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ABSTRACT

This thesis concerned the use of biological control agent (BCA) as well as plant growth promoting
fungus (PGPF) for controlling Fusarium root rot and wilt disease in hydroponics with emphasis on lettuce
crop (Lactuca sativa L..). The main objectives were: ) to determine the proper preservation method for the
long term use of the culture of a newly found, non-pathogenic Fusarium oxysporum (F221-B), i) to
evaluate the general efficacy of non-pathogenic F221-B as BCA against plant pathogenic fungi in vitro
and in hydroponics, 7i) to assess the efficacy of its culture filtrate, iv) to study its colonization on plant
tissue, v) to investigate the production of gibberellin (GA) by non-pathogenic F221-B and its effect on
growth of lettuce, and vi) to determine the overall performance of non-pathogenic F221-B in hydroponics
for controlling Fusarium root rot and wilt disease of lettuce. Therefore, a series of experiments was

performed as follows:

Part I: In order to obtain the proper method for keeping the culture of non-pathogenic F221-B
viable and unchanged for routine testing and future research, the modified filter paper culture method for
maintenance its culture was evaluated. In addition, assessments of its viability and efficacy of as BCA and
PGPF were made during 24 months preservation. The preservation method was modified onto 2 aspects,
namely inoculation techniques on filter paper and drying technique. Four inoculation techniques onto PDA
plates to be tested were as follows: 1) Inoculated with 1 piece of fungal plug by placing face down directly
on PDA at the center without filter paper (as control), 2) Inoculated with 1 piece of fungal plug by placing
face down on the center of 70 mm filter paper, 3) Inoculated with 5 pieces of fungal plugs by placing face

down on PDA a few mm away from the circumference of 70 mm filter paper, 4) Inoculated with 6 pieces
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of fungal plugs by placing face down on PDA a few mm away from the circumference of 70 mm filter
paper. Then, the viability of the fungus was assessed by observing the fungal growth from five pieces of
fungal filter paper discs placed on PDA after 10 days of incubation. The result showed that the cultures of
F221-B preserved using this protocol with the 4 inoculation techniques remained one hundred percent
viable and free from contamination. However, the modified dried filter paper culture method using 6 pieces
of fungal plugs by placing face down on PDA a few mm away from the circumference of 70 mm filter
paper was shown to be the most suitable for preserving F221-B since its mycelial growth and spore
production were the highest. Regarding drying technique, this study demonstrated that dry method of filter
paper culture in non-vacuum desiccator with blue indicating silica gel at the bottom was found to be
effective in preserving the F221-B without contamination.

Regarding the 24 month preservation using modified filter paper technique, the assessment was
monthly assessed on the basis of its viability, morphological characteristics and in vitro efficacy as
biocontrol agent (BCA) and plant growth promoting fungus (PGPF). The results showed that the
24-month storage of F221-B was very satisfactory since its viability of cultures was still 100 percent
until the end. Remarkable consistency in retaining its morphological characteristics was noted
during preservation. Main hypha was in the range of 110-121x2.2-2.6 |lm, hyphal tip was 82.04-
94.04x3.2-3.5 Am whereas macro conidia were 28.23-29.85x3.0-3.5 |Am. The bio-control efficacy
of F221-B slightly changed during preservation which was noted from dual culture test in the range
of 45-74 percent against Curvularia sp and 29-45 percent against Fusarium sp., while 39-58 and
33-37 percent were noted for Curvularia sp. and Fusarium sp., respectively from agar well
diffusion assay (at the 100 percent of culture filtrate concentration). For Colletotrichum sp., the
efficacy of F221-B (noted from dual culture test) remained relatively constant and unchanged about
60 percent during the first 6 months and increased afterward to 80 percent while about 30-37 percent
was noted from agar well diffusion assay (at the 100 percent of culture filtrate) throughout
preservation period.

Regarding its effectiveness as plant growth promoting fungus, the treated seeds (Cos and
Red oak) with spore suspension of F221-B at 10’ and 10° spores / ml could germinate 2-day faster
than non-treated seeds resulting in higher percentage of seed germination and seedling length. To
conclude, 24-month preservation of F221-B using modified filter paper technique was successful

with 100 percent viability, its slightly-changed efficacy as BCA and unchanged efficacy as PGPF.
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Part II: Assessment of efficacy of the indigenous non-pathogenic F221-B as a possible
biological control agent against 10 plant pathogenic fungi, namely, 2 isolates of Curvularia sp.
(C11, C12), 1 isolate of F. semitectum (F113), 2 isolates of F. oxysporum f. sp. lactucae (F221-R,
F442-G), 2 isolates of Rhizoctonia solani (R11, R12), 3 isolates of Rhizoctonia sp. (R111, R112,
R113) was performed in vitro and in hydroponics. From dual culture test on potato dextrose agar,
it revealed that F221-B had moderate ability to inhibit the mycelial growth of all tested fungal
pathogens in the range of 36-56 percent. Regarding its antagonistic mechanism, antibiosis of non-
volatile metabolite on PDA was more pronounced only at the early stage of incubation (day 3) then
competition followed. No direct antagonism was observed while abnormalities of hyphae and spore
of the tested fungi were still detected from the interaction zone probably due to non-volatile
metabolite. The non-pathogenic F221-B was further evaluated for its ability in controlling lettuce
wilt and root rot caused by F 442-G in hydroponics. The result showed that treatment using F 221-
B could reduce disease incidence (DI) and severity (DS) about 60-80 percent compared to
inoculated control, promoted the growth of Butter head, Cos and Red oak lettuce, and significantly
increased the fresh weight over inoculated control and healthy control. Interestingly, treatment
using only F 221-B (without pathogen inoculation) gave the significant highest fresh weight (twice
over healthy control). To conclude, the results of this study hold important suggestion for further
development of F221-B since it was shown to have ability of biological control agent and plant

growth promoting fungi.

Part III: Culture filtrate (CF) of non-pathogenic F221-B was then further evaluated for its
potential against above-mentioned plant pathogenic fungi in vitro and Fusarium root rot disease in
hydroponics. /n vitro antifungal activity analysis indicated that all test concentrations of F221-B
culture filtrate could slightly inhibit mycelial growth of all tested fungal pathogens less than 39 %
over control. Interestingly, the CF at all test concentrations revealed the greatest spore germination
inhibition 100 percent over control against F113, F221-R and F422-G whereas spore germinations
of C11 and C12 were completely inhibited by the CF at the concentrations of 60, 80 and 100
percent. In addition, spore abnormalities such as swelling and lysis were noted. Regard to antifungal
analysis in hydroponics, the most striking and remarkable result was obtained. The non-pathogenic
F221-B was proved to be efficient in reducing disease severity of Fusarium root rot in lettuce more

than 90 percent and producing significantly better growth than that in non-treated lettuces.
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Moreover, no significant degree of difference in terms of lettuce growth was noted between using

culture filtrate and spore suspension of F221-B.

Part I'V: Three consecutive experiments were conducted to assess the colonization of non-
pathogenic F221-B and 2 pathogenic isolates (F221-R and F422-G) on plant tissues namely, roots
of Cos lettuce (Lactuca sativa L.) grown in hydroponics, punctured surface tissue of pak choi
(Brassica chinensis var. chinensis), and Cos, Frillice iceberg and Rocket lettuce. The colonization
was assessed in terms of epiphytic and endophytic colonization. Besides, survival of the test fungi
in nutrient solution was also determined. In addition, scanning electron microscope (SEM) and
compound microscope equipped with camera were employed to study, visualize and record the
colonization. The results showed that non-pathogenic F221-B could colonize on root surface (as
epiphytic colonization with 28.5 and 54 CFU/ml in the 1" and 3" week, respectively) as well as
inside the root (endophytic colonization was about 60 CFU/ml in the 1" wk. and 76 CFU/ml in the
3" wk) without producing any disease symptoms. Unexpectedly, the pathogenic F221-R and F422-
G were found to colonize only on root surface as epiphytic colonization. Regard to the colonization
on punctured surface tissue, the colonization of plant tissue on top-view, cross-sectional view and
top-view of epidermal peel of a plant leaf were visualized and recorded. SEM revealed the epiphytic

and endophytic colonization of non-pathogenic F221-B on roots of 3 tested varieties of lettuce.

Part V: This part consisted of a series of experiments concerning gibberellins (GA)
production by F. oxysporum. Firstly, non-pathogenic F221-B as well as pathogenic F221-R and
F422-G were assessed for their ability to produce GA in culture media in flask by thin layer
chromatography (TLC). Then, the test F. oxysporum isolates were further investigated for
quantitative estimation production of gibberellin in mycelium and culture filtrate in flask at 3
incubation periods by high performance liquid chromatography (HPLC). In addition, effects of 4
concentrations (1, 3, 5 and 10 ppm) of crude extract of F221-B culture filtrate were determined on
seed germination and growth of Butter-head and Frillice iceberg lettuce in hydroponics. Results
showed that TLC and HPLC separation confirmed the presence of GA in the samples. The amount
of produced-GA was significantly varied amongst Fusarium isolates and types of crude extract
(mycelium or culture filtrate). With 30 day incubation period, non-pathogenic F221-B produced
10.38 mg GA /1 while pathogenic F221-R produced 11.8 mg/l. Culture filtrate seemed to contain
more amount of GA than that in mycelium. Regarding GA effect on lettuce growth, 3 and 5 ppm

of crude extract of F221-B culture filtrate as either seed treatment alone or together with an addition



into nutrient solution gave significant increase in growth (leaf number and size, SPAD value and

fresh weight) of the two tested varieties of lettuce.

Part VI: In order to determine the overall performance in hydroponics of non-pathogenic
F221-B, this experiment was carried out employing 3 forms of F221-B [i.e. spore suspension (SP),
culture filtrate (CF) and crude extract of culture filtrate (CE)] for controlling Fusaium root rot and
wilt of 3 varieties of lettuce (Butter head, Cos and Frillice iceberg). The experiment was arranged
into CRD with 3 replications of 3 plants. The results revealed that all 3 forms of F221-B could
significantly reduce DI and DS in all tested varieties of lettuce compared to inoculated control. For
Butter head, applying F221-B in the form of spore suspension showed the best result in terms of
percent inhibition in DS over control (72.4 percent) compared to those with CF (68 percent) and
CE (61.3 percent). Similar results were obtained from Cos and Frillice iceberg. Amongst the 3
forms of F221-B, spore suspension was shown to be the best in promoting the growth parameters
of all 3 varieties of lettuce and significantly increased fresh weight of lettuce over inoculated control

and healthy control.
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aMNIAdeN Gibberellins auFauNuUANNAIMITHe Iuirasiald vazdiaunse
9 Ao . . °
NAUNUANVADINTQUNYUA (Vernalization) Tunswinnzva1/a uazuason

. . Y 4 { I o
4. Gibberellins mmmﬂimumsmﬁauﬁmmmmﬂuwaaazaummiwmmﬂ

A < Y Ao 1 o A Y ' @ = 4
NINAAIDNLLAD L‘Wi'135']ﬂll,€‘138@@]%8\1@91&@]3&5”15}5@1?“5 (YU Ul"llllu Ufﬂ\? uaﬂﬂmu AMNLFAD
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1 ] I < 1
d2aNDINIT Gibberellins 92 nszdu1dinsgosdaroars luanalug 1diiuTuana@n wu
a &£ A v W o 4 4 A o ' 9 Y
g Insauazniaogi Ty Funemunumsdunigieu laivatesianinadeau
9 Y a . A a A 1 A
v. nazAu liinaNauLY Parthenocarpic TunsUwta nlasugissvedlunyuig
a 1 . o YA o A < 4
%1i@ 19U English Ivy tazih Iddwiaumaienuanudula
A A o 9 = [ T 9 = @ A 9y <
2. Nwilaondad uazanlousnnu luiezduRernurionenaunau
Gibberellins 135 01)asumavonon 1@ Gibberellins 3nisa1HinanonAY aauoonNTU 10NF
= a Y] U Y a = 1 v v 9
au naz laTalatiu dnazsdddinanendniis lunasnnasnais q dniluaondagd uazaen
I v A
vuiuaenaule
WaluNMIaUUe a3 Gibberellins
9 ’ . a 1 1 o Y a
n. 11319 Gibberellins 1115112119121 10,000 ppm d9Wai11N15195 YV
j’ A oA a a a o A ] s A a [} o Y N
oo imnamnanlnd owilesunnmintusaanialna lluazervadanarinIn luiy
nlasugalirallonnandy (Bottini ef al.,2004)
' @ <3 <] 4 '
¥, HAADNITWAIUIYO UNAAUAZNITIONUBAUNAA 1UITBIVDINITITING
niga Tavesiy sl smsuanniouaznisdnaenves lifna 512 Gibberellins v 113

HARBNTZUIUNITAI)VOINY (Srivastava et al., 2003)

k4 d s ¢ v v ) A
2.3.2 mal¥szleviives Gibberellins lumanszqumstosynvlnyasny

Srivastana and Singh (1980) 1a%1n15nAgaVa15 GA, AMTUIU 250 LLAE 500 ppm

AL .0 o ' ' ~ v o q Yt 2
luauanidsaana 4 dat nun GA Iwalumsnszquumavesnain livinalvyuulae

=

1 Y
wnuNluseduanuty 250 ppm msnganfz il lumsnanau
: - 2 .
Srivastava ef al. (2003) 1@ INaao VX031 Fusarium sp. 91424 90 1o Tesian 59,3
1 ] U c&' 1 ' { :: !
519 GA WUIEWSOLLNNGUURUTDIT Fusarium sp. |9 3 nguAo nguil 1 8319 GA A0
100 Haansu ngua 2 @319111nA19 100-250 HAansu wagNquM 3 45191091 250 Haansu
1 v
HAIINNITNATBUAINATES HPLC WU GA,, GA, a2 GA, Haaa1niulatuiiinig
[ Y 1 Qdd‘ LY 9 Y Y A a ~ 1 ag
nadeunUd1I WuNTIuIsNldae GA amsonszquilddunsaiyaniilunssuds
AVAN
Bottini e al. (2004) 11713590 TIWHANUITBNEINUNITNAAAT gibberellic acid
a s = % A g A 2 A o q ¥ a 1 & A
(GA) 21098 UNTd Taena1deges luuvesnmilumaudenvilanigi ldnanaaaonun
4 2 o . . L3 Aa o D) ¢ '
N Tage1391M9n gibberellic acid iuasndoniiunlel sz Tesin1amsnyasosaun
. 1 (% 4 a a 1 a % a
FalNanon13TAAIY0UYAA MIAAND MIINAABN LALMITITINTRTYVDIAN FITUTITNNA
J Ao ' A A Y "9y = Y =~ 3 Y ! A
803 INUNFAINE 1) NBUMIa3 wegudalnmsaiuiisudantios Tng GA, 811150159 30

nszaumssaauTanianaly tagmInsyuesaon & gibberellin Usgnoualea1sHaly
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FUA 1Y gibberellic acid, gibberic acid, allogibberi acid L9& gibberene uand 1ﬁ’q,ma$uw3' 1 GRE]
v [ 2
UINN qa Ao gibberellic acid (GA) Faanala1ni¥osd Gibberella fujikuroi, Saw (Fusarium
moniliforme)
Y 9y 9 = ' A
Chanpman (2006) 318911113 1% GA, AMMABAY 5182 10 ppm AANUAIVU TUNY
[ A Y o A v o
wunansaminanuenvelutazduvewdians Ia sou lUfansaminvuave s
< 1 Y o
5914 s lddemsuanuie luudniang 18
2
Hamayun ef al. (2010) 1a¥1n13NA@0U1¥0 endophytic fungi 9114731 19 ¥Ha T1un13
a a a 1 Y] 4 1
HAA@13 gibberellin acid taz 1¥lumsnszqumsniaau Tavosiy wunaewus MH-6 7
Y
@oalu culture filtrate (CF) @11130032AM IHaIAULAIN101IGIDT 12,9 BUANAT LAZE
4 o ) ]
A1M150ATIVNUMIATI9ET GA, GA, GA, 1Az GA , taziiloiimssasuunudinuinilu
I
1%035 Cladosporium sp.
Fagge and Manga (2011) 1@ym3nadeunavean1s 1y gibberellic acid (GA ;) Tuau
Yy Y A 1 v A A o T o A A A 9y I
U AUALANANNU AD 100 ppm LA 200 ppm WfFeuMsAUMI laifonung 2 yiiane AL

HAZNHATY WUIINIF 1 GA, AT U 100 ppm #1175 0FI0AUATUNITOI YIDITILIUTIA

Y
° %

Y 9 1 1 4 o 1 1 % o a
I ﬂimaﬂuazum"lﬂmﬂmmﬁ“lﬁﬂa azilorims lanausiunuy NUNAINITRIYUD
G} g’/ a a0 a d‘d 1 Y A 1 =}
WHN 2 BUA ummmmmﬂﬂmmﬂmwmaawmm
Yo \ y AL, o )
Dhupper (2013) Tavhmsnaseuais gibberellic acid 19N1TIDNVYDUNAAVDING 3 Wy
~ a ax 3 A ) Y Y
QRN ERY Tuensiu naznsedin) Tﬂmﬁﬂ’qﬂma@mmummmmu 0. 250, 500 k8 750 ppm
1 a 1 < o o
WUMNITHIT laale GA mmmmzé’umﬂaﬂmmmaﬂ mmqwmﬁ’u YA IAY 1
L g A o v 9 y A o q W1
Ty ety AN1I310 FID1HINNNTEAUANMYNTHVBS GA iwgﬁuﬂmmmﬂﬂwm
Aa @ [ A 2 A ~ @ ant
NTRIYAINATUNNIIVU mmﬂ‘%aumauﬂmi'ﬁu’mmmn (control)
b Y 9 [ 9 9
Barani et al. (2013) 1451891484015 14 GA,3 FTAUANMTUTIUAD 0,5 uag 10

a

iadnsudedns Tumsnszdumsnsyuouiniudiwasnsanutio lnivoaiudss wu
seduaduTy 5 uag 10 Tadnsudeans munsanszdumansayan Tnvoainiudiuaz
mauanvielnd 18 nssu3sn 1Rl Ga

Patel and Mankad (2014) '1§551013na @01 gibberellin Tuszduaudusufinanaig
AUAD 300 AL 500 ppm ABA1TIONVOUNAAWAINA TAENUI1 GA ANMITUTU 500 ppm
aunsanszdumssenveania ldafiga WenSsuifeusunssudsild ca anududud fe
o8N 300 ppm

Muddapur et al. (2015) 1115879910 GA, 91014031 Fusarium sp. 4 1o Txian Ao

M101, M102, M104 ttaz M110 wu31 1o Taan M104 eu1sanan GA, lauinniile Taan
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A A 1 g}/ [ 1 [ o A [ 9 [ 9 9 !
auq valdniniudimuiimannmsii Ga nanalaumageunuaudiinui leTaan
[ ' Y1 a a 9 A 1 any
asnanldnmmansyanTavesduiiganingsuIsaaugy (Control)
v A o 1 o v 7
duauazauy (2551) lavmsnaaeu GA, aemsvzaonsoonaonuesdildesanus
Jan1de Taeldnnududu 10,20 az 40 ppm Aaviumlunududlizsa nunvdsnms
a Y 9 A 1 0o Q YA Ao o Aq ~
AanuaNuduIun 20 ppm dunsadawari ldiviisiwauiunldlunsesnasnuiniga

d’ [ 9 1 a a = 1 Qdd'
LLﬁ%LﬂJ’E’Jﬁﬂﬂ%‘iﬂ@ﬂﬂQﬂL!ﬁ’J‘W‘U’NﬂﬁLi]ifgm‘uIG]"U’ENWﬁﬂﬂ’Jﬂuﬂi‘iiJ’J‘ﬁ@u‘]



UNA 3

ABAUHUNUIVY

¢ = a wvua
gunsamlylurie s fiiams
4
- 1595 non-pathogenic (F221-B)
d’l A o
o 1a g Isady :1uau 10 lo Taan
va &
- AVYLTD
A A
- NIUDIMITIAVUFD (petri dish)
9 4
- 911151089F0 potato dextrose agar (PDA)
Y
- DIMSUENLYO water agar (WA)
Y
- 91¥1318NID Trichoderma selective agar medium (TSM)
- sodium hypochlorite, 70% alcohol tiag 90% alcohol
- ethyl acetate
- test tub
- cork borer
- autopipette
- Haemacytometer
4
- ﬂé’mi;amiﬁu (light microscope)
Y o 3
- NABIYANTIAU (stereo microscope)
Ja < 1
- ﬂé’@ﬁ;amiﬁuaLaﬂmaugmuammm (scanning electron microscope)
1 J a 4
-urua'laq nizantlaalan
- LIHU TLC
- 1A504 rotary evaporator
A Ly L2
- 1399 HPLC (8%1® Hitachi 31 Chromaster)
4
aunsanlilulsuson
o A 2w 2 o cA
- Jagilgaiy iy vle i unilgn iaarugnes
- 11IASAYDIND NI
A A [ I ]
- INTDNUDATIVNIAAT pH aNuunIA-A19
- Lﬂ%ﬂﬂﬁﬂﬂi')ﬁ]'ﬁlﬂﬂUTNL%N%uﬂlﬂﬂﬁTiﬁSQTﬂ EC-meter

A [ 2 J 1
- 1n5evianan 1siaa (chlorophyll meter 314 SPAD-502)
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kY

a o c;y/ l:’l =Y o a U 1 g
NI13IVYAIIU %zumuﬁ’aumimmuﬂumm"lﬂu
£ A
3.1 ﬂ?ﬁllﬂﬂl%@ﬁ'lﬁ'llﬁﬂiﬁﬂw%
4
32 m‘iﬂi%mu%ﬂﬂ!ﬁuﬂ@ﬁl@ﬂ!gfﬂ@ﬂ non-pathogenic Fusarium oxysporum (F221-B) Tuszraems
S o
NUSNE 1-24 1o (long term preservation)
A axy < v d'
3.2.1 MIaNITMINUINYINUVICTY
S o { a
3.2.1.1 M3nuUsnu1¥es F221-B Tagldimaiia Modified filter paper culture
a a 1% S o g
3.2.1.2 M3szdivmaiia Filter paper (Aaudlas) Tumsinusay1¥est F221-B
3.2.2 matszliunnuegsen
a A I ¢ a
3.2.3 madlszidiunaaaniia lumsdlugesnlgilng
a A a a 3 o @
3.2.4 mitsziiugaauiia lumsnszdumsns yau Taveunaarndan
a a A dy A dy =}
3.3 Mytsziiuilsg@nsmMnueuko31 non-pathogenic (F221-B) Tumsaiunuiasesiavig lsaiy
3.3.1 Dual -culture antagonistic test
3.3.2 Hydroponics
P 9
3.4 ManadoulszTnFn e Culture filirate Y9915 051 non-pathogenic (F 221-B) lumsniunuios
=
Ao Iy
34.1 Agar well diffusion assay
3.4.2 Spore germination test
3.4.3 Hydroponics
= v A A A X ]
3.5 MIANHINITVIATOUATOUUDLIDNFUDIUFD I non-pathogenic (F221-B)
3.5.1 MINIANEININIATOUATEITINVBIANAEA TA82S Root inoculation
= 9 o v ad
3.5.2 ﬂ'liﬁﬂ‘]sﬂﬂ15lm1ﬂ§@ﬂﬂi@\‘]ﬂ'l'UGl‘UWﬂﬂ'J'N@]Q Iﬂm‘ﬁ Leaf test
3.5.3 M3AnMIMsNIATeUAT0IsIN IUANEaA TAeID Scanning Electron Microscope (SEM)
F
3.6 MIANYINTA3 19815 Gibberellins (GA) ¥941%851 non-pathogenic (F221-B)
3.6.1 MINATDUAT Gibberellins (GA) 1A875 Thin-layer chromatography (TLC)
3,62 MINATITHUTINUAT Gibberellin (GA) Tae75s High performance liquid chromatography
(HPLC)
v g
3.6.3MINATBUAUTUUAUDI Crude extract UDI4YD 31 non-pathogenic (F221-B) Gl,umiﬂiwi}Llﬂﬁ
msavIavesdinadaluszuylalas Iniind
= a Aa &' . 1 ~ ~
3.7 SANYIUTEANTNINVOUFO 5 non-pathogenic (F221-B) Gluﬂ'lﬁﬂﬂﬂﬂlliiﬂi'lﬂlu'lllflzlﬁﬂﬂl‘ﬂ

nanurnadaluszuulalasInding
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= = as o A Ay o 1 d”
IﬂEliJ‘iWEJ'd%L’EJElﬂ’J‘ﬁﬂ?‘iﬂWlMUﬂM’)%ﬂﬂ\‘iﬂfﬂﬂu
A A
31 m‘il!ﬂﬂ!‘lﬁ’)i]ﬁuﬂﬂiiﬂ‘l"w
&’ A @ T @ @ o ~
LLfJﬂW’é]'i'lﬁHﬁSﬂIiﬂWG]f NAIDYNANTAATIINWUT cos LA green oak wﬂgﬂiuﬁw‘u
a s A A (= o 1 [ 9 A <3
"laiﬂﬂwuﬂﬁ “I/I!Lﬁ'ﬂ\‘l@Tﬂ'lﬁﬂlﬂﬂiiﬂm&m!ﬁZﬂﬂluW DNMNIINTIUAN €] VDIV AD mammﬂu
£ ° ax . . . .
17 1umen 1aedFn1g tissue transplanting technique A9UUD111T water agar (WA) LA selective
4 ]
media ﬁ\‘llf‘lﬂﬂ1imiq’l‘ll®\1!%@3'l!m$ETWEJﬁ\i“]J‘L!@"I‘VHﬁ potato dextrose agar (PDA) Lﬁ@ﬁﬂy'lﬁﬂ‘ﬂmg
o a £ 4 < & 4 v & =
ﬂ?ﬁﬁﬂ!jTH')ﬂﬂﬁl@\‘iW@i']ﬁ"lmﬂjﬁﬂwsb' LLﬁ%Lﬂ“]JL"]fE)i']“l/]LlﬂﬂulﬂlﬁﬂﬂﬁﬂclUWa@@“I/Iﬂﬁ’i]\‘]“l/]llii?‘
ES |
911131083U%9 (PDA slant)

3.2 msiszifiunaaniAve o Fusarium oxysporum (F221-B) luszninamsify
$nu 1-24 theu (Long term preservation)
g j} d’d vAa 1 a
V¥ ® 951 Fusarium oxysporum (F 221-B) ﬁJumasmuﬂmammﬂu Fumsauasung

03 il @ Taud ANy Plant Growth Promoting Fungus (PGPF) 1dvareviia Ao Butter head, Cos,

Y = I 9 aa 1 < Y (= 1<
Green oak, Red oak , Az ttag 02@ed 1Hludy (Fauazany, 2556) 819 15na1u a1 lulinsiny

v
A A

@ X Aad o 9}&1 & A 9 ol & S o X =
ﬁﬂE1&6]5@511/]@ﬂ'ﬂ”ﬁ]ﬂg’fﬂ111’”5])'95THHLﬁ@NﬂmﬂWWLLagﬁ']ﬂaﬂnlﬂ AQUUMITINUSDE DI UT] U E

e

o 3 1 3 o &} ~ A A Y j’ LY Aana "W Y ~ v o
"MIJJL!G]@ﬂ?ilﬂ‘UiﬂBTW@ﬂﬂﬂ‘ﬂ’Q‘fﬂ LW@V]%%GL‘HW’OEN?I\‘IN%'J@]iﬂﬂﬂthﬂizﬂgﬂﬂ"lm’nﬁu DNNIY
= T Al 220 Y 9 Y ax 3 o A9 Zd | B
i‘ﬂiJTiﬂ‘ﬂi]glﬂl,‘lf@'VILﬂ‘]JSﬂBWll’Jﬂﬂ‘]JiJ”I{lﬂf”lﬂﬁﬁ@ﬂQﬁW Iﬂﬂﬁ‘ﬁﬂ]ilﬂﬂiﬂynﬂfﬂuum'E]Q‘Viﬁ?ﬂ‘ﬁa"lﬂ
an 2 Y o R =R A v s LA AN yd o A vy 9
aﬁmﬁﬁ)mmmumwummzmmsnaﬂmmmwa L‘IN’E)'VI’B%Ulmﬂ‘]JiﬂHTLGb'ﬂ”lﬂgﬂ@]ﬂﬂlla&ﬁMWZﬁﬂJ
A o o 3 o j’ g = [ o o A A a a &’
IﬂEJfNﬁ”lf"lfl]uGU’EJ\1ﬂ13LﬂUiﬂHTL“B@uuNﬁﬁﬂﬂTiﬁTﬂiUu o ﬂ?iﬁﬂﬂﬁi@ﬁﬂﬂ?ﬁl%iiglﬁﬂi@]ﬂlﬂﬁl%@iW
o vl d a v 1 a ¥ I j’ v
IﬂEJﬂ’Jﬂﬂuﬂﬁ]ﬁ]ﬂﬁﬂuﬂuiuﬂﬁlﬂi‘fg BYWUBU DINTFA RRUREIEY @190 T AL U NITNULBD I LA
ax 9y o Y &' v axAa 1 o a A oA <3 &}
ammamﬂm%aiwmGmmaﬂaguazmaﬂymzmumﬂwqﬂ IﬂEJLT!W”IgﬂmﬁiJ‘]J@ﬂWiLﬂuLGM’JiW
a 4 1 a a a A 1 d' [ 1 g
Ufinsuazmiguasumansyan Tavesny vag lundounlasanvuggilisueuio
A as < v d'
3.2.1 MI@aNITNINUINHINUKNITAN
v Aaax 3 o dy Aa 93 o dy ] Aaxy A <
ﬂi]*ﬂq‘ﬂ'L!ll’J‘ﬁﬂ'lil,ﬂ‘lj‘iﬂ‘HWlﬂfE}‘ﬂLlEJlIGl%Lﬂ‘Uiﬂ‘]el1l"]f’é]'é]§lj1’iﬁ'lﬂ1’iﬂ1ﬂ’3‘ﬁﬂﬁ o 1. ﬂ'l'il,ﬂ‘]JGlufﬂ“ViTi
< AR = i < a -4 <
PDA slant 2. M3t U8 1A 0uns i (paraffin oil) 3. Msnvluniosea 10 Wosikua 4. Msny
g <3 1 4 a
101U liquid nittogen 18 e 5. M3NV IUATEATMNTOIN UF D (filter paper) (F1TAWBLALAME, 2551;
Espinel-Ingroff, ez al., 2004; Direkel and Otag 2013; Dahmen, et al., 1982; Fong, et al., 2000) Tag35n1s
Y] dy v A Y A ] 1 an dy dy Y 9 A [}
TNYUFDINNNNUDF YV €] DY IHU 1.ITNITASUYDUUDING (PDA slant) Y99 08A D Ulllﬁ'liﬂﬁﬂ
2 X g v Y ax < 3 o N Y Y A a4 & 2 o oA
mmwamu'ﬁ”’l@Lﬂunmumllﬂ 2. ’J‘ﬁﬂWi!ﬂ‘UiuuHJuWTiW‘lu VDABDYAD I UVUFODDNITNUITNUN
Y ' Y o qudk 9 1 = XA XA yy < a v S Y A
VUADUYIN G]’EN‘VIﬂ‘l’i!“lf’é]l,l,ﬁ\iﬂf)uﬂ\?ﬂﬁlaEN!,“]flelﬂ 3. mamﬂummmaa IOLTJEJELGKHGI VDADUND
Y < AdAa = 1 dy = dy dy A A <
ﬂmmu"l’ﬂuqmwguﬂmaumﬂ DIVUNANDIYD I ULRSD 1IN miﬂmﬂaummwaiwuﬂauq 4. MINY
aad = o

9 4
W Liquid nitrogen 1 90d 080 anbuzvourouNwiae muznuguvgindu inavildiyes

? Y < v A 3 ax L AN 11 A Y A <
uu@'lﬂulﬂ uag s. ﬂ'lilﬂﬂcl,uﬂﬁgﬂ’lﬂﬂif]qm 1B (ﬁlter paper) lﬂu')‘ﬁﬂ’ljﬁu Qﬂ"lllﬂ@ﬂll"ualaﬂcluﬂ'ﬁlﬂﬂ
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dy g}/ 1< dy g}; 1 Y 1 (BN S o Y I
Fomszvunoulumsinuyeruasuieie higsen azanlumanuinuddlunauurae
=S = dy ,i’ a d’ o A v A é = g’/ [V | dy
Y wag liiimsdudlonvearenwiindug Taeduiumsaaden Falduaeudsse lUi

3.2.1.1 MINUSPENY O Fusarium oxysporum (F 221-B) Iagl¥imaiin Modified filter paper

culture

9
[ v

=2 dyd s A am A A a .
msfne luasatiidagilizaadiemIsnisimuzaungaveunaila Filter
S o i} o Y] ax <
paper JMSINUSNBUFOI F 221-B Tasinisaanlasisn15ued Fong ef al. (2000) Tu 2 Usziau
A o ay k) J ~ A 9}&} a Aax a Y aa’
A9 1) IUOUFUIFONNUND THIFDNTYATOUAGUNIZAIHNTBI 1INTTM AN TS 6 FU 1 anal
< Qy ay ?;}; a [ ng i 1 a a
i 5 Fuunag 1 ¥u Taeasauyagiunlunsal 5 Fu reunznI YA UAQUUTNAIAATINATY
Y 2 o ~ 2 A 2 < &
YDINTZAIBNTOIIAANTT 6 FU A1 TUNTA T FUNINUUIANINANNTZATENTO91A0ATI FarTlu
an A a 9 X X o ' Y o 2
Bmshteulfneure Tasna liuaziingasoungunizaiyniodlaainauonsounqung
g
¥

' o g o ] ] ' A A
HHUNTZAIENI0Y 2) Aaul)asduasumamivnssaynsedurialagldaslulagannurunl

. A Y g 1 [} 2 R
silica gel pgNAUVDITaganTNEY 1A M lF gy ane (non-vacuum dessicator)
. 2= 07 S,
WINS1A8UTO51 F. oxysporum (F 221-B) UUDIHTIAUTD Potato dextrose agar
1 1 a @ [ gl./ T J a
(PDA) UNNQUU T RO IUIM 7 Tu 1a9010 U 14 cork borer yuIAEUHIUAUING I 0.3 ITUAINAT
2 0o = = i .
@IEFUIUFOUTNUVDDYEd IaTailwe 2190911910113 @8U%¥B PDA NUNTEAIHNI0901390Y
g | ’ [
TagiMINURUNITNAD UL Completely Randomized Design (CRD) Taouyuuilu 4 ﬂiilﬁ%ﬂ
% da! "o o 2 Y £ k) &} Y] -dy
ag 3 91 YUBYAY TIMIUFUIU+NITIFUUIFD AL
an A Qy 9 J =
n33035 A (1) 1 Fudmdeo +1neuue1ms PDA (lilinszaunio)

H 4

A A a2 F) j}
NITNIT N (2) 1 FUIWFD + INUUNITEATHNTO

Yy

a j’ { o 1
A543 N 3)5 FUIUIYO + INUUDIMIT PDA NAWHUVOUUBNNIEMBNTO
as

= o A an A Xy Ly &y a
33135 N @) 1 ullounssuITN 3 uA T 6 FUFO (81999 Fong ef al., 2000)
A T &} 2 Y o [ A 9 Y X g
(mwi 3.1) duwena idunar 7 W wawnniudonszavnseslinuwudunuemsdsuie
&’ { 1 1 % o { ) Qa'
TuTagan2 W (dessicator) 7 13 1dAo N DTUgQYINIA (non-vacuum pump) (A wd 3.2) Uwine1d

Flunat 7 34 seWurunszamudsainie 14 lumsnaasiae 14/
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| 011113 PDA
2 g X
/‘]ﬂ‘l'guﬁf@

