
TalasTudind
msveaesgeeil 1 ansiiduazinlifmasseurn

UNLqumwmaaﬁmejmmyiaﬁ (completely randomized design, CRD)
nndeuseIeslsauLas 2 3ila fi8 M. guizhouense PSUMOS uay B. bassiana PSUBOL fitaeemsl
annuibedu wisualesuriuassiitsziuaumuiui 1x10° aled/faaans luthnduilende
waw 0.1% Tween 80 U3u1ms 100 fladans anntuiavesuaivassvontesusazedalii
ﬂimaﬂ,usmmmaﬂmmﬁmisﬂaa U3A wazAne (2552) Lmaaﬂaimai’]memmaﬂaﬂummumau
iin duwaiwarazanelidniu anduiilunsesdiefunuis iewaveiuvivassuildluns
npass Mntuihalesuriuassvendesurazadauteendy 4 ns5u3s toud (1) msvivasuuly
(2) mawsamiluszuusn (3) maviuuuluhmsumsanitussuunn @ yeeunsllddon iy
néee 10 Juil Aeseszuulslastui ndlunssuswenalin vind o 10 FuresaevE VLAY 10 fu
VIR VTN (10 68;1) W? Lﬁ'ﬁyasw AUR LY in7 Fuduwnan 35 Ju Juiinaoig wesiu e msn n 75y
Wunan 42 Ju wdean ﬂuumum et LLavmﬁuumumae] aildlunssme mauaveui o gaunndl 90
avnmadealuina 2 Ju wardauiminutmduasadunismaass mﬂuummmmlmmemmm
WUSUTIUVNSERR (ANOVA) waziUSeusisuanadessning v3muudlagds Tukey's HSD test

nsnnaesdesd 2 anasiidunstihfinaeseudn

MUHUMTTIAANTIFEIfuNTaael 4.1 wisnavssuviuaesdining
muuwuaUed 1x10° adessofiadns luthnduilsinige weau 0.1% tween 80 USums 100 fadans
Mntuthalesuviuaesventorurazeinutioandu 4 nssuds Wun (1) nswuasunlu (2) nswm
wasniluszuusn (3) mavuudlusufumeasiluszuusn @) yamuadlilades Taglddund
91y 10 TufiAssieszuulalasTudindlunsusnenaiin vidmau 10 Fueustasvivanst Wdeniuiy
et 1 A% (i 10) wdsanduudelidufimasydn 7 fu idedudnazthengld 17 Suthdauds
FoindssouinillifiUnduau 10 M Udesasuudusinazii Sufinanugevesdy emuensin yn 7
Suduna 42 Su ndwnadaaunsmaaewihnisdeiminan LLazﬁﬂﬁuﬁaumm vosilanszay



dena euwid aamall 90 esrwaldua Wuna 2 fu andwdhadialuieszianuudsusiu
N9a@0A (ANOVA) LazlUSauliisuaadusesning Naniualagds Tukey's HSD test

n1snaassi 5 Anwn1saseuasasiu A1ulu wazsinvaadesn Metarhizium guizhouense
PSUMO4 wag Beauveria bassiana PSUB01 lusuaziiluszuudanuuulalasiuiing

R UNITNARBIMUUEuaNYTal (completely randomized design, CRD) 3%
wuUsznoussiaslsautas 2 wiln Ao M. euizhouense PSUMO4 wa B. bassiana PSUBO1 71
iluiAsdluoaiien SDAY udahluunlifgumdogunad 28 « 2 ssmwadoa luanmiady
nan 15 Tu videauninderasaveaudinauenms shaeesivnaethaindui edeiiuem Tween
80 (0019%vA) Bnes 100 fiaddns antuthalesuriuassildludssiuuiunaludnysieana
N5V UIA LazAy (2552)

siessueetineny 7 ufivgrlussuulelasluiind S 12 dusevivianst T seenidy
(1) wuereSurumesderamndy @) wenoursesianiusuunn (3) gnaiuauldfundinesdiilild
o1 Mntuduiiungii $1uau 3 du/mInaud asaaeunsnTauATessIn a1y warlureaos
TsAuas M. suizhouense PSUMO4 lusuil 14, 21, 28 uaz 35 w§annslvidentuduinaztiade
wsn 81990 816U wazlu YwIRAINE1 5 wURuAs INTEIN1sRendeRa833n1s tissue
transplanting TneAsnsidndefinntudiuvesiia dauUasann Naik et al., (2009) Tnadnadae 70%
Ethanol 2 1417, 0.5% NaOCL 2 undl, 70% Ethanol 30 3unl wazdedeiindudsende 2 ads
mmi’uﬁﬂvl,ﬂﬁqiﬁuﬁwummwﬁmﬂaamﬁ‘% Fatuduvesiivliioun 0.5 wuRiuns udrhdudau
fana1lula19uu U IUISTIBN SDAY + thiabendazole + chloramphenicol (43 LLazq‘w%Wi,
2557) iefudanisiasayvesdouuniise mﬂﬁ?uﬁﬂﬂﬁuﬁﬁﬁm%jaqmmﬁ 28 + 2 pernwalfoa Tu
anmiledunan 15 Ju Funalaladvendoslsauuas M. guizhouense PSUMO4 waz B. bassiana
PSUBO1 Ma3ayeenunaintudiunieg vasiuazdn anntuindulouazalesvenioslsnuuasi
Wigeennniudiuvesuazinlunmaseumeldndesganssadiosuunuaziuiuyin
n19MAasd 6 nﬂsﬂszqnﬁ%’ﬁ?asﬂmLLuaaﬁﬁﬂizﬁw%quamuquLwﬁyﬂdauﬁn Lipaphis
erysimi Tulseisaudgniyszuulalasluiing

MeUHUNIINAaeLuudnluuianauysal (randomized complete block design,
RCBD) niimndusznausotoslsauuas 1 wilafifuseansamaniian anduiavesitesly
dudFmalutnefandiefiauinng dWeldiduuwndwenterdidudmiumiouasuriuass
avosililulsadoulgniivszuulalasluing laswdeslsaSouioma 4 lsadou (4 ©1) Tasugnagii
Hufivneaeu endraginergld 7 fu viniswdsuninaud Kl vinwudd 1 udeales
WuaRseslsALLas MIMWLAT 2 WdswriuassaUaslussuuth vamausi 3 WukazmaUed
wuassdeslsauias wazninuudi ¢ Wldavesuriuasaidosilsauas IWatesurnaonderisn
wiawng 7 s sndundeeiineny 7 3u dedursineng s 14 Yu thdsuTandeseunliitn S1umn
100 61 Fldliluvaennnassfiatinrasadiedd udrimasaluurinlivsnafanarwuuures
uwiazlsadou whdngndrdeanidielindssouiilemaiiensiafivewnsldodsdasy



Sufinduaulszensveunisseuinvdsiufivilony 28, 35 uar 42 Yu lawnns
UszifiuUssmnandsseuduldmtinmisdeu (Aphid index) A1333n1saes Pawar et al. (2009)
(91999910 Patel, 1980) 31U 5 S¥AU Imaaaﬁ’wmuﬂizﬁmﬂsﬁwwuﬁmazmmsmﬂﬁ%ﬁLﬁﬂ%umﬂ
MshaneveunaBseu fai

AU ANWULDINTS
Tainunas sauuud Uiy

dy 1 = v 1! 1 1 [y [~ 1 1 = =l
wumdggeuuuluindaudliegriuiudungy wavlinuiivuansoinislunie
YBAINID UALUE

2 wuwdsseuwdunguidng eguuluii uazwilufivurduiionnistn se
wuwdsseuwdungulvajoguuluiiv uavduduresity fiwuansornisludaden
inee

4 Tufivdulnnunaaulusendureanisseu liaunsatuduanld fvwans

a1mstudalen luvidnanndu
5 nndnesirgnuneAquimenguveundeseu ivuaszunsuy veinnsasyiule

SuiinAaugeuesdiu Anueasn vn 7 Yudunan 42 Yu ndmnatadunimeaes
yhmsdaimingn wazthiudusinevesiidlanseauitiima suursil gumgfi 90 ssmiuaidea
Hunan 2 Yu ntfuthidiatomnluinsessiauususunieedn (ANOVA) uasdisuifiey
Aadeszrinsefinanvesiiveingie 1ne33 Tukey's HSD test
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NANISNAADILAZIANTAUINE

N15MAaeeN 1 AnwradruaiursalunisnalifialsAnaadnasAdIUIULIIVDWYDI) M.
guizhouense PSUMO04 wag B. bassiana PSUBO1 fiatwagaaumn

nsmageuALamnIalunIieliAnlsALaIAYAUTULTIUBNTET) M. guizhouense
PSUMO4 ua B. bassiana PSUBOL finnumunuiuaed 1x10° aved/fiadans sewmdeseudn L.
erysimi wuindeslsautasiaosinannsaneliiislsafumwasseu L. erysimi l¢ fiaan 24 - 72
Flus Woslsaunanisassuiaiinnuansalunisdinaiemas seuldunnsaiuetefited @y
Meadn (P>0.05) druditrsaan 96 Falus Woslsaunas M. euizhouense PSUMOG ananadvinans

wihzsouldzus nenuiledidudnismereandeseuviniu 100.0 + 0.0 Wedidud uandranide
slsALsas B bassiana PSUBOL uazyaeuaNagsiliodfynisadiibs (P<0.01) (Table 1) dnwas
Guadngaéau%m%aiwﬁwﬁwmaL.Laml’“ﬂ,u Fig. 1

Fedenndoeiun1IMnaeIves Ekesi wazany (2000) WU WT831 M. anisopliae wae
B. bassiana ﬁﬂmwummuaﬂﬁ 1><1O8 dawalfindoseuds Aphis craccivora a1ede 60-100
Wosldus waz LllE]Vlﬁﬂ@ULﬂIE]i’WNﬁ@Q%U@VIﬂ’J’mL“lJiJ“lJuﬂﬁ mmaimmammw%umauq mammm
80.00 LUBsLTUs LLauLL&IanIL‘U’e)iL"Zi‘lJ(ﬂﬂ’ﬁ{mEJﬁuﬁiJﬁﬂ‘UULjJainJuL’m’]L‘W‘MiﬂﬂsU‘u Wy ilenadeuid e
31 M. anisopliae Tuliasiuumg Zeugodacus cucurbitae (Cougillett) fiszozina 24,48, 72 Way
96 Halu9 denaliuuasiuunsmie 40.00, 83.33, 96.67 uay 86.67 Wasidud auddu WUnden,

2559)

Table 1. Percentage virulence (mean = SEM) of Metarhizium guizhouense PSUMO04 and

Beauveria bassiana PSUB01 on mustard aphid, Lipaphis erysimi (Kalt.).

Time after treated (hour)"

Treatments
24 48 72 96
M. guizhouense PSUMO04 170+21%°  50.0+39° 820+59° 100.0 + 0.0°
B. bassiana PSUBO1 220+53°  430+7.0° 750+7.0°  89.0=+0.0°
Control 3.0+ 1.5° 30+15° 30+15° 4.0 + 1.6°

YData follow the same superscript in the same column are not significantly different by
Tukey's HSD test (P<0.01).
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Figure 1. Characteristic of infected mustard aphid, Ljpaphis erysimi (Kaltenbach), with Metarhizium
auizhouense PSUMO04 (A) and Beauveria bassiana PSUB01 (B)

nsnaassd 2 Anwraududuvesalefiliosn M. suizhouense PSUMO4 uas B. bassiana
PSUBO1 sawwaesausin

MNMsAnIATUUILLuYesaUesiTes M. guizhouense PSUMOS fisysiuminumuiuiu
voaUad 1x10°, 1x107, 1x10° war 1x10° aUesseiiadans sonisiinlsadenasdaudn
L. erysimi Wmfﬁngaa'auﬁLU@%L%uﬁmﬁmaazauLﬁuqaﬂﬁmﬁaizamﬁumﬁu’tunﬂmmumLLu'u
dewIsuifsufuyamunn Tnganududuil 1x107, 1x10° wag 1x10° aled/dadans fn1see
avanveunaosouluiud 5 unnd1 80 wWesiiud lnsusarauvuiwiuiiAinsaeasauvinfu
84.00 + 4.00, 98.00 + 1.33 wag 100.00 + 0.00 WWasidun auddu (Fig. 2)

denndesiunuideves Batol (2015) wuiindsanwuites) M. anisoplice Timnammuiu
1x10F, 1x10° uae 1x10° s Aadans dwaliing o8 ou Magosphum rose §insanedzauunnda 80.00
Wosidusd wazdsdmaliunasingiivalindu 1Wu vusunuasiunalsl Ceratitis capitata Snnsane
40-70 Wosidusd evhnsneageuseides M. anisopliae (Khlaywi et al,, 2014)
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120.00 -
~ 100.00 A
X
2
= 80.00 -
*g —0— 1x10/6
§ 60.00 - —&— 1x10A7
>
kS —8—1x10/8
g 40.00 o
= ——1x10A9
)
Y2000 A —O— Control

