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Abstract

At present, there are numerous reports on using plant extracts integrated with biological
control agents (BCAs) to control plant diseases. However, before employing this particular
alternative measure, plant extract should be tested to make sure that its fungicidal properties will
not be toxic either to BCAs or to plant itself. Therefore, this research was conducted to determine
potential of crude extract of ringworm bush (Cassia alata) and selected antifungal
microorganisms singly on plant pathogenic fungi and in combination for controlling Alternaria
leaf spot on kale. The thesis was mainly divided into 2 parts; the first part of this study consisted
of a series of the in vitro experiments and the second part was composed of the experiments

conducted in hydroponic system.

Part 1 (the in vitro experiments)

Experiment 1.1 was conducted in order to obtain biocontrol isolates of Trichoderma spp.
from diverse areas for further studies in the following experiments. Firstly, Trichoderma species
were collected from four different habitats, eg. organic and non-organic rice field in Supanburi
province, forest at Sakaerat Environment Research Station in Nakhon Ratchasima province and
nutrient solution sample from hydroponic farm. Nine isolates namely T111So, T114So, T111Sc,
T112Sc, T114Kb, T415-2, T121Kh, T515-1 and T515-2 were successfully isolated on
the modified Trichoderma-selective media by soil plate and dilution plate techniques. Then, their

morphological characteristics were identified. All isolates grew completely on PDA (9 cm
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diameter) in 3 days at room temperature. The colony color was initially white and turned bright
green to dark green later. Growth rate of colonies ranged between 2.68-4.07 cm/day. Mycelia
were branched, septate, and hyaline. Single-celled light green, mostly globose conidia were
formed and developed on phialide in the range of 2.6-3.5 x2.5-2.9 [im. The phialides were in the
range of 4.9-8.4 x 2.5-3.4 Um. These morphological characteristics were identical to the
T. harzianum as reported in Chaveri and Samuels (2003).

Experiment 1.2 was performed to determine the antagonistic activity of bacteria and
fungi against 6 plant pathogenic fungi. Commercial fermented milks represented bacterial
antagonist whereas indigenous Trichoderma spp. represented fungal antagonist. Regard to
bacterial antagonist, four brands of commercial fermented milks (FM1, FM2, FM3 and FM4)
containing active lactic acid bacteria (LAB) was determined on mycelial growth and spore
germination of six pathogenic fungi, including Alternaria sp., Curvularia sp., Fusarium sp.,
Helminthosporium sp., Pestalotia sp., and Rhizoctonia sp. Besides, the effect of fermented milks
on leaf diseases (Alternaria sp., Curvularia sp. and Helmimthosporium sp.) was further evaluated
in vitro using detached leaf test. The results obtained from the study indicated that fermented
milks inhibited the mycelial growth of the tested fungi to varying degrees. However,
the inhibitory effect of FM2 and FM4 was more pronounced on growth of Alternaria sp.,
Curvularia sp., and Helminthosporium sp. in the range of 54-56 percent. While, all four brands of
fermented milks were found to inhibit spore germination (45-100 percent) of all tested fungi
which occurred spore abnormalities. Based on the leaf test, no antagonistic activity of FM2 and
FM4 was noted on any tested diseases. To conclude, the varying level of inhibitory effect
exhibited by the tested fermented milks could be attributed to the different lactic acid bacteria
used in fermentation process of each fermented milk.

In the regard of fungal antagonist, efficacy of Trichoderma spp. from five different
habitats (T121Kh, T114Kb, T114So, T112Sc and commercial Trichoderma) was determined
against mycelial growth of the above-mentioned six plant pathogenic fungi by dual culture test.
The results showed that all tested Trichoderma spp. had potential to inhibit the mycelial growth
of all tested pathogens. T114Kb showed the highest growth inhibition on Alternaria sp.,
Curvularia sp., Fusarium sp., Helminthosporium sp. and Rhizoctonia sp. in the range of 67.40-
77.77 percent and followed by commercial Trichoderma with 64.81-77.40 percent inhibition
against Alternaria sp., Curvularia sp., Helminthosporium sp. and Rhizoctonia sp. regarding

antagonistic mechanism, antibiosis and competition mechanism were shown. Therefore, these
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tested Trichoderma spp. can be used for further studies on in vivo to confirm the feasibility of
using in plant disease control.

A series of experiment 1.3 was carried out to investigate the in vitro efficacy of extract of
ringworm bush (Cassia alata) at different concentrations (5000, 10000 and 20000 ppm) against
6 genera of plant pathogenic fungi namely Alternaria sp., Curvularia sp., Fusarium sp.,
Helminthosporium sp., Pestalotia sp. and Rhizoctonia sp. The results showed that the ringworm
bush extract at all tested concentrations revealed its antifungal activity against mycelial growth
and spore germination of all tested pathogens in the range of 16-53 and 32-94 percent,
respectively. The higher the extract concentration, the more the inhibition effect on pathogens
occurred. Moreover, the test extract was not shown to be toxic to all tested isolates of
Trichoderma.

Experiment 1.4 was then performed to evaluate the performances of all test antagonistic
fungi (5 isolates of Trichoderma harzianum and F221-B) in combination with ringworm bush
crude extract for inhibiting the tested plant pathogens using dual culture test on poisoned food
medium. Regard to combined application, it unexpectedly revealed that performance of
Trichoderma isolates combined with the extract in inhibiting the tested pathogen (in the range of

45.3-69.6 percent) was shown less effective than that of Trichoderma alone (about 75 percent).

Part 2 (The experiments were performed in hydroponic scale.)

Experiment 1.5 was conducted to assess the possible occurrence of phytotoxicity of
ringworm bush crude extract to kale at 2 growth stages in small plastic glass filled with nutrient
solution and in hydroponics. Assessment parameters used for scoring phytotoxicity were
1) necrosis of established, namely tips of the leaves, edges of the leaves, areas between veins and
total burning of the leaves 2) discoloration of established plant, namely darker green, yellow veins
and chlorosis. Results showed no risk of phytotoxicity of such a crude extract throughout the both
trials.

Experiment 1.6 was conducted to determine the potential of 3 concentrations (0, 10000 and
20000 ppm) of fresh leaf crude extract of ringworm bush (Cassia alata L.) in combination with
antagonistic Trichoderma sp. (BCA) for controlling Alternaria leaf spot on kale grown in
hydroponics system. 2x3x3 Factorials in Completely randomized design (CRD) with
3 replications of 3 plants were employed. Factor A was 2 groups (pathogen inoculation and non-

inoculation). Factor B was 3 concentrations of plant extract (0, 10,000 and 20,000 ppm). Factor C
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was 3 kinds of BCA (non-treated, T114Kb and T112Sc). Co-treatment of plant extract and BCA
was done by treating the plant extract prior to BCA.

At the plant age of 40 days, the results showed that all 3 factors had the significant effect
on disease reduction. Within the factors of crude extract and BCA, 10,000 and 20,000 ppm gave
no significant difference but the 2 BCAs showed significant difference. The potential of plant
crude extract in combination with BCA for controlling Alternaria leaf spot was about 56-60
percent which was significant higher than using either plant crude extract alone (28-32 percent) or
BCA alone (1-47 percent).

At the 60 days of plant age, it showed similar result of having the same lesion size as
occurred at 40 days. All 3 factors had the significant effect on disease reduction. The plant crude
extract of 10,000 and 20,000 ppm gave no significant difference while the 2 BCAs also showed
no significant difference. Using plant crude extract in combination with BCA gave disease
reduction over control about 38-44 percent which was significant higher than using either plant
crude extract alone (18-24 percent). Surprisingly, using the plant crude extract in combination
with BCA for controlling Alternaria leaf spot at the plant age of 60 days was shown less effective

than that at the age of 40 days.
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&‘ { 1 1 &} o 1 1 H
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a 9 ] a 1 A m 9Yq 1 g .
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o { 1 [~ a a 1 g [ [l
ardngyinudilvyuasdszneunas)l T WUEIIMAINAINAIUAI) VDY

< = Y = 4 o dy A
FULHANEA %Qllﬂllﬁﬂ\ﬁ'lﬂa&@ﬂﬂllﬁ%@\iﬂ'ﬂﬁ%ﬂf)‘iﬂl@\?ﬁ'lﬁﬂ\‘lﬁ@ulﬂu ("3 2.1)

a

m19d 2.1 asnAegiiiwylugiiiame (Hennebelle ef al., 2009)

Plant part Chemical groups

Chemical compounds

Leaf
Flavonoid glycoside

kaempferol-3-O-gentiobioside

Kaempferol

Kaempferol—3—0—ﬁ -D-glucopyranoside

Anthraquinones

Chrysophanol
Emodin
Aloe-emodin

Rhein

Isochrysophanol

Aloe-emodin-S-o-,B -glucoside

Physcion-1-o-glucoside

Anthraquinone glycoside

Rhein

Aloe-emodium-8-

Glucoside
Sennoside A,B,C, and D

Physcion-L-glucoside

Polyphenol

2,3,7-tri-O-methylellagic

Steroids

Stigmasterol

ﬂ -sitosterol

Ellagitannin

2,3,7-tri-o-methylellagic acid

Phenolic acid

P-hydroxybenzoic acid

Purine

Adenine

Xanthone

Cassiaxanthone

Root

Anthraquinones

Alquinone

Chrysophanol

1,5-Dihydroxy-8-methoxy-2-Methylanthraquinone-

3-0-ﬁ -Dglucopyranoside

Physcion

1,3,8-trihydroxy-2-methylanthraquinone

Steroids

,8 -sitosterol




M3197 2.1 (A0)
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Plant part Chemical groups Chemical compounds
Stem Kaempferol-3-O-
Flavonoids glycoside
Gentiobioside
Flavonoids Luteolin santal (7-o-methylorobol)
ﬁ -sitosterol
Steroids
Daucosterol
Emodium
1,5-Dihydroxy-2-methylanthraquinone
Anthraquinones 5-hydroxy-2-methylanthraquinone-1-
O-rutinoside
Alatonal
3-formyl-1,6,8,10-tetrahydroxyanthrone
Anthrone
(alarone)
ﬁ -sitosterol
Sterol
Strigmasterol
Benzoquinone
2,6-dimethoxybenzoquinone
Coumarin
Dalbergin
Fruit rhein
Anthraquinones Aloe-emodin
Emodin
Seed Glycerol
Polyalcohols
Erythritol
Carbohydrate Galactomannans
Chysoeriol-7—0-(2”—0-ﬁ —D—mannopyranosyl)—ﬁ -D-
Flavonoids allopyranoside

Rhamntin-3-0-(2”-0-ﬁ -D-allopyranoside

Flavonoids glycoside

Chrysoeriol-7-0-(2 " o-
ﬁ -D-mannopyranosyl)-
ﬂ -D-allopyranoside

Rhamnetin-3-0-(2 "-O—ﬁ -D-mannopyranosyl)-ﬁ -

D-allopyranoside
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M3197 2.1 (A0)

Plant part Chemical groups Chemical compounds

Seed Fatty acid Linoleic acid

Oleic acid

Lignoceric acid

Isopalmitic acid
Palmitoleic acid
Myristoleic acid
Tridecanoic acid

Tridecanoic acid

Sterol B-Sitosterol

Sitostrol

Stigmasterol
Campesterol
22-dihydrospinasterol

28-isoavenasterol

Anthraquinones Rhein
Aloe-emodin

Emodium

! < 1 < a a '
911015199 2.1 naaa lfiaua Tuguiamali a1snasgiaiee wnue Tagny ngu
@15 Anthraquinones TUNNTIUVDINY TO94QINIAD NGNS Flayonoids glycoside 1ag Steroids

< <
umsoengns

av d' [y} Y <& A
mddeInuMslFgaiamalunmsaluaulsane
] [~ (%
Abubacker ef al. (2007) 1831891471 HAN1INATOUAD DY ANAURIUAH AN
Y Y Y
91M1312891%0 Potato dextrose agar ANNIAUYY 10-15 Haansuaelaaans a1u150dudIns
Y ]
13yveures lunguiad19ans aflatoxin 184N As. flavus (NCBT 101) 148 g Aspergillus
.. g =) 9 1
parasiticus (NCBT 128) ¥ T1T 1L Tsaiy 1dun F oxysporum (NCBT 156) g
Y s 3 4
Helminthosporium oryzae (NCBT 165) 18 75-100 1o ud
1 o o <3
Alam et al. (2009) 316971 @13ANALNIUDAN T DUAZEIRAUVDIYUIHANA LETAIND
v & ,&’ S A . . . Y Y 9 o
MIGUIUFOUUANIS Y Bacillus subtilis 1ag Salmonella typhi 19 Iaganududumgavosas
o < Aa a o 1 A Aaa o W [
anaanluguriame 1.25 tag 1.5 Nadniudeladans MuaIAy LazasanaenIuoaIn

o [~ o & a X ' o
uazmﬁ'umawumﬂmﬁ ﬁNaﬂUﬂﬂﬂTiL%imﬂlﬂﬂl%ﬂ Staphylococcus aureus 1BUNU
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J < 3
Lubaina 118 Murugan (2013) 18518971171 luguiiamauanauiinnumdudu 10000
9 g’/ a 9 &l . Y 3 ] = a [ g}z
ppm ﬁ'nﬂﬁE]EJ‘UfNﬂ'lﬁ!.‘ﬂﬁﬂJu‘VﬂQ!.ﬁuGlfJ‘ll@lelfﬂ Alternaria sesame llﬂL‘]JufJfJ'Nﬂ (UsIUMEV
P a £ o 1 v ¢ =
17 yaaiuag) L!aZﬁ'lll'lﬁﬂaﬂfﬂﬁlﬂﬂiﬁﬂ%TﬂlsﬁfJﬁTﬂ\‘lﬂaT?ulﬂ 65.52 1195 1HUA 57UDINY
A e Y ! . .
wasuudasveaou lyininerteanunnudiuniy 1wy phenylalanine ammonia lyase (PAL),
(% o ' <
peroxidase (POX), polyphenol oxidase (PPO) 8¢ phenolic 31310 N1N1T Aanuduan
@ A A dal a ¢ S 1 o A 1 9 ] dy
24 GIf’JIlN NUNITINUUVUUDININTTY Gummu"lcﬁmﬂu 2 N7 FIUNQAADNITATUNIU ADLHD
awrg lsn luirerdeinnnyanIugy
! ! o 3 <
Tuaaizi Ogunjobi and Abiala (2013) 1gIUNTTANAMIUBALAZ TN TUYNITA
= 5 a 3 ) a ey Y& . )
MANYseansaIn Lﬂummu@aumﬂ 1auni¥e Escherichia coli, Staphylococcus aureus,
Salmonella typhimurium, Aspergillus niger, Aspergillus flavus Wa& Candida albicans Tagasana
H < o & 4 a o o { a a
WUOIGUIRANA LAAINITIVLUTD A. niger ﬁmnmaum‘lﬁ’?}ﬁq@ (27.2 UaQLUAT) 5930911
4 9
A9 130 S. pyphimurium YUINUTVEI 10.1 Yaauas
U 1 1 @ J I~ @ )
dr Wiz (2546) na1 M asananae lswesuvanluguiiamaszauanuduy
9 k4 P
1000 ppm amnsadudinsaiig sporangium YOIUFDT Pythium aphanidermatum HAZI¥D5
o 1 1 a a 4 f
Phytophthora parasitica 1oz 3aipaaemansgidy lamadule tazmsadnadesveutos
1 [ 1 a &’
Fusarium oxysporum 19 ua Lilinanen 503 aveu¥os Trichoderma sp.
Y @ = 9 ' @ <
AU IUNU Lmzwwﬂu (2555) nlﬂﬁ']ﬂﬂ"lu'ﬂﬂaﬁ]TﬂﬂTﬁVlﬂﬁﬂUﬁTﬁﬁﬂﬂﬂWﬂiUﬂﬁJlﬁﬂLﬂﬁ
'8 Y k4
Tag7% agar disc-diffusion method U NF 1UN1TTVTINTIV3 YV UFD Staphylococcus aureus
9 v 1
IWag Escherichia coli 1155911 uazﬂmnmfmm i’)gﬁ 1.46 L1ng 1.43 I¥UANNT ‘%QLW]ﬂ@W\?VHQﬁﬂ@
d’ = %
WoMMgUNUYANIUAN
a £ 1 aol { 1 < [ 1
NgNsLaSAUS (2548) 918911 mﬁ‘lﬁ'@mmmﬂmmzﬁ}umawumaLmﬁ AIINIU
1 %} o 1 a % rﬂa}/ a g
199 20 (uTWHﬂLLﬁ)Q@]ﬂﬂSNTQi) qIUITDYV YUY ﬂ?il%ﬁ@ﬂ]@\il%ﬂi? Curvularia lunata ]1@9]]
J 2 4
100 1o 3iEua
My [ < Ay 1 9 Y =X o
%Wﬂﬂ‘igﬁﬂﬁﬂ1Wﬂl@\‘]ﬁ']iﬁﬂ@°lﬂJLWﬂlﬂﬁ ‘Vlul,ﬂ NATINIVNAU IANTINITTIVITINUDN
Awv K ax 9 Yy 9 v w ' dy a A J [
FINIUNITIVY DIID ﬂ']‘ii“b’llﬁ%ﬂ'ﬂilﬁlllslluﬂl@ﬂﬁ'ﬁﬁﬂﬂﬂ\‘]ﬂﬁ i GluﬂWiﬂﬁﬂﬂiJL%ﬂﬂﬁuﬂﬁﬂ N

