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Potential of Trichoderma spp. Spore Suspension to Control Egg Hatchability and Development of

Root-knot Nematode (Meloidogyne incognita) in Tomatoes
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Abstract

The fungi Trichoderma spp. can be found living naturally in various places such as plant residues,
organic matter, and soils. Because they are antagonistic microorganisms that can be grown fast, they are often
studied and used in various applications in microbiology and agriculture. The fungi are sometimes used to create
enzymes or secondary substances that find application in the control of plant pathogens. The main aim of
this research was to evaluate the ability of Trichoderma spp. to inhibit the egg hatching of the root-knot nematode
Meloidogyne incognita in tomatoes. Twenty-two isolates of Trichoderma spp. were used in this study. The findings
indicated that 3 isolates; T35-CO4, M4, and O3-T34, exhibited the highest ability to inhibit the egg hatching of
the root-knot nematode. The fungi infection reached 100% and the levels of egg hatching 1.33, 1.50, and 2.00%
at 72 hours after incubation, respectively, compared to 80.6% for the control. The main result of the greenhouse
experiment was that the 3 isolates of Trichoderma spp. mentioned above were able to effectively reduce galling
and egg production in the plant roots, compared with control treatment. This research shows that Trichoderma spp.
can be used to promote plant resistance and is a fungal agent that is antagonistic to nematodes. Furthermore,

the fungi have the potential to be used in the biocontrol of root-knot nematodes that infect other plant species.
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&\ heudessndu (Meloidogyne incognita) f%TmLﬁumeﬂmﬁm%’wmwL%ﬂmﬂrﬁi@ﬁmmmﬁ@ﬁﬂ@n
ANTe1Aan1nndn 3,000 3a (Evans et al., 1993; Perry and Starr, 2009) anunsaungnazane A iR fau
(tropical to sub-tropical regions) YANANNLEs gnamdu 1 w10 saqldireuesmniufigirsnnudemeids

HANIZNUAANTZLAUNINARATUNNTINEATNINAE figa (Jones et al., 2013) ANTayAU99 Manzanilla- Lopez et al. (2004)
‘wm'ﬂ,@Lm@ud@ﬂmmﬁvmmmmmmvmmm HesnanilugaiTanithmsdindy Sezasieeud 2 Fufussasd
gunsndhaauaraiaildEuRTendeld tneldnaniies 25-30 Su ansadeanunsniamunluiiuSoi
nsauiuguuulaldine wazliinnsnanaessagauniug (parthenogenesis reproduction) a¥1wngula (egg masses)
1 ngu Jilsznnny 200-500 Was T9aanadasiu Arayarungsarit (1987) wusn ladaasldineudassiniulununlgndan
we9lszinalng wdsanlaindadusadeuscasi 2 Ussnnns 24 dalae ibewlasavdnliagnelusndaliuay
nasaninidusisauszasi 2 aziasryAsuaastinniely 20 Ju uazyinlinanananas 20-80% uananileanwan
Tunumnzdgnivniasgiagnuaneiadsldfuaudemeannldinewleasntu (anaie qazna, 2549)
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asadanasulunnediu wideliauisnacuaumeaunlaawinnas ThaainseeuIes Wheeler et al. (2014)
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99918031 T. harzianum Tunsaruanldipieudas M. javanica u,@vwmqLﬂjfammﬂmqmmsmmmiﬁnm wazN7IN
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TarigJaveed, 2016) sudseiiaslaninismagevdsz@nsnnaeadas Trichoderma spp. aldiluuuanisdmsy
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‘T Trichoderma spp. e lunsinen

Lﬂj'aﬁ"] Trichoderma spp. VlN’luﬂ’]‘a“VlﬂM‘]_l‘a“mVlﬁmQﬂ')ﬁ single spore isolation auau 22 lalhan laun
A18+A50 No.3, A40+A50 No.7, CB-Pin, F054, F107, 181, F254, M4, M33, M35, M49, 03-134, PQM, 35-C04,
T50, T50-C04, T152, TL, TP, TV16, TV24 uaz TV100 #5UAIN0WATIEIAINIasAansanst Ag.ATEAT LANATNY
NPTV ISANT ADITINEAT MUNUAN NMANENALINEATANERT naafiunLaw aminuastx SR
aNTAENITa potato dextrose agar (PDA) Linl#las near UV aauilp 12 T ﬁfqmmﬁﬁm dannaasyaasdule
L%mwmffu AUATL 4 TU TNUNLNINARAILLL Completely Randomized Design (CRD) Waaznssuas { 5 8
UssAnBnwaaaidas Trichoderma spp. sansiinvinaengulaldinaudassiniu M. incognita