0.00 1

Days after treated

Figure 2. Cumulative percentage mortality (mean + SEM) of adult mustard aphid, Lipaphis
erysimi (Kalt.), infected with Metarhizium guizhouense PSUMO04 in the laboratory

a ¢ . ) aa a S = =] ]
N153LAS18% Kaplan-Meier 9848M51n15500T3ALRd80uNa80U L. erysimi Waiin15ld
dUo5UUIUARBLTOIILIALNAY M. euizhouense PSUMOA N1AMNRUILUUTEAUAII WU DRTINTT
aNa a S a1 v & = o oA 7 8 9
59ATINRALVDUNAYBDUNNUAYFUDSHVIUABYNTEAUAMUNUILUUA  1x107, 1x10% waz 1x10
aUasaladans 158eena1onsIN1sIendinmasvinny 3.50 + 0.06, 3.11 + 0.12 wag 2.51 + 0.10
JU MUa1PU FedealinagaauiinissenTdintestilaSa Uil o unuauaswuiuaseNseAauAIy
nUNA 1x10° alesneliafans wasynnruanegnitedAymsaia (P<0.01) (Table 2) %

'
o

sEAUAINTUILINYRIEUDIN 1x10° alesdeliadfing TiAn LTs wae LTa in¥iga Aa 2.00 + 0.10

'
o w a

waz 3.08 + 0.18 U MIUAWU ?jqLLmﬂGmmﬂsqﬂmimmaaﬁm pliBdAYBIN19ada (P<0.01)
(Table 3)

wenanigamuindes M anisopliae §ifinaroszuziianissendinads 2-5 Ju ey
naaouly Argeunia Xenopsylla brasiliensis (Rothschild) (Mnyone et al., 2012) way 8481
Aedes aegypti (Linneaus) (Paula et al., 2008) 8nAae d@1u Ekesi wazAuy (2000) lemagauion
M. anisopliae lelavan CPD4 uay CPD5 Tumdesewuia A. craccivora ieununwiuaes 1x10°
aUassaliadans WuIndiaAn LTs windu 3.5 kag 3.6 T4 ANUANU WWULRgINUAUNUNAaasuad Butt
LazAmy (1994) Wuindesiiinandmalinasseu Myzus persicae (Sulzer) wag L. erysimi @1
LTso Winfiu 10.0 waw 9.5 Yu deldmnuvuiwivales 1x107 aved/addns



13

Table 2. Kaplan-Meier survival analysis of adult mustard aphid, Lipaphis erysimi (Kalt.),

infected with Metarhizium guizhouense PSUMO04 in the laboratory

‘ Average survival time 95% Confidence interval
Conidia
, (AST) (day)
concentration Y Lower Upper
(mean + SEM)

1x10° 251 +0.10° 2.32 2.70
1x108 311 +0.12° 2.87 3.35
1x10’ 3.50 + 0.06° 3.23 3.77
1x10° 4.80 + 0.06¢ 4.69 4.91
Control 4.87 + 0.06¢ 4.73 5.00

YData follow the same letter in the same column are not significantly different by
Tukey's HSD test (P<0.01).

Table 3. Lethal time (LTsg and LTg) (mean + SEM) of different conidia concentration of
Metarhizium guizhouense PSUMO04 infected adult mustard aphid, Lipaphis erysimi
(Kalt.), in the laboratory

Lethal time (day)”

Conidia concentration

LTso LToo
1x10° 2.00 + 0.10° 3.08 + 0.18°
1x10® 2.63 +0.13° 4.09 + 0.18°
1x10’ 3.27 + 0.13° 5.45 + 0.27¢
1x10° 5.68 + 0.21° 7.47 + 0.38°

YData follow the same letter in the same column are not significantly different by
Tukey's HSD test (P<0.01).

ANMTUANUNUILUUVDIAUDSLTDI) B. bassiana PSUBOT N58AUAINUNUILUUYDIEUDS

1x10%, 1x107, 1x10° way 1x10° aussseiiadans donisiinlsasemassousin L. erysimi- WU
ngaa'auﬁmais‘z‘juﬁmﬁmaazamﬁugjﬁmﬁaazazLWMMWﬂ%uiunﬂﬂawuwuwLLﬂJuLﬁaLﬂ%‘amﬁaUﬁ’u
YARIUAN TaeAIdud Ui 1x10°, 1x107, 1x10° way 1x10° @les/Aadans dn1snudzauvos
wasgeuluIudl 5 AU 15.00 + 4.28, 52.00 + 4.67, 87.00 + 3.00 uaz 89.00 + 5.86 1WodLus
puanU (Fig. 3)

Akmal waganz (2013) 1#l61d01 B. bassiana lunseuauiwassaudin L. erysimi tagld
ANMUILLUEUBST 1x10°, 1x107 wag 1x10° wuindlenatduly 4 Yu wdsdounis 50-100
Wesidus Wewssuifisusuyaauauillinuwesidudnisnie venanisdinissenunisnie
1nndn 50 Weddud semueuntasiunalsl Ceratitis capitata (Wiedemann) Wevaasudedos

B. bassiana finnumuiuaUes 1x10° 1x107 way 1x10° aUad/Gaddns (Khlaywi et al, 2014)
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Figure 3. Cumulative percentage mortality (mean + SEM) of adult mustard aphid, Lipaphis

erysimi (Kalt.), infected with Beauveria bassiana PSUBO1 in the laboratory

A1594A312% Kaplan-Meier 1098m31n1350nT3nadsveunasseu L. erysimi iafinasld
aasuviuanaitesilsauuas 8. bassiana PSUBOL firnumunuiiuszdiusineg wuindnsnnissendin
WAsTsnadeufinuisaUasuriuaseiiseiumumuiud 1x10° uay 1x10° alesreiiadans
fiszozinandnsnssondineaewindu 3.46 + 0.12 war 2.71 + 0.12 Yu mudiu Fedwaldinge
gouilnssontintesidiossufisuiualosuriuassfisssuannumuuuuil 1x10°, 1x107 aleine
fiadans wazynmuaueEailituddnydmeadi (P<0.01) (Table 4) fiszfumnumuuULTesaUssh
1x10° avosrofiadans 1A LTs, Arflan Ao 2.39 + 031 Jaunnsirsainyanisnaaesduy egnedl
TodayBmeada (P<0.01) drufiseiumnunuintuvesalesi 1x10% wag 1x10° alesreliadans
fiAn LT90 winfu 4.06 + 0.53 uag 4.85 + 0.24 Ju Feliunns1aiu uduansnsanyanIsaassdus
agndifedfyBanneadn (P<0.01) (Table 5)

Wi 81T UIUI T eee Ekesl wavAniy (2000) inAdeuLd 031 B bassiana luindssouda
A. craccivora Menuvuinduales 1x10° aled/fadans wuinilen LTy windu 3.5 u waziileld
Fosfinumunuduales 2x10° aUed/fiadans lundsseu M. persicae danaliiian LTs, Wiy
5.5 U (Abdel-Raheem et al., 2016)

UENAINHAINN13TATIERA LCs waY L o U098 8517 9d098 A NUT LT 051
M. guizhouense PSUMOA {ifn LCsy wa LCop #MI1i%031 B. bassiana PSUMO1L o¢7 8.5 uaz 17.8

o w

Wi wazanaenuegelituBsdAynINan@ (P<0.01) (Table 6)
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Table 4. Kaplan-Meier survival analysis of adult mustard aphid, Lipaphis erysimi (Kalt.),

infected with Beauveria bassiana PSUBO1 in the laboratory

o Average survival time 95% Confidence interval
Conidia
concentration (AST) (day) Lower Upper
(mean + SEM)Y

1x10° 271 +0.12° 2.46 2.95
1x10° 3.46 + 0.12° 3.22 3.69
1x10’ 4.48 + 0.09° 4.29 4.66
1x10° 4.91 + 0.04° 4.83 4.99
Control 4.87 + 0.06° 4.73 5.00

“Data follow the same letter in the same column are not significantly different by
Tukey's HSD test (P<0.01).

Table 5. Lethal time (LTso and LToo) (mean + SEM) of different conidia concentration of
Beauveria bassiana PSUBO1 infected adult mustard aphid, Lipaphis erysimi (Kalt.),

in the laboratory

Lethal time (day)”

Conidia concentration

LTso LTeo
1x10° 2.39 + 0.31° 4.06 + 0.53°
1x10® 3.13 + 0.15° 4.85 + 0.24°
1x10’ 6.05 + 0.25° 6.67 + 0.35°
1x10° 6.05 + 0.23° 7.90 + 0.56°

YData follow the same letter in the same column are not significantly different by
Tukey's HSD test (P<0.01).

Table 6. Lethal concentration (LCsq and LCgp) (mean + SEM) of Beauveria bassiana PSUBO01
and Metarhizium guizhouense PSUMO4 infected adult mustard aphid, Lipaphis
erysimi (Kalt.), in the laboratory

Lethal concentration (spore/ml)"

Fungi
LCso LCoo
M. guizhouense PSUMO4 1.67 x 10" 4.75 x 107
B. bassiana PSUBO1 1.42 x 10% 8.45 x 10%
Y test 9.893 71.261
P value 0.0017** 0.0000**

YData follow the different superscript in the same column are significantly
different by chi-square goodness of fit test (P<0.01).
* = highly significant different (P<0.01)



16

MsnAaesd 3 Anwimsuninsyaneveunassauiniinades M. guizhouense PSUMO04 wag B.
bassiana PSUB01 Tutszwnsindesourinund

IINANTANYINISEBNEALT D M. suizhouense PSUM04 ¥93UsEYINTINA 8T UAN
L. erysimi fiRnidoslugusssnsmdsseuinund nuitdhadumesssrinanasseuiniinnidos
soUszrnandsseudnuniludngdau 5 : 5 aunsadevendenlugussrnamissoudnunald
andssrnawdeseuiniifndeneUsssnamisseutinuniludasdin 3 7 wag 11 9 Taowy
AnsAeazaNgaaviiiy 61.0 + 10.9 Weosidud Tududl 10 ndsaniGumagey dmsudndimves
Ussrnandssauiniiiaifordeussrinandsseudnunaludngidiu 3 : 7 uag 1: 9 wuen1zne
ATANgIARINAY 43.0 = 8.7 uaz 46.0 = 4.5 Wesidud mwddu Tuiud 9 uag 10 wdsanisu
YIAGDU AILYAATUANNUNIAEATALTRUNALSaUNAINT1 8.0 + 2.0 iWeddud Tutuil 15 wdsan
Sunadey (Fig. 4)

uaNIINTEamUNITTIBNUMIUNINTEIIBveNTT M. anisoplice Tuunasrindueg 1d8n
fe 1w eaffudes Anopheles gambiae (Giles) aunsameneaitosanmeadogmedlusnsidiy
1:10 wazdwmalinagnie 33.0 Wesifud (Ernst-Jan et al,, 2004) drunuataruwesdy Blatella
germanica (Linneaus) fin150e 87.5 Wosidud efin1sdenendosainusssnsuuasauiiin
{Woguszvnsusasaruundludnsidu 1:10 (Quesada-Moraga et al, 2004) wazunasiunali
C. capitata ansnsagdneveadesanmaliiando wesmadeilifadorlusndiu 1:10 14
WWULAEAY (Quesada-Moraga et al, 2008)

100.0 A

80.0 A
S =Om=19
> -3 7
T 600 A —=55
g =y coNtrol
()]
=
w 40.0 AT
S
S
o}
O

20.0 A

00 '—PA—A—M

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Day after treated

Figure 4. Cumulative percentage mortality (mean + SEM) of different fungal transmission of
infected adult aphid, Lipaphis erysimi (Kalt.), with Metarhizium guizhouense
PSUMO4 to healthy population in laboratory
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ANSAATIEH Kaplan-Meier maqé’m’]ﬂ'ﬁiam%ima?{ﬂ (Average Survival Time, AST) ¥89
Ussmnsinaesoudn L. erysimi Fidmges M. suizhouense PSUMO04 ReUszrnsasseuinund
WUhensdesUsrrInTnasseutniRnesdeUsE I nTIALs ausinUnAlus s 5 - 53:7
uay 1: 9 fa AST filndiAsafu fie 8.43 + 0.5, 10.12 + 0.58 uag 9.56 = 0.61 Tu aud1sy wazll
fiauuane1aiy winuuandsangaauauifian AST wiifu 15.00 + 0.00 Ju egrafidedAy
(F = 252.549, df = 3, P = 0.000) (Table 7)

waNeINATINUTUTe31 M. guizhouense finanesnsnisseniinvesunasiunald
B. cucurbitae \fiodufutovosuuasiuunaneadfidnitondenondosluguuasiuunanamdound
wuhusasTussawainndeniiniaienissendindanniniiu 6.16 + 0.19 fu sesasmnfouuasiy
LL@QLWﬁLﬁUUﬂaﬁaﬁ.‘ljﬂ’miﬂmiﬂlﬁﬁl?ﬁuﬁﬂmezljﬁam%jai’lsﬁﬁﬁﬁ’lLagaﬂﬂiiaﬂ%amL‘Vhﬁ‘U 11.10 + 0.55
U (U1gden, 2559)

Table 7. Kaplan-Meier survival analysis of fungal transmission of infected adult mustard

aphid, Lipaphis erysimi (Kalt.), with Metarhizium guizhouense PSUMO04 in laboratory

