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Abstrat

The objective of this research is to develop a pellet of Trichoderma
longibrachiatum for convenient usage, prolonged storage life, and maintenance of spore viability.
By using spent mushroom substrate (SMS), diatomaceous earth (DE), cassava starch, and a
spore suspension of the Trichoderma 2 x 10" conidia/ml. From the study, it was found that
Trichoderma beads can be produced and molded using four methods with DE content
of 0%, 10%, 20%, and 30%, respectively. Then it can be stored at 4°C for 60 days. The
Trichoderma beads contain alive Trichoderma spores that can proliferate on culture
medium. After that, it was tested for its efficiency in promoting the growth of Ruzi
grass for 2 months. The results found that Trichoderma beads, 5-15 beads per 1.5 kg
of seeding soil, significantly promote growth of height and number of leaves when compared to
the control group (no fertilizer) with statistical significance (P<0.05). In addition, by using
Trichoderma beads, 15 beads per kg of seeding soil show the effectiveness in promoting
growth in terms of height and number of leaves is comparable to the use of chemical fertilizers
(positive control group). It can be concluded that the Trichoderma bead, a bio-product from T.
longibrachiatum, is more convenient to use, helps extend the shelf life and properties of

Trichoderma spores effectively, and is efficient in promoting plant growth.

Keywords : Trichoderma, fresh Trichoderma culture, Bead



GVl
'Vﬁ:ll’]
ARRNTTUUTENI oo i
T Yo RS ii
ADSEIACT oottt iv
AUTUD] oo oo v
ANTUDINITIN oo s vii
FVTURNMN oo viii
Un
1 unih 1
AU ULUAEANUENAQVOIVIT oo 1
FAQUITAIAUONIATY e 3
UTETOYVOIIUITY e 3
VOULUAVDIIMUTTY oo 3
TOVIEITURINNE oo il
2 wwihe vl enanseifeiiieaves
LLmﬁmasmwﬁﬁﬁmﬁm ....................................................................... 5
IMATITAGTIVOT e 7
ﬁz]uam;ﬂmul,l,mﬁmazmu’i%’aﬁnﬁm%@q .................................................. 9
3 AeeiunTidy
MR TalUNISHAAEATAR o 10
MSPREUEANTTIFUNTOTIATIAADTUY oo 10
nszvumsnantitandelaslamesnviadindng oo 10
M5NAFOUANLTTINTEUTDTIATIAAOTUN oo 11
M3NAARUUEANS A MU0 NN UAUTAVOIRY 11

PR

MIUATIEAVOYANNENR oo 11



Vi

d15U8y (siD)

undl win
4 Nan1sIvY
ANVSAAEONNDUTAN oo 12
mawdsuiisumdenilaslamesulusuindean ..o 13
msuantaimdeslaslamesunvindatadmeniowsada ... 14
msnageudnsaihluvenieslasiamesuvdagdatad ... 14
msvegeunsiidinsesvesdesilaslawesuwdadindng ... 16
msnageulsvansnmusadeslaslawesinviagintadneiiy .. 18
5 @y oAUTENALATTBIALDILY
ATUNANTITITY oo 22
DAUTIINANTTIVY oo 22
FOUAUBIUE oo 24
UTTUMUNTH oot 25
AARUIN
MANYIN N AULUUHARA N5 1ASTAADTU Y 28
PIARUIN U DTV 31

UTETARITY oo ssssss s s snsee s 38



RERR

A W N

Vil

A13URYM1579

ViU
55138 5HEATIANVTAIATOA 14
Snwnugitludion T. longibrachiatum TugUuuudinted ... 16
AugRABYRIT UV IFEdNTE Tussesia 2 oy 19
$wanludsvesnumgifesdnagd Tussoroa 2 fou ... 20



=
AINN

~N O 00 A~ WN

A13UYN N

SNYULNNNIENINTBINDULTIANENEINITAUNANAA UL SN TR

WoslmslamasuNiaeauueInns Cooked-rice media 381 5 - 7 Tu

SnuwarneuanvasIf e laslanesustadining .

nmMsasgetaUssitenlaslanesunieuuermsdeate TSM ..

v

NMSANINSIRTYAUIATO MY 5288387 1 FUAM s

v

NSANINISTYAULIATD MY S2813a7 4 FUAM e

v

NMSANYINISIATYAULATD MY 5281387 8 FUAM e

viii

nun
13
14
15
17
19
21
21



uni 1

Ui

[

anuliuauazauddgva sy

v

Jagdunisudafigniinsinensiuuanulasadioiaznsesninisansiadinianaigly
HAaNGAN19N15nwAsuINTY luinisivuadeulvduainisinynsagluwazaieuen
Uszwanasludiasafinnadunandniuunasguiidmun inensnsisdndunemdndunn

nwnslagannisleansiaduaziuunmslvanstidunionuaulsanasdnienuuuudaig

o )

asTaiun Wundndunilodosiudagiivdwinuinnenddidia awisouvadu 3 ngu

Y
[
~ L4

fo (1) nqum 1wu Werlaslawesun Wetesde Wesaumladey (2) nquuuaiide 1wy
Jouvafi3ouidada uar (3) naulada wu lhifaduid (hauaaaiunisinems nsenT
InwAsHaTANNTaL, 2563) Seanstatununazyiinaziimamuaudaguaslsafiviiuanang
fu wwu Wendanesiy Wesiumladey uandelfaduiil wunsiansuuasdngiiy
TurueiidouvaiiFovdadanasdeslaslamosunuuniseuaulsaiis inunsnsdmosd

o

nsdunaamRveInsiinlsakas Angienvhalerandnsssaiausiieidonlyasdatom

Y
=

TmvnzauiunisaivaulsakazAn iy
Wosilnslawesun Wuarstitunfinensnsamlnyilasuniseusuanvuleny
nunsianuganuanladuesisineadiuisniswioy nslulunsaivaulse wazasasy

mssivlnveiv willosnnnisludenlasiamesudunsluiienivauuasyaaiu

[
v o a

nsdalsaluiie Wuastaduniiidinnedssesnalunnadyivln saudvalaluns
munuuiolsatulsadslunasininislyysuioarsadl uazdvediniigeeinnainisly
arsefdniagd wu Wenlnslawesan idudsidinflunumutunsdudauasunndn
Tnenss dothlalumsmida Tsafivluamsanuusnainelsalalnenss aedaluliunm

1INNIANTAT LamadluUesASID819ELLAND hasilAUA a1l pIRIasIuNE J35TuNS

' ' 1%
a =

wisuiigsern wu Wedenlvluguuuurendean aesdimaniouamun ognsues 3-5 Yu
mmfu%aﬁ’]L%@ﬁ@lﬂasmaaﬂaémmﬁ@amLLéuaﬁ']mwauﬁuﬁ‘;ﬂLﬁ@LUﬁlsﬂﬁaQ‘LugﬂﬁumaUa%
nsouly Fedumeuiilaszornaitszana 7 fu nmaglaifesilusuuvualasfiazaisluh
waziilpavesoglugUinazisreznandrfaluiiu 7 Yu sedlelunun anfvlugifu
UsrBvBnmuesavesifonazanas uasdonssnslednasineasudunounswielu
srfudlowFeuifieusunsloasediilaluimanesnin dusaiuil Fudumauand i

inwasnsusaudslindanlyastidunlaslawmesunienindanuygein Gaisau e



v v v v
a [

V3fa way WYIT1IA ASUSeY, 2561) ety aimenisatvanulmineasnsidentyans

Hrfunderlaslanesnnuiniu suuuueadonlaslanesiaesdamumnzauiuiidia
YOANBATATUING U masﬁ%’aﬁman:uiﬂﬁmiﬁmmgﬂLLUULﬁmﬂﬂéﬁdwﬁ{@mﬂ%ﬂmmm
\nwRsns tielnnuasnsansnsamudindedveadeslaslamosinadivluiuiinsinunsia
APINUINTY LLa}Jﬂuﬂwﬁu;ﬂumwm%ﬁLﬁ??aswlmiﬂma%mgﬂLLUUﬁmmﬂmmsmﬂﬁﬁu e

Weslnslamesunvilaui (1L51A1 250-300 Uam) wilnause (500 ml 51A7 200-250 V)

, aaa =

wilanafianssuoan (1kg 51A1 280-300 Um) wavisilielaslawmesuiuddidin wind

aa < o

Bnawseulugnidvsenuihvibiluanmuinaeuluminzay 91aveilnussdniamues

v ' v
o

& - ] Ya v 'a = N % v a Y
Wostanad wu yimhuazaUsenulugidulalihu 3 wew vllanaiuliioumaiives (25-

v

27 aarwaed) 101y 1 J 99z daliuseanSnnwaziumisvetensla wenaind wWesn

]

'
a = a a

Tnslawesunduddifinfinigivlnlufulas usnaszuunniie Sadanudiwnzveadia

v o w

Tufuunaziiud uasiongdodta mninwasnslouanfvlugnifersasimadouanmau
szoziien SeawalnlszAninmvendonlaslamesunlunisaunulsafivndoanaiunis
Wsaiulnvesiivanas nsimudeslasiamesuviadatadsudumadenilsiinu
auazanlunslyideslasianesu wazvisdaeglunafudenlaslamesuun
nwmsnsialy dsfudeinsnsnsdenlyarstifunlaslamesulunismunulsafisnio
anasumaaigivlavesiie Tsesfenuadiaveluniafud eslaslamesunglidoan
TnfuAuiiviinamstgnidussszuaznaides Wetnwszuuiinaveadonlnslamesaly
Aumzdgniviarwaunae ausamuaulsediy ieduamandaudulniusnvesmuiio o
lonandniidanuuasnfouasiinanwamuuumanuasuuuiia
ulsnneresnsuanaiuninnuaslutagtuuunmanduanunsfivaon fouasd
mmgwmﬁa”iﬁié’maNﬁmLLazwﬁmﬁmsﬁLLU'ﬁ'g‘d*da@mmsmﬁw%a@uswﬁ’uﬁﬂaamﬁ’afTU
yuilan Tasiunisaaaiunslyasiatunideslasiamesuuninmsns vilwnensns
andvgdonlyastatamlaslamesnduuniy famnlufenusanuailauasineely
nMawssudednesnetiutgy envevamalunslyanstitamvennuasnslufiusyansam

WeanadmsunisUssiusazaiuaulsaiia audunumguasnisnduluidenloaisieddnass

v '
a o a a

fH9tU WY wIAnTazas eI lastamesurledn Melawulfn “@asilnsianasun

U
L3

yilafladng (Trichoderma beads)” i alnidndnaidudinadlunissnuinuaudfves
Weslnslamesunluguwuvatesneunduadaiiu iivevieusussuuiinavesdesluaulnd

AN denalunnsauaTuNTRS yuesitesnallios viedasiuniuaeasINela



fiv uagiasuassszvusnvesirlnudonss auganielanandanianisinuasidaiiu
Uaenfouaglnunsgu
IUITAIAVNIUTY
dieasemunuudafum Lﬁaiﬂm‘lmma%mmaﬁuﬁ: Trichoderma longibrachiatum
viadindad heanuazanlunislanu Saengmaiivinu uasinuaudilalunsasaia
nsLasLAulavaIa
Uszlevivaaniside
1. iélmﬁmﬁms%mwm%asw Trichoderma longibrachiatum dindna W%}NU%Q
o
2. waAnAMEes Trichoderma longibrachiatum \iatnd Sanuavmnlunisly

