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Abstract

The brown planthopper (BPH), Nilaparvata lugens (Stal) is an important rice insect pest in Thailand.
The Rice Department has recommended the effective biopesticide of the fungus Metarhizium anisopliae
(MNNKI033 (WT)) for biological control of BPH, without harming natural enemies, human health and the
environment. However, the environmental factors such as high temperature and chemical control for rice
pest in rice production system are impact to the control efficiency of M. anisopliae under field conditions.
This research aimed to screen for thermotolerant and pesticide resistant isolates from an effective mutant
isolate of Rice Department for BPH control and to enhance BPH control efficiency in rice field. The experiments
were conducted at Division of Rice Research and Development and Ubon Ratchathani Rice Research Center
during 2023-2025. Mutagenesis of the original isolate M. anisopliae (MNNKI033 (WT)) was induced using
gamma-ray (132 isolates) and ethyl methanesulfonate (EMS) (95 isolates) at the concentration causing an
81% cell lethality. A total of 25 and 21 mutant isolates were selected based on the growing rate from gramma
radiation and EMS mutant respectively. The higher spore production of 10 mutant isolates were further
screened for thermotolerant and pesticide resistant abilities. The results showed that all 10 mutant isolates
were able to grow at 45°C and resistant to dinotefuran, buprofezin and tricyclazole. Three mutant isolates
from gamma-irradiated (MNNKI033_RD_2023_MTG_7, MNNKI033_RD_2023_MTG_9, MNNKI033_RD_2023_
MTG_10) and 3 mutant isolates from EMS-treated (MNNKI033_RD_2023_MTE_8, MNNKI033_RD_2023_
MTE_13 and MNNKI033_RD_2023_MTE_14) were evaluated for their effectiveness in controlling BPH in the
3 experiments at greenhouse condition. The results showed that MNNKIO33_RD_ 2023_MTG_9 presented
77.61% of average cumulative mortality against BPH, which was consistent with trials conducted in an organic
irrigated lowland paddy field of 2025, where isolate MNNKI033_RD_2023_MTG_9 caused an average
cumulative mortality of 42.87%. The results were significantly different (p <0.05) from biopesticide of DOAE
(MNDOAE) and without application of biopesticide. In addition, the mean median lethal times (LTsO) of isolates
MNNKI033_RD_2023_MTG_9 was less than isolate from wild type of Rice Department (MNNKI033 (WT)),
DOAE (MNDOAE) and without application of biopesticide. This result indicates its potential as an improved
biopesticide efficiency under challenging field condition.
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fignumnil 25+1 aveniraidea TnelWuaeadng 16 i
wasiiul3niia 8 dalue lunan 14 5 armidld cock
borer lanzansidule L%@?ﬁmﬁﬂﬁuﬁﬂ@ﬁﬂ uazdinelyl
\AENUUE"MNT SDA Tigmuvndl 281 eerniraidaa
Tt lWuaeadng 16 dalus wazifivldiidn 8 dalug
Wunan 3 Ju mnﬁué’miﬂﬁqmmﬁqqﬁLLMﬂﬁmeu
5 gouvnige Aall 3041 351 4041 42+1 ua 4541
DAL ALTRIA Lgﬂ\iL%ﬂsLuLLﬁiﬂzqm1&qﬁ§\1 Wulean
4 dalu uaz 28+1 avpniraidaa unan 20 Falua
(18 3 seu sasiiuiaan 3 ) wazdneluiigoungd
28+1 asAaiiea Taeluasadne 16 9alue uag
Fuliiae 8 dalie iunan 4 §u

Traurnzaslalaiiildluusiaznssnids (faullas
q1n Chad et al., 2014) Lﬁfaﬁmﬁfané@mmﬂﬁuiﬂmﬂ
finusteanngamgiige Whsufausuaaiuginud
irunsanefdvidadinansazane EMS iude
nmﬂﬁuﬁﬁmﬁimmmﬁ 45 a9ANLTA YA LATENAEN
alas1iga Taald cork borer nzilaneduleiden
uaztheliResuue s SDA slant ﬁqmmﬁ 2541
asrnaides TnelWuasadng 16 Fali wasiu s
8 dalua iflunan 14 S (Han et al., 2021) udaiiu
1y e luAnsuasddss temse

2.2 mm‘“mﬁ@m%@m M. anisopliae (MNNKI033
(MTG wag MTE)) mﬂw”ugrn@75/7/7}7”’)141/1714@7'@@751,@17
asriurianAsgie