A
MTNN 2.2



a y g s o o ¥ & A A a A & a
myn 2.2 Juvumslypuiameanazilesiduansdiduredurg lsaisuaziegaunsdduilounaananamsinyag

Plant ) Type for ) y Usage rate o
No. Experiment Solvent Microorganism % Inhibition Reference
part use (mg/ml)
- Aspergillus flavus
& 10 and 15 75
Aspergillus parasiticus Abubacker et al.,
1 Flower In vitro powder
Fusarium oxysporum (2007)
15 100
Helminthosporium oryzae
Fusarium verticilliodes Akanmu et al., (2013)
2 Leaf In vitro powder Water Fusarium oxysporum 15 15
Fusarium scirpi
Lubaina and Murugan,
3 Leaf In vivo powder Water Alternaria sesami 100 65.52
(2013)
Phomopsis vexans
F. oxysporum,
Pressed Aspergillus flavus, )
4 Leaf In vitro o Water 1,000,000 87.52 Kuri et al., (2011)
juice A. niger,
Curvularia lunata,
Penicillium spp.
Hot water o
Colletotrichum gloeosporioides Wongkaew and Sinsiri
5 Leaf In vitro Extract Ethanol 15 40
E. oxysporum (2013)
Ether
Water A. niger )
6 Leaf In vitro Extract 200 30 Timothy ef al., (2012)
Ethanol P. notatum

4!



M135199 2.2 (919)

Plant Type for Usage rate
No. Experiment Solvent Microorganism % Inhibition Reference
part use (mg/ml)
Stem, WENs uazAme.
7 Invitro Extract Water Curvularia lunata 15 99.87 :
Root (2548)
Methanol Clear zone
8 Leaf In vitro Extract A. niger 200 Alalor et al. (2012)
Water 17-20 mm
Rhizopus sp.
Petroleum  A. niger
ether Bacillus subtilis Clear zone Owoyale et al.,
9 Leaf Invitro Extract 0.125
Methanol Escherchia coli 17 mm (2005)
Ethanol Pseudomonas aeruginosa
Staphylococus aureus
Staphylococcus aureus,
S. albus, Klebsiella pneumonia,
Ps. aeruginosa, Proteus mirabilis, Moderate-high Odunbaku and
10 Leaf In vitro Extract Ethanol : | ¢ 250 o
P. oxalicum, A. tamari, A. niger inhibition Tlusanya (2011)

F. oxysporum

F. vacitilus

Sl
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o [ A o v A 9 A 9 o g}/ @ A
dmsumsnazihasanan a1 145 Tesinemsnyasiu arsasannneg
Yo ' A g A o o a g 1 A L.
A3 lasumsnaaeuney tharumsaudunasananniasiug ludluiy (phytotoxicity)
1T A v A o 9)4[ = v A o (% A 1 1 a
apwrnazii U1 Feliswauraeniuihimsnadouasanannnesa 19 Apn1513 Y
YOINFHABBUA 195
Rinez et al. (2011) TAANHIBNTNAVOITTANANINAIUAIE) (ABN 1 AU 510 LAZHA)
1 a &% [ ] A
YDIAUGIGUADNITIDNUAZNITIS YVOIANAAR, W2 19112, Peganum harmala L. waz 0139
v Y
Tyn wu arsananndiu Nsgauaududu 10,20, 30 1ag 40 nSuApaAs lududIN1TIon
@ [ @ 9 =1 S < 4 I I 4
voarnadauazyialwi Tasiinlesiduanmseen 14.07-100 nesidua
A v 1 o ¥ Ay ! ' Y
Tuveh Anese ef al. (2015) las1eunarsanaiiif lanaiuai1a9 vosdu Drimys
9y 9 S < 4 as [} 1] 1
brasiliensis MIERS AN TU 7.5, 518 2.5 1osisua nagoulagldsusiuan Wi a15

[ [l

Y <) a 1 9 ) Y @ '
aNANNTIUVBOIAY Drimys brasiliensis MIERS LﬂuW‘Hﬁ@ﬂl’nﬁ?%uagﬂJVlGKLT]Tﬁ%ﬂQﬂa1'J

q

Y
AINAgUIINITIDNIAEMTNITYUBINDAING1
) [ 9 a A <3 [
A5 Sarkar et al. (2012) 1@AN1ONTNAVDI YuLTiA 1N0 (Cassia tora) AONITION

a Y o 4 1 [ < Y 9 ' J 3 J
HASNITRIYUDIVNAUNTAITA WU ﬁ15ﬁﬂﬂ“§ulﬁﬂqﬂﬂ ATNLVNUU YNNI 25 Lﬂ'ﬁlﬁmﬁﬂl@

IS) 1 A o v

a Y s o 1 9
ﬂ$NWﬁ@]ﬂfﬂﬁ\‘lﬂﬂL!ﬁgﬂ?ﬁl%ﬁ@%@ﬂﬁﬂﬂﬁﬁ?iﬂ 1/]11137} chlorophyll ﬁﬂﬁﬂhlﬁ}ﬂﬂW\iﬂJUﬂﬁWﬂﬂJﬂN

g

aa

analefisuiyanIug



UNA 3

A UHUIUIVY

mInaaedllsznouais 2 a1 e minaassluszauienljiamsuazmnaasslu
A ¢ A Aa a d!y a A (A 4 o <3
szulalas lind enadoulsz@nsnmveureqaunidliing asanannyuiame uag

;4 Y
anuilu 18 umslFeraunidlfindiwiumsanannyuiams Taotiazdoadsi

q

G A a A A
MaeagregauN3anlFlumsnaass
& A
FONAUHA)SANY
& A gy 0 - Y )
Wosianvglsansnldluniinadousiuau 6 yia 1dun Alernaria sp.,
Curvularia sp., Fusarium sp., Helminthosporium sp., Pestalotia sp. 40 ¢ Rhizoctonia sp. 311
9 a oA A = a A = Y =
neslgiianis lsaiiy arvumaluTagmsnanns amsmalulagmsinyas aaivma lulag
WIZIDUNAUNAWUNMITAIANFLI
4 a J
worfilnw
() o f a Jd a o 4 @ : J . .
dmSurenuaiizelfing ldwdanmsiuunin auiesaainii 14 Lactic acid bacteria
Ly d‘d o a [ 4 d‘
(LAB) Tunszuaumsnin NU8 1nagot $1U49U 4 Haanaian (13199 3.1)

9

~ A o J o Aq U
M990 3.1 mﬂyjaﬂ]@qwamﬂmmuuﬁmﬂV]GlG]fGlUﬂ’liﬂﬂﬁ@‘U

Brands of
N . Type of fermented milk fermented LAB
fermented milk
= Lactobacillus bulgari
Fermented milk 1 (FM1) Tuinsa it add ¥ 4 garlcc'zs
Streptococcus thermophilus
Fermented milk 2 (FM2) uunlfien L. paracaseci
) Bifidobacterium animalis DN 17310,

Fermented milk 3 (FM3) T Tensa S. themophilus, Lactococcus lactis

L. delbrueckii subsp. bulgaricus
Fermented milk 4 (FM4) wuf5e7 L. casei shirota

) [ g a 4 &} @ ] a 501 1 1

ﬁ?ﬁiﬂlﬂfﬂi?ﬂgﬂﬂ‘]ﬂ 1%} V80 Trichoderma spp. 91NAIDYNIAULDAE UIATULUTDING
gJI ! &’ { A 1 a
MHUA 5 YA 1ae YD I non-pathogenic Fusarium oxysporum F221B ﬁﬁﬂmﬁummmsu

a A aa I j a 4 = g}x
MIIYVINF(FAtazAnE, 2556n) tazi)uye311 iy (Thongkamngam et al., 2016) DAN

o v 3 ¥ g < A a £
ﬂﬂﬁ”lmmmmmmmﬂu%ﬂuazmﬂuius];ummﬂﬁ”lﬁ' (ijiﬂﬁ%‘ﬁ UazAMUe, 2558)



18

MsIAsENTIsANAMUIAYNRAINS
) [~ = a o 4 o 4
i luguiamatSua 5 Alansu ndeldazera mimimi ldenlduisdansea

a =

. = Y o A4 v ' P

Hot air oven N@HgHN 50 parussartod 1ai1lunuma ualueniuea (ethanol) 90 1losisua

[ [ < [ ~ a9 @ gl.: o v A Y a

85189 1:9 (wiv) 1iuan 3 Ju fguugiines wasnnumhasanan ladSuia 1000

a aa 1 4 o (Y o

128803 VINTDINIUNTZAIYNTDI Whatman 1005 93 uaziir lszmae1drvinazaieesn aqe
A ~ a = 9 v AA o 9 ~

IA301 rotary evaporator NN 44 osrusaiBed lamsananlanyuzdumiion Ysum 9
o /3 2 G o 4 ' ° <

A5y (9 Wosidud) numsanalluvraudrds wis ¥ unisnaaosne 11 Tassmuaiilu

R~ 4
AN 100 1odiFua

4 a wAa
manaasdluriosfiiams

Y] 4 a J
3.1 msasdulSnanvenuanselfilng

~ o

H 9 H
ﬁ1uuwunﬂ%’1umamaau NUIU 4 FUA 3J1ﬁ1ﬂ1§i§l§’3i]1&ﬂﬂ53J1ml%ﬂlmﬂ“lfll aNeq

2071 Dilution plate technique Tag11unnIinu 1091917 1ds2A 10°- 107 nazgaun

b))
2D
)
h33

De

A A 1Y A aa = 2 A Y o '
HUNNLABI LA ﬂ%lﬂm 0.1 Yaaans VUNAYUUDIYITLAYNYED MRS agar 11’?1/]'3%111@11’713 vy

-
Qe
D

A qungil 37 esruaaFod luaniiz 15o1ma

3.2 MSUEALAZMTIA UMY Trichoderma spp.
¥ 1 a %‘ v 1 g’; 1 4
WORLYO Trichoderma spp. MAAIDEWAULALIIAUUN A NINVA 4 1Had e 1]

4 a 4 ! o <] o 1 oA 1
18¥0311UR1TnY Trichoderma spp. Nia1NNAY specie TN INVAIDGINIRAINUANATS

E4
[ [

U A9l

a o

a 1 a d o 1T A 1 a = 2
) ﬂu%']ﬂﬂ'l‘ﬁﬁim‘]ﬂﬁ Lﬂ“]JG]’JE]EJNﬂH"I‘!EJ]lWi]'IﬂUiL’Jil!ﬁﬂTu’J%ﬂﬁﬁll’)ﬂéjﬂuﬁgllﬂ
o v ¥~ = 4 I ¥ & g o !

1Y DUNDINUUVYI V. UATINIHAN LW?)OLW[IWW’GSW Trichoderma sp. TYNUD wide type Tﬂﬂ’qm
3 o 3 asy . . Y 2 .
INUITUIU 10 A NUULEN 1a8dF Soil plate technique A2eM3 158AY AVUOMT Trichoderma
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Y Aa Vo oA A = Y y & A g
luganzihniioguanaranu Ae 81y 30 edAnyIMstesnulsaluganzihauaszez G udu
v 4 a < 4 o
mzalgn uag 60 Awdlumstlesns Isaluganineg lddunz dunenanwaniug Tassadeon
Yy Y @ <} A A a o & a dy A 1
anuvduasanaguriamanilszansnmlumsdusimsni yveudesia g lsaisua
(] gJ/ a dy a 4 =2 a A 1 [ 3 dy
ligusamswsgveudesfind mnanunlss@nsamimvesmsanaguiameaziFos
a o
Uginy
Tasnadovvuduaziidgnlunszuganin 25x34x15 uANAs NUT59
A130201851991113A1 EC 11101 1.6-1.8 mS/cm, pH (11101 5.8-6.2 LUV 19101811 219
Y 9 P
LHUAITAAABINLY 2x3x3 Factorials in CRD 914U 31 91ag 3 ad Fafadelunisdnull
% dal
il
[ = 1 4 o (9
Yoo A e msRanuales dlternaria sp. 31U 2 520U
(Al=1ﬂ§ﬂﬂu Alternaria sp.; A2=2@WU Alternaria sp.)
JeduB Ao  ANMYNTUVEIENTANA WU 3 TEAY
(B1=0; B2=10000; B3=20000 ppm)
[ = &} . o v
1998 C A0 15051 Trichoderma sp. 31U 3 52AL
[ 2,’ [ [
(C1=RANUUI; C2=nANYU T114Kb; C3=nANWU T112Sc)
o 2 o ] 2 3 g o ¢ Y )
mmsmizwaannazi vuvesazsauuiumar 2 dda andusanie
A A A Y Y A @ d o
1502218519911 13WNUAT EC = 1 ms/em, pH = 5.8 — 6.2 1oduna1l01g 3 d1la1¥ s
dreaalunszuzunIa 25x34x15 UALAT NUTIIATAZA1951901115A1 EC 1NN 1.6-1.8
[ T A A A 2 A o = o
mS/cm, pH 1M1 5.8-6.2 U u11)1910180 (N INA 3.1) 10019 laauifivuadeiings
= dy 9q Yax = 1 v A ' = ] j’ .
nage Falunisnaaesil l@ lGIsMsAaNUaITARANYAOU RANUITFOI Trichoderma sp.
A = ' a ] o <3 9 Y A 9 J
H9991n1N1551891U21 MIRawuETanagdamd asonszauldnsadisoulal
phenylalanine ammonia lyase (PAL), peroxidase (POX), polyphenol oxidase (PPO) ti8& phenolic