1w uarfmdinuautillunsasasunisasyiulaveaiy

VDULIARATHUININVDIUITY
1. yeulmmiion
nmsasuausuuiitundeslaslamesuindinded Aflanuasaaniunis
Tyau Brongmadiuinu waelivssdvBnmlunsasaiunsaiogdulavosi
2. vouwAMUUSEYINS
msnageulszansnmessiasunidoniaslamesuwidafindnd nenns
S i ulneang 1 Lﬁyaaa”m‘gﬁﬁ' (Brachiaria ruziziensis) 1n8319LHUNISNAADILUY
Completely Randomized Design (CRD) #1124 3 21 Ua“ﬂLma“mwiyngez?' 5 N9¥019A 0%
$1uu 3 Vi3RI
VEMUUAT 1 ﬂqlmquua‘u (lﬂﬁijEJLLaxL%lai’l Trichoderma Beads)
yinunnd 2 nquenuauuan (lajsgas 15-15-15)
yEnunad 3 ﬂ&jm%yasﬁ Trichoderma Beads wauluianugnimuau 1 din
yEnuAi 4 ﬂ&jm%asw Trichoderma Beads wawluanugninuau 5 iin

o

ViEAUAT 5 NauYes Trichoderma Beads waulutanuandiuau 10 Wa

9 Y

o

ViEAWUAT 6 NULTes Trichoderma Beads naulutanuandiuau 15 Wa
3. YBUMIAAIUTEELLIAN
3.1 MIaTNRAULUUTIR Mo lnslrmasuviadindng seeziian 6 Wwau

3.2 AnwINsiasAulnvem118ednIgY szevm 2 ey



HeuAniianig

1592 ¥um (microbial pesticide) unefia nauvesdsddiaddusslovunanis
anadunnaigiulavesii wu Wesleslamesin Weadunddlslauuawes ileauidu
ﬁuﬁm%’uﬂgﬂﬂ%LLﬁLﬂwﬁliﬂﬂﬁ

Weslnslawnesun (Trichoderma) vanefs \Weghuvieuiinufiiusyavisnmgs wu
lavtallussuuinafiu fdnvuziauled i don Usudnaduanimuinaenlad uay
fqmuantAanaiuninadydvinvesis wazdniilnitsdanumumudernels

weyWaesdna3d (Brachiaria ruziziensis) viungitlafuanudealunauinumnsnsi

'
a

nsinuasiadng daunilaannivuensniuaudsemanasin (Congo) 3iTatsendn
Formgeedn awnsawigyiulaladlulszmanseu Jsfauvgniioifungrandiowdu

DIMTERN



uni 2

[

a o a o o %
LLUIAN qu‘l‘:}{] LINAIIIIUIYNNYIVDY

wAnfaumndeninslaanesuludatuiivassiuu feiilefiuanuagmnauis
Tnuninunsns ilesnnssuiunawisaderlaslasmesinyinan Sdumeulunssounouns
gannUszanEnmluniseengvisrimimadeniuaaiall uasinuasnsusaud RN
wilandnmslumsvhnuresdoslaslavesniamalnussdnsammehaentonanas
srlvdensuduresiauisnsfuineidon EULL‘UUﬂ’]'ﬁﬁ’IIUI{; LALANALAINADNS

Toanu

wurRnuazNgufitieata

UszwAlnaiduussmanuasnssy Ussrnsarulvgusznoue1dmnwasnssy ns
WanUsznad auunswaniniansineesdusuduusn LWimﬁuﬁyugwMUiz‘mﬂi
Tnssnfanudusyfiduasdaunmaniy msviinuasnsalulssmalnedvansyszon
laun mandnfinienisuilnauaznisasesn 1wy 917 e19n15 Suduends dnuaswaly
maudediniioduemeden wu amlne dundes ngiFesdng madssdniiiedsonuas
msuilaaluussina Fadgnlunisviinunsnssuiivatsosns wu anwaumizugniden
Tnsu nsszuinveslsafituazdngfia MsaseAuAUUTaLIaIARsIgRaansin

Angity @1siynnAluNarEANIINITNEAT (TUIU TaUITIME, 2550) Jeyrnannlsalasuiias

Y

o o o

Ansiie WudadedAyAfinavilunandnvosnensnsanas luiisanenonisuslnaLaznis

Y

Imug ineasnsdadentvarsiadlunisminlsanazAngvesiiy iWesnnaisiadaiuise

[

Mindaguazlsafivlasimids Tvmewazlyviuiaves Ussndausanu mindagivladiu
sreziaTunsiuiigmandn unvnzifeliufamalvaununisdnvesnuasnsdsian

89U uanand tnwasnsuaudnanuzanulslumslyasailunsidalsanay

Y

) A Al o

Ansiwiagnnes Jdlvarsiaiiuuuneliios vinlulsauazAnsigvaresiainauan I unIune

Y Y Y

' v
aaa =

asedl Sameniuvinanislyaandviodenlvannadidanusuusanndy vilvansad
anarslunandn szuudnafy uagan mwIng oy ﬁaiﬁﬁmﬁz:ymﬁmqmmmm'mwmm
yu3lnn uazdnides nauduaiumMannIngladsinvenseununTuaranInaeing
sussnanasulmnumsnslsasiituslunsesiuuazauaudngits Tnowumsluanug
rnlalumslyansiatumnasgu fo Wendanesde Woswmilsdey uantoslas

1ANOTNT (NTUASLESUNITIAYAS ASENTWNWHTLALENNTE, 2563)



doslaslawesundudoniifauanifuasdnsamgdunislemuaumidonan
Tsafiy nssnamdnnisuasuuiAnveansnunudoanalsaiitlned3s mewiduidoni
annsamssineglufuieunndssnn Tasendoginity sndmuazdunieagiuumas
819113 dorlaslawmesnindudertugaiiansaminidonanvelsafivuasdnd
Infivdanuauniunedelsafivle (Fsziny wauaing, 2563) lutagtuinuidediuu
msfnwianeiuguazhmsiaduunUssnnveadeilasiamesun lnsnuiidesilasia
mesHdiinnm 100 @03d (Druzhinina et al,, 2006) wazunazalfadauautAlunmsniunu
Tsafiwumnaneiuly 1wy 1Wes1 Trichoderma harzianum mugulsaTuuAnuesanseiues
3 (Anita Puyam, 2016) L%@i’l Trichoderma hamatum muquiwsmﬁﬂumem (Khan
et al., 2004) Ls'lﬂ;ua‘i’l Trichoderma asperellum mUﬂuIiﬂLﬁﬂi%ﬁuau%mmﬁamﬂ (15U
BUNUI LazAuy, 2559) L%aiﬂmﬂﬂma%mmwﬁmmmsaéaLa'%umsLﬂ%@LﬁuImmaqﬁmLLaz
damandaundiglasasaaulefiannsaaiguilulunnfisuasisgaduasemnsnniu
Tunfie vnselaanusondmeulsingaiuaniowagiaaiiorisluninudeusUaisems
vositwlufuviluiivgadululylamniy (aeves uniane, 2555) 1wy o1 Trichoderma
longibrachiatum ﬁqLa'%umm%ggLauimﬁuaq%nmmmé (231058 WNIABY UATARLEY, 2563)
Jusu Fadumadennisiivglmnuasnsamisaannislyanaiedlunisidlsafivuasss
Wanaiumasyesianauwunislyyonila Yagiuas  Fatuelaslamesunivane
sULUU U mekdouians dwsumawssndoslaslamesininanmewdauirhmie
gl Bilvszeznalunmawdsnlszan 57 Yu Woasaesinudnunuazeylusy
avosuruasslutiuanslelmuslundaie Wesnn Wosrdnduaedidin fogds Jemas
Tyrnedidoreylussoeidnain uamninunansdslunsouiiazlydoan o1aveidenled
Fuslnslamesulugluunsindeunsdmsunaniniielomuuinuseslsavasiio viev
Feovlnsndaiieararslut uniaiUssansmmeatonseutuey fuaruiidinvesatos
mendinsaganemeiuaznesianminasouiivunzaudiemdenaunsnnigiviauae
fqvslumsvastuuazaiunslsela

nanuasisladng iWunsudedindelyiduemsdmludsemelneduduulu
YR Y aﬁwaiﬁmms?mmﬁmqﬁuém%’uLﬂummiﬁm’jﬁumiﬂmLﬁwﬁummlﬂ
ae inwasnadssdrsuianuaulslunsugavguieludssdaifiuty aunsowuangu
0 101 ERILANILAN BN Ao VYD INTENILINTOU LATA I8 WMTANLIABURY
uaﬂmﬂﬁé’ﬁuaaﬁumm'%z:ylﬁuimLLazmﬂﬁwamﬁmmé’miﬁmLﬁyaa (A¥uowar noades

wazAny, 2563) vy deulgniiieluifesdniiivareyilaiuey fuannuinaeuuazviinves

Y



v ' v '
a

A gy ndes wey13® veywnslnan wWuau @ dum Wees, 2547) yilnaanimusaneg

o q £
v ¥ v

pnsdaiinnuddny elivg9 Juesluanmsssuvidnansatunlyiduesmsdesden

7

o wallosnndigauamalaguidn wasinnunisanatsesasiaiitunsidaisiivyidndu

lnenraziindunsnenadniidssuavamanonisiasgyiiulavesdmale Tuvuzifoaduiug

a

anssusivgranunsadulaeasuivsinuanas sluiissnensnisuslnavesdnn Jadu

anwanisivibanunsnsiunnaulalunsugnuguieiduemsdanluasuseufivuniu

lngiuunsugnugyiaesdnindauamidasunisguuaziiniulasndionedniibes

vey133 (Brachiaria ruziziensis) Wungfiflenvgniiieluiesdaun Tawde lugungn

an ViYW viseneyIvln wey13BNauRmMuANIAInwenIn Tonevated wImydulaladly

Y
al

Auunu Nnedafifinisszuiednd Wedgnatewde wigdulass uanned dlueeuyud

o o

winziudnn warlnandnwdngs tnunsnsiaanunsaiuwdaiugiielylunisugnueneiug

3

o

nolula Wovgnmswdn aunsadanfusnuszanm 60-70 Suidtelsduensdnila uas
Lﬁaﬁmgamﬂﬁuﬁuﬂizmm 10-15 WWURLUAT 14ﬁfj’mzmmsmﬁm@u‘[miﬁ%ﬂﬂ% WAYEINITO
Tydgadnilusoudaludszain 30-95 Jundsandaadausn @ e siam3, 2548) Kedu e
innsnsasulgnryissndufeauasiinisthgminuuuudas Sulaurslvana
Audsmguiioduomsdmladusssznamarsd asanaumuaionsdng uasdanm
Uaondumenisleidesdon
mATeiineata

Uszn1w N3 wazamy (2563) Anviuariandesilasiawesinyiain ifeds
ogmaivrendenlnslanesuuazavausnelsaiisundeswesusdoma d9euny
Anwudoslnslavesineiadaluniugniveny gungilunisniv wagszeznailumaifu
Imsm°’1wumﬁflmuaﬂa%ﬁ}uaﬂimﬂﬂLma'guwawaﬁu'é: Trichoderma asperellum wag Sodium
alginate fn1iu Induifuinufigungiesuar 4 ssrnaiea Wussozna 19 ey
nan1sAnuInuln dlesvend esn Trichoderma asperellum 1NgM T (Sodium alginate
0.88%+ glycerol 1.5%) flifiu o gaumgiives fidnualesiisondingeaniiszerinan 5 e
uazifloiufigumgll 4 ssmwaiea wua Suualesidinsengeaniiszozinat 9 1feu
uazdensiivszavsnmlunseuausnelsaiiieivdeseweidemelunngns