@031 Trichoderma spp. AU 22 lalaian YhaniResUsewnsIAENTe PDA 1nluas near UV aduiln
12 dalu ﬁ@mmﬁﬁ’m funan 3 4 aniwiadesiaauaesnasudidu 1 x 107 sporeiml Bnas 1 Aadams
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\d\Raurlas M. incognita WAzIda9 Trichoderma spp. W lunsnen

&ieuter M. incognita annanuzidamelusmdamasy s Binungulivudundrusidameaenty
21 §u i lunnameaessielsl d1vsniZes Trichoderma spp. wuddasii 22 lelnian Sdnunlalafindramiai
Aardulesgansuzuksuhlnufianihatsiayidndes afaduledaniizuuaeulaladl Wuusuluiinisaing
sulefAdenfaduuznennsyareinlalafl W3ysanSiuuensianaTe Imﬂﬁ@’]?;ql 1 8§y Snnssdryredlaladieds
2.68 lufims tnslalaian M4 fnnaaseyanniige wihiu 5.0 wuiung wazlelnaniidnesinredalaiiieniige fe
lalnian PQM Rnnswioyaeslalaivinty 1.6 wuimas wasilenainull 4 5 wudndesita 22 lelnian dnanan
Winuaraiadulafinanuinade (9.0 \URIAT) (Table 1) genndesiussnuraeatufinanieruausn
mﬂqm@a‘ﬂumn@ Trichoderma spp. Lmvmm‘ﬂumu Hypocrea IummsmLmemqmummﬂwuﬂmmmm‘wﬂu
anulas uaztietJURnTs (Rezing uanadng, 2553; Wsnaung 1asayint, 2559; Aness et al., 2010)

Table 1 Colony diameter of Trichoderma spp. 22 isolates incubated under near UV alternate darkness for 4 days.

Colony diameter (cm)’

Isolate name

Day 1 Day 2 Day 3 Day 4
A18+A50 1.98¢c 5.4b 9.0a 9.0a
A40+A50 2.8bc 6.7a 9.0a 9.0a
CB-Pin 3.2b 6.5a 9.0a 9.0a
F054 2.3bc 8.1a 9.0a 9.0a
F107 2.1bc 5.3bc 9.0a 9.0a
F181 2.3bc 5.3bc 9.0a 9.0a
F254 2.1bc 5.5b 9.0a 9.0a
M33 3.7b 6.0b 6.5¢ 9.0a
M35 2.5bc 5.5b 5.0e 9.0a
M4 5.0a 7.0a 9.0a 9.0a
M49 2.5bc 6.5a 9.0a 9.0a
03-134 2.6bc 6.4ab 9.0a 9.0a
PQM 1.6c 6.0b 9.0a 9.0a
T152 3.2b 6.4b 9.0a 9.0a
T35-CO4 1.8c 5.3b 9.0a 9.0a
T50 2.3bc 6.4ab 9.0a 9.0a
T50+C0O4 3.9b 7.0a 9.0a 9.0a
TL 2.6bc 5.0c 9.0a 9.0a
TP 2.4bc 5.4b 9.0a 9.0a
TV100 3.7b 7.0a 8.8ab 9.0a
TV16 1.9¢c 4.0c 9.0a 9.0a
TV24 2.4bc 5.3bc 7.2b 9.0a

' Means within the same column with a common letter are not significantly different at P<0.01 by DMRT.
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lszanBnwanaidas Trichoderma spp. Aansvianangulaldifaudassindu M. incognita