ﬁwmﬂmm@mﬂ@ﬂ%@m M. anisopliae
(MNNKIO33 (MTG uaz MTE)) aneiugnanefisingg
aaaesldgeiinusiognugigs lude 2.1 s1uau 10

o A U 1 a o
laldan N1ARAANANNNATUNIUABRTAN TR 1
3 o o A & v v
mandngie Inagaatsusauassatlas Aonududu
10° glafAaianans 1U5u1ms 100 lulasans ldinas
UUAIUNT SDA NHANAUA1TIANTRITUANAR
rjl’ I's a dl v v
W @a31 ANFuueNdNLazlnslmAanToa NA NN
5 uaz 10 ppm KA SDA HaNAednaNteeiunnan
unad laluinyusuuazywamdu Naoadudu 5 uas
10 ppm (AALLUAYAN A2LAT LazANLY, 2549; Kim et al.,
U 1
2005) WAILINITaNYUNN 25+ 1 aeAmaTaa tneli
WASAINN 16 F2lu4 waznuldnie 8 d2lug iwaan
v

7 JUNININAAN 4 G

o o N , aal A o oA

Tuauulalaiin e luusazngsuis e AnLaan
rjl/ o & n; £ 1 a o o [
\TesnasRugnaanFuNIUEaansARTasiunnas
o A ~ o o o an 1 o a
Angia wseumeuiuaaiuginud lldunisensfsa

v [
WIRANA198YATY EMS WALITaI A ERUETISA NI
1 a A oo a a [
Aagnal Aensnisasdulaniadulouazai
12
allaflige Iaeld cork borer lnzianedulemas
v

feliiasauuennig SDA slant 1Tu9a0 14 du
(Han et al., 2021) waanusnunld et ld@nsuas
dlsslemiisalil

3. nsnagaulstAnEninaasdauaiiaas
M. anisopliae (MNNKI033 (MTG waz MTE)) aneiwug
nanglunmsAILANAIEaUIE 4-5 apawaznszlan
Aimaluanmulsadaunnans uaziiaszrisyey

4

waRv liwasnsslanfunaanie 50 wWasigus
(LTso) o

WAENLTRSY M. anisopliae (MNNKIO33 (MTG LAy
MTE)) @eiilgnanaiitinania@unusnuazans EMS

| a

InusagunRgIuarFunusagsaiilaeiunidn
d s

ma sanaastyuianadulanazafeadesls

al

R

3 aruauetneay 3 lalman uuenusgns SDA
frUNH 25+1 avAmaiisa taeliuas 8 4alu uas

Lo Sk 3,

A

e 16 Falue Whanan 14 §u dvsuwRenansuaIY
aaeiglas 10° gilafsiefiadans udadnellidasly
arsude (el duiigrungfl 2561 a9mn
wa@en Taeliuas 8 9alue uazidla 16 dalua flu
a1 14 Ju wazihundsvidiuaniuguussluninalsa

o o

UA8aust 4-5 1a9mnasnszlnndtinmia
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NuHUNIINAaesuUUduluudenanysal

(randomized complete block design (RCBD))
1lsznausae 10 N99835 4 4 fa
N27ART 10 Taduafidean M, anisopliae
MNNKI033_RD 2023 MTG_7 ﬂﬁﬂﬁuﬁﬂ@’mﬂimﬂ’ﬁ‘
¥ d‘ o o ¥ o a
119 NYndnUnsae fARANLN
aa A A o - , ,
NTINATN 2 TAINUNLTRAA M. anisopliae
MNNKI033_RD 2023 MTG_9 mwvﬂ”uﬁnmmmma
¥ d‘ o o v o a
119 Ngndnnsne fawANLN
aa A A o - , ,
NTINATN 3: TAINUNLTRARAN M. anisopliae
MNNKI033_RD_2023 MTG_10 ﬁﬁﬂwuﬁﬂﬂﬁﬂﬂimﬂﬁi
¥ d‘ o o ¥ o a
119 NYndnnsne fawANKN
aa A A o - , ,
NTINATN 4: TINUNLTRAAN M. anisopliae
MNNKI033_RD 2023 MTE_8 @ﬁﬂﬁufﬂ@ﬁﬂﬂimﬂ’]ﬁ‘
41a Ngndniinsanans EMS
aa A A o - , ,
NTINATN 5: TINUNTRAAA M. anisopliae
MNNKI033_RD 2023 MTE_13 @ﬂﬂﬁuﬁjﬂ@’]&lﬂiuﬂ’]ﬁ‘
41a Ngndniinsanans EMS
aa A A o - , ,
NTINATN 6: TINUNLTRAA M. anisopliae
MNNKI033_RD 2023 MTE_14 @ﬂﬂﬁuﬁjﬂ@’]&lﬂiuﬂ’]ﬁ‘
41a Ngndniinsanans EMS
1 %
n33:359 7: TaAuelimean MNNKIO33 CU_
MTG46 aneiugnans ainaInsainmaneasl
aa A A o - , ,
NTINATN 8: TINUNLTRAA M. anisopliae
MNNKI033 (WT) mavﬂ“uﬁjﬁu N7:1N19919
aa A A o - , ,
NTINATN 9 TINUMNLTRAA M. anisopliae
MNDOAE #neiugNInaaiasunIsnems
N39NADN 10: N9THATAILAN (0.05% (v/v) Tween
0) Tl Tartuat
add‘ o dglJ o 1 o
N93N3DN 1-10 NNslgniTeTaTLUseaudE
% v v
4-5 999NA8NIZIARRUIMNA AU 60 st Aael
a 1 I dsl/ % k2 9
NNTRANUANTULILARLAUATURITATT AHLLNTU 10
aleffaianans Maaarsluansazas 0.05% (VAv)
Tween 80 LAYAANUAILANIAZAE 0.05% (v/v) Tween
80 Tun39:59 10 1ludsArLAN (laildmasinued) tuiin
@amnumemmuslmmqwmmmum LAZNNFANY
‘IJ@\‘ILW@ﬂﬂi”Iﬂﬂ@u’]ﬁl’]@Wﬂ’JuWi‘ﬂNLﬂ‘Llsﬁ’mL‘W@EI
nsrlanduinmnaeenainnsaaeaunaniunan 14 5u