Rt Average survival time 95% Confidence
atio
) ) (AST) (day) interval
(infected:uninfected) Y
(mean + SEM) Lower Upper
1:9 9.56 + 0.61° 8.36 10.76
3:7 10.12 + 0.58° 8.98 11.26
5:5 8.43 + 0.56° 7.33 9.53
Control 15.00 + 0.00° 15.00 15.00

YData follow the same letter in the same column are not significantly different by
Tukey's HSD test (P<0.01).

nsAnwINITdenendes B bassiana PSUBO1 wasUseinsiniugoudn L. erysimi fifia
Hoslugussrnawisgoudnund nuirdnndutesszrnsnasseuiniiiaitessouszang
wigsauinUnAludnandau 5 ¢ 5 way 3 : 7 annsnmeenderluguszrnainassoudnuniligs
nisznanissouiniifndedeUszansmds seudnunilusnadau 1: 9 lngnuainisnie
azauindy 50.0 + 4.7 wag 47.0 + 6.8 Wasldud auddu Tutuil 8 ndaarniSuneaou dmsu
§h5ndan 1 ¢ 9 wumMseeazaNgIaAvinAy 33.0 + 6.3 Wesidud Tulufl 8 ndsaniFumaaey di
YPAIUANNUNMIN B AL ELTUNATUINIINTT 8.0 + 2.0 Wosidud Tufudl 15 ndwniBunaaey
(Fig. 5)
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Figure 5. Cumulative percentage mortality (mean + SEM) of different fungal transmission of
infected adult aphid, Lipaphis erysimi (Kalt.), with Beauveria bassiana PSUB01 to
healthy population in laboratory

N193L1AT18% Kaplan-Meier 9998051019500 %01a88 (Average Survival Time, AST) ¥849
USEANIINAUOBUNN L. erysimi NRALD31 B. bassiana PSUBO1 faUseannsinagssudnun@ wuin
IRINEIUVDIUTEINTINAYDRUNN NIRRT DI IMUSTINNSINAEBURNUNALUSRSIEIN 5 : 5, 3 : 7 Lay
1:9 3@ AST NtnaLAEanUY Ap 9.29 + 0.59, 9.50 + 0.60 kA 9.72 + 0.58 Tu MIUAHU wayludl

| o | | \ Aa Y o | N o o W
AULANATIINUY LANUINLANANIINYAAIUANNLAT AST 1111AU 15.00 + 0.00 U 28190 UYHALY
(F = 227.525, df = 3, P = 0.000) (Table 8) §TuUn1sUNINTEIBWBIINFIMUATAATDLUY
Uszrnsunfanansanulalulnessdndus 19U TUNAaees Lopez wagauz (2011) wuauuasiy
[ LY Aa r-glj ! ‘&J 1 a 1 ¥ . IS
AUAU coleoptera wmﬂLsuai’lmmmmwamLﬂjaiﬂiﬁlﬂqﬂismmﬂﬂm WU AN C. sordidus 1N

6§ @ & A dy L =3 o aa dy (Y [ [ a (Y] 1
meazay 10 wWosidud Welldneneawesandiauisiifawelugiauiound ludnsidiu 2 1 10
AU9UNAABIDY Kreutz LazAuy (2010) nn1snnassludig jps typoraphus (Linneaus) 913013
pugzal 77 Wesus Weneassludnsidiu 1:5 i
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Table 8. Kaplan-Meier survival analysis (mean + SEM) of fungal transmission of infected

adult mustard aphid, Lipaphis erysimi (Kalt.), with Beauveria bassiana PSUBO1 in

laboratory
Ratio Average survival time 95% Confidence
, , (AST) (day) interval
(infected:uninfected) y
(mean + SEM) Lower Upper
1:9 9.72 + 0.58° 8.58 10.86
3:7 9.50 + 0.60° 8.33 10.67
5:5 9.29 + 0.59° 8.14 10.44
Control 15.00 + 0.00° 15.00 15.00

YData follow the same superscript in the same column are not significantly
different by Tukey's HSD test (P<0.01).

n’liwﬂaa\‘lﬁ q msﬁnmmwmmsmaw‘ﬁasﬂ M. guizhouense PSUMO04 wag B. bassiana
PSUBO1 siamia'aLa'%unﬁuﬁzyﬂlaqéiuﬁmazmiﬁ'mmuﬁiangaéauﬁn

nMIvnaasgasil 1 msa’aLﬁ%umsw%musiaéiuﬁwaqL%a'iﬂ'sﬂLmaa

MNMIANYINATEINSALESINSWI et unztventes M. guizhouense PSUMOS Tu
Fuil 7 wer 14 vifamnnslfiden nsldieruuumadussuunniisdnaiuanugsosiunsiild
1NNINTIIABNTAUY usindsannuil 21 Beiudl 42 mwgeueaduazthmnnsTIAsliTinNALAneng
i (Fig. 6A)

dhuenuenynnud Wwiuil 7 uar 14 wimnmsliiden manssudslHReniuuliy
yosanuemTInInnIanuan Tuiuil 21 uay 28 nssASnswunislu wag mswumslusiuiy
mMamasdluszuuniinnuensnnnings3soug dwluiudl 35 wer 42 mnuenINvemn
N3SUIB LANULANAI9AY (Fig. 6B)

dmunsinumaresnsduaiumMasyesiuaziventes 8. bassiana PSUBOL AR
gaewuAzimNnssIIsldauwandsiueglidedAyneada (Fig. 7A) d1uAue13s1n wuh
Tutuil 7 avwensnlidenuuaneneiu dndutudl 14-02 smensnvesiuagtusaynssuiss
Arauanenaty Tasiametuil 42 msldidesn B bassiana PSUB01 wluszuumniluuiliumes
AINENIFININNAIINTSITNY uildunndnsiuegefitudfymeadn (P>0.05) (Fig. 78)
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Figure 6. Shoot (A) and root length (B) (mean + SEM) of Chinese kale treated with different
applications of Metarhizium guizhouense PSUMO4. The mean of shoot and root

length were compared by Tukey’s rang test (P = 0.01 and 0.05).
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Figure 7. Shoot (A) and root length (B) (mean + SEM) of Chinese kale treated with different
applications of Beauveria bassiana PSUB01. The mean of shoot and root length
were compared by Tukey’s rang test (P = 0.01 and 0.05).
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dmiuiminanuaztiminuimesdupzdmdinisidideslsauaniiania nuindos
15ALUAY M. guizhouense PSUMO4 wa B. bassiana PSUB01 v8nnssuds (Mun1slu viunisly
saufumluszuusin way wlussuusin) lianuunnsedy @mdnan F = 1.011, df = 7,
P = 0.432; Ynsdnuds F = 1.154, df = 7, P = 0.340) veevainidnan (Fig. 8A) Lavtminua
(Fig. 8B)

(A) M M. anisopliae PSUM04 [ B. bassiana PSUBO1
50.00 A
|
S 4000 |
£ I -
_E 1
© 3000 1 I : %
= I
< 1
¢ 20.00 o .
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Figure 8. Fresh (A) and dry (B) weight (mean + SEM) of Chinese kale treated with different
applications of Metarhizium guizhouense PSUMO04 and Beauveria bassiana PSUBO1.

All treatments were not significantly different by Tukey’s rang test (P>0.05).
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n1sNAABILRET 2 NsduasuAUNUNUYIiuRYsanIsIdvnateva LAl

MNNMSANYHAYBINITALESLAMLNUNUYR i uRzTdaN1S I YaNs e ABa U T e
51 M. guizhouense PSUMO4 Tuiudi 7 uaz 14 wdanmsldidesuasieunisudesnasseuasuy
dupzth wuin mslddesuuuniumsly mswluszuusin wazaswunislusausuniswilussuusin
Lifianuuandsangaauauitlilidon uindmintudl 21-02 ndannudesmasseuuudunsii
nufuagtildidesmnsuuuuiiniugeuesiuasiuinnitgaaiuauuazunnsnafueged
HodAyn1eada (P<0.05) (Fig. 9A)

daunnuesinnuii uiuit 7 way 14 udennsldidesuasieunisudesinassouasu
Fuazth wuin nstiideswuunumsly nswlussuusn waznnsviumslusiuiunswluszuusn
lifiaruuansnsningaruauitlileiden (P<0.05) wivdinudesinassouasuusungt wuiily
Sufl 21, 35 waz 42 ANUEIIIINTVDIAUALTUNVOYNNITUIT LT AILLANGAY (Figure 8B) 8nLiy
$uit 28 wuinauensnvesiunzth e suuunumisly waznswilusyuusn wAnEaeInms
Wunnslusauiunswilussuusn wasyaniunuegslitedAnyvneads (P<0.05) (Fig. 98)
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Figure 9. Shoot (A) and root length (B) (mean + SEM) of Chinese kale treated with different
applications of Metarhizium guizhouense PSUMO04. The aphids were released on

day 14. The mean of shoot and root length were compared by Tukey’s rang test
(P<0.05).

drnsuininanuaztminuiesfuasdindinisldidosilsaunas M. euizhouense
PSUMO4 nuinssadsdiinsldesinumslusantumluszuusn wagmswlusyuusin Sang
uanenafueeafitedndymsaifnnyamuauilainisliides (P<0.05) vewtsiwiinan (Fig. 108)
waztmTnus (Fig. 108) a'augﬂfu@défumﬁmé’amn“l%’wﬁasw M. guizhouense PSUMO04 fifin1suaat
wassousdelfuandt Fig. 11
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Figure 10. Fresh (A) and dry (B) weight (mean + SEM) of Chinese kale is treated with different
applications of Metarhizium guizhouense PSUM04. The mean of fresh and dry

weight are compared by Tukey’s rang test (P<0.05).

Control Spray + Pour

Figure 11. Characterization of Chinese kale after treated with Metarhizium guizhouense
PSUMO4 by different application methods; spray, pour and spray + pour, and

coincidence with aphid infestation. The control does not treat with the fungus.
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dmSunavosnsdas AU uYedunziren s Thateve i soutnuoadies
B. bassiana luiuil 7 way 14 ndwnnsldidesuazeunisdesmasseuasuudunzin wuin
Aslddesuuuniunisy nswluszuusin wasmswumddusiutunswluszuusn ldflaany
uansnsngamuauitlildides windntudl 21 uae 28 vianUdosmissoudnuusungii
nuFueagiildidesmnnssuitianugesduagtuinniigaaiuauuazuandsiuegied
Todfyneadn (P<0.05) (Fig. 12A) uwaznuinludud 35 way 42 fuaziniitinsldidosuuunums
Tu mawlusguusn uagmswunislusuiunswlussuusn hifanuuandaainyamuasilily

[
=1

Wo11 dauanmennvesiuaztynnsnishifanuuandaiu (Fig. 128) Feoraidululdinlutie
syuziing s vesnavadeuilussesiidunztfinssyfisingy stwziﬁﬂamﬂizwﬁwasmLﬁmﬁ oN!
MlinugerasiularaLe1IvessINlilANUuANAIiY
uaﬂmﬂﬁﬁaiﬂﬁgﬁaawﬁmé’ammsaa’aL?ﬁmmiLaﬁmlﬁUimsuaaﬁmﬁmﬁlulﬁﬁﬂﬁw WU aaLaTy
mstaTgiiulnvesduanaiue’ dmmalvinandninanmd wazamisnauauuiasdngivlidndae
(Dara, 2013) wazfilsneauindo s M. anisopliae HHaADAINGIVBIAIAU LAZAIINYIIVDIIIN
suaﬂéf‘umL%amﬁﬁmsLaﬁﬁgLauimlﬁﬁﬂdwﬁuﬁlﬁlﬂsﬁﬁasﬂéjﬁﬂﬁm (Garcia et al., 2001)
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Figure 12. Shoot (A) and root length (B) (mean + SEM) of Chinese kale treated with different

applications of Beauveria bassiana PSUBOL. The aphids were released on day 14. The

mean of shoot and root length were compared by Tukey’s rang test (P<0.05 and
P>0.05).

(%
o o

¥
o o Y 4

ANMSULUNUNAALA LU N LAY DIAUALLINGINT L5 5ALNAY B. bassiana PSUBO1

'
aaa

NUINSSUITNLNS IR 51U gluswAumluszuusIn waznsmluszuusin lufianuwsneeiu

=

nyanIuAunlidnisiddesivemsimidnan (Fig. 13A) uazmiinuiis (Fig. 13B) diusuvesiu
AxTNiNsUassndysausmelalansil Fig. 14



28

(A)
60.00 -
50.00 -
o 4
£ 40.00
-
5
o 30.00 -~
S
<
wv
Y 20.00 -
L
10.00 -
0.00 ]
Control Spray Pour
(B) Treatments
6.00 - a
5.00
4.00 -
o 4
£ 3.00
-
Ny
o
g 200 -
>
o
1.00
0.00 T ]
Control Spray Pour
Treatments

Figure 13. Fresh (A) and dry (B) weight (mean + SEM) of Chinese kale treated with different
applications of Beauveria bassiana PSUBOL. The mean of fresh and dry weight are
compared by Tukey’s rang test (P>0.05).
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Figure 14. Characterization of Chinese kale after treated with Beauveria bassiana PSUM01 by

different application methods; spray, pour and spray + pour, and coincidence

with aphid infestation. The control is untreated with the fungus.

msnaaaed 5 Anwnisaseuasaslu Aulu wazsinveadias M. suizhouense PSUMO4 uag B.
bassiana PSUBO1 Tufuiy

MNMSANINSATEUATEIRUAZTYBIT8T) M. guizhouense PSUMOG WUIMNN IR
nslidesn M. guizhouense PSUMOG siemstiumisly nswiluszuusin wazmsviumislusauiu
syuusn anansanulalativendesaludiuvessn W wagddu wiannlddesluiud 7, 14, 21
uax 28 drugaeuaxlinmanulaladvesdiondandn (Table 9 uax Fig. 15)
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Table 9. The incidence of endophytic entomopathogenic fungi, Metarhizium guizhouense
PSUMO4 and Beauveria bassiana PSUBO1, in leaf, stem and root of Chinese kale
after treated the fungus by spray and pour methods on day 7, 14, 21 and 28. The

control was un-treated the fungi.