F NITATHNIDN

[

Y o & &
M 3.1 aﬂyngﬂzmumﬁamﬁmﬁ F. oxysporum (F 221-B) 4 1111 AU

an A L g9 X 1A
NIINITN() 1 FUIULFD FINUUDINMT PDA (IliJﬂJﬂ’igﬂTlelﬂﬁ’éN)
Aasy
Q

= L g X
INQ)1 FUIULBD + INUUNTTAIHNID

N334

an A 2 g X A o 1
NITNIT N (3) 5 FUIULFD + INUUDIHIT PDA NAUHUIVDUUDNNIEATIHNITD

an a

° A oty M [ Qy 9 Qy 9 dy Yy a
NTINIT N (4) NUIKRUBUNTTNITN 3 UAINFUIU 6 BUIULYD (91984 Fong et al., 2000)

HAUNIZAHN I

silica gel

9}9'

3 1 &’ 1 ] .
MW 3.2 mynawunszaensoeluTogan iy ua lulsdugyanis (non-vacuum dessicator)

= = U U &’
3.2.1.2 msdsziiumniin Filter paper (aaudas) lumsinuSnuuren F. oxysporum
(F221-B)
o S 4 Wiking,, ax A Y 9 Ayy Y q¥o 1 i
AN YUY D INAINATNINTNITNNITU NN u‘l/]hl@muaa leumwuﬂizmyﬂi’am
Y a v 9 = 1 o 1 I A
UHITUNUINANIYANRITNTISAH Iﬂ'(’JL!’U\‘lﬂ'liﬁﬂ!LWUﬂiZﬂ’]‘]&I@’E—]ﬂLﬂu 393282 A0 6U'E')‘]JGLH VDUNEAN

! 9 9
e YUaUUBN (ﬂTWﬁ 3.3) MMITINUNUNITNAADIUULUU CRD 91UIU 4 ﬂiill’)%c]ag 5 %1 HANNUU

P2 ¥
=S A

9 Y
ﬁ']ﬂ'ﬁ!a EN!,"']ﬂiE)ﬁ Iﬂﬂﬁﬂllwuﬂigﬂ']‘hlﬂi@\islullﬁa$538$W@U31\1ﬁ\3@5\3ﬂa1\1i]1u’f]11’n§mU\iﬁf@ PDA
o 2 an vq ol 9 & ! o v =
IUIU 1 BU ﬁjuiuﬂiij\nﬁﬂjﬂﬂuiﬂGlﬂf“]fu’gumfﬂll‘ﬂuuWUflﬁgﬂ']Hﬂiﬂ\i AAUNALUAZUUNNINANTT
o [ Y v J 9 X ' an A v o
2GRN I@]EJ‘V]’lﬂ'lﬁjﬂsllu'lﬂlﬁuW']uf’fuUﬂa']\im@\uﬁuslﬂsllﬂ\iﬁf@iuuﬁagﬂiiﬂﬂﬁllﬁﬂﬂlﬂ JUNUA
A dy a < dy dy Y o @ 4
AIUAN llaglllf]ﬂf@i’lsluqzﬂﬂ'gﬂﬂNlﬂimulﬁﬂﬁ]']uﬂ'lﬂ'ﬁlaEl\ilﬂ)'f]cl‘ﬂ1/]']ﬂ'ﬁﬁiﬂ%uﬂﬂ%ll'lmﬂ]@\iﬁﬂﬂiﬁllﬂq

dy 1 1 =) a 9 1 U A ]
1051 F. oxysporum (F 221-B) Munsagszezvouiimsns guoudulominuvso li



19

ITYTVOUUBDN

ITgTVYOIUNAN

svazuoulu

ﬁ

] [ b
MWA 33 anbaz UL UMIAAUHUNTZAENTBINNITDT F. oxysporum (F 221-B) lunsagszezuou

Y
U 3 TrezURUAIT
. seezuu i UIzerra 1-3 (FUAIAT
U, FLEZUBUNAN UTLHZHIN 3-6 [FUALIANT

f. JLIZUDLUDN WILELHI 6-9 LHUAIAT

1 <3 [ ¥ 1 [l
TuseHI9mMSNUS BB 031 F. oxysporum (F221-B) Tu%1452 821301 1-24 180U 921119015
a I ] 1 ] o va ]
dszdiuoonilu 2 ¥29a1 nanaelugae 6 @ounsn lasagyiimsasguauianmaou uazyig
o A A A = = ~ o 2
vasrasnlwpeun 10, 14, 17 1o 24 AU Feziinwazdeansnaasensas Ui
a |
322 mtsziivanaegsen
v Y
WA UATZATYNTO (Filter paper) N 1AIANTNAADG 3.2.1.2 31HIU 50 FU 9QIUUDINIT
Y g v 2 A o a j’ { A
@eu¥o PDA U 13 lugungiines dunan19193 Queutos F ogsporum (F 221-B) 1193 yoanun
] o [ ] o o 1
VINUAUNTZAIB NGO Filter paper Tagiiin1Tavuad udmuguanatsvesInlafinazduiman
s 3o ’ X & Y A o ] L g & '
o3 IFUANIINOYIDAVBUTD AN U ATUNAT 33U 19 cork borer 13T U TUF0 Tuuday
[ A A o o s A o =) P dy 9 g’/ %
HHUNTEAE N3 QBN NI spore suspension 1NN VT U aedosMinavu wiounvia
9 X ¥ a 1 U 9 @ 4 Yy v o
vnadulowonusnadiunanazdmlmeveudulynaziavinailes meldndesgansial
9 g’/ = [ &} dl Y = [ 1 A ¢:{
NS OUNITUNNANANYULUVDUFOI F. oxysporum F221-B e 14 lumsuls suiounulunaazinoud

3 o X
NUTNHUYD

X <
3.2.3 msiszdiugamailumsilurse s filny
1 3 o cﬁ’ o a wa I cﬁl a J v &'
Tusgnamanusny e sziimslsedvgaantiamsdlugesgindnumesiaume
150 3 ¥UA (Curvilaria sp., Colletotrichum sp. W8 Fusarium sp.) 1aeviimsisziiulusanaraeinu
v ! cﬁl 2 A o o
AUNMINATOUANNBYTOAVDUTD FITTNITNATOV dual culture test 92111N1TNARDUILY CRD 311491
4 1 :a’ { o o ’

591 Tundaz¥eniuyiinisnaase aulumInaaey agar well diffusion assay 92 1% culture filtrate

. . r 2
U 6 FEAUANUITUTN A 0, 20, 40, 60,80 az 100 1lo5Fua 0 lannFes1 F221-B il lums



20

v =K

1 { o 3 o 4 1% 1 J {
ﬂﬂﬁaﬂmmaztﬁﬂuﬁmmimmﬂm@a Uumﬂwaﬂ'liﬂﬂﬂflﬂiﬂﬂ 'Jﬂéllu'lﬂLfgf}uw'luf.fuﬂﬂﬁ'l\?"llﬂ\u%ﬂ

9 ¥
A

g‘} ° J 3 Jou @ a ~
awig s sanssaesduddudinisniyveslalativousos1dung 15a (Growth
9 Y
inhibition; GI) tagfAnyINa INMTHUGINTR YV UFBI F. oxysporum (F 221-B)
324 natlsziivgaeuialumsnszdumavs yRulnveandainada
o . &’ { [
111 spore suspension Y0 4¥051 F. oxysporum (F 221-B) A1 1dn1nde 3.2.2 u1dlSuanuiudu
TR 1Rszauanudn 10° uaz 10° spore/ml tive 14 lumsisziivguauialusumssionszqums
a o o 3 o @ o o S 3
R3YVOINY TN INAa0INDINAARNAAR 2 EOWUT AD Cos 11AT Red oak 1INUUIUDIHITIALY
& vy ' I S I S S VI VI R Y o )
wourldareurunizaunsoainge udnhwaadnadaimion 1invinisagniuandie spore
. g [ 1 S A A 9 dy 3 A A A
suspension YBUFOAINA1D Az W AANTAHIUMIAgNIalIasluuIMITReuFe msou 13
o < 1 o @ as 9 % & ] J ?1}1 Y g [
$119U 5 970 (10 waaaoam) dmsunssuisarugu lsihieindesny miniuldanusuny
I ] 1 &' 1 a A Aaa 1 =
waa Taglaiileainreas ) uudunszasnses Usuim 2 Taaaasaeniu Yuiinwanisnaaes

I3 14 3 A ~ @
fl]"lﬂl‘]J'[’)iL"]ﬂ!@ﬂ']i\‘i@ﬂqji’]\‘lmaﬂw%tlﬁﬂﬁlﬂFJ‘]Jﬂ‘]JGIjﬂﬂ'JTJﬂﬁJ

3.3 MsUsziu)sz@NBN UL AT 051 Fusarium oxysporum (F 221-B) lumsninnuaes

|
auval ANy
o a a a g I j} a P o
mmsdsziiulsg@nnmae o1 F oxsporum (F221-B) Tumsithuresfilny & qldvia
mMinaaouIaed5 dual-culture antagonistic tests tazM3nadonTuszuulgnisuuuneims
a P g’; 1 -4
Tusznulelas Indng Feiisvaziveavrunsuas 11
3.3.1 manaaeulszaNEN NV U051 Fusarium oxysporum (F 221-B) Tun13fudanisiaiey
v &’ = Aad dw &’ ] U . e
voud Hlewonauvalsnany Jag50e ol 191¥153INNY (Dual -culture antagonistic test)
naaol laelT dual-culture antagonistic tests (Dennis and Webester, 1971) NIN1TNAA0
9 v P 9 9
UL CRD ¥11nN13N0a03 5 91 1a01ae¥0 Fusarium oxysporum (F221-B) iazi¥o aung 15AN3 10
ToTanan laun Curvularia sp. (C11, C12), F. semitectum (F113), F. oxysporum f.sp. lactucae (F221-
Y 2 ]
R, F422-G), Rhizoctonia sp. (R11, R12, R13) t1a¢ R. solani (R11, R12) UU®1115:2891%0 PDA YT
Y
gauniiteauIn 7 i 9101u 1% cork borer viAFUAIUAUINATN 0.5 BUALAT ITVTIUVOD
~ X 2 gy £ g X ! A o 2 O 4
Y93 1A Talvo UFDNIADI SOFUTUVDUFDIMAALTUATIUIU 1 FU 7NVUDINITIA8UYSD PDA
[ 9 (% YA 1 o [ = 9/:&51 dy g’/
Tuanvaeasatiunu Iissogianodseuia d1ms5uI5mslSeuey (control) 1aaarons

v K

4 4 Y H
ﬂ'@QLLﬂﬂﬂWﬂﬂuuu@Wﬁ?ﬁlaﬂﬂl%@ PDA Uuﬂﬁul’i’ﬁqmﬂguﬁm YUNNAANTTNAADN 'Jﬂ"lllﬂﬂl@gflu
] 4 dy Z’, o J 3 J o g}/ a ~ d’l
W']UflfuﬂﬂaWﬁm@ﬂl%@ﬁWﬁﬂﬁﬁ]Iﬁﬂ 5'33J1/Nﬂ1u3ﬂ!!ﬂ@ﬁlcﬁu@]ﬂ‘ﬂﬂ\iﬂ'lﬁﬁlﬁiyéllﬂ\iiﬂiau"ll@\uﬁlff)ﬁ']
9 ¥
a1 13A (Growth inhibition; GI) uaz@AnyIna INNTEVEINTNIYVOUTOIT F. oxysporum (F 221-

Y k3 H 4
B) 13 na'ln competition, antibiosis b8 mycoparasitism (exploitation) U pUFoNNABITOIIAUH f 15



21

A Y o A a ) 7 Y v @ .
WY 'i'JiJTNﬁ\Hﬂﬂﬂ'JUJNﬂﬂﬂﬂﬂl@ﬂlﬁuimlﬁgﬁﬂ@ﬁﬂ181ﬁﬂa’i)ﬂﬂﬁ“ﬂ‘iiﬁu NFATUD (Dennis and

Webester 1971) aage 117l

R1 - R2
%Gl = x 100
R1

1 4 4
Tag  R1=vmadurugudnaninlativousosiauva lsa lunuemsulieudiey (control)
9 1 4 ~ ,i' dy ti’ 1
R2 = yinadurugudnaigla lativourosianng 15 Tuauems@euisos (dual-

culture test)

33.2 minaaevlseansmnvesren non-pathogenic F. oxysporum (F221-B) 1un1sﬂauQuisﬂ
|| d' U U a d
iniuazevesinaaaluszulalasIniing

4

o 2 3 o v o Y
TUAUNITNADDIULUDY CRD 91HIU 3 1 6108 3 ﬁ}‘u Tﬂmwwmaﬂmﬁaﬂmmu 3TN UT

Q

=1

Y 4 Y
f1® Butter head, Cos, Green oak Uuvloati1 tragsati i 1 ddawl nasniuliasazarosigeims
S 1 2 A 9 Y A o d R 9 y A A
UA1EC = 1 ms/cm’, pH = 5.8-6.2 12 UNA 1 01gAT1 2 d1lA1¥ Fedrendraslgnlunszuznaradini
Y
=) a % -7 j
V55992981502 010519 011591 US11A5 5 AAT 1A INU AT 8 spore suspension YDUYD F 221-B
Y
1 =) a aa 1 % QU &l
AN U 1x10° spore/m! 1a U5 11ai 5 diaaansaedn 91MIudn 3 Tuilgniyio 42w spore suspension
g @ J A Aa aa 1
(1x10° spore/ml) YD UFDI1 F. oxysporum 2 18WUT (e1via 15ans) USuim s Taaansaoau aslu
Y
[ o o o < Aa
A158Y05IN0INY dunatazfui ananseuiesues Fudnu uLsveInana Isalu
Adinaan
a % A .
3.4 MmsnagevUlseansmMnves Culture filtrate V05051 Fusarium oxysporum (F 221-B)
A A
Tunsmunsesiaunalsniny
o 4 =Ly . da
HAINNITNAADIN 3.3.1 (584 dual-culture test M1 IHNTILINTD F oxysporum (F 221-B) N
Y 2’/ I o 1 e 4 a
na'lnn1sduduilunuy antibiosis TasnalnawnanilazUsznoudae wu lad a15dfFuzuay
A A g 9 dy Y = ' N dy A ' o Y a
AsneMFos aivuud) llinaaenizuiumsanvousos 1@ g lsany dawar limsnswy
Aalndldaman Tasnisanuluasatiogld culture filtrate Y010 F. oxysporum (F 221-B) 11
v Y 4 tg A T Yy =X = Aa A
nagounuidulonazalosveudosiaunglsany lasvsyuiudnyinalszansainyos
v < c’a‘/ ]
secondary metabolite FUMUNI @155 e (volatile metabolite) LA T Tiszine (non-volatile
Y
metabolite) A5 180 BoARIRD 111
M151M38) Culture filtrate (CF) VO IHO non-pathogenic F. oxysporum (F 221-B)
9
Tunisnaaeatiozyuriuial sz @nTn1Mv0 3 non-volatile extracellular metabolite 1141115
o 3’4 a &I A 3’4 a @ 2’, =< ~ &‘ a o o j’
GUTINITYVDAFOI 1T UK IIANYNT 10 ¥ilA AU UIUAToY CF vou¥ 311U Tn Tasriuro

1 U g’/ o Qy g 1
F221-B 128901014115 PDA U1U 7 7 mﬂuumﬂﬁmwui’uweﬁ'w cork borer mmmﬁ’umu



22

4 a a o Qy 1
AUINE1 0.5 15 UAAT VINUVDVUDITATaN T1UIU 5 FU ¥ UA8a31UDIMT Potato dextrose
v Y
broth (PDB) UnAigaugireuiu 10 7u 1nuunsesenduleeonlaeldniza1uniod Whatman
o A Y Y A . A < [ =} A A
No.1 1#1veavadn'la 1)aum2e9 (centrifuge) NAIUIT7 10,000 FOUABUIN WIN 15 UIA 1D
4 [ gll o { o 4 A
anaznoutdulotazadesoon nasiniiuii crF fldui lidsrandule uazades lu 233
A0 NT09W U microfilter Y119 0.20 T Taswas uazn151111) auto-clave tWo 19 Id i s aua a5
I . =~ 1 =) e A = 1 o [ dy
1114 secondary metabolite tigaog1aAed Tagluiina lndw Fernnisutsasui ludnyasil
) v Y v Y
Nz l)annuaz I 1dheru Tasmsnaaovldiin crF #1 1d1ane 2 aruulsuany

Y Y ) ¥ =R o w A = = a a
!,"Ull"lluclﬂh],ﬂ 0, 20, 40, 60, 80 LLtaE 100 Lﬂﬁ)il“ﬁuﬁ@1llﬁ1ﬂ’u LWE)THﬂ1’§ﬁﬂ‘]el1i‘lx‘1‘]Ji$ﬁ1/l‘ﬁﬂ1WEluﬂﬁ

ETUE‘iy’u%ammqiiﬂ@ia"lﬂ Tasdufiumsnadevesmily 3 35 Fadauilanan Lorito er al. (1994)
fis1eaziBoade 113l
34.1 MInaaey Culture filtrate (CF) 511?)3!%6 non-pathogenic F. oxysporum (F 221-B) ABNII
fudamsssamadilovestionaunalsn Tnsd% Agar well diffusion assay
11 CF ﬁ'l@’fmﬂmsm?emEﬁjnﬁjuumﬂﬁauf‘fm%mwmmaiﬁﬂﬁ% 149U 10 ¥1ia
Curvularia sp. (C11, C12), F. semitectum (F113), F. oxysporum f.sp. lactucae (F221-R, F422-G),
Rhizoctonia sp. (R11,R12, R13) 148 R. solani (R11, R12) 1M9UHUNIITNAADAUDY CRD 314U 5

2 A £ 2 X 2 X ety Py a g9 < @
51 Iﬂﬂ!ﬁll@u%”lﬂﬂ’]ﬁlaﬂﬁl%ﬂaﬁiuﬂ”lu@’]ﬁ'ﬁlaﬂ%%@ PDA ‘]JiJ‘VN]l’J‘VIQm‘l’TﬂiJ‘Hﬂ\T Wuan 39U

Y

[

Y
aa11a935n15v04 Fiddman and Rossall (1993) waqmﬂuui%’ cork borer YHU1IA 0.5 YDALUNT 1AL

2 oy Yo X a o Y 9 g v X
%u?uiﬁﬁ?ﬂﬂ?ﬂﬁfﬂ 2 EUALNAT ITUAU 6 "lf]ﬂ 9]111?]311!LGUIIGUU'NQL‘LIH’NaﬂﬂiﬂﬂﬁfﬂiTﬁHﬁﬁ]Iﬁﬂ

a

A v 1

o 2 9 A ' 2L yy o ' Y =
Hyaana ruuimzeon dasena lduiu 2 ¥21u visa CF ugazganumuduludiuim 30
a 1 ] 9}:; a 9 =} o 9) 1 4
luTasansaeriqu Un 1 ingavgides tiufinwanisnaasdlasms invuiave udurIugudnaig
a X O o A 2 o & a ) X
TaTatie lunn 9 Anudnduvod CF nazmuInosisudmsdugimsnsyvoudulowos
=) L3 ad
nSeuieununssNATAILAY
4 (,’ 4
3.4.2 MInaaead Culture filtrate (CF) VDD F. oxysporum (F221-B) Aan133anvadaesime
A ad . .
318 UHA)5ANY1AEIS Spore germination test
o 1 H i A 1}
111 CF anutiud ua 199 s o 13wy veaasoua laavquludSuw 30 Tulasaas 13
Y
spore suspension ‘llfNLEIﬂfE)ﬂmMGﬂ'iﬂ MUY 5 ¥UA Curvularia sp. (C11, C12), F. semitectum (F113),
F. oxysporum f.sp. lactucae (F221-R, F422-G) a1 udu 1x10° spore/ml 0g11a 2 30 TuInsans
Y Y o o gj o o [ [ 1 Y g 1 a <3|
wet Iy nasnniha ladwauasnan lhhiuldamsulunaemaradn dunat 12,24 uay
v o o -4 Lo o o A
48 51 Tug i llas i vl oS ud n1599 003 conidia 1Andosganssal Tasaaulaiitnisves
[ 1 I'4 [
Steinkellner and Mammeriler (2005) fNHN1TIDNUDY conidia 88190 100 ales nfseum gUNUND 9
ax A o 72 & o ¥ @ X ¥ A Ag
N335 MoA aIlesiIsuaMIsudinsenuesalesveure g 15a%3 5 ¥iia idluwaun

NNYTANTAMNVDY CF Y04 F. oxysporum (F 221-B) TUszauanuiudiua199



23

3.4.3 MIsnaaeulsyanEMnves Culture filtrate (CF) Y231%951 non-pathogenic F. oxysporum
H Y] (Y] d
(F221-B) Tumsmuaulsaniniiwaziervesdnadaluszuulalasinding
I @ [ 4 4 o 4 o ?xll
mzmaaRnaaa Cos UuWowi tagsaiuu 1 dla vasnmiuldarsazaiesia
A P A4 9 Y o 7 o ) Y
91M13NUA1 EC = 1 ms/em’, pH = 5.8-6.2 l9AUNa1001gATY 2 dUa1¥ vin1sdienaiadssuy
Ugnisuuuaisazalesigemisuuutienia lsznoudlonszuzwarddniussgaie
A a a @ g’/ o Yy 9 s 3 14 g
A1302A195190 1M 13NY 50105 5805 1AM T U CF ANWITNIY 100 10T 15UA Vo UFD
= Y A . . Y, =&
F. oxysporum (F 221-B) %3 lanaf91nn13naaed Agar well diffusion assay 11 1% lun1snaaed dalu
¥ X, 9 . & 3w ~ ~ a an R
NSNAABIATIUNINTG 1% spore suspension Y9 U F221-B uutuanlSounoudnnssuisnile
A Y A W Y [l A = Y = °
e lwilumssuduraluaiunisaiugulsasinuiaz e nasarnia Tagiinisnaas
Y ax %,‘ H Y [ dy
CRD U5¢n0UnI8 6 NTSUIT 3 %1 %1 ag 3 AU AN
' X
35435 1 Healthy control (111)gniFe)
155337 2 Tnoculation control Pathogen (F422-G)
Ay
N35425 3 Culture filtrate (F221-B)
N3517F 4 Culture filtrate (F221-B) + Pathogen (F422-G)
A355175 5 Spore suspension 1x10° spore/ml F221-B
n35135 6 Spore suspension 1% 10° spore/ml F221-B + Pathogen (F422-G)
§ - & A a a aa vy
ld CF uag spore suspension VoNI¥® F221-B aﬂuﬂizm‘ﬂgﬂw&n USuw s Uagansaoau
2 = [ &' Y ‘s 6 g 2
NNUUBN 3 ’mﬂgﬂmﬂ’o 78 spore suspension (1x10° spore/ml) YDIUYD Pathogen F422-G 51 5
ladansaedu asluaisaza1os1901MIsNY dunaninisnsaay Iavesdnadauaziufinna

o J 3 J a &Y o
N aummmmsﬂeiwuﬁmmgumwmmsmﬂTiﬂiuﬂfsﬁwﬂﬁaﬂ

v 1 v
= Y A A A A
3.5 MIANEINMIVIATOUATDUUDIYONTVOIUBO I F. oxysporum (F221-B)
F [
WNF0 F oxysporum (F 221-B) Neumsdsziiiudsganiamluieuljidnisuaz luszuy
A 4 o =1 1Y :&' v 7 = 9
laTas niind wihnsnfsemiieunudes F. oxysporum f.sp. lactucae 2 81eWUg Taggnan1sa
dal A A o A 9 o Y A . . . .
AsoUATOUNDIEONY 1Y 2 anBAE AD NMTWIATOUATEINIBUDNEIAUNY (epiphytic colonization)
1ag N15191A59UAT09n10 TUNY (endophytic colonization) INOYDIANHULNITIIATOUATO
dy d‘ A [ = [ dy
oINS A5 1az1DonRIl
3.5.1 MSANHINIMNIATOUATOITINVBAUFBT non-pathogenic Fusarium oxysporum (F221-B)
HazIB0 1@ 14N F. oxpsporum f.sp. lactucae (F221-R 1azF422-G) luiinada Cos
nlgnluszuvlalasiniing

Y 2 o o

< 3 ¥ o 4 @ S
msaannaand@1gnUg Cos vudes wazsaduu 1 e ﬁawmuuiﬁ}

A 2 A g Y A o d o 9
7139201951901 1TNUAT EC = 1 ms/cm’, pH = 5.8-6.2 WaAUNAINDIYATY 2 gy iimsane



24

Y a A Y A = a 1 ax
ﬂaTﬁ\ﬁJQﬂﬁluﬂ'§$U$Wﬁ1ﬁﬂﬂﬂﬂiiﬂqﬂﬂﬁlﬁﬁ'ﬁ$a18ﬁ1ﬂ91ﬁ157‘l% ﬂiiﬂ@lﬁ 5099 Iﬂﬂllfﬂ\‘lﬂﬁiuﬂ‘ﬁ
I a0 ° 2 2 Y [ dy
'E'Jf]ﬂlﬂu 4 NFTUIT NMNITINADILUY CRD 31UIU 3 1 %1 a8 3 AU AN
4
N3347% 1 Healthy Control (lajignie)
N3547T 2 Treated with F221-B
v J
1554735 3 Inoculation with F. oxysporum f.sp. lactucae @1YNUT F221-R
v J
1554735 4 Inoculation with F. oxysporum f.sp. lactucae 818N UT F422-G
k2
NA13103 83 spore suspension YBUFD F. oxysporum (F 221-B) AN UATY 1x10° spore/ml
v 9
laasludisazaresigeiisiiy Usuiw 5 Tadansaedu 11niudn 3 Julgni¥eaunglsa
v J = A aa 1
F. oxysporum f.sp. lactucae 2 A18WUT A spore suspension (1x10° spore/ml) 51 5 Hanansno
(X g’J < @ ] 1 a, [
ﬁ/u aﬂumiazmﬂﬁmmmiﬁ% Viﬁ\‘H]'lﬂ‘L!HLﬂ’]JG]'J@81Q§1ﬂ1ullﬂa$ﬂﬁiﬂ'3% mﬁﬂmﬁmﬂyms
9 A Y = dy 1 an o = 1 2
NITUVINTDUATDITINNY !,mzm’muuﬂ‘imummwa“lmmazﬂﬁnn @\1518@13!@8@@]@]‘1ﬂu
1) M3NATEVATIIMEUONTIAUNY (Epiphytic colonization)
& W ' I ' H ¥ 9 v
NUAIDYINTIDNY ffﬂ\?“l/nﬂ'ﬂllﬁ%@?ﬂiﬂﬂﬂ”luu?llﬁﬁ N UUANNAIY Ethanol 70

P ) ) PN a v y ¥ . X
WoTIFUa WU 30 IUIN 31NV UA1NANE clorox 10 oTIFUA YU 1-2 WIN ANBBANIYUIN YD

9
] °

i ldaamsdiesinusing pour plate Q3UUDINNT Trichoderma selective media (TSM) L1ag

De

o [

MFUAIUIINNHIUNITANIINNINTAA TN Y LA 1-3 Hadma T (Mukhtar ez al, 2010) §1837
dy [ (9 Y g A a

ABIAIUUD NS WA dunaanbuzidu loueurenaiy

2) mMsnaseunseamel U (Endophytic colonization)

< o 1 o 1 g 3’;
NUAI81971ANY A19vinnuazeialagalaniniiilva 9101iud13982¢ Ethanol 70
s2 A o g v v 23 @ A Y y ¥ . X
Lﬂ@i!"“lfuﬂ UIU 30 IUIN INUUANA Y clorox 10 Lllf)ﬁlﬁlfu@l UIH 10 HIN ANODNAIYIUINUYD 3
F) Y [
I "l]"lﬂfﬁ!‘ﬂﬂ@')ﬂ81031ﬂﬁﬂ1“ﬂ1351@&£gl (Pavithra et al., 2012) NTﬁTﬂTﬁ pour plate ANUUDINIT

. b, i Y= @ = dy A a ds! Y o

Trichoderma selective media (TSM) 'U‘Ll‘V]ﬂWﬁI@‘(’J uﬂiﬂiau%@ﬂl%ﬂ‘ﬂlﬂﬂﬂluﬂu@'l“l’i'li LLAIUTUN
o o dy 1 asy
ﬂTlJ’JmWW%11!'Ju‘]Jﬁg“lﬂﬂ'ﬁelJfNL“Iff]ﬁlulmﬁg’/ﬂiiu’l‘ﬁ

= v & & . .

3.52 msAnyInsinaseuasean1ulunrveuTe non-pathogenic Fusarium oxysporum
(F221-B) na e 1¥osia 1w 7 15a F. oxysporum f.sp. lactucae (F221-R 1 a ¢ F422-G)
1un’m¢’ja (Brassica chinensis var. chinensis)

o Y 9y o Y = 9y Y [ g}/ =) dy
uWﬂTUGhJﬂ'JNii]\1llTﬁ1\‘]1’1'lﬂ31“@18@1@&@331\1?1\11“&1’7\1 NN UHUINTIULIYD I F221-B
¥ ] 4 ~ [ gl.l o < ay
Llﬁmg]ﬂfﬂ'i'lﬁ'llﬁfﬂiiﬂ 2 ?HEIWH‘.E F221-R uae F422-G nog 77U ﬁ]Wﬂuu‘ﬂ’lLLWﬁﬁlﬁﬁll"lﬂJ Tﬂﬁmllﬁ\‘i
Y 4 Y '
vumulun119de S 2 uraae 1y (5 NMUABNTTNIT) MIFUIUFIIMINATO DAIUULNAN

Yoyt A ¥L 9 o g o ) ¥ o Ay
1831113 drulunssuasaruguldduiu PDA unu vasnniuihnolonldhmsladendun

< Y, P a ¥4 v L o = w o
LﬂUaQGIJUQQWﬁ'@NT]\?ﬂﬂu’ll,W’f]ﬂlﬁﬂj'lll"]fu Uu%ﬂwaﬂ’liﬂa’ﬂ\ijﬂﬂ AAUVUIALAALLASATHUINU



25

cd 2 =2 o ) K o A v
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9NadNY¥U epidermis “Tﬁiﬂmfm 3 ﬁﬂ%ﬂﬁnﬁﬁmmﬂm’ﬂ’gﬂﬁ stereo microscope meﬂé}mﬂﬁﬂi‘iﬁu
3.5.3 M3ANHIMIIVIATOUATOITINUDUBO I non-pathogenic F. oxysporum (F221-B) 1150
ER ALY ﬁﬂi A F. oxysporum f.sp. lactucae (F221-R asF422-G) Tas35 scanning electron
microscope (SEM)
I @ o v ¥ ¥
MgaaRNNaan 3 TIgNUg (cos, frillice iceberg Y rocket) vuosd uagsauu 1
[ L4 [ 2 Y A 2 A g Y A
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ang Iﬂﬂlmﬂﬂiih’)‘ﬁ’ﬂ@ﬂl‘ﬂu 4 NTTUAD ANNITNAADIN 3.5.1 UAIVINUULATYN spore suspension

=

9 Y
YBUFO F. oxysporum (F 221-B) ANyt u 1x10% spore/ml ladSuna 5 Hadansaedu 91n1iudn

a

3 ’Juﬂgm% fe spore suspension (1x 10° spore/ml) UBUXD F. oxysporum f.sp. lactucae 2 81ENUT
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v
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3.6 MIANEINITAINNAT Gibberellins (GA) VDD F. oxysporum (F221-B)
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Y g % 3 A a 4
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& I~ &' d’ ] 9 a a A 9 a ] %’ v o
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Y
AUANIAYEIMI 319815 GA nazdSuamsaienianuuanaanunie Ty asll
M3aNATT Gibberellins (GA) 2101%9351 F. oxysporum (F 221-B)
1 & . &
GRS non-pathogenic F. oxysporum (F 221-B) U@ 18 31 F. oxysporum (F221-R 11 ¢
Aa aa X ] A aa v 2L I
F422-G) a1y flask ¥11@ 250 iadans ¥elio1n1s PDB u3390g 50 Jaaans vune 1 3iunai 21
U g’/ 4 j’ U 3’1
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Separating Funnel ¥11a 1 aa5 el imansusnsumady vins lvauiuensudla miy
<3 o 3 g’/ g}/ ) a 1
Na,S0, ¥1unu'13 ud1iigdn 2 ase 3nuildaal5u193428 rotary evaporator method 1
a I~ 1 A o A [ =Y 9 an
QUMY 40 D91 AN 10 50 UADUIN 11 crude extract 71 16 11/A5199915 0101909 GA #1835

Thin-layer chromatography (TLC) s8¢ High performance liquid chromatography (HPLC) o l1

3.6.1 MINTIVABUNTAI 14 Gibberellins (GA) Tne3s Thin-layer chromatography (TLC)

o d' 9 (3 1 ] Yy 1

s ldnnmsanaluaiunsn ¥ spot asuutau TLC Tasliliszezvinaanveu

819 LS 1 UANAT 1AgINUHUNITNAAD LY Completely randomized design (CRD) 314U 5
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NITUIT 5 Acetonitrile
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3.6.2 MyAANYIUIMNMET Gibberellin (GA) Tne3B High performance liquid
chromatography (HPLC)
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1 dy a a 1 1" 9 dy Y v K Y v ax 49!
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X X a 2, X X
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BI: duly (mycelium) B2: culture filtrate (CF)
o ~ 1 ¢ < [ {
111 CE N ldnnmsiu@esuilunan 10, 15 uag 30 SuY9U¥831 F221-B 1ag F221-R 910
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206 11 THAST ¥ HUAAAI08199 111 20 JuTAdnT WASed HPLC Taeviimsn/Seuiey
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= @ % ~ [ Y o 1 dy a 4 1 Aaa as A
nfieufsunuaaniuaui lu'1dvmslade uazlinsigrdanuuanaiineada 1agds DMRT 9
FEAUANUFDIU P = 0.05

3.63.2 Msfn¥BNEWaves CE aensiws yAulnvesinadanignluszuulslasiniing
o Y o [ d' 9 d‘
hnddnaaai lnnnnisnaaesi (3.6.3.1) meybialunszuzilgnuua 25x34
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o A 2 3 Y & Aq v g 2 ¥
NAA0IUUY CRD 31U 11 ATTUAT 3 1 $1a% 5 au ¥aszuvnIFlunisnaaeslunsaiiag
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155438 6 Crude extract of F221-B (10 ppm)
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155438 8 Crude extract of F221-B (3 ppm) + (W3 3 ppm X
A = N3INATN 7-11 M
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NIRANU GA INY

155438 10 Crude extract of F221-B (10 ppm) + 1N 10 ppm
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Y ] Y v
NAANNTUTINMTIRTIN GA NANAINADIT F 221-B AANUAUVY 1, 3, 5,10 1182 50 ppm
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- Ly o4 2 o Y1 .
SPAD-502 U¥8413H% Minolta Camera 15zmanjiju) o duganianaassiinssuimindauas
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UHIUDIAULAZTIN
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a o ana a o
lalas Indnd lulszmealne Ganazanz2555) TagnaumwunInAasay CRD 8 AFFUAT 91U 3
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%19 a2 5 AU faT1eazBen Ao 1l
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N3347% 1 Healthy control (111gni¥e)
A3533% 2 Inoculation control (Pathogen)
N35475 3 Spore suspension of F221-B
155475 4 Culture filtrate of F221-B
A3533% 5 Crude extract of F221-B
1354735 6 Spore suspension of F221-B + inoculation pathogen (F422-G)
1554735 7 Culture filtrate of F221-B + inoculation pathogen (F422-G)
A3533F 8 Crude extract of F221-B + inoculation Pathogen (F422-G)
A < o @ 9:a} &5 o 4 [ g}/
FUNNMITINZINAafnaaa UUNe tazsanuy 1 dlai ndanmiuldaisazaie
A P . A g Y o s v
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aan WiouNTIAAININs YUDINY Aeae 11l
M3vuNnNKa
1) uinmaaiulsn
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- Jar)o 31 FUANIINA 13 (1aZANFUIIIVDINIINA TR
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2) tunneamuMIRIaL Taueany
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4.1 m‘suﬂnwm1mmﬁﬂsﬂwm
NAMIAUGIBINRNASA FUazsn) uaz 917 (uaauaz1y) MnuKraaIINuaag

o = &} j’ [ [ dy 9
1M lannimsAnpazuen¥o a1 1sn wuwos151uau 10 loTaan ail Tasludriny
&l o
1¥991U2U 8 1o Tatan Av Curvularia sp. (C11, C12), Fusarium semitectum (F113), Rhizoctonia sp.
(R111,R112, R113) sag R. solani (R11, R12) a1 ludnada 2 loTsan Ao F. oxysporum f.sp.
lactucae (F221-R, F422-G) TaeTis 10020 oavoausiadiiiy siiaue dise i 1azdnyaze1n15ved

T5AA9015199 4.1

UN 4

HNaN1INeaol

d' VoA A A o g ~ 9
AN 4.1 LURaINN Y Gﬂu@ﬂlﬂ\‘lwcﬁ@Wﬂﬂllﬁglsﬁﬂi']ﬁ'llﬁﬂﬂllﬂﬂulﬂ

Pathogen

Source

Host

Isolation description

Symptom
Seeds infected by dirty panicle
) ) disease showing black spot,
1. Curvularia L Rice C :
Ratchaburi small brown lesion, partial
lunata C11 (seed) \
blackening and covered by
fungal spores.
Undeveloped  kernels  with
2. C. lunata Rice severe black spots, brown
Bangkok ) : "
C12 (seed) lesions, partial browning and
blackening.
Undeveloped  kernels  with
3. Fusarium \ )
) Rice brown lesion or black spots
semitectum Ratchaburi ; K
(seed) covered with whitish spore
F113
mass.
Root rot, yellowing and wilting
of basal leaves as well as
4. F. oxysporum Lettuce .
stunting and plant death. The
f.sp. lactucae  Samutprakarn  (Red
cortex of the crown and upper
F221-R oak) ]
root of infected plants became
reddish brown and decayed.
Disease symptoms included root
> F.oxysporum Lettuce rot, yellowing and wilting of
f.sp. lactucae  Chonburi (Green .
basal leaves as well as stunting
F422-G oak)

and plant death.