Waqvé NoIAd (2562) AnwIAMUNTLYEIaUDsIT 031 Trichoderma harzianum
LAZANLYNTUTBIN NIRRT gaun an1sHARY 8B unie sadiafinamd e T
harzianum Imm’mLmuﬂflimaamyasﬁ%’miq'uquamqm‘ (Completely Randomized

Design: CRD) 41121 20 #1150 AU UANYINAVOIAMUVNVUAYDIDIY T. harzianum uag



Wesdunvesansazaremniinaiiinesninsidinsen Usinualesvesdeslasianes
11 audAnisnenimuazmaaiivesjsdunissaida Mnuanisvaass WU ALY
aUas 6.70x10° avoinadiadans naufuniniiaia 10% war A1LILAUDS 1.0x10°
aUosnefiaddns waufunimiinta 10% damnzaslunisiilusdandnysduniesaida
finaudon T. harzianum arununmmaaiives]pdunionauideslaslamnesin wua
Ay aanudunsa-ans annsthliv YSunadunseing Weanedauaslnunagey
Famue wunmsguyedunisvesnsuinnainums uaviinalulanauludaysdunie
anasn Swesdinafnwiinifuionangninely

Yau3e A3qY wag anayau Saudayasal (2559) Anvinsiedgivlavesinanisly
Tngmemslatudeslaslamesinyiasada nudnsdnsd 2557 wua dielylasianesun
yindaudia Wisudsutunmslilafudslaslamesun wun Wesleslawosinaiadaudie
ausaifiunnugs sundey uazsualuvesmulnanlulmgyladnainisliladoslasla
Mo91n waed il aursanaiuauuduslussuunnmdurasnulnimdlunileniasen
s

Cintia Rodrigues Maruyama et al. (2020) ﬁﬂmmsﬁwmgmwmmﬁﬁﬂmaﬂa'§
40414 031 Trichoderma harzianum lugUvesnediues lulaswifida (polymeric
microparticles) ifleUssidiuanuiaiosnn arwilfinvesavesderluiu auauifivesde
slumsnumy  snelsafivlunesufiins wazdsednsammlunmshauveseulsives
osrlumasannass 1INn1sANYINUYN Wes1 Trichoderma harzianum Iugﬂwaﬁmaé la

a

TASNIALAA TAINUNUNIUADAISIASUSIEY A (ultraviolet radiation) wazUa38d uluy

u

anmunaoula ﬁﬂﬁsﬁm%mwiumsﬁwmﬁumLauisnﬁiﬂﬁt,uauasmaqLaaiumaammaaa
(chitinolytic and cellulosic activity) alesvoadiosdiidinuazanunsamumuiosinolsa
snulauifanmnunainides Sclerotium sclerotiorum Tunesufuanasla annua
msfnwuanddmiunmaiuadesluguves lulasmida idumadonvilslumsuszgnaly
Tunsinunsnssy

Mariana Brondi et al. (2022) A nw1n15ly urluns asaiea glaa (cellulose
nanocrystals ,CNC) wazurlupeulndn (nanocomposite) w81 CNC Aa8A15UDNT LTl
Lsnaqiaa (carboxymethyl cellulose, CMC) Lﬂufaﬂﬁavjym?ayaﬁ Trichoderma harzianum
Fan1eluussaaUasvesios (CNCCMCspores beads)a1NHaNSANYING21 AIL150LU
adesvendonlanasdsfinuanifveadoniaslawosin iWumaienvislunsinerguos

Woruazielasiuavesivaninsaegluanmuwinasuitlumnzaule



feasuarnuurfanguiieafuauise

deomlaslawmedun iWudesufiinsflannsnuelsafiglanarsvia aunsadni
Tnfiefinnumumuselsniy wavanaiunsaigivlaesivln uanssdiemusanalaly
sysuTRvenon Welvaunslydeslaesiiuszavsnn nanidefilandeduganm
Inslawmesananneudiain uarlanageunisiasnyiulalugnimansaneiug nua anunsn
nszquMIsAvlaveslad

fadu nsthesaauglunsuaniudanmlasTamesinnnnoudiain lumuideds
ndauszina 2564 Falaiinsageulsravsnmuespuianmpensasaiulnvesny
%ﬂ’;ufmﬁ%@%@@gﬁm%ﬁmL'%EJU;@&JLLﬁy'J Wetuianegeniunisasaansdatunde

‘ a

Inslawwesunlwaneiug Trichoderma longibrachiatum fwentaanauluundaviangien-

Foese sialadnd ievisdaergmafiuinwmalesveades asaanlunisly uazag
UsrAvsnweutonanslamesiniaunsaniuay Jestulsafiy saufamsladulsdanm
Tumsasaiunsiasydule maﬂ%’uﬂqaﬁuz\]amwmmﬁuﬂgﬂIuLLUmUQﬂﬁuaaLﬂwm iloe
anauvunslyetndl uazeraesiimsmesenludinguinunsnsiiugnugidssdamiitenany

Uaaniunadmnaganinunsnsiaeadninall



uni 3

A5A L TIUN15IYY

ATHAABALHAIUIAUTININIINNBUTAALNTAINAVANTTIN i ol T uRuwIznan

[ [

wagAunsauUgndmTuY duuiniensanidunside fall

1. nswseudagluniswandiadadlagldfoudinii
Fennowinfiiuiemandouaiuasisladussozinaesnaes 1 9 vuvhlniu
gouanduiloieatumeeiomaunoudia welydutanlunsiidaded
2. mawFenastiudideslaslamadin
Forlaslamesunaeiugnosiuiinulwandiminngon-Foeme wagimassy
aetugaewaiensdluanaduaneiiug Trichoderma longibrachiatum tunidssuy
919"3Potato Dextrose Agar (PDA) Ui aflgamniivios Uszana 7-14 Fu v3odunmns
asvavasvendes ivaveslusUvosnsunsnislnoznouundoa 1835 (diatomaceous
earth) wanifvinwalesiiiosowdewlusuiitoani aidugaungd 4 esmiwadea
nsm3ead eslaslanesunviaiad eannaso1m1s Cooked-rice media 1y
szowiaan 5 - 73U auderilaslamesinasiavesdideounies ifuawizaiuvesates
mothnduusrnnie Tuswaualesfiidinmeniesdunlelnimes (Haemacytometen)
wazUfummntuvesaass Wil 10%10° waanofiadans
3. mandntadusidenlaslamasuviadntadireniosdain
ihfanunedennnoudianwalndudofiumeinomaunoudia kiales
youdesilnslanesiniiogluthnduinnaudufanmisnnnoudiainiviviinamesaesiu
Fan Uszanas 105-10° waamensu andufuunelugsuasianegiielmdenlasuoinialy
maasyiule Wuszerna 1 fou didenfidnmaniguuiagdmivsaiie laluedes
Sndiadievhnmssndalniivundndaduszana 5 Safmms mnduiluiduiisg uasnfold
uiflesensnageumsiitinsenuazUsavsamlunmsanaiuninaigvesity
4. megeunsiiTansenvestafueidenlnslamasinudafiatad
Fdevudeslaslawmotunfuiagnig asuszaziaa 1 Wiou vhinisvadeuay
Uiquivesmneitugrondenilaslamesinmensidssnieeimsuds Trichoderma selective

s

media UnaNgaMiives Ussanal 7-14 Tu edunnn1siasyveatieslaslanesunid
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maaiaudu nqulaladdiden wasmzidsdmdudeuiandaiserms oA Snafudieiiy
msBusudnunsianzvesmeniug
5. manageulsrAnsamuvasiafudideslasiane fnviadiaind
msfnyUszAnsameestitaundenlaslanesuriadadaafiinenisenuay
nsiaTyivinveamy 1A 83dn138 (Brachiaria ruziziensis) IAEI1UHLN1TNARBILUY
Completely Randomized Design (CRD) 91421 3 %1 Ua{umua“wzyfwg%' 5 1920197097
$1uau 3 Ve
yi3RAT 1 ﬂqlmquua‘u (lﬂﬁijEJLLaxL%lai’l Trichoderma Beads)
yiEnunnd 2 nquauauuan (ajsgas 15-15-15)
yEnLAT 3 ﬂ&jm%asw Trichoderma Beads wawluanugninuiu 1 uia
yEmanun?l 4 nqudles Trichoderma Beads wanllufaguandiuau 5 in

o

ViEAUAT 5 NauYes Trichoderma Beads waulutanuandiuau 10 e

9 Y

o

ViEAWUAT 6 NULTRs Trichoderma Beads naulutanuandiuau 15 Wa
MaRINIBLaag138tunszaeUgn 1 wiane 1 nszans luAudinniinnunag
< ¥ a a o i T
Wuveyansisydulannduam wWussesiia 2 o

6. M3ATdaya

U103 laun3As1znA1ANwU TUTIU (Analysis of Variance: ANOVA) Uag
Wi UigUA R YRILARENANNITNAABIAIEIS Duncan’s Multiple Range test (DMRT) 9

SEAUANMULTBNU 95%



wagfunseuUgndmiuiiy dnansasigrveya il

uni 4

Han19IAIERdaya

ATHAABALHAIUIAUTININIINNBUTAALNTAINAVANTTIN i ol T uRuwIznan

v 1%
¢ v

1. nsAnLAanfauiALAN

@onnauianiun gnandnkakazialduszesiiatseisues 1 9 tiunvinln

Tugenazidudefertuneinsemwaunaudna dWelndulanlumsifinlea  dnvaznig

g & ) < a & ' ' d‘
ﬂ'TEJﬂ'TW“U@Qﬂ@uWmﬂ'TEJWaﬂﬂ']'ﬁLﬂUNaNaWGLUI'NLW'T%WW] LL‘UQE]E]ﬂUju 5 ﬂf‘lll (nwn 1)

1.1 newdindifslalaeardsslevuesnues 1 T noudindigniidhasiudinisgoy
aaneaues wangdwsunsilulmesonuduiu

1.2 neuriinund maneds neudieiifiony 3 Woundsnwilsameiin iunouin
fislomormaauysal uasiauloinduiuey asnsafunenidinlanely aun
WNUAANMN

1.3 neudinfuneu e newdiafiforguinna 3 Weutuly wamnulsawy
in dnwazvesnouiindugy esnnmsominelunsudinizusesanisly
Wislslunsiasaivlnveinoniiia

1.4 nourfinme e neudinfivinsigermaneussesina 3 Weu s
Tsumzdin @ulofiane wio vgaiulussmisnamisidia noufiasing
anunsathuvhiula uanesiisldnUssanm 3-4 dou Jusyduidetagmizuas

YTAVD IR

=) a db, a

1.5 NULTIALUY MUefe nauwinninisUul ourenidasinseadunsevindy Tu

3
v ' v

FEYIINITNLLE 89439 LA8ZISUNITED8AR1EAULDIA kALS UN1sUUL] BU

wingdmsunisthlvlvmeseaiduniu
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= < a % e
naULAAUNG NDULUANUNBU

v — " v ¥ v o .
ﬂ@uvﬁﬂ@]']ﬂ ﬂBULﬁﬂLu']LaEJ‘ NBULNALIUFAY

29 1 éjﬂiﬂmgﬂﬁﬂﬁEJﬂ’]‘W‘U@QﬂE]‘LJL‘ﬁﬂﬂ’lﬁlﬁéjﬂﬂﬂiLﬁUNaNaWIUIiﬂ L‘WWSLﬁﬂ

2. mawdsuasiafuridenlasianasuluguiadonn
Ls?iuaswlmﬂﬂma%mmaﬁuéﬁmﬁuﬁwﬂuwm%’mﬁ’ﬂwzLEJ’]—L%EN?']&J wagyinnssey
aeitugnimaianisdaluanaiduassitug Trichoderma longibrachiatum vinuniAsauy
9 %15Potato Dextrose Agar (PDA) ﬁmﬁaﬁqmmﬁﬁm Uszana 7-14 Tu niedunanis
asnaUosveion Lﬁuaﬂa'giugﬂmaawqLLﬁqualemawaumL%sJa 855 (diatomaceous
earth) wanfivinuavesiiiosowdswlusuiitoani aifugamgd 4 esmiwadoa
nawsend esilaslamesunviawaud eanaawe1m1s Cooked-rice media 1y
szovia 5 - 7 Yu udenleslamesinassavesdidotomndes (Ml 2) \vawizaiy
vasavesaetinduunainde tudmualesiddinnaens esdunlelndines

