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Enhancement of Thai Strain Bamboo Mushroom (Phallus atrovolvatus) Production Through

the Utilization of The Biochar Derived from Spent Mushroom Substrate
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Abstract

The Thai Strain Bamboo mushroom (Phallus atrovolvatus) is highly medicinal and economically
beneficial. Sluggish mycelium growth, low productivity, and poor quality continue to affect production. This study
uses biochar derived from spent mushroom substrates (DOA-Mushchar) to improve mushroom production
technique for Phallus atrovolvatus DOA-Ph1. For the master spawn experiment, sorshum + DOA-Mushchar 0.4%
produced the highest mycelial growth. Mycelium covered the spawn substrate in 10.17 days. Regarding mother
spawn output, the average mycelial growth rate was 17.56 per day when using the sawdust + bran + DOA -
Mushchar 4% combination. The rice straw + DOA-Mushchar 5% mixture vyielded the highest reticulated
mushrooms, 2,598.75 g/basket (B.E.(%)=12.98). Our investigation found that DOA-Mushchar exhibits significant
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potential to induce mushroom quantity and reduce the production time of Thai Strain Bamboo mushroom.
Furthermore, agricultural waste is utilized to achieve optimal efficiency.

Keywords: Phallus atrovolvatus, Biochar derived from spent mushroom substrates, Master spawn
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Table 1 Incubation periods, mycelial density and percentage contamination of Phallus atrovolvatus master

spawn, treated with various concentrations of DOA - Mushchar

Treatment DOA-Mushchar Incubation Mycelial Contamination
(%) Period (Day)”  Density” (%)
1. boiled sorghum 100% (Control) 0 1758 d ++ 3.18
2. boiled sorghum + DOA - Mushchar 0.1 15.42 ¢ ++ 2.1
3. boiled sorghum + DOA - Mushchar 0.2 1392 b ++ 1.8
4. boiled sorghum + DOA - Mushchar 0.3 10.25a +++ None
5. boiled sorghum + DOA - Mushchar 0.4 10.17 a ++ None

Y Means followed by the same letter in the column were not significantly different at the 5 % level by LSD

4 denotes the density of the mycelium. More + indicates more dense growth of the mycelium.
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Mycelial Growth Rate (mm.d )

Figure 1 The mycelial growth rate (measured in mm/day) of Phallus atrovolvatus strain DOA-Ph1 master spawn,
treated with various concentrations of DOA — Mushchar. The asterisk indicates significant difference (p < 0.01)

compared to the control group.

2. nawae DOA - Mushchar luntswaniovenetudi 2 vaainssunaeuglng (DOA-Ph1)

MInAdeUUTTATEAINI8 DOA - Mushchar fisgduaanuidudusingg Tunsnandoveneduil 2 veadeifingnaum
awiug DOA-Ph1 HansAnwInuiTlunssadsil 6 uag 5 (1Ax DOA - Mushchar 4 wag 3 Waedidud audrdu) wéuleidie
Srumasaldfningsuiziu q lneduleaunsasydudouldnanads 18.05 way 18.15 Ju audidu f8ns1n1sia3ey
voudulosotuade 1756 waz 17.49 fadwnssetu Jadflanuwansrmisadnedsdideddydeuiouiieuiunssuis
AUAUTIaDeNTIUTE (g0 Tlaifin DOA - Mushchar) iduloannssuiBamuguldinanuie 3a.45 fu dleTauasapsuiou
Yoz (Snsmaiaiguenduloieds 9.22 fadunsdotu) TuuaeilunsnAsi 3 we 4 wuidlafauldnaiaiy
WaAewdowu 29.65 uay 25.05 Tu wardishsninaigrenduleseiuadedu 10.71 uaz 12,67 Radwunsdetu auddu
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Table 2 Incubation periods, mycelial density and percentage contamination of Phallus atrovolvatus mother

spawn, treated with various concentrations of DOA - Mushchar

Treatments DOA- Incubation Mycelial Contamination

Mushchar (%)  Period (Day)l/ DensityZ/ (%)
1. sawdust+ rice bran+ ime+epsom salt+ gypsum 0 34.45d +++ 1.15
2. sawdust+ sugar+ gypsum 0 29.55 ¢ +++ 1.18
3. sawdust+ rice bran + DOA-Mushchar 1 29.65 ¢ +++ 0.10
4. sawdust+ rice bran + DOA-Mushchar 2 25.05 b +++ None
5. sawdust+ rice bran + DOA-Mushchar 3 18.15a +++ None
6. sawdust+ rice bran + DOA-Mushchar a4 18.05 a +++ None

Y Means followed by the same letter in the column were not significantly different at the 5 % level by LSD

? + denotes the density of the mycelium. More + indicates more dense growth of the mycelium
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Mycelial Growth Rate (mmd )

Figure 2 The mycelial growth rate (measured in mm/day) of Phallus atrovolvatus strain DOA-Ph1 mother spawn,
treated with various concentrations of DOA - Mushchar. The asterisk indicates significant difference (p < 0.01)
compared to the control group.
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Figure 3 Different stages of Phallus atrovolvatus (DOA-Ph1); A) egg stage, B) fruiting body, and C) detached cap of

the mature mushroom

Table 3 Yield, beneficial efficiency, and percentage contamination of Phallus atrovolvatus sawdust spawn,