o

1381539701349 T 16 Ll 2 n9ngAu - SulnAN 2568

. & X o ¥ - d
guuani@aaing nnaanszinnduna1anaeLine
ﬁuﬁummamamﬂ (WeIRN haZATUY, 2563; 2564)

%

NNNINARBT 3 N1INARD

o 6 @ 3 ‘ﬂl v a dsl

AU A FE U TR N WA T TRILNA Y

%
nsxlan@unmnanae Abbott's formula (Abbott, 1925)
v %

winmasnszinnduinianislunssuidsacuauiv

% ¥ o ] ac
fataz 10 Wiinnmaaasuinnssuds

v o a 'S aa v
dayatinndiasziaaulslsuneaisson
Tdsunsu IRRISTAT for dos (Latifian et al., 2013)

WiguieuAeasvesrindaAnuailnegds DMRT
4 e 4L ce o - .
AgzAuANTeTu 95 wafidus uasAimazifinan (1)

1 v %

A lFmasnseinnduinianiafasay 50 (LT_)
Tnanisamgizmonudunusuuullsiin (probit
analysis) Analilsinga IBM SPSS Statistics 22

4. nanagaulszdndnnrasdafuaiiias
M. anisopliae (MNNKI033 (MTG Waz MTE)) 1eWug
nanglumsaauansasaus 4-5 1aunaenszian
fima lugnmudasuinensns

AAARNLALIRET0I M, anisopliae (MNNKI033
(MTG way MTE)) mﬁﬁuﬁﬂmaﬁ'Lﬁmmn?“ﬁl,mum
WAZANT EMS 'ﬁmﬁi@qmmﬁqq FNUNIUsDANsLAL
oariunandngie maasTyduTamadulouas
afaleflags wasiilsc@nsningalunisaiunu
wagnszlaadihana uazilszazinaninlisagen
wiaenszlnndinmane 50 wesidu ( LT_) leiaamida
TuanmlsaFaunnaaey auuetas 2 ”L@Iemm U
a19gAs SDA Tigaugdl 2541 asanaaidea Taelsy
uaa 8 Gl uasiifln 16 dalus e 14 Fu dwiss
witnansuaIUnatiaies 10° allesreiianans uandng
Wdseluemsudednaanlsl gugR 251 s
aaidea Iaelfuas 8 dalue wasiitn 16 dalue u
WA 14 94 dnndssiiuaanguusslunisnalsaiy
fiagenst 4-5 Teanaunzlandinaa