(Haemacytometer) wagUsuanuwuaussaloss la 10%-10° waaneliadans

Syezian 1-2 U Syazan 3-4 U SyewLIan 5-7 U

AN 2 WesbaslameasunAiagauue s Cooked-rice media 1381 5 - 7 Tu
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3. nsnaadadusieniaslawesinviadedndieniownida

. ¥ PR v ¢ . X ¥ L a o

1Nouining YNNI wavalesiies T. longibrachiatum waslmduidledeaiu
MenIeHaNTan usTgadtugawazdaunginiSeuses antuindanmiznaiiyUseana 1
Weu n3suIsniswIsunuaviiAwesydnsing 2303002039 vt oty 1 uauUszneu
d19sunI1sIes BuleT T. longibrachiatum lugUuuuidanay

Yo T. longibrachiatum fuenladudiouians snwzdedusmnsdsatis PDA
Noamgl 2728 smwaea [uszesiian 7 Tu dunadnuazvedlalail (colony) sUuuy
vadlalail uardveasaning (pigments) luimatinUaenid e (aseptic technique) #n
laezmnou 1 nsulaaslusiuemsidsnd e i eymdvaleslalugesnszaiy was

< Y A a =~ = * ' o o = <

v Ul T gaumgdl 4 esmwaldea i elyidualuUsznevdmsunisiaSeudesn T.
longibrachiatum TugUuuudianaunieiasosdudnnandnlulf lnedatunanlunisudn

(miﬂ\ﬁi 1)

A1597 1 NISUITNISHARTITuNviindinna

.| fowdiaiin laaznau udlesiun3a d1suviuasuaUas
N33UD
(% w/w) (% w/w) (% w/w) (2x107 cells/ml)
A55175 1 90 - 10 100
AS5U3T 2 80 10 10 100
A55479 3 70 20 10 100
A55175 4 60 30 10 100

' ad o Y a < < ' H o U ' & a °
N8R unagnssuIsnmualadining 100 WINADERAT (WIUN 1 ASUANBDLUAUME)

4. nrsnagauaneMzNlUYTIA T e nslamasunviadindnd

\dand 051 T. longibrachiatum TugUsuuiianauainunaznssuisas 10

=3 < ) a =3

L ALWEVIINISNAAB U NWIE 4 8819 AB (1) aNWaRIVe A Laan1SUUNNATNG NwY

v ' v
A a A A

WUHIN B UD NN DANIANINRINANANDN1TRAT YA DL (2) Wrnidn TaeTsdininias

sUsuudanauiiony 1 Juwaz 60 Tu nasamiusnuiiiaungdl 4 esAlwalod e

9

e

v
o

Anwiimdnudsinaiull 60 Tu (3) vuin lnedad esrgduvuiinnauiieny 60

)}

v v

& o =~ a = ¥ | a ¢ .
TU NaIINNLAUINEIN Qm%an 4 DALY ALY Ud I@ﬂi?jnail,uﬂﬂﬁlaﬂl’ﬂ@i (Vernier
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Caliper) Yan1ug1iaun 1ugue natandsanuuly 60 Yu @) mazanet Tnethiden
suudianauseuuiuarsuiinszesnalumsaraneth (nneun?) ieviedeussezinams
sesuueaton T longibrachiatum TugUwuudinnay

mnmaneaeduinaenssnis wuan sunsweadindermdsandududanaunie
et usnlusi® wua nudiefidsn Snwusduzunsinan A uuenvgvssdnuesluunas
nsndsnanEn nntuf uSnu T o una T 4 serneaidoa (Fuszesiaan 1,
10, 20, 30, 45 wag 60 Tu nua1 dvend 831 T. longibrachiatum luzduuu
Sanaudufieuann sty Taed nssuisd 1 fdduanuinniingswisi 2, 3,

wag 4 A1uaia v desnlisnnaiuvesianmnisdina an gl o 10a 81 Tuvued

aaa

A5SUITA 2, 3, WAL 4 MNUARU JFeaUNINLBINToNT1@IUVBIbABEABY (NWA 3)

99335 1

3935 2

A99455 3

39335 4

19u 10 3 20 Tu 30 7u 45 Ju 60 Tu

29 3 SnualzneusNURItIf UM e laslawmasustadindng Watiusnunszesiian 1,
10, 20, 30, 45 wag 60 Ju

ANIAN UMY NV BTN UM lnslawesuvadinlng nerdinisiiusnwi

a

UNNA 4 DIAIWALTEE N1520Ea7 1 TUkaL 60 TU ANUAIRU NUNUINRUNLRE 8V 9

qaung
Fafunmdanlaslamesuiviagindea @ szeziian 1 Tu dundniad oluwsanaieiuy

N v v a

puNAUBd1AYNI9ad @ (P<0.05) Tasurndniad 8919 4 nssuIsT AN IAY
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1.01+0.04, 1.03+0.04, 1.04+0.06 wag 1.05+0.06 NTU A ua1A U luved N3
usnwn gaungd 4 esrnwaifoa 1uszezaan 60 Tu Wyl Wndniad eves

faumenlaslamesuviadindeg nssudsn 3 waz 4 (WInwnwed ewm1nu 0.36 +0.02

o aa

wae 0.37+0.04 ﬂ%JlI) mu’mumaaamnmma LLG]ﬂG]N@EJ’NEJ‘LJEJﬁ']ﬂZUVINﬁ

o

7 (P<0.05) ?1n
n55u359 1 (Wvniad ety 0.33+0.02 n¥u)
N15AN¥IVUIAVDITIR MBI tasIAmasuvdndindng nrendesnisiiusned

v '

aﬂMﬂilfl@Qﬂ’]L‘UﬁW?Ela Wuszeriia 60 Tu lagly ﬂ’ﬁ’rﬂﬂ’mllEI’I’JL?MN’WUFWEJFWES’N‘U’PN

Qdd a U

iadod wuan nesaET 1 Simuafeniy 9.400.27 fadiuns uariivnadnfigasionSeuiiey

funssaAsi 2-4 senaditfuddamnaaia (P<0.05)
msfnymsazmeimesditunienlaslamesinsiasinded nnendanisify

fnwifigaumgll 4 esmuwaifoa iuszozinan 60 Tu nua1 n3adsd 1 lysseznaily

nsazaeuININgan danafeiniiu 11.12+0.89 w1l wANA1931NNTIUIS 2 (1.32+0.14

dd o.l o U aa

Y1) NTIUITA 3 (0.33+0.18 W7) waznssuiad a (0.26+0.08 W) pe9ilTed UNNEDR

(P<0.05) Fauanslumsed 2

A13197 2 dnwasznlues T longibrachiatum Tuguwuudindee

A543 Ymti (n3u)! AMUBNFUNIY msazaneiin!
17 60 Audnan(@adiung)’ (wi)
1 1.01+0.04™  0.33+0.02° 9.40+0.27° 11.12+0.89°
2 1.03+0.04™  0.35+0.04°° 10.37+0.32° 1.32+0.14°
3 1.04+0.06™  0.36+0.02° 10.46+0.48° 0.33+0.18¢
4 1.05+0.06™  0.37+0.04° 10.89+0.65° 0.26+0.08°

nuewme ;! @uammﬁummﬁmmmﬂEmwummgm; ns. 11889 ludianuwananeiunig

'
(Y

ane, o F18 NS TLANANIT LGS Nue89 AULANANTUDY NI TEEAYNIadav
(p<0.05) PNMINAdEUN AT ARIE3E DMRT

2 Fydnwad + Lanane AIALLTINTS

5. NISNAFBUNISHTINTDAVBITM o aslAmasusindindnd
A15ANBINI15H T I vt umdeslasiamesuiviagindna Ingn153190UIMNS
Weadieswila Trichoderma Selective media (TSM) igaunnil 27-28 asriwaidod wud e

lyTanmignananneuianfiidesilaslawmesuiaiyuue1nisid said o TSM iaidu



17

Funuweadeslaslamesiniuenlrluemnsidsade TSM avdanadiulaladizuusniiden wu
auleynyaidlesnnifeniiongues Mntussisumaigdvlnlanaii dvedlaladalugion
MnNsassivesalesdenvvsiinunlaladfiforeumdssaui udeany (Rifai, 1969; Rajesh,
2016) 9t Fuhidumdesinslawmesinviasinded luuraznssu™s Afusnwidunan 10,
20, 30, 45 UAT 60 Tu AUEIFU WIINMUUBINSIALUTD TSM Nan1SANYT WU NTIUIZANT
nanfandeslaslawmosinvindadnn 4 nssuis ales@enlnslawmesinannsawiaiuls

YUMSEEUT57 TSM 1o wansluiiunn alasvesdianslaslawmesunanunse (Awi 4)

55435 1

35U 2

N334 3

nN35uN 4

Al 4 n1519suesEUasifienlnslamesininnauuewnsiieate TSM rdaaniusnud

gaunndl 4 eswaida Wuian 10, 20, 30, 45 wag 60 Ju
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6. NMsnadauUszandnmvesdinueiidesilaslawesurvdadindaddanisasgyivle

Y
GU'PJ\‘]'WCUU'IEGU

a a a

msfnwUszans mwaesdaiunenlaslawesunviadadnaninenisasyivln

|
a

YOINEY LA 83dN158 (Brachiaria ruziziensis) 1n8113LNUNISNAABILUU Completely

Y

Randomized Design (CRD) $1u3u 3 91 Ugnwdavian3d 5 nsza1aned
vnuai 1 nquaduanau (llades Trichoderma Beads)

VEAWUAT 2 NQULTRs) Naw Trichoderma Beads lutanugniuau 1 i

o

VERWURT 3 NaULTes) e Trichoderma Beads TuTanugndmuau 5 win

o

VE3UAT 4 NI W Trichoderma Beads ludanugnduau 10 e

9 Y

o

VEWUAT 5 NQULTesT Wew Trichoderma Beads ludanugnanuau 15 e

9 Y

HANISANYINITRTYAUIAVBINYITTATIUAIINGS (11571991 3) WU AN IVBY

1%

puvgTdUaT 1 mevdinisasugnlunszans wuan nngunisnaaestufinuunnnig
ogaiiteddymneada (nmdl 5) ludunmil 2 wun nasmeaesiinaudeslnslanesanee
uTa $9uau 5, 10 waz 15 i (TB5, TB10 uag TB15) fiA1ug 1NAY 26.5542.57,
26.203.58 Uay 26.05+3.39 l9uALUAT AUEIRY WBUmMITUNgUAUALUINT Hau e