M3199 4.1 (A0)

Isolation description

Pathogen Source Host
Symptom
Grayish leaf lesions (1x3 cm)
Rice : I —
6. R. solani R11  Angthong with a red border.
(leaf)
Black and brown lesions (1x5
7. R. solani R12  Angthong Rice cm) or stripes on young leaf _
(leaf) surrounded with red dots.
Brownish oval lesions (1x2 cm) _
8. Rhizoctonia Rice on the leaf sheaths and leaf | -
Bangkok .
sp.R111 (leaf) blades surrounded with yellow
area.
Brownish oval lesions (1x3 cm)
9. Rhizoctonia Rice on leaf blades with darkening at
Bangkok
sp.R112 g (leaf) the center.
M sl
Brownish oval lesions (1x1.5
10. Rhizoctoria Rice cm) on leaf sheaths at the water _
sp.R113 Ohkordrigtheq (leaf) level in the paddy field. 1 =

4.2 msUszfivaaaniAveu¥051 Fusarium oxysporum (F221-B) luszvdnamsiiy

$hwn 1-24 1heu (Long term preservation)

A ax S v d'
4.2.1 M3@NIBTNMINUINEINIHINS AN

4.2.1.1 MIDVUSNYUYON Fusarium oxysporum (F 221-B) Iael¥inatia Modified filter paper

culture

v cﬁ’ as
MNMIPVSNB YR F. oxysporum (F 221-B) 10875 modified filter paper culture

= 9 o ax ax 2 F) ﬁ’ am a o
‘;]Nul,ﬂ auilaau91nITNITUD Fong et al. (2000) b1‘1'!’.J‘ﬁ‘r’l1f.i’J'Nﬂfu’;flﬂll‘lfﬁliﬂﬂ’J"ﬁﬂ']il,ii’m‘Il'nﬂ'lf.i’J'N

&

a Y v A
Lﬂimﬂi'ﬁ]ﬂﬂquﬂﬁgﬂ'lﬂﬂi@\?llﬂﬂ (AN NN 4.1)

2 I 2 2 1 a c&l { o
160 6 WU anaailu 5 ¥ULAY 1 FU WUN mimmﬂmmﬂﬂiunﬂ 9 ﬂiﬁﬂ%%ﬁﬂ'lﬂ'lﬁ‘ﬂﬂﬂ@ﬂﬁ'lll'liﬂ
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Control 1 0 Sqn 6 3

an o

H X &l { U o 1
M 4.1 ﬁﬂi&lﬂwgﬂlm‘ﬂﬂﬁ’ﬂﬁl%@ﬂ F. oxysporum (F 221-B) ﬁmq 77U I 4 N5TUIT Al

pO)

A A 2 g A =
. NIIUITN (1) Control 1 FUIUYD +INUVUDIMT PDA (Ulllllﬂigﬂﬂﬁﬂi@\?)
an A L g X
V. NITUITN (2) 1 PUFUFD + INVUNTEATHNIOI
1 Y Y 1
f. NITNITN 3)5 G]fu'iul%f) + 79UU1HT PDA NEUHUNUDUUBNNTEATHNT O

Aan A o A An A 1 Qy Y Qy 9 dy
. NITUATN (4) NUKUBDUNTINITN 3 HAINBUIU 6 TUIUIYD

Lo

a a = o < W &’ .
4.2.1.2 mydsziivmaila Filter paper (ﬂﬂuﬂm) lumsiiuSnuwven Fusarium oxysporum
(F221-B)
Ana X \ T 1 an ' v A
INNITATIINITHFIAUD YD (viability) Tunnaznssuisuaz lunaazvousadl
Y Y
VDNNTSATHNITDIUUA WU IUT 1-3 ’Julliﬂﬂl@ﬂﬂﬁﬂgﬂl%@ 113Jﬁﬂ311JLL@Iﬂ$INﬂ“LJ‘VlNﬁﬂ@] e
A 1 Qy A o dal < I v A a <3
LM@?ZEJ%L’JQWN”IL!Vlﬂ%uﬁuq’ﬂﬂﬁ“ﬂﬂﬁﬂﬁ (AuUn 8 ﬁﬁﬂﬂﬁﬂgﬂl‘b’ﬂ) “NUJ‘LHH“I/]%@?]’JUQ?JL%?QJJMM
dy g ' a 4’.’ = 9 A a Y '
VIUDINTLAYIUYD W“]J’Nﬂﬁl,ﬂiﬂluﬂlf]QL%@mﬂﬂl@ﬂhﬂlﬂﬂﬂi%ﬂﬁﬂﬂi@ﬂ mmﬂuummﬁtyuaamw
Ay A A R Y a <3 dy &;
LGIVEJ“I/lil1fﬂTﬂﬂigﬂT}‘:JGUEJ‘Uﬂa1Ql,mz‘U’E)°_U1!EJﬂGUl’fN“l{!ﬂﬂi3113‘]3“1131ﬁﬂ1fﬂ3Lﬁ]§ﬂJuW]3J’ﬂ1ufﬂﬂﬁ!,aENL“I$®
Y 1 [l 1< 1 4 ana 1 1 o
MNUFANIVRY (control) LW]@&JNlliﬂ@HJ muwmﬁ'umuﬁuanmwamﬂﬂism%ﬂ“lmwmmmu
aa LI ad o d' d' o g 2
1’1N?{ﬂG]!Lﬁ%bbJ@lNUl“lJﬁﬂﬂﬂiill’J‘ﬁﬂ’J“]JﬂiJ (control) ANANITINN 4.2 LLATATINN 4.2 GATCERTRIERTRLY
4 tﬂy A = asg Y 1 1 o [
ﬁﬂﬂi"llEN!"IfE]ﬂW“UGlunﬂ"’U@Uiﬁuﬂl@ﬂﬂiﬁiﬂﬂﬂﬂﬁﬂﬂuﬂﬂﬂiiiJ’JﬁGlﬁNa111JLLGIﬂG]Nﬂ’LJ ua Tumns
an A dy Qy A A < Y 1 Qy Qy A A 4 [ 1 5 6
N3TNATNNUFD 13U Vilsunadlestosnn 5 ¥uLay 6 yu IﬂﬁlﬂJﬂ‘iﬂJWﬂ!ﬁﬂ@ﬁ@QiH%’N 10°-10
) o an A dy 2 L = S 1A 1 @ aa ]
spore/ml @IHIUNTTNITNINED 5 YULDS 6 FU ﬂiiﬂﬂﬁlﬂﬁﬁﬂ’E)‘ihliJiJﬂ’ﬂll!mﬂﬂNﬂuﬂNﬁﬂﬁ [317]
[ 7 8 1 1 <3 A A dy Qy =1 Y A Y = 1 asy
Tuwa9 10™-10 spore/ml LLG]?JEJNUliﬂGnll NFIUATNMUFD 6 FUTU U IimaanNIunITUIs
Y
5 ¥U
{ ¥ a < [ an 2
Tagazlanmsn lansauyagiuli2 dszau 1) msdautadiznisnesuiu
& 2 a 9 9 S Y ' a9y a ~ 2 £
FU 1Az 5 yUNLUI TUNMTE319dUe5 108N 1NTTUITO 19D9UD Fong et al., 2000 NINNHFULHD
° L ' < =2 A, Y 3 A v Y = an A X 2
UIU 6 BU ’EJEJN‘liﬂGHﬁJﬁﬂﬂﬂﬁﬁﬂ‘]&lﬂuﬂiQuﬂﬂﬁL“]J‘Llﬂﬁﬁluﬁlu’é)ﬂﬂ’i\iﬂﬂ’J‘ﬁﬂﬁ’JN“b’lll%f] 6 ¥U
b7 o Y < . Y1 9 1
duausohu s iueuinalunisnaaes long term preservation laaa 1) sz lansiuinlu
[ = ;”, = 'o [ ti’ 9 4 [P=)
Llﬂﬂ$i$EJ%"UE]‘]Jiﬁll"llf]\iﬂigﬂﬁelﬂif]ﬁuuuﬂ’ﬂuﬁiJHf;’mﬁﬂ'L!"lJ’ENL‘]S’E]L!ﬁ%ﬂﬁﬁﬁNﬁﬂﬂ‘ihliJllﬂ’ﬂll

l w [ d‘ ] alw tﬂy . 1
uanaenu 2) msaandash 2 Talddugaanigganudu (non-vacuum dessicator) W11 115
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9
= v o o

(IR y { a o 4 < @
lliJEJ\‘]EJ’]ﬂllagﬁﬂﬂ31ﬂlaﬂﬁﬁﬂglﬂﬂﬂﬂl%@ f]ﬂﬂQfNﬁ’]ll15ﬂﬂ’]1ﬁjﬂ5$ﬂ1ﬂﬂiﬂ\ulﬁl\ui'JﬂVJGlu 77U

f Y Y ] v ° < Y f
waz ludmstudleunndedud e Jamunzizai I 19iuismanuge luszezeniae i

H a a 9 4 4 .
M1 4.2 msdsziiuraveamss ymadulowazaSunuaiosi%o51 non-pathogenic F. oxysporum

(F 221-B) UUN5ZAIENT04 1A87T Filter paper

Amount of
@ Colony of F. oxysporum (F 221-B)
spore(spore/ml)
Treatment  Circumferences cm/day
8 day
1 day 3 day 5 day 7 day 8 day Macroconidia
Control - 1.952" 3.87a  5.6a 7.82a 9a 0.8 x 10%
inner 1.48a 3.03a 4.57a 6.85ab  7.24ab 1.9 x 10°c
1 pieces center 1.53a 3.28a 5.02a 7.45a 9a 2.2 10%
periphery 1.66a  34la  524a 7.64a 9 3.6 x 10°b
inner 1.43a 3.25a 5.23a 7.42a 8.660a 0.2 x 10'ab
5 pieces center 1.56a 3.32a 5.28a 7.52a 9a 1.9 x 10'ab
periphery 1.60a 3.37a 5.36a 7.84a 9a 1.1x10%
inner 1.31a 2.77a 4.85a 6.44ab  7.82ab 1.8 x 10'ab
6 pieces center 1.52a 3.28a 5.30a 7.52a 9a 1.2 x 10%
periphery 1.71a 3.46a 5.42a 7.68a Oa 1.9 % 10%a

“Mean of 5 replications in a column followed by same letters are not significantly different according to Duncan’s Multiple Range Test
(DMRT) at P=0.05

1 pieces

5 pieces

6 pieces

Control Inner Center Periphery

H A a g
M 4.2 msﬂszmuwammmimtymuﬁu”lﬂwaﬂ non-pathogenic F. oxysporum (F 221-B)
luneaznssyds Wsesumeunmsnalu 3 szey (veulu vounais uaz veuusn)

Q‘ U o dy
N1 9 ’Ju‘l’iﬁﬁﬂﬁﬂgﬂl‘ﬁ@


http://dict.longdo.com/search/edge%20distance
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4.2.2 mydszdiunnegsen Juszniamsiusnmn 1-24 ihew)

a =

3 o &’ ! ' 3 o !
NNMINUINYUBDIT F221-B ﬁQﬂ!‘Viﬂll 4 ANy ALY 1ummiﬂmmmimmﬂm (ﬁ

U

A T 3 a S o g
52821081 6 1AoU) 1A83D modified paper method WL UITMIMIzanlumsnuS Ny T3
I I T = T T s 3 o ’ "o 73 s A
F221-B Tagaquaiaoui 1 duasun 6 Nilosisudniuogsaaminy 100 1o sidua $a1ie
[ [ a j} k) 1 9 4 = 9 4
ATNdoUANEULNNAdUTIUIMIVBUFILA) WuN vnaduly ades taziFinamsainailes
= 1 1% A 1 A Y A A Qy 9 &’ ] ]
Tufianuuanaenu (15199 4.3) nandevinadulenns yoonuanduiuire ogluyie 110-
Y =
121x2.2-2.6 luTaswas vazdaredulelivuia 82.04-94.04x3.2-3.5 lulaswas vazvuiaves
macro conidia NN 28.23-29.85x3.0-3.5 luIAsmas Mua1ay
o o 1 1 S o A =Y 1A L 4
d1150 U RN IVRIMSINUSABT (10, 14, 17 18 24 1A0U) NEINUNIosHuan
] &’ a T o - 4 35 o o a g < ] A
g30AUDUFOAUANMING 100 WoFdud sounianbazndugIInewouien lunJasunilag
Tinin@u (13199 4.3) nandevinadulendn Mesgureeninauuensglusie 114-119x2.2-
2.6 luTaswas uazdatedulolivuia 85-93.04x3.2-3.6 10 1ATIUAT AT YUIAVDY macro conidia

NN 28.03-29.85x3.0-3.5 luIATas muaa

3 ' y v a A
15197 4.3 ANUBYIDAUASANHUZNINTUIIUINYIVDILYD 51 non-pathogenic F. oxysporum

(F221-B) nasnnmnusnyniiunat 1-24 fou

Viability Colony Morphology of Fusarium oxysporium F221-B (at 3 day)
(%) color Length x Width (um) Macroconidia
Month =
Main ] ) Amount
1 Day 3 Day Hyphal tip Size (um)
hypha (spore/ml)
0 (beft
(before 100 yellow " 117%2.6a" = 86.7x3.4a 29.7%3.5 3.14x10°
storage)
1 100 s 116x2.2a 82.04%3.5a 29.85%3.2 3.26x10"
2 100 ” 110%2.4a 87.42x3.2a 28.56%3.5 2.43x10*
3 100 - 112x2.6a 92.04%3.2a 28.85%3 3.26x10"
4 100 . 121x2.6a 90.04%3.2a 28.28%3.2 3.16x10"
5 100 ” 118%2.4a 94.04x3.4a 29.03%x3.4 2.88x10*
6 100 ” 116%x2.4a 85.13%x3.4a 28.23%3.2 2.86x10*
10 100 ” 114%2.4a 87.42x3.2a 28.76%3.5 2.43x10"
14 100 ” 117%2.6a 89.32x3.6a 27.47%3 3.26%10"
17 100 ” 118%2.2a 91.21x3.4a 28.29%3.2 3.16x10"
24 100 ” 119%2.5a 93.04%3.5a 29.85%3.4 3.88x10"

“Mean of 3 replications in a column followed by a same letters are not significantly different according to Duncan’s Multiple Range Test
(DMRT) at P=0.05
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X d v
4.2.3 msisziiugamaidlumsdluvses oy duszninemsinusnm 1-24 ihew)

Y Y
VINNTNAADUANANUAVOUFO I F. oxysporum (F221-B) TUn15A1UAN1F 031
Colletotrichum sp., Curvularia sp. 40 Fusarium sp. 19875 Dual-culture test WU TUFIILTNVD
S o A A &I = o a 9
MINUTNYI (MI2B21901 6 1ADU) 15091 F221-B Uanuaunsa lumsdugimsnsymadule
tg g‘/ ] ] I J 1 A é’ .
YOUFDINNATOUNINUADY 1UFI 28.5-68.4 11051 UA nNa1IA. 1UIFOI1 Colletotrichum sp. 1
@ & g A & . "o e
g183 01139 46.8-68.4 1o T15UA dIUNUBDIT Curvularia sp. 1NN 43.5-64.1 11)o 315U LAz
& o & ' ' 3 o s o o & '
1ui%051 Fusarium sp. nun3gndueas ogluaig 28.5-45.6 losidug Tasulosidudmsdugsez lu
1 1 % 1 ] ~ o < [ 4 H H 1
AoaanA1N U LA T NTIMSINUTAB I (A13197 4.4 tazn1nh 4.3) dauluns
va I dy a J9Y an S . 1
nagouaaulia lumsiuares1gilnda1877 agar well diffusion assay WUITHANI1TNAADY
< a v o Jd I 4 o g; ¥ 1 ]
Auldludemadeanununisnaaeylu dual culture test Taonlosiguan156UsuF0 ogludg
73 7 1A £ ; o B ' /3 &
31.6-48.2 110 31HUA na1IA0 1U%831 Colletotrichum sp. §nEVII08 11%23 7.5-40.2 1 T 1dUA
A & . "o ¢ £ . "o
luvae M¥051 Curvularia sp. NN 7.3-58.6 1WosIFUa UasI¥51 Fusarium sp. tN1NY 9.6-37.8
s g o= o ) Tl \ oy v & a v Yy A
WoSidud @9 CF szaunnmauty 100 tosiuamimsosudinisnigmauduleldgeiga
A 9 9 & el o w = A
3090941AD CF ANUUNUY 80 118z 60 (U3 15UA mMUaIAl (113190 4.5 LHAZNINN 4.4)
Y
o [ a va 1 o <
dmsunsUsziiuguauiAve 1051 F oxysporum (F221-B) U5 19Ma9u09n15101
Y 9
§nw1 (10, 14, 17 wag 24 o) wunlszaniamlunssudimsnsymadulegeiiauvg la
v
@ a 1 1 v W 1 S o
14 3 ¥ialaeluls dual-culture test IUTANULANANAUNUNMSNAdE D THTIUTNVRIMTIADS AL
oA o g Y 1 v 2 ¢ 1A &
na1Ined1NT0duduFes 1@ linainal la 32.5-82.4 11le51%ud na11ae luiyes
A o g‘; ] 1 J < 4 A Ai} . 1w
Colletotrichum sp. Qﬂ&lﬂﬂ\‘lﬂgﬁluﬂﬂﬂ 72.2-78 4 1Wo515ua luvaeNi¥es1 Curvularia sp. IN1NY
s & ) "o I, 3 o o ¥
53.6-67.8 1o aidua uaz 1W¥051 Fusarium sp. Nl 32.5-41.7 losidua lagwlosiduansdues
4 ' ' ) ' ' { o 3 o g ~ ~ '
Yo u¥03192 liuana1enuluiaaz 9NN SINUS B0 (115199 4.4 Lazn i 4.3) diu
ax 1 I A v W
TunsNAaeUAI83T agar well diffusion assay WuUHamsnaasuiluldlufemadernunums
e ot | \ ! sE 7 1A
naaoulu dual culture test IaailosiFuamsdugude ogluwag 303-58.6 nlesidud na1nelu
f o o 1 1 J 3 14 A 4 1w
1931 Colletotrichum sp. QNEUBIDEY NI 6.5-38.2 ulosidua Tuynz 051 Curvularia sp. N

3 & & . > ) o )
7.8-58.6 Lﬂ@il“lﬁu@ Uagl¥e 31 Fusarium sp. \N1nY 10.6-37.4 Lﬂ@ilﬁ]ﬂl@] 9 CF 3EAUANNTNUY

Y ~

s o v & a ] A Y 9
100 !’]Jf]il“]fu@lﬁ’lll’liflElﬂf]\iﬂ’]ilﬂiﬂlu1/]’]\3!;'(1'1'!15]]1@’(3\31/]@'@ 793034178 CF AU UUY 80 tay 60

-4 o o A A
L“]Jf)‘ilﬁ]fuﬁ AU (Gﬂ‘iN‘ﬂ 4.5 LagNINN 4.4)
o Y % g‘/ d' = gll dyd 1 A % d'
ﬁTHT]JﬂaU],ﬂﬂﬁEJ‘UEJ\WW]’i’J%W‘Uﬂ1ﬂﬂ1iﬁﬂ‘H1ﬂi\iu3J 2 ﬂ’ﬁhlﬂ ﬂﬁTJﬂE]Gl,uigEJZL!iﬂ (’J'LH/] 3
o 4 A o < 4 Y
‘HadﬂWiﬂQﬂL%@) %mmmm@lmuﬂa”lmmu antibiosis IQEIWU clear zone 51m%51ﬁ1m¢;m 319

s A A ' e .
UT A0 Colletotrichum sp., Curvularia sp. W& Fusarium sp.LLaZLilf)i$ﬂ$na1mullﬂﬂahlﬂ antibiosis

ﬂzgﬂﬂﬂﬂm\lﬁ}’aﬂﬂﬂqﬂ competition (Gﬂ‘ﬂﬂﬁ 4.4)
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v Y Y
A15197 4.4 N13NadoUUTLANTAINUDUFD 51 non-pathogenic F. oxysporum (F221-B) Tun1séuod

a £ ~
ﬂ”l'ili]iillusllﬂﬂlﬁlf@i?ﬁ”ll,ﬁ@ﬂiﬂwd% 39UA (Colletotrichum sp., Curvularia sp. 08 <

. ady
Fusarium sp.) 1a83% Dual-culture test

Month

Colletotrichum sp.

Curvularia sp.

Fusarium sp.

GI'(%) M GI (%) M GI (%) M
1 63.2 A 43.5 C 28.5 C
2 46.8 A 44.5 C 41.2 A
3 61.2 A 46.7 C 42.6 A
4 67.8 A 62.8 C 45.6 A
5 62.4 A 64.1 C 42.3 A
6 68.4 A 62.4 C 38.5 C
10 72.2 A 64.4 A 41.7 A
14 73.6 C 53.6 C 34.6 A
17 80.7 A 74.5 C 32.5 C
24 78.4 A 67.8 A 35.6 C

YGrowth inhibition over controlGI = (D1-D2)/D1x 100

Where, D1: diameter of colony growth of pathogen in control, D2: diameter of colony growth of pathogen in treatment.

“Mechanism of F. oxysporum F 221-B (A: Antibiosis, C: Competition)
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v Y Y
A13197 4.5 N13nado U2 ANTAINUD T 51 non-pathogenic F. oxysporum (F221-B) Tunséuod

a £ ~
ﬂﬁli]iillusllﬂﬂlﬁlf@i?ﬁ”ll,ﬁ@ﬂiﬂwd% 39UA (Colletotrichum sp., Curvularia sp. 08 <

Fusarium sp.) 1835 Agar well diffusion assay (GLuizW’ijiLﬁlﬁﬂH”l 1-24 1HoU)

Growth inhibition (%)

Colletotrichum sp.

Curvularia sp.

Fusarium sp.

Month Culture filtrate of F221-B (%) Culture filtrate of F221-B (%) Culture filtrate of F221-B (%)
20 40 60 80 100 20 40 60 80 100 20 40 60 80 100

1 93" 156 29 35 364 78 17 174 34 382 126 167 27 30 344
2 6.8 152 22 36 382 83 12 18 44 475 10.6 17 25 35 351
3 83 101 22 37 39.6 83 14 162 43 474 11.8 23 27 36 37.8
4 75 152 21 38 372 98 15 174 46 58.6 109 19 27 35 334
5 85 142 24 31 388 83 15 19 44 444 126 20 28 32 358
6 7.8 192 24 39 402 ) A3 16 38  40.2 9.6 18 28 28 303
10 93 12,6 24 34 374 8 [ Mk \ LS emr3Bid 455 10.6 19 27 27 334
14 0.5 1 1.2 22 b 38.2 7.8 17 174 34 382 126 20 28 32 358
17 93 166 25 34 364 83 12 18 44 475 10.6 19 27 35 374
24 8.9 112 24 32 382 9.8 15 174 46 58.6 126 20 28 36 372

YGrowth inhibition over controlGI = (D1-D2)/D1x 100
Where, D1: diameter of colony growth of pathogen in control, D2: diameter of colony growth of pathogen in treatment.
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Colletotrichum sp.

F221-B Curvularia sp.

Fusarium sp.

Colletotrichum sp.

F221-B Curvularia sp.

Fusarium sp.

Colletotrichum sp.

F221-B Curvularia sp.

Fusarium sp.

17 Months 24 Months

Y & o &
NN 43 MINATOUANUTINITOUVD U non-pathogenic F. oxysporum (F221-B) Tumsdudanis
a &I a
0P} iflell’eNL%’e]ﬂﬁﬁlﬁ@ﬂﬁﬂﬁ‘lf 3 WU (Colletotrichum sp., Curvularia sp. W0 Fusarium sp.) Tag

ax 1 3 o =
39 Dual-culture test (11!3314'3']\1ﬂ']5lﬂ‘ﬂ5ﬂ°ﬂ1 24 199U)
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100%

3 months

100%

6 Months

100%

20%

40% 80%

10 Months

14 Months

20%

17 Months

80% . 40%

\\\\ 60%

24 Months

Colletotrichum sp. Curvularia sp. Fusarium sp.

MNA 4.4 MsnaaevlszanTnnues Culture filtrate Y91%951 non-pathogenic Foxysporum (F221-B)
~ o 9y 9 J 3 . o gl} a dy
6 szAUANANAY (0, 20, 40, 60, 80 LAz 100 o TFud) TUMITUTINITNT YVOUFDI
o 1mﬂ13ﬂﬁ"]5 3 ¥Ua (Colletotrichum sp., Curvularia sp. Va2 Fusarium sp.) Tae75 Agar well

[} =
diffusion assay (lUsennamsinusny 24 hou)
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3.2.4 madsziiupaeuialumsnszqumassgRvlavesndadnada duszrnamaiuy

$nu 1-24 1AoY)

9
o 1 < o
NMTNATOUANINTINYBUTOIT F. oxysporum (F221-B) TUFIUInU0IAISINUT NI
= A 9 . = Yy 9 3 6 3 o o
(N32821301 6 LADU) Taaly spore suspension NANUVUUU 10° 11ag 10" spore/ml AGALUAANNTAA
a Aa oA 1 <3 o e o A
2 %iiA A0 cos WA red oak TUANMHRBIURUAMNT WUNMINVINBUFO F221-B §anenuaniia iy
9 a a A 9y A A o a <
minszqumIns A Tnvesisnadoula Taslunng Wounnislsziiunaman cos 1ag Red
< A o o o ' < A
oak 1IAANAQNAIY spore suspension YOI F221-B 14 2 52AUANUINAIY 6111509001301 10AAN
Wy & o 4 o 1 ) ) Yy A anAdq 1y
li'ldnaniae 2 11 (13190 4.6) nazdadawalianuenvesdundundelunssuIsnlddae spore
. A 1 3 A n vy dy 1 A v A Y Y o [ =\ = ]
suspension (nagganIuudahn lildnaniye na1neluiui 3 Aundindaa cos innuenimaegeg
[ a H H a [} < o
Tu94 3.1-3.9 rudAwas TuvaeinTsnAsAUANNAMNNOIMABINEGD 1.7 IFUAUAT AIUNAARD
@ I~ 9 1 d' 9 a =3 [ [ @ [ [] A o o @
a69 Red oak 0 1 waaundonweiau llluiamafenunudnaaa cos 0g19lisd 1Ay N

aa

[ <3 ) Y Y A 6 <q Y 9 [ =Y a a 3 A
ana 0019 lsnamszauaNUTNIUN 10° spore/ml N ldwa ludmduaiumsniyau Taveanaai
a A A ~ [ an A 19 4 Y 9 3 ad
ﬂi/]f]’ﬂmmlﬁi‘ﬁmmﬁmﬂ‘Uﬂ‘i‘jﬂJ’J‘ﬁﬂiﬁﬂ’m spore suspension AATUIYNUU 10° spore/ml LiAg NTTUID
AVAN (healthy control) DENNTIBAIAYNIIAAA (NN 4.5)

° [ 1 @ 3 o 1

dmsumInaasy g IMawoImMsN UL (10, 14, 17 4ag 24 AOU) WUNINHANT

(=) 1 TN (] A 1 A 3 Ao 9
naaodlulinnuuanANAuAUNMINA0lUFII 6 1ADULTN NAIABIAATNTIINITAQNAIY spore

] X A J Y 3 6 o q 9 & < .
suspension YBAUFDI1 F221-B 192 32AVANMANIY (10 1ag 10° spore/ml) M 1vndaseni3nn

& Ay iy £ o ~ v o Y ¥ A g -
waad li'ldngnide 2 10 Tunsaivewingan cos ANuETIAUNAUNALRY LTI 1.5-4.2 1HUANAS
1 = H a 1 [ [ < 9y
TuvaeNnIsuATAILANTANNINRANNET 1.3-1.8 15UAwAT auTurnaan Red oak N1vwa
1 A 9 A =2 v v o o 1A oo w aa ' < o
aunaganuenau llufamafenunuinada cos odeiidedinyneana eg1alsnawszau

9y g A ¢ 2q 9 ) 1A g~ g Aas =
AIUUNUUN 10 spore/ml ﬂiwwaiumumimmmmmﬁmumﬂmmmawwq@ (M1919N 4.6

d
Hag NINN 4.5)
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4 a o 4 1 <
mM3197 4.6 M3sziliuauauliAUe ¥ non-pathogenic F. oxysporum (F221-B) Tuszniamsiny

o ' I o @
$11 1-24 199U AOATIONVDINAARN DA (seed germination)

Seed germination (%) Seedling length (cm)
Month  Treatment Cos Red oak Cos Red oak
2 day 3day 2 day 3day 2day 3 day 2 day 3day
Control 0 80 0 65 oct  1.7c 0c  13c
1 10’ spore/ml 100 100 80 100 2.3ab 3.lab 1.8ab 2.8ab
10° spore/ml 100 100 100 100 241a 3.74a 2.1a  3a
Control 0 80 0 60 Oc 1.8¢c Oc 1.4c
2 10’ spore/ml 100100 85 100 2.1ab  3.2ab 1.9ab 2.6ab
10° spore/ml 100 100 100 100 2.56a 3.5la 23a 3.la
Control 0 85 0 67 Oc 1.65¢ Oc l.1c
3 10’ spore/ml 100 100 80 100 2.1ab 3.lab 1.7ab  2.5ab
10° spore/ml 100 100 100 100 2.41la 3.63a 24a  209a
Control 0 85 0 62 Oc 1.7¢ Oc 1.3¢c
4 10° spore/ml 100 100 80 100 2.3ab  3.4ab 1.8ab 2.8ab
10° spore/ml 100 100 100 100 2.46a 3.9a 21a  3a
Control 0 82 0 65 Oc 1.7¢ Oc l.4c
5 10° spore/ml 100 100 80 100 2.1ab 3.lab 1.6ab 2.7ab
10° spore/ml 100 100 100 100 252 3.74a 252 3a
Control 0 85 0 65 Oc 1.7¢ Oc 1.3¢c
6 10° spore/ml 100 100 80 100 2.2ab 3.5ab 1.5ab 2.9ab
10° spore/ml 100 100 100 100 241la 3.84a 2.6a 34a
Control 0 85 0 67 Oc 1.65¢ Oc l.1c
10 10° spore/ml 100 100 80 100 2.1ab 3.lab 1.7ab  2.5ab
10° spore/ml 100 100 100 100 24la 3.63a 24a  209a
Control 0 82 0 65 Oc 1.7¢c Oc 1.4c
14 10’ spore/ml 100 100 80 100 2.1ab  3.lab 1.6ab 2.7ab
10° spore/ml 100 100 100 100 2.5a 3.74a 2.5a 3a
Control 0 85 0 62 Oc 1.7¢c Oc 1.3¢c
17 10’ spore/ml 100 100 80 100 2.3ab 3.4ab 1.8ab 2.8ab
10° spore/ml 100 100 100 100 246a 4.2a 2.1a  3a
Control 0 80 0 60 Oc 1.8¢c Oc 1.4c
24 10’ spore/ml 100 100 85 100 2.1ab 3.2ab 1.9ab 2.6ab
10° spore/ml 100 100 100 100 2.56a 3.51a 23a 3.8a

“Means of 50 replications in a column followed by the same letter are not significantly different according to Duncan’s Multiple Range

Test (DMRT) at P=0.05
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Red oak

14 Months [ 24 Months

14 Months| 24 Months 6 Months

Control 6 Months

10° spore/ml 10° spore/ml

Y a @ [ a { | &‘
MU 4.5 N5 YVIIAUNAIANTTA 2 Fiia NAQNAIY spore suspension YOUFDT F. oxysporum
(F221-B) NAnuiy®y 10° 1ag 10° spore/ml
4.3 msUszliulsz@nE 7 WUe 1%9 51 non-pathogenicF. oxpsporum (F221-B) lumsniunuiwes
A
aung) ANy
=) a &’ [4 U :’J =\
43.1 msnaaevlszans mnveuren non-pathogenic F. oxysporum (F221-B)1uﬂ1§ﬂﬂﬂﬁﬂ1ﬁlﬂing
vouduleenaunalsansluamniioslfjifins 1agT Dual-culture antagonistic test
Aa A &‘ . 1 a g

MINMINaaoUUsEANTNMWUPUFD3T non-pathogenic F221-B aomimaynmaduloo
e lsnsuau 10 lelwian Ao Curvularia sp. (C11, C12), F. semitectum (F113), F. oxysporum
f.sp. lactucae (F221-R, F422-G), Rhizoctonia spp. (R111, R112, R113) 1@ R. solani (R11, R12) Tag
T I a v o A
75 dual-culture antagonistic test WuNHAMINaao iyl lufiemaRernunumanaaosguaniia

I &} a 4 &' Y ' A ] o &‘ = o g’/
lumsithureslfilnsibesdu nanaeluyie 3 Tuusn 15951 F221-B UANNEINIT0GUEINS

a Y X ' ' /3 A ' =2 o A
wigmadulevoutosiegluas 1.72-13.3 wlesidud naziloszeznaiuloudeiun 5 uaz
o o X ' s I 4 o & a & A 2 1 '
7 Tundamsdgniio wuuesisudn13gugIN1TNI YYe uFeI 1 I3 ATy oglusl
s 2 o X . . L2
15.3-36.3 1o515ud 1aelui¥031 Rhizoctonia sp. Wae R. solani 74 5 lo Tsian (R11, R12, R111,
s3 o o & A ! ! 73 & A