Plant Day after treatment
Treatments Methods
parts 7 14 21 28
Control Leaf Spray - - - -
Pour - - - -

Stem Spray - - - -

Pour - - - -

Root Spray - - - -

Pour - - - -

M. guizhouense Leaf Spray + + + +
PSUMO4 Pour

Stem Spray + + + +

Pour + + + +

Root Spray + + + +

Pour + + + +

B. bassiana PSUB01 Leaf Spray + + + +

Pour + + + +

Stem Spray + + + +

Pour + + + +

Root Spray + + + +

Pour + + + +

(-) not detected the fungus; (+) detected the fungus
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Leaf Stem Root

Control

> Metarhizium guizhoense

> Beauveria bassiana

Figure 15. The fungal colony of endophytic entomopathogenic fungi, Metarhizium
ouizhouense PSUMO04 (D-1) and Beauveria bassiana PSUB01 (J-O), in leaf, stem
and root of Chinese kale after treated with the fungus by spray (D, E, F and J,

K, L) and pour (G, H, | and M, N, O) methods on day 28. The control was un-
treated the fungi (A)-(C).
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Figure 16. Shoot (A) and root length (B) (mean + SEM) of Chinese kale treated with different
applications of Metarhizium guizhouense PSUMO4. The aphids were released on

day 14. The mean of shoot and root length were compared by Tukey’s rang test
(P<0.05).
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Figure 17. Fresh (A) and dry (B) weight (mean + SEM) of Chinese kale treated with different
applications of Metarhizium guizhouense PSUMO4. The mean of shoot and root

length were compared by Tukey’s rang test (P<0.05).
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Figure 18. Level of mustard aphid, Lipaphis erysimi (Kaltenbach), distribution on different
treatment of Metarhizium guizhouense PSUMO04. The mean of shoot and root

length were compared by Turkey’s HSD test (P<0.01)



36

Figure 19. Characteristic of Chinese kale infestation with mustard aphid, Lipaphis erysimi
(Kaltenbach)

Control Spray S+P Pour

Figure 20. Characteristic of Chinese kale after infested 42 days with mustard aphid, Ljogphis erysimi
(Kaltenbach) in hydroponic system. The Chinese kale is inoculated with
Metarhizium suizhouense PSUMO4 at 1x10° spore/ml by spray, pour and spray +
pour, every 7 days. The control (water) is untreated.



37

A9UNAaNIINAADY

Mnnsnadeuaududuivnzanlunisneliiinalsaveadasilsauuas M. guizhouense
PSUMOA wa B. bassiana PSUBO1 sieinaggauiin fiszdunriumunuiiuates 1x10° aved/fiadans
dmareofifudmanieazauvesndesoudn L erysimi fiugsdumuszaznanifiuuiniu ng
Snsimssendinaisreundeseudin dnudealoditerisassdaiissduaumuiuiuiigaihls
wagsouin fnsnssendinduileFeuiisuiussdummmuiuresaUesfiduasgnnuau

seNMTIR YDA a3 LsALLIAY M guizhoLense PSUMOA ka B bassiana PSUBO1Tudsggnginie
goufnfiindeslugusznanasgoudnund wuiuwisseuiniiindes s 2 wlinanunsodievon
lugimdesouiniilifndesld Inedaduvesndeseuiniifntonremasseuinilifndesd 5:5
dsnaserefidudnmsnearauiigsianuaziidiadenssenTiniimitgaiileiSeuifivuiugannas
9

NAINNSA N 8 N3l F o3 lsAwas M. guizhotense PSUMOA wa B bassana PSUBOL slanns
duasunisiasyvesnstiluaneiliimassoudn msldidoslsauuanis 2 i lnenssuds ms
WU AT UAZNISHUESINAUM LWIlINNITRTYRUAYIANEIRY, AINE1ITIN, dminanuay
dwiinuts lifiarausnsnstufugnniuay uasdeldielsauuas M. guizhouense PSUMO4 uaz
B. bassiana PSUB0T Tuguaviinluaneiimasseu wWeslsauuas M. suizhouense PSUMOG
danaran1TYRUINYDIAINNGIRN AN, 8195150, dwrinaauavtviinuie weldnssuiswy
waz wusanAuw Suwaldufiiannniinssudinsvusasganivay wasdlodoslsauuas B
bassiana PSUBO1lunnnssuislidemaranisasayvlnvesduaziiwazliinnuwnnsaiuyn
AIUAY

lotidoslsauuas M. guizhouense PSUMOA %ﬂﬁﬂizamﬁmwgqm%gﬁuaﬁ B. bassiana
psUBOLuTIHATUALINTIFUIRTRIIALuinuszAUls IS aussuLUUgnlalnsludnd Wedsssoniy
Aerlutudl 42 nuiudelfiderlsauuasienssniiniam aunsomuaunisuniszuinveanie
gouinléfifian sesasunie maviusuium wagn1swy sy dwalindeseuiniinsssuinog
Tusgdui 2-3 WeiFsuifisuiugamuauiitimsunsszuneglusyiu 4-5



38
LONE15919D9

NIUIYINTNYAT. 2553, Auziinistesiumdnuuauwardnidngii U 2553, aunauigineuay
dainewisUssmelng. nSIIINITNEAT. NFIVNL 303 wi.

ANGI5 995505554, 2533. 15A3NEIVOILUAL. A1ANHINYT A ELNYATAIENS
NN SN YA TAENS.

findad ossnssan. wv. nslfideldanandonauauidauuasdagiin. nalnfgine aue
NWYAT UNTINGIRENEATANENT INYUVANUNIAY FINTAUATUFY.

uie fiafuns. 2554, madanseadeslsauuasissiuluadminnielineunataiienisaiuay
wuasiunald (Diptera: Tephritidae). 518911415398 N1ATYINTIANITARINY AMY
VSNYINTFITUWIR UM INSIRDEIVAIUATUNS. d9Va.

u3a Fafund eudn FuraTersd uag Fanl @oazenn. 2552, nsifinUTaavesitesuies
Metarhizium anisopliae (Metsch.) Sorokin #183a9719N15NEATIUNITNEATIUNTE.
IETINGIAERIINENT (AUUNLAY) 40(3): 555-558.

WA Y19UNg wazgnows 1y ema. 2557 msmagjﬁuawﬁ”am Metarhizium anisopliae PSUMO4 UL#1
RANAAN Lﬁamimmmmauﬁuiéf RolAend i uasInes. NINsuANERT @UUUIe) 423) 618623,

UNle 5I3ULEINT. 2559. Nﬁﬂ@ﬂL%@i’l Metarhizium guizhouense Tolgian PSUMO2 fon1sual
WUGLAaTN150859AV0IUUAITUUAY Bactrocera cucurbitae (Diptera: Tephritidae),
IMNPITNUTINGIAENTUNITUTNENV1IVINGTINGT UNTINIFUAIVATUATUNS, #IVA1. 60
N,

WaTad Juensyu. 2534, N13AIUANKLAIARIIYIAETIIT. NTUNNUNIUAT: LONA1TIYINIT. NG
NUANMIUIUARTNINTINN. NBanguazdniITng NTLIVINTINYRT.

Abdel-Raheem, M.A., Reyad, F.N., Abdel-Raheem, I.E. and Al-Shuraym, A. 2016. Evolution of
some isolates of entomopathogenic fungi on some insect pests infesting patato
crop in Egypt. International Journal of Chemtech Research 9: 479-485.

Akmal, M., Freed, S., Malik, M.N. and Gul, H.T. 2013. Efficacy of Beauveria bassiana
(Deuteromycotina: Hypomycetes) against different aphid species under laboratory
conditions. Pakistan Journal of Zoology 45: 71-78.

Amijad, M., Islam, I. and Kakakhel, A.S. 1999. Turnip aphid Lipaphis erysimi Kalt. (Homoptera:
Aphididae) biology, intrinsic rate of increase and development threshold
temperature on oilseed Brassica. Pakistan Journal of Biological Sciences 2: 599-602.

Bakhetia, D.R.C. and Sidhu, S.S. 1983. Effect of rainfall and temperature on the mustard
aphid, Lipaphis erysimi Kalt. Indian Journal of Entomology 45: 202-205.

Batol, J. 2015. The effect of DEMI-001 isolate of Metarhizium anisopliae on Aphis rose
(Hemiptera: Aphididae) of different temperatures. International Journal of Farming
and Ailled Science 4: 496-498.



39

Bhadauria, N.S., Jakhmola, S.S., Bhadauria, N.K.S. and Bhadauria, V.P.S. 1996. Reaction of
mustard genotypes against mustard aphid, Lipaphis erysimi Kalt. Advances in Plant
Sciences 9: 139-142.

Bing, L.A. and Lewis, L.C. 1991. Suppression of Ostrinia nubilalis (Hubner) (Lepidoptera:
Pyralidae) by endophytic Beauveria bassiana (Balsamo) Vuillemin. Environmental
Entomology 20: 1207-1211.

Bing, L.A. and Lewis, L.C. 1992. Endophytic Beauveria bassiana (Balsamo) Vuillemin in corn:
the influence of the plant growth stage and Ostrinia nubilalis (Hubner). Biocontrol
Science and Technology 2: 39-47.

Bischoff, J.F., Rehner, S.AA. and Humber, RA. 2 0 0 9 . A multilocus phylogeny of the
Metarhizium anisopliae \ineage. Mycologia 101: 512-530.

Bruck, D. 2005. Ecology of Metarhizium anisopliae in soilless potting media and the
rhizosphere: implications for pest management Ecology of Metarhizium anisopliae
in soilless potting media and the rhizosphere: implications for pest management.
Biological Control 32: 155-163.

Butt, M.T., Ibrahim, L., Ball, V.B. and Clack, J.S. 1994. Pathogenicity of the entomogenous
fungi Metarhizium anisopliae and Beauveria bassiana against crucifer pests and the
honey bee. Biocontrol Science and Technology 4: 207-214.

Chandler, D., Davidson, G. and Jacobson, R.J. 2005. Laboratory and glasshouse evaluation of
entomopathogenic fungi against the two-spotted spider mite, Tetranychus urticae
(Acari: Tetranychidae), on tomato, Lycopersicon esculentum. Biocontrol Science and
Technology 15: 27-54.

Dara, K.S. 2013. Entomopathogenic fungi Beauveria bassiana promotes strawberry plant
growth and health. eJournal on production and pest management practices for
strawberry and vegetable. [online] Available from
http://ucanr.edu/blogs/blogcore/postdetail.cfm?postnum=11624 (8 November 2016)

Ekesi, S., Akpa, D.A,, Onu, I. and Ogunlana, O.M. 2000. Entomopathogenicity of Beauveria
bassiana and Metarhizium anisopliae to the cowpea aphid, Aphis craccivora Koch
(Homoptera: Aphididae). Archives of Phytopathology and Plant Protection 33: 171-
180.

Elena, G.J., Beatriz, P.J., Alejandro, P. and Roberto, L.E. 2011. Metarhizium anisopliae
(Metschnikoff) Sorokin promotes growth and has endophyteic activity in tomato
plants. Advances in Biological Research 5: 22-27.

Ernst-Jan, S., Knols, G.B. and Takken, W. 2004. Autodissemination of the entomopathogenic
fungus Metarhizium anisopliae amongst adults of the malaria vector Anopheles
gambiae. Malaria Journal 3: 1-6.

Faria, M.R. and Wraight, S.P. 2001. Biological control of Bemisia tabaci with fungi. Crop
Protection 20: 767-778.


http://ucanr.edu/blogs/blogcore/postdetail.cfm?postnum=11624

40

Faria, M.R. and Wright, S.P. 2007. Mycoinsecticides and mycoacaricides: a comprehensive list
with worldwide coverage and international classification of formulation types.
Biological Control 43: 237-256.

Feng, M.G,, Chen, B. and Ying, S.H. 2004. Trials of Beauveria bassiana, Paecilomyces
fumosoroseus and imidacloprid for management of Trialeurodes vaporariorum
(Homoptera: Aleyrodidae) on greenhouse grown lettuce. Biocontrol Science and
Technology 14: 531-544.

Feng, M.G., Poprawski, T.J. and Khachatourians, G.G. 1994. Production, formulation and
application of the entomopathogenic fungus Beauveria bassiana for insect control:
current status. Biocontrol Science and Technology 4: 3-34.

Feng, M.G,, Pu, X.Y., Ying, S.H. and Wang, Y.G. 2004b. Field trails of an oil-based emulsifiable
formulation of Beauveria bassiana conidia and low application rates of imidacloprid
for control of false-eye leafhopper Empoasca vitis on tea in southern China. Crop
Protection 23: 489-496.