(28.05+4.23 L9UFLIAT) LAzilAIUFNINAIINANAIVANAY LazNaNNAaoINaLiaslasla

wosHviamia d1uiu 1 Wie egrefidedrdynieada (P<0.05) lwuieduluduaini 4
WU Naunnansfinauesilaslawmesuudage S9uau 5, 10 uaz 15 ia (TB5, TB10 uaz
TB15) 1A31UE NN U 41.85+4.68, 45.30+3.17 Uay 45.90+3.38 LYUALUAT AIUAIA U

WigumnAunguATuANUINTRaLYY (41.80+4.83 lwuURlinT) UAzilANEINNIINALAIUAN

N o [

auwaznaunaaenandeslaslamesuiviade S1uau 1 e sereddeddyniada

(P<0.05)
Tuvaiziianugs dUamil 6 wuan nauveaesiinaudeslnslawmesuiviagie 15
Wia (TB15) fiAnuguniny 59.75+3.19 wufiuas Wisumidunguaiuauuaninauyey

(62.10+3.64 LEURLUAT) KATIAIIUFWINNIINAUATUANAY HaZNANNADINALLTBIlATlA

wosuwiliaa $1uau 1 1fa 5 e waz 10 e esedideddgynieadd (P<0.05) wazduav

71 8 WU nauveaesinauweslasiamesunviada 10 Wa uaz 15 Wia (TB10 uaxTB15)

a

1ANUFUNINY 76.30+6.65 Uar79.85£5.52 LURLUAT MUAIRY BUMINUNQUATUANUIN

Manye (77.506.77 wUiins) kaglad1ugeuINnINgUAIUANAULALNANNARBINALLY DT

N o

Toslamasunviadin 31wy 1 159 way 5 Win a81efitudn

[ aa

unNans (P<0.05)
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0
=

. ﬂ"]La?iﬂﬂ'swqwmmﬁmﬁymﬁmg% (luRuns)
NaNNIINAADY ; . ; ; ;

’ dUamin 1 dUanini 2 duamin g4 davin 6 dUanvini 8
NAQUANUANAY  12.85:267™ 18.00+4.16° 30.45:6.00° 4520+2.529 60.40+7.56°
ﬂejumuaumﬂ 14.65+5.00™  28.05+4.23° 41.80+4.83% 62.10+3.64° 77.50+6.77°
TB1 13.45+2.13"  20.60+2.53° 37.10+3.03° 47.45+3.51% 62.20+9.28°
TB5 12.80+4.16™  26.55+2.57* 41.85+4.68° 51.95+1.80° 68.40+4.58"
TB10 13.90+2.63"™  26.20+3.58° 4530+3.17° 56.45+4.57° 76.30+6.65°
TB15 14.90+4.27™  26.05+3.397 45.90+3.38° 59.75+3.19° 79.85+5.52°

NUBLNA : aﬁ’wmwﬁvumgwg%' 10 Giyw{aﬂﬁjumimam; TB1 = Trichoderma Bead 1 la; TB5
= Trichoderma Beads 5 Lﬁﬂ; TB10 = Trichoderma Beads 10 Lﬁ(ﬂ; TB15 = Trichoderma

Beads 15 in; dydnwad ns = ludAuunna1ameaia; Aedeniinuniefienysuannig

AululuIna nu1eds JANULANANAUNNER AN T

g’JEﬁ% Duncan multiple range test (DMRT)

9] S

UAITULY

98U 95% INNITILATIZUNE

AIUANAY

TB5
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awit 5 Msfnwmasyiulnvesiansd svesaan 1 dam (Trichoderma Bead 1 Win;
TB5 = Namﬁﬁyai’l Trichoderma Beads 5 Lﬁﬂ; TB10 = Nam%‘yaﬁ Trichoderma Beads 10
din; TB15 = Namfuyaiﬂ Trichoderma Beads 15 Liin)
uamsAnwnsigiulnvesmgsiaus il (msed 4) ludami 1 wdsnn
asmzlunsznnadgn wun nangunsvaasslufimnuunnnaos el doddymaada Tu
it 2 Sunnluadevemnnsd naumeaesiinaudeslnslamesinudaia $1uam 15
sin (TB15) fidwluademity 5.10£0.32 Tu fdwluluuwanaannquaruauiinae

v o

(5.6020.70 Tu) unidruaniluiedeannniinguaiuguay (4.00£0.67 lu) sgnadiiudfymie

oA (P<0.05) TudUnmd 4 (il 6) wuan Swniluadevemansd nqumaassiinaute
slpslamesainviiogda $9uau 5 e 10 Wia waz1s Wi (TB5TB10 wagTB15) Awandy &
$1uul Ul BWAY 43.4046.38, 41.30+9.24 1az48.70+9.89 1 fis1uiululuunnnieain

nauAluANAnauye (48.80+8.18 1u) unilduiulunnnaingualuAuay wagTB1 a1l

HedAyneatia (P<0.05) duami 6 wu Iwiululedevemyn3s NQUVARBITINANLTRT
loslawesunaiiaugia S1uau 10 Win wazls ia (TB10 wayTB15) audau fduiulumie
WA 76.3046.65 Lag79.85+5.52 1y d91uiululuwnnniaainnaualunui nauy e

N [

(77.506.77 Tu) unddwiulunnninaualuauay, TB1 uayTB5 sgeliddAyni1eada

(P<0.05) uazduami 8 (0wl 7) wu Iuuluedevemanid Nnaunaaeinaueslng

Tanosunvilagdn $1uu 15 15 (TB15) dswauluadswiiu 132.33+4.37 lu d5waulu

o o aa

nfigalunnnaunImaasdLazLanaeeeilted1Aynieaia (P<0.05)

o

A1919% 4 Punulupfeveanungdesdn i Tussezia 2 weu

Anadeduluvawmniaednizd (u)

NAUNITVNAADY . . ; ; .

! dUanuil 1 dUanvii 2 duavii 4 dUavii e dUmnvin 8
NANATUANAY  3.50£053"  4.00:0.67¢ 34.60+9.69° 60.40+7.56° 62.33+5.51
ﬂEjlﬂJﬂ’JUﬂiJ‘U?ﬂ 3.70+0.48™  5.60+0.70° 48.80+8.18° 77.50+6.77%  98.33+5.86°
TB1 3.50+0.53™  4.20+0.79°° 33.60+9.96° 62.20+9.28°  70.67+2.08°
TB5 3.60+0.52™  4.70+0.48° 43.40+6.38° 68.40+4.58°  76.17+1.76°
TB10 3.60+0.52" 4.80+0.63° 41.30+9.24° 76.30+6.65° 102.67+5.13°
TB15 3.70+£0.48™  5.10+0.32%° 48.70+9.89° 79.85+5.52° 132.33+4.37°

RUBLNG ﬁi’?u’mmu%nﬁﬁ 10 AUNBNAUNIINARDY; TB1 = Trichoderma Bead 1 Lﬁﬂ; TB5 = Trichoderma Beads 5 Lﬂjﬂ; TB10 = Trichoderma
Beads 10 1fin; TB15 = Trichoderma Beads 15 win; #gydnvas ns = ludanuunnnianieadd; anad efi nndualsddnesuanaiafuluiuase

wnede muuenanetiunisadanseauamdedu 95% 1nNsIATIEARanIE35 Duncan multiple range test (DMRT)
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AIUANAU AIVANUIN

o o - = v o, . '
Al 6 Msfnuimsiasyivlnvemans® svesnan 4 dam (hqueauavau = Tulales; nauaauay
uan = las; TB1 = o1 Trichoderma Bead 1 in; TB5 = 13831 Trichoderma Beads 5 Win; TB10 =

L%asw Trichoderma Beads 10 Lﬁﬂ; TB15 = L%ai’l Trichoderma Beads 15 Lﬁﬂ)

o o o = v g o Wy '
Al 7 msfinwimsesyivlnvemans® svaznan 8 dawm (nqueduauau = lulaiies; ngueuay
van = las; TB1 = o1 Trichoderma Bead 1 in; TB5 = 1¥831 Trichoderma Beads 5 Win; TB10 =

L%asw Trichoderma Beads 10 Lﬁﬂ; TB15 = L%ai’l Trichoderma Beads 15 Lﬁﬂ)
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a7U aduTenauazdalauauus

d3UNan158

miv"v’wmmwmuL%asﬂmimmaimmsﬁuq Trichoderma longibrachiatum wilnuin
= c [ v @ ' v < dgl’ ¥ L) [ a &
Una anndagumgnauiian lnglvalestion laevmaunasudsiudusngs anunsondauasdu
Judindeala 4 n3swds Fanssuis9 4 35 aunsadaeigvesavesi@esndeivinwii
gaundl 4 ssrwadeala 60 Ju lnefiavesvesdonddlTinuazasandulalalmlusydy
el URMT wardladiluneaeuUssdvinmnsasadSunisisayiulnvemasdlunsidedn
Tuszezna 2 weu Weostlaslawesuivdadalnauuim 5 - 15 WaneAumiznal 1.5

a

Alansu anuseasasumsasyiulalunuanuauasinnululaunnaiminnguaiuauay

(lae) opnsiidodrdaymaadi (P<0.05) lnsnaumaaosiinaudeslaslamesunviaio
15 Wianefu 1.5 Alansu ﬁﬁizﬁwﬁﬂwwiuﬂﬂiéal,a%umiw’%@LﬁﬂimﬁaiumywuﬂawuqqLLa:
Srunilulalnaidsstunisladeiad (15-15-15) Tunquaruauuan asulanansdafumniden
Ipstawnesan (Trichoderma longibrachiatum) dienasluguuuuidinded fiauaznanlunisly
91y annsadnegmafiuinw amumifvesavesteninslanoiuila wagiinuanialyly

MTARESNNITIRSYLAUTA DI

2NUTYHNANITIAY

nsitmud 091 Trichoderma longibrachiatum wiiadiadag 1l e8aoignisifu
fnwvesavesuarasuszAns amlunisavalunsadydvinvesiy TnglyYanuny
newwiaing lnozaeu ulaurdsuazalasvead 031 T longibrachiatum wum 'gfdi'w

ada

voudialindain 4 nssuAsiigusenauuasimeudnuostufusnsaiuvedlnosnosluunay
nssuisuarluiinaneusyans nmwvendeslasiawesunlunisauasunisiasaivinvasii
donnaBafun13AnYIves Locatelli uazaniy (2018) inuaAveudadafusiinauduiile
Wendu lufimuvgesy uarlidugnguasassainensiidinveslaiide
nsmuunsdaislasludeslaslamesunasiiussans nmannvieussduey i
saedade wu masiguarasdlaiievioatemesilnslamnesun Tadeugamgd uas
ssAUsznavTasansewsTledsudes iuau (Mishra and Khan, 2015) wazaneitusues

v
[N

W51 (Adan et al,, 2015) sstiu UszAndnmweadoslaslawesunlundndunaiulugds
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v