A X g ' . ~ o T
Uy 2 1M (Lubaina and Murugan, 2013) Iﬂﬂﬂ”l'imiﬂuﬁﬁymﬂﬂmﬁﬂ’J”IﬁJL"UiJEUu‘VI
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v A ) Y o Y o v a aa vy 4y L yyd

Aadennde 3.3 udrRanuasuududnazi Ysuiw 1 Taddasaedu ndu uazna iy
@ ES Gl . tg a 4 Y 9 8 Jd 1

1981 27U 91N UUIATON spore suspension YOILF0I1URTNE A1 udu 1x10° ddosao

Aa Aaa =S ' o Y A = a Aaa 1 9 Qy A v K o zg

Hanans uazdanuasuuniduiy U 1 Jaddasaedu nald'3 7u Juhmslgnides

Yy Y
Alternaria sp. Tao35133uduvulunzth duay 2 1 luag 1 Fu

v K

PUNARANITNAADY
aulsa
- 1PUUIALKA
o S < 4 a . . .
- munalesisuan1sIna 15a (Disease incidence)

o s 2 o . . A o Y
- ﬂTL!’Jﬂ!Lﬂ@il%u%ﬂlﬁ\l?ullj\iellﬂﬂiiﬂ (Disease Severlty) MUaUANU® 3.5.2

Y a a o A & a J
ATUNIBNTHAVOIAITANANINNBLALFO3 11 T
[ a a 4 4
-Yat5umnanlsWaa (SPAD value) Tao 141504 chlorophyll meter SPAD-
A g R g & A o o dy
502 81 ® Konica minolta YaUVUADUNITIA AU
9
1) PAURANUATANALALIFDIT BCA
2) NAINANUATANA 2 T
v A ] dal U
3) HAIRANUITD BCA 3 I

o/ &’ [ a2
4) ﬁﬁﬁﬂgﬂl%ﬂﬁﬁ%ﬁﬁﬂiﬂ 3,5 408 7 U (FUVUITNIULKNA 3 “Qﬂ)
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] v Y
a3 azithidgnluszuylelas Tiing dmfunedevilsz@nsnmveaseslfjilnyd

' o [ <
swnuasanagurame Tunsatuaulsaluya dlernaria sp.
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4.1 msﬂs’mﬁuﬂ‘%mmsémmﬂﬁﬁﬂﬂﬁﬂnﬁ

1IMIATINTUUTINY Lactic acid bacteria  JUHAAS MM UNHTANIINITMTINIY
4 ¥ila 1ae75 Dilation plate technique UUMITIAE4ED MRS agar WU UUNIN FM 1, FM 2
uaz FM 4 u3ansd9ivld Taeisuaumny 4.83x10°, 9.9x107 uaz 8.6x10° cfu/ml

awaauluvuzh FM 3 liaansoasinivld aauspH a4 oglurie3.43-4.25 (m51an 4.1)

4 a J a w J Y
maen 4.1 PsnauuanGel§iny lunaasusiuuwmln

Brands of fermented milk pH Number of bacteria (cfu/ml)
Fermented milk 1 (FM1) 425 4.83x10°
Fermented milk 2 (FM2) 3.68 9.9x10’
Fermented milk 3 (FM3) 3.43 Tiensonsiniula
Fermented milk 4 (FM4) 3.53 8.6x10°

4.2 MIUEAUALMIIAUUNYDI Trichoderma spp.
< % 1 a o @ 4
VINMINUAIDENAULAL FITAZDOTINOIMNINFNIINIAANBNITOT Trichoderma spp.
v X & 1 X v
181%031 Trichoderma spp. W Hal3INYIMONEFD3 Trichoderma spp. lanavua 9 ToTasian
[ a a 4 a
1Aun T111S0 taz T114So MnAULlaIUIBUNIE, T111Se Hag T112Sc Mnautlasaisai
Tudandagwssuys T114Kb uag T4152 minauthluwado1fiitedwnadenazunsiy
TINIAUATIIVTV 1Az T121Kh, T515-1 ag T515-2 9Ind1302a1851901115 Juu)aarlgnen
a Jd o [ = dl
Talas Tlind SandauassIsdu (a13199 4.2)
gl./ o g Z}/ = [ [ a
VINUY U103 Trichoderma sp. N4 9 loTaan luAnmianyazniedugiuine
% 1 (%3 =) g &} U
2 ANHAUY AD 1) macro-characteristics 1ALA ANHULAITTYVUDINITIAVUFD ANHULUD
colony RN colony 2) micro-characteristics 1@un vina Fvoudule phialide t8¢ conidia Tag
=2 . Yy 9 P [ &} = Aa
ANBIVUY slide culture Mal@ndvsganssad Fenailiinga1 wosinnlo Tsaniinisaiay
' Y <3 A o a 3 A A
Aouv1957 TaoloTaan TI14Kbuaz T112Sc 1oM510151955201da Ao 4.11a2 4.0
wuAmasaodu luvaz lo Taandulions1nsnig 3.3-3.7 wUAWATADTU (A15197 4.2)
1 H 3 1
Tag%1915n colony vl du1azaziaswilud@edsen (T111S0) IUDIFWeIYY (T112Sc,
v Y Y v

T114Kb, T415-2, T121Kh, T515-1 tiag T515-2) ‘VI’JVI\W'IMEJTHHLW'I&%G “lusutuzﬁ T114So 11ag

{ I v 2 A v g
T111Sc tJaguduaq colony udWeudummizaa1snue1viswmigy g1ldn1iule Toan
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A = dy éj Y3 A A I A

T111So taz T111Sc ennsordasugvesormsaeuse itummass vaziunuiaula wu
= 1 g}; A o 1 A A 9
e Te Tesan T114Kb 1M1y Aanbazvedcolonyttana1991n lo Tyandu Ae wuiduloves
X 3 o a & = 0o w = Y,
F951019 . WUFVNIUTNIUNINANIIUDINT PDA (MW 4.1) d1vSumsanyinielanass

4 1 9) = Ly 3/ == d' 9
panssad wuadulelimisnuauuuivns uanuuuanaz la i fdaredulesgny

. o .. (4 I A A

phialide 143U 2-4 verticils VanvaedunuuTuIaany vu1a 4.9-8.4x2.5-3.4 lulasiung
I = Y] I J . a A 1 = 1 =
@24 conidia NanvaziIuisaaiae (single-cell) @tVYIDDU ugﬂiwuuu globose 014
sub-globose (Y1ABYTUFI 2.6-3.5%2.5-2.9 luTA51HAT) FIWALIWIIN phialides (A15197 4.3

HaL NN 4.1) FIaAHULNNAIIN A® Trichoderma harzianum (Kubicek and Harman, 2002;

Chaveri and Samuels, 2003)



v H Y
M5 4.2 unawarNNIveu¥eI Trichoderma spp.
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Trichoderma isolate Sample types Source of isolation Location
T111So Clay soil Organic rice field Supanburi
T114So0 Clay soil Organic rice field Supanburi
T111Sc Clay soil Chemical rice field Supanburi
T112Sc Clay soil Chemical rice field Supanburi
T114Kb Forest soil Forest Nakhon-ratchasima
T415-2 Forest soil Forest Nakhon-ratchasima
T121Kh Nutrient solution Hydroponic farm Nakhon-ratchasima
T515-1 Nutrient solution Hydroponic farm Nakhon-ratchasima
T515-2 Nutrient solution Hydroponic farm Nakhon-ratchasima

' ;2 v
MI9N 4.3 aﬂymmmﬁraﬂ Trichoderma sp. AN 4 11Hag

Growth Phialides Conidia
Isolate rate Numl.)e.r of Sk Shape Size (um)
(cm/day) verticils
TI111So 3.4 3-4 5-8.4x2.6-3.3 Globose 2.6-3%2.6-2.9
T114So 3.3 2-3 4.9-7x3-3.4 Globose 2.8-3.2%2.5-2.9
T111Sc 3.5 3-4 7.2-8.0x2.5-2.9 Globose 2.6-3.1x2.5-2.7
T112Sc 4.0 3-4 5.3-6.7%3.1-3.4 Sub-to globose ~ 2.7-2.8x2.7-2.9
T114Kb 4.1 2-3 6.7-7%2.7-3.0 Sub-to globose  2.6-3.2x2.8-2.9
T415-2 34 2-3 7-8x2.6 -2.8 Globose 2.9-3.5%2.8-2.9
TI121Kh 3.5 3 5.2-6x2.5-2.6 Globose 2.7-3.4x2.6-2.8
T515-1 3.6 2-3 5.3-7.2x2.8-3.4 Globose 3-3.4x2.7-2.8
T515-2 3.7 2-3 5.7-6.4x2.9-3.2 Globose 2.7-3.3%2.6-2.9




Macro-characteristics Micro-characteristics
Front Backside Phialides Conidia

Isolate

T111So0

T114So

TI11Sc

T112Sc

T114Kb

T415-2

T121Kh

T515-1

T515-2

] k4
MNN4.1  anbae colony, phialide 4181 conidia VOU¥OI1 Trichoderma sp.; Bar =10 pm
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= a A .&' a A d (a d 1 a t&’ A
4.3 MsAnydNSHaveuregaunsslfiinudemsiniveuresaunglsany Tuaniw
4 a wAa
wioallfiams
= a A v 1 a &’ =) Y a wAa
431 NBANYBNENAVBIUNVIINABNISI3 oI T a Al 3nNs luamuiionians
Y
43.1.1 msanuIdnswavesunminaemsymuduloyosiauvg lsnne
1a83% Dual culture test
VINMINATOUINTNAVOIUNHINTIUIU 4 ¥ia domsnsaymadule
zg A o a Aax 1T A % =\ a d’d
YOUFDI 1A UHS 13ANYT 11U 6 ¥1iA 1A82T Dual culture test WU VUNHUNINES 2 ¥HiaNL
9 d‘d A Ly a d' Ly a Lﬂ' a
Hu2 IHNNA Ao uNKINFUAN 2 (FM2) 1Ay UNHUNTHATN 4 (FM4) 8101309200 T0a N1
9 Y ] 9
idulovourosianng Isnie 4 wia lanauaiui 4 naeainilgni¥e (Day after inoculation;
k2 '
DAI) Taei¥e Alternaria sp., Curvularia sp., Fusarium sp. Q& Helminthosporium sp. N111n135
Y
1 e./ [} (Y] 1 1 J 1 ]
e wnUUNHINaIna1 Juuaduriuguinalicolony oglumsa922-2.4,2.7-238,3.2
a o % < 1 v 4
uaz 2.4 - 28 IFUAWAT ANAINY FuannNvLIAEURIUFUINA9colonylugAAILAN (3.9,
4.3,3.9 182 3.7 iyuaas muda) eg1aiiiednaniana weszoznatriu l)audeiun 4

off & R~ a a % v o A A o o Y
naziun 6 wanianaasssudlu Il lunamiaferduduiun 2 Ao FM2 tay EM4 danavin 1

' '
@ o a = v A

d e I 1 1 a r 2
colony YBUFONI 4 FyralannNgAn LRV NITsd A YN 19aDA 1 UN 8 Faduganis

g

e

9y
nanod d311471 FM2 ag FM4 ausodudanmissymiuduleveudesianvglsn
. J e 9y
(Mycelial growth inhibition; GI) & Ao Alternaria sp., Curvularia sp. W& Helminthosporium sp.
~ @ gJ/ ] ] Jd 2 4 = @ 2’, =
Taglin156ug908 U573 53.5-56.6 100 T1GUA 1AL Fusarium sp. BAIN36VE0EN 21.1 - 27.7
J 3 J A a <3 Y = a A
osIFua (1131990 4.4, NN 4.2) 1ARANIITNAABILITUN 1A FM2 1iaz FM4 Jdseanimmn
@ g’/ a 9) [} I A [l % ~ 9)
Tunisgegamsnsymadule uvflunaniain LAB nogluuusin Tash FM2 19
Lactobacillus paracaseci 40s FM4 19 L. casei shirota JumImsiniiigayiiaideaziia pH i
TndiReeny (15199 3.1 uaz 4.1)
d’ 1 U Aad
WornatWiuly 30 74 man15naase 1aedT Dual culture test Y89 FM2
1 =) j’
iy FM4 mmsmw)muﬁ'u‘lmmﬁ Alternaria sp., Curvularia sp. W& Helminthosporium sp.
I a @ &‘ 1T A @ 4 o
Aulluiemadoanu de iduleveuies luniydusestiavesuunin uaziietindule
j‘ 3‘, a a = Y] 1 Yy 9 4 1 9
YOUFOIINI 3 ¥ila ATaUTNUTosTIAURIUNNID ldosldndosganssenl wua leiduves
tﬂy [ J = [ a d'a a = 9 1 g’z d'
131AIna Nanvaenedugiuinenaalnd il e idule Tilawes du vawnaw Tuvaszh

Y Y X = & ' 2 A
aﬂymzmu%mmwmﬂuFM 1 1Iﬂ?iﬂ')llllﬁflﬂi}}"lll.lllﬁ%ﬁ%ﬂll‘]JﬂWﬂ“lj@ﬂ'JUﬂll“]NiJaﬂ‘Hm%

nadugiuImenlng (0w 4.3)
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H a A a o J Y a 1 a f
MI19N 4.4 UszANTMNVOINAANUNUNKND 4 VA G]E]fﬂﬁ!,"ﬂ5@%1\1&%1&18%6\1&%@51?7%14@

Tsaie Tae3T Dual culture test

Diameter of colony growth (cm) Growth inhibition
Pathogen Treatment over control (%)
2 Day 4 Day 6 Day 8 Day (8 Day)

Control 3.9ab" 6.3a 7.8a 9.0a 0
FM1 370 6.6a 8.0a 9.0a 0

Alternaria sp. M2 2.2¢ 3.4b 3.6b 4.1b 544
FM3 4.0a 64a 7.7a 9.0a 0

FM4 24c 3.3b 3.6b 4.1b 544
Control 43a 6.8a 7.8a 9.0a 0
FM1 4.0a 6.0b 7.0b 9.0a 0

Curvularia sp. FM2 2.8¢c 3.5¢ 3.8¢c 4.2b 533
FM3 44a 6.9a 7.8a 9.0a 0

FM4 2.7¢ 32¢ 34c 40c 55.5
Control 39a 6.6a 8.7a 9.0a 0
FM1 39a 6.2bc 8.5a 9.0a 0

Fusarium sp. M2 32b 6.1c 6.7b 7.1b 21.1
FM3 4.0a 6.4b 8.5a 9.0a 0

FM4 32b 49d 59¢ 6.5¢ 27.7
Control 3.7a 5.3b 6.6b 9.0a 0
FMI 3.7a 53b 6.0c 9.0a 0

Helminthosporium sp. FM2 24c 2.8¢c 3.6d 3.9 56.6
FM3 3.7a 6.2a 7.3a 9.0a 0

Fv4 2.8b 3.5b 3.8d 4.0b 55.5
Control 353a 5.7a 6.5ab 9.0a 0
FMI 3.5ab 5.4b 6.4bc 9.0a 0
Pestalotia sp. FM2 33b 5.2b 6.5ab 9.0a 0
FM3 34ab 5.4b 6.5a 9.0a 0
FM4 3.1c 54b 64c 9.0a 0
Control 8.1ab 9a 9a 9a 0
FM1 8.2ab 9a 9a 9a 0
Rhizoctonia sp. FM2 8.0b 9a 9a 9a 0
FM3 84a 9a 9a 9a 0
FM4 8.1ab 9a 9a 9a 0

12 = %’ 1 A A F) v v = @ %’, 1 @ U dsl (=) 1 @
ANURNDYIIN 3 Y1 mmaammnmam3@ﬂmmnauﬂu1uI,Luamxmamuéuml,man%a llummmmn@mﬂu

1
aa A [

NNADA NTTAVANNABNY P = 0.05 1A83TUBI Duncan’s Multiple Range Test (DMRT)



Alternaria sp.