R112 uag R113) wulosiudmsgndudiganga oglusia 24.3-36.3 losisud (113199 4.7 oy

4 4 , 2 v 4 g A
MW 4.6) uazioszeznaiiiu lauduganisnaass (Ui 9 ain1sgnire) WuIFes

I | . . ya 2 "o - A
F221-B a0 8UUYD I Rhizoctonia sp. (R113) llﬂﬂ‘i/lq@] 10U 56.3 1051 UA 99090170
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. P £ . .
R. solani (R11) 50.4 11l051¥Ud a3 W¥051 Curvularia lunata (C11, C12), F. semitectum (F113), F.
v
oxysporum f.sp. lactucae (F221-R, F422-G) W& Rhizoctonia sp. (R111, R112) &89 agiuﬁma 36-
3 14 o w
434 lﬂ@ilcﬁuﬁ AT
] o o gl.z d‘ = g’l dyd ! A [ d’
?H?TTUﬂaulﬂﬂ'lﬁEIUﬂﬁﬂﬁﬁ?%WU%Wﬂﬂ’liﬁﬂHWﬂﬁﬁuu 2 ﬂahlﬂ ﬂﬁ’l')ﬂ@iui%ﬂglliﬂ WuUn3
o 4 A o <3 -
ﬁaﬂmsﬂgm%a) suFunariuna lnuuy antibiosis 1A8WL clear zone 11 dual plate VOUFDI
v J { 4 1
AWe 6 EOWUF Ao R11, R12, R113, F113, F221-R tag F422-G (MW 4.7) 1azilioszezna ki
lana'ln antibiosis 9zgnilnaqualena ln competition dmsunaln exploitation lAshimsasiaaon
A v A [ dy @ 9 a ~ dy dy a @ 9
LUDIUN 9 ﬁmﬂgﬂlﬂfﬂ IﬂﬂﬁﬂlﬁuclﬂﬂWﬂllﬁnﬂ!Wl%ﬂﬁ’llﬁﬂiﬁﬂl!agl%ﬂi'l F221-B RIyuINULsoU
o E S S = Yy v ¢ 3 '
nulua1ue M 1889%9591 (dual culture plate) wiAnyIn1eldnansganssmitu luwunaln
@ § a { o o ' < 4 Aa
exploitation ﬂﬂ!%@i’]ﬁ’llﬂﬂiﬁﬂnﬂ”] %u@ﬁu’lll’lﬂ’]ﬂ’liﬂﬂﬁ@ﬂ 'E'JEJ’]\'illﬁﬂgn‘lJLﬁ@u’lWﬂ’ﬁm’]ﬁQﬂ'ﬂ’lN
a a 4 dy o A Aa a =
Aalnavesatlosiesr wudiuau s leTaan Ao C11, C12, F113, R11 ag R12 NRallndo1aazll
9 9 Y
Wall’m’lﬂﬂ’lﬁﬂaﬂﬂﬁ’f]flﬁ’]illﬂﬂlllliglﬂﬂsllﬂ\u%ﬂﬁ'l F221-B a\iulﬂslu@']ﬂ'lilaﬂ\u%@ ﬁﬂﬁ\iwaﬁ']slﬁl

[ Y a a a a o a 1 o a a
ﬁﬂ‘]ﬂﬂ!glﬁuiﬂmﬂﬂ'ﬂhwﬂﬂﬂﬁ ﬁﬁ] INANITUIN YHND WﬂgﬂiN Glummwﬁamummmﬂmmm

ailos Ae atlesuau Wn3sa lraved s Innarsunielueonunindiales (mun 4.7)



! ) = { . ! o g}/ a 9) g
M15199 47 n15NaaoUUsZANTNINUDIFD 51 non-pathogenic F. oxysporum (F221-B) aon156ud4n15195 yn1atduleveaFosiava lsans

1a87% Dual-culture test

Dimeter of colony of pathogen growth (cm)

Mechanism”
3 DAI 5 DAI 7 DAI 9 DAI
Pathogen
Dual g Dual Dual Dual 3 5 9
Control GI%" Control GI % Control GI % Control GI %
culture culture culture culture DPI DPI DPI
Curvularia lunata C11 4.77a"  4.52b 5.24 6.15a 4.96b  19.3 7.18a 4.96b  30.9 8.6a 496b 423 A A C
Curvularia lunata C12 5.12a 4.8b 6.25 6.83a 5.76b  17.1 7.62a 5.76b 244 9a 5.76b 36 A A C
F. semitectum F113 4.25a 3.79b 10.8 5.85a 438 25.1 6.86a 438 29.5 7.63a 438 42.5 A A A
F.oxysporum F221-R 4.2a 3.7b 11.9 5.9a 4.4b 29 7.4a 5.2b 29.7 9a 5.2b 42 A A A
F. oxysporum F422-G 4.5a 3.9b 13.3 6.2a 470 203 7.8a 5.5b 294 9a 5.5b 38.8 A A A
R. solani R11 3.02a 2.83b 6.29 4.24a 342b 193 4.89a 342b 30 6.9a 342b 504 A A A
R. solani R12 3.28a 3.11b 5.18 4.85a 3.82b  21.2 5.98a 3.82b  36.1 5.96a 3.82b 359 A A A
Rhizoctonia sp. R111 6.22a 5.73b 7.87 8.7a 5.73b 17.4 9.0a 5.73b 363 9.0a 5.73b  36.3 C C C
Rhizoctonia sp. R112 4.65a 4.48b 1.72 6.0la 5.09b 15.3 6.73a 5.09p 243 9a 5.090 434 A C C
Rhizoctonia sp. R113 3.4a 3.1b 8.8 4.94a 3.71b  24.8 5.65a 3.71b 343 8.5a 3.71b  56.3 A A A

DAI = Day aftert inoculation
“Means of 5 replications in a row followed by a same letter are not significantly different according to Duncan’s Multiple Range Test (DMRT) at P=0.05.
?Growth inhibition over control (GI) = (D1-D2/D1) x100

Where, D1: diameter of colony of pathogen growth in control, D2: diameter of colony growth of pathogen in treatment.

“Mechanism of F. oxysporum F 221-B (A: Antibiosis, C: Competition)

144
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3 DAI 5 DAI 7DAI 9 DAI

Cll1

H a A g . Y g’/

NN 4.6 MInadevUlsz@nsnnueuyes non-pathogenic F. oxysporum (F221-B) Tumsdues
a 9y zil =} o a ad dy &1 ' [

ﬂTﬁLﬂiﬂJuVITQLﬁuGlﬂLGBﬂ51?(']!,‘14@15?]1/‘1‘]5 11U 10 ¥HA TAeI51a0UF05INNY (dual-

v 4
culture antagonistic test) Nszezal 3,5 7L8%9 mwaqmﬁﬂgm%
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20 pm

Hypha \ Spore

v 9 1 ¥
M 47 dnsazanuiadndveadulonazales wesiauna Isa Ausnauduledes F21-B uag
.3 Y v Y dy c&’ U [
wo e e lsadeunun Tunue 11151889393 un U (Dual-culture)
Y 9
A = F. semitectum (F113): 1@ e: 1oy idumisnuunadulodu (veast-like cell)
B =C. lunata (C11): 1dule: Aag1)s1e vawnan 11lnes
-4 ds} =) 1
C =R. solani (R11): iduley: auiier Aagiline
D = C. lunata (C12): 1dulo: Tilawes Angls1a
s =< o 4
E=C. lunata (C11): a1lo5: uanaaie, lylnnanasuialvasennnaad
J o
E = C. lunata (C12): 9U05: laTnnaradusalvasonninaes
d 1‘3 =< @ J
G = F. semitectum (F113): flo3: Hvwalvg vuazny lTnnaradusmaameluailoes
I X '49! =<
H = F. oxysporum f.sp. lactucae (F422-G): atlo§: Hvuialvajvunazwy los ITnwaraFuy

saudameluaies
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4.3.2 M3naaevUlszaNSMWYeU¥031 non-pathogenic Fusarium oxysporum (F221-B) lums
v d' %) (%) Aa d
augulsasinimazidelvesinadaluszuulalasInding
a a g
nAMsanElszaninmuea¥es non-pathogenic F. oxysporum (F221-B) °lumsm°uﬂu
H L} $ g QU U
Tsaeuaz 1NN TAURANIINED I F. oxysporum f.sp. lactucae (F422-G) TURNada
3 %M@ (butter head, cos 1z red oak) Nlgnlumsazasuvunheime Tasinmslsziiiuszauns
Y
iiaT3n (Disease incidence) 11AZANNFUUIIUDITIA (Disease severity) TIUNIHAADNTVIYIAD T0
A o d A = @ cij
oy lunndilai Uneazidoananisnaasiadil
A~ &’ Y &’
mﬂmimammmiﬂgﬂmammﬂiiﬂmm%aﬁ F. oxysporum f.sp. lactucae (F422-G)
I o 1 o o glz a a ] 1 J 2 4
Wurnar 7 74 wunludnadans 3 sila nalsn ogluag 32-64 151U 1AZANUTUITIVDY
' ' P s o o a A ° Y andg 1 A
Tsnogluaig 23.1-56.1 1ladiGua Tagdnadan Cos inalsnuiniga d113unssuIsh ldires
] a =< ] 4 @ ast A @ a a
F. oxysporum (F221-B) liwunisinalsads liuana1eanunssuis healthy control (Wydua3nyna)
1 Qdd’ UL [ U a Y 43:]/ A =)
drulunssudsnlasiunu (F221-B+F422-G) wuanuna lsatioalue 3 W Ao Butter head, Cos
1w J 3 L4 o o, 2 ' i o o w aa
1ag Red oak 191111 3.3, 9.9 tag 13.2 iWesidFud mudaudauanasedniiiodiayneana uag
d' 1 R o d' 1% g Qy 1 Aan &’
Woszeznawu laudeiun 28 vaimsilgnie (@ugamsnaasy) W lunssuIsilgnide
¥ A~ 73 o a A E s 3o '
F422-G Tuna 3 isinlesiguanmsmna Taamngavuda 100 nlesiduanaznuguusivedlsaeg
' I AW | A, $ 1 a 1 [

Tua19 69.3-95.7 Wosisua aulunssudsnla F221-B+F422-G wumsinalsaedugi 16-64
sl & o T A o o ' 73
osiuauazaNUIUIU13A A 3.3-9.9 ilesigua tagieiiinmuIuale s EuAng
a 3’/ A 9 (] 1 I I 4 o o A =<
aanmsinalsaluns 3 Aanaaeuldoglusa 64- 853 osidud mudray (0 4.8) Fea1nwa

Yy3I KR o Y =

minaasuaasliiiuteAnenmues F221-B lumsniuauIsauazanuguuselsa lailued 1

) @ a a ] &’

dmsumslsziulSnanuedson e ureI 10 UNA 150 F. oxysporum f.sp. lactucae

y o X g ¢ Yy 9 6
(F422-G) 111 12991015 gnisedeailosannuidudn 10° spore/ml a3lua13aza1851901%13
A ' ° a < A < 4 o
5 ans dewwa Idfsmaalessudulunszuzalgnitvanauily 9.5¢10° spore/ml uaziiiesiins
v 2 ' &’ [ % ' =
anviulsmuanuegseaveuieluiuganevesnanaaes (Wse1g 45 1) wuamlsmmnnuy
' g as tg i . = ) ' J &’

98300v01%0 TUNITUITUgNABAUNA 157 (inoculation) W/51mANegseavediesiye Tu

Y
% [ @ @ 4 1 [ Y
ANTAANT 3 @18NWUT (butter head, cos 1A e red oak) TuaIuve9s1n 10 2.1-2.5x10° spore/ml

] ] 5 A aa A 19
wazluaisaza1es1ge1m15og Uy 1.8-2.2x10° spore/ml TuvmzNnssuITNladae Spore
. & o L g ¢ y g 8
suspension ¥914031 F221-B Ma191nn15dgniyealeat/e saumandy 10° spore/ml ad1u
Aa 1 ° a s A I
#15021951901%15 5 aas dwwarm IdlSnaadesSudulunszuzdgnitvanauilu 3x10°
2 a =) ) g U

spore/ml TagrasnnmsdsziivalSuuanuegsoaveuse luiugateveiniinaaes (Wsoiy 45
1) WUNTUEIUV0IIIN 1NNV 1.5-1.6x10° spore/ml taz TUA1TAZ 105199 IMITININD1.2-1.6%10°

d‘ = % Qdd‘ Y [ 1 1 =)
spore/ml wazilefSeueuNUNTINITN IS INNUTLHIN F221-B Laz F422-G wunysunaves



49

4" a A d' Y ' g = ] dy
L“If’é)ﬂﬁnﬁfﬂi‘iﬂ F422-G 3USunanlogni11yes1 F221-B TﬂﬂﬂiNW‘mﬂ’ﬂﬁJﬂgiﬂﬂmﬂQ!%ﬂi]$W1J

A o A 9 A ~
3JWﬂq@GlU'i'IﬂWGIffJuLu@\UJ1%’]ﬂﬂ’]'ilﬂﬂﬂﬁ’f)ﬂﬂﬁ@\ﬁ’lﬂell@ﬁw% (ﬁ’lﬁW\W] 4.8)

| Healthy control ~ F221-B wF422.G s F221-B+F422G |

a ‘a
- 100 Butter head B = z}l(m Butter head
(=] .-
g 80 B 80 3
3 2
g 60 @ 60 &
& 8
£ 40 a g 40 ind
¥ N 2 a
. 1 PRI b b b
R cclf cc = ccll” ccll® ccl@’ cc@®
0 a & 5 = i 0 ] -] ]
7 DAI 14 DAL 21 DAL 28 DAL 7 DAL 14 DAI 21 DAI 28 DAI
= a
100 10 Cos =
[+
e Z
g 80 = 80 2
s @
= 2 a
s % 60 ==
E 60 o
@
2 Z
3 $ 40
2 4 2
a f 3
£ 20 R 20 b b
cc ccl
d ! - .
7 DAI 14 DAI 21 DAl 28 DAI
100 19 Red oak a
L
2 £ s =
Z 80 E
3 2 60
£ 60 % J
W
g 40 g 40 a
o )
2 g 20 b b
S & C CER— CCH-
QE b . o ) 0 - =44
0 14 DAL 21 DAL 28 DAL 7 DAl 14 DAI 21 DAI 28 DAL

H a a &I
MNN 4.8 MINAdoUL5ZANTNINUDUFD I non-pathogenic Fusarium oxysporum (F221-B) lums

auau IsaieaagsinnivesdnaaanlgnlussuulaTas ndind
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v ¥ Y
A919h 4.8 ﬂim1mﬂ31h@gi@ﬂﬂl@ﬂl$ﬂﬁ non-pathogenic Fusarium oxysporum (F221-B) HazI¥031

awnglsn (F422-G) Tusinuazasaza1e519e1mIsne

Survival of F. oxysporum (CFU/ml)

Original amount

Lettuce Treatment F221-B F422-G
(spores/ml) 7 77

R NS R NS

F221-B 3x10° 1.6x10° 1.2x10° 0 0
Butter head F422-G 9.5x10° 0 0 2.1x10° 1.8x10°
F221-B+F422-G  (3x10)+(9.5x10") 2.2x10° 1.1x10°  1.3x10* 0.3x10"

F221-B 3x10° 1.5%x10° 1.4x10° 0 0
Cos F422-G 9.5x10° 0 0 2.5x10° 2.2x10°
F221-B+F422-G  (3x10)+(9.5x10°)  2x10° 1.7x10°  1.1x10" 1.2x10"

F221-B 3x10° 1.5x10°  1.6x10° 0 0
Red oak  F422-G 9.5x10° 0 0 2.2x10" 2.1x10*
F221-B+F422-G  (3x10)+(9.5x10°)  1.8x10° 1.5x10°  0.8x10* 1.1x10"

iV 2/ : :
"R =Root; NS = Nutrient solution

o -7 =) a QU U { g g
dimsumsniadu Iavesinadandgmaedina 1sAR101%051 F. oxysporum fsp.
lactucae (F422-G) Wi 1un35135a207 1 (healthy control) Wanasyauina aaulunssuisign
A A A a Aa 9 2~ A A a ~
10 (F422-G) Wlin1sasaail lntios GaHadutinnnnsina lsauasanugunsaved lsangs
A Aan A "9 j’ U U a a a A Y o
Tuaugnnisu s ladieres1 F221-B wunannsoauasunisnigau lavodny lua i
a 4 g o . v a
Ty vuialy naslsilad (SPAD value) Hintinaauazuravesdunazsin 4 1¥nadni1nssuls
Y
Ugni¥e (inoculation) HAZNTINITAIUAN (healthy control) ot ihiadAYNINERA na1IRe TuAIY
Y 1 H g/ (%
Wmindanedugingaluns 3 Wanaaoufe cos 1A red oak (115.9, 192.8 1Az 198.4 n51/Au)
onfSeuiioununssuisaiuau (healthy control) (72.1, 101.7 11ag 113.3 NTU/AN) azNITUID
X » 2 oy g 1/4
Ugni¥e (inoculation) (24.5, 7.2 11a¢ 37.6 n3/aw) 89 lni1iulunssuasnldiyes F221-B+F422-
S o a Y b o A 1 = 1A 1 Y
G NEINUMITYAMINHINaaNAN N U IANDI 2 191 AD 107.7, 166.5 tiag 151.1 NTU/AU
Tagazlninwanisnaasseusnduguguauialudmunisaivaulsauazanuainisnluns

v ~ a a A Y A A
mmiummsﬂgmﬂmmwﬂﬂ (MT NN 4.9 ag NINN 4.9)



Healthy F221-B

¥
o

F422-G

e o

F221-G+
FA22-G

Butter head

Cos

Red oak

= 3 9 “

=

Healthy F221-B F422-G

F221-G+
FA22-G

Stem

Root

d‘ J a a @ @ v oA 19 .ﬁl : dy A
NN 4.9 ANMTTYAV TAVOIRNTEA 3 eWUT N 1aA20150 51 non-pathogenic F. oxysporum (F221-B) 10215031014 150 (F422-G) mﬂgﬂiuizuu”laim

Tndind (Mogiie 45 1)

0S
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v 9 9 H
M319h 4.9 Amss Ay Invesdnadn 3 ¥l lda181%051 non-pathogenic F. oxysporum (F221-B) uazisosiaung 13a (F422-G) Mlgnluszuvlalas

Twilnd
Plant growth parameter Total yield (g/plant)

Lettuce Treatment Leaf number Leaf'size (cm) Chlorophyll (SPAD value) Fresh weight Dry weight
24d 31d 38d 45d 24d 31d 38d 45d 24d 31d 38d 45d Stem Root Stem Root
..8 Healthy control 42ab'  7.8b 142¢ 14.6c 3.2b 7.2b 16.2¢ L.6c 21.3¢c  29.8b  29.6¢c 29.8b 72.1b 10.9b 1.69b 0.45b
% F221-B 41ab  9.5a 183a 234a 49a 8.7a 19.8a 284a 31.2a 33.4a 34.1a 35.9a 115.9a 19.3a 2.32a 0.66a
%) F422-G 3.8b 4.3c 5.8d 7.6d 2.5¢ 34c 4.2d 5.25d 16.4d 14.9¢ 10.4d 8.5¢ 24.5¢ 3.2c 0.78¢c 0.12c
8 F221-B+F422-G 4.8a 84b  169b 16.1b 4.5a 7.6ab 1756 21.2b 284b  308b 31.7b  34.8a 107.7a 15.1ab 203ab  0.54ab
Healthy control 4.4b 7.5b 124c 16.3c 4.2c 7.5¢ 142b  17.65b 245¢c  28.5b  29.8b 30b 101.7¢c 222a 4.14b 0.88b
2 F221-B 5.8a 9.6a 18.6a  26.8a 6.3a 152a  21.6a 27.5a 31.6a 31.9a 324a 35.5a 192.8a 26.9a 545a 1.65a
© F422-G 2.7¢c 4.2c 5.5d 5.9d 2.6d 4.5d 4.9c 5.12¢ 8.4d 9.2¢ 10.4¢c 10.5¢ 7.2d 2.5b 0.3c 0.1c
F221-B+F422-G 4.5b 85b  154b  18.3b 5.1b 9.8b 15.3b 19.2b 29.6b  30.8a  315ab  31.2b 166.5b 24.2a 5.13ab 1b
Healthy control 4.1b 7.5b 144b  17.5b 42b 7.8¢c 12.2¢ 16.5¢ 204a  21.5b 22.8¢c 24.5b 113.3¢c 20.5b 5.76a 0.78¢
é F221-B 4.6a 14.6a  18.1a 28.8a 5.3a 12.2a 18.3a 24.6a 21.6a  23.9a 264a 27.3a 198.4a 24.4a 6.35a 1.89a
E F422-G 3.1c 3.8¢c 4.1d 4.8¢c 3.3c 4.1d 4.3d 4.5d 10.5b 11.9¢c 142d  10.5¢c 37.6d 4.4c 1.1b 0.18d

F221-B+F422-G 42ab  65b  135¢  18.5b 4.7ab 8.9b 1376 18.6b 20.6a  21.8b  245b  252b 15176 21.9ab 6.13a 1.12b

'Means of 5 replications in a column within each variety of lettuce followed by the same common letter are not significantly different according to Duncan’s Multiple Range Test (DMRT) at P=0.05

IS
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44m15naadvUdIzaNTN NV Culture filtrate (CF) ¥831%9351 non-pathogenic

X &
F. oxysporum (F221-B) Tumsmuauesiaunglsany

441 M3naaavUsz NS NNV Culture filtrate (CF) Y8 1%031 F. oxysporum (F221-B)
1 U :’J a Y &' A a A . .
AemstiugImssymudulavouonauralsnng 10 51ia Jae35 Agar well diffusion assay
a =) § L4 g 1 % gll =)
namsnagevlsea@niaimues CF 7 ldnmsaoase F221-B aon15du6an153 ey
&’ o
muduloveuresiannaglsa s1uau 10 loTaan Ao Curvularia sp. (C11, C12), F. semitectum
(F113), F. oxysporum f.sp. lactucae (F221-R, F422-G), Rhizoctonia spp. (R111, R112, R113) uag
=Y U i}
R. solani (R11, R12) Tae73s agar well diffusion assay 910 2 an¥ULVYDI CF 9315031 F221-B NYn
mlilsenmdulovazales (cell free culture) Tae1d mircro-filter ¥15® autoclave WiJﬁnﬂizﬁ"]J
Y 9 o & & g Y 2 1 o X
ANUITNTUYDY CF amsnduguFosianng lsanivuala Tasazimimaudagalude R11 way
~ = 2 ' A a X a Y a ~
R112 (MWA 4.10) lumsAnefinuanes CF Anananiaost F221-B #aa la luilsuiunei uag
I A 1 A 9 o 3‘/ a i’
Auniwilanlen CF nruanuion (autoclave) ANNIDIVEIINITNITYVOUFOIT R11 1Az R112
[ % $ (] I o ?x}f a
1@ lsignanu CF Alairuanusou (autoclave) Taelosiiud lumssudimsniaymaduloves
g [ ] s I S A ~ @ as Y 9
w318 Une) 13nod U9 6-39 1o iidud WenfsaumeununssuITAILYY 1aZANUTNTUVD
Aad o & K g A v v /3 oL X .
CF Nafge IunMsgusudenanua Aeanuaudy 80 tag 100 Wlosidua Bu¥es1 Curvularia spp.

o A ' A ~ A
(C11 uagCl12) !ﬂuﬁwﬂwu‘ﬁ:%@ﬂull@ﬁﬂ CF 9949991 F221-B HInNNga (1NN 4.10)

20% 40% "#60% IEO% lll][l%
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Cell-free CF prepared by using autoclave
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40 =a a2

| o cf
- '| '1 hb"‘h
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100 4

3 lﬂ

Cell-free CF prepared by using microfilter

80

% Growth inhibition over control
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=oca .n-ﬂaa bhf‘i =m
b =
oM s il ol

F211R|F412G| RI1 |R1" ‘Rlll R1I2 Rll.‘!

‘ F113

Y A a & =
NN 4.10 WaV01 cell-free culture filtrate THAADINITDT non-pathogenic F. oxysporum (F221-B) N
@ Yy 9 ~ [ Y] S 3 4 @ g‘/

5 3ZAUANWANVUNUANANNU (20, 40, 60, 80 LLas 100 L‘]J’E)il“]ﬂ!ﬁ) Tumsaues

a g 2 b . .
masymadulevoudosiaunglsn 10 siia 1aeds agar well diffusion assay
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4.4.2 Msnaaaulszans NNV Culture filtrate (CF) V913991 F. oxysporum (F221-B) Mo

¢ A A a ad . .
msqanmmaﬂaswaﬂmm@sﬂww 5 ¥4in 1neds Spore germination test

a A i !
NNMINATOUUIZANTNNY0I CF UDUF031 non-pathogenic F. oxysporum (F221-B) ABN1390N
4 :&J o a
mamﬂmwmmuwﬂm U 5¥UA A Curvilaria spp. (C11,C12), F. semitectum (F113) Liag
F. oxysporum f.sp. lactucae (F221-R, F422-G) NUIWAMINAADIAOAAADINUMINAADY agar well diffusion
v Y
assay #4910 CF lu 2 anvaie (mircro-filter N30 autoclave) Tﬁ]ﬂizﬂ‘]_lﬂ’a”lmsﬂ}wﬁjuﬁ”mﬁﬂﬂﬂENﬂ”Ii
s & ¥ Y, = = A v oa &= ~
\if’Jﬂﬂlﬂ\iﬁ‘ﬂﬂil%’ﬂﬁ?ﬁ%ﬁﬁ]Iiﬂﬂ\iﬁuﬂllﬂ (1NN 4.11) FINNNITNAADITINITDIUIUDNATIDIAITN
] g A A [ 1 9 o Yy 9
@gm&flu CF v991%%931 F221-B ‘VIU]JJLﬁ’t]llﬁ'ﬁ?flul‘llﬁﬂQ%TﬂN"Illﬂ'ﬂﬂJﬁ’t’)‘Ll Iﬂﬂﬁ$ﬂﬂﬂ’ﬂllﬁ]ll‘l]uﬂl®\1 CF
2_’, T S < A= a a o g’/ 4 dy
AdLe 20, 40, 60, 80 Ltag 100 L‘]J@il“])’i!@] llﬂi%ﬁ‘ﬂ‘ﬁﬂTWGlLlﬂ158ﬂﬂ\1ﬂ1§\1@ﬂﬂlﬂ\‘]ﬁﬂ@ﬁLGIf’E]S”I
F. semitectum (F113) L@ F. oxysporum fsp. lactucae (F221-R, F422-G) Nzeznan 12-48 %7 144 110V 100
7d I < : & ! ' v Y gy
Lﬂ’t]i!,"’lﬂm fJfJNUliﬂﬁ”liJcLUﬁ'JH‘U’ENLGH’Oﬁi Curvularia spp. (C11, C12) WuNsgauaNUUuuHu9d CF 310
X ~ s 3 o b 2 s Y s 2
1¥9 F221-B 71 60, 80 LLag 100 Lﬂ@il"‘h’u%ﬂ ﬁ?ﬂ1iﬂﬂﬂﬂﬁﬂ13ﬂ@ﬂﬂl@ﬁﬁﬂ@ﬁhlﬂ 100 Lﬂﬂil"ﬁu@ TAIUANY
Y 9 v Yy 2 2 " . o , 2 Vo v
UUU 20 L 40 mmmaum%ua& LLﬁZL‘lJf’JﬁL%u@ﬂ'ﬁﬂﬂﬂﬂﬂ%ﬂ@ﬂ‘] aﬂawuagﬂmzﬂmaﬂumiuu
j Q‘ 2 4 ) 2 (%] L} U g.’l Ll 1
LGI)"(’)LWNGILTU Iﬂﬂlﬁ@W%?imWﬁﬁﬁﬂ‘]ﬂmgﬂx‘lﬂa'n@ﬁ]ﬂgﬁWﬁlﬂ%'lﬂfﬂﬁi%lﬁﬂ waaﬁnﬂuuwmﬂmmaz
AdAg 1 Y v [ Yy 9 a a d A < 9
ﬂiﬁiJ’J‘ﬁ‘V]nlﬁﬂ’JfJfﬂi CF Gluumzizmm’nummm W‘UﬂTﬁJNﬂﬂﬂWH’t’)\‘lﬁﬂﬂi 19 VI LINTAY HJ“LWIL!
(MW 4.12)
= o | ¥ I 1 Yy Ay v X
Iﬂﬂﬁ?ﬂ%WﬂﬂTiﬂﬂE'ﬂ‘HﬂﬁﬂH u’c’fﬂﬂwmmmﬂmmwmumm CF ‘Vlllﬂ’iﬂﬂlsb"t’) F221-B
Q g.’l &} 1 U Ay/ a % 4 % %
ff”liJ"IiﬂfJ‘UENﬂ?iﬁﬂﬂﬂlﬂﬂl%@ﬁ?ﬁ'ﬂﬁﬁ]Iiﬂllﬁ!aﬂ'ﬂﬂ”lﬁfJTJfNﬂﬁ!ﬁ]iﬂJuVIN!E‘%{uGlfJ @mﬁmmmﬂmiﬁmﬁ

J o 2 o Y I o o g‘/ 1 o
vouaosnu CF i essuamsduduauya
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Cell-free CF prepared by using autoclave

aaa aaa gaa A43aAA 3aAA a3aaaa AaAAAd AAAAA 4AAA3a AAAAa aaAaaa aaaaa
S - b e - - - - - -
T 80 0D N B
= b
S 60 - .
o
2 40 4
ot c
E 20 e
=
= -
E Cell-free CF prepared by using microfilter
& aaa aaaaa aaaaa aaaaA AAAAA AAAAA AAAAA
& 100 1 i 1
= |
g 80 \
b
=
= 60 -
= '
= 40 - : :
= 20 '
= 0 ‘ ! ! |
12h 24h 48h | 12h 24h 48h | 12h 48h | 12h 48h | 12h 48h
C11 C12 F113 F221-R F422-G

Y A a & =
NINN 411 WAV cell-free culture filtrate NHAANVINLF D51 non-pathogenic F. oxysporum (F221-B) N

@ Y 9 A ' (% J 3 J. o ¥
5 92AUANVLANIUNUANANNU (20, 40, 60, 80 LAY 100 Lﬂaimfum) Glum’ifmmmi

a Y :E’ a ax 4 . ~
wigymauduleveuresaunaglsa 5 51 1ae7T spore germination test (M 12, 24 LAz

48 42Ty

Cl1l1

1
¥

F422-(

)

Control

CF 80 %

CF 100%

f.sp. lactucae (F422-G) lunssud

aa

3 U = = Cg
MNA 4.12 SnuaeANURaUnAve U0 Id 03 1%

0831 Curvularia sp. (C11) Qg F. oxysporum

Aq &
#ld@28 CF v041%¥051 non-pathogenic

A o Yy 9 sl & A
F oxysporum F221-B N3gaUaNUUNUU 80 Lag 100 L‘]J’f)il‘])’u@] NyzezIan 48

F21219)
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443 n1snaaeudsaNTAINVB S Culture filtrate (CF) ¥ 315051 non-pathogenic
\ d‘ U >
F. oxysporum (F221-B) lumisaavgulsasinimazifedvesdnadaluszvulalas

Tniing

A Aa A &'
1M 332 usa@N5a Mo CF Y9330 31 non-pathogenic F. oxysporum (F221-B) Tuns
1 ~ % [ a P &}
auquTsannuiwaziervesdnaaaluszuy laTas Intind Al a g 910¥051 £, oxpsporum fsp.
1 U 4 &’ L U 1 =)
lactucae (F422-G) Wi 7 Yunaamsigniserinadalunssuisaaunu (healthy control) WU IAUNMIS oy
a 1 Aa ] A, &’ a
Unad (ladmalsn) daulunssudsignisesianme 15n (inoculated control) L1aAIN15IAAT5A (Discase
L. [ J < J . . 1w J I J
incidence : DI) (NN 64 nlosua uazmmgumwaﬂiﬂ (Disease severity : DS ) (101 56.1 nlosua
A ' = o & [ [ &’ J 3 14 a A
uag Woszeznawu ludyudugamneass (28 Mwrdimsignie) nunlesdudmana Tsamy
2 g s & | w s @
gavuiu 100 nle3dud waz ANUFULTWBILTANIND 93.6 1loT 1T
' AmAq 1Y ¢ & ~ ' = YA
a9UN3INITN A8 CF Az spore suspension YBUFD3IT F221-B 1HeN08191A Y WU AUNY
Y v
winylnd Tuwumsnalsn SuReINDNTINITAIAY (healthy control) AIAFIWTNIUDITUTANT
A A Aq Y &‘ U [ &’ 1 i [ @
nAaed TuvagnnIsuITH a8 CF vou¥e F221-B 39 uides1aume 1sn Wi lugiausn (7 Junas
& 73 < a A A 2 JSQ N "o
mMsgnire) nlesiiuanmsina lspanauraomied 321le5iHud azauz uIIWed 15A NN 6.6
J 3 s A = (% Qdd‘S)g = 1 [ " A v o w aa
nesisua WeanlSoumenununssudsn e sianyiag lsa Faunnannved WlsdAYN1a0a oy
& 2 [ [ X ' I3 J a @ ~
Wedugamsnaasd 28 Junaimslgnde) wnumlesisudamsna lsauazanuguus e sndinan
A 1t = 1 P of ' A A = I3
nanne luimaasu lnnlusdilantusnvesmsnaaes uaziiienasandwles dud lunisan
"o - axAqQ 1Y . X ' o X
T30 117 93. 4 )3 EUA uazINAIINITN 1A spore suspension YBAFD F221-B 3N VDI 1)
Tsn wudwananeaed luaumana lsauazarmguissveslsa llluiema@eanununssuisn e
Y = 73 & a ' s 3 & 1w s3 IR
A7 CF Taglnlosisudamsinalsaminy 16 aledidua uazanuguuswedlsaming 3.3 nlesdud &9
' as g ] A v o Aaa S I o 2
HANANIINNTSMIT UGN aunedNITadnynIeadd nazlesidudlunisanlsnld 967
<3
nlosidug
Tagagdannssuisnldane CF awnsodudilanena ln antibiosis &lu CF lifeauads
~ J 2’, A asy - EY ~ A a @ [ Y~ 1
eun v TuraziingsuAs spore suspension dnsald lumsaugulsaierina luinada laana

= A o AAA A = A o ' ~
’f)'mﬁ]gﬂJWall’mﬁlﬂﬂ']ﬁﬂﬁﬂ'ﬂﬁﬂqycﬁﬂﬁﬂﬂlﬁﬁﬂﬂqﬂuﬂaqﬂ@ﬂ"ﬁ@uﬁ')llﬂu@g (MI1N 4.10)
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v 9
A15197 4.10 Use@nE MU0 Culture filtrate (CF) U9 1F035 non-pathogenic F. oxysporum

(F221-B) lumsmivqulsannniwagzitorvesinadaluszuulaTas Indind

. o . ) % Inhibition
% Disease incidence % Disease severity 1 DS
in
(DD (DS)
Treatment over control
7 14 21 28 7 14 21 28 28

DAI” DAI DAI DAI DAI DAI DAI DAI DAI

2/

Healthy control 0 0 0 0 0 0 0 0 -
Inoculated control (F422-G) 64a 100a 100a 100a 56.1a 68.3a 74.6a 93.6a 0
F221-B (CF) 0 0 0 0 0 0 0 0 -
F221-B (CF)+ F422-G 32b 32b 32b 32b 6.6b 6.6b 6.6b 6.6b 93.4
F221-B (Spore) 0 0 0 0 0 0 0 0 -

F221-B (Spore)}+F422-G~ 16b 16b  16b 16b ~ 3.3b 3.3b 3.3b 3.3b 96.7

“DAL Day after inoculation, Inoculation was made at the age of plant of 17 days.