ﬁ'ﬁuagj fupuiiTinvedlaiierdealssiteslaslamesun (Kucik & Kivang, 2005; Kawicha
et. al,, 2020; Martinez et al., 2023).
Jagtumsiannsuuuundnsumdesleslamesninainuaissuuuuiiaunsnys
fnorgniafivinuilaiifevesdesiveniuiniu uasdsufuinundn funiigumgd 4-10
aaﬂ'uszjal,%samﬂﬂdwqquﬁﬁaq LﬁaqmmhsJ%mqmaaaﬂa%ﬁaﬁmﬁﬂmzsmm 6 Lfiou
fa 1 9 Juegfunssnisluniandn (Kawicha et. al, 2020) fstfu lusuiseiFadonlsla
AiRgvondenlaslamasin maﬂ’uﬁ: T. longibrachiatum TugUvasansuviuasy WneYon
Jundasunwsenlslusiinded wasidenfuinwifigungi 4 ssawaidea 49910
MsANINUIT aansaufiulauiuis 60 Su dennassiunisAnewes Juricet al. (2019) 7
wu Tefifefidsnsdifinognndiadadfam Aifuinuiigungivies uas 4 esaigaidea e
ﬁmn?ﬁymimiLLazﬁﬂUmaaumﬁé’u5@ﬂ’mﬁzysumiﬂﬂ'aisﬂé’amﬂszﬁwﬁmwiumﬁé’u5@15@
wagluumnaatunsledeaniesenl
TuateiiuAnumuiidinvedalifovesdosluunaznssaisissezna 60 Su
Tnenunnssuian 1 Wated lillaezpeudussauszneu vinludataainmsdeudaind
dudtmawy uavilvunaidnniinssiiseu luvnefingsudsn 2-¢ Sloesnendsliduans
Shwnanmuaslailiie (Ziaee et al, 2021). isasnusznoudiuananady (10-30%) 5aiidvos
dadedunnaneiuiuiusnsaiuvedlaezaen ludleuusmnalaozneuuinnin 30% L
anansoviladlesaniinanenisinwesduvedtaiiislunssitussmstugiduda
Tupunsfnvdminvesdeslaslamesinvidadindnd mevdsmisidusnwi

a

aUUNANG 4 PIANYATEE N15288I87 1 TUkAY 60 TU ANNAIFU NUNU U NLRE 89U 9

9 u

2 a A o

Windaa 7 szezian 1 7w Juudneas oluwenanaiy Tuvuey szegian 60 Tu

aa A o w aa

AFIUITN 3 ey 4 uu U m,aa EJlI’Wﬂﬂ'J’]LLa LLG]ﬂGINE]EJ’N?JHEJﬁ’]ﬂiUVYNﬂ 7 (P<0.05) 91N

ﬂ'ﬁﬁJ’JﬁV] 1 uag L3J EJ”JWU‘LJ'W]LE‘{‘L!NTL!?‘TNEJﬂa']\ileENLllﬂ 0nd W‘U”J’lﬂ'i'ill’?ﬁdﬁ 1

)

v
aa v [

ﬁummaumquﬂmuaﬂm ﬁq@]LLﬁ%LLWﬂW’NQ’]ﬂﬂi'ﬁN”AGW 2-4 E]EJ’N Hydn UM

i (P<0.05) wanalv i ulleezneuiinanensvisagusnveadndnadamalagnsme

v
o

dmtnuazvunnvessindng
Ium'ﬁﬂszLﬁuqmauﬁamqmamwmaqLﬁm”luamwngam%ﬂmaﬁﬂwm’l'ﬁwmaau

nsazanetifiosmnanuannsalumsaraeiniauddanonisuassuaznsias il

vosalasluanmwanasy mnmsinuludindng 10 LﬁmrmLLéaxamsazawsJ‘Luﬁﬁﬂé"u 1,000

fladdns wavdufinszuzinandilylunisazans wuan N3IAs? 1 wanananszezinalunns

avansuudign (11.12 + 0.89 u#h) luvaeiingsaBi 2, 3, uax 4 avmslunaniiduasdony
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aa o

(1.32 + 0.14 w1¥, 0.33 + 0.18 WY, thay 0.26 = 0.08 UM AIWAINU) LaBLaNINIINIDA 4
fnsaganefidaiian Salmnumnzaundmividenlondndufiaing dawanisdnui
dennaaetunsAnEIves Sukyal et al. (2020) Feuanslmdiuanarsazarelutiinanseny
sniifdfyreruatiosvesansumdeslaslnnesun

auiiTAnvesavesnieladifodunsdwesdifalunsusadiulssansnmees
answinelaluansmunumedanin miwmzmé15&7@@aﬁfuaqué’mﬁmiiam%ﬁmqﬂuiwx
11 SnwanuiTisveddaiiielussmsmsifivinvuiy waglndufivaewaa (Martinez et
al,, 2023) TnsUspfiuanuidinvedaiidegnuiuleain Frandsco et al. (2006) n15ly
PDA Wudenanslumsissgiulnfivemnszvisanasunisenvadaiifouazsilmuedi
IﬂﬁLaﬂlﬁTﬂl’m (Oliveira et al., 2015)

Iuémﬂisam%mwmiaﬁLa%mmﬁzymmﬂsu nanfunauwuulasiasinesuisingie
Sadannsnasaiumasiyiuln uasiinduinluvemgyidsdnigd dimslylalanaetn
dnsasgiviafisumisule aonaaesiuauifeves (Adebayo et al, 2020) filafnun
Wisuisunanisledeslaslaninesin uasjenifnmenasiydvlnvesdosimunnisly
Jovinifissesnaie wienslayssmsudonilasiamesan uaznisladeslasianesin
WesosnafrlulTunuivangay aunsaanaiuninadyiula S1unlu uinugunans
LLazﬁﬂwﬁﬂLLﬁmeﬁmﬂ’l (Bougainvillea spectabilis)

Parauanuzlunisunalveluly

msledatamnuuuudonlastanesusiadindng delvanasumsaiadvlnves
i unawdslussiumesufoinig Ssmsimsdnululsafududiniu fwmelud

1. mﬂ%ﬁ’msaﬂumsmaaumm%@LﬁuimsuaagwmyﬂL?ﬁymé’m’j{g%‘lﬁ;ﬁszazmaw
NAFEUNIUT U Lﬁ@lﬁﬁ?ﬂ%iﬁ’]Lgﬂﬂﬁ'ﬁ’jzﬁla’mﬁﬂwﬁﬁ'i’NLLazi’NLLﬁW%@NLﬁULugﬂiﬂyﬁuiu
svBznATifIvug

2. \lesnnaunyid ssdnizdiszernalunmaeiqgidulaiineuriauiu Feansd
msAnwsezalunnfuastidueluaungy iesdnisdivaennasatusrezianlunis
Ugnluwdasaafisifa

3. pasthdfunauuudoslaslawesusiindiatng Andnlannaouiufivoin

duq flogmsiiufersserdunseiivaisy Avngulurenluuszavlunszansawinén tie
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Uszifluuszansnimwes Wenlaslawesunviladadea lumsauasunsiasyfulnvesivle

AUNTU



UIIUIUNTAN

naudnaTUNTNYAT. (2563). M3ldidogaunse Fatas) lunisaauaudngia. (iurnged
2). https://opac.tistr.or.th/Multimedia/STJN/2021-3603/tistr-stjin_3603-07.pdf

Faziaw wanal 9. (2563). laslawnesun: 1f esrufUnyatuaulsni v,
WNANTUNYATANEANSINGWVATUNILEY AIZINYAT AN LAY AAIVLSANY,
UATUTL.

YU fasme. (2550). inwnsdunde. dindfeianmaluladdiom nsdvimsineas,
NFANNAI.

Sensnu idovisefia way Wasnd alyyiFes. (2561). milndenlaslasinesuimunslsadiy
YDUNWAT BUNBUIUUNY Janinaynsanns. 275975 1mIansinees, 49(2), 159-
167.

YEy39 A3AY Waw anIya Saudayasal. (2559). Anwnisiasasivlnvedinnislulvgae

nstaiidaslaslawesunvilndndin. 215875358913 ne8esmAlulads1v9nans

o

777/, 8(1), 81-90.

Usegae N1397, WITAU YR kae a5 WALNdUs. (2563). MSHAUNTITuNntnsla

wesuadadaii ondrunulsadi saundesvesusiloma. 2158753981889 518

wnlulad, 9(6), 832-843.

£ d' v a v ¢ Y a Y @ & ¢
Wanns Ne3Ad. (2562). msnmwkAndunedurissadanauionlaslawmesun. 195579
Auuazye, 41(1), 4-13.

v
c a o a

29105804 NADY, LAl UINFNTIN, WYINT I‘UEJE]'HJ, U5190U0 EJ']?,J‘Viﬁ, A717937 ANNAYSITY,

o

'
2

15150U YEEYUY, BITUN NIV, BALDTIT) TUBAN. (UNTIAX, 2563). ANENITALETY

nsasguatnurnlnenslueslastamesunaieiugnesdudmsulgnuinuudn

[ v A

A ludmindessne. [Poster presentation]. N15Us¥yu3VINITILAVIIA Nele1ITy

v

ASIN 9. UMNINBISENELEN, e, Useinalne.
15U Bunun, 55005 WIu3, way Yauariwey Ludam. (2559). nsludesn Trichoderma

asperellum @1eWugnesusWAvaENugNATEINe WuUsEanTamn1sAIuALlsA

MNSEAURAUVDINLLVDING. 27577539 A1a956N9A T, 47(3), 351-362.



26

afougnad voaFos, Sunun luslun, way an1af wuglauun. (2563). MsAnYINAHER
anuy wqdﬁmmmié’m{uazﬂméﬂmdiﬂ%uzﬁuawq}ﬂg%‘LLawzgnﬂaﬂG? 2 ﬁaﬂqms
danatfu. 295mIsuA N AT, 48(1), 675-682.

aemas N1, (2555). n1slalnslawmesuneuaslsadie. 275msumnendeusisnasy

uATUN, 4(3), 108-123.
andiun vinel. (2547). fivemsdmiansou. diinfismamine doinunsaans, NTLNNAI.
andun aas. (2548). vy 11msdas wavvg i wdedluussnalne, dfnfiuw
NM’]%V]EJ’]TET‘EJLF]UG]?W]GW%, NIUNN.

Adan, J., Baque, A, Rahman, M, Islam, R. & Jahan, A. (2015). Formulation of
Trichoderma based biopesticide for controlling damping off pathogen of
eggplant seedling. Universal Journal of Agricultural Research, 3(3), 106-113.

Adebayo, A. G., Kareem, K. T., Olatunji, M. T., Shokalu, A. O., Akintoye, H. A, & James,
. E. (2020). Effects of Trichoderma longibrachiatum (NGJ167) and compost on
early erowth of Bougainvillea spectabilis. Ornamental Horticulture, 26(4), 614
620.

Anita Puyam. (2016). Advent of Trichoderma as a bio-control agent- A review. Journal

of Applied and Natural Science, 8(2), 1100-1109.

Brondi, M., Florencio, C., Mattoso, L., Ribeiro, C & Farinas, C. (2022). Encapsulation of
Trichoderma  harzianum  with  nanocellulose/carboxymethyl  cellulose
nanocomposite. Carbohydrate Polymers, 295, 1-9.

Druzhinina, I., Kopchinskiy, A.G. & Kubicek, C.P. (2006). The first 100 Trichoderma species
characterized by molecular data. Mycoscience, 47(2), 55-64.

Francisco, E.A., Mochi, D.A., Correia, A.C.B., & Monteiro, A.C. (2006). Influence of culture
media in viability test of conidia of entomopathogenic fungi. Ciencia Rural,
36(4), 1309-1312.

Juri¢, S., Permi¢, E., Topolovec-Pintari¢, S., Bedek, M. and Vincekovi¢, M. (2019).
Physicochemical properties and release characteristics of calcium alginate
microspheres loaded with Trichoderma viride spores. Journal of Integrative

Agricultural, 18(11), 2534-2548.



27

Kawicha, P., Natino, W., & Phatthanasan, W. (2020). Development of encapsulated
granule of Trichoderma-based bioproduct for tomato Fusarium wilt disease
control. Thai Journal of Science and Technology, 9(6), 832-843.