treated with various concentrations of DOA - Mushchar

Treatments DOA-Mushchar Yield B.E. (%)  Contamination (%)
(%) (g/basket)l/

1. paddy straw 100% 0 1,732.00 ¢ 8.66 20.00
2. paddy straw + DOA-Mushchar 1 2,337.50 b 11.69 13.33
3. paddy straw + DOA-Mushchar 2.5 2,596.25 a 12.75 6.67
4. paddy straw + DOA-Mushchar 5 2,598.75 a 12.98 6.67
Y Means followed by the same letter in the column were not significantly different at the 5 % level by LSD (Least significant
difference)
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Tselurmdnidulsadesiiddniiaiunnundemeoianndegramnssudosvedng msunsnszarsvedlsai
dawaideymeinniign uazaunsndievenlufureuius daatunismsadansedlsaiinueindudou Tnauuuas
Arlda1ege shlinsmsalseldunivats nsmvaslsniaiaussansnmm muidedldiauiimansauulnide
wafla LAMP fldude s1ai8 uazarldanesnia suflumsinesenuuulndiesaniu imp veadelnlnnatauilsa
Tur11 91171 3§ 1HA%09 Thermostatic colorimeter uaztnendnsagulunimmeans wanisvaaomuit 35 LAVP &
mml’sqammmm’mmL%@iﬂ/\limwmamlé’ﬁ?ﬁa 1.58X10" copy/ul Hieuwinfun1snsiadieds nested-PCR 7ildlunns
naaesi Insiuesldfigndes wiug wardumzdodoludeslnsansonsiadelnlanaiam anvalsalurn wlsl
ansansadellananaunludnegsannduariiudnddld nsnseaeuiomaia LAMP 1dnaimun 60
i luvne s nested-PCR 1dnaUszann 2 Yu Ardufsaguldindsnig LAMP fifmunduiifanusinds uasiely
nsldeu aansatanldlunisasiadansedlsalilananaunludesneunisveeiuuiofnidenuuaswinuglaaened
Usyansnm
AdnAny: 1saluun dos NMsvenenugoes inallawaul

Abstract

Sugarcane white leaf (SCWL) disease is the most important diseases that impact great lost in
sugarcane industries in Thailand.  a major disease transmitted through cuttings, poses a significant threat to
sugarcane crops. The most damaging route is through propagation of the infected seed canes by the
farmers. The highly sensitive detection techniques of the infected seed canes are available but the
applications are not widespread because of the technical complications and high cost. Disease prevention and
control are thus less effective. This research presented a new simple, rapid and less expensive method based
on loop-mediated isothermal amplification (LAMP) system. A set of three primer pairs was designed based on
SCWL phytoplasma Imp gene. The result revealed that the LAMP system was as sensitive as those produced
by the nested-PCR tested set. The lowest detectable concentration of phytoplasma was equivalence to
1.58X10" copy/Hl. The LAMP primers showed the accuracy and specificity in detection of sugarcane white leaf
phytoplasma and non-detectable of the phytoplasmas in grass and cassava. Detection the phytoplasma using

LAMP technique was completed within 60 minutes. It is concluded here that this LAMP method provides a
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simpler, faster and sensitive mean for the detection of phytoplasmas associated the sugarcane diseases.
This method can be used as an effective detection technique for the mass screening of the sugarcane prior to
propagation or selection for the healthy mother plant plots in the field.

Keywords: White leaf disease, Sugarcane, Sugarcane propagation, LAMP technique.

unin

TsnddyiidwademeetiannsenisnanseslulneuasUssmadiouduldun Tsalura (sugarcane white
leaf: SCWL) Isaluvnisiuiuein1snerlas (sugarcane grassy shoot : SCGS) waglsanenglad (sugarcane green grassy
shoot : SCGGS) Tsaaueiintifnnndelnlamarauniisnetu :inn1sdaudsngalagldamnuunnsiswesdiduiua
aeluBu 165 RNA voadelnlanarausdiaginag (IRPCM, 2008) nudnido SCGS uaz SCWL gndnagnislundgu
165xI-B  \Fedewiniliinnnalnddaunn uazdenissusuferlidesuantoinislurnissfuiinisuanseinis
uwannerles drudesiiande sCGGS Huazlinantennslurn uduanneidendienenylad Weolileuuansiesanaes
Ls‘?'?aLL’iﬂLLazLL*&mﬂejmaaﬂmasm%’mﬁm wadslainunssenudnngy (A35e ausaAsna wazaAme, 2555; Abeysinghe
et al,, 2016; Zhang, et al., 2016, Rao et al., 2012, Marcone, 2002). fi51891171 SCWL waw SCGS Snausniuaes
¥iln Aw Matsumuratettix hiroglyphicus wag Yamatotettix flavovitatus Hunne (Hanboonsong et al., 2006) w#
SCGGS Selalilsgaumsfing sgdlsinmuanudsmefennneasnniveuiusiiindeluugnueere anmesu
wumsuantemsveslsatuiudadendnaueiia Ao Usinandemeludu anuuduswosity wazanIngenie

' 4

(ARSI auseding uazame, 2558) Tudseinalnglsn SCWL wag SCGS azuansinauluaninduiligauanysal

9 Y
v

Tnglamzegsdslunguiunste waraznuifivoinsidudandannzudennuiudnusieiuandaintivud
(neuiiesh Tnealaiey wazamey, 2554) Msnsaadansedlsaldmaia nested-PCR sl 165 rRNA Wuduithusne Tng
L1 9RUS M 165-235 ITS (Hanboonsong, et al, 2002; 2006) eﬁﬂwudﬁ%'miﬁﬁmmhqa annsanaTuldely
Usunaudisnda 1 copy/ul lumiduedia 25 unlunduls ui3Ensildsreznatuny 2-3 Su lunsasiaudiesanndewi

=

UfAseniidensansyn Snslanudegdunisiianisvuideulanadainuaey dwisnisnsialagldgudmanely
UShadu secA TR iIge s luuaziinnulifidindiunn (A3sh anuss@ing uazane, 2556; 2558) 1159539
#8738 quantitative realtime PCR (qPCR) {w3iuaziiussdnsainunnndt uanuiSunasngaieglutiiisensu

v A 2 a 2 v = v i & A - =
TeuazdiAUszann 10° copy/ul TuAduedia 25 urlunsu Felosnin nested-PCR uonaniliiiesarniniesdinaula