“Means in a column followed by the same letter are not significantly different according to Duncan’s Multiple Range Test at P=0.05.

o [} a a &Y [ o a 1 o =Y J
dwmsumsniy@au Invesdnada mmsdssmunnavesniuiuly vunaly aae lswaa
g}.l %’ v % v 1 1 i U
(SPAD value) 1S Iminaaaz iiminudeanunssusnyesnislgnise (Wyoiy 24 Tu)
A, a I a 1 A, j}
Tunssu3sA20AN (healthy control) N3 ny laaiiluilnd daulunssuitgnidesiaunglsa
% = a a 9 1 Qdd‘ ~ 1 o 1 [
(F422-G) Wnaaaimsnsa@uladesnnssuisouq Tasiamdruauluas vinaly miny 2.8
a 1 a o 1 [ { 901 9]
U ez 2.5 uaas daunas lsiad W10 16.4 sz NiMITnTAYeIAULAZTIN 4.25 LAY
1 90‘ (-7 U 1
0.82 ATNABAY Az IMInU (0.21 1Az 0.02 ATUABAY)
= An A 19 4 &’ ~ 1
Glummwma*mwiﬁma culture filtrate LLQ1& spore suspension YDILFD F221-B INgID Y13
p p
Rerlimaludumsnsyaulanangs Tag vinaluuagiuanly ldwaldnamenaniingsuis
= &' o 1 (% 1 (%3
AUAN (healthy control) HazNIsNATUgNIFe T1uauluminy 17.4 wag 23.4 Ju vinaluminy 20
a 1 1 a 4 LY 1 %’ v
HAZ28.4 FUAUAT AaUAIAa0 13V aa (SPAD value) 1NN 38.4 La242.4 gruinmiinaaduuas
1l % -7 1 QOJ (-7 (% 1 H
51014 CF 191 112.9 1ag 13.25 nuaoduuaziiviiniid 5.4 1az0.58 nsuaodu luunzn
1 901 (Y] 1 (%] (%3 1 1 1 ﬂol [}
Spore suspension NA1NIHINTARULAZIINNINY 167.62 LA 17.28 ATUADAY AIUANINITNIUTS
VOIAUUAZIIN 10U 9.09 LA 1.6 NSUADAL
@ 3 A A = Aan A 9 . U @ g 1
NAINHUILONITUDINTIVITN 1% CF 118 spore suspension 3INALIFOA A 13ANDI
Y
v A Y] I a LY [
lududuganisnaaos (Wye1g 45 1) vansnaaouilu lUluianufernuny culture filtrate
. =1 ] =1 = o Y a a 3’_, o
1agspore suspension [NgI08191A87 Taslnaildaim i@y la nadiuaulu vuialu nag
a7 = 3 o v 1 an an &
aao TsWaa s lidahminaavesduuazsin ganinssudsaruguuaznssuIslgniresiaumeg

Tsaie tazliaufeumnumsla CF g9 13@e7 (NN 4.13 1ag 4.14)
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Leaf number

Leaf size (cm)

Chlorophyll content
(SPAD value)

180
160
o 140
< . 120
2 B\ .4
=
FICIK
= 40 B Healthy control
20 # Tnoculated control (F422-G)
0 B F221-B(CF)
B F221-B(CF) + F422-G
10 - a B F221-B (Spore)
# T221-B (Spore) + F422-G
3
= -
2= 6
=
==
w4
=
2
0

Stem Root

i v 3
M 4.13 mnssaa Tavesingan 711dd1o CF 1ag spore suspension 1931 non-pathogenic
¥ H a J
F. oxysporum (F221-B) nazies1auma 159 (F422-G) ilgnluszunlalas Indind
tdl = %
(NDIYNY 45 W)
“Means of 5 replications in a column followed by the same letter are not significantly different according to Duncan’s Multiple Range

Test (DMRT) at P=0.05
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)

F221-B +F422-
F221-B(CF)
F221-B (Spore)

ik =
g S}
E e}
T =
R

= +
= ==}
7} —
2 A
=] =

v Y
7NN 414 9NTNav0 LTI non-pathogenic F. oxysporum F221-B (Culture filtrate 119 & Spore
. ' o v A a J v
suspension) lumsnruguIsasinuiwesdndaanlgnluszuulalas Tniind (45 Tu

. z
naanslgniye)

A A A
4.5M3ANEINITIVIATOUATOIUUDIBONTUDIUT DI non-pathogenic F. oxysporum
(F221-B)
451 M3ANYINIIATOUATEITINVSUF O3] non-pathogenic F. axysporum (F221-B) 1215951

CRES ! Vﬂi A F. oxysporum f.sp. lactucae (F221-R tla s F422-G) Tudinada Cos

nlgnluszuulalasinding

&
NNMIANINTINIATOUATOITINUDUFDT1 non-pathogenic F. oxysporum (F221-B) 110y
cg’ @ @ { a 4 ] a
o318 1ie 15 F221-R wag F422-G lusnadaiilgnluszuulalas Tniind TasasaaiviSuna
A A 1 o 3 ] 1B : .
IWonilo g“lu 310910 2aNHMUY (epiphytic colonization L8 ¢ endophytic colonization) L9 ¢ Tu
A g a
#130201951991M1T WUILFOsMIINAa TN U Taza105190 1M HAZINATOUATEIT N
o 1 < o o= j‘
W'lda Tasdanav1na colony forming unit (CFU/mI) 4 1udila1%i 1 4951 F221-B aansain
ATBUATDILULD epiphytic colonization AU 0.29%10° 11ag endophytic colonization 0.6 10° CFU/ml
A 4 2 R, 7 o X v . .
nazlioszozaniuInludanin 3 vasnisignide WUN15191ATDUATBINU Y epiphytic
colonization 111101 0.54x10° CFU/ml t1ag endophytic colonization 0.8x10° CFU/ml
. & 9 o o ' ) Ay Yy
dauludesiauralanny 2 eedug wunasninsounsos iy latos Taony
5 . . . . = ' g’; Y] = ,&’ o P 1
111111 epiphytic colonization 1BNIHU 11NMIATIVUVUTIBYe AT Tuda1wn 3 wunlu
T W ' zj‘
F221-R 11111 0.23x10° wag 0.16x10° CFU/ml Tu F422-G Tagagiainmsnaass wuiuaes) F221-
AAa ' Y A v Yo 1 Aa &
B a1wsolFinseaogluaisazalssiae1nis laa o9 ldniiudimuinlsunaveuselu
A A X & A A ' A A
15020195190 1113 9 ARl I TezIA NNV F9nmInaaostiumiaulanlunssuisn

Ta F221-B mM3195909@ U3 /an11n33u35A2UAY (healthy control) (N7 4.16)
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o -
= s |
= Ax10? 4
-
U 3x1027 i
L
;: =
= 2x10° B
= i
21027
=
s Y[ [ 2~ :
et s s el
= A0 AR e DA ;
= Tl a8 &R O DE
=] & ~ -+ ~ U ~ -+ [
s Bl R & =B = - )
& 7 DAI 14 DAT

B Epiphytic colonization ~ Endophytic colonization ® Survival in nutrient solution Eulphytic cobsaization

*DAI= Day after inoculation

M 9 4
INT 4.15 MIVIATOUATOIVDUTO I non-pathogenic Fusarium oxysporum (F221-B) uam%ﬂmmqhﬂ F. oxysporum (F221-R t1ag F422-G) 1u51nv09#n
v A a 4 a ] dy o [ A [ =\ dy
aawﬂgn“lusswu"laimiwuna A: ﬂimmﬂ’;magﬁaﬂmmwmmmiuﬂﬂwﬂaaﬂuagaﬁazamm@mmiww B: anvue I latlveu¥ouy

d' % QU dy
91113 TSM (01 21 mwmmiﬂgﬂm)

09
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7DAIY

21 DAIY

Healthy control

H % U % d' 1 &I
MNN 4.16 SNHULAULAZIINVOINNATAN 1AA81%9351 non-pathogenic F. oxysporum (F221-B)
9 1
LazIFoIdNNA 150 F. oxysporum (F221-R naz F422-G) lurnadanilgnluszuy

' 9
TeTasTnding (i1 7 uag 21 Aundimsgniae)

452 Mm3anmsiinseunsoImuluve ¥ 31 non-pathogenic Fusarium oxysporum (F221-B)
nazi¥e31a1%a15n F. oxysporum f.sp. lactucae (F221-R 1az F422-G) 1un11349
(Brassica chinensis var. chinensis)

]
1ANITATIVEAOUNITIVIATOVATDIVOUFD T non-pathogenic F. oxysporum (F221-B)

X ~ o A o v Y v

wazre A wg lsaied 2 enug A F221-R oy F422-G Tunmuluvesrinniegs meldndes
4 ' Aax Y 1 a I ag A ]
yanssel wunlunssudsaugy muluniedelinauwa muludlulngd Taadiovzmsma

A &} A A U &‘ A A o ad Aan A 9 &’

YINNY HAZNINMIADNUBIBOVOINT WU NsdIlnaa aulunssuIsnlaresiaume

Z}/ [ o U [ 1 [ &} a a

T5AN3 2 MeWug wunludun 5 naamsilgnie nauka YA 3-4 UANAT TAslANUFULI
' v J 3 J ' . v A A 4 oA
veal5n 10U 82.5 uag 100 1 siua 1aga1nn1Nn1881n15 (Top viwe) WUIHBITOWHLNA
Y
p1nsguatauaziidulednaguusnauna 1 INUUIINITAIAINY19UDI9ALUANA (cross

1 g 4 o ' o a 4 o a
sectional view) ‘W‘]J’J']L‘Ll’E)Lﬁ@ﬂ?ﬂiﬂﬂli’)ﬁﬂ”lﬂiﬂ@ﬂﬂ']ﬁ?ﬂ‘ﬂulliJWUﬁﬂHﬂ!&ﬂiJ LLﬁ%Lﬁ@VHﬂTia’ﬂﬂN'}
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A ¥ . . ' S X Y o v A A
YoINY 1UFY epidermis 00NWUNTUNT 2 Wodura Tsnwumsiatsveudulonieluiiows
Y i Y Y v
Yo 3N (intercellular tissue) dawasi liiiioorutaion Tuligiiie (ms1en 4.11)
1 d” 1 =) [ Y 1 1 dy d’
A3 F221-B hinvueimsnalin duna lda1nninaiee1ns15n uazmsniion
Y Y =} v @ as VA o a dy
Mulun21999 wulviramiounuAUNTINITAIUAY (healthy control) atioINITADARINY T
2 . i Y ¢ I A ' ...
WU epidermis DON uazm’mﬁaumﬂiﬁﬂaamamﬁﬁu Wuniulanlanmy macroconidia el
dy d’ A a A Q' 1 g}/ w 1 = g’/ 1A g’/ LY (%
oweveanwusnathnluvesis seldniniudmunmuluiniuline Tsadaua unsnauiu
Y
DAUFANIITNAADI
[ d' 1 =\ 9 dy d’
TagagUananyuzinulu F221-B 119glnannnmsinniounsovo usona NI

k4 1 9
s legluiiobevesisuas lune Idina Isalune Bnitervszdewa il saanTnd



M3197 4.1 MIATOUATOITINVDUFDI1 non-pathogenic Fusarium oxysporum (F221-B) L0 1E@ WA 130 F. oxysporum fsp. lactucae (F221-R 1ag F422-G) lu

Y
NN (Brassica chinensis var. chinensis)

Colonization of non-pathogenic F. oxysporum

Treatment Lesion size (@, cm) : %DS 5 DAI
1 DAI 3 DAI 5 DAI Top-view ‘ Cross-sectional view Epidermal peel view
Healthy control 0.5:0" 0.5: 0.5:0 Normal cell tissue
F221-R hyphae
. ) trati il
F221-R inoculation ~ 1.6:40  3.3:82.5  4:100 PERETTATION WETE VISIBIe
in intercellular and
intracellular spaces
F422-G hyphae
. . trat; il
F422-G inoculation  1.4:35  2.5:62.5 3.3:82.5 PERETTATION WETE VISIBIe
in intercellular and
intracellular spaces
Macro conidia were
F221-B treated 05:0 0.5: 05:0

observed in intercellular
host tissue

DAI = Day after inoculation

AP: Agar plug, F-AP: Fungal-agar plug, S: Lesion with surface depression covered with white mycelia, N1-N2: No obvious disease symptom,

H1-H2: Severe disease symptrm caused by F221-R and F422-G, respectively.

Y04 Disease severity (DS) = ) (number of infected leaf sheathx disease severity index) x100

number of total leaf sheath x the highest index of disease severity

€9
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4.5.3 miﬁﬂ‘mﬂ]i!%]ﬂiﬂﬂﬂiﬂﬂim‘llﬂﬁ!%651 non-pathogenic Fusarium oxysporum (F221-B) itag
aéaﬂmmqiiﬂ F. oxysporum f.sp. lactucae (F221-R 1az F422-G) Mal@inao9 scanning
electron microscope (SEM)

NNMIATIABUMIEINTOUATIINNIVDUFDT1 non-pathogenic F. oxysporum (F221-B)
LLﬂm%@ﬁﬁHﬂ@Iimﬁﬂ’) F. oxysporum f.sp. lactucae 2 ﬁWﬂﬁIu‘ﬁ: (F221-B uag F422-G) Tusndin
ada 3 @10WUT Ao cos, frillice iceberg 11a rocket sz lalasIniing nunlu 7 fuusnnds
miﬂgm%@ Tuns5U33AUAY (healthy control) W3 il ualnAd uaziunm%aﬁmmﬁmﬁ
nageuamIsainTess Nty ly 2 dnvae Ao epiphytic colonization i1 endophytic colonization
18 Taolunssu3si 14dudes F221-B wudnpuzmsitinseuases lSinaiigan e
mmﬂiiﬂﬁq 2 1o Tasan Tuiisnaaouna 3 ¥ialasly epiphytic colonization 8¢ 114473 1.12-
1.56x10° CFU/ml iag endophytic colonization at;i“lu ¥4 0.65-0.87x10° CFU/ml éiiﬁﬂﬁﬂ@ﬂ@hﬁ
NNNTIVITAILAY (”lajwumm?q;g%a) PN BT IAYNINaDRA (@151991 4.12)

[ v

o w [} ?x’/ Y] 7 A 4
Haz91NMIIA0E1IVOINING 3 ey N 7 Tunasnsdgnide liasrndeunay
' ‘a < 1
ﬂ18ﬂ1Wﬂ181ﬁ)ﬂ€]}6Qfga‘l/lﬁiﬁumaﬂﬁiﬁlu (Scanning electron microscope: SEM) nunluinsnadou
Y [
Nanualin159NATeUAT 84 epiphytic colonization l01& endophytic colonization Fallanyazveudu
dy a ] 1 Y a = a a a dy d‘ :i = %
loonsnogua line 1iimanmiannuAnlnavouiomesn ienSeuieunuganiugy
' < 3 A ' o @ Qs | X
(healthy control) E]EJNlliﬂ@lﬁJLﬂU‘i/lu'lLl,‘]JaﬂhliJ’JﬂuWﬂ’daﬂﬁ’wwuﬁ cos W1 macroconidia UDIUYD
' 1 K A A A A ' =2 o A o
51 F221-B ogizv1atiabounsiiy (nnd 4.18) naziloszoznardmu 1Uaudaiui 21 vains
&’ ' I a = [ | 1 A
Ugnirre wunwamsnaaouilu luluirmeRernuiussusnyosnsnadey nafelu F221-B
a zi’ v =) a d‘ Q' z . . . . : !
Ysuaveuresilu 2 dnvazlysuaiiugavu Ty epiphytic colonization 9 11%23 1.67-
1.83x10° CFU/ml 118 endophytic colonization ©¢11%29 0.82-1.12x10° CFU/ml 182 910N 15197
U U 1 &’
A50UAT041UIINANEAA Frillice breg 11a2 Rocket WULAHIBeN15191AT0UAT0 Iaotdulove aiie
' 2 151}1 1
F221-B Miluny epiphytic colonization ii& endophytic colonization (NN 4.18 11ag 4.19) 110NS
< o 1 A A 1 [ = 1 Y 9 4
NUEIDE19I N TUNTINATN 1d F221-B luduaugamsneassudeinislandesganssal laons
g A 4 Y 4 &I 1 g A 2 g A
ATV IN nunuaulanazailesveurenseavegmeluveuliowssin Fuiluni
1 &’ A =} 3}1 v a A as = Y i}
ulanlaruileovesisnaaeuninuaduilulnamiioulunssuisaruguisaglldiuies
9 =1 9 [ | Y a a a j’ d' A d'
F221-B dnsorinnseuasessiniy lauas lune Ivinannudadnaveailee iy (n1wi 4.18)
1 <3 A (% a a Y o v 1 Aan A 1y
a1 lsnauiiodunamsnsayau Tnvesdudngan nwunlunssuisnlaale F221-B dmiso
] 9 a a % v 9 1 as ad
FIonTzAUMIII YA Taverndan IauInNINTTNATAIUAN (healthy control) Hag N35UATgn
&l 1
1o auna 15N (inoculated control) (NTWH 4.21)
1 j’ g’/ =) %
dauludesiaunaliane 2 loTaan (F221-R uaz F422-G) asrawuilsuadnyuse

9 v A v ' o @ X S
ﬂ"lil“]]"lﬂiﬂﬂﬂﬁ’t’)\ﬂu 2 aNHUTNUDY Iﬂﬂiu“ﬂﬁﬂlliﬂmﬂﬂﬂWi‘ﬂﬂﬁ@ﬂ 7 'Juﬁﬁx‘lﬂ”liﬂgﬂﬁfﬂ) SIERTRL
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9 9
Youdond 2 lolxanlulinnuuana1anu Tu epiphytic colonization 0g1u%23 0.32-0.74x10°

CFU/ml 11ag endophytic colonization 8¢ 114579 0.06-0.16 x10° CFU/ml tazilioszeznainiulau

QSI 1 3 a v W 1 H

dugansnaaes nuwansnaaewilullluiianufernunuyisusnuesmnadon (a13199
Y Y ]

4.20) vaanniu Idihdedsvessiniiniuywaeiny lu F221-B wundnyazveuiiowesin
A F) Y 4 dy A A a a Aas 1 A [

Naosdronaosganssmi owelinnuialnad lUnnnisuisaiugu naaelu F422-G dnuae
dy A a Ay A 1 A 1 =\ a Aa A I Y

oo 1n VAol maejlivveusadiyas aiulu F221-R Ianuralnaisaaniioyly

2 W% cos 1A frillice iceberg @1 11 Butter head AnUnd tyui@ednulu F422-G (anf 4. 20)



i F ¥
M3197 4.12 M3NATOUATOTINVD ALY non-pathogenic Fusarium oxysporum (F221-B) uazg%aﬁmmqiiﬂ F. oxysporum f.sp. lactucae (F221-R 11ag F422-G) 1u

% (% @ O . ~ a o
ANAAR 3 EEWUT (Cos, Frillice iceberg 1182 Rocket) NgnTuszulalas Tniingd

Colonization of F. oxysporum (CFU/ml)

Plant Treatment Epiphytic colonization Endophytic colonization NS
7 DPI 14 DPI 21 DPI 7 DPI 14 DPI 21 DPI 7 DPI 14 DPI 21 DPI
control od 0d 0d 0d 0d od 0d od 0d
F221-B 1.12x10°a  1.34x10°a 1.67x10"a 0.65x10’a  0.74x10’a 0.82x10°a 231x10%a  224x10a  2.12x10°a
Cos
F221-R 0.56x10°b  0.78x10°b ~  0.98x10°b 0.07x10°c ~  0.17x10°%c  0.22x10°c 2.00x10°b  1.86x10°b  1.67x10°b
F422-G 0.42x10°c ~ 0.57x10°c  0.87x10°c 0.16x10°db  021x10°b  0.28x10°b 1.98x10°c  1.73x10%c  1.52x10°c
control 0od od 0d 0d 0d 0od od 0od od
F221-B 1.56x10°a  1.67x10%a 1.83x10°a 0.87x10°a  0.98x10°a  1.12x10°a 2.11x10°a  1.91x10°a  1.78x10%a
Frillice Iceberg ; 5 ) : ! : , , ,
F221-R 0.36x10°b  0.68x10°b  0.89x10°b 0.06x10°c  0.18x10°c  0.26x10°c 1.82x10°  1.73x10°b  1.62x10°b
F422-G 0.32x10°c ~ 0.58x10°c  0.75x10°c 0.15x10°b  0.28x10°b  0.35x10°b 1.71x10°c  1.62x10°c  1.43x10°c
control od 0od od 0od od 0d od od od
F221-B 1.35x10°a  1.56x10%a 1.76x10°a 0.75x10°a  0.89x10°a ~ 1.10x10°a 2.44x10°a  2.14x10°a  1.89x10%a
Rocket
F221-R 0.68x10°c  0.83x10°¢ 1.15x10°b 0.08x10°c  0.17x10°c ~ 0.21x10°c 1.98x10°b  1.86x10°b  1.57x10°b
F422-G 0.74x10°b  0.93x10’b 1.19x10%c 0.12x10°b 0.24x10°’b  0.37x10°b 1.87x10°c  1.65x10°c  1.55x10°c

"Means of 3 replication in row followed by the same letter were not significantly different (P<0.05) according to DMRT

99
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Healthy control Epiphyvtic colonization

Endophytic colonization Macroconidia

v k2
MW 4.17 dAYULNSITIATOVATEITINANASA Cos TABI¥DI non-pathogenic F. oxysporum meld
a a3 @ @
ﬂgﬂﬁﬂaﬂiiﬁﬂ'ﬂmﬂﬁiﬂu Scanning electron microscope (SEM) ﬁﬁvmq 7 IUNAINTT

F
gniye
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Healthy control

Epiphytic colonization

Endophytic colonization

! o 145 (N o, & .
ANA 4.18 ANUALNITITIATOUATOITINANAAA Frillice iceberg 1ABI4D 31 non-pathogenic
a g : .
F. oxysporum (F221-B) Muld ﬂﬁ}ﬂﬂi}aﬂi sAivlanAToU Scanning electron microscope

U o é‘
(SEM) 018 7 Tundimsignide
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Epiphytic colonization Healthy control

Endophytic colonization

4 2 o/ ‘i‘ .
MNN 4.19 SNBUZMINIATOVATOISINAN Rocket 1ABIFDI non-pathogenic F. oxysporum (F221-B)
Ja [ v
ﬂmiﬁlﬂgﬂ\ii}a‘ﬂiiﬁuﬂmﬂﬁiﬂu Scanning electron microscope (SEM) ﬁ%mq 7 IUNA

4
mMsilgniae
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P
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Frill

Butter head

H QU Q Q = &l
MNA 420 SABATMSITIATOUATOIIINANEAR 3 ¥iiA (Cos, Frillice iceberg tiag Rocket) Taoi¥051 non-pathogenic F. oxysporum (F221-B) muldndeq

g . . = [ @ &‘
9an33# light microscope (W¥01Y 21 JUNAINIgniae)
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Cos

Frillice icebreg

Cos

Control F221-B F221-R F422-G

Y % @ o a : { 1 i’
NN 421 dNHULAUUAZIINVOINNASA 3 ¥iA (Cos, Frillice iceberg 1Az Rocket) i la@ 1813031
: X AA
non-pathogenic F. oxysporum (F221-B) nagires1auva Isany nilgnluszuulalas

a o @ (% &}
Tniind (Wwe1g 21 Aurasnsgniie)
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= v A
4.6 MIANYINITAINNAT Gibberellins (GA) UDU¥DI1 F. oxysporum (F221-B)
4.6.1 MIinaadava1d Crude extract (CE) 1n838 Thin layer chromatography (TLC)
X 9 = v v X X
flﬂﬂﬂ”li@]ﬁ’lﬁ]ﬁ'@ULU@Q@]UQQLLH’JTHNiHﬂTiﬁiN GA Y91%991 F221-B LLﬁSL‘H@iWﬁTLW@!
[ o = [ ax 1 &l
T3 2 eeWug (F221-R 1ag F422-G) fTeuMeunuans GA 119511 1agds TLC wu Tuiro
= A A 4 a1 A A A
ﬂﬂﬁ@ﬂnﬂﬂ ]’l’OI“BLﬁ‘VI UNIILAADUNUD spot 13 (an13U F422-G) IﬂﬂuﬂTigﬂgﬂN‘ﬂﬁTimﬁ’OU‘ﬂ
1 Y
(Rf) 521719A5UAUDIYATUGA 910N55UTD STD, F221-B 11az F221-R 111 0.78, 0.84 11z 0.88
o w ~ ~ 2 A ) A 1 Y A A
MUAAY (MTWNN 4.13 Uag HINN 4.22) "])’QiJﬁ'ﬂH?J’t’)ﬁ@Qﬂ?fﬂmlﬁﬂ UV NnaNuaninauy 256 “I,HIU
o A g =Y 9 2R o AnAq Y Y ' !
LA Iﬂﬂﬁﬂ’]&lﬂ!%‘u’t’)\i spot GA ‘VI‘IN’]J“Ll‘Ll‘i]zﬂ\laﬂ‘]elill%ﬂﬁ?ﬂﬂﬁQﬂﬂiﬂﬂiiﬂ?‘ﬁﬂi‘b’ﬂ’)ﬂ STD LL@'I’OEJN"IJ
<3 = Y1 o 9 S W P A A =< ~ g’/ 1 = a
NHY ﬂﬁl!h]WﬁﬂHﬂ!SﬂWﬂu@ﬂ%%ﬁ]ﬂaTﬂﬂaQﬂHLLﬁLN@W%WiﬂHﬂQ GA NATIINUUUUIRISUTITEUA
a d’ 1 [} 1 d' ) o (% 1 A % 9
GvuﬂamJuegiumamwmmmmamﬁau Iﬂﬂﬁ?ﬂf‘lﬂﬂNﬁﬂﬁﬂ/lﬂﬁ@‘ﬂﬂ\‘]ﬂﬁ"l'Jﬁ']iJﬁﬂfJuEJullﬂ
v [ I ti} a d A j’ < a v Yy a2 A
Nuezthugesulgindusoweaig lsnnaunsonand s lunquues GA lauavzlivsum
A 9 dds! (Y a j a 9 o A Y < I3
MWﬂWﬁ’EJ‘L!’f)ﬂﬂﬂ]u@gﬂﬂ%uﬂﬂl@ﬂl%’ﬂ Qﬂ!‘ﬁﬂuu ANNLLIPADUY uaz‘ﬂ%ﬂauq Lﬂl?i’)ﬂlﬂuﬂﬂﬂﬂﬁgﬂﬂﬂ
1 <3 as < =\ T dy 9 A Y =} 1 A
fJfJ'l\‘]uliﬂﬂanﬁﬂ1i°l/]ﬂﬁ@‘U TLC !‘]JuleNL!ﬂf‘l'li“l/lﬂ?{@ULU@\‘I@'IMLWEJGlﬁWﬁULWfJ\‘l’J"Iﬁ"Iﬁ“VI‘VI@ﬁf]‘U

Tuly GA nse'ly

A15197 4.13 11 Retention factor (Rf) Y94e15 gibberllins 910IFNIINATOL TLC

Sample Treatment R,
1 Standard GA, 0.78
2 F221-B 0.84
3 F221-R 0.88
4 F422-G No
5 Acetonitrile No
[1-" — TN '
|
Yo W
——9o—9o o o

e .2 3 4058
WA 4.22 Thin layer chromatography: 1) Standard GA,, 2) crude extract of F221-B, 3) crude extract
of F221-R, 4) crude extract of F422-G 5) Acetonitrile
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d
462 n153tAs1zRUS U 1@ 15 Gibberellins (GA) ICEEE: High performance liquid
chromatography (HPLC)
Y 4
MNMFNETANANGIUVD culture filtrate YO UFO 1 F221-B 1azi¥o51a11ia 150 410
) 1 k3
1A304 HPLC on52980 VLT U099 GA 11 crude extract ¥00150351990817 WUI1INNITNADDY
Aa A 1 v 3 A dy dy =2 ' [
P GA Minalinnuuananuilusamanrisveude uazgluuvveuye s lidwasaunu
Y v 1
FEMINTHaNaz UMUDY0UF0 AN UNEATIVAOU Retention time (Rt) Tuns v Tasun Tnunsy
H H 4 4 H
(chromatogram) W11 crude extract NANAIINIFO51 F221-B 1Az F221-R Ju0g 1us19520210014
IndiReanDYANIANIATITIN standard GA, FaliA10gN 3.147-3.140 (MR 4.23) Taalonansanig
1 ] dy 1 dy (% 1 dy @ Y
Y5 GA Tugazszoznarlumstugewnn ludes F221-B HaamMsuuae 10 T4 WUMIAI
[ 1 T o A A <3
GA luaauae CF 111U mycelium (110U 429 mg/! luvaigrosiauna Isan Tiwalllu
a o = \ v I {1 o A v
Aamadenu Usuna GA vznuangalu CE Nana laan cFoaziluuanliludud 15 was
4 H v
msignie lunssuatues F221-B ndunfasuulaslinniun 10 Taswunlu CE nuwoilSna ga
Ay o a 4 ] c;y; Y A a ddy @ Yy 1 T 1 A
Mlee (msamsizinalu 5059 laramiloway) Tunsaifisierna1a lumigainiinauon
oz |5 uannnmisSeuum luns i Insin Tnunsumuii e19vzlinanananssiaounilueg
] 1 1 g 1 A 2 13 o
aoudan (lunaaswaludoya) dalusosiguwalsn wualsumves GA muau uangsldwa
=) = v v Qv = ) dal
T/ ludamaRernun 10 Junaimstude
1 H 9 F
uazileszoznawiu llaudeTun 30 ndsmstugenuailude F221-B tfuumsads
o ) A o a 9 1T W
13 GA navuniumieulumsnaaed 10 7u Tasdsua GA Twdule minu 7.08 me/1 wazlu
1w ~ dy 2 I A 1 = v A
CF 11171 10.38 mg/l Tuwarz i iauma 13a F221-R 51101 GA Atluisu@ednune 9.62 nag
o w 1 < A A A 2 I A 2
11.8 mg/l Mud a1 o193 lsnamiieszeznailunmstudo s uivaulSua GA amugeiu Tag
v i1 v Y
Tudulefuur Idunsglooninlu culture filtrate SUHB9IIDMINFOI1aAaRgN TR aalu
o 3 A { = '
prnstoh IdulSuuvesasun (1510 4.14) TaeagdiSuads GA sgwumngaludiu
A v 2 - S S { ° Y A 9 e 2 ~
w93 CF 89 lnmiuszeznaumeiuuvusi IdlSnamsadsans i (n i 4.23)

M 9 v
M3197 4.14 HAYDUFDI1 F221-B tiag F221-R Tuniswaa GA luaanarlumsuuiuanaiany

Incubation peroid

Fungi (A) Type (B) Total GA3 content (mg/1)
10 Day 15 Day 30 Day
Mycelium 3.44b 3.86a 7.08d
F221-B
Culture filtrate 4.29a 2.31c 10.38b
Mycelium 1.92d 3.48b 9.62¢
F221-R
Culture filtrate 3.12¢ 3.55b 11.8a
A kok kok ksk
B kk skk kk
AxB ko ko sk

Y Means of 3 replications in a column followed by the same letter are not significantly different according to Duncan’s Multiple Range

Test (DMRT) at P = 0.05
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o
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3.087, 6

I |

Intensity (AU)

Intensity (A1)
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o

0.02

R0 Rt

T 1 e T s RERANE RRS o i naans!
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o

&

[ o, T,
o
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6:213

o
o
N

, WD, TR Y o

0.08

L. ]
m

o
)
&
|

Intensity (AU)
[-]
o
[
Lot

=1
[+]
N
Ly
19.627

5.507
§.087
3, B0

wuliig
! 6.620

Y 6.3
Lyt
10

Retention Time (min)

WA 4.23 HPLC chromatograms U94: A standard GA,; B @15anaainiduleiyes1 F221-B; C a3
4 &l o
anNAV1N Culture filtrate YBIYD I non-pathogenic F. oxysporum F221-B; D 138NAN

idulei¥ost F221-R uag E @15a@nav1n Culture filtrate Yo U0 518 1ung 15A F221-R

1 QU U &‘
(ﬁizﬂ%nfﬂ 30 auwaamiﬂgm%a)
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4.7 MsNATOUANTNTAVDUFOS F. oxpsporum F221-B lumsnszdumsinsgdinle

Y] [y a Jd
vosrnaaaluszuulalasiwiing
4.7.1 MIANHIBONTNAVDI Crude extract (CE) ADN1TIDNVDUNAANNADA

v 9
MNMINAAVYTLANTAINUBA CE Nana 1a91A1¥951 non-pathogenic F. oxysporum
1 < % o @ 4 [ o [
F221-B A0N1590NYDUNAARNAAA 2 A18WUT A0 butter head 1A% frillice berg WU TuRnadn
v A ant 3 ~ P-4
butter head 113U 2 N33UATAIVAN (healthy control) INAAIBNINEN 40 1o TIFUALAL VZTIDNATL
P 4 o A ' ° v 9 o 1 A Aq 1Y
100 15t ua Tudun 3 dewanlinliue1nvesautazsingl iU lunssuIsiladle Std.
' < /2 I o A ' o q ¥ v Yy A o A
50 ppm WUANNAAIONATY 100 105 FUAAILAIUD 2 danasilvanueaunauaasluiun 3
UAZ 5 NN 2.6 LAY 3.87 FUALAT HAZANVEIITINMING 2.3 1AL 3.4 LFUAIAT FUANAI1N
ad 1 A o o (% aa 1 Qt:ld' 9 dy 1 1%
n3suATAIgUedaNsd Ay eand aaulunssuisnly CE voure F221-B luudazszay
Y 9 1 Y I @ [ IS 1 a @ ~ s 3 4
ANVITUTUNLI AINTONIZAUNIBNUDINAARNTaANAz 0NN MNUNA 1 Tu Taelinlodidua
LY L~ s = @ 1 1 ° Y Y o A
A5I0ANINDY 100 105U FIINHANITNAABIAINAIAINAN ITANVENIAUUALIIN IUIUN 3
= Y A ' Aan oA ' ' Y 9 Aq ¥
uag 5 Duualdungennnssuitaugy ua lddanuuanasluuaazanududuves CE fld
L
NAFDY (15197 4.15)
[ @ @ ") | g a 2 v W = as
druludnada frillice iceberg Wu (P11 luRaNUABINUAY butter head Ao NTTUID
o A = ~ Py P
AIUAN (healthy control) 1AM 2 1AAIDNNEY 50 loTIFUALAZILIONATY 100 1WOTITUA Tu
v A ' o q ¥ B QALY axAq Y ' 2 o o
TUN 3 Fawa liauevesauLazs g @aIulunssuasnly sd. 50 ppm WUIUNAARNAAA
s 3 u’glz LY} { . Y
1130990 1451 100 oS IFUAAIUATUN 2 VDINITNAADIFINANITNAADIAOAAADINUAT
9
NAADINUNNAAA butter head TuvnzAeINUMT 19 CE vo @031 F221-B lundazszauniy
9y 9 o Y 3 3 1 as @ 3q ¥
Wuduansamldwaaseniininssuisauay 11 uazanwaniinaaoenIiwa 1 lu
a Y] @ o 1 < Y] J
NAMAABINUAUMINAaI IURNAEA butter head 9813 15 NMTEAUA NI T UYDI CE Tuuaay
Yy v dq ¥ ~An o ' o A ~ ' 9 ' Ao o w
anuduaun wan lusanaenuienSeuMeuainainuenvesaumazsin eg1elived A

N9EDA (A1519N 4.15)