Khan, J., Ooka, J.J., Miller, S.A., Madden, L.V. & Hoitink, H.A.J. (2004). Systemic Resistance
Induced by Trichoderma hamatum 382 in Cucumber Against Phytophthora
Crown Rot and Leaf Blight. Plant disease, 88(3), 280-286.

Kucuk, ., & Kivang, M. (2005). Effect of formulation on the viability of biocontrol agent,
Trichoderma harzianum conidia. African Journal Biotechnology, 4(5), 483-486.

Locatelli, G.O., Santos, G.F., Priscila, S. Botelho, P.S., Finkler, C.L.L. & Bueno, L.A. (2018).
Development of Trichoderma sp. Formulations in encapsulated granules (CG)
and evaluation of conidia shelf-life. Biological Control, 117, 21-29.

Martinez, V., Ribera, J., Schwarze, FW.M.R,, & France, K.D. (2023). Biotechnological
development of Trichoderma-based formulations for biological control.
Applied Microbiology and Biotechnology, 107, 5595-5612.

Maruyama, C.R., José, N.B., Lima, R. & Fraceto, L.F. (2020). Encapsulation of Trichoderma
harzianum Preserves Enzymatic Activity and Enhances the Potential for
Biological Control. Frontiers in Bioengineering and Biotechnology, 8, 1-14.

Mishra, P.K. & Khan, F.N. (2015). Effect of different growth media and physical factors
on biomass production of Trichoderma viride. People’s Journal of Scientific
Research, 8(2), 11-16.

Oliveir, D.G.P., Pauli, G., Mascarin, G.M., & Delalibera, I. (2015). A protocol for
determination of conidial viability of the fungal entomopathogens Beauveria
bassiana and Metarhizium anisopliae from commercial products. Journal of
Microbiological Methods, 119, 44-52.

Sukyai, S., Suwannarach, N., & Nuangmek, W. (2020). Study of suitable materials for
bioformulation development of endophytic fungus Trichoderma sp. (L3I1).
Khon Kaen Agricultural Journal, 48(1), 331-336.

Ziaee, M., Ebadollahi, A, & Wakil, W. (2021). Integrating inert dusts with other

technologies in stored products protection. Toxin Reviews, 40(4), 404-419.



ANARNUIN N

P a o ¢d& ¢ A & a ¢
GI‘ULLUUﬂ’l‘JE]’eJnLL‘UUNaﬂnm‘?/ILﬂjaiﬂlﬂiiﬂtﬂaiuﬂﬁuaLﬁJﬂ‘Uﬂﬂ

I3

ATUNTNYDINANN N

TRICHOBEAD

Trichoderma longibrachiatum

waaaunnuaulsaWy sdaarsddneun
Wdduwavvavaisinid Jasane

2atduvavidasilasiataasin

o UovAumsiialsaiws WuusUndauidasinalsaws orfisu
ansanuaulsasiawi lauwi Isaluda Isalulkt Tinasov Isnawaadw
o AS:AUMSIDSYIEUIOUIVWY INUHAKAN 1SVS:UUSIA ASWS:UUNTAUAUYIDWY

Manufacturer

RDI Chiang Rai Rajabhat University

Contact Information:

= Phone: 081-785-8184

100 wa usmisivims as. 3s1Asai ufdzAau



AUNAIYDINANN N
CENcrRy @ &
SENT INSTITUTE]

TRICHOBEAD

Trichoderma longibrachiatum

anvauzuazsyuvumsiswaanaun

arsiranunigosiloslroasustado sn=dksuisidmswizUaniu
sUuuuas:aw (Wyaan [dw las=aw [GUs:du) mawizndr KSaudavuan
ywnadn-naw (wnddn ndoanld ndwusld) fouvu single pot ua:
multi-pot Tikwn: aqumsUanuuuuUa\)Imylua\)ammaauuananunu
msWaniwudu

38misis

dAnsuwsstadaniuns:ao wavlaslnaasun staladudu

Jnsau u1a1summmuasﬂnslnmasm sdauwia 97UduU 10 wiadadu
nsa)amm U'IﬂUﬂ 1 Alansu namnawaulmumu USSDIHﬂS-Eﬂ\)UaﬂWU
KSONAIWY Ua: S(ll.ﬂ

e dAmsSuwssiamrawiznal

u1a'lsumtumuasﬂnslmoasm ydauia 31udu 10 lunnaaamwr
nd1 twkdn 1 Alansu Aanndwavlidniu sadilAgu dudaawizua:
Wad uru 5-7 3u (Walkidas1dmsRSYIRUFILOULEIBAI) 1oASULIA
ihdaqwizuuvidaakauviwizaal wazmmsiwizuandaly

- 10-12 . - - -~
KU1BIKa USaudad 1x10 CFU da AlansSujaquwi:
tusSauludiiu uKknio 4 svmwaldea

-: L
s:g:a Ny
« msliwansmundmwiiludivdoudidumsuanivs waldigosiloslanas
pangnsmudimwiunisaouaulsa uazaduauumswsayavlavaowy
« Alslddinn 30-45 5u s3aawANUIKUI:AU luddvATAIIUIEDD

donistiialsa K3alladvinqlhiuainisvavlsa

L o —
uov1na

astiunigasilaslanasun WudasnEsa Tmswsaydula
wuguouldov ud Walmsliansindou q ssudelumsiwiuan
wu astadmda walsausztandw q asiadianiumang
wosilaslAlaasudre Mmikarsidnuridasilaslanasy
luaangnsawnnAds

29



30




AMARNUIN U

a a 3
FAITANUN



Journal of Food Health and Bioenvironmental Science (September - December 2024), 17(3): 31-37

Fl_m Joumal of Food Health and Bioenvironmental Science
J ==

Journal homepage : http://jfhb.dusit.ac.th/

Optimizing Trichoderma longibrachiatum Pellets with Spent Mushroom Substrate: A Study on
Conidial Viability and Shelf Life

Warapom Kaewkhon** Nikhom Naksupan® Somboon Kamtaeja* Preedapom Suwandee® Sabaiprae Molamsa* &

Wannakam Inpan*

¢ Biology Program, Faculty of Education, Chiang Rai Rajabhat University, Chiang Rai, 57100 Thailand
* Division of Microbiology and Parasitology, School of Medical Sciences, University of Phayao, Phayao, 56000

Thailand

¢ Physics Program, Faculty of Education, Chiang Rai Rajabhat University, Chiang Rai, 57100 Thailand

Articleinfo

Abstract

Article history:
Received : 15 June 2024
Revised : 15 August 2024
Accepted : 17 October 2024

Spent mushroom substrate (SMS), a byproduct of mushroom production, is
commonly used as growth media in plant nurseries and horticulture. This study
aimed to develop Trichoderma longibrachiatum pellets using SMS to extend
conidial shelf life and enhance efficiency for biological control. T. longibrachiatum
strains 1solated from paddy field soils m Phayao and Chiang Rai provinces were
formulated into pellets using SMS and diatomaceous earth (DE) across four
formulations. Each formulation contained viable conidia of T longibrachiatum at a
concentration of 2x107 conidia/mL of distilled water, with varying ratios of SMS
and DE. The pellets were characterized based on weight, diameter, water solubility,
and conidial shelf Life after storage at 4°C for 60 days. Formulations 2—4 showed
a significant increase in weight compared to formulation 1, depending on the
percentage of DE. The average pellet diameters ranged from 9.40 £ 0.27 mm
(formulation 1) to 10.89 = 0.65 mm (Formulation 4). Water solubility tests revealed
significant differences among the formulations (P < 0.05). formulation 1 had the
longest dissolution time (11.12 = 0.89 min), while formulation 4 had the shortest
(026 + 0.08 min). All formulations maintained comdial viability when cultured
on Trichoderma selective media (TSM). Based on water solubility and conidial
viability, formulation 4 emerged as the optimal formulation for potential use in
biological control applications in agriculture.

Keywords:

Trichoderma longibrachi
Spent mushroom substrate, Pellets
Introduction

control in agriculture has largely relied on chemical-based
pesticides due to their convenience and effectiveness.

Biological control refers to the use of living However, the extensive use of these chemicals has
organisms, such as antagonistic microorganisms, to  led to significant issues, including environmental
manage pests and diseases. Historically, pestand disease ~ contamination, decreased biodiversity, pathogen
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resistance, and risks to human health (Zhu et al., 2018).
As a result, biological control has gained importance,
driven by consumer demand for reduced pesticide use
(Martmez et al., 2023; Symondson et al., 2002). In par-
ticular, pesticide pollution poses serious health risks,
especially to farmers who are in direct contact with these
chemicals (Tang et al., 2021).

Among biological control agents, Trichoderma
species are widely used to combat plant pathogens and
promote plant growth (Martinez et al., 2023; Hermosa
et al,, 2012). Trichoderma spp. are highly effective
antagonistic fungi, commonly employed in organic
farming due to their adaptability to various environmental
conditions. These fungi are characterized by their bright
green conidia, which are produced asexually and
dispersed through conidiophores (Gams & Bissett, 1998).
They exert direct biological control through mechanisms
such as mycoparasitism, competition, and antibiosis,
and indirect control through the induction of systemic
resistance and growth promotion in host plants.
Trichoderma spp. can rapidly colonize and penetrate
plant pathogenic fungi, secreting enzymes that mhibit
their growth. The efficacy of Trichoderma depends
on several factors, including soil pH, water retention,
temperature, and heavy metal presence (Mukhopadhyay
& Kumar, 2020). Trichoderma is now widely used m
agriculture as a biological control agent. There are many
species of Trichoderma, but 20 species of the genus
Trichoderma such as T. harzianum, T. koningii, T. viride,
T. atroviride, T. pseudokoningii, T. longibrachiatum,

T hn-nhr-'n T nohenorim and T regcei are the moct

amatuy pelysporum and T reesei are the mos
important species that act as potential antagonists
(Monaco et al., 1991).

Since T. harzianum was first registered by the
U.S. Environmental Protection Agency i 1989 for plant
pathogen control (Fravel, 2003), Trichoderma species
have become the most widely commercialized biological
control agents globally. Commercial formulations of
Trichoderma products are now available in various
forms, including powders, granules, microgranules,
encapsulated granules, and liquid emulsions, to improve
convenience for farmers to prepare (Martinez et al.,
2023). However, challenges remain due to the limited
shelf life of these formulations and the potential for
uncontrolled germination during storage (Kumar et al.,
2014). Fresh Trichoderma cultures can be difficult to
prepare and may be less effective compared to chemical
pesticides. Additionally, some farmers lack awareness of
Trichoderma’s mode of action, which may hinder its

adoption. Thus, enhancing the stability, usability, and
effectiveness of Trichoderma-based products is crucial.

Spent mushroom substrate (SMS), a by-product
rich in organic matter and nutrients, has been widely used
m horticulture and plant nurseries. Research indicates
that integrating SMS with Trichoderma can improve crop
yields and reduce plant diseases (Kumar et al., 2022).
Therefore, to enhance the long-term effectiveness
of Trichoderma, the development of suitable storage
methods and user-friendly formulations is essential. This
research aims to develop Trichoderma longibrachiatum
pellets from SMS to extend conidia shelf life and improve
biological control efficacy.