' v
|dl1§l| LYY

ABN1IMTINTUT Y IUNITTBES AuAaIandouludndiuvesufiseiildddnaden1nionuldegnauin ey
AU iRundeddiniadeviinidosdinudugyas Fadulgmedrawnlunisldnugunsaliingts 8nun3esde
Aananilfalsnmgs nanugen dudou vedisnsildiuguvetdfitenidens Arldinensiuduasesiie gunsal

v a va o

Tunsdndsiesuifinas vilimbeanadansesdidruaudiia uenainiinisasiadanseavisuiugliduiunsvans
WesnAniiaseideiiegilsnnnas Gaszana 300 fs 500 U wseNNdn vilvinsasaadnnsedlsalilana uaz
Laiviunsal dawalinmsmueulspvinussdnsnn Smunsunsszuinvedsnegagunsmnd wasiluannawilefivili

£% a a a =

Fuyunmsnandosvedinegeiniisamaguds fedumsiauiisnmnalsaidussansam darailags Sdunuiluns
fadomiensnn uazaldielunisasam 1Heuie werlialuszssnaniinmi Saduiimsiasasthuldlums
Fannsmuaulsa Tudlaguuiinswauisnislug va1e357ilseansnmdanann Loop mediated  isothermal
amplification (LAMP) iumafiafiianndufiasnsadiuufinafiduodmneflugumgiiesanufiseditens
figedldgunnd 3 sedu Feiliadesdielunisnainufiter LAMP Slsianiignninnn susidlinisdosamie
Tanuguiudssuenniafinujise shlsanansonsaralddenivalaglideddiedosfielunismsiana uonani
fildszaznalumafaufiterinads WemnndwesildfiniseonwuuliannsonmaduasifinuTuasiums

aa 1o ' ° 1 a Y o § v a aaa A & | adaa s & v I = o
Aduweathuunglalising 3 sumidunaniediu ibinandavesujisendiviunannnitisidensilusesmi Jaih
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Tdiunaldsangani wazdanuliiunnidsider snluiliuiisomisyn (Tomlinson et al, 2010, Nagamine
et al., 2002, Natomi et al., 2000) Iuﬁaﬁ;ﬁ’uﬁﬁwmﬁwL%ﬁ]gﬂﬁm%msﬁwﬁﬁ%m LAMP 31911188819031997749 bay
flsiAnfireudnesiuszann 120-200 uvwisediogne 3wiildtinist i siunldedsunsvarelunisasialsavanein

f51enunisidmaiin LAMP sllaaseunqulunisasindelilanaiaun Candidatus Phytoplasma asteris agn4ldka

v
@ N

1nem3393U7 housekeeping gene (Sugawara et al., 2012, Mitrovic et al., 2011) AstiulunwideiFadlingussasnty
nsiaunaila LAMP dmsunisasadansedlsasesiinanelulanatawn lneldgatien LAMP dusagu uay
Wisulgulseansnmuesisnishilanunisnsiamemaila Nested-PCR Aiinsldludagiu ienislduselewilunis

widgnnisssuiavedsauazenseauanuansatun1suanlugaannssunisnandesveaing

gunsnluazdsnis

FagreRivuaznsatamiue : iufedisludos luiluiidmingnssiuazvouuiu tiedisludenunsiivdug
3 300 feths afprisueandegralnetudutuliasden undetefudzudaiululasaumadlulnsune
Tseensiiwazideniduns LAy CTAB Buffer wazannfloulanie™s CTAB n1591n318911984 Li and Midmore (1999)
mni’@ﬂ%mmuammmwaL’Smaﬁﬁuﬁw Nanodrop (NanoDrop Lite Spectrophotometer, ThermoScientific, USA)
Ausnyifduelitonmgl -20 ssmigaiva anafigrisiaventeslusiogausaronisdemsnsadiduinadlelng
Auvis 165-235 rONA (lallduansdoya)

nseenuuulnswes: senuwuulnsweslisumefuduusnn imp cene JuBuwiianiaves immunodominant
membrane protein genes (IDPs) 71 anunsansianulddranielu cytoplasm ﬁwé“agm%aiﬂimwmamLﬁi’IWTwmsJ
(Morton et al.,,2003) ldoanuuulnsiuesduiu 3 Aane lagusenaudag inner primers (FIP wag BIP), outer primers
(F3  uay B3) uag Loop  primer (LoopF  wag LoopB) Iagldlusunsy Primer  Explorer  program
version5(http://primerexplorer.jp/lamp5.0.0/index.html) saamsAnwusizvesinsuesfioanuuuse
lUsunsu BLAST(http://blast.ncbi.nlm.nih.gov/Blast.cgi) mﬂﬁ?umaawﬁﬁ%m LAMP iitegingaumnilamsnganiign
wionanfilddudu Imslﬁi’fﬁwmﬁ’n%gﬂ Lava Lamp DNA Master Mix (Lucigen,USA) nsiaaeuufiizendieindos
Thermostatic colorimeter (Kaneka Cooperation, Japan)

MINAHBUANT I ATIEUALSIINzYastswasTidlumadia LAMP fudellawanauviingus nsasia
%ﬁﬂﬁﬂﬁﬁL%@lWIWWﬁ’]ﬂM’]QﬂLL‘U'ﬂaaﬂL‘fJu positive  specificity Faarfumsmadeumnusmeiudelwlnnataun 7
nsuwialaun Welnlawanain (SWL) dau negative specificity axnaaaufulwlnnanausiingu o
naseuaula: thildueidelnlananauanalsalurn thilidueaududu 100 ne/pl wFeans 10-fold
dilution 10'-10" Wisuifisuaalilumsnsialunsasianandn LAMP shennssnunasmelniasinaatuiuy real
time W3guiflsuiiuns gel electrophoresis wagiuSsuifisuaulilunisasiaiumaia nested PCR au3nnsues
AIThLLazAME (2559)