A nMsANETa3 Trichoderma spp. sanisdvinanenawlaldineudessinily nanismases wuan o3
Trichoderma spp. a1 3 lalaian laud laloian M4, 03-T34 uaz T35-CO4 AN 22 lalzan arunsadninane
ﬂ@u”l,wmiﬁt,m@uclﬂﬂmﬂﬂuimm‘wam Tneft 24 dalug ummiﬂ@mﬂm wumiﬂimam T35-CO4 #nnadvinans
@mn 40.0% a‘mmmﬂ@ VLﬂTEﬁL@lﬂ M4 uaz O3-T34 m'mm’mwmﬂmqﬂu@w 20.0% uaziilenansinuly 72 dalug
mqma‘ﬂ@.ﬂm@ wudEassi 3 lelmian annsadvinanenguldaasldinieudasls 100% Hensageunaldndes
@@mmﬁ wusnUFngulresldineulassnily ﬁmu@?mmm’ﬂﬂﬁ?@m Trichoderma spp. Waziiianasiull
mumu Lsnfaimmﬂmqumiwmmimﬂmmmq germ tube WA aerial mycellum ﬂﬂﬁ@mﬂ@ﬂ‘n (Table 2, Figure 1)
ARAAARNNLINENNULEY Sharon et al. (2007) mmma‘mmuﬂa‘vwﬁmwmmmj@m T. asperellum Wag T. atroviride
Tunnsasnsmunaesngulaldineudes M. javanica Ingnan1smaaeInudn 1 Fasiia 2 ANURUTAINITDAANITWRIUN
mev‘\’fmmizm@uﬂlﬂﬂ M. javanica ‘1At 80.00% Lﬁ’ﬂLﬁﬂUﬁU“ﬁﬂ%m@@\iﬂ')UﬂN ‘Emm@"l,nﬂfm‘lfﬁﬁﬁm’miﬂLmvma‘mm@
miﬁﬂuu mmmﬂmmmm?mmLﬁjmfﬂum@ Tr/choo’erma lunsasraeulasd chitinase LLNV protease fmmm:m
daaaananiisraslduazmadfiadau  muledasndals mumﬂ@mmﬁmwwvmﬂm@u@wu@ﬂﬂumﬂwuﬁfumL°nfam
warsresinan 1N 98NEd (Suarez et al., 2004; Gortari and Hours, 2008)
szAnBnwaaaias Trichoderma spp. Aan1gwnmasldinaueassinilu M. incognita

fusinlsyAvEnmaeden Trichoderma spp. Mn1ranensnisinaesleldineuelasnily nan1maass
wudWHagenadadiunmaaestawnti Aeiam Trichoderma spp. lal@an M4, 03-T34 uay T35-CO4 @119
@mmiﬂﬂﬁwmnajui‘*ﬂLﬁ'faﬁmmimﬂuﬁqéﬂm:mﬁ 2 Fuduszazidnriane waznelhifauuiusnaesitsends
I¥aeiafilsy@vanom Tnefl 24 Faluandenistinide wudwmjuiﬂﬁﬁuﬁm%@m Trichoderma spp. lelgian M4, 03-T34
WAz T35-CO4 Hemanainsdawinfiu 0.0, 7.5 uaz 0.8% AINAIAL Lﬁ@Lﬁﬂuﬁm;mmmmmu@uﬁﬁm'aﬂ%um’miﬁﬂr;Tq
winfiu 47.5 denanindly 48 SaluadinsLgnide wudnngulafidudadasia 3 lalnan Sulefifusneinggetu
‘Emm‘jL'}J@ﬂ%um’m@ﬂnmmn@luiﬁﬁuﬁmL%@w%\a 3 lalaam Wiy 1.6, 5.0 war 4.5% FNaAL uswudinisinga
pananagiaiidnsnisinilassnn LﬁfaLﬁﬂuﬁumwm@mmuauﬁﬁmiﬁﬂﬁmﬁﬁu 75.0% daufufitzaziann 72 dala

wasnstlgnie wudngu ldndudamesyia 3 lelnan Saiitsz@nsnwlunsgudgainsindaaesldineulas Taadinimin

1
aa o

293nqu l1aRaUVINAL 1.50, 2.0 uaT 1.33% AINAIAL memmmmwmmmmwmmmmiﬁnwhﬁu 80.0%
(Table 2)
o oA o =g o | =1 ,

AMNNANNINARBIAINAINLIN Hereunasatiui linaaenadesiuy Aanuddasluana Trichoderma
ansnannisinsnaesngu ldldineueasniulduanaaiin @9 M. incognita, M. javanica waz Globodera paliida
Tnadnalnnisacupuuanensil Wy N9esyIaaTesn Trichoderma N39AlEa denalifinisdnaananisipaauniaes
1&neuley A ngnnsalunnsasaeulasd chitinase War protease Warn1NTeNaUefides Trichoderma My
Lﬁ@ﬂﬁmﬁmm:mﬁﬂﬂ (gelatinous) LlWsU (Sharon et al., 2007; Zhang et al., 2014; Martinez-Medina et al., 2017)

a = . SouF

Figure 1 Egg masses of Meloidogyne incognita parasitized by spore suspension of Trichoderma spp. (A) isolate M4,
(B) isolate O3-T34, and (C) isolate T35-CO4 after inoculation for 72 hours under compound microscope
at 200X.
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Table 2 Percentage of infection on egg mass and egg mass hatching of root-knot nematode, Meloidogyne incognita

by Trichoderma sp. at 24, 48, and 72 hours after inoculation.