Garcia-Munguai, M.A., Gerza-Hernadez, A.J., Rebollar-Tellez, A.E., Rodriguez-Perez, A.M. and
Reyes-Villanueva, R.F. 2011. Transmission of Beauveria bassiana from male to
female Aedes aegypti mosquitoes. Parasite and Vectors 4: 1-6.

Jaglan, R.S., Singh, R. and Singh, H. 1988. Effect of abiotic factors on the field population of
mustard aphid, Lipaphis erysimi Kalt. Indian Journal of Ecology 15: 163-167.

Jin, S.F., Feng, M.G. and Chen, J.Q. 2008. Selection of global Metarhizium isolates for the
control of the rice pest Nilapavata lugens (Homoptera: Delphacidae). Pest
Management Science 64: 1008-1014.

Kabaluk, J.T. and Ericsson, J.D. 2007. Metarhizium anisopliae seed treatment increases yield
of field corn when applied for wireworm control. Agronomy Journal 99: 1377-1381.

Kher, S. and Rataul, H.S. 1991. Investigation on the mechanism of resistance in oliferous
Brassica against mustard aphid, Lipaphis erysimi (Kaltenbach). Indian Journal of
Entomolog 7: 141-154.

Khlaywi, A.S., Khudhair, W.M., Alrubeai, F.H., Shbar, KA. and Hadi, A.S. 2014. Efficacy of
Beauveria bassiana and Metarhizium anisopliae to control Mediterranean fruit fly
Ceratitis capitata. International Journal of Entomological Research 2: 161-173.

Kreutz, J.,, Zimmermann, G. and Vaupel, O. 2010. Horizontal transmission of the
entomopathogenic fungus Beauveria bassiana among the spruce bark beetle /ps
typographus (Coleoptera: Scolytidae) in the laboratory and under field conditions.
Biocontrol Science and Technology 14: 837-848.

Kumar, A., Kumar, N., Siddiqui, A. and Tripathi, C.P.M. 1999. Prey-predator relationship
between Lipaphis erysimi Kalt. (Homoptera: Aphididae) and Coccinella
septempunctata L. (Coleoptera: Coccinellidae). Il. Effect of host plants on the

functional response of the predator. Journal of Applied Entomology 123: 591-601.



a1

Lacey, L.A, Frutos, R., Kaya, H.K. and Vails, P. 2001. Insect pathogens as biological control
agents: Do they have a future?. Biological Control 21: 230-248.

Lopez, B.R., Michereff-Filho, M., Tigano, S.M., Oliveira, M.P., Neves, J., Lopez, L.E., Fancelli, M.
and Silva da, P. J. 2011. Virulence and horizontal transmission of selected Brazilian
strains of Beauveria bassiana against Comopolites sordidus under laboratory
conditions. Bulletin of Insectology 64: 201-208.

Loureiro, E.D. and Moino, A. 2006. Pathogenicity of hyphomycetes fungi to aphids Aphis
cossypii Glover and Myzus percisae (Sulzer) (Hemiptera: Aphididae). Neotropical
Entomology 35: 660-665.

Mandal, S.M.A., Mishra, R.K. and Patra, AK. 1994. Yield loss in rapeseed and mustard due to
aphid infestation in respect of different cultivars and dates of sowing. Orissa Journal
of Agricultural Research 7: 58-62.

Malsam, O., Kilian, M., Oerke, E.C. and Dehne, H.W. 2002. Qils for increased efficacy of
Metarhizium anisopliae to control whiteflies. Biocontrol Science and Technology
12: 337-348.

Mathur, Y.K. and Singh, S.V. 1986. Population dynamics of Myzus persicae Sulzer and
Lipaphis erysimi Kalt. on rapeseed and mustard in Uttar Pradesh. Journal of
Oilseeds Research 3: 246-250.

Mnyone, L.L., Nghabi, RK., Mazigo, D.H., Katakweba, AA and Lyimo, N.. 2012.
Entomopathogenic fungi, Metarhizium anisopliae and Beauveria bassiana reduce
the survival of Xenopsylla brasiliensis larvae (Siphonaptera: Pulicidae). Parasites and
Vectors 5: 1-3.

Naik, B.S., Shashikala, J. and Krishnamurthy, Y. 2009. Study on the diversity of endophytic
communities from rice (Oryza sativa L.) and their antagonistic activities in vitro.
Microbiological Research 164: 290-296.

Parsa, S., Ortiz, V. and Vega, F.E. 2013. Establishing fungal entomopathogens as endophytes:
towards endophytic biological control. Journal of Visualized Experiments 74: 50360.

Patel, A.M. 1980. M.Sc. (Agri.) Thesis, Gujarat Agricultural University, Sardar Krushinagar. pp.
40.

Paula, R.A., Brito, S.E., Pereira, R.C,, Carrera, P.M. and lan, R. 2008. Susceptibility of adult
Aedes aegypti (Diptera: Culicidae) to infection by Metarhizium anisopliae and
Beauveria bassiana prospects for Dengue vector control. Biocontrol Science and
Technology 18: 1017-1025.

Pawar, V.R., Bapodra, J.G., Joshi, M.D. and Gaikwad, S.E. 2009. Relative susceptibility of
different genotypres of mustard against aphid, Lipaphis erysimi (Kaltenbach).
Agricultural Science Digest 29(3): 230-231.

Prasad, Y.K. and Phadke, K.G. 1980. Population dynamics of Lipaphis erysimi (Kalt.) on

different varieties of Brassica species. Indian Journal of Entomology 42: 54-63.


http://www.sciencedirect.com/science/journal/09445013

a2

Pu, X.Y., Feng, M.G. and Shi, C.H. 2005. Impact of three application methods on the field
efficacy of Beauveria bassiana-based mycoinsecticide against the false-eye
leafhopper, Empoasca vitis (Homoptera: Cicadellidae), in tea canopy. Crop
Protection 24: 167-175.

Quesada-Moraga, E., R. Santos-Quiros, P. Valverde-Garcia, and C. Santiago-Alvarez. 2004.
Virulence, horizontal transmission, and sublethal reproductive effects of
Metarhizium anisopliae (Anamorphic fungi) on the German cockroach (Blattodea:
Blattellidae), Journal of Invertebrate Pathology 87: 51-58.

Quesada-Moraga, E.I., Martin-Carballo, I., Garrido, J. and Santiago-Alvarez, C. 2008. Horizontal
transmission of Metarhizium anisopliae among laboratory populations of Ceratitis
capitata (Wiedemann) (Diptera: Tephritidae). Biological Control 47: 115-124.

Robert, D.W. and St Leger, R. 2004. Metarhizium spp., cosmopolitan insect pathogenic fungi:
mycological aspects. Advances in Applied Microbiology 54: 1-70.

Rohilla, H.R., Singh, H., Yadava, T.P. and Singh, H. 1996. Seasonal abundance of aphid pests
on rapeseed-mustard crop in Haryana. Annual of Agricultural and Biological
Research 1: 75-78.

Rohilla, H.R., Singh, H. and Kumar, P.R. 1990. Preliminary screening of national varieties of
Brassica juncea (L.) (Czern and Coss) against mustard aphid, Lipaphis erysimi (Kalt.).
Journal of Oilseeds Research 7(2): 81-83.

Samdur, M.Y., Gulati, S.C., Raman, R. and Manivel, P. 1997. Effect of environmental factors on
mustard aphid (Lipaphis erysimi Kalt.) infestation in different germplasm of Indian
mustard, Brassica juncea (L.) Journal of Qilseeds Research 14: 278-283.

Sasan, R.K. and Bidochka, M.J. 2012. The insect-pathogenic funus Metarhizium robertsii
(Clavicipitaceae) is also an endophyte that stimulates plant root development.
American Journal of Botany 99: 101-107.

Shan, L.T. and Feng, M.G. 2010. Evaluation of the biocontrol potential of various Metarhizium
isolates against green peach aphid Myzus persicae (Homoptera: Aphididae). Pest
Management Science 66: 669-675.

Shan, P.A. and Pell, J.K. 2003. Entomopathogenic fungi as biological control agents. Applied
Microbiology and Biotechnology 61: 413-423.

Shi, W.B. and Feng, M.G. 2004. Lethal effect of Beauveria bassiana, Metarhizium anisopliae
and Paecilomyces fumosoroseus on the eggs of Tetranychus cinnabarinus (Acari:
Tetranychidae) with a description of a mite egg bioassay system. Biological Control
30: 165-173.

Shi, W.B. and Feng, M.G. 2006. Field efficacy of application of Beauveria bassiana
formulation and low rate pyridaben for sustainable control of citus red mite
Panonychus citri (Acari: Tetranychidae) in orchards. Biological Control 39: 210-217.



43

Singh, S.V. and Malik, Y.P. 1998. Population dynamics and economic threshold of Lipaphis
erysimi (Kaltenbach) on mustard. Indian Journal of Entomology 60: 43-49.

Sinha, R.P., Yazdani, S.S. and Verma, G.D. 1989. Population dynamics of mustard aphid,
Lipaphis erysimi Kalt. in relation to ecological parameters. Indian Journal of
Entomology 51: 334-339.

Sinha, R.P., Yazdani, S.S. and Verma, G.D. 1990. Population dynamics of mustard aphid,
Lipaphis erysimi Kalt. (Homoptera: Aphididae) in relation to ecological parameters.
Indian Journal of Entomology 52: 387-392.

St Leger, R., Joshi, L., Bidochka, J.M. and Robert, W.D. 1996. Construction of an improved
mycoinsecticide overexpressing a toxic protease. Proceedings of the National
Academy of Science USA 93: 6349-6354.

Thaochan, N. and Chandrapatya, A. 2016. The phenotypic and metabolic properties of
Metarhizium guizhouense on Corcyra cephalonica. Mycosphere 7: 214-225.
Vandenberg, J.D. 1996. Standardized bioassay and screening of Beauveria bassiana and
Paecilomyces fumosoroseus against the Russian wheat aphid (Homoptera:

Aphididae). Environmental Entomology 89: 1418-1423.

Vandenberg, J.D., Sandvol, L.E., Jaronski, S.T., Jackson, M.A., Souza, E.J. and Halbert, S.E.
2001. Efficacy of fungi for control of Russian wheat aphid (Homoptera: Aphididae) in
irigated wheat. Southwest Entomology 26: 73-85.

Wekesa, V.W., Maniania, N.K.,, Knapp, M. and Boga, H.l. 2005. Pathogenicity of Beauveria
bassiana and Metarhizium anisopliae to the tobacco spider mite Tetranychus
evasi. Experimental and Application Acarology 36: 41-50.

Wraight, S.P., Carruthers, R.l., Bradley, C.A,, Jaronski, S.T., Lacey, L.A., Wood, P. and Galaini-
Wraight, S. 1998. Pathogenicity of the entomopathogenic fungi Paecilomyces spp.
and Beauveria bassiana against the silver leaf whitefly, Bemisia argentifolii. Journal
of Invertebrate Pathology 71: 217-226.

Ye, S.D., Dun, Y.H. and Feng, M.G. 2005. Time and concentration dependent interactions of
Beauveria bassiana with sublethal rates of imidacloprid against the aphid pests
Macrosiphoniella sanborni and Myzus persicae. Annuals of Applied Biology 146:
459-468.



aaq
Y a < 1 ] o/ aw
JoAnuLazdatauadnsun1sIdesaly

thuansvasesiildlunaaeuseluaninlsadousiwwennuasns ioUssliudnenmusado
SeNIMUANNALSEULN
mimaaumasuaqqgma&iaﬂszﬁw%mwsumL%aiﬂiﬂLLuaaﬁqaawﬁmiuszwmsUQﬂﬁﬂiaim
Wilnd

Bifeslsaunasiadewialunadeuiuiivlslasluiinduiinguy
ﬁmmgﬂLL‘U‘UGU@@Ls?iyaiﬁﬁmmzauLLazdwswiaﬂ'ﬁﬁwiﬂi%’suaamwmﬂi



AMANUIN

a5



a6

NAIUIYLAZAITUEUDNAIIUIBINAG

1. nunneyatl ndawa waz wid wadums. 2557, msldidesn Metarhizium anisopliae PSUMO4
muqmwgﬂéauﬁﬂ Lipaphis erysimi (Kalt.) (Homoptera: Aphididae) Tuinaziissuu
lalaslutind. nnsansunununs (@Uuiieay) 42(3): 634-638.

2. AUANIYaY AANE war uSA R1aTuns. 2558, n1sdrenenlosn Metarhizium anisopliae
PSUMO4 voLwaesauln Lipaphis erysimi (Kalt.) (Hemiptera: Aphididae) finmdosly
Usernsuni. 115aseAunens (RUUNLAY) 43(1): 764-768.

3. nuAnal Aawwa way uSA Hadums. 2559. n1saseunsesdunsTvenlios Metarhizium
guizhouense PSUMO4 fivgnluszuulalasiuiing. 1sansfivmansasvarueiuni 3@l
NLAw): 78-83.