guHunIeasskuugduluudenanysal
(RCBD) Uszneusag 7 nsssids 4 41 fait

N79UA3T 1: Fadusiidean M. anisopliae
MNNKI033_RD_2023_MTG_7 dneiugnanansunis
41 Tigndniindae Sl unasn
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aa A A o - & , ,
NI3NATN 2. TAINUNTRAA M. anisopliae
MNNKI033_RD_2023_MTG_9 ANeiiugnaensunig
£ -:ll o o £ o a
410 Agndnunmas fAunamn
aa A A o - & , ,
N73NTN 3: TINUNTRAA M. anisopliae
MNNKI033_RD_2023_MTE_8 @angiugnaensunig
41n Aigndnuinmasans EMS
aa A A o - & , ,
NT3NATN 4: TINUNTRAA M. anisopliae
MNNKI033_RD_2023_MTE_14 a¢ilgnanenssnig
41a Aigndniinmasans EMS
aa A A o - & , ,
NT3NATN 5 TINUNTRAA M. anisopliae
MNNKIO033 (WT) maﬁuﬁ’lﬁm NTNNNT919
aa A A o - & , ,
NT3NATN 6: TINUNTRAA M. anisopliae
MNDOAE @n8IiugNINaaiasunIsnems
NI9UATTN 7: N9INTBAUAN (0.05% (v/v) Tween
80) lad I eust
add‘ o d” o 1 o
N3suADN 1-7 vinnslgniasasuusaseuiy
4-5 920 NA8NIEIARRUIANA AU 60 AAFBT
TP8RAANUAITWIIUAREALDFUDTATT ANNLTNTU
10° dlaf selaaans Naaansluansazats 0.05%
(v/v) Tween 80 WAZAANUALEANTATAE 0.05% (V/V)
Tween 80 lunssndsh 7 wludsmauau (ldld@asimua)
o K a lﬂy £ 1 £ £
Tunnguungiuazauaulinsanuvessiudig
LATNITANEUBINALNTZIAARUIMIANAIATNNY
= o & o ] dill aall
HasiuaT 17 uay 14 S duuenideanaininaansyiag
AUIRNANENINAEUTUANNBNNIANY (WEDN UWAY
AU, 2563; 2564)
o 6 @ s dl v a ‘éj
AU FEuAN1IAN 8N W39 R LNAY
nsvlamAdtinmasie Abbott's formula (Abbott, 1925)
winmasnszinnduinianislunssudsacumuiv
v v o 1 ac
fauaz 10 Iiinnamaaasuinnssnts
o v =) 'S aa v
indayandasziaauulslsauneatfsg
T13unsN IRRISTAT for dos (Latifian et al., 2013)
WIsueuAeAL I IRATYA M ine3s DMRT #
. 4 L e o
SLAUANNITRNL 95 1o f i
ALTLNNINARR LG AL 2568 TUdnaRe
FANANTNNGARNEU W.A. 2567 THANTWWBUYEL D4
NHAINT ANTAANIIOT

a 4
NANITNAANBILLASIANTTU

1. n19EnuLTas1 Metarhizium anisopliae
(MNNKIO33 (wild type: WT)) mﬂﬁ’uq’nﬁmmnm

L4 ¥ a s Jd v o a
n15419 lAAANITNAaIENUE R8N 598
LANNILATANSIasaNINUTalNiUR (EMS)

14

nanN9tnUNTIasn M. anisopliae (MNNKI033

(WT)) WiAanMsnataiugaaan 1913 A N7
14
1-1.8 kGy @N190AALRENTAINABRUTNAY
(gamma mutant type (MTG)) Nfilafifusinsaneves
v
Ialatli@iesfesas 81 aquw 132 laldan wazh
aneouzdnuguinenzeddatatiunnsglainaneriug
AN ANUIL 25 VL@I“I] lan (MNNKIO33_RD_2023_MTG_1
24 MTG_25) (Fig. 1, Table 1) T4daAARBIALI1UINE
404 Fitriana WATANLE (2014) 971 FAAunNNTANaA N
Tunsdnin IiiAnnataiuginevinlimidwadingg
d‘ A o o v a d‘ o

wlasdasizaunniinuazyininan s asudneo
ugnsaanvizeWulnil (phenotypic traits)

] ng dl o o v a o Vv
doumasndnin iiiannsnaaiugaoaans
EMS ARnudiudis 5.0% (vAv) WU91 41:150ARLAeN
aneiugnane (EMS mutant type (MTE)) Feililasidgus

14
nsmnerealalatlidiasfasas 81 Ao 95 lalhan
1 o o a a 1 1

wriddnmuzduguinezedialaitliunnsillain
arenugiAn auow 21 lalaan (MNNKIO33_
RD_2023 MTE_1 4 MTE_21) (Fig. 2, Table 2 ) 11
doureanisdni iiianisnanaiugAaeans EMS 7
MlfiAan1sdasuulasrestiamdle lnsiuy point

. ==l| a; 1 aa a &
mutation Miflunsunuigualuanainationdlalng
289AL8 1L (substituting purine or pyrimidine bases)
ATNIIENIULDE Chen WATATLY (2023) a9ana lldana
AeaneUznITLantaanyizaniulng

v
Aatil n1sdninlfiAnnisnanawugAe3ea
[l ac é; o

wnNsNazdudan swNnzdNuaztinun 1 lueunan
wnndnisdnida iiianisnanaWugaqeas EMS
WHe9a1ngns EMS uansnensiiuasiaunsnese
qunNIBaNYe (Sega, 1984)
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wild type

mutant type

Fig. 1 The comparison the total number of colonies of M. anisopliae (MNNKI033 (wild type: WT)) and mutant
type (MNNKI0O33_RD_2023_MTG_1 to MTG_25) after treated with gramma ray at 1-1.8 kGy on
Sabouraud dextrose agar (SDA) at 7 days old and 25+1°C