Mycelia infectivity (%)’ Egg mass hatching (%)’

Isolate name

24 hours 48 hours 72 hours 24 hours 48 hours 72 hours
Control 0.0b 0.0bc 0.0b 47.5a 75.0a 80.6a
A18+A50 0.0b 40.0ab 60.0ab 18.16cd 12.3de 3.6i]
A40+A50 0.0b 40.0ab 60.0ab 1.33ij 4.0gh 3.2jk
CB-Pin 0.0b 40.0ab 60.0ab 2.0ij 4.5gh 5.0hi
F054 0.0b 20.0b 60.0ab 13.6¢d 7.6ef 4.5hi
F107 0.0b 40.0ab 40.0ab 15.0cd 19.6¢ 19.8de
F181 0.0b 20.0b 40.0ab 20.16¢ 9.3de 19.5de
F254 0.0b 20.0b 40.0ab 17.16cd 11.1de 15.5ef
M33 0.0b 20.0b 40.0ab 32.8b 13.6¢d 19.8de
M35 0.0b 20.0b 40.0ab 13.5¢cd 20.0c 10.8fg
M4 20.0ab 80.0a 100.0a 0.0k 1.6h 1.50k
M49 0.0b 20.0b 40.0ab 33.0b 35.6b 45.5b
03-T34 20.0ab 60.0ab 100.0a 7.5gh 5.0fg 2.0k
PQM 0.0b 20.0b 40.0ab 10.3ef 9.1de 12.0ef
T152 0.0b 40.0ab 40.0ab 15.6¢d 5.5fg 23.5d
T35-CO4 40.0a 60.0ab 100.0a 0.8jk 4.5gh 1.33k
T50 0.0b 20.0b 60.0ab 12.1de 6.83ef 5.8hi
T50+C0O4 0.0b 20.0b 60.0ab 1.33ij 6.66ef 4.0hi
TL 0.0b 20.0b 40.0ab 20.33c 19.3c 12.0ef
TP 0.0b 20.0b 40.0ab 5.5hi 7.3ef 34.3c
TV100 0.0b 20.0b 60.0ab 10.8de 8.6de 8.16gh
TV16 0.0b 20.0b 40.0ab 11.3de 15.5¢d 17.5de
TV24 0.0b 20.0b 60.0ab 8.5fg 4.16gh 7.16gh

' Means within the same column with a common letter are not significantly different at P<0.01 by DMRT.

naraIngu langnyinaeAieTiasy Trichoderma spp. HAWAILINGLUNNSIENYNATELUAUNSLTRWA

ANNANTNARBINHIUNT WUINTRIN Trichoderma spp. taltian M4, 03-T34 uaz T35-CO4 AAnannlunig
¥ o 1 1 o 1 1 A k2 1 = a a U dyd Y o 1 1 o 1
dviananguld uazaanisinsnvesnguladldineudeasniluldedwiidss@ninan daawmstiasifinnguldsinann
mwmmfa'ummmmimjfmmimmmmmiﬁm@ud@ﬂﬂmwﬂmmu‘lﬁsmauImﬂﬂwmn@uhﬂ@nmmﬂuu Fawma
WUgAANaNY 14 41 HANIINARDINLIN ummiﬂ@mmmﬂuivﬂ A1 30 U WUdTe Trichoderma spp.
lalaiam T35-CO4 elanawilu Trichoderma spp. VL@TSIJL@mmmﬂammmwmnwzgm‘lum@muqmmﬂmtyLmy‘wmuwm
Tdmauraasinilu M. incognita Tnaifitaan 24 daluenasnisnsagay wunisaselaiies 16.2 s uazwungulaiies
3.2 ngulel WiruduganesesmaLANEnIsainlui 53.4 U uazngwld 19.2 ngw uaziewnaiiulln 48 dalus
wudndnsanasrestuuazngnla Tnaduindy 14.0 Uu wazngulawindu 2.6 ngu (ganaaaspruAunuli 57.0 U
waznguld 21.2 nqu) uazidanansulil 72 daluamainisasmasan wudnBuinnluuszngulianasetinsiniau Ined
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Table 3 Effects of Trichoderma spp. isolate M4, O3-T34, and T35-CO4 on infestation of Meloidogyne incognitain

tomato under greenhouse condition.

Index of investigation'

Isolate name Number of galls/root system Number of egg mass/root system

24 hours 48 hours 72 hours 24 hours 48 hours 72 hours
Control 53.4a 57.0a 63.6a 19.2a 21.2a 28.4a
M4 20.4b 18.0b 12.0bc 2.6c 3.0b 2.4b
03-134 19.2bc 16.6bc 12.2b 3.8b 3.2b 2.2bc
T35-CO4 16.2c 14.0bc 10.4c 3.2bc 2.6c 1.2¢c
Healthy 0.0d 0.0c 0.0d 0.0d 0.0d 0.0d

' Means within the same column with a common letter are not significantly different at P<0.01 by DMRT.
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