Curvularia sp.

Fusarium sp.

Helminthosporium sp.

Pestalotia sp.

Rhizoctonia sp.

Control

y ) oy

FM1

FM2

FM3

FM4

34

4 a a a [ J @ a @ g’/ a 4
<ﬂ1Wﬁ 42 UsEanTNMNUOINAANUNUNTINN 4 FilA 1uﬂ15&ﬂﬂﬂﬂﬁLﬁ]iiyVINLﬁmiﬂﬂJﬂﬁ@@iW

A an A ' o
ﬁ']!,ﬁ@jiﬂwsb' Iﬂf]')‘ﬁ Dual culture test LmﬂigﬂgnﬁTNWUUlﬂ 8 U



Control FM1 FM2 FM3 FM4

NN 4.3 dnvazveudule Alternaria sp. U315083AUY 317 Dual culture plate o111 11 30 71 a = dnvazidulelnd, b = snvaziduleiialng

S¢
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a A @ ' 4 f
43.1.2 ﬂWif’d’m‘H']fJ“I/l‘ﬁ“WasllﬂQuuﬁuﬂﬂﬂﬂﬁﬂﬂﬂﬂl@\‘]ﬁﬂﬂﬁL%’E)i'l!ﬁﬂiﬁﬂﬁ“]fiﬂﬂ
ad . .
1% Spore germination test
a a o ¥ a 1 14 4
NNITNATDUDINTNAVDIUNHUNN 4 G]fuﬂﬂﬂﬂ'liﬂf]ﬂ“llﬂﬂﬁﬂf]il%ﬂﬁ'l
9
ﬁ’uﬁﬁﬂﬁﬂ‘ﬂﬂ 5 ¥1ia AD Alternaria sp., Curvularia sp., Fusarium sp., Helminthosporium sp. 0
9 9
Pestalotia sp. 1875 Spore germination test WU UNHNUNNT 4 FUATTINITDIVYINITIDNVON
4 dy o 1 Y 1 ~ a a 1 A =) S I 4 o 3’, aa A
ﬁﬂ’E]iﬁf@51@\1ﬂﬁ1’31ﬂ@81\1%ﬂ5$ﬂ‘ﬂﬁﬂ1‘w NA1IAD FM2 NLTJ@?L“]SHG]T‘H?EJ‘LIENWV]@@UJE]
~ [ = a YR J I 4 ~ < A
nfSsudmeunuuunindn 3 ¥iia a0 95— 100 1lesirud luvaizh FM4, FM3 uay FMI1 &3
s o o & ' sl 2 o 4 o
Lﬂ@il%uﬁﬂWiﬂﬂﬂiﬂgiuﬂf'N 81 —92,45—81 Lkag 66 — 67 L“]J’E]i!ﬁ]f‘u@] ATNATAU LAZIUDEINA
Y] 4 dal [ v 9 L= a a A = Y] an
anyuzveIadosUeuFeIIAINAIILA W“]J’NﬂJﬂ’NﬂJWﬂﬂﬂﬁhlﬂmﬂllﬁﬂ‘UlﬂfJ‘]Jf‘I“LIﬂiilI'Jﬁ

Y
o =)

@ v o g Y ] Y o
AIVAN ﬁ'ﬁ] cytoplasm TJmii’nmDLLazﬁ]‘]JG]’JL‘]JUﬂE]uE]EJNGH@m]u NITNPADIUTDAAADINUNIT

s H
v A A

T]@ﬁﬁ]ﬂcluﬂgl)@ﬁ 1 e FM2 11ay FM4 gﬂﬂiqﬁjﬂﬁﬂiigﬂﬂﬁﬂﬂﬁﬂ 7u FM1 uag FM3 1@131159

)

o & JN Y 1 I 4 ' v 1% v £ o Y
fJ‘LImeiQ@ﬂﬂJENﬁ‘ﬂ’E]‘Julﬂ u’ﬁlglﬂULW5']3ﬁﬂ@ﬁgﬂll%uaZﬁNWﬁIﬂﬂﬁi\iﬂuuuwuﬂ iN‘I/nGlWL!iJ

Y v & I Y o ~ A
Wllﬂﬁ"lll’]iﬂﬂﬂﬂ\?ﬂ’]ﬁ\?@ﬂﬂ]@\?ﬁﬂ@jqﬂ"ﬁﬂmu (51N 4.5, PINN 4.4)
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4 a A a o 4 o a 1 14 ¥
MI19N 4.5 UszaANTMNUOINAANUNUNKLD 4 FHA G]’E]fﬂi\iﬁ]ﬂﬂlf]\iﬁﬂ@iﬂ]ENL%E]?W@'HWGJ

Tsn
Spore germination (%)
Pathogen Treatment
12 hr 24 hr 36 hr 48 hr 50 hr

Control 30 62 100 100 100

FM1 0 21 32 32 32

Alternaria sp. FM2 0 0 0 0 0
FM3 5 14 14 15 14

FM4 1 1 1 1 1
Control 29 48 87 93 100

FM1 0 17 17 29 33

Curvularia sp. FM2 0 0 0 0 0
FM3 1 8 20 19 19

FM4 0 q 7 5 8
Control 10 20 37 69 100

FM1 0 2 8 20 33

Fusarium sp. FM2 0 0 0 0 0
FM3 1 3 'y 31 32

FM4 0 2 5 18 19
Control 29 65 100 100 100

FM1 14 25 36 47 49

Helminthosporium sp. FM2 0 0 0 0 0
FM3 33 62 64 67 69

FM4 7 15 15 22 25
Control g 33 51 84 100

FM1 3 5 11 30 34

Pestalotia sp. FM2 0 0 3 4 5
FM3 30 50 52 53 55

FM4 11 12 6 8 13




Alternaria sp.

Curvularia sp.

Fusarium sp.

Helminthosporium sp.

Pestalotia sp.

Control FM1 FM2 FM3 FM4

:i a a 4 cil A 1 o A o
NNN 4.4 ﬂ’J'IlINﬂﬂﬂﬂﬂl’ﬂ\iﬁﬂﬁ]iﬂl’ﬂ\i!%ﬂﬂﬁ'ﬂﬂﬂTiﬂﬂll"]fclul'!llﬂuﬂ a1 50 ¥ 1u9

8¢
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43.1.3 msaneenswavesuuniinlumsaiuaulsauulunes (Detached leaf test)
v A Y d‘d a A o 2’, a 9
nnmsaamenuurinntlszansamlumsdugamsnsymadule
tg = axy Y 3 as
19319156 13ANY91NIT Dual culture test MINAADVLUTUHNAAR cos 108IT Detached leaf test
Y
WU 3 auwaqmﬂﬂgm% Alternaria sp., Curvularia sp. W0 Helminthosporium sp. WNQA 53
H 4 Y

Vinuihmslgniresiainaln lu FM2 tag FM4 11an15gna1nyouso s 1ivuiad un

4 a 2~ 1w a o A 1 o dy
gquanaly Lisudamas selvuaminudsuamsmunninasld ey 430 %o

. . =~ d%l a I 9 [ ] A
Alternaria sp. W Curvularia sp. 1nM3ana1manau wazinailueinisuna lnd lngniuile
MeUADYAAILRY TaeTUAveNa TUBI 1.1 — 1.5 I5UAIAT T Helminthosporium sp. N

b K

YnauRaog 1ur9 0.6 - 1 1suAnns TuganruanvaiFes a1 15and 3 siia JyiauHaog
Tu19 0.6 — 1 sudmas donatwull 5 7u vuevewmalu FM2 uaz FM4 Jyualuaina
[l % [ @ ]
ganduauag ldawisoaanuiunseveslsa’ls sawalufuldaruaanias 'l
v Y an an ) b A ' ~
TOAANDININNITNATOUAIYID Dual culture test aeIT Spore germination test NWLITLAB U

a A o= (& d 2 a I 1 I ¥ { [l
Uszansamlumsdudusesianvglsang 3 wia ladusded orvilumsizinaanioglu

a ] 4 o I Y] dy @ 1 o Y dy a Y 2 g
panduavesuumin Wue s nuwesidena Mmlddesiansoniylaa suiu

o w a o J @ !
dosnalumslandasaauurdnnldlumsaiuansn @13190 4.6)



M3ei 4.6 Usz@nSnmaesuumiin 2 vila Tumsarugulsauuluiy (Detached leaf test)

Diameter of lesion Detached leaf test
Pathogen Treatment I lated
3 day 4day 5 day |Healthy control Qo wate FM2 FM4
control
Alternaria sp. Healthy control A _ L ——
Inoculated control £ AN A
FM2 >/ 4o ‘AN
FM4 4 [ e \ i RN =
Curvularia sp. Healthy control 3 'y o
Inoculated control L é )
FM2 FAARAFAAA T
FM4 SIEessTn TR
Helminthosporium sp. Healthy control 1 _ e
Inoculated control 8 ++ Al
EM2 ! (e S -
FM4 ’ i o ' ‘ .‘.‘-v 3 / 4 ey 3

Y =no lesion, +=0.1-0.5 cm, ++=0.6-1 cm, +++=1-1.5 cm, ++++=>1.6 cm

014
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= a a A a ¢ v a A A aa
432 m3an¥dnsnaveureslfiinunemsieiyveuresiauvalinny laa3s
Dual culture test
a | a ¢ g
msdsziiuanuansalumatuzes1U§intveuses 1 Trichoderma sp.
o ' 2 9 £ A a Y 1 .
1w 5 Tolaan aemswsymadulovousesiaung lsnans 6 wiia laun dlernaria sp.
Curvularia sp. Fusarium sp. Helminthosporium sp. Pestalotia sp. 8¢ Rhizoctonia sp. 10875 dual
Y Y
culture test WU $95NUBINITUYNIFD (3 DAI) %0351 Trichoderma sp. N0 1o Taan a1u1sn
o ¥ A & A a A v ~ Y ¢
GUgIMIIUeuFos 1A lsnnsnnriainageuld Tastivinaduniugudms colony
4
Yo uFoI 1A Ianie 0glurae 2.00-2.03, 2.40-2.86, 2.93-3.1, 2.1-2.86, 2.1-3 11ag 2.4-3.06
UAAT MUEIAD FaanasegaiiisdiagynddaioMeunuganiuny Nlvuadu
1 o 1 (% o o . 1 1
HIUEUINA1N colony A 2.63, 3.1, 4.2, 3.13, 4.1 uaz 4.23 awaau sadu Ivnajeziina In
o & . - A ' @ < a = v o
N158UEVY antibiosis Haztledair 1y 1) 5-7 DAl wadeauilu Tl lunaniufernuny
[ A 9 1 o dy A dy 1 [ dy
%394150 (3 DAD) AB YUIAIFUHIUGUINGI colony YBUFBITA UK TIANIABITINAVIADI
o 1 A 1 1 o d
Trichoderma sp. SaAINVNAMUAN U IARUFUINA VR UFRT 1 IHe Tsniy T uganIugy
= a d' 49! o o d’ 1 Qﬂl ndy
s yunduaiudiay waziloardiuldauauganisnaaos (9DAD 13051
Y
Trichoderma sp. 4 5 1o Tanan g3asuaasanuanse il lufamafeinunusimsnvesns
Y P v
NAFOU NA1IAD W03 Trichoderma sp. AINIDGUINFOT 1N Tsansnnwiia ld odluga
s PR A . ' o ¥
67.4-77.77 /o 5IHUA FIANMVANITOVBUFOT Trichoderma sp. whaz 1o Iaranlun156u6s
4 [
wosrauna lsanauananuodeiivedinnyneana enidu dlermaria sp. uazanina1aun

Y g’/ v U { a 1 o g’; {
619111\‘l@]‘L!‘Ll‘Ll EJ\?W“]J?]ﬂ’HU],@TG]ﬂﬁ‘ﬂ T114Kb ‘ﬁllﬂﬂiﬂﬂﬂu°ﬂ1 !Lﬁﬂ\iﬂ’ﬂllﬁ?ll"l‘iﬂEJ”IJENL%?]SW?(H'I’W]

A { ' , - e = d'

Tsaannaialaanga oglusig 67.4-77 wledisud onidu Pestalotia sp. Tuvaizh T114S0 9
a a ¢ v Py 1o o ¥

HENINAUUIDUNT S DudaIa 11508 UGS laAUNAY TAed1E3 Alternaria sp., Pestalotia sp.