Wild type

Mutant type

Fig. 2 The comparison the total number of colonies of M. anisopliae (MNNKI033 (wild type: WT)) and mutant
type (MNNKIO33_RD_2023_MTE_1 to MTE_21) after treated with EMS at 5.0% (v/v) on Sabouraud

dextrose agar (SDA) at 7 days old and 25+1°C

2. msAmRanidas M. anisopliae AENugnane
ATNSIALANN (MNNKI033 (MTG)) wazd13 EMS
(MNNKI033 (MTE)) ﬁwuﬁiﬂqmugﬁgmmﬁhumu
AaAsIANTRINUINARARg N

2.1 maAniReniar M. anisopliae aremig
NAERINTIFUNNNT (MNNKIO33 (MTG)) 4azans EMS
(MNNKI033 (MTE)) ﬁ%um’@@mwgﬁ@q

L%@a?ﬁmw‘ﬁuﬁ:ﬂm&ﬁié’@’mm@ﬁﬂﬁlﬁmmi
nataRugAan1a 8 @unuun (MNNKIO33_
RD_2023_MTG_7, MNNKIO33_RD_2023_MTG_9,
MNNKI033_RD_2023_MTG_10, MNNKI033_
RD_2023_MTG_19 war MNNKIO33_RD_2023_

1381539701349 T 16 Ll 2 n9ngAu - SulnAN 2568

MTG_24) uazda19 EMS (MNNKIO33_RD_2023_
MTE_7, MNNKI033_RD_2023_MTE_8, MNNKI033_
RD_2023_MTE_11, MNNKI033_RD_2023_MTE_13
ez MNNKIO33_RD_2023_MTE_14) Win L‘%@mmaw“uﬁ
nanennlalaian amnsnRsyiAn e lan ludasgnmnd
30-42 peAaaldes waziadgiivinldanaaile
a‘muqﬁqﬁu Lﬁ@ﬁﬁmimmmuﬁqmuqﬁ@ﬁ 45 849"
wadua Femaneiugnataainisdunssn leloian
MNNKI033_RD_2023_MTG_10 Hauiaidusiu
@luﬂ’n@NTﬂT@ﬁLm:fimqmﬂ@ﬁfﬁ'ﬂ@Jmm (29.50
TaALAT ke 7.48x10° alasiaNanans) sa9u 1w
lalgian MNNKIO33_RD_2023_MTG_9 (29.25
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Table 1 Representative list of a Metarhizuim anisopliae wild type (MNNKI033) and 11 out of 25 isolates of

gamma-irradiated mutant type from Division of Rice Research and Development, during June

2023-June 2024

Characteristics of colony
on SDA medium 14 days
at28°C

No. [solate name

No.

Characteristics of colony
on SDA medium 14 days
at28°C

Isolate name

MNNKIO033 (wild type)

Metarhizuim anisopliae

2 MNNKIO033_RD_2023_MTG_2

4 MNNKIO33_RD_2023_MTG_4

6 MNNKIO33_RD_2023_MTG_6

8 MNNKI033_RD_2023_MTG_9

10 MNNKI033_RD_2023_MTG_19 ¢

11

MNNKI033_RD_2023_MTG_1

MNNKI033_RD_2023_MTG_3

MNNKIO33_RD_2023_MTG_5

MNNKI033_RD_2023_MTG_7

MNNKI033_RD_2023 MTG_10

MNNKI033_RD_2023_MTG_24

MN = Metarhizuim anisopliae, MTG = Mutation induced with gamma-irradiated 1-1.8 kGy
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Table 2 Representative list of a Metarhizuim anisopliae wild type (MNNKI033) and 11 out of 21 isolates of

EMS-treated mutant type from Division of Rice Research and Development, Rice Department,

during June 2023-June 2024.

Characteristics of colony
No. Isolate name on SDA medium 14 days
at28°C

No.

Characteristics of colony
Isolate name on SDA medium 14 days
at28°C

MNNKIO033 (wild type)

Metarhizuim anisopliae

2 MNNKIO33_RD_2023_MTE_2

4 MNNKIO33_RD_2023_MTE_4

6 MNNKIO33_RD_2023_MTE_6

8 MNNKIO033_RD_2023_MTE_8

10 MNNKI033_RD_2023_MTE_13 [P

11

MNNKI033_RD_2023_MTE_1

MNNKI033_RD_2023_MTE_3

MNNKI033_RD_2023_MTE_5

MNNKI033_RD_2023_MTE_7

MNNKI033_RD_2023_MTE_11

MNNKI033_RD_2023_MTE_14

MN = Metarhizuim anisopliae,

MTE = Mutation induced with ethyl methanesulfonate (EMS) at a concentration of 5.0% (v/v).
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AaamnT uaz 4.38 x10° dllassealanans) wazlalan
MNNKIO33_RD_2023_MTG_7 (24.25 NARLNAT LAY
2.81x10° atlassialiaaans) muanu (Fig. 3, Table 3)
AAAARDANL Muazu WAZADLY (2024) $18197119NT 1
o al o o rdal v 1 a
FawnuNUsudgaiugiaas linuniude g iiga
inlilaleTnananaiugnanainusieanufauluszeay
AL TAT 39 avAnTaTiad LazNUNIUsaANNTaL
ol = Y~ a
Tuszazaasy 45 asAgal@ad $aNviIlN91a3TY