nsnsandelnlanardunannnlsanuuddosmaiia Nested-PCR : nisifiuvdinafifuiendsd 1 felndies
MLOX/Y : Usunassau 15 pl Usgnauaie 75 ng DNA template, 0.5 uM primer (MLO/X : 5” GTT AGG TTA AGT CCT
AAA ACG AGC 3’, MLOX/Y :5°GTG CCA AGG CAT CCA CTG TAT GCC 3’), 1X PCR buffer, 1.5 mM MgCl,, 0.2 mM
dNTP, 0.1 U Taq polymerase seun1svitiidensuszneusieg 95°C/ 2 undl amdae 95°C /1 il 55°C /30 undl
72 °C/1 W $1uau 24 59U audae 72 C/7 Wil iushwdl 25°C awiarandaii@ens 700 bp msiinUinafidue
adait 2 gelndued P1/P2 Tsﬁmamammmﬁ 1139979 1:100 USumssan 15 pl Uszneumle doute 3 Ml
0.5 uM primer P1 (5 GTC GTA ACA AGG TAT CCC TAC CGG 3’) wag P2 (5’GGT GGG CCT AAA TGG ACT TGA
ACC3), 1X PCR buffer, 1mM MgCl,, 0.2 mM dNTP, 0.1 U Taq polymerase Sounisvitiidensusenausag 95°C/ 2

W pudae 94°C /1 Uit 60°C /30 Aundt 72 °C/1 unfl §1uau 24 SeU MNsY 72 C/7 wnd vl 25°C wunn
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HAKEn 210 bp ATIINAMIY 1% agarose gel electrophoresis lngl¥dngaaisalun SYBR gold n1sviufAseniidens
T#A309 GeneAmp9700 Tufinuadae Gel Documentation Nauan fe axIanURaURSweLT Mg (Sakuanrunesirikul
et al., 2013, 2015; Hanboonsong et al., 2006) 138 ULABUTIUIU copy number euENL%@M‘Imwmauﬂ%wmaﬁmqﬂ
Nefsl pUC1318 7ifitudauues 165 -235 rDNA vw1a 1,200 bp Wuguuuulun1snsia ¥nseiuas copy number 184
nanadngnnas el Number = (amount (ng* 6.022x10°) / (length (bp) * 1x10°* 650) Tng 650 Ae dhwinedsves

base pair (bp)

NALAZINTAINANITNAGDY

nseanuuulnses: nan1sthasuiiadlelnausiiudu imp anarnulualuauideves Kakizawa et al, 2009 uag
MneAdoveseismiuagany 2020 Mndelnlanaraunamlzaluam svhniseenuuulnaes Wesanifurinm
fanunsousnanuuanssveatelnlanatan sonndelilanaramaneiuglndides Wy IFasuwminindadud
AuUaLUE 120 89 350 UU 81 16S ribosomal RNA gene wazilAn Melting Temperature (Tm) vodtdulnsiues B3,
F3, BIP wae FIP 9gffl 49.8 °C 50.9 °C 66.4 °C Wy 66.5 °C (Table 1) pud1dy

aalla (sensitivity) ¥893815 LAMP: nadeulneldiisuesiudzndiifnde Susarcane white leaf 130919 10 wh
117U 10 iU nEusud 10° 81 10" MsAesesisIuIL copy number dhanvesdielWlanatamTiannsonsag
Fuld negeulaeldnanalingnuan pUC1318 fifguduaunn 700 bp udeas anatarnududuvemanaiinile
LAEAIUISILIL copy  number  HIRURBUTINNSASINRILTE Nested-PCR  man1snAaeanuin 33 LAMP  uaz
nested-PCR finandnwuna 210 bp awnsansavldseiuside 1X10" copy/ul @91 nested-PCR finandnuua 700 bp
M9 167 2x10” copies/pl (Table 2) (Figure 2)
ausunglunisasiadalnlanarsinauglsaluriivesyalwswesiisanuuulu: lunisamaausinzde
dolwlamanauludesnaaeulngldfiduonniiviidaielilananauviadu lhun Sudwzndsdatelsanuuiuas
e fuanien1suud nansmaaeunuin ldanansoamadedngild lunismsaauaseuagulunisnsaaie
Inllananasnvesdos neaeulnglimsueilinndesiifnlsalurmivhmansefiguisisveadoudionismmadiiy
fhedlelve (Figure 3)

nsmsrailegsdesiifionnislurnademadiauant: dimaussiufiogadeslutiufiugndoslu suneidles e
HYa1As MIAVOULAL NDINTIY BUNBAUIEY UATIIVELT F1UIUTIMN 300 f219813 HANITNTIDFI0E 19U Uz NaY
Femeaia LAMP fifmundunumsiaidelnlanatamainglsalurnn  $1uau 300 faege Andu 100 wesidud

NNFIpg1deeianteInsuazlinanteInis lnenssuismunulifiveliuananauin (Table 2)

3150ina

mimmL%@VLWImwmam‘Lué’aU{Jﬁ]qﬁﬂ%mﬂﬁﬂ PCR-based @4573f4 quantitative polymerase chain
reaction (PCR) Tneduiinmnefililun1snsaa 1éun 165 RNA gene Imp Wag secA gene (AR301 anus@ing uaz
ARy, 2556; Cai, et al, 2008, Lee et al, 2012, Bertaccini et al. 2014, Sakuanrungsirikul et al, 2013,
Hanboonsong et al, 2006, Hodgetts et al., 2008) Tnedi secA gene 1Ju single-copy gene Iuﬁiumaﬂl,%}aivﬂm
WA way RNA Sufistgauind 2 copies Bmansausarisiililutgtuifeuasdaidounnsaiuly wasdud
nsuiui1 msliufasenidendyaiien (simple PCR) fiailalunisnsaaduiesnin nested-PCR filUfAToTITaNS
Mnyeindanesadslugafiaes wilimstdtniAensuudeuivilfAewauinuasy lusmed simple PCR 2wl
Annaautasuananubilunisasiaduiitesnda uii1n1sld high stringent condition %Qﬂﬁmﬂﬁumnﬁmﬁu
AU LLazammiUuL‘%Jauiuﬂﬁﬁ‘%mLLGi%a'awaLﬁsJﬁaLﬁmmaawaaulé’ (Lorence, 2012) 1519 Agarose gel