) Y s 2 o o A v ¥ A . oy
waz Curvularia sp. 18 71.77, 76.66 waz 73.33 Wodsud awardy geldniniv werindule
T dual culture plate Tldoanoldndesyansseninan linunaln exploitation (15199 4.7 Az

MWD 4.5 1aE 4.6)



42

v Y Y
maaf 4.7 dnonnuazna lnueusesT Trichoderma sp. lumsgudanisnsgmaduloves

¥ u a
o3 1aune 13aNyn1911 1Ae3T Dual culture test

. Antagonistic
Diameter of colony (cm) Y
mechanism
Pathogen Treatments
3day 5,7,9
3day S5day 7day 9day
day
Alternaria sp. Control  2.63a" 3.90a 5.76a 9.00a
T114Kb 2.00b 2.00b 2.00b 2.00b A+C C
T121Kh 2.00b 2.00b 2.00b 2.00b A+C C
T112Sc 2.03b 2.03b 2.03b 2.03b A C
T114So 2.00b 2.00b 2.00b 2.00b A+C C
T.com 2.03b 2.03b 2.03b 2.03b A+C C
Curvularia sp. Control 3.10a 4.53a 6.0a 9.00a
T114Kb 246b 2.46c 2.46¢c 246c A+C C
T121Kh 2.86a 2.86b 2.86b 2.86b A A
T112Sc 2.50c 2.50c 2.50c 2.50c¢ A C
T114So 240b 2.40c 2.40c 2.40c A A
T.com 2.60b 2.60c 2.60c 2.60c A C
Fusarium sp. Control 4.20a 6.16a 7.60a 9.00a
T114Kb 293¢ 293¢ 293b 2.93c A C
T121Kh 3.13bc 3.13b 3.13b 3.13b A C
T112Sc 32bc 3.2b 32b 3.2b A C
T114So 3.1bc 3.1bc 3.1b  3.1b  A+C C
T.com 3.16b 3.16b 3.16b 3.16b A+C C
Helminthosporium sp. Control 3.13a 4.5a 5.86a 9.00a
T114Kb 2.10d 2.10d 2.10d 2.10d A+C C
T121Kh 2.33¢ 2.33¢ 2.33cd 2.33c A C
T112Sc 2.86b 2.86b 2.86b 2.86b A C
T114So0 2.46¢c 2.46¢c 2.46¢c 2.46¢ A C
T.com 2.16d 2.16d 2.16d 2.16d A C
Pestalotia sp. Control 4.10a  6.06a 8.00a 9.00a
T114Kb 2.86bc 2.86bc 2.86bc 2.86bc A+C C
T121Kh 3.00b 3.00b 3.00b 3.00b A+C C
T112Sc 2.86bc 2.86bc 2.86bc 2.86bc A+C C
T114So 2.10d 2.10d 2.10d 2.10d A+C C
T.com 2.80c 2.80c 2.80c 2.80c A C
Rhizoctonia sp. Control 423a 6.86a 9.00a 9.00a
T114Kb 240c 2.40c 2.40c 2.40c A+C C
T121Kh 3.06b 3.06b 3.06b 3.06b A C
T112Sc 2.80bc 2.80bc 2.80bc 2.80bc A A
T114So0 2.93b 2.93b 2.93b 2.93b A A
T.com 2.70bc 2.70bc 2.70bc 2.70bc A C

vy = o 1 s A Fl v W A g 9 1 Y 1 A = 1 o
“AURAYIN 591 ﬂTLﬂﬁfll“VlGl111ﬂ’JE]G]’J?JﬂHiL‘H11E’)‘L!ﬂ'L!Gl‘L!LLH’JGNLLGIQ%'JH‘U@Q!L@Q%H)’?J .lllllﬂ'f]"lll!,mﬂ@’l"lﬂﬂu

NIA0A NTTAVANUAYDIU P = 0.05 1A8I5Y04 Duncan’s Multiple Range Test (DMRT)

2/Antagonistic mechanism: A = Antibiosis, C = Competition
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Alt. Cur. Fus. Hel. Pes. Rhi.

9 Y
ANNANITOUD Trichoderma sp. msdudamss ymaduloyosiaumeg Ty
Ta®72F Dual culture test N 9 DAI ; Alt. = Alternaria sp., Cur. = Curvularia sp., Fus. =
Fusarium sp., Hel. = Helminthosporuim sp., Pes. = Pestalotia sp. 49 ¢ Rhi. =

Rhizoctonia sp.

1/ 1 = ¥ v o A Y v o = v N dy = ' @
AURDYIIN 5 K1 mma&mwmmsmaﬂﬂmmmuﬂulmmazwa VliJllﬂ’ﬂllLMﬂ@Nﬂu‘ﬂ’N

@

a0 NTzAUANUIFLU P = 0.05 TasI5V09 Duncan’s Multiple Range Test (DMRT)



T114Kb

T121Kh

T114Sc

Alternaria sp.

T114So

T.Com

T114Kb

T121Kh

T114Sc

Curvularia sp.

T114So

T.Com

T114Kb

T121Kh

T114Sc

Fusarium sp.

T114So

T.Com

3 DAI

9 DAI

44

Y o & a &
MNA 4.6 ‘ﬂ’JHJ?H&HSf,’lﬂﬁEJiJENﬂﬁ!"l]imﬂWﬁL%uiﬂW@ﬁﬁuﬁﬂIiﬂﬁ% VO Trichoderma sp.

1a875 Dual culture test 1 3 DAI and 9 DALI; CP= control pathogen plate, DC= dual

culture plate, CB= control BCA plate
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T114Kb

5:" T121Kh
g
3
~
g,

g T114Sc
=
8
RS
S

= T114So

T.Com

T114Kb

T121Kh
&
S
S

3 T114Sc
&

T114So

T.Com

T114Kb

T121Kh
&
b=
g

s T114Sc
)
=
4

T114So

T.Com

(919)

9 DAI
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a G

a [ a L 4 d
4.4 MsAnyPNENaveIMIANAYITiAMAADM NI YU AT @ UK sANAITOYAUNIE
a ¢ a wa
Ufing luamwvioslfiams
4.41 M3AnEIdNTNAveIMsANAgHAINaneM I yMudulave urea 1A
15aN¥ 1ae33 Poisoned food technique
a a [ < { [
INNINATOUINTHAVOIATANAYHANANTZAUAMANTU 5000, 10000
;4
1Az 20000 ppm AoM; yMudu leveuosiauna Isaiys v 6 wiia AN dlernaria sp.,
Curvularia sp., Fusarium sp., Helminthosporium sp., Pestalotia sp. W@ ¢ Rhizoctonia sp. STRR
’ y A o & o < Y ¥ oA o ¥
¥I93NHAINTUgNAeHaIN131/gniae (3 DAD asanaguITAMANNANNTNTY UHadUE
2 9 & = a Y = 9 ' J
mssymuduloveudesraung lsaisnasiala Taslivuadudiugudnals colony
0811953 1.59-1.6, 3.2-3.54, 2.56-3.52, 3.25-4.33, 3.65-4.23 119 2.83-3.27 LEUAILAT AIUAIA1
FIANANINYANIUANOGIN Hod 1Ay NIada tazionaiWiull 5 DAIwan1snaa0s
I a = [T | 1 A o Y 9 a
il TudamaReriuiuswsn nanae asanannANUITNTUEIT0FZA0NTE YN

A a

Y dy Y = Y 1 o ' 1
iulovoudonianvglsanannwiald Taslivinaduriugudnaisoglusig 2.64-7.09

a

'
o Aan A

FUAIATFILANA1RI NI HEd A YN FRAIlDIRsDAUARIUAY (3.73-7.41 IBUAILAT) LD
] @ I~
szoznatiu’ly 7 DAL anidu Alternaria sp. (12 DAD ansanaguiiamanmdudu 5000,
10000 118z 20000 ppm Hdadlsz@nsnmduginmssynmudulevourosiasig lsnnsnn
A ¥ ! s K o w s 3 o o ¥
wiin'la 08159 1.6-27.6, 4.7-19.1 naz 12-53 1ostgua awdiau tazilosiduanisdug
k4 9 4
YoaAazFouAnANNueE NI isd RN Iaa Iaeliasanadudimsns ymaduloveuie
Y A I & A
31 Fusarium sp. hlﬂﬂ‘i/]fjﬂ (27-53 1519 UA) T99Q9UNAO Curvularia sp., Alternaria sp. WQE
o g’/ 1 1 Jd 2 o o w
Helminthosporium sp. §n8U8308 11539 20-26.6, 19.8-25.7 1az16- 21 1Jo3idUa Ama1aL (W
1 4 A @ @ < 1A A [
M 4.7 182 4.8) AN TANITTAVA NV VT UV TEAALIAUIN BUNUTZAVANY
Y 9

2 a A vy 3 2 1 o o < A @
Lﬂlhﬂlugﬁﬁu ﬂ§$’ﬁ‘ﬂ‘ﬁﬂ'ﬁ/\lGl,uﬂ'lﬁflﬂﬁl\‘]ﬂﬁlgﬂ'lﬂﬂdiul‘HHﬂu I@ﬂﬁ1iﬁﬂﬂ°§ﬂl'ﬂ@£ﬂﬁ%i$@°ﬂﬂ'ﬂll

AU 20000 ppm ueaeLlsEans I ldanga (13199 4.8 LazaIwi 4.7 1ag 4.8)

Q
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NAGIVUDIMITNANATANANENLDNIUDA

3 = o Y 9 1 At . .
nnlugurame NszauANUITLTUA1) 17T Poisoned food technique

Colony diameter (cm)

Concentration
Pathogen
(ppm) 3 DAI 5 DAI 7 DAI 9 DAI 12 DAI
Control 2.28a" 3.73a 5.20a 6.65a 9.00a
5,000 1.60b 3.07b 4.15b 5.36b 7.21b
Alternaria sp.
10,000 1.66b 2.85bc 3.94bc 4.89¢ 7.09b
20,000 1.59b 2.64c 3.78¢c 4.80c 6.68¢c
Control 4.35a 7.13a 9.00a
5,000 3.54b 5.49b 7.12b
Curvularia sp.
10,000 3.36bc 5.28b 7.02b
20,000 3.20c 5.18b 6.60c
Control 4.68a 7.02a 9.00a
5,000 3.52b 4.87b 6.51b
Fusarium sp.
10,000 3.00c 4.12c 5.48¢c
20,000 2.56d 3.35d 4.23d
Control 4.5a 7.1a 9a
5,000 4.33b 6.62b 7.63b
Helminthosporium sp.
10,000 4.10b 6.54b 7.46b
20,000 3.25¢ 5.98¢c 7.1c
Control 4.44a 7.41a 9.00a
5,000 4.23b 7.09b 8.85a
Pestalotia sp.
10,000 4.10b 6.70c 8.57b
20,000 3.65¢ 6.19d 7.92¢
Control 4.04a 6.87a 9.00a
5,000 3.27b 5.93b 8.09b
Rhizoctonia sp.
10,000 3.12bc 5.84bc 7.79¢
20,000 2.83c 521c 7.26d

A T, A4 9 o o a o T . o EARE o
AURAYVIN 5 K1 ﬂmmammmamamgimuauﬂuclmmmmmamumammazwa ”hmmmnmnmmu

'
aa a

NNADA NTTAVANUANU P = 0.05 TasI5V09 Duncan’s Multiple Range Test (DMRT)
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100
90 []5000 [ 10000 [ 20000 ppm
80
70
60
50
40

30

C
b
b b a
a1/ a qa 4 b ¢
a a

20 c .P
10 - b.

0

Alt. Cur. Fus. Hel. Pes. Rhi.

Growth inhibition (%GI)

3 =l "a @ < o & a 4
MmN 47 alsganimwvesansanaguiramasuginiins ymadulesesiaung lsa iy
Ta®872F Poisoned food technique; Alt.=Alternaria sp., Cur.=Curvularia sp.,
Fus.=Fusarium sp., Hel.=Helminthosporium sp., Pes.=Pestalotia sp. Il A &

Rhi.=Rhizoctonia sp.;

oA B~ v o o : ¥ = o
"AunQe1n 5 W ﬂwmatm@1mﬁ’aﬂmanmmﬁauﬂuimmam% ‘liJllﬂ’JnJl,W]ﬂ(ﬂNﬂuﬂN

@

798 NITAVANWFNU P = 0.05 1A8IFU89 Duncan’s Multiple Range Test (DMRT)
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Alt.

Cur.

Fus.

Hel.

Pet.

Rhi
= .
Vg
L
.

Control 5000 ppm 10000 ppm 20000 ppm

3 a 4 1 4 { v <
MW 4.8 MITYVOUFDIIA KA TIANFULIIULIMITALUTO PDA NHTUAITANAYNIHA
9y 9 !
INA ANUVNUVUANE); Alt.=Alternaria sp., Cur.=Curvularia sp., Fus.=Fusarium sp.,

Hel.=Helminthosporium sp., Pes.=Pestalotia sp. §6& Rhi.=Rhizoctonia sp.;
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4.42 M3ANHIBNENAVLIAIIHENVIBMURANNUATAYIRAINAADNITIDNVD
¢ X A ad . .
aleswonaurinlsais 1agds Spore germination test
o [ a a 1% < o [
FIRITUNTNATOUDNTNAUVDITNITANAYUINANAIIUIU 3 igﬂﬂﬂ’ﬂll!,"ﬁ}ﬂeﬁlu
] J ¥ o a [
(5000, 10000 L8 20000 ppm) AoNTIBNVBIE DI VBUFETI@UHA TsANTTIUIU 5 ¥ia TAun
Alternaria sp., Curvularia sp., Fusarium sp. Helminthosporium sp. W0 & Pestalotia sp. WU
' o o ' s o o
Glu‘lf’)ﬂllﬁﬂ‘llﬂﬁﬂ'lﬁﬂﬂﬁ@‘ﬂ (24 ‘D"JI?J\WTQ\TﬂWﬁLL‘]fﬁ‘]J@ﬁ) a15ena 3 ﬁgﬂﬂﬂ?ﬂi]!flsl}iﬁlgl}u a0
o ¥ ¢ & v a A s o a
EJ‘UENﬂ']ﬁ\i@ﬂsll@\iﬁ"l’@3L515@31ﬁ1lﬁﬂ13ﬂqﬂﬂﬂ“ﬁuﬂﬂ‘ﬂﬂﬁﬂﬂ TﬂﬂWULﬂ@ﬁL“ﬁu@]ﬂWiﬂ@ﬂlWﬂ\i 7-8,

< o 3 < 1 ' v o 2 aa
2-38,7-32, 5-20 haz 1-15 1los1Fud awdiau Fauana1996193isd 1Ay N19aDAINYA

Q

Y
=Y

- A A ' & 9 ' %
ﬂ']‘]J?;IlJ (40-60 Lﬂ@ﬁl“b’u@]) Ltazmanmmu”lﬂ 36 Llag 49 GI)"JI?J\TTTaQﬂ"IiLLGD'ﬁﬂ’Oi (ﬁ'uﬁ'ﬂﬂ’]ﬁ

aQ

@ I a 2 [ 1 = o <
NAADI) NaENﬂQLﬂuulﬂﬂluVIﬁVleEJ%ﬂuﬂiJ“vNLliﬂle’erﬂlﬂﬁﬂ‘U NANIND A1TANAYNIYIA

q

gJ/ [ 9 9 WA= o g’./ 4 dy [ [ 9
INANY 3 58AUANUVNUY LLﬁﬂ\‘]ﬂﬁ%ﬁ‘Wﬁﬂ?Wiuﬂ'ﬁﬂUﬂQﬂTﬁQﬂﬂﬂJ@ﬂﬁﬂﬂﬁl‘b’@ﬁ?ﬂ\iﬂﬁ']’ﬂﬂ
1 9 1 o o g’/ 4 49’ . Sldd' = < 3 4
ADUUIIANTA TagdudInN1sIonUodo51yes) Curvularia sp. llﬂﬂ‘ﬂlj’ﬂ a0 94 SIRHEA:

v 9
50909010 Alternaria sp., Pestalotia sp., Fusarium sp. W& Helminthosporium sp. GL]?’QQﬂEJ‘]JEJ\‘I?JQ

%

v < o w x 1 1 o o Aaa
11979 83-92, 32-87, 42-85 uay 39-82 1WasiFud muddy FuandegeiiisdAynana

s H
v A

A~ @ A @ Yy 9 Y @ ~ A
WameuAUARIUAN TABmMIZNIZAUANUTNTY 20000 ppm THiNATDEIATNGA (113199 4.9

HAZNIND 4.9)
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4 a a (% < { Y 1
ﬂ1§1\1‘ﬁ 4.9 @TI‘EW@"’U@\Tﬁ15ﬁﬂﬂﬂﬂ1ﬂl@ﬂ1u’ﬁ]aﬂ’lﬂiﬂ‘]jﬂL‘Viﬂlflﬂﬁ ﬁﬁgﬂﬁﬂ'ﬂi\ll"ﬁ}ﬂ"ffﬂﬁ'lﬂg]