1 14 1
wuls wazilFunualesigaawienFauiauiy

MNNKIO33_RD_2023 MTG_10

MNNKI033_RD_2023_MTG_19

ANURUGIAN [ TWREAILWIAE989 Kava-Cordeiro
WATANE (1995) Fitriana wazAnE (2014) AL Yosri
WAZADLY (2018) A9Ne IS IR wANHTNLN 1
£ 1
\Tas Metarhizium spp. ANNINAIERUTNUGD
DOUNNNAN
qQ a a
o 3 dl v o o v a

areugnananlaannnisdniisaaaisiada
= o o 1 d” s &
Hnudatviug arudu 5 lalaan wudn imesanawug
nanawnlalmanansnsniasoiuinlean udasgnmnd
30-42 avAnaaldiaa waviasiulnlaanasiiie

MNNKIO33_RD_2023_MTG_9

MNNKI033_RD_2023_MTG_24

Fig. 3 Radial growth of M. anisopliae (MNNKI033 (wild type: WT)) and 5 gamma-irradiated mutant isolates
(MNNKI033_RD_2023_MTG_7, MNNKI033_RD_2023_MTG_9, MNNKI033_RD_2023_MTG_10,
MNNKI033_RD_2023_MTG_19 and MNNKI033_RD_2023_MTG_24) on Sabouraud dextrose agar

(SDA) at 10 days old and 45°C

MNNKIO33 (Wild type)

®

MNNKIO33_RD_2023_MTE_11

MNNKI033_RD_2023_MTE_7

MNNKI033_RD_2023_MTE_13

MNNKIO33_RD_2023_MTE_14

Fig. 4 Radial growth of M. anisopliae (MNNKI033 (wild type: WT)) and 5 EMS-treated mutant isolates
(MNNKI033_RD_2023_MTE_7, MNNKI033_RD_2023_MTE_8, MNNKI033_RD_2023_MTE_11,
MNNKI033_RD_2023_MTE_13 and MNNKI033_RD_2023_MTE_14) on Sabouraud dextrose agar (SDA)

at 10 days old and 45°C

68 Thai Rice Research Journal, Vol. 16 No. 2, July - December 2025



Table 3 Radial growth (mm) and average number of conidia of 10 isolates of Metarhizuim anisopliae gamma-

irradiated mutant, ethyl methanesulfonate-treated mutant and wild type isolates on SDA medium at

different temperature 30 35 40 42 and 45°C

Radial growth (mm) on SDA for 7 day

Average no. of conidia
(x10° spore/ml) on SDA

No. Isolate name temperature (°C) attemperature (°C) 45°C
for 10 days

30 35 40 42 45

Gramma ray-mutants

1 MNNKI033_RD_2023_MTG_7 60.00 5225 38.75 44.75 24.25 2.81

2 MNNKI033_RD_2023_MTG_9 60.50 46.75 42.00 46.00 29.25 4.38

3 MNNKI0O33_RD_2023_MTG_10 53.75 50.00 38.75 43.50 29.50 7.48

4 MNNKI033_RD_2023_MTG_19 57.50 49.00 40.25 43.50 26.50 0.93

5 MNNKIO33_RD_2023_MTG_24 50.25 43.75 3250 35.25 19.00 0.10

6 MNNKIO33 (wild type) 56.50 43.00 4225 40.25 25.00 4.50

Ethyl methanesulfonate: EMS-mutants

1 MNNKI033_RD_2023_MTE_7 48.5 475 435 410 40.0 17.86

2 MNNKI033_RD_2023_MTE_8 48.5 46.5 455 435 423 21.10

3 MNNKI033_RD_2023_MTE_11 50.5 49.0 443 423 38.0 11.73

4 MNNKI033_RD_2023_MTE_13  51.3 50.8 453 433 403 18.16

5 MNNKIO33_RD_2023_MTE_14  51.0 495 445 425 418 23.47

6 MNNKIO33 (wild type) 49.5 478 430 410 343 4.43

MN = Metarhizuim anisopliae

MTG = Mutation induced with gamma-irradiated 1-1.8 kGy

MTE = Mutation induced with ethyl methanesulfonate (EMS) at a concentration of 5.0% (v/v)