4. Taluengphol, K. and Thaochan, N. 2016. Efficiency of Beauveria bassiana PSUBO01 for
controlling mustard aphid, Lipaphis erysimi (Kalt.) (Hemiptera: Aphididae) on Chinese
kale in hydroponic system. The 10™ IMT-GT Uninet Conference 2016 (Bioscience:
The Element of Life) during 1-2 December 2016 at confence room, 8" floor, LRC
building 1, Prince of Songkla University, Hat Yai, Songkhla, Thailand. (Poster
Presentation)



1Ak

KRG HIPERGLRIAL

4 - O A\ V/ s ¢ 7 IO . ST AN\ Y/ LB | 7 SO .
<> U 42 aUudiAy 3 2557 Vol.42 SUPPLEMENT 3 2014

\ § }<@ g \7AN\SZ LN XA\ /

Y /\ N V4 ,,\ V o . U 4 )\ ARV 4 / N N K\ | Y4 /

o ) €% O
The 13" National Horticultural Congress
‘Hort. Innovation for Long Life & Happiness’

29-31 July 2014
Centara Hotel & Convention Center, Khon Kaen, Thailand

S

N15USBYUIBINNG

NYFIULLAI YA
ASAN 13
“‘UIRNTSUWIAIU
\We¥Andugilegruduay

29-31 NSNYIAN 2557
TseusuumsnuouspeunuFudiumned

e Up EWUFLUIPLUMN

uinor ainynalby uaey uoyy LGGZ € AuImnne

JNVIAYDUUNU

7102 € LN3N3I1ddNS Z¥'IoN e



LAUINEAT 42 U URLAE 3 : (2557). KHON KAEN AGR. J. 42 SUPPL. 3: (2014).

M31515051 Metarhizium anisopliae PSUM04 A3URNIWAED0UND
Lipaphis erysimi (Kalt.) (Homoptera: Aphididae)
Tudnazinszuylalasldiing

Controlling of mustard aphid, Lipaphis erysimi (Kalt.)
(Homoptera: Aphididae) by Metarhizium anisopliae PSUM04
on Chinese kale in hydroponic system
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Kanokkarn Taluengphol! and Narit Thaochan'*

unAngia: Mamageunsldides Metarhizium anisopliae PSUMO04 Lﬁ@mmum'gﬂé@uﬁﬂ Lipaphis erysimi
(Kalt.) wuqn nsldalofuaouaesidomiissAuasumuiutesatles 1x10° uaz 1x10° atefsiefinaans
danalinaggeuinmang 100.0040.00 LAY 98.00+1.33% wasniswuatles 4 uaz 5 51 AuAEL NFALATIEST
Kaplan-Meier 1045 821901N"970ATARTE WAL B LN TIsE AL A ML aaeF 1x10° gilefsefiaaans
ﬁmﬁm"qm 2.11%0.10 94 mem'wmm;mwmmﬁ'u@mqﬁﬁmﬁﬂﬁm@lqmmﬁﬁ (P<0.01) WALTIsEALANN LY
199810 FgaqnilAn LT uay LT ity 2.00+ 0.10 uAz 3.08+ 0.18 4u maasiv

ARARY: ngﬂﬂ'ﬂuﬁﬂ, Metarhizium anisopliae, Lipaphis erysimi, N13AILAN

ABSTRACT: The bioassay test of Metarhizium anisopliae PSUMO04 for controlling of mustard aphid, Lipaphis
erysimi (Kalt.) was carried out. Spore concentration at 1x10° and 1x10® spore/ml showed cumulative percentage
mortality 100.00+0.00 and 98.00+1.33% at four and five days after treated. The spore concentration at 1x10° spore/
ml gave the lowest Kaplan-Meier survival value with 2.11+0.10 day and high significantly different compared with
the other concentrations (P<0.01). The spore concentration at 1x10° spore/ml expressed LT, and LT, values with
2.00+ 0.10 and 3.08+ 0.18 days, respectively.

Keywords: mustard aphid, Metarhizium anisopliae, Lipaphis erysimi, controlling

LN ﬂ@ﬂLﬁfﬂﬁ‘lﬁﬂﬂdqumm”LULLmziﬁﬁu nstgnivalu
sxunllalnsliindanunsouaniasanisszinnTed
flaqiiunsgnivrluszunlalasluinglasy unasAngNTLTiale LRSI AES e N AN
AN TN T ﬁﬁ’lﬁﬁmiﬂ@ﬂﬁuuwa‘mw%ﬂu Lipaphis erysimi (Kalt.) (Homoptera: Ayphididaf%)
Fansdraunalugy dlsznaunismedes via  Awnsadinaeuaziinisszunsesasilugiid
wifusinnsdgnldsudsenuluniaden dnfiflen  neLgnluszuudsnann (Capinera, 2004)
ﬂ@mm:ﬁ‘imﬁumn%m A fnazih dadudng
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mmmﬂfymmﬁxmmmmLw’tﬁﬂ@'@u‘lumi
dgnivaszuulalashlindaunsoinldivansds wsl
Fansilaeade Wufinsfuduondennazannis
Tannindifidusunms fa nianugudaniaia
Tagianiatnatsnslfidennelsauuag 19y [de
31 Metarhizium anisopliae ﬁﬁmmmmsmuqu
unasAmgNT A et 19NscAnEn I (Ujjan and
Shahzad, 2007; Saranya et al., 2010; Shan and
Feng, 2010) fa”mqﬂazmﬁmmmﬁﬁm;ﬁiﬁ@ﬁﬂm
5qmqwmmimmmﬂmﬂ%mﬁ M. anisopliae
PSUMO04 ‘17;LMN’]S;’&NM'@WWWQUQNL‘Wgﬂ@'@uﬁﬂ
L. erysimi lunsugnazthszuulalasluiing

A8N19ANE

ﬂ’]im?‘ﬁlm%ﬂﬁ"’n Metarhizium anisopliae

Y3931 M. anisopliae PSUMO4 #il&50an
AudrouANARgNalaeTIuYsTuet R Audnials
(1i3F, 2554) TAeluamnadeside Sabouraud
Dextrose Agar plus Yeast (SDAY) wanriluind
grund 27.0 + 2.0 avAadas waan 14
wpaunidanaaLefausaysal mndusies
slefidasuaruanaluninduileainige 100
findansANANE"T Tween 80 AANNddas 0.05%
watiuadessae haemacytometer AR NI
Wit 10°, 107, 10% waz 10° alesraianans (UsA
LAY BUTR, 2551)

n’l’ﬂ‘ﬁ%ﬂi’] Metarhizium anisopliae PSUM04
muqumﬁyﬂ'ﬁiauﬁ’n Lipaphis erysimi ludnmz
hszuulalasliliing

vinatgau L. erysimi Alaiiiingnuau 50 6
uiiveenitlu 5 ngu nguaz 10 fiv Wusealed
LITLABEITRIN M. anisopliae PSUMO04 fiszdn
ANUUNLLUIaNALaT 1x10° 1x107, 1x10° LAy
1x10° mﬂmﬁ%ﬁaﬁﬁmImﬂmjmﬂuwgﬂ@'auﬁw'u

635

é’qmﬁuﬂduﬂummu@m anduthmanganuly
Uansuusunandnazingne 15 44 a1uam 10 6
Fla s 17{Lgmlmwﬂai}m‘iﬂﬁﬂm’ﬂmﬁqmﬁﬁﬁuﬁ'@
flosfunaviauviseuwagsen tfinnisneaed
ALY 24,48, 72, 96 uaz 120 dlue Toe
Find1UIU 10 10 9URAYNITIAT

NI5AATITARNANITNARDY

Apsiafidusnismnaazan ANNN929RTIR
189U HNAY (Kaplan-Meier analysis) AN LT50 LAY LTgo
20903 LULAAYIEAUAMNUUNL LT a5 AN
TR ZAANLUTU9UN94 05 (ANOVA) Laz

= ' = . ady  aa

WU ANRALITENININTINATANEAE Duncan’s
Multiple Range Test (DMRT)

A0UTNMInaaas

wamAABINATTINNIAANIARINT LAz
pauANARNTlATIuNTTULeTA naald A
NFNEINTBITNINH WUANYIRLANTANUATUNG
FINTARITAN

538z NINISNARDS
RARUNGHNIAN D19 NINNIAN W.A. 2556

NANISANE

ANnNsANE AN esE e Fiasn
M. anisopliae PSUMO04 fisxdupnumLLLTegaF
1x10°, 1x107, 1x10° Az 1x10° alassaianang
sannaiRalsATaNALEaL L. erysimi Wuq1 WA
@'@uﬁL‘]J@ﬁ%um’mimmmuLﬁu@;\i%mﬁmzm
wafssnnilunacmnuisilen By
AUTAAILIAN s 13107, 1x10°
waz 1x10° adefrafiadans Aefidiuinisane
drdnrenAnse iR 5 Wiy 84.00+4.00,
98.00%1.33 1Az 100.00£0.00% AINANAL
(Figure 1)
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WAKNERT 42 arTUNLAL 3 : (2557).

120.00 -
100.00 4
S
~ 80.00 4
z
£ —e—1x10"6
5
£ 60.00 - —A—1x10"7
=
% —f— 1x10"8
£ 4000 -
3 ——1x10"9
2000 - —O— Control
8 g 5 —0
0'00 L] L) L] L] 1
1 2 4 5
Days after treated
Figure 1 Cumulative percentage mortality (mean + SEM) of adult mustard aphid, Lipaphis erysimi (Kalt.),

infected with Metarhizium anisopliae PSUMO04 in laboratory

N199LAI1EY Kaplan-Meier 2848551019980
FAnatreanateau L. erysimi definnsldatles
LLmu@'aﬂL%faﬁ‘ﬁ'm*}wmLLliuixﬁTur;mj WU
FMINn9renTIRRALTeNALsauTINLUE e aeF
LAUARETIsEALAATI LT 1x107, 1x10° uay
1x10° dtlafreRadans flsveizinannssendaniaat
Winfiu 3.50+0.06, 3.11+0.12 Ay 2.51£0.10 94
ALY denalinateeuiinissandintaile

Table 1

Metarhizium anisopliae PSUMO04 in laboratory

wRouifieuiy auesuamuaeefisziuanamuiy
7l 1x10° alefwedanans wazgAARLANDEINNHITR
z‘iqﬁaﬁqmmﬁﬁ (P<0.01) (Table 1) A1 LT_ Uz
LT, Fsvsunumnutiueesaes 1x10°aulaise
fladams SAGNTigM AR 2.00 £ 0.10 uaz 3.08 +
0.18 Ju mNATsL LLmﬂﬁm@fmmmswmm%u

o o

aenlladn Aty Ean1eadin (P<0.01) (Table 2)

Kaplan-Meier survival analysis of adult mustard aphid, Lipaphis erysimi (Kalt.), infected with

Average survival time (AST)

95% Confidence interval

Conidia
(day)
concentration y Lower Upper
(mean = SEM)
1x10° 2.51+0.10° 2.32 2.70
1x10° 3.11£0.12° 2.87 3.35
1x10 3.50 + 0.06° 3.23 3.77
1x10° 4.80 + 0.06° 4.69 4.91
Control 4.87 +0.06° 473 5.00

"Data follow the same letter in the same column are not significantly different by LSD test (P<0.01).
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infected adult mustard aphid, Lipaphis erysimi (Kalt.), in laboratory

1/

Lethal time (day)

Conidia concentration

LT,, LT,
1x10° 2.00 £ 0.10° 3.08 +0.18°
1x10° 2.63+0.13° 4.09+0.18°
1x10" 3.27 +0.13° 5.45 + 0.27°
1x10° 5.68 + 0.21° 7.47 +0.38°

"Data follow the same letter in the same column are not significantly different by LSD test (P<0.01).
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Table 2 Lethal time (LT50 and LT%) of different conidia concentration of Metarhizium anisopliae PSUM04

Fa150d

nsldatesuaiuaseveadas M. anisopliae
PSUM04 fsziuAuvuiLiduaasalas 1x10°
uaz1x10° alafialadans a1N130ALANINAY
! o Loy A a a = o
aaudn L. erysimi lfatnafidsz@nsnn Teaenndes
AunnsAN®1189 Ujan WAz Shahzad (2012) #
978979497 18T M. anisopliae lalmian PDRL526
Anannliinaadaudn L. erysimi A 96.8% Lila
atefiiasnianumnuiy 1x10° alesrelad
AT d9UN13ANT284 Saranya et al. (2010) 318U
. o X g .
79l @as M. anisopliae NUAITNNAUILLUU
1x10° glasFaNaaans aNN170H A8 Aphis
craccivora (Koch) 1&f 100% &115UmnsANMLIn
. e X  day X o, .
wiuresatlasizasnldpauauinatdaunLANFna
AuluegiuTHALA A INIWLITRAUTRI TsALNA
wAasTia (Chandler, 1997)

a9

Mmﬁmqumw@u%mq M. anisopliae
PSUMO4 finnnaminutiuannndn 1x10° avadredla
ARMT ANNITDATL @mw?:ﬂfa'@uﬁﬂ L. erysimi L6
pztinluszuulalasluingdlded9llsc@ninw
neluszezionn 4-5 41 wazaunsatinlilsvene
ruinaiauntinmelgnlussuylalasindls

ANUBUAL

ndAfeillEunsaiuayuananiisuna
HaamnaluladdannnemsLasnInenIsITHIR
AENSNENTEITHTINR WALTTUTRANE NUANENAE
AU UATINS 10U UAMAUTATLANARNT A
Fuvizduienng nals wazniedanisdanisdeg
WO ALENENEINTETTNTR NUANLNFEIAITAN
upTUNg ﬁlém‘ﬁ@@ﬂmtﬁ WAZANTUT ARBANTS
ANEUNTIAE

LANAITA9DY

W3R T9dung waveyd@n Funasened. 2551, Uss@nsnn
ﬂ’]ﬁ‘ﬁ'm@ml‘ﬂu%’ai’] Metarhizium anisopliae L1
wuasdunaly (Diptera: Tephritidae). 917419
ANLANARFINERT (WAL 39 21-25.