' s X A an ..
apM3enUeIaodiesa e 1sany 1Ae35 Spore germination test

Spore germination (%)

Pathogen Concentration
12 hr 24 hr 36 hr 48 hr
Control Oa 43a 68a 100a
5000 ppm Oa 10b 13b 17b
Alternaria sp.
10000 ppm Oa 8c 10c l4c
20000 ppm Oa 7d 7d 8d
Control 39a 42a 100a 100a
5000 ppm 33b 38b 80b 85b
Curvularia sp.
10000 ppm 9¢ 10c 13c 33c
20000 ppm 2d 2d 3d 6d
Control 0a 40a 100a 100a
5000 ppm 0a 32b 57b 58b
Fusarium sp.
10000 ppm 0a l6c 23c 32¢
20000 ppm 0a 7d 11d 15d
Control 20a 55a 95a 100a
5000 ppm 7 20b 50b 60b
Helminthosporium sp.
10000 ppm ok 15¢ 25¢ 38¢c
20000 ppm 0d 5d 10d 18d
Control 0Oa 60a 65a 100a
5000 ppm Oa 15b 60b 68b
Pestalotia sp.
10000 ppm Oa 3c 30c 33c
20000 ppm Oa 1d 12d 13d

1.1 A 3 1 A A ) v o A @ ¥ 1 ] 1 X (=Y 1
AURAYIIN 5 K1 ﬂ“ﬂaE]‘ﬂgnllﬂ'gﬂﬁ')@ﬂyin’ill@uﬂuﬂlullujﬁ\ulﬁﬂgsﬁjiuqmaquﬁﬁglsﬁa Illlllﬂ'ﬂllllﬁﬂ@n\j

]
aa A @

AUNEDA NTLAVANUFOIU P = 0.05 1a8I5¥09 Duncan’s Multiple Range Test (DMRT)
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[]5000 [ 10000 [ 20000

Alt. Cur. Fus. Hel. Pes.

a A @ < v & a d
UsganimmvesansanaguramasugsmMssymudulosesidug lsai
laosds Spore germination test; Alt.=Alternaria sp., Cur.=Curvularia sp.,
Fus.=Fusarium sp., Hel.=Helminthosporium sp., Pes.=Pestalotia sp. Il A &

Rhi.=Rhizoctonia sp.

el £ P\ (e v o o ' 4 = o
"AUnqe1n 5 B mmaEmmuﬁ'wmaﬂ‘yimﬁauﬂuqlmmazg% ‘llliJﬂ’JHJL!@]ﬂﬁNﬂuﬂN

@

494 NIZAUANWFIU P = 0.05 I@8ITUD4 Duncan’s Multiple Range Test (DMRT)
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=® a A [ & 1 a .&’ a d as
4.4.3 MIANVIDNEWAVRIAIADAYAANANDNIS93 YV UF5 1 Ty aeIB
Poisoned food technique
a a @ ]
MINNANINATO DN NAvEIATANAYUTANG (ATTUTU 5000, 10000 LAY
k4
20000 ppm) A9NT193yN1dU loUor0I1 7. harzianum 19835 Poisoned food technique WU
lugrsusnuesmsnadou (3 DAI arsananIniaInaInnaNuuTulinaiiosyzanns
Y Y ! 2
3 YVOUTFDIT T harzianum N0 1o Ttan iy wazilonariiuliuauganisnaass
4 _ o o 2 X4 .
(7 DAD 13051 T. harzianum N0 1o Taan awnsonsig ld@unuemsteuseinauaisana
<3 ] 1 g’; o 9 U Yy 9 o 1
guriame waz lunanasnnganiugy nnuwindulellaesnieldndesganssanl wumn
9 = ;:; ] 1 d' é Y [
idulelianyazi lusanasnnganivay (M 4.10 uaz 4.11) Faweszdzil lanmsana
< o v 9 = ' a ) X .

gutanannszauaududu liinaaemsniynuduloue s . harzianum 1y

gJ/ o Y] a 9 o dy 1 4
nuuimsasaiulSmamsaiddeivourosinn lo laannui dleives

1 - a ] 1

T. harzianum 90 1o Tan H3d519Miuilng bivanaeanganivguy uazuiale Taan
[ 1 9 YA 9 =Y 4 1 1 =1
(T114Kb tag T.com)NaUNUN ganszqulninsaslsunaalosuinnnganivauediall

o

Hod A NADaA (113199 4.10)
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Inhibition effect (%)
2 &8 2 2 2 8 8

[ ]
<

10

o ppm
C
bs 5000 ppm
B 10000 ppm
¢ . M 20000 ppm
b d
b d
d d O
C
a1/ c : L
. b ¢ i

aaaa aaaa aaaa aaaa aaaa

T114Kb|T121Kh| T114So | T112S¢ | T.com |[T114Kb|T121Kh|T114Se | T112Sc | T.com |T114Kb|T121Kh| T114So | T112Sc| T.com |T114Kb|T121Kh|T114So0 | T112Sc| T.com

1 DAI 3 DAL 5 DAI ‘ 7 DAL

3 a A [ <3 1 a -
MU 410 INFNAVRIETANAYUAANAADNTOI YN 1d U a0 Trichoderma sp. 10075 Poisoned food technique

]
aa A

' A 2 A A v v o ' X ' o ' o o y 4 an .
"Aunaean 5 o mmafmmu?ﬁamaﬂmmﬁauﬂu“lw,mam%ammgmamu lhlﬁﬂ’ﬂlllmﬂ@nﬂﬂu’ﬂ'l\iﬁﬂﬁ nse ‘]Jﬂ’.]'lﬂJL"‘]ﬁfﬂﬂJ‘Ll P =0.05 In835U09 Duncan’s Multiple

Range Test (DMRT)
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= e
(@) = ° 5
O Zeabn
o ,
_| 8 © & &
<
()
™ o - -
§ & 4 . é )
§ ’ x5 ‘h, ﬁ
o
AN
° :
€ 5 <
(@] 3.“‘ "_ G
o
o
O W
-_— 1]
<
(@) = -
=2 3 %
o 5
2 = .’Jl
s &
(=] ke
S 4 2
N
\ T114Kb | T121Kh | T114So | T112Sc | T.com
Q.
< Trichoderma spp.

' Y 9 Y H
MW 4.11 ﬂ'lilﬁﬂiQ‘JGU’éNlélﬂff]iW Trichoderma sp. uumummigﬁw% PDA NINENANTENA
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v F H
M3197 4.10 U511M3a3 1 conidia Y0UFOI1 Trichoderma sp. MVIQYVUDINIT PDA Wl

@ < 1 {
MsAnAguRAMAANUTNTUA1 DA 7 DAL

. n Number of spore
Trichoderma spp. Conc g Remark
(10" spores/10 ml) 7 DAI

0 1.03b" Normal spore
5000 1.18a Normal spore

T114Kb
10000 1.15a Normal spore
20000 1.16a Normal spore
0 0.44b Normal spore
5000 3.03a Normal spore

T121Kh
10000 2.89a Normal spore
20000 1.23a Normal spore
0 1.01a Normal spore
5000 1.21a Normal spore

T114So
10000 1.32a Normal spore
20000 1.12a Normal spore
0 0.52b Normal spore
5000 0.59b Normal spore

T112Sc
10000 0.59b Normal spore
20000 0.77a Normal spore
0 0.74b Normal spore
5000 1.03b Normal spore

T.com

10000 1.51a Normal spore
20000 1.4a Normal spore
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1%37% P = 0.05 1A835904 Duncan’s Multiple Range Test (DMRT)
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Curvularia sp.

80

60

40 b

Growth inhibtion (%)

cd

CWOA | T114Kb | T121kh

MNN 412 (90)

T112Sc
3 DAI

T11450 | T.com | F221-8

G
e
cd cd 1 od
20 d
€ G—
‘o o ©
oo f G
g g8 - g g h
0 - = - A

]
| T114Kkb |

CWOA

Q

ef

€e

T121Kh l

bc

de

T112Sc
5DAI

de
ef

| T11450 |

de

ef

h

f

] 0 ppm

Tcom | F221-B | CWOA | Ti1aKb

Il 5000 ppm
b
b
3
(o} c c
T121Kh | Ti12c
12 DAI

Il 10000 ppm
b b
Q
2 8 =
c c
d
T114So0 T.com F221-B

6S



100

Fusarium sp.
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Rhizoctonia sp.
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4.6 msnaaeunNiluiiy (Phytotoxicity test) Vosmsanayaiamanodunz
4.6.1 manageuanuiuiivvesasatareviemusayBiamanafunz i lu
Y a wAa
amwndesjiams
= I a o < A o Yy 9
nnmsanaNuiuivvesmsanaguiamanszAuANUTNTY 5000, 10000
1 v { Y 1
1Az 20000 ppm AEAUAZIN 21 uaz 30 4 NilgnluunIussgensazaresIgeIMIT iy W
[ 9y 9 A 1 a3 a .. 1 9 Y g’z =< ] [
asanannanudutuinadeu luitluny (Phytotoxicity) Aoduazina 2 01g a4 Tuuanaig
' A ] a a 9y ' 9 A
MnganIugN nane hinveimsdalngd ldun ernisunaluil wieuname nazeins

Wasua (M 4.14)

Treatment
plant
control 5000 ppm 10000 ppm 20000 ppm
21 day
30 day
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a o D) 9 Yo a oy o < 4 o Y 9
NINN 4.14 aﬂHf,ll3@]11?]31“7]llﬂi‘llﬂ'liﬂﬂw‘Llﬂ'JfJﬁ15ﬁﬂﬂGIﬂJL“Hﬂ!ﬂﬁﬂigﬂUﬂQTNHﬂJ‘UUWTQ"]
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4.6.2 msnageuanuiuiivvesmsananenueMusayuviamanedunzth Nilgn

a d

luszuvlalaslidfing
I a % 3 § o
nnmInageuaNuiuisvesssanareIueNIUeaNn luguAAMANT YA

1 <3 1 I a

AU UTY 10000 1AL 20000 ppm AoAUALN uaaa v msnagewilu 1y luianig
=) % 9 ~ Y A =S c’:‘/ o 1
Rernunumsnadeuazii Ngnluudiusseasaza1es19e115lY (4.6.1) BNNIGINU I
o = 1 a a A 1 A [ <3 Yy Y ]
nnlade Lilimagennurnlndvesluiy nanfe arsananinluguiiamennanuaudu 'l

' 9 9

I~ a d‘ ] 1 1 an d’d
WunyaeauazIANAgo uaz'lmmnmqmﬂﬁgﬂmmu (healthy control) ¥3UNTTUITNRA

] 9 J dy [ 1 dy . [ 9 a [ 9 Y
Wuﬂ’JEJE‘T‘]Jﬂil%@i?ﬁ?Lﬁ@IiﬂﬂaUWU’N L¥931 Alternaria sp. nalvinalsanuaunztini

)

= L= 1 ! - =
nageuyuusan lasiesguanimguusivadlsa 0glurie 14-92 nosidua iy
a @ o w dy 9 = 3’/ 9 v A ] [l <
Tymlumsidsziiunatfosnumvaowdu Bnndoyadalinammlsdsiueguin og1elsn
[ d' Y1 %’, =S ] 1 [ 4 dy
A1 wamsnadel daneiiazagllan 1) FuaeumsBanuszrIndanatazaloiyes
1 1 @ v <] 1 1 @
Trichoderma sp. T¥wa'lajnanananu 2) anududuvesarsanayguiiame Jna luuanaiany
Y 9
uaz 3) leTaanveauyes Trichoderma sp. §udala luanaiany Tunsaanisinyiiaisves
£ : = L i q 3 @
15031 Alternaria sp. 198U d5IHFUANNBFUNTIVDITIABYIUFIN 14.6-71.6 1o 5iHud uag
uANANNWADAB N Tsd wapienfF oMo nUAR LAY (inoculated control) TeganILaN

= T 4 a P-4 A A
mﬂaimu@ ﬂﬁlﬂﬂﬂ’)n@uuﬂﬂl’@\ﬂiﬂ 92.5 L’]Jﬁ)ilﬁ]f‘uﬁl (Gﬂ‘iN‘VI 4.11 LlazNNN 4.15)
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=~

Y

a 4
TuszuulalasTiing
Phytotoxicity
Factor A Factor B Factor C Factor D ) - - % DS
Necrosis Discolouration
< 0 ppm non-trt - - ok"
O - -
K T114Kb 0k
-2 T112Sc - - 0k
o
g 10000 ppm non-trt - - Ok
E=]
5 T114Kb - - 0k
g T112Sc - - 0k
[oF
2 20000 ppm non-trt - - 0k
8 g T114Kb . - Ok
E =
2 T112Sc - - 0k
o
£ 0 ppm non-trt - - Ok
g <
Z. 2 T114Kb - - 0k
2 T112Sc - - 0k
E g 10000 ppm non-trt - - Ok
5 Fé T114Kb - - 0k
=1
£ @ T112Sc - - 0k
%D 20000 ppm non-trt 3 x Ok
<
(]
& T114Kb - - 0k
T112Sc - - 0k
< 0 ppm non-trt - - 92.5a
R T114Kb - - 59.1bcd
g T112Sc - _ 525¢
(=5
g 10000 ppm non-trt - 1 71.6b
i=]
% T114Kb - - 41.6f-i
éi T112Sc - - 38.3hi
£ i 20000 ppm non-trt - # 45.8d-i
g é‘ T114Kb : - 3250
g T112Sc - - 54.1c-f
Q:’o 0 ppm non-trt = - 92.5a
<
% K T114Kb - - 14.6]
= E T112Sc - - 35.4i
g g 10000 ppm non-trt - - 40ghi
8 g T114Kb - - 45 4d-i
L T112S¢ - - 43.7ei
2 20000 ppm non-trt - - 50.8d-h
<
= T114Kb - - 57.5cde
T112Sc - - 65bc
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0.05 TagI5U09 Duncan’s Multiple Range Test (DMRT)
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Value of factor A
Non-inoculation Ob
Pathogen inoculation 51.8a
Value of factor B
Treating plant extract and BCA same time 27.1a
Treating plant extract prior BCA 24.7a
Value of factor C
0 ppm 28.8a
10000 ppm 23.7b
20000 ppm 25.1ab
Value of factor D
Non treated 32.7a
T114Kb 24.0b
T112Sc 20.9b
C.V. (%) 67.37
Value of data set (A) *k
Value of spry type (B) ns
Value of extract concentration (C) ns
Value of Trichoderma sp. (D) ok
A*B ns
A*C *
A*D sk
B*C *%
B*D ns
C *D sk

A*B*C*D

kk




Without Alternaria sp.

With Alternaria sp.