electrophoresis Tunsamanaeviliiinnisudanaiinlaireninldanuduuailignieanungan Faaevinlvuedl
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duwauiifivunundls safulunslditnsiinsanadeddmnusydasy finsldmuduuasluniseiunaie wenani
msnsaslinusauiiiue wandaSamduedmnemniealvedinsiitraseduls duiulumsmenuneds
Fosmilsimeazdontandniitag Tudweenisld quantitative realtime PCR (qPCR) 1 allivean3ossinyili
Aedgmmngldaulifierudunaiitniisnnmadavesfufoio LaruenINEuEr AnansalunsinTgves
78n15 (analytical  performances) 83 qPCR aggninfinlaaUszdnsan (efficiency) wazdaenansIafieausuld
(acceptable ranges) dsansenudilngiudmuinarulilunsasavedisnsild PR Tufoudisuwiiunisld
simple PCRs (Bastein et al,, 2008) fioUszana 10-100 copy/pl vougadithmuneg Sudusziuiiensldlalunisdanses
Tsa wildymlunsveneiusuasalsadenmamizidsaioide
lunsvnaesiiuansuavesnmsianisnisnsadellanwaramnainglsaludosfemaia LAMP Wisuiiien

'
v adada

fuAEAteallutlagiu Ao Nested-PCR wudvisiaunduiiianailannnd: simple PCR 3 1000 wih (Table 2) Fana
fatfuayudofvosnlniwesitufiduaitmuneds 3 90 wazanthenilldansdosas (Figure 1) Tnsfianalaves
LAMP #ilFdifisusiniunisnsiadie nested-PCR Tusgduiinnaaulunismaaesil udesndlsinudilalldnaaouns
nnduly Adueiifinisdosiiginiid vielussduiinmaduldléde nested-PCR Fwmnasddussdutu az
anansnsryAlazes LAMP wag nested-PCR fildildogauiiass

fodves LAMP fio THnude uazduidiouldtionniunnidofiouiuis nested-PCR ihadildindoailolidudou
sgpvianfion 60 wiivitulunisnsiafe LAVP Gasanisandinisld nested-PCR Aldiaalaisiingy 2 fufasdna
Twdesves LAMP ldluedded Wou imp Fadududrinludelwlanaraudta 3 siadinarndudmue
Faaunsansaaldasounquii 3 We wasdiaudumizdedellananaludoswintu uazliifin cross detection fu
olwlawanaulufivdy naiedngosisawuilujiservaninliiedenissiuna awnsonsranalddeniiva
winliifiedestiolun1snga SsagsilvmhenselifiesujifnsszduiluanaaunsmhlUduFoals e ogsls
fnnalunismaaesilfiaios Thermostatic colorimeter dudundosiiofimaligdlunistiufinns aunsassnusa
Tuanmasa (realtime) 16 Failfanunsniiasgigunuuvesnsiiaujizen wavanUasufiinanmsvutounes
UFA3en vidoqndusvesjisenls ezuandiifiuludnuarvesszoznanluinnsinisganduuas deazlsianunsa
asaaaeuldmnldiinserunanisudsudvgeasadudmendaniissegiaudes :1nnsasainszianulives
33013 wnuindE Lavp  divaundudianalilunisamatuiiduedmansldfuiiiu nested-PCR Tudisiidule
finnaeulunmsmnaesi uasfindinismsadiensldiaies Realtime PCR fialasitiluildnsranisindelnlanaiamn

Tugesaznsralalussauniiies 10-100 copy/ul Wiy

d3una
nsmuIsmsasndelilanarautanwnlsalusesfisanssnamaia LAMP lasniseenwuulnsiues

asadusumisBu imp  veudelWlanaauwazldyainerdniazy nuinduisnmsndanugniswazaseunquse

U q
¥
'

wolnlanarauawmelsaludesvisaiuailn fie SCWL, SCGS way SCGGS lun1snnaeiinudniz LAMP faaulalunis

RTINS UMNAUNITNAFDUMETT Nested-PCR 48U 165-23S 1DNA Huthwune a1unsansiamduadvanels

o

srdtgnlusedu 1.27X10-1 copy/pl alwiiwosildlimusanmadudelnlanarauiinelsavuudlutudsndoay
an1sturalungld nsesianalaegldiades Thermostatic colorimeter viliRsn1siivszansnmfisuwintunisld
Realtime PCR Idszazinanlunisnsia Uszana 60 uift 53m139n91n150573%78 nested-PCR - Aldiaanlun1snsan
Usvanas 2 Yu deduds Lavp  FlEdiuladndudsifiussansam s Wnasings wazdaldreiinininnisléns
wuuhnlunisesalsalulanarauludes aansaiunldlunisasadansessaluen lsalusnuazneley wazlsane
nglaf Tudestiionanmafusesulasiugarernnisdnidenuuassiiug dmiuveoiug vesnguinuasnslueiols

'
ada o

Tsaudina wazmhenunsuasasunsinens ag19lsiniu Nested-PCR Genaduidsndndulunmsdadonusdiugiiie
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nsveeRusiIsnsmIzidsaieideidoainiinruligann asadudmneiiviinadesunld nsmaaoy
Wisuifleuifinifiusening LAMP  uag nested-PCR  Ingldfiduiofifinaidearsiigenitlunismeaesil sudssedy
finsrafulailédan nested-PCR awitlianinsnszyaulifiuiniwesds LAMP fifloufuls Nested-PCR 16 iilanns
pnsuTesulasiugareanisdndonulasusiiug dwiureneius veandununsnsluedodis Tsauthna way

PUILNUNTUALASUNITINEHS

AUBUAN
VevaURN JIRCAS uay U3¥M Kaneka Cooperation ﬁaﬁuaqum?m Thermostatic colorimeter Tun15m579

U531 LAMP uazveunaufteddeluiesufiin1stiluanavesgudideiivlsveuuny fivielinsufifnuidednsa

mungusvesn

LaN&1581989
nouiiesh tnenalaey Anngyad Sauudl FIshi anuss@ina wasinw yaew. 2554. Jadenmanisinunsiidessie

o q

nsiintsaluvivesdes. i 63-68. Tu: lonansuszneunsuseguiaiuninnisdes “Inguazlonmadeslng
Tuidilan” 30-31 dsvnan 2550 u guiideuazimunnsinuasanssany’ drinddouasimumsinasioni 5
NFUIVINTNEAT.