1B $aduns. 2554, nnafAnsesdesnlsAuNasiaeduly
mmé’qw’fmmMﬁmuﬂmm‘ﬁ'@msmuqume'j"um
141 (Diptera: Tephritidae). 18UANTIRE ANVAFTINTT
[ANITARINT AUTNINEINIFITHTR WIANYIAE)
ANTATUATUNS, ATAN.

Capinera, J.L. 2004. Encyclopedia of Entomology Volume
1. Kluver Academic Publishers, Dordrecht, Nether-
lands.

Chandler, D. 1997. Selection of an isolate of the insect
pathogenic fungus Metarhizium anisopliae virulent
to the lettuce root aphid, Pemphigus bursarius.
Biocontrol Sci. Tech. 7: 95-104.
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MINeNoA¥e31 Metarhizium anisopliae PSUMO04
VOUNALDOUAN Lipaphis erysimi (Kalt.) (Hemiptera: Aphididae)
naawes lulsznslng

Horizontal transmission of Metarhizium anisopliae PSUM04 infected
mustard aphid, Lipaphis erysimi (Kalt.) (Hemiptera: Aphididae),
in healthy population

¢ =K 1 a Y v c1x
AUNNIYIU AAIWA A HIF NIIUNT

Kanokkarn Taluengphol! and Narit Thaochan'*

UNARLR: NINARALNTANENAATAIN Metarhizium anisopliae PSUM04 184Wanaausin Lipaphis erysimi
da X o o, ooda X X ae o

(Kalt.) nAnEasliduszansnd wudndszanamasdendnifnmesselsyrnanasdendnynaludnandau
5:5 ansnaanasdaslildlscansinilauiniign wazvinlimausaudnanefs 73.0¢ 18.0% sevasanliun
FR71d9% 1:9 uaz 3.7 A lFimaseeudnmng 43.0 + 8.7 LAz 46.0 + 4.5% AMNAIAL N153LATIZY Kaplan-Meier
19995 8ZIIRNNITVATIATBSINATEaUAN WuT1dRIdoutesszansnandeudnifadassalsyaing
wazgaudnUnaludnsdausine lfimuuanseiy whwanssangaasuANet1alied Aty

AdALY: WnAsaaudn, Metarhizium anisopliae, Lipaphis erysimi, N308vaa1das1

ABSTRACT: Horizontal transmission of infected mustard aphid, Lipaphis erysimi (Kalt.), with Metarhizium
anisopliae PSUMO04 to healthy population was investigated. The ratio of infected and uninfected mustard aphid at
5:5 showed highly transmission of the fungus to healthy population with percentage mortality 73.0+ 18.0%. Other
ratio of infected and uninfected mustard aphid at 1:9 and 3:7 showed similar percentage mortality of mustard aphid
with 43.0 + 8.7% and 46.0 + 4.5%, respectively. Kaplan-Meier survival analysis of mustard aphid of all tested ratio
were not significantly different but significantly different from control (uninfected aphid).

Keywords: mustard aphid, Metarhizium anisopliae, Lipaphis erysimi, Horizontal transmission
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UNU

v
a

RGHRREM (Hem|ptera Aphididae) LﬂuLLNm

A o

ﬁmgwwzﬁmmﬂuwm NUNTUNITZUIARAD 91‘1/]\‘1

o
X '

T mazdeaunnuluwnuFaunazunueuguitinngn
200 %A (Nault, 1997) THiaTia319A LR emels
fuftiniluatiiannn Ae INageeusn Lipaphis
erysimi (Kal.) @snsadninanenadnldvaneodia
W NNaNeEN $NNIA9 NaNeseERas HnAzii
uazenlan usy (Capinera, 2004) flaqtiunng
paupsaseudnlag sl dansindinannvanes
ImﬂL@W']mam@'\mwmu@u‘ﬂmmﬂ%ﬁ@mmmrsq
19ALNAS 1YW Metarhizium anisopliae ﬁmﬂmm
ﬂ’JUQNLW?;EI’r]'@uBTﬂ L. erysimi uusuazinlussuy

1aimiiﬂﬁnﬂﬁ@ﬂﬂqﬁﬂizﬁm%ﬂﬁw (ﬂuﬂmm@ﬂ

LaZUIA, 2557) YNNI LA TDARLTRA
mmqmnmammmmwmmfamvl,ﬂmﬂ@u
ﬂs:mm‘ﬂﬂmLL@xLﬂummmma‘mwmﬂmmm
Uszansuuasvatild 19y wuasdnue ey
Blatella germanica (Quesada-Moraga et al., 2004)
wazuNaaduuald Ceratitis capitata (Quesada-
Moraga et al., 2008) \lupu dngLseasAresnis
?ﬁﬂm%ﬁﬂﬂ%\ﬁﬁlﬁ@Li_l??ﬂmﬁﬂuﬂixam“ﬁmwmi
mﬂmmmam M. anisopliae PSUM04 ﬂjmw\l@ﬂ

AauENNG mmmmmqmumm lunguilszans
Unm

A8N1sANEN

ﬂﬁ’im%‘ﬂul,%'ai’l Metarhizium anisopliae
vhiZes M. anisopliae PSUM04 #l&%1ann
AudacuANARgalae T unEdueng Audnna’ls
(143, 2554) 11iAeluanmaiassida Sabouraud
Dextrose Agar plus Yeast (SDAY) LLﬁQﬁﬂﬂﬂN‘ﬁl
AIUNYH 27.0 2.0 avAgadaa uan 14 4
u%wﬂfjﬁL%mm%mﬂm'@umuymi anvusien

gdlafidasnaruaasluiinduilesnida 100
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findansTinaNgns Tween 80 AAdnuddas 0.05%
waaudtlasAae haemacytometer L lAAINNMILA
widl 10° alefredanans (LIA waveTn, 2551)
MTUNINIZANEUBINALBDUNTUBNAALTDIN
M. anisopliae PSUMO4 lilgilsznsinasadau
nzuani

vhinasseunluszasilmtnuwugneslas
LL%QH@@HL‘%@?’] M. anisopliae PSUMO04 ﬁﬂq’m
wNULUY 10° dlashelaaans ludnsdau (L‘w?:ﬂ
dauTiFades - ngﬁ@'@uﬂnﬁ) el 1:9, 3:7 WAy
5:5 61 TmmjmmmgﬂféﬂuﬁWuﬁwﬁwLﬂfohl,ﬂu
TAAILIAN mﬂ&uﬁqLw'z%ﬂfa'faw,wi@zﬁmmimmm
1l Lfgmmuﬁwuﬁuﬁﬂmﬁﬁmﬂ 10 u Feadag
szuvlalasldsiind Dadaudduiiediasiunis
AR DUTIINALEAUNEMAY INUHUNITNARD
wuLgNaNys0d (Completely Randomized Design,
CRD) 1127191 10 41 1euAazNIRAE Tnetfuiin
FMIINNIMN LAY ANULAYEAIINTUNNIZANENTDI
ldguszansndnniuiiunan 15 4u iinag
naaodlunilasnipdensdnnsdngie wazeus
paLANARgNTlATRUNT LR N1Als A
NFNEINTBITNINH WUNANYIRLANTANUATUNG
Fanina92a IALALIUAIINARRITININLABU
FUAND WEE WA, 2557

NN5ILATIZUHANITNARD
o 1 da’o/ B s aa
P1A139m 103 AziAa N U3 s9uNn 19405
(ANOVA) WAzl Bl e LA AL Z NIy TN LN 16T
ImeAT Tukeyss HSD test

NAN1FANEN

mﬂma‘mﬂmm?mﬂmmm@m M. an/sop//ae
PSUMO04 184138 annsinagisausin L. erysimi NAM
mmﬂﬂz}jﬂimﬁmmmmummJnm NUINFATIEIU
yaqtlszananaesauiniAndemaetlszans
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INAgseuiNUNAlUSRIGIL 5 - 5 amnsadiemen
deslugdszanamasgeudninildgend
Uszanamassauinfinadesalszansinag
8aUANUNA LUEAINEIU 3 : 7 waz 1: 9 laawuAn
wWefiduin1smaazangagawindy 73.0 + 18.0%
AT 10 u&RNGunage A uFLERINdILYes

WAKNERT 43 AUTUNLAL 1 : (2558).

Ussnamasseusinfifadessalssanamag
AauinNUNAlUEeRIdIw 3 1 7 uag 1 : 9 wWuA
wefiduinismearangeqgawiniu 43.0 £ 8.7 uay
46.0 + 4.5% TSRt 9 uaz 10 wsanGunageL
qum;mmu@uwuLﬂfa?rlf“ﬁuﬁmimmmmmngﬂ
SOUENAINTN 8.0 + 2.0% (Figure 1)

—&—1:9 —8-3:7 —€—5:5 —e—Control

80.0 -
~  60.0 -
S
=
E
S 400 -
=
[
2
k=
g 200 -
=
o
0.0

8 9 10 11 12 13 14 15

Days aftertreated

Figure 1 Cumulative percentage mortality of fungal transmission of infected adult mustard aphid, Lipaphis

erysimi (Kalt.), with Metarhizium anisopliae PSUMO04 in laboratory

N199LAIIEN Kaplan-Meier 1898791019980
?ﬁm?{a (Average Survival Time, AST) U84
Usvanainassanusn L erysimi fiFnT031 M. ani-
sopliae PSUM04 siatlszananansauinUng wu
IemmdanaedszInanasseuinRAAEaAe
‘]Ji:“?ﬁﬂiLWgﬂﬁ@uﬁﬂﬂﬂﬁluﬁmmmu 5:53:7

waz 1 : 9 len AST Aln&lAeseru A 8.43 + 0.5,
10.120.58 LAz 9.56 + 0.61 Ju wazlaifiAanuumn
Anariuas el dAun19ada (P>0.05) LANLYN
Lmnsmmnfqmmuauﬁﬁm AST winriy 15.00 +
0.00 Ju et gAYy (F = 252.549, df = 3, P =
0.000) (Table 1)
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Table 1. Kaplan-Meier survival analysis of fungal transmission of infected adult mustard aphid, Lipaphis

erysimi (Kalt.), with Metarhizium anisopliae PSUMO04 in laboratory.

Average survival time (AST)

95% Confidence interval

Ratio
(day)
(infected:uninfected) y Lower Upper
(mean = SEM)
1:9 9.56 + 0.61° 8.36 10.76
3:7 10.12 + 0.58° 8.98 11.26
5:5 8.43 + 0.56" 7.33 9.53
Control 15.00 + 0.00° 15.00 15.00

"Data follow the same letter in the same column are not significantly different by Tukey's HSD test (P<0.01).

ailuaziansal

1 v
=

X e . da
IWRYRRWNN L. erysimi neama lulszang

0

fiemadU 5:5 gaunIndeNanEa M. anisop-
lize PSUMO4 Tulgulszannawassaudnungldunn
fanuaradmalinaeeuiniilefdusnsaned
73.0 % WA LUERTAIU 3:7 WAL 1:9 Wuingang
L%mﬂu@”mqﬁﬁﬁﬂdﬁ 46.0% RIUNNTANEITBY
Quesada-Moraga et al. (2004) 27291491
LLN@Q@WU%E@L%@?’] M. anisopliae @140
a"mvmmL%@mgﬁﬂizmml,l,mqmuﬂﬂﬁLL@:mN@Iﬁ
wunsgnuiilefifuinisaneg 87.5% Aemsndan
1:10 wazluwnaadunals Ceratitis capitata (Wie-
demann) LWﬂB:J‘ﬁam%m‘W M. anisopliae YLIANAN
fugiumadeilifnidesludnsdan 1:10
mmmdwmmémﬂz}jmﬂLﬁmmzmm@iﬁumﬁu
ualdnadla e fidusnisae 30% (Quesada-
Moraga et al., 2008) u@nmn‘ﬁ Amir Cheraghi et
al.(2012) L EANHNNTENENaAEDI M. anisopliae
1la9n Microcerotermes diversus TigRINgausa
Radasiesng 10, 30 LAz 50% finnaaLLiu
asddes 3.5 x 10° adeafrefianans wuqdd
wafidusiniemawingu 20, 85 waz 100% AW

A19u aeagulednimes M. anisopliae PSUMO4 s

ARs1dau 5:5 aN19nnanenldeslaanan

AR AIUNAAZANNITDATLANINARLEBUEN L.
. . ¥ ' = a a

erysimi liaeinedlisrAngnn

ANIBLAN

adeifldunisatuanuainanniaae
At waAmAtuladdananinensuas
NINLNIFITNTIR ADUENINEINITITNTNFR WAL
TUAAANET Hn13NaIa8a99a 1UATUNT
20U LAMARTATLANARNINT LA TIUNTEUINT A
nald wazniadsinisdanisdngig A
NEWNITITHENG AMAINENGTATaUATUNS T
Lgﬂﬁ\l‘ﬂﬂﬂﬂ?ﬂ WAZANUT AABANNTANTINTIAE