MWN 415 anbazdunziil 01y 50 70 N
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SPAD value 139 141101 46-56.08 1flwwsrg lulinsidihaieve udesiaung lsn uaziile
9 1 k2
nawull vaulgni¥esiauna lsn 3, 5 uag 7 DA n3suasn L' ldlgniyesiaung Tsa 3
1 [ Y A [ 1 1 dy 1 Qdd‘
A1 SPAD value IMN1 48.53-55.41 Inanasnusaeneullgniresianrg lsn uanssuIsnilgn
j’ . o Y I 1 1 A o 9 1 < Y o =
1%0351 Alternaria sp. PaUUaad 1AL A1 SPAD value Nia laanasedramiv lasany Taell
1 1 1 é 1 Qdd‘ ) dy U 1 =Y
A10gluTI9 16.57-27.52 Fauana 19910033 uIsn lidgniesiaung Tsaasnan Ysuiw
Yy o 9 Y oA A A X A
chlorophyll #0AndeenuMINAdoUAIUMITosnuTsn na1afe oNsgnyes 1a e T5ANYy
Alternaria sp. Wyang mauna §aaanaliifsuna chlorophyll U3 lndumaanasaiylidoe
(M3199 4.13)
4 @ (9 [ < a [
Tussziminagoununziioty 60 Tu U3um chlorophyll d3nuiluluilemiafoanu
% 1 @ 1 1 o ) 1 @ I~
AUMINATOUFI WHDIY 40 TU Av FINBUMINITNATOU HAVIIMTRANUTANAYUITIA
4
INF AT HAINANUIYOT Trichoderma sp. U318 chlorophyll lHuana19ny Taeiia1 SPAD
1 1 H 1 U é’
value 88114529 45.93-55.41 TuvagNYI9MaIN1351gni¥es dlrernaria sp. (3, 5 1ag 7 DAI)
ax A X A ax Ay 1 Y X A VW '
N335 NlgniFes1auvg TaansuaznssuIsn i lalgnmesauvg Tsans utanaeniods

A o v

HivdAgneaaa Taeian1 SPAD value ldoglumie 16.27-28.42 waz 48.3-56.02 (13191 4.13)



72

q’ a a dy a Cal 1] o <
M1919N 4.12 ﬂigﬁT]‘ﬁﬂ'lWﬂJ'ENHff]iﬁJ;]ﬁﬂH5']3Jﬂ'1.|ﬁ15ﬁﬂﬂ1’ifﬂﬂ°]qfﬂl’ﬂﬂwlﬁ Glumsmimu

Tsalugadunazih o1y 40 uaz 60 Tu

Plant age at 40 day Plant age at 60 day
Factor Factor B . m .
A (opm) Factor C Lesion size (cm) % DR Lesion size (cm) % DR
3DAI 5DAI 7DAI  7DAI 3DAI 5DAI 7DAI  7DAI
non-trt OF of 0e 100a of of 0d 100a
0 T114Kb 0f 0f Oe 100a 0f of 0d 100a
- T112Sc of of Oe 100a 0f of 0d 100a
E nontt Of 0f 0c  100a 0f 0f 0d  100a
g 10000 T114Kb of 0f Oe 100a of of 0d 100a
';é Ti2se  Of of 0c  100a 0f of 0d  100a
non-trt of of Oe 100a 0f of 0d 100a
20000 T114Kb 0f 0f Oe 100a 0f 0f 0d 100a
T112Sc 0f 0f Oe 100a 0f 0f 0d 100a
non-trt 0.71a 0.97a 1.78a Oe 0.84a 1.26a 1.9a 0d
0 T114Kb  0.53bc  0.66d 1.77a le 0.64cd  0.75bc I.lc 40.1b
§ T112S¢ ~ 0.57bc 0.54e  0.94c  47.5c 0.54de  0.78bc  1.14c  40.1b
§ non-trt ~ 0.54bc  0.86b 1.29b  27.8d 0.76ab  0.5d 1.45b  23.7c
E 10000 T114Kb  0.48cd 0.76c  0.71d ~ 60.4b  0.63cde 0.64cd lc 44.3b
é" T112Sc  0.56bc  0.48¢  0.74d  58.3b 0.72bc  0.68cd  1.17¢  38.3b
£ non-trt 0.60b  0.90ab  1.21b 32d 0.5¢ 0.84b 1.56b 18¢c
20000 TI114Kb  0.24e  0.5le  0.78d 56b 0.6de  0.68cd lc 44.1b
Ti12Sc  0.39d  0.52¢  0.77d  57.4b  063cde 0.72bcd  1.1c 40.7b
Value of factor A
Pathogen inoculation Ob Ob 0b 100a 0b 0b Ob 100a
Non-inoculation 0.5a 0.6a 1.1a 36.2b 0.65a 0.7a 1.29a 31b
Value of factor B
0 ppm 0.3a 0.36a 0.74a 57.38b 0.33a 0.46a 0.7a 63.15b
10000 ppm 0.26b 0.34ab 0.45b 73.9a 0.35a 0.32b 0.61b 66.93a
20000 ppm 0.2¢c 0.32b 0.45b 73.69a 0.29b 0.37b 0.62b 66.40ab
Value of factor C
Non treated 0.3a 0.45a 0.71a 59.52¢ 0.35a 0.45a 0.82a 56.3%b
T114Kb 0.2c 0.32b 0.54b 69.16b 0.31b 0.34b 0.54b 71.02a
T112Sc 0.25b 0.25¢ 0.4c 76.25a 0.32ab 0.36b 0.57b 69.07a
C.V. (%) 37.28 22.07 26.70 14.47 33.24 40.37 23.38 15.05
Value Of factor A 23 sk sk sk sk sk Hok Hok
Value of factor B o * Hx Hx * Hx * *
Value of factor C * ok ok ok * * *x *x
A*B ok * ok - * - * *
A*C o ok ok - * * ok ok
B*C * sk sk sk * sk * *
"% DR= disease reduction over control
Aundeain s 41 Aundeimudiedisnysmilouiuluudazaedunl lifianuuand1aiunaada fszey

AN P = 0.05 1A8I5UD9 Duncan’s Multiple Range Test (DMRT)
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M3 413 szanTamveuresfinusunuasananeruguiama lumsniugulinlugaduazi No1g 40 tag 60 Ju

Chlorophyll content (SPAD value)

Factor B Plant age at 40 days Plant age at 60 days
Factor A Factor C - X : ] 7 . - - X -
(ppm) Prior to pathogen inoculation After pathogen inoculation Prior to pathogen inoculation After pathogen inoculation
(1) ) 3) 3DAI SDAI 7DAI (1) 2) 3) 3DAI SDAI 7DAI
non-trt  46.50cd”  50.30ab 51.97ab  51.97abc 54.66a 53.33abc 54.33a 52.96ab 52.99a 56.02a 50.90bcd  51.29abc
0 T114Kb  50.24a-d  53.14ab  52.48ab 48.53¢ 51.84ab 49.48¢ 50.12ab 53.38ab 45.93b 51.22b 51.23bed  52.58ab
g TI112Sc  50.90a-d  50.89ab 49.27b 53.59ab 54.52a 49.92¢ 50.60ab 50.29ab 52.22a 54.86ab 53.82ab  51.20abc
% non-trt 54.09ab ~ 51.78ab ~ 52.40ab  51.28abc  53.20ab  50.68bc 51.22ab 50.20ab 54.03a 50.90b 55.86a 53.64ab
.é 10000  TI114Kb  53.88ab ~ 53.02ab  53.94ab  52.87ab 49.80b 55.41la 54.57a 54.83a 51.88a 52.11ab 49.54cd 48.30c
'g T112Sc  52.53ab  54.42ab  52.38ab  53.46ab 49.50b 54.24ab 52.38ab 51.64ab 50.97ab 52.06ab  52.44abc  52.74ab
“ non-trt 53.58ab  51.97ab  52.30ab  53.37ab ~ 50.34ab  51.08bc 52.40ab 51.76ab 50.14ab 52.38ab  53.34abc  51.60abc
20000  T114Kb 55.14a 52.33ab  50.74ab 54.62a 50.32ab  51.72abc 55.08a 49.07b 50.74ab 53.69ab 48.42d 55.07a
T112Sc  52.74ab ~ 49.63ab 49.32b 50.09bc  53.38ab  51.86abc 53.59ab 48.73b 54.62a 51.23b 51.62bcd  50.10bc
non-trt 46.00d 51.88ab  54.20ab 25.59d 19.28¢c 18.52d 53.50ab 53.80ab 51.81a 27.91c 20.03e 17.09d
- 0 T114Kb 51.22abc  50.73ab  51.27ab 26.42d 20.66¢ 17.27d 52.32ab 50.86ab 52.19a 27.54c 20.60e 16.16d
% T112Sc  S1.2labc  51.21ab 56.08a 25.74d 20.61c 17.77d 51.54ab 53.96ab 52.49a 27.70c 20.46e 17.97d
§ non-trt 53.0lab  53.0lab  52.93ab 27.06d 22.38¢c 18.46d 52.92ab 55.71a 52.60a 28.42¢ 19.69¢ 17.83d
E 10000  T114Kb  52.53ab  52.53ab  51.96ab 26.08d 20.62¢ 19.23d 49.97ab 51.44ab 53.06a 27.50c 21.52¢ 16.27d
gﬂ T112Sc  49.27bcd  49.27b 54.50ab 26.65d 19.90c 17.87d 54.36a 52.06ab 50.77ab 23.96¢ 22.42¢ 18.63d
§ non-trt  50.49a-d  50.49ab  52.09ab 25.81d 20.98¢c 18.07d 48.60b 50.33ab 54.18a 27.93¢c 20.35e 17.23d
20000  T114Kb 54.80a 54.80a 53.07ab 25.65d 20.79¢ 16.57d 51.84ab 50.19ab 49.90ab 27.67¢c 19.61e 18.36d
T112Sc  S51.52abc  51.52ab 49.57b 27.52d 20.08¢c 17.82d 53.80ab 53.72ab 53.58a 27.18¢c 21.82e 16.54d

Prior to pathogen inoculation, the extract treatment was done at 2 day before treating the BCA. Measurement SPAD value: (1) Before any treating, (2) At 2 days after treating the extract,

(3) At 3 days after treating the BCA, and 3, 5, 7 DAI

I = 2 A dAa o o A Y ' A RE) ' Y
AURAYIIN 5 B ﬂ’]ﬁlaEJV]ll@'l')ﬂﬂ}lﬁlﬁj\lﬁ]uﬂuiull@]azﬂﬂﬁﬂu thﬂJﬂ'J’]ﬂJLW]ﬂﬂ’]\?ﬂuﬂ'Nﬁﬂ@] n

'
aa a

YAUAMWFDIU P = 0.05 1A8I5UDY Duncan’s Multiple Range Test (DMRT)

€L
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Chlorophyll contentr (SPAD value)

Factor Factor Factor Plant age at 40 day Plant age at 60 day
Prior to pathogen inoculation After pathogen inoculation Prior to pathogen inoculation After pathogen inoculation
(pom) () @ @ 3DAT . 5DAL__ 7DAI () @) B) 3DAL SDAL__ 7DAI
Value of factor A
Non-inoculation 52.17a 51.94a 51.64a 52.19a 51.95a 51.96a 52.69a 52.45a 51.5a 52.71a 51.9a 51.83a
Pathogen inoculation 51.11a 51.71a 52.85a 26.27b 20.58b 17.95b 52.09a 51.42a 52.28a 27.3b 20.7a 17.34b
Value of factor B
0 ppm 49.34b 51.35a 52.54a 38.63a 36.92a 34.38a 52.56a 52.64a 51.27a 40.01a 36.17a 34.38a
10000 ppm 52.55a 52.33a 53.0la 39.56a 35.89a 35.98a 52.55a 52.53a 52.21a 40.01a 36.9a 34.57a
20000 ppm 53.04a 51.79a 51.18a 39.5a 35.98a 34.51a 52.07a 50.63a 52.19a 39.15a 35.85a 34.8a
Value of factor C
Non treated 50.61b 51.57a 52.64a 39.17a 36.8a 35.03a 52.71a 52.45a 52.62a 40.58a 36.69ab 34.78a
T114Kb 52.97a 52.76a 52.24a 39.02a 35.67a 34.94a 52.31a 51.73a 50.61a 39.95a 35.15b 34.45a
T112Sc 51.36ab 51.15a 51.85a 39.5a 36.33a 34.91a 52.16a 51.62a 52.44a 39.5a 37.1a 34.52a
C.V. (%) 10.55 10.9 11.92 11.35 13.02 12.99 11.49 11.68 12.09 12.36 11.46 12.35
Value of factor A ns ns ns - g i *K ns ns ns ** *K *k
Value of factor B ** ns ns ns ns ns ns ns ns ns ns ns
Value of factor C ns ns ns ns ns ns ns ns ns ns ns ns
A*B ns ns ns ns ns ns ns ns ns ns ns ns
A*C ns ns ns ns ns ns ns ns ns ns * ns
B*C ns ns ns ns ns ns ns ns ns ns ns *
A*B*C ns ns ns % ns ns ns ns ns ns ns ns

vL



0 ppm 10,000 ppm 20,000 ppm

Trichoderma sp.

k=

]

2

<

o

£

=

o

Z
=
.S

k= o

B N

S )

R= —

L =~
)
Z

Q

9]

[\

—

—

=~

MNN 416 anbazaunzieIy 40 Tu

]
=

N

! -

Yo = Y @ < P~ @ 9y Y 1 & .
U],ﬂﬂJﬂTiﬂﬂ‘W‘L!ﬂ'Jﬂ?ﬂiﬁﬂﬂ‘iﬂllﬁﬂmﬁﬂigﬂﬂﬂ'ﬂiﬂflﬂﬁlu@nﬂ‘] UagIl¥031 Trichoderma sp.

SL



Trichoderma sp.