MAsh anuidng S3dl didal VinBan Ausesidy all f3A9i $d W3anws Useitus Ussiaisdng uas
NaULAYTA InA1ala3y. 25581 35nTauayidadulsalurnuessssmemaiaigens. namuIdefaunsy
Fnsneas Uszand 2557, n5u33n1sinuas NEnsaununskazannsal. w1 69-89.

AAsh anusidEng S1dl el il e3Ami Towen Senenafiaus. 2555, ArumainuaevsTugNTTYeNTe
TlananaundinelsaludosuavnguriavesUssmalng andiduilaralolndusion 165235 rRNA
intergenic spacer region. 7. ufiwnuAs U7 40 atfufivay 3 il 231-240.

ma¥al anudsAtna Snd 2ehdnd asdnd uaulans vindan duaseity il @3RN 2556, SecA leFpwng
Tuanalwilumsnsalsalurnivesdosiuiudigs.  wamAdefiunsiivinisnens Ussdd 2555, nsu
IPINNYAT NTLNTNNUATILAZANNTAL. Wi 1-15.
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Table 1 LAMP Primers form Sugarcane White Leaf phytoplasma

label  Length Sequence
F3 22 TATTATTTCAGATGGTGGCCTT
B3 24 TTATCCAATGCTTTTGCAAGCTTA
FIP ar AAACTAAACGAAAAGACAATAAAAAAAT TTGAAAAAGAAATAGTACT
BIP 26 TCTAGTTATGTCAAATCTGACTTTAA

LoopF 31 TGCGGATAAAGCTGAAAAAGCTTTAAAAGAA
LoopB 22 TCAATAAATGAACTAAAAGTAG

Table 2 Detection sensitivity of the LAMP technique targeting phytoplasma /mp gene and Nested-PCR
technique targeting phytoplasma 16S-23S rDNA gene in the DNA of infected sugarcane leaves.
Plasmids pUC1318 containing 700 bp 165-23S rDNA fragment was used for copy number estimation.

DNA serial LAMP  Nested PCR (DNA) Nested PCR Imp plasmid DNA
dilution (DNA) plasmid DNA (copy/ul)
700 bp 210 bp 700 bp 210 bp
0 9
10 * * * * * ax10
-1 8
10 + + + + + 9X10
-2 7
10 + + + + + 9X10
N 8X10°
10 + + + + +
4 5
10 + + + + + 7X10
-5 4
10 + + + + + 6X10
6 3
10 + + + + + 1X10
7 2
10 + + + + + 2X10
-8 1
10 + - + - + 4Xx10
-9 0
10 + - + - + 9X10
e + . + - + 1X10"

10

NT: not tested +: positive -: negative
*Plasmid concentration was quantified by nanometer. Plasmid copy number was calculated.

as (@amount (ng)* 6.022x10°) / (length (bp) * 1x10™ 650): 650 is average weight of base pair.
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Table 3 The LAMP result of phytoplasma Sugarcane white leaf samples.
Sampling site Locality coordinating No. of LAMP technique
sample detected undetected
Khon Kaen
Mancha Khiri 16.22020 °N,102.53630°E 150 150 0
Muang 16.38880 °N, 102.8497 °E
Udonthani
Kumphawaphi 17.05051 °N, 102.9383 °E 150 150 0
Non Sa-at 16.98419 °N,, 102.9116 °E
Total 300 300 0

+ + + + + + +
Figure 1. LAMP reactions illustrating detection sensitivity in the diluted DNA samples extracted from leaves of

SCWL infected sugarcane. No.1-7: samples with DNA dilutions: 1, 10, 10, 10°, 10", 10°,10™,

respectively. No.8: negative control (water).

Mw 10 100 10° 10° 10° 10° 10° 107 10° 10" 10%° Mw 10 10°  10° 10° 10° 10° 10° 107 10° 10* 10*

1000 bp =
Y — - ——

1000 bp

500 bp

210 bp

Figure 2. Nested-PCR products illustrating detection sensitivity in the diluted DNA samples extracted from
leaves of SCWL infected sugarcane. Lane 1: 1 kb DNA molecular weight. Lanes 2-12: samples
dilution: 10-10"°. Left: 700 bp PCR products by MLO-X/Y primer set. Right: 210 bp PCR
products by P1/P2 primer set.
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Figure 3. LAMP reactions illustrating accuracy and broad spectrum of the primer set. No 1-3 : DNA
extracted from leaves of sugarcane infected with SCWL, SCGS and SGGS. No 4-6: DNA samples

from leaves of grass with white leaf symptom and cassava with witche’s broom disease. No.8:

negative control (water). Above: absorbance values of the LAMP reactions at 60 minutes. Below

fluorescence real time signaling reported by a Thermostatic colorimeter.
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Abstract

The Fall Armyworm (Spodoptera frugiperda) is a major pest of maize in Thailand. It is a highly
destructive insect, feed on the leaves, tassels, and ears of maize that can cause significant economic damage.
The objective of this study, conducted in 2023 at the Nakhon Sawan Field Crops Research Center, to compare
the effectiveness of seed treatment and foliar insecticides in controlling Fall Armyworm (S. frugiperda) in field
maize. Seed treatment with cyantraniliprole 24% FS mixed with thiamethoxam 24% FS at a rate of 7 milliliters
per kilogram of seeds. Foliar spray with insecticide using spinetoram 12% SC at a rate of 20 milliliters per 20
liters of water. The method consisted of 10 different protection periods of vegetative, with 3 repetitions each.
It was found that the sprayed-on maize 7 and 14 days after germination, and the sprayed on 7, 14, 21, and 35

days after germination, resulted in a reduction in leaf damage as well as the seed treatments and spraying on
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14, 21, and 35 days after germination. The yield of maize at 15 percent humidity had an average yield
between 1,233-1,518 kilograms.raifl. When analyzing the benefit-cost ratio (BCR), it was found that Spraying at
7 and 14 days after germination, 2 times, gives a more worthwhile return than other methods (BCR = 2.45).