@qm‘mﬁ@jﬁu Lﬁ'ﬂﬁﬁmimmuﬁqmuqﬁqqﬁq 45
a9ALTATEA L%ﬂ?ﬁmﬂﬂﬁuﬁﬂﬂﬁﬂﬁﬁﬂmﬁi EMS lalman
MNNKIO033_RD_2023_MTE_8 Hauradueinu
Audnanslalail uazdisuualesindugeiign (42.3
HanALWAT uaz 21.10x10 ° allassanadans) saduiilu
laldian MNNKIO33_RD_2023_MTE_14 (41.8
HanaLumg way 23.47x10° alashalafnamns) uas
MNNKI033_RD_2023_MTE_13 (40.3 HaaluMT WAL
18.16x10° adasraliaaans) auanu (Fig. 4,
Table 3) 48AAREANIL Wongwanich bazAue (2017)
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1, MNNKII33 (ViId Ty pe)

2. MNNKI033_RD_2023 MTG_7

3. MNNKIOZ3_RD_2023 MTG_9

& MNNKIO33_RD_2023 MTG_10

5, MNNKIO33_RD_2023_MTG_12

MNNKIO33_RD_2023 MTG_34

Fig. 5 The total number of colonies of M. anisopliae (MNNKI033 (wild type: WT)) and 5 gamma-irradiated
mutantisolates (MNNKI033_RD_2023_MTG_7, MNNKI033_RD_2023_MTG_9, MNNKI033_RD_2023_
MTG_10, MNNKI033_RD_2023_MTG_19 and MNNKI033_RD_2023_MTG_24) on Sabouraud dextrose
agar (SDA) added with dinotefuran, buprofezin, carbendazim and tricyclazole in 5 and 10 ppm at 7
days old and 25+1°C

50 SDA S0 SDA S04 S0A S0A+ SDA+ micyclazele  SDA+moyciazole
5 ppm 10 ppm 5 ppm 10 ppm 5 ppm 10 porm 5 ppm 10 ppm

1. MNNICIES (Wila Type)

2. MNNKIO33_RD_2023_MTE T

5. MNNKIO33_ RD_2023_MTE_13

6. MNNKIDI3_RD_2023_MTE_14

Fig. 6 The total number of colonies of M. anisopliae (MNNKI033 (wild type: WT)) and 5 EMS-treated mutant
isolates (MNNKI033_RD_2023_MTE_7, MNNKI033_RD_2023_MTE_8, MNNKI033_RD_2023_MTE_11,
MNNKI033_RD_2023_MTE_13 and MNNKI033_RD_2023_MTE_14) on Sabouraud dextrose agar
(SDA) added with dinotefuran, buprofezin, carbendazim and tricyclazole in 5 and 10 ppm at 7 days
old and 25+£1°C
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uavanalestuindaidalnslanalas Anoadudu
5 uaz 10 ppm AAAARBNNALNNUAAEL8Y Fitriana WA
ADLE (2015) eI 1 T09n Beauveria
bassiana {iAN1INAERUGAEN19a78593 leaau
Faldid e finaa ununiusegisiaiteafuings
Fesnululaddnaenuginn usliamnsaeso
AuTAUUeIM1s SDA ANaNALENTANFILILANTH 1
(Fig. 5-6, Table 4) SeuBauiausiunlelathimua
1‘7;Lfﬁz:yLﬁ‘uimmmﬂﬁuﬁ:ﬂmﬂﬁumﬂﬁuﬁlﬁu WU
desaneviugnanaunslelnanisseyiulalédngn
AUWUTLAN feanaidunaniainnisulsfunig

WugnesuiinaInniIsatafaunuuwaznisld
a7 EMS

3. nsnaaaulstAnsnnaasdaAuTiias
M. anisopliae (MNNKI033 (MTG wag MTE)) d1d
WugnanglunisaILANAIaaude 4-5 1BIUNAE
nselanfinena luaninlsadaunnans uay
Jiageiszaziaaivinliinasnstlanduinna
Aesaeaz 50 (LT )

NARINNINAAEY 41U 3 NNINAaaY nala
anvmasudniiflgamgiede 327 evwniadua

Table 5 The average cumulative mortality percentage and lethal time 50 (LTSO) (days) of Nilaparvata lugens

(Stal) after treated with 7 M. anisopliae mutant and 2 wild type isolates and 0.05% (v/v) Tween 80

used as a control at the concentration of 10° conidia/ml for 4-14 days, with different canopy

temperature and relative humidity under greenhouse condition at Division of Rice Research and

Development, experiment 1 in August-September, 2024, experiment 2 in October-November, 2024

and experiment 3 in November- December, 2024

Mortality (%) of

Lethal time 50 (LT5O)

No. Treatment
Nilaparvata lugens (Stal) (day)

1 MNNKI033_RD_2023_MTG_7 70.18 c 9.272
2 MNNKI033_RD_2023_MTG_9 77.61a 5.033
3 MNNKI033_RD_2023_MTG_10 68.19 c 7.299
4 MNNKI033_RD_2023_MTE_8 70.91 bc 6.375
5 MNNKI033_RD_2023_MTE_13 69.24 c 8.418
6 MNNKIO33_RD_2023_MTE_14 71.55 bc 5.864
7 MNNKI033_CU_MTG46 62.62 d 7.932
8 MNNKI033 (WT) 75.16 ab 7.585
9 MNDOAE 60.91 d 5.653