T114Kb

Pathogen inoculation

T112Sc

MW 4.16 (AD)

Non-treated

e T

ot TR

10,000 ppm

e

|

20,000 ppm

i o

T

9L



Trichoderma sp. 0 ppm

Non-inoculation

Non-treated

T114Kb
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AMNNIINUAIDYINAU iﬂﬂllﬂax’i‘lﬂ‘lﬂiﬂfﬁﬁlﬂﬂ wilaquuneasaunsd WHIAFNITTULYT

Aaw A Y [ [ =~ %} A o %
HAZaDIUINITAUNIANDY WHIAUATIIFAN UASUITITASYBINDINITNY Wﬁllﬂgﬂﬂﬂulaiﬂi
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a o [ o g 1 g (Y] [
TUind 999 IAUATIIFTN WIWIMTUONITOT Trichoderma spp. Wall5 1)1 MENIFOTIAINGT
Y
ananua 9 loTaan (T111So, T114So, T111Sc, T112Sc, T114Kb, T415-2, T121Kh, T515-1 U@
Y 9 v
T515-2) MINHUTIIMIANEIE DAL g IUINOWAZIASUUALDT Trichoderma spp. Mon'ld
F
Iﬂﬁlfﬂzﬁﬂ‘ﬂ1 2 aNHUY ﬁ’ﬁ] macro-characteristics tL81% micro- characteristics WU L%E]ﬁ‘l/]ﬂhlﬂ
a 1 4 A g
Taana1usnesuneIn1s PDA 1de61952a152 TaoSunsn colony 32l du17 91n1iuey
1 3 1 4 o o 1
Wasuiludderseusudeddondu deindulelUdnsinieldndosganssmi nua idule
dy a2 A Iy g’/ ,:{ 9 . . o .. =
vouros1 la Ui a Inlenuamuuuave nYareduleas wy phialide $143U 2-4 verticils §
[ I JA A 1 e I < 4
anvazunuuTuIaaniy Yu1a 4.9-8.4x2.5-3.4 1uTA519195 AU conidia HanHazduiraa
=S N a A 1 = ] = ] '
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2 o o e Y 9 o o & Y A . .
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9 9
(Kubicek and Harman, 2002; Chaveri and Samuels, 2003) L48£ 910013 Anpnaleg1eau lunsall
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MINVAIBINAULTIUTINVBIAUEIINIT Wl TemanalEe (Zakaria, 1989) @19819AY 60
k2 v
degralunniunuanaany Tuilszmenanuen (Okoth ez al, 2007) ve1aauluuilasudn
[ Y] aran o % 1 901 =
4 939 Tulszmaddlud (Cumagun et al, 2000) g @719819HIATALA185 1A IMITNS 11
o o ] 4 1
Uszma'lng (Pradubyart er al., 2013) MweAKALIATWUA WUIND WO T harzianum AN
~
MnNga
F115UMIU I UUUHTINIINITAIIIUIY 4 B (EM1, FM2, FM3 tiag FM4) lums
I a g a 9 4 dy A o Aa
Aulgiavaenissgmadulenaznissonvesailesvesdesianria lsansiiuiy 6 sia
A® Alternaria sp., Curvularia sp., Fusarium sp., Helminthosporium sp., Pestalotia sp., Q&
¥
Rhizoctonia sp. WU wuminuaazyialiseaumsduganuana1enu 'l Tas FM2 uag FM4 3
A a A o & a Y X Ao a A
YszANTNINANTA A11306V89M5193 YmMadu leve uFe a1y 1sANsI 11U 3 Fila AD

s I & o ' '
Alternaria sp., Curvularia sp., and Helminthosporium sp. 1081119315 uan 15808908 11959
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a A v a ] I
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. A ] o A 9 Y
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. @ ~ a = = A Y A o = 3’; a d" Yo
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v k3
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Dual culture test W1 L%ﬂﬁ T. harzianum N 5 "laicmam ?HiJﬁﬂﬂUﬂQﬂWiL%iﬂluﬂWQLZ%}uiﬂﬂlﬂﬂ
&1 A a 9 1 =\ Aa a = J < 4 o 2’, ] ]
!.515’631ﬁ1lﬁﬂiﬁﬂW“Bnﬂ°ﬁuﬂllﬂﬂﬂNiJ“]Ji%ﬁ“l/l‘ﬁﬂﬁ/‘l IﬂfJiJL‘]JE’)'iL“]fHﬂﬂTﬁfJ‘]JfJ\?EJﬁJjM‘D"JQ 67.4-

J 3 s =2 = o & aa A =
77.77 Wosigua G]N"l’aicma‘w T114Kb JJﬂ’JﬁJﬁHﬂiﬂGluﬂﬁfJ‘UfNﬂ‘VIQQ T090901A® T.com U

F4
v 1

s 3 o @ ' s 3 o o v = '
Lﬂ@il“ﬁuﬁﬂ'ﬁﬂ‘ﬂﬂx‘l ’E'JfJGlL!GI)'?\‘l 67.4-77.77 Uag 64.81-77.4 L‘]J’E)ﬂ“])’l!@] ATNATAY BILUANATIDIN

u

IS (%

] ) aa & < 1 { <
FAAIUANDYNUUITIAYNWADA ‘%\1WaﬂTﬁﬂﬂa@ﬁllﬁﬂﬂiﬁlﬁuﬁ’]L%@ﬁW Trichoderma sp. 1w

o

a <3 ~

L%@ﬂﬁﬁﬂﬁﬁ]imﬁi?mi? waziisenunsisannueveuiedinandalszansamly
msmuﬂm%@swmmqimﬁﬂﬁ'wawmfﬁﬂ \%U Alternaria alternate (Gveroska and Ziberoski,
2012; Jat and Agalave, 2013), A. brasicicola (Amin et al., 2010), Aspergillus flavus, Curvularia
lunata, Fusarium moniliforme, F. oxysporum (Jat and Agalave, 2013), F. oxysporum f.sp. adzuki
(Rojan et al, 2010), Heminthosporium oryzae (Amin et al., 2010), Macrophomina phaseolina
(Sreedevi et al., 2011), Penicillium notatum, P. chrysogenum (Jat and Agalave, 2013), Pythium sp.
(Patil et al., 2012), ttee Rhizoctonia solani (Lewis and Lumsden, 2001) uaﬂmﬂﬁué}a gINVI
U5 nYeINITNATOU X031 Trichoderma sp. vqm"!aima‘indaummzuﬁmﬂa"lﬂmﬁugq
1111 antibiosis uamﬁi@??uq@mimam sznunalnn1sdusany competition ud liinuna'ln
exploitation (11udule'lUdesnsldndesganssend) Tadeandestunsseauvesda uag
AL (2556 N) ﬁwuna"lﬂ competition 511?)%%’6 Trichoderma sp. Glumis]”mj’iu%aﬁw Alternaria sp.,
Curvularia sp. 8¢ Fusarium sp. ﬁ‘ﬂﬂﬁ’ﬂ‘ﬂjﬂﬂiﬁ Dual culture test
mﬂmimﬂﬁeuﬁ‘n%WaﬂlmmiﬁﬁﬂﬁfJ”l“]J!,’e)‘Vlm@aﬁﬂﬂhﬁhtﬁﬂt‘ﬂﬁﬁiz@‘fumm
WU 5000, 10000 1AE 20000 ppm @'@mm?inummﬁ'u”lﬂua:ﬂﬁa@ﬂmmﬁﬂaisﬁymwmmg
Tsaiy 6 via 14un Alternaria sp., Curvularia sp., Fusarium sp., Helminthosporium sp.,
Pestalotia sp. '8¢ Rhizoctonia sp. wmhmﬁﬁﬁﬂnﬂmmﬁu%’uﬁmnaf]'m'qumm?ﬂujmuﬁ’u
v g Y
Tonazmssonvesalosvouiosing 6 ¥ia ldifluseed Tasiinesidudsudseglurag 16-53

o [

< 4 o @ t 1 Aaa L o H
iag 32-94 1WosIFua auaay GTNLW]ﬂ@1\‘]‘V]'Nﬁ'ﬂ@]@EJ"NﬁUEJff"IﬂiUﬁﬂﬂﬂ;ﬂﬂ’ﬁJﬂﬁJ IﬂﬂlﬂWTgﬁ

v
v Il
v AA QJ

FEAUANUTUTU 20000 ppm VeuEA9LsEANTINEVEIANGR LazazdunaldnydsednTamn

Q

ﬂlﬂﬂﬁﬁﬁﬁ@ﬂjmﬁ@mﬁcluﬂTﬁET‘]J5\1ﬁ’ﬂﬂﬁl!,%ﬁ]ﬁﬁ’ﬁﬂﬁn?ﬂmm@\‘maul@a{a nnmsnageunudule
FIA0AAZDINUNTTBNUVDS q%’?fw?ﬁf LazAMe (2558) fmInaaeulszaAnsamuesh
f%u@aﬂuazﬁ'w%u“lmnm;mﬁmﬂﬁ fszauaududy 5000-20000 ppm Giﬂﬂ1il%§mum®ﬂl%ﬂi1
RN Tsansin 6 via (Alternaria sp., Curvularia sp., Fusarium sp., Helminthosporium sp.,

. . . ' s o 2 "y a - v &
Pestalotia sp. Q% Rhizoctonia sp.) W‘]J’N’dﬂf]i’gﬂEJ”UENlﬂﬂﬂ’ﬂL’dLllel TaeiosiFuansaues

] J 3 4 o w @ v <
@QGI,HGH'JQ 62-94 1ag 5.3-20.8 1WosIFua MuaIay !lﬁgﬂQWUﬂ'ﬁi'lﬂ\ﬂuﬂ’lii%ﬁ’liﬁﬂﬂﬂ!ﬂlﬁﬂ

v o a

{ o a g‘/ @ o { Aa Aa Y] g‘/
MANYAITIALAIDUNT IHAWWFUA FIUNIFWIazareeNIUea NNUszansnmlunsaues

a

a 4’!’ a ) Y 1 (Y] 1 1 dgl 9 1 .
ﬂ1ﬁlfﬂﬁﬂlﬂl@%‘l§@ﬁ]au“lflﬁflulﬂﬂﬁﬁlﬂﬁjﬂ AIBYINLT U L%@iWﬁTLﬁﬂI‘iﬂﬂu 'lmm As. niger,

g Q



82

Penicillium notatum, Microsporium canis Wag Trichophyton mentagrophytes (Timothy et al., 2012)
Y
Llazﬂqm%ﬂﬁﬁuﬁﬂiiﬂﬁ% 1&un Rhizopus spp, P. oxalicum, As. tamari, As. niger, F. oxysporum
Uag F. vacitilus (Odunbaku and Tlasanya, 2011) Honanansanaannluudd wazdalisneauns
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ABSTRACT

The antagonistic efficacy of 7richoderma spp. from five different habitats (T121Kh, T114Kb,
T114So, T112Sc and commercial Trichoderma) were determined on mycelial growth of six
plant pathogenic fungi, namely Alternaria sp., Curvularia sp., Fusarium sp.,
Helminthosporium sp., Pestalotia sp., and Rhizoctonia sp. by dual culture test. The results
showed that all tested 7richoderma spp. had potential to inhibit the mycelial growth of all
tested pathogens. T114Kb showed the highest growth inhibition on Alternaria sp.,
Curvularia sp., Fusarium sp., Helminthosporium sp. and Rhizoctonia sp. in the range of
67.40-77.77 percent and followed by commercial Trichoderma with 64.81-77.40 percent
inhibition against Alternaria sp., Curvularia sp., Helminthosporium sp. and Rhizoctonia sp.
regarding antagonistic mechanism, antibiosis and competition mechanism were shown.
Therefore, these tested 7richoderma spp. can be used for further studies on in vivo to confirm
the feasibility of using in plant disease control.

Keywords: Trichoderma spp., Antagonists, Plant pathogenic fungi

Introduction

Fungi are responsible for approximately more than 70% of all major crop diseases (Agrios,
2005). Plant diseases that are caused by fungi reduce the crops, create markings, affect the
flowers and fruits, finally causing death of the plant. In recent years, there has been a growing
trend towards the search for alternatives to chemical pesticides in many crops (Walter, 2009)
due to the harmful effect of chemical to human and environment. In regard to the control of
such plant diseases, biological control is considered as one of the more reliable, sustainable,
eco-friendly approaches to the management of plant disease. 7richoderma fungi are the most
popular agents used in a biological control (Monte, 2001; Gveroska and Ziberoski, 2012).
Before the application of biocontrol agent, it is however necessary to first do various in vitro
studies such as impact of each species of biocontrol agent on each pathogen. Therefore, the
purpose of this study was to determine the antagonistic effect of indigenous 77ichoderma spp.
from different habitats in Thailand on 6 genera of plant pathogenic fungi in laboratory
condition.

Materials and Methods
Antagonistic fungi. The tested Trichoderma isolates were obtained from different habitats in
Thailand. These include T121Kh and T114Kb from nutrient solution in hydroponics farm and
forest soil at Nakhon-Ratchasima province, T114So and T112Sc from clay soil in organic and
chemical rice field in Suphanburi province, respectively. While, T. com was obtained from
commercial product.
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Plant pathogenic fingi. Six genera of plant pathogenic fungi (4lternaria sp., Curvularia sp.,
Helminthosporium sp., Pestalotia sp., Fusarium sp. and Rhizoctonia sp.) were provided by
Plant Pathology Laboratory, Department of Plant Production Technology, Faculty of
Agricultural Technology, King Mongkut’s Institute of Technology Ladkrabang, Bangkok
Thailand.

Antagonism assessment. The antagonistic activities of all Trichoderma spp. isolates were
tested determined by dual culture technique. The experimental design used was a completely
randomized with five replications for each isolates. A mycelial plug (5 mm in diameter) from
the margin of 3 day-old culture of 7richoderma spp. and 7 day-old culture of plant
pathogenic fungi were placed opposite to each other equidistant from the periphery (2 cm). In
control plates, an agar plug of only 7richoderma (without pathogen) or only plant pathogenic
fungi (without 7richoderma) was placed on the PDA plates. All plates were incubated at
room temperature. Diametrical growth of pathogen isolates was daily measured and the
percentage of growth inhibition (GI) was calculated in relation to growth of the controls
without 7richoderma as follows: Growth inhibition percentage (GI) (%) = [(CP-T)/CP] x
100; where GI is inhibition of diametrical mycelial growth; CP is the diameter of colony
measurement of each plant pathogenic fungi in the control; T is the diameter of colony of the
pathogen the presence of 7richoderma isolates.

Results and Discussion

Antagonistic activities of 77ichoderma spp. from 5 different habitats were determined against
mycelia growth of 6 plant pathogenic fungi by dual culture test. The results showed that all
tested 7richoderma spp. presented antagonistic potential against all tested fungi from the
early stage of incubation (3 DAI) and their potentialities on inhibiting fungal growth varied
among tested fungi in the range of 8.5-49 % through mostly antibiosis mechanism (Figure 1).
At the end of incubation (9 DAI), all 5 isolates of Trichoderma spp. were capable of
influencing the growth of all tested pathogens (64.44-77.77 % growth inhibition) and their
antagonistic activities were significantly different in all tested pathogens except in Alternaria
sp. Overall, T114Kb from forest soil was found to be more efficient in influencing the growth
of tested pathogens through competition mechanism with marked inhibitory effect on
mycelial growth of all test fungi (in the range of 67.4-77.77 %) except for Pestalotia sp.,
while T114So from clay soil of organic rice field was shown to induce the maximum
inhibition of growth of Pestalotia sp. (76.66%) as well as Alternaria sp. (77.77%) and
Curvularia sp. (73.33%) (Figure 1, 2). Besides, no deformations of pathogen hyphae were
observed under microscopic observations implying that test 7richoderma spp. having no
exploitation mechanism. Fungi of the genus 7richoderma have long been recognized for their
ability to act as biocontrol agents against plant pathogens (Harman, 2006; Gveroska and
Ziberoski, 2012; Patil ef al., 2012; Jat and Agalave, 2013). In present study, we found
Trichoderma from forest soil (T114Kb) and from clay soil of organic rice field (T114So)
were having quite high antagonistic activity (64.44-77.77 %) against test pathogens which
were in line with the other researches being revealed that 7richoderma spp. gave the highest
inhibition on growth of Alternaria sp. (73.56%), Curvularia sp. (68.22%) (Pradubyart ef al.,
2013) and /. oxysporum (73%) (Thongkamngam e? al., 2013).
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Conclusion

This study confirms in vitro biological activity of all tested 7richoderma spp. from 5 different
habitats towards 6 genera of plant pathogenic fungi. T114Kb from forest soil was found to be
more efficient in giving marked inhibitory effect on mycelial growth of all test fungi in the
range of 67.4-77.77 %, while T114So from clay soil of organic rice field also offered
significant inhibition of growth (73.33-77.77 %) of 3 genera of tested fungi. To conclude, the
strong antagonistic effect of T114Kb and T114So towards Alternaria sp., Curvularia sp.,
Fusarium sp., Helminthosporium sp., Pestalotia sp. and Rhizoctonia sp. can be applied in
biological control of these pathogens and should be further studied in order to be incorporated
into other eco-friendly control measures such as cultural and physical control.
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