Keywords: Fall Armyworm, Maize, Foliar Spraying, Seed treatment
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Table 1 Mean of leaf-feeding damaged rating scale caused by fall armyworm after application on maize at Nakhon Sawan Field
Crops Research Center. (Late rainy season: 2022) Table 1 Mean of leaf-feeding damaged rating scale caused by fall armyworm after application on maize at Nakhon Sawan Field
Crops Research Center. (Late rainy season: 2022)
Leaf-feeding damage rating scale (1-9)
Treatments 7 28 az 49
Pre-spraying 14 DAE 21 DAE 35 DAE
DAE DAE DAE  DAE
Foliar spraying on maize at 7 and 14 DAE 1.05 1.16 1.67 a 1.95 a 418b  4.12 bc 1.10 116
Foliar spraying on maize at 7, 14 and 35 DAE 1.05 1.05 137a 226ab  477b 4.86 c 1.49  1.05
Foliar spraying on maize at 14 and 35 DAE 1.05 1.10 437b 191 a 360b  3.98 bc 1.19 110
Foliar spraying on maize at 14, 21 and 35 DAE. 1.05 114 352D 223 ab 1.40 a 1.61a 1.05 114
Foliar spraying on maize at 7, 14, 21 and 35 DAE 1.05 1.14 1.60 a 198 a 1.23 a 1.26 a 1.05 1.14
Seed treatment. 1.00 1.05 207a 451 c 388 b 340 b 1.05 1.05
Seed treatment and foliar spraying on maize at 35 DAE 1.00 1.05 226a 347bc  4.07b 330b 1.05 1.05
Seed treatment and foliar spraying on maize at 21 and 35 DAE 1.00 1.09 198a 433 c 1.40 a 172 a 1.05  1.09
Seed treatment and foliar spraying on maize at 14, and 21 35 DAE 1.00 1.09 237a 2.86 ab 1.12 a 1.14 a 1.05 1.09
Untreated control 1.05 1.18 358D 4.26 c 402b 393 Dbc 1.05 1.18
Mean 1.05 1.10 2.48 2.98 2.97 2.93 1.11 1.10
F-test ns ns xx ** *x *x ns ns
CV. (%) 10.03 8.48 24.00 25.13 25.07 23.69 2175 8.48

DAE=Days after emergence of the plants

Means followed by the same letter within a column are not significantly different at 5% level of probability using Duncan Multiple Range Test (DMRT)
’ Significant at 5% level of probability

b Significant at 1% level of probability

"™ Not significant
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Table 2 Mean of plant height, shelling (%), yield and ear damaged rating scale caused by fall armyworm after application
on maize at Nakhon Sawan Field Crops Research Center. (Late rainy season: 2022)
Plant height (cm.) Ear
Ear
Shelling Yield damaged
Treatments damaged

30 DAE 60 DAE (%) (Kg/rai)  rating scale %)

(1-9) e
Foliar spraying on maize at 7 and 14 DAE 83 a 217 ab 75.47 804 1.07 11.17
Foliar spraying on maize at 7, 14 and 35 DAE 82 a 215 ab 75.63 e 1.04 10.89
Foliar spraying on maize at 14 and 35 DAE 8la 214 ab 73.92 794 1.05 10.98
Foliar spraying on maize at 14, 21 and 35 DAE. 84 a 221 ab 75.82 808 1.01 10.56
Foliar spraying on maize at 7, 14, 21 and 35 DAE 84 a 221 ab 70.30 719 1.10 11.50
Seed treatment. 85a 212 ab 69.13 682 1.02 10.62
Seed treatment and foliar spraying on maize at 35 DAE 82 a 217 ab 75.64 711 1.08 11.22
Seed treatment and foliar spraying on maize at 21 and 35 DAE 86 a 219 ab 75.33 837 1.03 10.79
Seed treatment and foliar spraying on maize at 14, and 21 35 DAE 87 a 222 a 75.66 762 1.11 11.57
Untreated control 73b 210 b 75.16 737 1.06 11.03
Mean 83 217 74.21 763 1.06 11.03

F-test xx * ns ns ns ns

CV. (%) 2.67 1.78 6.04 9.98 3.62 3.59

DAE=Days after emergence of the plants

Means followed by the same letter within a column are not significantly different at 5% level of probability using Duncan
Multiple Range Test (DMRT)

*Signiﬁcant at 5% level of probability

**Signiﬂcant at 1% level of probability

™ Not significant

Table 3 Mean of yield, total cost, total income, net income and benefit-cost ratio (BCR) on maize at Nakhon Sawan Field

Crops Research Center. (Late rainy season: 2022)

Total Total Net
Yield benefit-cost
Treatments cost income income
(Kg/rai) ratio (BCR)
(baht/rai)  (baht/rai)  (baht/rai)
Foliar spraying on maize at 7 and 14 days. 804 4,809 7,236 2,427 1.50
Foliar spraying on maize at 7 and 14 DAE 773 5,212 6,957 1,745 1.33
Foliar spraying on maize at 7, 14 and 35 DAE 794 4,809 7,146 2,337 1.49
Foliar spraying on maize at 14 and 35 DAE 808 5,212 7,272 2,060 1.40
Foliar spraying on maize at 14, 21 and 35 DAE. 719 5,615 6,471 856 1.15
Foliar spraying on maize at 7, 14, 21 and 35 DAE 682 4,129 6,138 2,009 1.49
Seed treatment. 711 4,533 6,399 1,866 1.41
Seed treatment and foliar spraying on maize at 35 DAE 837 4,935 7,533 2,598 1.53
Seed treatment and foliar spraying on maize at 21 and 35 DAE 762 5,338 6,858 1,520 1.28
Seed treatment and foliar spraying on maize at 14, and 21 35 DAE 737 4,003 6,633 2,630 1.66
Mean 763 4,859 6,364 2,004 1.42
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Table 4 Mean of leaf-feeding damaged rating scale caused by fall armyworm after application on maize at Nakhon Sawan Field