Materials and methods

1. Strain of I_ longibrachiatum

Trichoderma longibrachiatum was locally isolated
from the paddy field soil in Phayao and Chiang Rai
provinces, Thailand and classified based on molecular
techniques. It is the most prevalent Trichoderma species
in these regions. The spent mushroom substrate (SMS)
was prepared according to the methodology outlined in
petty patent number 2303002039. SMS, the residual
substrate after harvesting mushroom fruiting bodies, was
sterilized by autoclaving and passed through a 1 mm
sieve prior to use.
2. Preparation of I longibrachiatum pellets

The Trichoderma strain was cultured on Difco™
potato dextrose agar (PDA) (Difco, Becton, Dickmson

and r'nmmnv TIS A\ eulture madimm for 7 dave at room

SnC Lompany, Lon cnaare 0T JoaysatIec:

temperature (27 28 °C). Conidia of T_ longibrachiatum
were collected from the surface of colonies on a PDA
plate by washing with distilled water. The concentration
of conidia was determined with a hematocytometer before
pellet preparation.

Diatomaceous earth (Sigma-Aldrich, Merk, Germany)
was used to collect and protect stored conidia of
T longibrachiatum from the surface of colonies on a
PDA plate by using a cell scraper (CommgZ, Merk,
Germany), then stored at 4°C in sterile paper bags before
being dried and refrigerated at -20°C until further use.
Potato starch (Sigma-Aldrich, Merk, Germany) was
mcorporated to achieve a homogeneous formulation.

Four pellet formulations were prepared, each
containing SMS, T. longibrachiatum conidia,
diatomaceous earth, and potato starch (see Table 1). The
SMS, diatomaceous earth, and potato starch were
autoclaved and air-dried before use. Pellet formation

Optimizing Trichoderma longibrachiatum Pellets with Spent Mushroom Substrate:

A Study on Conidial Viability and Shelf Life

Kaewkhon et al.



34

Journal of Food Health and Bioemvironmental Science (September - December 2024), 17(3): 31-37 33

followed a patented method, wherein the SMS was mixed
with diatomaceous earth and starch before adding T.
longibrachiatum conidia suspended in distilled water.
The final conidia concentration was adjusted to 2 x 10°
cells/100 mL. The ingredients were homogenized, then
formulated mto 10 mm diameter pellets (1 g/pellet) using
conventional pill-making machines. The pellets were
stored at 4°C in sterile paper bags, with 100 pellets/bag.

Table 1 Compositions of pellets

Formiati -ml Distomaceous Potate _ Comidia of T
substrate (% wiw) % m m water
(% w'w) wiw) (210 cells/ml)
Fl1 %0 - 10 100
P2 80 10 10 100
F3 0 20 10 100
F4 60 30 10 100

Remark Each formmlation contains 100 pelets (weizht 1.00 z/peller)

3. Characterization and physical properties of
I longibrachiatum pellets

Ten T. longibrachiatum pellets were randomly
selected from each formulation for characterization.
Pellet shape was documented using photography, and the
diameter of the dried pellets, after 60 days of storage at
4°C, was measured with a vernier caliper. The weight of
the pellets was determined using an analytical balance.
Ten pellets from each formulation were weighed
immediately after formulation and again after 60 days
of storage at 4°C.

The physical properties of the pellets, including water
solubility, were assessed based on the solubility of the
carrier material, diatomaceous earth. As diatomaceous
earth 1s generally insoluble and inert, its use in
formulations can significantly impact on the water
solubility of Trichoderma products (Chen et al., 2023).
To determine solubility, each pellet was dissolved in
1,000 mL of distilled water in a graduated cylinder, and
the dissolution time of the pellet carrier was recorded
over a 20-min period.

4. Effect of conidia viability on Trichoderma selective
media

The viability of T. longibrachiatum comdia in the
pellets was evaluated through an in-vitro recovery test.
Pellets from each formulation were assessed both
immediately after formulation and after storage at 4°C
for 10, 20, 30, 45, and 60 days. Each pellet was placed
m the center of a Petri dish containing Trichoderma
selective media (TSM).

The plates were incubated at room temperature
(27-28°C), and the growth and development of
T. longibrachiatum were observed and photographed.
All assays were performed in triplicate. After 2-3 days
of incubation, the colonies on the TSM plates were
sub-cultured onto potato dextrose agar (PDA) plates to
confirm the identity of T. longibrachiatum.

5. Statistical analyses

Data were statistically analyzed using one-way
analysis of variance (ANOVA). Significant differences
among the parameters were determined using Duncan's
Multiple Range Test (DMRT) at a sigmificance level of
P <0.05.

Results and discussion

1. Characterization of the I_ longibrachiatum pellets

The T. longibrachiatum was used for pellets
formulation. The pellets contain spent mushroom
substrate, diatomaceous earth (DE), starch and comidia
of T. longibrachiatum. The characteristics of the
T. longibrachiatum pellets from four formulations
showed that all of the T longibrachiatum pellets appeared
to be spherical shape and the surface of the pellets was
a little rough depending on the percentage of DE in the
formulation process (Fig.1).

¢ d Smm.

Previous studies have demonstrated the important
impact of Trichoderma based on Trichoderma spore
suspension (Kiigiik & Kivang, 2005; Kawicha et. al.,
2020; Martinez et al., 2023). Based on these studies, the
importance of Trichoderma conidia suspension on plant
growth promotion, defense response and stress tolerance
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depends on the conidia viability and dose responses of
Trichoderma spore. Several types of formulations have
been developed and have shown a long shelf life when
stored at 4-10°C for 6 months up to 1 year depending on
the formulation. So, storage of conidia of Trichoderma
at 4°C showed a greater extension of conidia viability
than at room temperature. Therefore, in this study,
T. longibrachiatum pellets were stored at 4°C and
characterized conidia viability for 6 months (Fig.2).
After 60 days, conidia viability was assessed for each
formulation. The pellet color varied depending on the
DE content. Formulation 1 (F1), which lacked DE,
changed from black to dark brown after 60 days, while
formulations 2—4 changed from black to shades of brown
and pale brown (Fig. 2). The DE is used as a preservative
in grains and in combination with other seed protectants
(Ziaee et al., 2021). Several studies have been conducted
to combine DE with entomopathogenic fungi to enhance
conidial attachment (Abdelgaleil et al., 2021). The
decrease in color intensity of formulation 2-4 was due

F3

F4

= b

Fig 2 Characteristics of T, Jongibrachiatum pellets (a- afier formmlation, b-£ afier formmlation and storage at 4°C for 10, 20, 30, 45, 60 days, respactively)

to an increase i the percentage of DE in the formmlation.
So, optimization of the DE factor is important. The
formulation of 40% DE in pellets was difficult to
formulate due to its fragility. In this study, the maximum
percentage of DE in their formulation process was 30%
because it affected the hardness of pellets. The
formulation of DE tested in this study apparently had a
non-toxic effect on conidia viability similar to that of
Luz et al (2012), who studied the effect of DE on the in
vitro germination of Metarhizium anisopliae conidia
without affecting viability.

The weight of the pellets was measured with a
digital balance. Ten pellets from each formulation were
randomly measured after being formulated and then
measured again 60 days after storage at 4 °C as presented
in Table 2. The results revealed that the pellets of
formulations of 1-4, showed no significant differences
between the formulations. After being stored at 4°C for
60 days, the results showed a decrease in the average
weight of the pellets m all formulations. The reason for
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these decreases in weight is caused by the evaporation
of distilled water in the formulation process. The average
weight of T longibrachiatum pellets from formulation 1
was 0.33£0.02 g, showing a significant decrease in
pellet weight when compared to the other formulation.
This is due to formulation 1 not having a combination
of DE in the formulation process. The weight of pellets
from Formulations 2-4 showed a significant increase in
weight when compared to formulation 1, depending on
the percentage of DE (P<0.05).

Pellet diameter was measured after 60 days of storage
(Table 2). The average diameter for Formulations 14
was 9.40+0.27 mm, 10.37+0.32 mm, 10.46+0.48 mm,
and 10.89 = 0.65 mm, respectively. Formulation 4 had
the largest diameter, while formulation 1 was significantly
smaller than the others (P < 0.05). This indicates that DE
percentage influences both pellet weight and size.

To evaluate the pellets’ physical properties n field
conditions, water solubility tests were conducted.
Solubility is crucial for conidia release and growth in the
environment, particularly in rice fields. Ten pellets from
each formulation were dissolved in 1,000 mL of distilled
water, and dissolution time was recorded. Significant
differences in water solubility were observed across
formulations (P < 0.05). Formulation 1 exhibited the
longest dissolution time (11.12 = 0.89 min), while
formulations 2, 3, and 4 dissolved in progressively
shorter times (1.32=0.14 min, 0.33 +0.18 min, and 0.26
+ 0.08 min, respectively). Formulation 4 demonstrated
the fastest dissolution, indicating its potential as the
optimal formulation for T. longibrachiatum pellets. These
findings are consistent with those of Sukyai et al. (2020),
who demonstrated that water solubility significantly
affects the stability of Trichoderma products.

Table 2 Physical properties of pellets
Weight (g) Dimefersize|  Water
formulated i
into pell 60days |60 days (mm)|  (min)
Fl 101=0.04= | 0332002 | 940027 | 11.12+080
R 1.03=0.04= | 035=0.04* | 10372032 | 132014
B 1.04=0.06« | 036=00» | 10462048 | 033018
F4 1.05=0.06% | 037004 | 1089065 | 026008

Remark: The values are mean = standard deviation. Meaans followed by same
letter (5) in the same column do not differ significantly at 5% level of
probability, ns: non-significant at 5% level of probability.

2. Characteristics of I longibrachiatum pellets on
conidia viabili

The comidia viability of T. longibrachiatum pellets
was assessed by culturing on Trichoderma selective
media (TSM) for 10, 20, 30, 45, and 60 days at
room temperature (27-28°C). Colony morphology
was compared to a control plate with purified
T. longibrachiatum culture (Fig. 3a). The results
demonstrated rapid conidia growth, with colonies
reaching 8-9 cm in diameter within 3-5 days. Imtially,
colonies appeared as fluffy white tufts with crusts, which
gradually transitioned into light green to dark green,
and the reverse side of the colonies turned pale
greenish-yellow by day 7-8 (Fig. 3b).

Fig. 3 Chiaracter of T, longibrachiatum pellet on PDA (2) and TSM (b) media

Following mitial growth on TSM, selected colonies
were transferred to potato dextrose agar (PDA) plates.
On PDA, the conidia from all pellet formulations
demonstrated rapid growth at all time points (10, 20,
30, 45, and 60 days) at room temperature(27-28°C),
matching the growth pattems of the control culture. This
confimed that all formulations preserved maximum
conidia viability for up to 60 days (Fig. 4).

Conidia viability is a key parameter in evaluating the
effectiveness of carrier substances used in biological
control agents. These carriers must support high survival
rates over time, maintain conidia dormancy/viability
during extended storage, and be non-toxic to the cells
(Martinez et al., 2023). The conidia viability assessment
method was adapted from Francisco et al. (2006). Using
PDA as a growth medium is advantageous because it
promotes conidial germination and facilitates easy
visualization of the conidia (Oliveira et al., 2015).
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F1

F2

F3

Fa

a b c

d e f

Fig 4 Colony pattems of I” longibrachianm on PDA from four pellets fornmlations. (2 after fornmuation, b-f after formulation and storage at 4°C for 10, 20, 30,

45, 60 days, respactively)
Conclusion

T longibrachiatum pellets can be formulated
using spent mushroom substrate and diatomaceous
earth (DE) in ratios of 0%, 10%, 20%, and 30% (w/w),
respectively. These pellets maintain conidia viability
for up to 60 days when stored at 4°C. Based on
water solubility and conidia viability, formulation 4
was identified as the optimal formulation for pellet
production. The ability of T. longibrachiatum pellets to
maintain conidial properties and extend shelf life makes
them a promising method for enhancing plant growth
and controlling diseases in agricultural settings.
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