4 @ g 1 3 o @
ﬂ1§1\1ﬁ 4.15 Wava3a158NA Crude extract SIIENL%EJﬁ non-pathogenic F. oxysporum F221-B A9N1530NVDIUNAANNT AR

Seedling stage
% Seed germination

Lettuce Treatment Shoot length (cm) Root length (cm)
2 Day 3 Day 3 Day 5 Day 3 Day 5 Day

Healthy control 40 100 1.2b 2.8b 1.2b 2.8b

- 50 ppm of standard GA 100 100 2.6a 3.87a 2.6a 3.87a
E 1 ppm of CE of culture filtrate F221-B 100 100 2.12a 3.12a 2.12a 3.12a
% 3 ppm of CE of culture filtrate F221-B 100 100 2.28a 3.57a 2.28a 3.57a
= 5 ppm of CE of culture filtrate F221-B 100 100 2.41a 3.64a 2.41a 3.64a
10 ppm of CE of culture filtrate F221-B 100 100 2.54a 3.7a 2.54a 3.7a

Healthy control 50 100 2.1b 3.6b 2.1b 3.6b

oo 50 ppm of standard GA 100 100 3.8a 5.4a 3.8a 5.4a
é 1 ppm of CE of culture filtrate F221-B 100 100 3a 4.1a 3a 4.1a
E 3 ppm of CE of culture filtrate F221-B 100 100 3.3a 4.6a 3.3a 4.6a
= 5 ppm of CE of culture filtrate F221-B 100 100 3.7a 4.8a 3.7a 4.8a
10 ppm of CE of culture filtrate F221-B 100 100 3.8a 5.2a 3.8a 5.2a

"Means of 50 replications in a column within cach variety of lettuce followed by the same letter are not significantly different according to Duncan’s Multiple Range Test (DMRT) at P=0.05

9L
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= a A v a a [ [ d' a d
4.7.2 Msfn¥BNENAves CE Aemsvsgyivlavesdnadangnluszunlalasiniing

[

a Aa { j’
NI naaaulse@nsninves CE Hanaldvindes non-pathogenic F. oxysporum
1 a a o [ [ 4 1 1
F221-B aom 33 A 1avoalndan 2 d1eWUE A9 butter head 118 frillice berg WU U329 27
[ &’ % @ an A 19 g S A
Tunsnveansdgnielurnada butter head 351N A8 CE ¥ 91%031 F221-B 11 2 n3dl Ao
~ ] ' < A A A A ' A a ' A 9 9
NIULUINAIA AGNINAA azNIAUN 2 AvRaN AN TUTzHI1aNsdgn Buua Tiulunslvna
9 a a % ] ] o a 4 g o 9 A 1
Tugumsnsydu Iavesdnaaa wu uaulu vunalu aas lsWad thninaaauuazsin 1AnN
7314 std. 50 ppm 12z CE ANy ududus nandelunssuisnly CE anududu 3 uag 5 ppm
[ 9 4 1 A A v ] v Y A a [ A A
Tz ldagnaaluriansnriofanuluganas Aensoldmnsnsyigainnssuisous
' v
na1ae luiui 45 (@uganisnaass) wunswuly minu 16.1 uaz 16.9 Tu vualuminy 13.4
Aa = ] a SAA 1 v [ an A = 1
uaz14.7 wsuauas 521 Tddamvesnas Tsdaa niiar biuanaenunana uaziiedsziunam
%’ @ 9 A A = 3’1 1 <3 1 Aan A 9
UMinaaueIaunazsn 1w 2 nitl Ao NIfNTNALA (Agnuaa) wu lunssuIsnly CE anw
R 3 uaz 5 ppm TUAUTANING 144.6 1 137.4 nSuAeaY wazlusIn WINY 12.7 ay 10.4
o 1 9 (] A A A A 1 A J 9 = v o A A =< =
asuaedu alulunsain 2 asaaanwiyn Iwa T lunanaufenununsain 1 #1'ludanw
1 o an A axAq Y L] [ A A =3, | 4 A A
HANANAUNIADA 5898901A0NTTUITN 1 CE 1 ppm 1uNazlunsainladaayiansnyienn
A [} v 3q Y Y Aa o A 9 1
o Tugavden Iiwa luaunisnsgvesdwulurazvualy Aaeuv13gandilu std. 50 ppm
A = 1 3 v 9 < 1 Y ] v % Aan 2 A 1w
uaziegianimingavesduuazsn A ldea liuanaenunssuIsaruay Feliauniny
o T 9 = Aas o [ 19 1 1 < S oA Y A
126.7 nsuaoduluvazdngsuITAIURUININY 126.1 nTuADAYU UADE1S lana1ngatinul Triun
1 9 1 ~ <3 9 [ A A 9 9 9 [ Y
ADUT VT GININNBUANUDY dIulunssuITN1Y CE ANuvuIn 10 ppm w1 1¥a N3
A A Y %’ ) 9 1 Aax 1 (] < < o (1 anAq ¥
wigan TaludnimingadosninisuasAuaN HABE l5AAINAGIGIN1NTTUITN Y std. 50
ppm taz 1% CE ANuduyu 50 ppm (913199 4.16)
) [ Y o s 1 I a Y
dmsumsnaaes ludngaa frillice berg wunmamsnaas iyl lumenamafernuny
% @ a, { [ I { 1 g‘; 1
HAEaA butter head ABI1NNTINITN 1Y CE ANMVNTY 3 uaz 5 ppm 1Nzl unsainladaua
1 A A A 1 v @9 Y 9 Aa o 1 ax
BIa5n¥I 0 AL TuFInan Trra luaiumssgyesdmiulurazvnaly gannlunssnis
1 H Y
auq edniisdiAyneada nanfonasninnsla CB luiuil 45 (@uganmisnaass) Ismouly
1 @ :a' 1 o a = [ =y 4
M0 15 vag 15.7 10 Tuvaein vnaluminy 15.5 1 uag 15.5 wuamas soulddeanas Isiaa
d' = 1 o.z % g}) o a 1 %} 9 9 dd’ 1 g’; 1
A ludanuuana1anu vasnniumslssuaniminaaveidutazsin lunsainlaaauausn
TUdUmMINY 165.6 118z 169.3 nSudoau tazlusin iy 13.7 uay 14.8 nSuaeau tazlunsdin
A a ] ] 1 [ 1 9o’ o [ Y [ [
Aoy wuNwa liuana1a9naalugasn UANNMITINAUNINY 172.4 1ag 178.1 nSudad
Tus190U 14.6 1AL 17.5 NTUADAU (NN 4.24)
9 [y Qdd’ 9 9 9 ' Y a
F115unTINITR Y CE Anudiudy 1 ppm taz 10 ppm wuNnldwanisnaaselylusieanig

IREINUNUNITNATDUNUANAAA Butter head na11n0 11319z 1a CE TuaausnusoRamuian

[ v I a o Y o 1 g ]
Turnvainldwanissgvesdnada s1uauly vuialy uag SPAD value lugauvenimiings
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a

nanfe Inalumsinszqumsnsydy TavesdnadafiouninunIsuIaIuaw (healthy control)

g

1 A v o W aa 13 o Y Aa 1 E 9 Yy 9
DYNUHITIAYNWADA meﬂwwamﬂmmﬂ% std. 50 ppm uazmﬂ% CE ANy Uu 10 ppm

(MW 4.24)



3 a a Y [ v d Y H A d
M319h 4.16 M3 yAUIAveIWNEAA 2 ey AldAI8 Crude extract YT non-pthogenic F. oxysporum F221-B luszuulalasinding

g Plant growth parameter
Lettuce -§ Treatment Leaf number Leaf size (cm) Chlorophyll content Fresh weight
o (SPAD Value) (g/plant)
< 27 Day 36 Day 45 Day 27Day 36 Day 45 Day 27 Day 36 Day 45 Day stem root
Healthy control 11.8ab"  12.2ab 15.3ab 7ab 8.3ab 13ab 24.8ab  27.6ab  30.5ab 126.1ab 9.92ab
< STD GA 50 ppm 10b 11.6b 13.6b 6.2b 8b 11b 22.4b 27ab 30.1ab 93.5b 8.1b
E CE F221-B 50 ppm 10.7b 11.7b 14.2b 6b 8.1b 11.8b 22.4b 25.3b 28.5b 97.6b 8.2b
-g § CE F221-B 1 ppm 11.13ab  12.8ab  15.5ab 7.3a 8.16ab 12.1ab 24.5ab  28.6ab  30.4ab 126.7ab 9.12b
2 E CE F221-B 3 ppm 12.9a 14.3a 16.1a 7.4a 8.3a 13.4a 27.8a 30.9a 35.3a 144.6a 12.7a
S CE F221-B 5 ppm 13.2a 15.3a 16.9a 7.5a 8.5a 14.7a 29.7a 32.3a 36.6a 137.4a 10.4a
g CE F221-B 10 ppm 10.7b 12.5b 14.6b 6.9b 8b 11.9b 28.6ab  29.lab  30.2ab 110.7b 9.7ab
= + CE F221-B 1 ppm 12.8ab 14ab 15.7ab 7.33ab  8.16ab 12.3ab 28.8ab  30.7ab  35.8ab 128.2ab 10.1ab
= E § + CE F221-B 3 ppm 13.6a 15.3a 16.8a 7.7a 8.5a 15.2a 30.2a 32a 38.3a 147.4a 14.3a
3 I + CE F221-B 5 ppm 14a 16.5a 18a 7.9a 8.8a 15.8a 31.3a 33.6a 38.9a 141.2a 13.7a
+ CE F221-B 10 ppm 10.2b 12.6b 14.5b 7.5ab 8.16ab 13ab 28.6ab  30.8ab  33.9ab 116.9b 9.2ab
Healthy control 8.4ab 9ab 11ab 7.1ab 8.5ab 13.5ab 26.4ab  27.2ab  31.lab 138.1ab 11.7ab
- STD GA 50 ppm 8b 8.16b 9.8b 6.1b 8.3b 11.6b 23.3ab 27ab 30.8ab 93.9b 9.3b
E_P g CE F221-B 50 ppm 8.4ab 9.13ab ~ 13.3ab 7.3ab 8.9ab 13.6ab 25.7ab ~ 27.lab  29.5ab 113.3b 9.6b
g E CE F221-B 1 ppm 8.4ab 8.7ab 12.6ab 7.2ab 8.8ab 12.3ab 24.5ab  28.5ab  30.9ab 140.9ab 11.4ab
8 E CE F221-B 3 ppm 11.4a 13.2a 15a 8.5a 9.4a 15.5a 28.5a 30.4a 32.5a 165.6a 13.7a
'; CE F221-B 5 ppm 11.6a 13.6a 15.7a 8.6a 9.6a 15.8a 28.5a 31.4a 32.5a 169.3a 14.8a
=2 CE F221-B 10ppm 8.7ab 8.8ab 12.4ab 7.8ab 8.4ab 12ab 26.5ab  29.3ab  31.4ab 117.4ab 11.9ab
E + CE F221-B 1 ppm 8.6ab 8.7ab 13.6ab 6.8ab 8.6ab 12.8ab 25ab 28.4ab  3l.lab 145.7ab 11.8ab
E E g + CE F221-B 3 ppm 12.8a 13.6a 15.8a 8.8a 9.7a 15a 28.5a 29.4a 33.5a 172.4a 14.6a
g i + CE F221-B 5 ppm 12.1a 14.3a 15.6a 9.2a 10.5a 17.4a 28.8a 31.8a 35.4a 178.1a 17.5a
+ CEF221-B 10 ppm  8.8ab 10.4ab 13.6ab 7.8ab 9ab 13ab 25.7ab 17.9ab  30.3ab 119.7ab 10.4ab

¥ Means of 15 replications in a column within each variety of lettuce followed by the same letter are not significantly different according to Duncan’s Multiple Range Test (DMRT) at P=0.05

6L



Butter head

Frillice iceberg

Healthy control
STD GA 50 ppm
+CE F221-B 5 ppm
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CE F221-B 50 ppm
CE F221-B 3 ppm
CE F221-B 5 ppm
CE F221-B 10 ppm
+CE F221-B 1 ppm

+CE F221-B 10 ppm

CE F221-B 1 ppm

MW 4.24 SPHUTAUUAZIINVBIANAAA 2 WiiA (Butter head 1A Frillice iceberg) N 1dA28 81587A GA V9415931 non-pathogenic F. oxysporum (F221-B) 1u

4 1 9 a J y o
anuuiuiuanaenuluszuulelas Iniind aauneaisog 45 $i)
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4.8 m3lszifivnaaniiAveuos1 non-pathogenic F. oxysporum F221-B lumsnauga

TsannhuazdsnnanudnaaaluszunlalasIiniing

v A dy . Aa a A =
NMIAADNIIUUVYB DI non-pathogenic F. oxysporum (F221-B) Nilszansning

asn Y a oA 1 g‘/ dy o tﬂy
1unﬂn ’J‘ﬁﬂﬁ‘ﬂﬂﬁ@ﬂiuﬁﬂ1w1ﬁﬂﬂﬂ{]Uﬂfﬂﬁ IﬂElﬁluﬁ’)l.!"ll’f)xiﬂﬁﬂﬂﬁﬂﬁﬂﬁﬁu%%uﬁﬂ!mﬂﬂlﬂﬁl%ﬂ

=

I 3’; . { v
Miluna spore suspension, culture filtrate tag crude extract 1115 TUn13AIVAY TsAtTioaz 51N
v k2 9
NUANMAWIINTOI F. oxysporum f.sp. lactucae (F422-G) NURNAAANY 3 wia (butter head, cos
wag frillice iceberg) Nlgnluaisazarsuvutherma Tasunslsziiuszaumsinalsa (Disease
Y
incidence) 11AZAUFULTIVDI 157 (Disease severity) TIUNINAADNITIIYAL Tavoany lunn
o I = o dy
dlamiiseazideanan1snaaoInall
[V dy Y dy I

1ANINAARL Hadlgnioaung 1sAA81%051 F. oxysporum fsp. lactucae (F422-G) 11l

181 7 3 (W¥01g 24 T1) W lurndaa butter head N33135 healthy control aznNT5UATN 1d

& ¢ = !
#0130 F221-B 114 3 gﬂgm‘u spore suspension, culture filtrate Lli& crude extract Wo90e19REe7 WY

v a

<3| ax ' a Y Lt ) ¥ 1
wasailudn@d lununisinalsn (Disease incidence : DI) A3UA%ILTNVDINITNATOU T2 a1

2 A an X , = a =2
AUFANTITNADDI iummzmﬂisua‘ﬁﬂgmm (inoculated control)W'iJ’J"IﬂJﬂWiLﬂﬂI'iﬂﬂQ 100

Q

s &

I BRI A A 1 9 . .
1Woesisua @QLL@‘D”NLLiﬂsUﬁNﬂTﬁJQﬂW‘B ENthﬂ'J"IiHﬂ"IHﬂ'TI?JEHLLﬁQ"U@QIiﬂ (Disease serverity :

< 1 ] 1w < 3 S 1A ] 2
DS) NWU h1‘L!‘lf’3\1l;!'§ﬂ DS 11l 46.6 Lﬂﬂil%uﬁlmm’053szl’Ja"INTllllﬂi]uﬁufj"ﬂﬂTiVIﬂﬁ@\1 DS

v
ad A

A 2 = J 3 J A vy é & ' Y
INUFIVUDN 85.7 nlegimua umznnisuasnlaaiy spore suspension UBFD I F221-B IUnNU

E4
v v

X v A = J 2 14 T 2
L%”E)SWﬁ']LWS{]Tiﬂ WTJ’NLﬂﬂIiﬂLWEN 33 L‘]J’E)il“]ﬂ!@l@]\‘llmslf’NLLSﬂsll’f)\iﬂ”lﬁﬂﬂﬁﬂﬂllﬂ’ﬂUﬁHfjﬂﬂ”li

A 39 Y Y 1 = @ a = 4 Y
naae Tuvaznanuguussvedlsanlvuus lduswaonunsinalsa Taginles DS M

14

- V4 A A = For N 4 ' Y s
13.3 Ll]’t)il"]ﬂ!@] LLa%LN@W%TimTﬂQLﬂﬂil“ﬁu@ﬂuﬂTiﬂﬂTiﬂ W‘U'ﬂﬁ”liJTiﬂﬁﬂIiﬂllﬂ 72.4 Lﬂ@ﬁm’ugl

14

A andq ¥ s 2 N "o s
'if’)xiﬂ\ﬁﬂﬂf’)ﬂﬁﬁll'll‘ﬁ‘ﬂsl‘lf CF ua¥ CE Wﬂlﬂﬂil%u@iuﬂTifJ‘].lENT'iﬂW]”lﬂ‘]J 68 1laY 61.3 Lﬂﬂﬁmﬂ!@
(A1519% 4.17)

o 1Y % [ 4 an thd‘ 19 g g};

fﬂﬁﬁllalulﬂﬂﬁaﬂ cos NUIINTTNIT healthy control L!ﬁzﬂﬁﬁuﬁ‘ﬁﬂiﬁﬂ')ﬂl“ﬁ@ F221-B N3 3
Y T Qy 1 a g
gﬂLL‘U‘UU]JJ‘W‘Uﬂ15Lﬂﬂi‘iﬂ@]\ul@]%?\?uiﬂﬂlﬂﬂﬂWiW@ﬁﬂﬂvlﬂi]uﬁu’q@ﬂ1iﬂﬂﬁﬂ\1 ﬁjuﬂiii\l?‘ﬁﬂgﬂl%ﬂ
. 1A a = s I X R A A 1
(inoculated control) ‘W‘]J'Hllﬂ?i!ﬂﬂi‘iﬂﬂﬁ 100 L‘]J’E]‘il,cl)'u@Glﬂlm"]f’)\‘]l,!,‘iﬂsllﬂﬁﬂ1iﬂ@'ﬂw% EJ\‘lvl,‘]Jﬂ'ﬂcl‘L!

9 < J ] Y J 3 4 1A ]
mummquu‘iwaﬂiﬂ NNUIN Glu“]f'NLﬁﬂ DS m1ny 56.2 1osisua Lm&ll’f]igfl&ﬁﬁ'lWWuUlﬂﬂu

v
a

2 = s 3 & = anAq 1Y . :
au’q{ﬂmi‘vmam DS !Wll'(,:’f\islluﬂ\i 94.2 Lﬂ@ilcﬁu@] Gluﬂlmzvlﬂiiu’mﬂclﬁﬂilﬂ spore suspension WU

De

a ~ s 3 L 1A ' ~ ] A4 2

Lﬂﬂi‘iﬂ!‘Wﬂ\? 66 Lﬂ’é)ilcliu@ ummszazna1wm”lﬂmm’ﬂuuGlumiaﬂawaﬂiﬂ Lll@ﬁ'utjﬂﬂii
-4 a ~ sd L 1A Y A ! " w -4

‘Vlﬂ’ﬁf]\ilﬂflilcliu@]ﬂﬁLﬂﬂIiﬂLWﬂ\i 33 L‘]JEJEL“]f‘L!G] IFURSINY DS ‘Vlﬂl,‘u"]ﬂ\il,liﬂmiﬂﬂ 15.5 L‘]JEJEL“]TL!GI

1 A 1 o A /3 SR A A = s L <
l,mma‘izﬂznmmu"lﬂﬂuaﬂmmaa 13.3 !,‘]Jf]‘il,clfuﬁ G]S\‘lliJE]Wi]TimﬁNl,ﬂfliL%uﬁiuﬂﬁaﬂi‘iﬂﬂ
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= [ = J Aan A 9 I o o 2’, T @
WUNUAWMNY 80.9 ¥Igan1N35WITN 1Y CF nag CE nlosiudlumsdudalsaminy 78.7 uag
-4 =
76.5 1oSiIFUA (13190 4.17)
[ Y

a1 lufnaaa frillice berg WU1AT5NIT healthy control LAZNTIUITN IdA81¥0 F221-B
v v v
13 3 juuu ldwumsnalsanwagusnvosmsnageu lsudugansnaaos uaz ludiu

ax &’ . 1A a = - e’g‘/ T
N354T gNIAe (inoculated control) WUIAMIIAATIADI 100 tloFIHUAAIUATIWITNVYDINITGN
A A ' 9 <3 1 1 [ Y J I s 1A
Wy g9 ldnnTudiuanusunsevesTsn Awud lugaansn DS N 68.4 1o 1FudLALlo
' 2 A 2 = P-4 A AxAq 1Y
sroznariullauduganisnaass DS Mugaude 97.5 nlesigud Tuvazinssuisnlddqe
a @ Y] o SJ_, o  J
spore suspension 11w a 11/ lufirnaudernunsnageuludnadana 2 @10Wug (cos uag butter
1 Y 1w J ¢ = 1 aa A 9
head) Tagwua1ewisnanlsaldniny 79.8 1esidua Fagana1nssuIsn s CFuaz CE
72 o & " o s3 o A

losidualumsduga lsaminy 73.1 wesidud (13190 4.17)

TagaginalnyuanNnufo antibiosis iIN512319100T5MATN 1Y culture filtrate 1A crude

9y a g

v v & = 73 ¢ A o L &
extract 11Halun158089T5AT904 68 110315 UA 1WBINIUNVNS 19 spore suspension FIUNIAS

sAAAA o ] g’; v o 9 S I o 9 2’, ~
Lmzﬁﬂmmmmmﬂuagmﬂiuuumﬂmwamﬂmﬂaswu@iumiawmqq
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v 2
M13199 4.17 52 ANTA MU0 UFD 51 non-pathogenic F. oxysporum F221-B Tu 3 31y (spore
suspension, culture filtrate 1182 crude extract) TUMIAIUANTIATINUIMALITIIVDY
v o da g 4
HNAaANIaUMaINFO31 F. oxysporum f.sp. lactucae (F422-G) Nilgnluansazae

‘ﬁW}’fJ”IW”ISLL‘]J‘]JLﬂW@Wﬂ”Iﬁ (aerated solution culture)

% Disease incidence % Disease severity % Inhibition in DS
(DI);/ (DS)i/ over control
Lettuce Treatment
7 14 21 28 7 14 21 28 28
DAI* DAI DAI DAI DAI DAI DAI DAI DAI
Healthy control 0 0 0 0 0 0 0 0 0
Inoculated (F422-G) IOOaU 100a 100a 100a 46.6a 60a 75.5a 85.7a 0
= F221-B (spore suspension) 0 0 0 0 0 0 0 0 0
<= F221-B (culture filtrate) N NNG/D2-T0— 0 QN 0 0
£ F221B(crudeextractof CF) 0 0 0 0 0 0O 0 0 0
B B (SP) + F422-G 33b  33b 33b 33b 13.3b 13.3b 13.3b 13.3b 72.4
F221-B (CF) + F422-G 44b 66b 66b 100a 13.3b 13.3b 17.7b 17.7b 68
F221-B (CE) + F422-G 66b 66b 100a 100a 13.3b 15.5b 24.4b 24.4b 61.3
Healthy control 0 0 0 0 0 0 0 0 0
Inoculated (F422-G) 100a 100a 100a 100a 56.2a 74.4a 85.5a 94.2a 0
F221-B (spore suspension) 0 0 0 0 0 0 0 0 0
2 F221-B (culture filtrate) 0 0 0 0 0 0 0 0 0
“ F221-B (crude extract of CF) 0 0 0 0 0 0 0 0 0
F221-B (SP) + F422-G 66b 66b 33b 33b 15.5b 13.3b 13.3b 13.3b 80.9
F221-B (CF) + F422-G 66b 66b 100a 100a 15.5b 15.5b 15.5b 15.5b 78.7
F221-B (CE) + F422-G 66b  66b 100a 100a 17.7b 24.4b 24.4b 17.7b 76.5
Healthy control 0 0 0 0 0 0 0 0 0
Inoculated (F422-G) 100a 100a 100a 100a 68.4a 79.4a 86.4a 97.5a 0
%D F221-B (spore suspension) 0 0 0 0 0 0 0 0 0
_§ F221-B (culture filtrate) 0 0 0 0 0 0 0 0 0
é F221-B (crude extract of CF) 0 0 0 0 0 0 0 0 0
E F221-B (SP) + F422-G 66b 44b 33b 33b 13.3b 13.3b 15.5b 17.7b 79.8
F221-B (CF) + F422-G 44b  66b 66b 100a 17.7b 17.7b 17.7b 24.4b 73.1
F221-B (CE) + F422-G 66b 66b 100a 100a 24.4b 32.4b 24.4b 24.4b 73.1

*DAI = Day after inoculation

Y Means of 15 replications in a column within each variety of lettuce followed by the same letter are not significantly different

according to Duncan’s Multiple Range Test (DMRT) at P=0.05

b1 2 ° Y A
“% ﬂ’]ilﬂﬂiﬁﬂ [Disease incidence, DI] = (ﬁ]’lujuﬁuﬂuﬁﬂqa'lﬂ'lﬁiﬁﬂ) %X 100

Y
UIUAUNINUA

o Y A o
Yo ﬂ’ﬂll?uuiﬂﬂ]ﬁ]ﬂiiﬂ [Disease severity, DS] = WA WU (mu’JuﬁuﬁL!ﬁﬂﬂﬂWﬂﬁIiﬂ X i%ﬂﬂi’ﬂﬂﬁiiﬂ) X100

9
FMIUAUNIHUA x 53AVINTFIGA
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9 [ 1

dmsuainsnsapan Tnveanyludnada butter head W lunssuisaruguy
a a 1T Aa [ A &‘

(healthy control) Wata3gyauilna lufalsa drulunssuiTalgnide (inoculation) Wriin1s
A a ) &2 A A A a A ' o q U1 3 Iy
WIay Ity Falnaduiean NN lsauazn g ULIIved 1saNge dawam 1nanimmin

1 (-7 o L} %l (-7 1 % %
AUUAZIINAA PV 8.9 1AL 4.3 ATUABAY LAZUINUAUTIAUUAZIIN MIDU 0.57 1Az 0.1 NTY
Ty A axAg 1Y . X = ] 2 J Y
ADAU TUUNENNTIUITN 1A spore suspension VOUFD F221-B (Ne0d10@8INUNE 10150 1
U a a 9 o ) o %l Ly Y d’ 1 A
mmssgan Ialuag uauly vinaly ase IsWad uaztminaaduuazsnganga na1ine
Y
Tuas Tu Guaugamsnaaod) wouasauluminy 20.6 lu vinalumny 27.3 wudmas uag
a 4 L% [ 3’/ 4 o a 1 %’ 1] " W
aae IsWad (MAY 35.2 991NN ULBIINITNITANDIA NN ATAVDIAULAZ TN N 46.2
o 1 Y ﬂo/ @ Y Y ' o @ 1 9 A
1A 9.63 NTUADAY LAZUIHUNUWIVDIAULALTIN ININD 3.2 1AL 0.63 NTUADAY T8IAINIAD
AnAq Y ik v Y [ Y o 1 9 ] <3 A
n35u33N 1% CF uay CE Taglaniminduaaminy 44.8 uag 45.1 nsuaedu 08191500101l
a = 1 a Y 901 Y] Y 1 g’/ Ax A "9y =~ ] =
W152109A1M 5093 8 TUA YRR HITNUATINYIINA 3 NT3UATN 1dae 3 Jiluuuiiissed1ufe)
151}1 A ] (% 1 Qd-d' 1 g 1 % g = 1
' lutianuuenanny daulunssudsild 3 Uuvvueuiesmniudes daurig Isanes WumMs

i
ad A

a A g’/ L=} 1 (% 1 19 . Y
wigueanylune 3 sunuludianuuanarenu ualunssuisnlaaie spore suspension vz ¥

o @ Aa an A a2 1w [ A anAq
ﬂ”l'iil”lﬂuﬂﬁﬂﬂﬂf‘lﬁﬂuﬂiiﬂ’l‘ﬁﬂu Iﬂﬂmﬂ%‘ﬂ]ﬂ’u 40.7 NIUADAU Gluﬂlm%ﬂﬂiiﬂ’)‘ﬁ‘ﬂclﬁ CF uay

a0 v o 1Y ' 3 A ~ o/ Y ' A A
CE T um1nu 38 ag 36.7 niuaeau 061 lsnauiiedssiliuanimingaudmunlunssudsn
9 glz = 1 [ aa d' d‘
143 3 gUuun Tulanuuanasnun1eana (13199 4.18 HaznInd 4.25)
dmsuludnada cos WM 1UNT585AIVAN (healthy control) Wasa3aya 1w 1na Taj
a ' an v - . A~ = g 9 =2 A A a
nalsn aaulunssuasUgnire (inoculation) W¥NNFIYAD TADY BAUNATUIHDININAITINA
H 1 o 1 901 (%] 1 U U 1
Tsauaganuiuusweslsangs dawavhldaniminduuazsinga miny 10.9 uag 3.62 nSuaAo
Y 2 @ 9\ 9 1 o o 19 A anAq 1
AU LAz IMUNUTIANLAZIIN MINY 1.67 1A 0.45 n3uaeay Tuvazinisudsnlea 3 3uuuy
dy 1 a a A g}.: 9 o a 4 %} @
YO UFD WU MIaYAD TaoansnInenuiuIuly vinaly aae lsWaa SPAD value 1niin
£ A o ) = "o PR o v o
AARULALIIN TINIIHUNUTIAUazsIn Tulanuanaeny Taelianhminaadu minuy
o 1 Y 1 Aan A 1 d” 1 [ dy 1
74.1, 72.4 uag 71.9 nfuaeau daulunssndsnld 3 jluuuresuiues1aumeg 1sa wuns
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g lumuihminga lulinnuanaianu Taeliauniny 65, 64.2 1ag 63.6 NTUADAU (A1519N
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4.19 UaZNINN 4.25)
1 @ @ R . = 9 a = [
druludnada frillice iceberg Han1snaasetiuul Ivinldlufaniudernuns
Y
naaouluna 2 Wy TunssuIsAruau (healthy control) Amasyamlnd lumaTsn daulunssuids
- . A a a Y} X A A A a
1gnie (inoculation) W¥LN5ATYAD TABE FIUWATUILBIINNINATIALAZAINFULIIVDY
dl 1 ) Y % I} 9 1 (% [} 1 9 %’ [} Y 9
Tsange aawam A nivindutazsInaa Ny 5.74 uag 1.23 nSUA0AY LAz MInUAY
Y o 19 A AaAq 1 & '
1agIIN NN 0.28 uag 0.21 nFuaeaY TuvuzNnssuIsnld 3 gluuvveude Wy N3
a a A 3’, 9 o a 4 %‘ v 9
I n Taaeansnainausiuiuly vualu aaeTsWad SPAD value MmiinaaduiazsIn
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o 1 9 1 Aan A J dy 1 [ dy 1 a 9
22.5 nsuaeay dilunssudsnla 3 jdunudesunudesiauralsn wumMsIyluaiu
v 1 1 (-7 1 1 -7 Ql 1 H
Wminaa lulianuuanaiany Taelauniny 18.2, 17.7 uag 17.3 AFUADAY (13199 4.20 U
NN 4.25)
A Y a A dy (B 9
Tagazninmsnaassausoduduilszansnmvesgiuuude luez 1d5uuy
X Az & . dq ¥ A
Y0150 N1 UNY spore suspension, culture filtrate 118% crude extract N 1A luNIIAIVAN TIAHYD

uazsahluszuulgaiisuuylaTas nfind 18 lulinnuuanareiu



v 1 4
3197 4.18 M3sAn Iavesrnada Butter head 71 1851N13 16159351 non-pathogenic F. oxysporum F221-B lu 3 31111 (Spore suspension, Culture filtrate

&' ) { CY 4
18 Crude extract) uazﬂgﬂwaﬁ Fusarium oxysporum f.sp. lactucae (F422-G) ﬁim@ﬂiﬂﬁﬂm"nlaSLﬁEJ’JGUE’NWﬂﬁaﬂ Gluﬁﬁﬁza”lﬂ‘ﬁiﬁ]ﬂiﬁﬁ

(solution culture) ﬁmq 457

Plant growth parameter

Chlorophyll content Fresh weight Dry weight
Lettuce Leaf number Leaf size (cm)
Treatment (SPAD Value) (g/plant) (g/plant)
24d 31d 38d 45d 24d 31d 38d 45d 24d 31d 38d 45d stem root stem root
Healthy control 753"  132a  14.8ab  15.6ab 9.6ab  1l.5a 13.6b  22.6ab 239a  254a 333a 34.3a 329¢  8.48ab 2.39ab  0.55ab
Inoculation (F422-G) 6.4b  8.33b 4.66¢ 3.11c 7.2¢ 8.44b Tc 6.5¢ 16.8b 18.5b 17.9b 12.2b 8.9d 4.3d 0.57c 0.15¢
= F221-B (SP) 7.9a 14a 16a 20.6a 10.7a  13.1a 16.3a 27.3a 28a 273a 35.5a 35.2a 46.1a 9.63a 3.2a 0.63a
§ F221-B (CF) 7.6a  13.2a 15.4ab  19.6ab 10.5a  12.4a 14.5ab  25.4ab 25a  26.5a 334a 3l4a 44.8ab  7.84b 2.5ab  0.59ab
;g F221-B (CE) 7.6a  13.2a 14.3ab 18ab 10a 12.1a  13.1b  23.6ab 24a  26.6a 3l.6a 3l.6a 45.1ab  7.35bc 2.22ab  0.54ab
A F221-B (SP) + F422-G 7.6a  13.1a 13.8ab  18.lab 9.77ab  12.6a 13b 21.1ab 259a 258a 31.8a 31.8a 40.7b  7.04bc 2.62ab  0.59ab
F221-B (CF) + F422-G 7.5a 12.8a 13.6b  16.8ab 9.77ab  12.2a 13b 20.4ab 246a 25.1a 3l.5a 30.la 38bc  6.86bc 2.37ab  0.48b
F221-B (CE) + F422-G 7.6a 13a 13.4b  16.7ab 8.55ab 11.7a  13.4b  19.8ab 234a 232a 27.]a 283a 36.7bc  6.02bc 2.07b  0.47b

" Means of 9 replication in a column followed by the same common letter are not significantly different according to Duncan’s Multiple Range Test at P=0.05.
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4 a a t% [ {) Yo v A . .
M5199 4.19 ﬂﬁ!,i]iﬂJul,GmIG]ﬂJENNﬂaaﬂ Cos Nlasumsla¥es non-pathogenic F. oxysporum F221-B Tus gﬂgmu (spore suspension, culture filtrate L

&‘ ' ] Q/ v 1
crude extract) uaz‘ﬂgﬂmaw F. oxysporum f.sp. lactucae (F422-G) mmqiimmmmamﬁmmaQwﬂﬁaﬂ 1%@'15@13ﬁ"lfJ‘ﬁW}i’)”l‘l’i"liL!‘]JULﬂ"l@Wﬂ"lﬁ

(aerated solution culture) ﬁmq 457U

Plant growth parameter

Chlorophyll content Fresh weight Dry weight
Lettuce Treatment Leaf number Leaf size (cm)
(SPAD Value) (g/plant) (g/plant)
24d 31d 38d 45d 24d 31d 38d 45d 24d 31d 38d 45d stem root stem root
Healthy control 12.7a”  18ab  213a 23.5a 83a 1l.5b 15.2ab  22.6ab 343ab  30.5b  36.8a 37.lab 57.6ab  8.31b 3.5b 0.64ab
Inoculation (F422-G) 6.8¢c 10.1¢c 8.8b  53b 7.2b 8.3¢c 6.7¢c 8.5¢ 29.6b  23.7c  247b  12.2c 10.9¢ 3.62¢c 1.67¢ 0.45b
F221-B (SP) 12.7a 21.7a 22.2a 25.4a 9a 14.3a 17.2a 27.3a 36.6a 30.2b 37.3a 40.9a 74.1a 11.4a 5.96a 0.72a
8 F221-B (CF) 11.8a  20.lab  21.6a 24.5a 8.6a 124b  14.8ab  25.4ab 33.8ab  34.9ab 37.1a 37ab 72.4a 11.4a 4.81ab 0.69a
© F221-B (CE) 11.8a 19.8ab  20.8a  22.2a 8.5a 11.7b 12.4ab  23.6ab 32.5ab 38.5a 36.4a  35.2ab 71.9a 11.3a 4.59ab 0.68a
F221-B (SP) + F422-G 10.1b  20.2ab  21.1a  22.6a 8.lab 11.2b 13ab 21.1ab 35.4a 31.8b 38.5a  37.2ab 65ab 10.6a 4.48ab 0.69a
F221-B (CF) + F422-G 11.8a 19.7ab 2la 22.2a 8.2ab 11b 12.7ab  20.4ab 344ab 33.7ab 35.1a 35.8ab 64.2ab  9.24ab 4.24ab  0.64ab
F221-B (CE) + F422-G 11.8a 19.5ab  21.3a 22a 8.lab 10.8b 12.4ab  19.8ab 33.9ab  32.3ab 34.6a 33.7ab 63.6ab  9.22ab 4.29ab  0.60ab