Crops Research Center. (Late rainy season: 2023)

Leaf-feeding damage rating scale (1-9)

Treatments Pre-spr 35 42 a9
7 DAE 14 DAE 21 DAE

aying DAE DAE DAE DAE

Foliar spraying on maize at 7 and 14 DAE 1.00 1.47 ab 1.39 a 168a 486b 660b  1.39 1.05
Foliar spraying on maize at 7, 14 and 35 DAE 1.00 1.47 ab 1.28 a 139a 532b 686b 154 1.05
Foliar spraying on maize at 14 and 35 DAE 1.00 260d 3.02b 135a 584b 677b 176 1.05
Foliar spraying on maize at 14, 21 and 35 DAE 1.00 2.16 abcd 391 c 1.23 a 127a 244 a 1.28 1.21
Foliar spraying on maize at 7, 14, 21 and 35 DAE 1.05 137 a 1.09 a 1.33 a 1.40 a 2.84 a 1.19 1.28
Seed treatment 1.00 1.88abcd  249Db 700b 709c T724b 196 1.05
Seed treatment and foliar spraying on maize at 35 DAE 1.00 1.67 abc 275 b 712b 725c T718b 124 1.12
Seed treatment and foliar spraying on maize at 21 and 35 DAE 1.00 2.26 bcd 296 b 693b 142a 314a 110 1.05
Seed treatment and foliar spraying on maize at 14, and 21 35 DAE 1.00 1.72 abc 255 b 128a 123a 286a 148 1.26
Untreated control 1.05 242 cd 4.09 c 711b 746c T705b 158 1.05
Mean 1.00 1.90 2.55 3.64 431 5.30 1.45 1.12

F-test ns * ** x* ** x* ns ns
CV. (%) 8.03 23.54 19.81 9.55 13.51 8.09 2486 13.28

DAE=Days after emergence of the plants

Means followed by the same letter within a column are not significantly different at 5% level of probability using Duncan

Multiple Range Test (DMRT)
*Signiﬁcant at 5% level of probability
**Signiﬂcant at 1% level of probability

™ Not significant
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Table 5 Mean of plant height, shelling (%), yield and ear damaged rating scale caused by fall armyworm after application
on maize at Nakhon Sawan Field Crops Research Center. (Late rainy season: 2023)
Plant height (cm.) Ear
Ear
Shelling Yield damaged
Treatments damaged

30 DAE 60 DAE (%) (Kg/rai)  rating scale %

(1-9) “
Foliar spraying on maize at 7 and 14 DAE 64 192 abc 80.98 ab 1,512 a 1.12 11.22
Foliar spraying on maize at 7, 14 and 35 DAE 64 190 abcd 80.19 ab 1,467 a 1.09 10.94
Foliar spraying on maize at 14 and 35 DAE 62 195 ab 81.00 ab 1,387 ab 1.10 11.03
Foliar spraying on maize at 14, 21 and 35 DAE 56 194 abc 80.83 ab 1,418 ab 1.06 10.61
Foliar spraying on maize at 7, 14, 21 and 35 DAE 63 197 a 80.36 ab 1,441 a 1.15 11.55
Seed treatment 53 184 bcd 81.41 ab 1,238 ab 1.07 10.67
Seed treatment and foliar spraying on maize at 35 DAE 55 183 cd 82.54 a 1,233 ab 1.13 11.27
Seed treatment and foliar spraying on maize at 21 and 35 DAE 59 197 a 79.69 b 1,518 a 1.08 10.84
Seed treatment and foliar spraying on maize at 14, and 21 35 DAE 62 200 a 79.93 b 1,425 ab 1.16 11.62
Untreated control 53 180 d 82.44 a 1,140 b 1.11 11.08
Mean 59 191 80.94 1,378 1.11 11.08

F-test ns ** x* ** ns ns

CV. (%) 7.93 2.05 1.05 7.22 3.46 3.58

DAE=Days after emergence of the plants

Means followed by the same letter within a column are not significantly different at 5% level of probability using Duncan
Multiple Range Test (DMRT)

*Signiﬁcant at 5% level of probability

**Signiﬁcant at 1% level of probability

™ Not significant

Table 6 Mean of yield, total cost, total income, net income and benefit-cost ratio (BCR) on maize at Nakhon Sawan Field

Crops Research Center. (Late rainy season: 2023)

Total Total Net
Yield benefit-cost
Treatments cost income income
(Kg/rai) ratio (BCR)
(baht/rai)  (baht/rai)  (baht/rai)
Foliar spraying on maize at 7 and 14 DAE 1,512 4,000 13,804 9,804 3.45
Foliar spraying on maize at 7, 14 and 35 DAE 1,467 4,403 13,393 8,990 3.04
Foliar spraying on maize at 14 and 35 DAE 1,387 4,000 12,663 8,663 3.17
Foliar spraying on maize at 14, 21 and 35 DAE 1,418 4,403 12,946 8,543 2.94
Foliar spraying on maize at 7, 14, 21 and 35 DAE 1,441 4,806 13,156 8,350 2.74
Seed treatment 1,238 3,320 11,302 7,982 3.40
Seed treatment and foliar spraying on maize at 35 DAE 1,233 3,724 11,257 7,533 3.02
Seed treatment and foliar spraying on maize at 21 and 35 DAE 1,518 4,126 13,859 9,733 3.36
Seed treatment and foliar spraying on maize at 14, and 21 35
DAE 1,425 4,529 13,010 8,481 2.87
Untreated control 1,140 3,194 10,408 7,214 3.26
Mean 1,378 4,051 12,580 8,530 3.00
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