10 Control (Tween 80) 0.00 e -

CV (%) 6.6

Means in the same column in each year followed by a common letter are not significantly different at 5% level

by DMRT

Canopy temperature (°C) = 32.7, Relative humidity in canopy (%) = 70.2

No. 1-3 mutant isolates from gamma-irradiated, Rice Department,

No. 4-6 mutant isolates from EMS-treated, Rice Department,

No. 7 mutant isolates from gamma irradiation, Chulalongkorn University,

No. 8 M. anisopliae wild type isolate from Rice Department,

No. 9 M. anisopliae wild type isolate from Department of Agricultural Extension
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v 1
uazANTUANTNSIAY 70.2 wWefidus arerignans
[ dld a a
nagaL AU 6 lalman ninissymulanaduly
LL@yumimﬁmﬂmmmmmu 45 BIALTATEA YA
mﬂwumqnmmLm@mmmﬂm@mmﬂwuﬁﬂma uan
4-14 Fu wudn wefifuiamudzanadareunan
nszlandiemaninasnnisdrhansresidenlaloan
MNNKI033_RD_2023_MTG_9 41gn 1aauiasas
14 v

77.61 9998317 A TTuslimeanaNmeIANLUG
WHNAINNINNNTE19 (MNNKIO33) lalgian MNNKIO33_

RD_2023_MTE_14 ez MNNKI033_RD_2023_MTE_8
fulefifusnemeazanied Sotay 75.16, 71.55 uaz
70.91 MINANAU LazLANFNRUatellad1ATynIg
a1 (p < 0.05) TUN9INAD T sTnsTan AR ugaINNIX

AudINNN7NEHT (MNDOAE) bazngsuas i laasinef

(Table 5)
o o dl ] v 2‘/ al 901
diuszazna v ldiinaansslandtinnnanie

fae1a% 50 (LT) WU %f;ﬁmmﬁ@mmmﬂL%@ﬂmﬂﬁuﬁj
nane laldian MNNKIO33_RD_2023_MTG_9 nnl
maEnsinndinmanieluszananieig 5 fu aeld
mfmL?fmdﬂL%@mﬂﬁuﬁ:ﬁmmmmmﬁm (L‘zl?\llﬁl 8 J1)
UAZANERUENINAUATNNNIN AT (L‘zﬁlﬂ 6 1) (Table 5)
agn9lsfinn wusn LT, 98913857 MNNKI033_
RD_2023_MTG_ 9ﬁqﬁﬁqmndq/\/f anisopliae WS
CQMa421 189a1 VIMJ LIAN (LT ) L’ﬂal?;l 4 fj“u LLﬁm
I¥pnudududas 10° mﬂmmmmm Fapnngn
Ao 10° ailefrefindans HldlunnsAnEAs
i % (Tang et al., 2019) FanenalumnszanwennA

1
aa o

mmﬂi”mmummmmmLL@”ﬂfmmumwmmwﬂ
UszmalneiiiulssmAlniau Samunzauiunis
v
\WwatylALTAI0TaT M. anisopliae 11NN
¥ 14

Al N33R T3 M. anisopliae 101 luns

o o o d” al 901 2 o K K [
tasiunamnasnszinadinmia AasAniienlass

Table 6 Average cumulative mortality percentage of Nilaparvata lugens (Stal) after treated with

4 M. anisopliae mutant and 2 wild type isolates and 0.05% (v/v) Tween 80 used as a control at

the concentration of 10° conidia/ml for 4-14 days, with different canopy temperature and relative

humidity in an organic irrigated lowland paddy field at Suphan Buri province, during September

-November, 2024.

No. Treatment Mortality (%) of Nilaparvata lugens (Stal)
1 MNNKIO33_RD_2023_MTG_7 34.47 b
2 MNNKIO33_RD_2023_MTG_9 42.87 ab
3 MNNKI033_RD_2023_MTE_8 50.69 a
4 MNNKI033_RD_2023_MTE_14 39.50 b
5 MNNKI033 (WT) 4113 b
6 MNDOAE 23.68 ¢
7 Control (Tween 80) 0.00d
CV (%) 14.3

Means in the same column in each year followed by a common letter are not significantly different at 5% level

by DMRT
Canopy temperature (°C) =

35.0, Relative humidity in canopy (%) =

66.0

No. 1-2 mutant isolates from gamma irradiation, Rice Department,

No. 3-4 mutant isolates from EMS treated, Rice Department,

No. 5 M. anisopliae wild type isolate from Rice Department,

No. 6 M. anisopliae wild type isolate from Department of Agricultural Extension.
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