¥ Means of 9 replication in a column followed by the same common letter are not significantly different according to Duncan’s Multiple Range Test at P=0.05.
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v H 9
A15199 4.20 M3 AD Tavesrneadn Frillice icebreg N1 1451N15 1813031 non-pathogenic F. oxysporum F221-B lu 3 3111 (spore suspension, culture
g ] { X U
filtrate 418 crude extract) 1azUanI¥0I F. oxysporum f.sp. lactucae (F422-G) e 13nsiniiaziiedvednnaan 1ua1sazalos19e1nig

wuvuheine (aerated solution culture) ﬁmq 4571

Plant growth parameter

Chlorophyll content Fresh weight Dry weight
Lettuce Treatment Leaf number Leaf size (cm)
(SPAD Value) (g/plant) (g/plant)
24d 31d 38d 45d 24d  31d 38d 45d 24d 31d 38d 45d stem root stem root
Healthy control 752" 9a  134a  15.6ab 8ab 8.6a 13.6b  18.1b 222ab 22.5ab  25a 30a 15.5b  3.55ab 0.37bc  0.33ab
Inoculation (F422-G) 6.8ab  6.1b  4.6b 3.1c 6.8¢c  5.6b Tc 5.4c 1976 14.8c 16.2b 12.2b 5.74c  1.23c 0.28c  0.21b
éﬁ F221-B (SP) 7.6a 9.la 15.2a 20.6a 83a 8.6a 16.3a 23.7a 26.4a 274a  29.2a 35.2a 24.6a 4.8a 0.71a 0.39a
—‘1.3 F221-B (CF) 7.8a 9a 14.7a  19.6ab 8ab 9a 14.5ab  22.7ab 21.4ab 223ab 269a 3l.4a 23.2a 4.27ab 0.67a  0.33ab
é F221-B (CE) 7.3a 9a 14.3a 18ab 8ab 8.6a 13.1b  21.2ab 19.2ab  19.6ab 25.5a 31.6a 22.5a  3.74ab 0.67a  0.28ab
E F221-B (SP) + F422-G 7.7a 9a  13.8a 18.1ab 8ab  8.5a 13b 2l.1ab 22.6ab 22.6ab 24a  31.8a 18.2b  3.88ab 0.67a  0.32ab
F221-B (CF) + F422-G 7.2a  8.8a 13.6a 16.8ab 7.8b  8.4a 13b 20.4ab 19.8ab 21.3ab 23.7a 30.la 17.7b  3.74ab 0.63a  0.29ab
F221-B (CE) + F422-G 73a 85a 13.4a 15.8ab 7b 9a 13.4b  19.8ab 18.4ab 20.7ab  23.3a 3l.4a 17.3b  3.67ab 0.58ab  0.30ab

""Means of 9 replication in a column followed by the same common letter are not significantly different according to Duncan’s Multiple Range Test at P=0.05.
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Y ]

[RIIANUADUNISNATOUIFDT1 non-pathogenic F. oxysporum SUADUS (Park ef al., 1988; Abeysinghe,
2006; Nel et al., 2006)
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Tsany (Alabouvette and Couteaudier, 1992;Benhamou et al., 2002; Fravel et al., 2003; Abeysinghe, 2006;
k2
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Wowes1lunssuATAIugUes YNNIz eUTe (9 TunaInsgnide) lavinisanyinaln
. . dy dy 1 [ = A 1 Yy 9 4 U =
exploitation 191D IMTAEUFDIWNY (dual-culture) Fuilodoimolandosgansseni wu lifims
o 4 @ 4 a 1 o o =) v I
rhvihaneduleve e F221-B nuiesidung Isanng sdamhmsihnimadey luvuzi@eanun
9 H [
§93iM 358U ¥07 non-pathogenic F. oxysporum Fo47 Anvna'ln antibiosis taz mycoparasitism 1
= o 4 [} < 4 o o
Hnalum s an oo 51 Pythium ultimun (Benhamou ef al., 2002) 8814 13nA o dUnadIa LMY
Y 4 dy = < Lo/ a a J dy o
wulonazalesveurosianng lanlagazidea nwunlanuaalndvessiesiyes) 11uau
5 'laTaan Ae C11, C12, F113, R11 taz R12 Tagamaziinaninnmivaalassaisuuy liszimeves
dy dy dy =gl [ Y v Y a a arA a @
o1 F221-B a9 I luems@euse Jeawam ldanvazidulonaanuialng fe inamsuiu vin
a ' = o Aa a S A J = o =<
0 Anglin Tuvaz@enuanuialnavesaies Ao aesuw I lvavesls Tnnardunelu
o J I 9 = Y o : AN Y o
panuINAIaLes ITuAYN FeaoandoenUATITI1891UUDY Rodrigez ef al. (2006) A IANINTNATOU
9 1 v Y
17951 non-pathogenic F. oxysporum S6 WUINAMNTOEITE319 cyclosporine A HI@13AIna1INFo a3
2 9
pziinalumsdudinaniguoutesianialsala
9
11U IAn1152 ANSN M0 UF0 51 non-pathogenic F. oxysporum (F221-B) Tunisaaunu
H 1 F Y
Tsateanaz INUANTUNAUINNT0 F. oxysporum fsp. lactucae (F422-G) Tuinaaani 3 wia
d' 1 = a QU =)
(butter head, cos 11 red oak) Ngnludisazarsuuuiheinma Taslinisdssiiuszaumsinalsn
Y
(Disease incidence) 1aZAMUFULTIVDI15A (Disease severity) TINNINAADNITAT AL Tavo a1y
o ¢ v & &
nndilad annsnaaesraInsUgni¥eang 15AR81%051 F. oxysporum fsp. lactucae (F422-G)
I o 1 o o g’; A a 1 ] J 3 4 ]
a7 3 wunludnadans 3 silamalsa ogluria 32-64 nlesisuduazanugunsveslsneg
1 J 2 14 @ @ a A o [ ax A 1 c&’
Tuaa3 23.1-56.1 wlosidud Tagrnadn Cos iNalsauIniga d1MsuNITNITN1A1F031 F. oxysporum

(F221-B) linumsinalsadaldnafouminunssuas healthy control (W¥§uasauilnd) adulu
y g
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v Y
A5TNITNIATINAY (F221-B+F422-G) WU una 13a1 0811919 3 W9 (butter head, cos 11a2 red oak) D
72 @ A . =2 o A o A 2
3.3,9.9 uag 132 nlosigud uaziiioszeznawiullaudeiun 28 nasmsdgni¥e (@uganisnaae)
, ax & Eo A~ 22 @ a A 2 = sl
WuNlunssuIslgniae F422-G luna 3 Wsinlesiguamsina Tsaiugauuds 100 nlosiduduay
] 1 - d add’ 1 1
ANNFULIIVRAT3ABE1UGIN 69.3-95.7 osidud adulunssuasnld F221-B+F422-G WUWANS
9 1 ~ v v W P Aan A 19 afdy
naadlinaminaaouragINuAudla1vn 2 uag 3 Tasajdnssuisnladleaodiye F221-B
~ ' = 2 R 2 ' a ~ AnAq 1 o A
B9 E1UAEIAWATIUTNIUAUFANITNAADY Linumanalsn luvazingsuisnlasunude
T A Y ' an dy a Z’,
aung lsanuiunalsauazanuguusaesennlunisuisilgniae Tasamusaaamanalsnluns
=4 Y 1w d 3 J 9 @
3 1% (butter head, cos 1A% red oak) IAMINY 64, 70 uaz 85.3 (/o3 1F U apandoanunizsieauly
1 ~ § Y A ¥
a19szinan lanado 951 non-pathogenic F. oxysporum e1ougou luniniuau¥es1a1umeg
Tsaluau ldvarewtia wu TsamieinnaluyzWomanazwasu lueSuaa (Alabouvette, 1990, 1992;
A &Y 9 @ ..
Alabouvette ef al., 1993,1996,1998) Tsatrienlurinuay linen1dysedy (Fuchs er al, 1997, 1999; Duijff
{ v
et al., 1998, 1999) waz Isarenlunaie (Nel ef al., 2006)
1 F
Lﬁ@ﬂ33LiJuﬁﬂﬂﬁll1mﬂ31hﬂgiﬂ@ﬂlﬂ\‘ll%®ﬁ F. oxysporum £.sp. lactucae (F422-G) WU
=Y A 4 5 4 o o a ] o 19
Psnmisuauresdiles (3.2x10° spore/ml) taziieyimsns 191 ulmnuegienvosaos 1w
Y A o 1 =y [ dy an dy
q4AMeUIN1INAADT (WFD1Y 45 T1) WuNYSWIuAINegTeaveude lunIsuIT Mo dvg T3n
- " s X oMY A\ T
(inoculation) N/3u1maNNegsonvesaodyeludnaaains 3 a1eWug (butter head, cos 1A% red oak)

v
ad A

g 11473 1.8-2.5x10° spore/ml waziiieifSeuiionnnssuas i 145 mnus21a1e F221-B 1z F422-G
1 =Y dy A A d' 9 1 dy =y 1
wuMfsmaveuresaung lsa F422-G Nilsmaniesniuies F221-B lasnuilSuaanuegson

v Y A
MR 0.3-1.3x10" spore/m! TuaaieM¥e31 F221-B wunydsunudinaladidesdunis 1aes1 F221-B
=\ 1 = né S A 1 L% 5 & 9 %
Mea9819R ) FIUUFUIUAMWOEIDANINY 1.1-2.2 10" spore/ml FIAOAAADINUMTTIIUVD T
v 9 Y
A191 52N ANNDIUTO 51 non-pathogenic F. oxysporum dansognioluszuunsluaisazaiosinewis
waz luuSnaas NN (Ghini ef al, 2000; Paparu et al., 2006)
) [ ~ dy Y dy 1
disumanaaoinlgaloa e 1sAAI815931 F. oxysporum fsp. lactucae (F422-G) Wi lu
9
N33U35AIVAY (healthy control) W13y N nd drulunssuiTignive (F422-G) Nrlinas
a a 9 = A A d' a ~ 4' = An A 1
Iy Iates FINHaAVII0I91INMINA T3Auazn1Ng LTIV 15ANG HazliagdanssuATN I
9 dy [ [l a a a A g’/ F) o a 4
A9 F221-B nunaudsumsnigay Inveanananwaiudiuiuly sualu aaelsiad SPAD
% @ Y Y Y = 1 [ ] A @ o w aa d' =
value utnaauaziIveIduLazs I Tiraauazuanawnued e livsdinynadawenfioumey

o an o . ax A v Yy 3 o
mJﬂi‘Jil’J‘ﬁ‘lJQﬂl,‘]fE] (inoculation) HAZNTTINITAIVAN (healthy control) NA1IND Twaludnniminaa

H Y Y
AoAugaNgalune 3 NnadoUAe butter head, cos 1z red oak 1IN 115.9, 192.8 1Az 198.4 N3N/
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Au Taon35u35AIUAN (healthy control) Ht1miin 72.1, 101.7 nag 113.3 nSw/du naznssuislgnie

dao} v [

(inoculation) 119N 24.5, 7.2 wag 37.6 nSuw/du luvaennssuIsnlawes) F221-B+F422-G lvian

v
%’ % A 1

mansyaihminganannlugaaiugu Ao 107.7, 166.5 uaz 151.1 NW/AY F0AARDINUNIS

IS ~ 9 dy . . ' 9 a a
iwmusluﬂizmmgﬂuﬂ ANATDULYO I F. equisetic GF191 'IN‘U’N?HMTB'E‘Iﬂigﬂuﬂ1ili}§i‘£‘lmu1ﬁﬂﬂﬁ

3

< v A

Y A o Y Y . . Av A Y o
Aunzvoman1 1% A WU 9159 (Horinochi ef al., 2008,2010) Hazdalidnrales 143981 1891013
Y 1
nagouAneMINYo U NAWITDFIONTTAULAZdUATUM T WA Tavo W (Patil e al, 2011) Tu
=) @ <3 = dy Y a a
vuzdoanumeludsama lnenwuninisnageuanuamsaveuye lumsnszqumsnsgdua
YOINYTI1UIU 6 ¥iA A ANAAA cos, green oak, butter head, red oak Az Az DA Nlgnluszuuy
a 4 ana
lalasIniind 14 (FAuaznaly 2556)
\J d’ a A d' 9 dy &' 1 o g}z a
auil 3 InmMsnaaeulsz@niaimues CF Nlanmineuso F221-B aomsgusin1sas gy
g o =)
mmﬁ’uimmwmwmmqhﬂ 31U 10 910 A® Cwrvularia sp. (C11, C12), F. semitectum (F113),
F. oxysporum f.sp. lactucae (F221-R, F422-G), Rhizoctonia spp. (R111, R112, R113) 18 R. solani (R11,
=Y 1 (%3 g
R12) 1827 agar well diffusion assay #WUI1910 2 ANHWUUDI CF Y0 31¥051 F221-B (cell free culture)
Yy A &y y X g A Yy Y 9
Tae1% mircro-filter K50 NTHUFDAIBANINTOUFU AUATON autoclave LAAI TAHUIIA WA NVYY
o g’/ a j} g’/ <3 1 @ g
Y99e13 CF dina lunsdugsmaniamaduleveasesininua lnssziimausagaluie R11 uag
& P VT A v Y T P
R112 FudloSisud lumsgugan1193 g adu lououronavua 110 6-39 11lo515ud uazau
Y 9 Aad A s & . <
[WNIUYDI CF Nangano 80 az 100 lasidua Taglu®os1 Curvularia spp. (C11 1azC12) iHuany
[} 4 I 1 g Y a v 1 &}
WugNooueae CF U9d¥051 F221-B d0And0Inunalen 11uITef ldnaden CF 91n1%0 non-
2
pathogenic Fusarium Gl,uﬂiiﬂ)ﬂﬂm‘ﬁ@ﬂﬁ%ﬁ@ﬂiﬂﬁ% (Benhamou ef al., 2002; Halmann and Sikora,
i p
1994; Khurshid ef al,, 2014) 11a£910N1551891U VYD Tayung ef al. (2010) WU ¥ 3o u Tl
o a o c;y/ a &} @ <3 4 o
Fusarium 810WUT MTCC-9622 @11150HAAE156UEINIT05 Y8 UFDTIMAINTAUNEITIUIY
a A Y= s @ J
3 YUA AO Fusarium oxysporum, Aspergillus niger Q¥ Rhizopus stolonifera 1804 50 Wosiwua
Taga1anIsmanaasslaenisld culture filtrate (CF) 5 52AuANMdNIURLANA19AY 910
1A o 2 g o 1
MINAaRINLNITMIM IR CF Unannaauilon (dulevseailes) Tasls auto clave lueuise
o q ¥ a a A A = P} 9 Y} = a
mlddszansmmvesasiegnmelu cF idonaats’ly Daudazldnnudosgeds 121 osauaaidod
FudonSeumeununssuasnldnunag Tdlude s a3 (mircro-filter) wu1dsz@nsan
9Y A [ v ] <3 Aa A o 2’, j’ =\ 9 (=1 S I 4
TndiReeny uaedralsnamlszdninmlumsdudureliuur Tduegiies 40 osidud o199y
A ax &} 2 A ] [ a =K o Y A A A 9 4’{
(H99910ITMINUFOHFIN T oz UU Tz 2 wrudamas 33 limsnanseznasuimi lviae

£ ) 1 o q ¥ g A A ' A = K
31@1’]!1(?@@']@\‘]1%!3@“!:@1333EchVI'Nﬁ\?Wﬁ1’]’]11(?111514“53!“8143@!@’@Mﬁa’]ﬂﬂ@umﬁ]gﬂ\u%@ﬁuwﬂjﬁﬂ
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Y
1 1 4
aaulun1snaaey CF ¥991%031 non-pathogenic F. oxysporum (F221-B) Aon1530nvoaos
Y
Wosraura1sa 91U 5¥iia A0 Curvularia spp. (C11,C12) 10875 spore germination test 910115
¥ X ] A o A qu . A R
naaoluaseil 1al¥ CF 9nmsnaansi 4.4.1 910 2 aNBULVYDI CF Ao 19 micro-filter HION153111%D
F 1 9
A10ANIDUTY AI0IATO autoclave WUIMNTEAUANUAUTUYDI CF AduA 20, 40, 60, 80 1AL 100
- a8 a o & s & .
wWeosua Uilszansamlumsduginiseenvesatosi¥os F. semitectum (F113) 1 F. oxysporum
A J Vo - < '
f.sp. lactucae (F221-R, F422-G) 52821701 12-48 $2 114 191101 100 1o 515ud 0619 15naiuludiu
2 Y v
YOUWOI1 Curvularia spp. (C11, C12) WUNTEAUANNANTUYDI CF 1010 F221-B 11 60, 80 1@z 100
3 o o & 29 ¥ I Y o 3
Wosisua eunsadudinssenvesatesla 100 WosiFud aauanuduIy 20 uay 40 @NTaFUH
' ) 4 A ' o v 2 & 3 A '
1aTuanasn dwdlesnnnmsszmeiiios dewarhddususosiamg lsn laisuaniios gellnn
g’u S A 1 an A 19y 1 @ Y 9 a a 4
uatesnnuluuaarnssuisnladieas cF luunazszauanududunuanuialnfvesatles
A < Y 1 < 9 o Ao 1 A ~
Ao vy uanaate 1uau ed13 lsnauaeandeanuaulseluaalssmanaie (3eeinaaoy
9
culture filtrate TUN3AIVANTOT 1A 13ANY (Aydi-Ben Abdallah et al, 2014; Sonawane ef al., 2015)
\ a9 ) ;
11AZ91NN531891U89 Ahmed Sheikh (2010) 719 CF vou¥031 non-pathogenic F. oxysporum §14130)
@ g}/ a dy A Y J 2 o
JUYINTIVUDNUYBUUANLIY Staphylococcus aureus 16 50 weosiud

Y H [
MInM3dsziiulszansnmans CF 4995051 non-pathogenic F. oxysporum (F221-B) iafiga

9
v

ad . . o d 3 o U @
1u3$n15 agar well diffusion assay 1g1i1 culture filtrate AR NTY 100 o515 uan1 9113606
dy 1 ' % U dy ad dy
031 F. oxysporum f.sp. lactucae (F422-G) R TRRNATE BXIEEY (7 ’Juwmmﬁﬂgm%a) ﬂiiiJ’J‘ﬁ‘ngﬂ!ﬂfE]
~ 1 Y a [ S 3 4 [
a1 3o (F422-G) na liina Tsaminy 64 10931506 nazaugunsIued 1saminy 56.1
2d Sl w v o Aqy . X ' sl o
wlesisud dmsuludnadanladie CF uag spore suspension Y0051 F221-B Wi ulosidudnis
a J I < Y 1w J I 4 o w
nalsa (32 nag 16 1o didua) azaNuguLs 1031310 1NN 6.6 LAz 3.3 Mosidud audiau
' < A ' = an A /2 A A 2 g
pg13 lsnauieszoznatriu laude 14 lunssudsilgnise wurlesidudmsina Tsamugevuiy
/3o 2 = s a7 A 2 o
100 losidud tazauguused lsamugavilu 68.3 osimud tazwoauganianaaed (28 Ju
o dy ] [y S 3 S Aaa A (]
NaIM31gnNiFe) WuANNTULTVI IsAammny 93.6 tesidua aiulunssuisnladie CF uag
. & A "y Y 73 oA
spore suspension U99LTDI1 F221-B mmmmmmgmmmaﬂiﬂmmuazimgm”lﬂ 90 1losiguaLile
= v Aady
SeumeununIsNATAILAN
) [ 1 a a A = Y o a 1 o
disuamasaan Tnvesis d9lainsszdivonnarvesiiuauly vuraluuay
a) 4 1 ] dy A [ ad
Aaeo 157 aa (SPAD value) WU1%03n09n151gMide (Wyo1g 24 11)1un35u35AIUAN (healthy

k2 1
control) Wanasyawna daulunssuisignirest (F422-G) wWadimsnsgauTateonssuitous

TagTiauniny 2.8, 2.5 uag 16.4 a1ud1eu Iuvaennssuisnldadle F221-B v 2 dnvate (CF uag
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. =\ 1 = FIA [ tﬂy 9y a d‘d ' ad

spore suspension) [g498191A87 LazNs 1FTmnUTo 1@ una 15aldwa 1 lunansi@ninssuis
am ,i’ A 1 Qy =}
A2UAN (healthy control)itazn3suATUgNIFe naziiloszeznaiiiu llaudugamsnaaos (Wwe1g 45
@ < a = v W 1 1 A an A tﬂy
IU) N'ﬁfﬂ‘i“ﬂﬂaf]\ilﬂuhlﬂcluﬂﬁ‘ﬂNLﬂﬁl’Jﬂuﬂ‘UGIf'J\HL'iﬂ"U’ENﬂWTVIQafN ﬂﬁW?ﬂ@ﬂiiﬂJ?ﬁﬂﬂgﬂl%@‘ﬂ
[ a 1 <3 1 %’ Y [ [
auva lsanuamnsesgtes Tasezmiulaninaniminaauesdunazsin (4.25 uag 0.82 nSuaAo
andad

v H o v o 1y A A ¥
AU UASUINUNLNN (0.21 1AL 0.02 NTUADAU) Glumﬂ!%ﬂﬂiii]?‘ﬁﬂﬂﬂq@iuﬂ’l'ﬁﬂ')ﬂﬂﬂiiﬂﬂ@ﬂ'lﬁclﬂf

Y
culture filtrate 118 % spore suspension 1aafinan11ia1n1sTaanIa nes1uauly vuialunag

e

Y

a o T @ o w " o o a,
aaelsilaa (SPAD value) 10U 23.4, 28.4 1ag 42.4 Ua1AU tazAnnUnaaauLazs 1IN unssuIs

=

[ 1T W (% [ 1 g o Y] Y] [
#1ad1e culture filtrate 1910 112.9 1A% 13.25 NTUABAY FIUNIMINURAUNIND 5.4 11820.58 NTUAD
du wazlunssuIsnlaae spore suspension IHHANTNAADIADAAADIAUNINATDD 4.2.3 NA1IABM

4 d‘d 1 == 1 ] = 1 %
msnsgesiyludnniminaalinananiinisuasaiuguinnnat 2t Tasliaumny 167.62 uay
1 1 1 % v 1 (-3 % ] %
17.28 NFuABAYN @IUA MRV SN IAY 9.09 AT 1.6 NSUADAY TOAAGDINUNT
[ 9
51891UV04 Patil ef al. (2011) NF18UIIVINNNS 19150 non-pathogenic Fusarium oxysporum 6 1o lsian
a ~ 3 A Lol o ° a3 o

annsnaamsnialsn laiield 70-100 Woesidud o lUniniudienmnsalvidunsemea J1iwmin
A4 X
SATR Y

v 9

UM 4 919P1INATOUNITIVIATOVATITINUDUFDT non-pathogenic F. oxysporum
&’ % [ d' a 4 1 &’

(F221-B) waziasnaune 1sn F221-R taz F422-G Turnadanlgnluszuulalas Intind wuduwes

9 Y [ &} 1 Y a @ A ] <3
F221-B a5 00150 ua509510 laanaudesiauna lsauaz line Tdina Tsanuns od19 15aam
% &l 1 U
ANBATMTNIATOUATOIVB IR F221-B N1l 2 dnbaizAe epiphytic colonization 81 endophytic

[ Y] D &’ v = jj
colonization IAgnaIINMIUVLSMIMVRWFET1 F221-B nunifSuaveadeszanad ldauszeznm

| g 1 % 1
VYDINTTVNLYD epiphytic colonization (N1HV 0.29% 10’ 1% 0.54x10° CFU/ml 91 endophytic colonization
T W % o= [ g o [
MU 0.6x10° CFU/mI ludla1ni 1uaz 3 naenisdgmae mud1d doandoanun1ssoa1uyes
1 j’ 1 &I
Paparu ef al. (2006) WUIL¥BT1 non-pathogenic Fusarium 81¥150191ATOUATBITINNA 28 1AAN IO
K2
A . p
auig 15a 1a81%0 non-pathogenic Aot llerdooglusniis 1@ Tunssive usosiaumg Tsmd
1 o oA " W
AsoUAs0dIAtenI1 F221-B Tasludda1iii 3 1 F221-R 511D 0.23x10° 1t 0.16x10° CFU/ml Tu
[ < S j o =Y {

F422-G o lsaaulsmavesdo s imadeunanuandinsianuunigaludisaza1es1ae 1115w
Taedia1og1usa9 1.74-2.2 x10° CFU/ml dwmsudnsazduisinulunssuisnldaie F221-B duily

a A A o Y A ] ' an A 1 g A gﬁ A
Undlunalse uazlanvazduivgnnlunssuisnld@enauva Isanwns 2 loTaan AoF221-R
1Ay F422-G a9And09nUN1TI1891UUD Olivain ef al. (2003, 2005) H11AN1A1TNAAD VAT LA

Y Y Y
ATOUATOITINNYYDIUFD non-pathogenic F. oxysporum Fod7 1az1%051a 119 15 WUI11%0 Fod7
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) Yo 1 y & o <
gsornseuasessin laanimslf¥eaung lsn uazannissieauludnuaiton Uszman
<3 a [

T lunemafedny
Y

INATNATBUMSITINTOUATOIVD DI non-pathogenic . oxysporum (F221-B) 1ae
tﬂy ~ v A % Y 1 dy
oI 1A une 19AHed 2 eRUg Ao F221-R uag F422-G Tumuluveddnniiede wururesiaume

g o & Y a A a Vo P

Tsans 2 aneug nelwinalsauiniiga Taslinuguusavealsa M0y 82.5-100 e sidud au
dy 1 a [ 9 1 1 dy A 9
1951 F221-B ldwueinmanalsn dunaldaninamaieeinislsa uagmskuilo@oninluniiegs

Y 1 1 Y

vonnnHvNAURaNNUTVIG 3-4 wuAnag Tasanvazeimsvesunaluiun 5 vainslgnive U
dy A A a9 dy gl./ a 1 = dy
91MYUAIVDAULBITDNY tazliaulevo ure s Mado UNIHNalnnguUT ALK na1fe luFes
? o g v & A A . VR A
auvigTanna 2 arewug wuauloogniniglunaznieuentiiowe (intracellular tissue) eI U1

[ axAq Y dy L/ dy A A Y v

wanlenssuasnleae51 F221-B WU macroconidia e 110180 U0INs §8ANADINUNITNAADY
1 9
Y93 Eparvier et al. (1994) Felanagouiye non-pathogenic 334N pathogenic Iﬂﬂ@ﬁﬂ‘]&lmzﬂﬁmﬁ
Y kY
ATDUATBITINVBDINYWLI BN 2 ¥HATWITAVIATBUATITINNY 1A uaINNITNAd VR8T
9
Elisa 1ta2 Gus transformed WUANHUE NSV IATOUATOITINUD non-pathogenic 3J1ﬂﬂ31l°§f]i1ﬁ1l1’iﬂ
Tsaua lunevina Tsaludlsnaasi
Y ki
INMIATIRADUMIVINTOUATOIIANYUBUFDI1 non-pathogenic F221-B L1a1¥051 pathogenic 2
Y4 % [ 9 4

MYNUT (F221-R 1A F422-G) lusinihaaa 3 TIYNUT Ao Cos, Frillice iceberg Lai¥ Rocket Tusgvy

a o 1 ¥ g’/ @ 1Y [

laTas Tnilnd Wy naaeUNIMNaaTatnATaUAToIsINANaanly 2 dnbae Ao epiphytic
9
colonization 118% endophytic colonization 18 d1m5unsnageulusIwsn (7 Jundanlgniye) lusin
o " A ) v v o R a g
aa9 Cos WUIFDT1 F221-B @113 0101A50UA509310 18 IndiAeanuidosiaung Tsnnesna 2 1o la
N (F221-R 1ag F422-G) uadiuud 1duianin TaenuanysemsiiinsounTodLu epiphytic
colonization 11111 1.12x10° CFU/ml #9AAAanIN13518914904 Postma and Luttikholt (1996) W11
2 v FJ ' o
1%® non-pathogenic Fusarium 81013T1ATOUATOITINVBIAUUTY AN 2 SAHUL 1WWRSINUNT
v 9
5189144 Olivain and Alabouvette (1999) NNA1I1L¥ D non-pathogenic Fusarium Fod7 RPREDIL
Y [ ] 4 Y
aseUATEITINNZlomaA ldmilouny nasnniudioszognaniuiuaudsiuduganiinaass (21
o o X ! ) 4 2 2 9 3 pt )
TUNAIN31gnre) WuNTUIATOUATEIT NN MAN UB e Y 1.67x10° CFU/mI Tuvaizfinisen
I Y] X
ATOUATOULY Endophytic colonization A lHinan1snaasaiiounulu Epiphytic colonization ¥4ln3
@ P T W @
Wnseunsodludarrin 1 uag 3 mMIAY 0.65 uaz 0.82 x10° CFU/ml @#0AAdIA VAT I891UUD
. g .
Olivain and Alabouvette (1999) 1NA17311%® non-pathogenic Fusarium Fod7 @11 1501910 UAT O

A gy 1 &K . A A A a
Molusinis 18an 115051 F. oxpsporum f.sp. lycopersici awvig 1saiterlunziomanignluan
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v b
IFUIRINUNITI1891UUB Nahalkova et al. (2008) ANV INUFDI1 non-pathogenic Fos7 F11150191
Y
ﬂi’e]‘Uﬂ‘i’é)\ﬁ1ﬂéllfNGglju3J$L%ﬂmﬁulﬁjaﬂ’ﬂl%ﬂﬂﬁuﬁﬂiﬁﬂ F. oxysporum f.sp. lycopersici Fo18 Tuszuu
1 A ] 3 v Y v P . s
UgniyTaelildau dmsumsnadounuinada Frillice iceberg 11a% Rocket N 1dwanisnaaoslyly
namaagnuAuMInadeulurnada Cos
2 k2

Taoa3191nn15Na15 N TI1ATOUATEITINWBYDIUFDT1 non-pathogenic F221-B 110 Z1¥0

pathogenic & WsNAToUATEINY U 2 SNV AD epiphytic colonization tiei¥endophytic colonization
9 1 1 =) A Y dy d‘ 1 1 dy =~ 9 9 g’/
18 naarnmanaassnuamfsuatuduvesdenlalusrwsnvesmsdgnirelianududuluns2
dﬂl 1 1 (-7 1 A dal . 1 dgj 8 d’ 1
wonaaau 1uim1nu na1Ine e non-pathogenic F221-B laiae 10° spore/ml (e ldasluaisazars
51991130089 (AU Y 107) 1ag 1y pathogenic 10° spore/m! (1Ue1582 01951991415 anaq
A 3 A a = 9 (1 dy I~ 1 dy

wiae 10°) TagilonoisarasanuaiuisalunisiiinseuasesluuaazFoaziiui luyes.