LANAITA9DY

NUNNIEYAY ARINA Lazu3e Fnaduns. 2557. nsldiden
Metarhizium anisopliae PSUMO04 AQ1l @Nngﬂ’dﬂuﬁﬂ
Lipaphis erysimi (Kalt.) (Hemiptera: Aphididae) T
fnastinssuulalasllind. wiununs@ee)42(3):
634-638.
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mmfeﬁ”wimmm’lﬁmuﬂmqL*?‘w'@mimuammm'?um
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UNANYa

Fo31 Metarhizium sp. \Budoslsauuasiflélunsmuuuuasdngiivlivarsvia wazdsdauautflunisduieon
oulalidlufivunseiin 3dléinsmaaeundes M. guizhouense PSUMOA lunisasaunsassuagiindiugnluszuulalastuing dun
wuasuuly wranilussuunn uasgamuauitliléides neldidoniierumuuiy 10° aves/dedans wulaladvesden m
guizhouense PSUMO4 TunIamudinuasunlukasmeaninlussuusn ludwvessn sy uasluvesduasii lufuit 14, 21, 28
uay 35 daugamuaulinulaladveatos et 1Wos M. guizhouense PSUMOA Sanautfidumeulalniduazanuisnnsounses
dusnee vesnunziile

AEnARy: N15ATUATEY LulalWd Metarhizium guizhouense PSUM04 Azt

Abstract

Metarhizium sp. is an well-known active entomopathogenic fungus against many insect pests and also is an
endophytes in some crops. The colonization of Chinese kale by M. guizhouense PSUMO4 in hydroponic crop system was
investigated. The treatments were arranged with spray on leaf, pour in water and control without the fungus. The spore
concentration of M. guizhouense PSUM04 was used at 10° spore/ml. The fungal colony of M. guizhouense PSUMO04 was
detected on root, stem and leaf of the Chinese kale in the spray on leaf and pour in water treatments at day 14, 21, 28 and
35 after treated. The control treatment was not detected the fungal colony. Investigations on this fungus demonstrate that
M. guizhouense PSUMO4 can be endophytically and colonization a several part of Chinese kale.

Keywords : colonization, endophyte, Metarhizium guizhouense PSUMO04, Chinese kale
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unidn

finAzi (Chinese Kale) iieinenmaniin Brassica alboglabra ihuiniidifiuiidnegluvivie@ouazgniusnnlugiiane
ueny fuoenidedls svisanalne Tasfeudgnifiouslnndiuveslunasdidiu engnsUgnaufafuieayssana 45-55 fu 1y
finanueiafianansndgnldnasaiiod (Useans, 2557) ludlagtunisgnszuulelaslindmdndufitenvesfuslnadiuiumin
ilesandiszuunsnzUgnilavenn Yasadeainansiedl uazsinuamslavunnisgs siliinuasnsiusnliannualouasiisnsing
wAnTiLTuynd nsUgniadnessuulslasiudndifumsviinuasiiendessamilunisinavesihdieimsnemsllfsuiy
ArudesnsgaisnaalukasuonUssve (fisednd, sl 9nsenunisidonuindosunssiinannsnoidegludesineseming
\ad (Intercellular space) Tasfiwdannizfisnionde (mutuality) InglineliAnlsafufivends i sueulalis (endophytic
fungi) (3558497, 2552) uariuselovddefiavaloaiu lauwn n1sduaiunisiaiyuesiiy n1sduniuselsaivkazulaIfn gy
(Rodriguez et al., 2009) Wosiiimsnenuirdiamuannsolunsnseuasesdaiusine vesiuiy waefinmautilumadusiouls
s Tawn L%@i’] Metarhizium sp. (Hu and Leger, 2002), Beauveria sp. (Behie et al., 2015), Alternaria sp. (Strobel et al., 1996),
Phyllosticta citricarpa (Kumaran et al., 2008), Phyllosticta dioscoreae (Kumaran et al., 2009) wag Fusarium oxysporum (Zhan
et al., 2007) tJudu lnslawzegsBatesn Metarhizium sp. wuin fisneeunsaseuaseiioidefivléifuegned (Sasan and

Bidochka, 2012)

v
=]

n1sAneIdglunasell IinguszasAliionnaauaua1NT0veUTRINIAUNAY M. guizhouense PSUMO4 Tun1sasauasas
510 a9 warlurewiuastihnugnamesyuulalasluing Nssesiawineg weilSeuiisunuaudiveadeslsauuasinaniuies

wulalndaiindun dely

gunsaluazIsns

ﬁ%%@‘iﬂimmaﬁ M. guizhouense PSUM04 U L?ﬁyﬂﬂummﬂﬁw Sabouraud Dextrose Agar with Yeast Extract (SDAY)
udilualifgumTegangd 28 + 2 sseiwaidea Tuanmiaduna 15 Yu vieaunindesadalesauiuaiuemns wisy
adosuruseslutnduiiseiniteinay Tween 80 (0.01%v/A) USinms 100 fiaddns Mniuthadesumusssildluisafuuimaly
FrmefsgnanidSnisves uia wasamy (2552)

nsfiudsinaadesludrldlandndedlusamdiu 3:2 Wedman fndnusina 200 n3u ldgawanadinlawuin 6x11
ih fusliigeinngu Sshavesuriuaseitien M. guizhouense PSUMOA ool awsdadlunsdni wehge wasaensudianuings
Nt Uszana 10-15 3 Ulilufisudune 10-15 fu vdesunirdnazaiavedifugs ddnluasaelubipensesams
druveni ilethlulilumsmasesiinnumunuiu 10° aes/Aadans

ALHUNTAGeY A WUAINATYINNTINNITANTHY AUENSNEINTETIUYIR UM INGIFAVAIUATUNS TIULHUNITNARDIUUY
duanysal (completely randomized design: CRD) Ineindoudunztheny 7 Suiivgnluszuulslasiuind S1uau 12 dusleninumd
Tnsutsoonifuniuavesuusssienasuuly uasmalesuriuassnamnilussuunn dmsugnaueulddundinaziillaldde
$1 M. guizhouense PSUM04 anniiugudiunstidnuan 3 fu/vinuns nsadounisaseunsessin d1du warluveadeslsauuas
M. guizhouense PSUMO4 Tuiudl 14, 21, 28 uax 35 wdsnmsliidesfusuinayihadausn thsn s uarlu suiannuen 5
URLAS IINTUTINSREnIaRaeIanTs tissue transplanting Tne3ansindnilediiatudiuvecity daulasan Naik uazaas
(2009) Tned1ade 70% Ethanol 2 U, 0.5% NaOCL 2 undl, 70% Ethanol 30 Uit uasaadetnnduiiseinds 2 afe antutily
Adiukaunssaviivgaonite dnduduvesioliionin 1 wufiues wdahiudiudananluneuuaiuewnaiion SDAY +
Thiabendazole + Chloramphenicol (U3 waggwaws, 2557) iledudanisaiauendouvaiide anduiluuiiguudeonmai

28 + 2 psrwalded luanniladunan 15 Tu funnlalaivestesilsauuas M. euizhouense PSUMOA 7laSyeanunaindudiu
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#1199 vosiumzt ntuindulokaraUesvedtonlsnwuaiasyoenunntudiuvesiuastinlunsvaeunielindesganssey

Wk uUNLazEus e

NA LAZITAINANITNAADY
ndsnuavesunuassveutonaswuluuazinalssuriuassrendesiluszuusnvesiunsthitugnieszuulelng
Wind \lefnmunsaseunsewwedosn M. suizhouense PSUMOG Tudaurnge) vsauaziln wuin wdnldidesadusnuas
Aomnumalutudt 14, 21, 28 uas 35 nulaladvesdesludmvessn drdu uarluvesduasinyansnulasnaUosurIuans oo
sluduazihiivgnaeszuulelasiuing Wewisuifleufugeauanitlildides linunmsunnguedalatidesludausieg vesdu
fis (Table 1 waz Figure 1) Seanndasfun1snaaeives Golo wavae (2014) 189137 Wes1lsAuNAY M. robertsii ARSEF 2575
A11150A50UATEIAINTBITIN warluvesdadas Viena unguiculata td ndsanlfidesnly 12 Fu Bruck (2005) 189U T057
M. anisopliae @u15aLa3euazATOUATEIIUAIUYDIIIN (rhizosphere) Yasduaw (Picea abies) ¢ Garcia WagAmy (2011) 51891471
Fosilsauuad M. anisopliae lolgtan Ma 8, Ma 10 uag Ma 20 @11150AT9UATIIUAILTDITIN LavaAuTIAULEI oAl uag
lolwian Ma 8 Ssmumsasounsesestosluduvedluuzidomalddnde uonani Weniinandsdmaliinugeesdidu uay

AMugMTeITINiinsasyAulaunnauililalddes

dyuna

991 M. guizhouense PSUMOA anansnasaunsastudiuressin awiu uarluvesiunsihitugnlussuulelasTufindly
uananil Wesdinandianmsadusieulalidlasnde fsnuiteadsilivsslenilunis@nvifufulueuian Wievdes
M. guizhouense PSUMO04 luuszandldlunisdaasunisiasayueswiuiiy nsnsedunisiumulsaiivuazuuasfngiivvasiuiyyie

B sely

AvBUALN

= &

vavauamvieslfUAn smaluladtininmianisdanisAngiivuazaisivervesiiy A1advin1sdnnisAngity gudatunu

AngiinlaeTIuvidwiend aald wavaanddoanuiludamumaluladTinmnuns wasninenssssuwfi AnensneINIosTud

UINENGYAaIUAIUNS Natiuauutunu aunsal wazanundmsumsaniiunsideluassil

LaN&1591989

UseAvis muduns. 2507, dftensugnagtihaund. dneuinnssuazdevenmealulad dinideuazduaiunsnnuas siiverdouls.

i Tduns ouBn Funasersd wae and Feavenn. 2552 mafiudiinauatesitesiliss Metarhizium anisopliae (Metsch.)
Sorokin fagTannaN1snuAslun1sNunTBunse. MsasInemansinuas (aUuilay) 40(3): 555-558.

U3 Viadund uazquisns Wyowid. 2557. manseyuestion Metarhizium anisopliae PSUMOA Uufiuanines tiionsmugu
wueuAuldRIUiondiuaeInes. MIaNIuNYAT RUUAILAY) 42(3): 618-623.

fszAnd angUszam. uu. msugninlelasluiind. dwinnuangnssunsidewiana. 1-12 wih,

25507 #¥ey3atl. 2552. anseengrisnmisTanmannseulalid. MnsansuvinerderinBa 12(2): 90-100.

Behie, S.W., Jones. S.J. and Bidochka, M.J. 2015. Plant tissue localization of the endophytic insect pathogenic fungi

Metarhizium and Beauveria. Fungal Ecol. 13: 112-119.
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Table 1 The incidence of endophytic entomopathogenic fungus, Metarhizium guizhouense PSUMO04, in root, stem and leaf
of Chinese kale after treated the fungus by spray and pour methods on day 7, 14, 21 and 28. The control was un-

treated the fungus.

Treatments Plant parts Methods Day after treated
14 21 28 35
Control root spray - - - -
pour - - - -
stem spray - - - -
pour - - - -
leaf spray - - - -
pour - - - -
M. guizhouense PSUMO4 root spray + + + +
pour + + + +
stem spray + + + +
pour + + + +
leaf spray + + + +
pour + + + +
B. bassiana PSUB01 root spray + + + +
pour + + + +
stem spray + + + +
pour + + + +
leave spray + + + +
pour + + + +

+ fungal colony of Metarhizium guizhouense PSUM04

- no fungal colony of Metarhizium guizhouense PSUMO4
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M. guizhouense M. guizhouense
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Figure 1 The morphology of fungal colony of endophytic entomopathogenic fungus, Metarhizium guizhouense PSUMO4, on
SDAY + antibiotic medium isolated from root, stem and leave of Chinese kale after sprayed and poured the fungal

spore in Chinese kale growing in the hydroponic crop system. The control was un-treated the fungal spore.
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Efficiency of Beauveria bassiana PSUBO01 for controlling mustard
aphid, Lipaphis erysimi (Kalt.) (Hemiptera: Aphididae) on Chinese
kale in hydroponic system
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Abstract

The efficiency of Beauveria bassiana PSUMO1 for controlling of mustard aphid,
Lipaphis erysimi (Kalt.) was investigated. Spore suspension in different concentration
(1105 1105 110" s 1%10+ o) Were applied directly to the adult L. erysimi. The spore
concentration at 1x10-and 1x10 spore/ml showed cumulative percentage mortality 89.00 %
5.86 and 87.00 = 3.00 % after treated for five days. The spore concentration at 1x10-spore/
ml gave the lowest Kaplan-Meier survival value with2.71+0.12 day and high
significantly different compared with the other concentrations (P<0.01). The spore
concentration at 1x10-spore/ml expressed LT.and LT.values with 2.39 = 0.31 and 3.08+
0.18 days, respectively, and significantly different from lower concentrations.
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