LA Y A 9 A Y oA X g
pathogenic Huun TiuNIgaINTOWIATOUATEITINWY IAAN DUtilownFaa g TsntuLeny

% % { o a 1 a Jd an
nannAnadanlmna lsasinni luszuylales Infind GAvasaay, 2555)

A v o 9 =

] Y
iﬂﬂﬂ1iG]‘i’Ji]ﬁ@UlﬁﬂﬂuﬂuaﬂHm%fﬂiLm1ﬂi®ﬂﬂi@ﬂi1ﬂW%ﬂJﬂﬂL%@ non-pathogenic F221-B

FJ 9
Tasld SEM nu lusisnaseunainyalimsdinseunsadsInmd 2 anyais Ae epiphytic colonization

9
118% endophytic colonization na1IRoNUANYUzvoudUleFoRTYOIUSIUAIAIUUDNYDITIN LAZ
9 i1 [
meluilowoveesn aoARABINUNTTIBIUYDS Benhamou and Garand (2001) 1NA1INIINNT cross
9 i1 9
section 119189 UDITINUAINDT WULFO non-pathogenic F. oxysporum FodT gnninnliinsgodgnielu
Y [l
tazmeuenvadilewasnuaIn 1a taz lusiue wReINY Olivain ef al. (2006) 1@3189118 9015191
A & > & Y Y A =
ATOUATOITINNBYDIUTD non-pathogenic Fod7 az1¥031a1149 15a Fol8 lusinaundiwzdomean
a v v ¢ ¢ & y
Ugnludu Tasasivdoudienaosganssall Confocal laser scanning WU LTI MATOUNI 2 lo Tasran
9 Aa ° = v A v’ a ya A
A3 UATETINAITINA U uAeny 8a ldaruiululeTasan Foa7 enwrsanig IaGnuse
A < J dy .
dunqlin naza1nnsTeaululszmaquiwuan 15951 non-pathogenic GF191 tiag GF 183
v A A D) A = A MY v o P oK
ansadinsesnsouiewosinvesaunziomanlgnluszunlelas Inind Idunu daiuia
A o yyr X : ) A
#111508U6U 1A 21%0 non-pathogenic @11130191ATOUATDITINNY 1A
o o < o 1 A Ag 1 . . ) [
FMSUMIINUAI061951n TUNTITUITNE non-pathogenic 11a pathogenic 14 2 lo Tanan luiu
2 o & Y v ¢ A g A ooa Y
AugamIneaed (21 vaamslgniye) wiasraaeunelandosganssmi e umsgududnasana
9 Y v o o A a 4 1 dy ¥
msaseunsesTInAnaaans 3 meviugnlgnluszuulalas Iniind wuruFesmadounivua
P A A A ¥ v & & . v
A1150191ATOUATOUHBITBVDITINNYNI1NA 18 ¥9111¥0 non-pathogenic F221-B wutdu louas

4 dy 1 dy A ' dy . a a dy A A A
dllesveurenszngegnisluyeuiioosin 411 lure pathogenic WUANNHAYNAVDULBITDNYN



100

a dy a 1 a = 1A 9 ] dy A A Y [
adieadagdsieldonind soulddamuuaifisnduleegnieluiiewovo s aoandoanuns
' Y
51891104 Olivain ez al. (2006) NN813311F¥0351 F. oxysporum f.sp. lycopersici (Fol 8) 14 150197
= v o v v 7 Y & '
ATOUATENTINUABIMA IR Tagnadninasiadoualenaosganssal nuduleveusoognielu
dg/ d’ = c;y/ o 1 d’l d’ A g’u a a % a
HotednNIganuInieaneluiinuzeamaturalnd Tagraiainnisaoniiveaniuluny
.. X ' A A A = o & . < ' 9
macroconidia 13008018 lulioovaINy Tuvazi@eInu a1 pathogenic ANVIIMIIIATOUATO
9 9 Y dy A Y g’; a a A A 1 1 dy
aradulelunmuluniege Taaeeniegaiunannuialng Hazilsne Tasaglwuau¥es1 non-
. 9 A Y 1 o A A
pathogenic F221-B amnsarinaseuasosns laiag bivh luwwnnalsa
P4 p—— » y 2 g
Uil 5 1NMIasdeweIdu i Tuulumsaine GA ¥9ur051 F221-B 1azi¥03)
@ 4 @ A
aunglan 2 aeWug (F221-R uag F422-G) 1/3818unua1s GA ¥1a3§14 1A83% Thin layer
1T A A A Y 2 oA A A A
chromatography (TLC) WU21 Un3AADUNUBA spot @15 (8A1IU F422-G) BaNAS2ezNNNdIsndoun
\ % o 5 A U 1 g
(Rf) (M7 0.78, 0.84 11az 0.88 A1ME19 1 1InIBNINATEY TLC auisndudulainie F221-B way
a 9)4'2 d’ =) @ g 5 A A [} .
F 221-R @1WN50HaAa15 GA 1A suiionSouiiounui®es Fusarium sp. SUADUS 15U F. moniliforme,
< 1 o 1
F. semitectum, F. solani \a& F. pallidoroseum ﬂW‘]_I’NIﬂEJ‘VI’JG]ul‘]Jm%I’J GA 92A519NUNM REYs2u
0.7-0.94 (Muddapur et al., 2015; Bhalla et al., 2010; Srivastava et al., 2003)
a o [ 4
AT AATIEHENTAAAN VA IATO High performance liquid chromatography (HPLC)
v v 4
WU Retention time (Rt) Tun319 1A501 1NN (chromatogram) ANV 1Y crude extract NANAINITO
Y ] v
51 F221-B traz F221-R GuegluyaszoznamIndifesnuygmniunuuiasgiy sandard GA, #9iin10g
. w : & ¢ /
11 3.147-3.140 @9ANAINUATIIB41UYDY Hasan (2002) 510911 GA, NUATIZHAWIATOI HPLC 92
1 a A Aa A 1 [ a &’ g
NUA191INNIINAALIT VU GA NATANNIANA NN T UNALIINFIAYD BF LAz UL DYD 30
A 5 1 a &‘ U g’/ 4
s ldwasaudusgninriauay JULUDY0 UFOHAIINHUINOATIVTDU Retention time (Rt) 114
3 - g 2
0311 TA311 T3 (chromatogram) MW 14 crude extract NANAIINIAFDI F221-B tiag F221-R Yuoy

A A

TugaeszeznanlndifesnuganIuANLIAT U standard GA, FaTiA10g7N 3.147-3.140) Taoiijo

U

[ ]

a ' I &' 1 y g @
#9150109 GA Tunaazszeznarlumstu@onu ludest F221-B vaamsuude 10 34 wums
1 Ll 1 5 { g d

519 GA Tuaauves CF winnnlu mycelium 1100 4.29 mg/l luvag Mo siauva TsanIdwala

a = @ a A @ Y <3 A v A o

namaReIny Ysuia GA sgwuingalu CE dana’lanin cF wazidluivw)anluluiui 15 vaa
g asy o d' U d' A U =)

m3ylgnielunssuitves F221-B naulasuuiadlianiui 10 Taswunlu cF nunulsum GA

A 9 o a 4 ] 3’4 9 A a ddyw v LY T A

e (hmsamsizrnalnd 5 a5 ldnamilewan) lunsaitidiervazy1d lumiganinanion

oz 15 uannmsfFeuiieuarlunsiwlasu Inunsunudl owazlinawininassiaduiluoey

' Y l 9 [ é’ ' a A da! 13 o Y
ADUVNUIN (hlmlﬁmwacluﬁllﬂga) ﬁ?uiutﬂf@i’lﬁ’llﬁﬂjﬁ‘ﬂ WUNUTU UV GA 1NNTY Llﬁﬂﬂﬂﬁl'ﬂwﬁ
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a = 3 % (% [ 1 dy d‘ 1 = U d‘ % 1 dy
T lusemia@ernuny 10 Jurdesnsuude vazileszeznainiu laudaiun 30 vasmstuie
1 dy A A 9 [ I A [ 9
wunlwde F221-B HU5uamsasears GA navnudumioulunmsnaass 10 7u Taglwdule
1T o 4 = 3 A 1 o
7.08 mg/l ez 11 CF 1m1A1y 1038 mg/l luvaziiyosiannalsa F221-R U501 GA Nuisu@eny
A9 9.62 1A 11.8 mg/l MUFIRU IANANITNAADIADAAROINUNITTIUITUVDS Sunder and Satyavir
=3 =Y 9 dy 9 =Y ~ dg@’ [
(1998) 5180195 UNTA319 GA Tumeamg 13nazasn GA Usmanunlagiuegnuszezia
9 Y Y
TumsipourorazauiUITVoUse TuNAMaReINUIINNITIIBNUVY Desjardins ef al. (1995) 14
] 1 v Ja a
NATOUIYO T Fusarium moniliforme DM 3319813 GA 1182 Fumonisins B1 wunluaenugninalsa
a [V 1 { I 1 4
TULTINLEAIVITONAATITAINA1 IAATI GALAZINNITNAQD VDI Bomke ef al. (2008) WL L%

<3 1 @ ] I 4 ] 4
Fusarium verticillioides DE1U1T0T15 GA "lﬁ}mm%uﬂu 'E’)Eﬂ\ﬂﬁiﬂ@]'lhlﬁ’é)ﬁ%ﬂ%lﬂﬁ11‘11!ﬂ131J3JL%@§”I

~ 9 !

A 4’3 =Y 2 A 49! 9 = 9 o A ~
myufsna GA g Tasluauleinua Tdunszueeninlu culture filtrate 9141H991NNITN
dy 1 1 2K o Y I a [ 1 Y
wosaatassansaieg asluemsvem lvmulsuavesasun nanisnaasninanaonnaod
v ] Y
AUN3518971UV04 Hasan, 2002 Tna129111 CF 92 WM a3 19a15 GA ingaiuainszezinal luns
] ¥ [~ $ 1 =N v a v @ A ]
vuwes1 uadlunulanlanifSunaas Ga ludulenudlulydlunanendudune s9szeznaitiy
LA A 2 A 9 4 ' < ) = & ) <
warmuuulsnaunsadeernszduuils 1 egra lsnaudinindereszeznaiemsadea1sneg
d' L= c!‘ i = o é 1 cﬁl QU 1 g)./ d' a 1 d‘
asn lulimsnlaeumnlasmienadnioniiaciuredinarniuevvznlaeu lunanars lunquouunu
] &’ 1 I
Tuvsiyh Muddapur et al., 2015 1anaao U051 F. moniliforme Tun13a313 GA Tasu13ilunar 12
@ 1 a ~ v A A 1 AW k4 2 A 2 =< Aaw
T wuanfsuna GA wumnnigaludun 8 ualonar lumsuNNIY GA NINNGITY §991091U798
[ < a [V
Tuamdszmanldma llunanafenusuniinaass
' 9
nnMsnaaevlseanin1nves CE e lann¥es Fusarium oxysporum F221-B A9N17
a a % [ o 4 [ ] Y] 1
wiay InvoRndan 2 @18WUT Ao Butter head 1A% Frillice berg WU U950 27 Haan13 ldans
CE szauanuanduysd CE ludinanediuruluvazvualy vesinadanimiinisnaaou tiie
= o At A ' 2 o A v A
nfSeuifioununssuiTaIuny (healthy control) uatioszozamiullaudsiun 36 uag 45 Tu 5u
[ S a a o 1 a a [ 4 )
dunaiudninavesszauaMutuiuYe s CE aomansaraulavesiiy nade eszauanu
9 1 o 9 a = g},z 9 &2 o A ~ Y
WU GA WNEIHA 1AM TRT YU I ¥ UTos (F90UHBINIINMINAADIN 2.1 D1HINAN
y 9 ! o q YY Y A A = < A = ) )
uTUY09 GA g9 danah Iddundistauas lulinnuudasg) tazilogieszauanududu 3 uaz
{ 3’; o af 4 1 a, 4
5 ppm Huua T ldwadngansluaiu s1uanly vuielo vazaasIsiad gannlunssuitouq
Y

5IUNIFANIUAY healthy control AIUDNTNAVPITZAUAMMTUTUVEI CE ADA1 SPAD value UDIAN

o & o A A E I 4 2 1 A A Aq 1Y
qdaaNd 2 d1INUS LTV VULID WD YL NNV Tﬂ&lmwwE]fJNEJﬂUﬂ'iﬁJ’JﬁVIGI,’dﬂ’JEJ CE3 a5
A 1 A A ~ ~ [ axAq 1 Y 9 (g
ppm 9211 SPAD value gafiga iofFsumeununssuisnla CE anuudugs (10 Au 50 ppm)

u
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11aSTD GA (50 ppm) AOAARBINUUINGUDI Kumar ef al, 2014 NT2YDINT1F GA Anuaudu 10,
Y
20, 30, 40 1A% 50 ppm AWITOFIGAUATUNITOI YAD TAvRIRFNT ANNIAL T1uanly Sruau
a %’ o =Y a a 1 =Y < 1 g
wanan Wmiinea Ysunadaniug uae miSuavewdsnazaieun
[ % o Y a = (% [ o
Tuaruvesimiinaa 1dwa 'l lunan1ufernuny s1u3uly vuraly wag SPAD value
voA Y 9y 9 ' ' ' I = A A
na1MeNs 1% CE aAnuudiu 3 uag 5 ppm linag ldlugansn (agniwaa) uazdawumiy Jnalu
Y a a @ [ Z’, v 7 ] A v o w aa A = % as
MINTLAUMINIYAD IAUDIRNATANT 2 A1eWuT edlltsd Ay adAdloFouMeuNUNTINIT
A2UAN (healthy control) ADAARDINUNITTIBIIUUDY Hamayun e al., 2010 ANATOUA1T GA NANAIIN
Y
15051 Cladosporium sp. (MH6) AULAINIT WA IWITONTZAUNITOTYUOIANNGIAY YUIAAY
3 o v 9 a an ~ A
Wmingauazurievesauuazs1n vialu andlunssudsulSeunevous
! Aa a c&’
Iuh 6 11nMsAnvIlILANT AN UFeI non-pathogenic F. oxysporum (F221-B) 910 3
A . A Y = an
gﬂLL‘U‘U f® spore suspension, culture filtrate LA & crude extract M 1vina ﬂelun N SERRERSTEREY
Y Aa oA ~ v\ &’
woluams) lunisaivauTsarenas N NNa UKANI NI F. oxysporum f.sp. lactucae
s [
(F422-G) 9dWnaaaNd 3 ¥UA (butter head, cos L@ frillice icebreg) ﬁﬂgﬂclumﬁazmmmmﬂmwmﬁ
Taglin1sdseiiuszaunisnalan (Disease incidence) HAZAIINFULIIUDI 150 (Disease severity)
g’/ T a a A [ LG =y [ dy
samnInaaen 1Ay Inyesnslunndiamissaziveanan1snaaonil
[ &' Y j’ I
NNNIINATDINAINTUgNIFO A UNA 15AAITO31 F. oxysporum f.sp. lactucae (F422-G) 11
[ [ 1 Y [ ;’,’, v a { 1
a1 7 Tu (re1g 24 Tu) wunlusnadan 3 @1eWus (butter head, cos, frillice iceberg) N3313D N ld
v Y
@29 spore suspension YDA F221-B d11150aAn N0 uLsaveImsnalsalageaigaluny 3 disnaaou
= a 9 1w S I 4 o @ 9 [
Faaursoaamanalsa laminy 72.4, 80.9 uag 79.8 1lo5IHUA MUE1AL FoAARBINUNITIIENU
. ) ‘ & : .
W04 Horinouchi ef al. (2011) 9 lénaaauiyo non-pathogenic Fusarium GF 191 Tu 3 SANETRY spore
. d' A d‘ a 4 a 1
suspension Tun1snIuANIsatiorlunziome Mlgnluszunlalas Indinduazszvudunum
2 Y s 3 ~ Aan 2
musnaansnaliala 88.6 1losiua a1 lunngsuIT culture filtrate a2 crude extract NAINITD
a Y 1 < I 7 =R Y @ a v 1 A 1 o
aansinalin laoglusae 61.3-78.7 wosidud Feaeandosntnude luaelszmannuimasen
1 &' 1 =) L%
n131d CF ¥991%0 non-pathogenic a3 1 Tuisauisnrisaanisnalsnuazdiaunsonszquns
Lﬂgmlaﬂiﬁ%ﬂﬂﬁ%qﬁaﬂﬁjﬁﬂ (Larkin and Fravel, 1998,1999; Larkin et al., 1996; Lemanceau et al., 1992)
dumsnaaodluRnadn cos iag frillice iceberg NN IHWan1INAasludumMsna lsamilouny
@ @ ' s 3 & a v o ¥ v &  a ' A
lurneaa butter head Ao siguanIsnalsaludnaaans 2 menugazina 1sau1NNI LaZIUo
@ a { < 1 A, a
dunadanssuIsAinaaeunnua1lunssuaT spore suspension Y04 F221-B #1115001510A 15ALaL

Y 1 An A ~Aq U R A I 4 [
ﬂ’NiJ‘gu!,!iNﬂlﬂﬁiiﬂ]‘l@ﬂﬂ’ﬂﬂiih’m@uﬂ T]GlﬂfcluﬂWiﬂ@aflﬂ G]NllL’]JE]i!,‘;151!{5]ﬂ’ﬂi]‘éull,‘ixisllf]\ﬂiﬂﬁmﬂﬂ
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s 4 o W o . 1 '
133 uag 17.7 1Wo51%ud a1ud1A1 doAAd0INUNITII09IUVDY Abeysinghe (2006) N521J71 non-
pathogenic F. oxysporum Atton 1891nau auisolunisaiuguIsasinmiazdiauni inany
) - 4 = L. P A .
unan'1d 60 Wosidua 591 1189n15518914v049 Olivain ez al. (2005) NWUINAFBI1 non-pathogenic
1 9 Y
F. oxysporum @113092090 15AT 100 wzemanilgnluan nunamnsaduginnigueuse
va & o D) A ! o q ¥ P, a
ieumaueslsala BnnsdiamisariinseunsesTInvesNzoma awwahlnlesidudnisinalsn
Jd @ 4
HAEAMNIUNIIVOI lananad 50 (JoFImua
o [ 1 a a A 1 Qdd’ "9 dy ! [
AMTuMINsTYAY Taveans WU NI laaegluuuvease F221-B 39u0UMT
dy 1 a a = g/J 9 o a o
Ygniresiaurg 1sn W nMsIgeds Taveansnanisaiudiuinly vuialy naelsiad SPAD
y Y ¥ 1 1 A v o w aa
value W miingaduagsn Sauiaiminuieduuazin Idnaduazuananediiivdvynieada
A = @ ad dy . = ad 1 = ax A
HoMsuNUNITHATUQNIre (inoculation) 1Ay NTINATAIVAN (healthy control) NA1IAD TUNTIVITN
1 " ] 1 1 (%3 ¥ % % 1]
Tadae F221-B T diiesed1udens o ldswnumeaing 1sa Idwa ludunihmindadeduga
1 =Y ] (%) o % an o % U A a EOI v
n1nssuAsAUAUeENIINed A YNNEna na1fao luAnada butter head AN151957y lud1uiimin
) A AQ 1 -~ ' = LSS o 19 A
aaau TunssuIsnlagiuuy F221-B ieee1aRelinInng 46.1, 44.8 uaz 45.1 nfuaeau luvaizh
A =1 @ A A [y o j’ W a k) ’o’ @ @ o 1
WeonlFeumeununssuIsnlasaunuyorng lsa wua 1My luahviinganginamwInnn
lunssuisaunuddinuniny 40.7, 38 uag 36.7 nSuaoau daulunisnaassludndda cos uaz
gy . 3q 9 9 Y 3 o A ~ v o o
frillice iceberg n1Hau I T uMInaaesluswiivinga ld luiamufenununsnaaesludn
a8 Butter head TaelURnAdA Cos UAUNIAY 74.1, 72.4, 71.9, 65, 642 Wag 63.6 nTuaADAY tazlusn
A8@ Frillice iceberg HAWMAY 24.6, 23.2, 22.5, 18.2, 17.7 11z 17.3 NFUADAY HAMINANDIADANADY
% ' J o
NUNITII891UUD Shishido ez al. (2005) "lﬁ’szmn%aﬁ non-pathogenic F. oxysporum Fo-B2 €1U130N1
Ifwandauzilomaganiwanani lannssuisarnan nagnnauiselulszmagiuldins
X A . 2 3 Aa v < & = ' 9
NATDUVIFD I non-pathogenic Fusarium equiseti GF 191 ‘mJﬂmaummsgﬂuwaimmmmmﬂﬂiza{]u
=) a o @ j‘
ﬂﬁﬁ]iigl@‘uiﬂﬂl@ﬂwdﬁlf (Plant Growth Promoting Fungus: PGPF) Tﬂﬂqﬁ)%1ﬂ1§%ﬂﬁﬂﬂﬂﬂl%6ﬁ
{ a 4
F.oxysporum f.sp. radicis lycopersici (FORL) Nwon laninszuuigniiesla Tas Indinduazszuuilgnive

a 1 j} a ) 1
Tu@u wuauses1 GF 191 awnsaniuqunisinaliala Tasanugunssveslsaoglugig 66.7-88.6

Y
v o 1

S 2 d A 1 A a a A A . .
weosiua @ﬂﬂﬂﬂﬁﬁ?ﬂTiﬂ%’Jﬂﬁﬂ!ﬁﬁJﬂ”liﬁ]'iiymllI@m@ﬂu%mﬂmﬂl’lﬂ (Horinouchi ef al., 2011)
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= as < [ dy ~ a A dy .
HANIANEIITMINUT B UFOIIMNINE auarMI YT U aUIAVDUFD I Fusarium
1 < @ I U
oxysporum F221-B TusernaImanusny1szeze17 (long term preservation) Wunar121 wun
as . I as Aaa dy [ 1 o AaAa n v
75115 modified filter paper culture 11 UATN1INANGA TaFos19Ina1163nliFIasenng1d 100
S I 4 [P=) A = g’, a 9 4 (=) ~
nosisua uag lifims@euaars Bnnimsnsngveadulonazvuaailes lulinsulasumlas
1 a wa I dy a 4 Y a a A [
arumstsziivagaauialumsdudgesnifinduazmnszqunisnsy@u Taveaney Wu1an
{ ] 2’, a 9 4 gl.z
MINATOY Dual culture test YO UFDT1 F221-B @ansnduesmsnsymudulodosiauvg Isand

Aa A . . . Y = J 3 4 o
3¥URA A® Colletotrichum sp., Curvularia sp. W0 & Fusarium sp. 18 TasiilosiFudnisdy AR

1 3 Jd 1 a 1 @ g’u
Tua4 32.5-82.4 1o s15ud armlunsnaaoua835 agar well diffusion assay WU 111506UES
g ' . ) o Y g N N o o @

%0 081139 30.3-58.6 1O TIFUA FITLAVANWDNTY 80 tag 100 1o T FUATINITATVIINS
a D) Yy A 1 a wa 9 < ' 3 A o
wigmadulelageiiga daumsdszluguaniialumsnszdumswnveanan wuawaanim

P
N13AQNAIY spore suspension AMIAUTU 10 1AL 10°spore/ml YB1F031 F221-B lunna idou
o q v o S 1 g Ay oy A g ' o q ¥ y g A
aunsomIdwaasensiniuwaai bildngniye 2 1 TaegawamnInanueivesaunanaelu
A Aq 1Y s 9 = 1 3 A n Y dy
N3335N1dA70 spore suspension Twaanand Lilangnie
2 a A <3| X a 4 X 8 .
wan1sanu1dszansninnisdl e sl inYve 3¥e 31 non-pathogenic Fusarium
Ly 2 a D} X A Y ax
oxysporum (F221-B) lun1sdudinisnigmaduleveusosiauvg lsany 10 lo Tagan a1073
- [ o 4 2
Dual-culture antagonistic test W1211%851 F221-B @11506U03m 593 ve u¥onanua’ld Tasdl
73 2> 1 73 & o &A ~ A
wosisuan1sgustoglusig 36-56.3 losiyua na lnnisduganasrawudl 2 naln narnelu
o § o 1 g A o < 4
szazusn (FUN 3 NHIN1TUNAB) TEFUFUNATTUNA 1AL antibiosis 1AW clear zone HAZIND
5221901611 T na ln antibiosis 9z gnilnagudlena’ln competition #3ulunisnaaeu
Aa a g ' ~
Ysz@nTNNVous091 F. oxysporum (F221-B) Tumsaiugu Tsannmuazifionluszun lalas
a J 1 Qd-d' Ty 4 &' =1 (] =3 5’, (B g
Twilnd wunlasagilnisuasiladieailodire F221-B ieaa e eauas1aus nauaugants
] a ~ A A 1 1Y &' <3 1T Aa
naaed ldnunismalsn luvaeinssuisalasiunuwedunalsannuinnalsauazaam
9 1 asy g d‘ a = a 3’;
suusatesnNlunssudsilgnirre TaaoWnsandennuamsalumsaamanalsavesluni 3
A a Y 1w J 4
WY (Butter head, Cos (12 ¥ Red oak) arrsonisnalsalaminy 64,70 1a e 85.3 151U
o o g’; 4 a 1 A a 1 :ij 1 A
MUEIAY HAIINUWLINNTUIDIAINM T AL TAUINY WUINFD1 F221-B aunsoduasy
a a = ?1}1 Y o = J 3 v Y
mMaTaan Tnvesnsnaniaiudiuiuly vinaly aae 15Waa SPAD value Unineaaaz i
Y Y = ' (% 1 A v o W aa A ~ @ any i’
YoIaULarsn IMnaduazuanannuegltsdiaynsadaiionSeumeununssuIsilgnie
. as A LY Y1 c&’
(Inoculation) LaENITUITAIUAN (Healthy control) T@ﬂag1anmﬂwwﬂaaummmauau‘lmu%
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] Y 9 Y
HaINMIANEILUsEANTN M0 CF 71 1891nnsiaeate F221-B aon1s6U6In1sasynIg
;2
wWulevou¥osidauvnalsn 31u2u 10¥HA 1Av2T agar well diffusion assay W1 31910
9 2
2 ANYAULVYDI CF U9 U¥931 F221-B (cell free culture) 19814 mircro-filter 39 NN UFDAIEAINN
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Abstract

Efficacy of non-pathogenic Fusarium oxysporum (F221-B) was assessed as a possible
biocontrol agent against fungal pathogens namely, Curvularia lunata ( C11, C12), F.
semitectum (F113), I, oxysporum f. sp. lactucae (F221-R, F442-G), Rhizoctonia solani (R11,
R12), Rhizoctonia sp. (R111, R112, R113) in vitro, F221-B showed moderate ability to
mhibit the mycelial growth of tested fungi about 36-56 percent. Then, F221-B was further
evaluated for its ability in controlling lettuce root rot and wilt caused by F442-G in
hydroponics. It revealed that F221-B reduced disease incidence and severity about 60-80
percent compared to inoculated control and significantly promoted the growth of 3 varieties
of lettuce. Interestingly, using only F221-B gave the significant highest fresh weight (twice
over healthy control). Conclusively, this study hold important suggestion for further
development of F221-B since it showed ability of biocontrol agent and plant growth
promoting fungi.
Keywords: Curvularia lunata (C11, C12), Fusarium semitectum (F113), F. oxysporum £.sp.
lactucae (F221-R, F442-G), Rhizoctonia sp. (R111,R112,R113), R. solani (R11, R12), Dual-

culture test
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Introduction

Biological control offers a potential alternative control measure of plant diseases and
becomes a promising tool to use in agricultural production which it reduces the release of
polluting chemical pesticides to the ecosystem (KAUR ef al. 2010). At present, quite a
number of biocontrol agents (BCAs) are found to be able to manage the plant diseases
effectively as well as they all ecologically sound proof (HOWELL 2003; KAUR ef al. 2010;
KAKVAN et al. 2013; CHEN et al. 2014; KIM et al. 2014; SONG et al. 2014). Ideally, the
antagonist/BCA must be ecologically fit to survive and ﬁ;ncti()n with the particular concﬁtion
of the ecosystem. Moreover, the antagonist/BCA must present at adequate level and be
capable of effective interacting with the pathogen or host plant to provide acceptable disease
control.

The wilt and root rot-inducing strains of Fusarium oxysporum cause a serious damage
on many economically important agricultural crops worldwide (BENHAMOU e/ al. 1989:
HERVAS et al. 1998; PAUL et al. 1999; KAUR 2003; KAUR et al. 2010) including lettuce
grown in hydroponics in Thailand (THONGKAMNGAM ef al. 2012). An effective control
methods against Fusarium. disease of plant in hydroponics are still limited in terms of
environmentally safe method. Biological control of Fusarium wilt and root rot diseases have
been reported in numerous crops in cultivated soil (ALABOUVETTE et al. 1993; FRAVEL
et al. 2003) such as tomato (FUCHS et al. 1997, 1999; DUIJFF ef al. 1998; LARKIN &
FRAVEL 1998), cucumber (MANDEEL & BAKER 1991), watermelon (LARKIN ez al.
1996), spinach (KATSUBE & ALASAKA 1997), basil (MINUTO et al. 1997), chickpea
(HERVAS et al. 1998), and rakkyo (HONDA & KAWAKUB 1998) but not in crops grown
in hydroponics especially the system without substrate.

Non-pathogenic /. oxysporum F221-B recovered from roots of lettuce grown in

hydroponics (THONGKAMNGAM et al. 2012) has shown to promote the growth and yield
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of Cos, Green oak, Red oak, Butterhead lettuce, kale and mung bean in hydroponics
significantly (THONGKAMNGAM et al. 2013). With the quite promising ability of F221-B,
we therefore conducted the research to determine if 1) non-pathogenic F221-B could act in
vitro as a potent BCA against 10 fungal plant pathogens 2) F221-B can potentially protect
three varieties of hydroponically-grown lettuce against the virulent isolate of 7. oxysporum f.

sp. lactucae (F442-G) (THONGKAMNGAM et al. 2012).

Material and Methods
Fungal isolates

Culture of F221-B was obtained from the previous experiment (THONGKAMNGAM
etal. 2012, 2013).

The test fungal pathogens were isolated from rice (leaf, seed) and hydroponic-grown
lettuce (Red oak, Green oak) showing disease symptoms from different places (Table 1)
using tissue transplanting technique. Curvularia lunata (C11, C12), F. semitectum (F113), R.
solani (R11, R12), Rhizoctonia sp. (R111, R112, R113) were obtained accordingly, while the
most virulent strains of F. oxysporum f.sp. lactucae (F221-R, F422-G) were obtained from
the previous experiment (THONGKAMNGAM et al. 2012). Then, the fungi were transferred

onto PDA slants and maintained as stock cultures for this experiment.

In vitro assessment of the antagonistic activity of non-pathogenic F221-B against
mycelial growth of 10 plant pathogenic fungi by Dual-culture test.

F 221-B was determined for its in virro antagonistic activity against ten
phytopathogenic fungi by dual culture method (DENNIS & WEBSTER 1971) using potato
dextrose agar (PDA). A mycelia disc (5 mm) obtained from the peripheral region of the

colony 7-day-old cultures of targeted fungal pathogens (C11, C12, F113, F221-R, F422-G,
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R11,RI12,R111, R112 and R113) was placed on PDA at the edge of each plate, 1.5 cm from
the periphery. Then, disc of 5 mm diameter of mycelium cut from the growing edge of 7-day-
old culture of F221-B was placed on each plate, opposite to the inoculum of the pathogen, 1.5
cm from the periphery. A completely randomized design (CRD) was used with five replicates
for each isolate. In control plate, a sterile agar disc was inoculated on the side opposite to
pathogen. All the inoculated plates were incubated at room temperature (25+2°C) for 9 days
until the control plate was full. During incubation period, growth of pathogens was daily
measured and the percent growth inhibition (GI) was calculated relative to the control as
follows:
GI=((D1-D2)/D1) = 100
Where D1: diameter of pathogen colony in control

D2: diameter of pathogen colony in treatment

Evaluation of non-pathogenic F221-B for controlling Fusarium root rot of three
varieties lettuce grown in hydroponics

I 221-B was further evaluated for its biocontrol efficacy against Fusarium root rot and
wilt (caused by F422-G) of Butter head, Cos and Red oak lettuce grown in modified deep
flow technique (DFT).

Hydroponic cultivation

Lettuce seeds were germinated in a seedling tray on moist sponge at room temperature.
After 7 days, seedlings were moved to a new tray with nutrient solution (EC = 1 mS/cm,
pH=5.8-6.2). Then, 14 day-old-seedlings were transplanted into mini DFT (plastic container:
17%42x13 ¢cm) with nutrient solution (EC = 1.6 mS/cm, pH = 5.8-6.2) to be ready for being

treated according to the treatments.
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Experiment

Within each variety of lettuce, four treatments were arranged in CRD with five
replications of two plants. Before transplanting the 14 day-old-lettuce seedlings into the DFT
under outdoor condition, seedling roots were inoculated with F221-B by dipping into spore
suspension (1x10® spore/ml and 5 ml per plant). Three days later, the plant roots were
inoculated with spore suspension of pathogenic F422-G (1x10° spores/ml and 5 ml per plant),
while sterile water was used for healthy control.

Disease severity was rated up to 6 levels (0: healthy root, 1: reddish brown root, 2:
reddish brown root and became rotten, 3: rotten root, with slight wilting, 4: rotten root with
severe wilting, 5: plant became dead). Disease incidence (DI) and disease index (DIn) were
calculated as follow:

% DI = (Number of plants showing infected root/Number of total plants) x 100

% DIn = Y (Number of plants showing infected root * disease severity) *100

Number of total plants x the highest disease severity

Evaluation was weekly made on DI, DS and plant growth (leaf number and size, SPAD
value, stem and root fresh weight, stem and root dry weight). Survival of F221-B and
pathogen was also monitored from nutrient solution and crop root at harvest by dilution plate
on selective medium.

Data were analyzed using analysis of variance (ANOVA). Treatment means were

compared using Duncan’s Multiple Range Test (DMRT).

Results
In vitro assessment of the antagonistic activity of non-pathogenic F221-B against

mycelial growth of ten plant pathogenic fungi using dual-culture test.
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It revealed that non-pathogenic F221-B significantly reduced the colony growth of all
tested fungal pathogens at three days after inoculation (DAI) (Table 2). On 9 DAI the
inhibition percentage for C. lunata (C11 and C12) was 42.3 and 36 %, respectively; 42.5 %
for . semitectum (F113); 42 and 38.8 % for F. oxysporum f.sp. lactucae (F221-R and F422-
G); 50.4 and 35.9 % fbr R. solani (R11 and R12); 36.3, 43.4 and 56.3 % for Rhizoctonia spp.
(RI11, R112 and R113). Considering the above-mentioned inhibition percentage, F221-B
showed moderate ability to inhibit all fungal pathogens. Among the test fungi, R113 and R11
were the most susceptible and revealed highest percent of inhibition of mycelial growth of 50
and 56 percent, respectively. Growth inhibition of all test fungi during in vitro interaction
with F221-B at 3, 5,7 and 9 DAI was shown in Figure 1. Main mechanism of F221-B against
the test fungi was attributed to antibiosis and competition. Antibiosis of non-volatile
metabolite more pronounced at the early stage of incubation (3 DAT) and followed by
competition could be involved in the antagonistic process against both strains of C. unata
and Rhizoctonia sp. R112. In the F221-B-pathogen (R111) combination, only competition
was noted from 3 to 9 DAI based on microscopic observation of hyphal interaction, no
mycoparasitism was detected. A clear zone of interaction was formed in the combination of
F221-B with 6 pathogens, namely R11, R12, R113, F113, F221-R and F422-G. The presence
of inhibition zone without physical contact between the F221-B and pathogen colony at 5-9
DAL suggested the secretion of diffusible non-volatile inhibitory substances. This was
confirmed with the detection of abnormalities of hyphae and spore of the tested fungi (C11,

C12, F113, F422-G and R11) from the interaction zone or nearby area (Figure 2.).

Evaluation of non-pathogenic F221-B for controlling Fusarium root rot of three

varieties lettuce grown in hydroponics




130

Root of all 3 varieties of lettuces (Butter head, Cos and Red oak) inoculated with non-
pathogenic F221-B alone showed no disease symptoms throughout the trial as well as control
(non-inoculated) (Figure 3.). The root inoculated with pathogenic F422-G alone was severely
rotten with 100 % disease incidence (DI) and 69.3-95.7 % disease index (DIn) at 28 DAI and
- Cos was shown to be the most susceptible variety, whereas the treatment with F221-B
significantly reduced the percentage of DIn of root rot with the degree of control efficacy
(over inoculated control) of 64% for Butter head, 85.3 % for Cos and 70% for Red oak
(Figure 3.). Interestingly, F221-B had a strong antagonistic activity against Fusarium root rot
especially on Cos lettuce which was the most susceptible variety in our study (Figure 4.).

Considering plant growth parameters, results were in line with the disease control
efficacy. That is, apart from having significant control efficacy, the treatment with F221-B
(with being challenged with pathogen) could significantly increase the plant growth (e.g. leaf
number and size, SPAD value, fresh and dry weight of stem and root) of tested lettuce over
the inoculated control and similar to healthy control at 45 DAI (Table 3., Figure 4.). Most
striking and interesting was the finding that treatment with only F221-B (in the absence of
pathogen) gave the significant highest fresh weight per plant (115.9, 192.8 and 198.4 ¢ for
Butter head, Cos and Red oak, respectively) which were almost twice over healthy control
(Figure 4.).

Apart from disease incidence and disease index, the survivals of biological control
agent (BCA) and pathogen were also checked at harvest from nutrient solution and plant root
in terms of colony forming unit (CFU/ml). F422-G alone increased its population compared
to original amount while F221-B remained constant throughout the trial. Survivals of F422-G
in treatment treated with F221-B were less than those of inoculated control (Table 4.). F221-
B was detected at harvest in the ranging of 1.2 x10°-1.6x10° CFU/ml. In the BCA-pathogen

co-treated treatment, the amount of F422-G was higher than original amount but still Jess
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than that in F422-G alone treatment. In addition, survival of F221-B and F422-G was
detected in root and nutrient solution (Table 4.).
Discussion

In this study, the non-pathogenic F221-B, recovered from roots of hydroponically
grown lettuce, was assessed for its possible antagonistic activity against plant pathogenic
fungi in vitro and in hydroponics. The F221-B could considerably inhibit the in vitro growth
of 10 tested fungi and exerted a direct inhibitory effect e. g antibiosis and competition. Unlike
F221-B in our study, most of the non-pathogenic F. oxysporum which have been so far
reported as promising BCA against fungal pathogens were isolated only from rhizosphere
soils and roots of plants grown in suppressive soil (BENHAMOU et al. 2002; FRAVEL ef al.
2003; ABEYSINGHE 2006; RODRIGUEZ et al. 2006; PATIL ef al. 2011) but not from
hydroponics. However, these results of the antagonistic activity and mechanisms of F221-B were
still in line with those findings. Three non-pathogenic /. oxysporum isolates from suppressive
soil in Sri Lanka was in vitro proven to have antagonistic potential against pathogenic isolate
of I. oxysporum Lsp. radicis-cucumerinum (ABEYSINGHE 2006), while seven isolates from
rhizosphere soils of tomato from Karnataka, India were reported to have the in vitro
antagonistic potential against tomato wilt pathogen (/. oxysporum fsp. lycopersici) about 24-
40% inhibition with competition mechanism (PATIL ef al. 2011). F. oxysporum against plant
pathogens dual culture assay provided the convincing evidence e.g. the nonpathogenic Fo47
exerted a direct inhibitory effect on Pythium wltimum through a combination of antibiosis and
mycoparasitism (BENHAMOU ef al. 2002) and the nonpathogenic S6 had a marked
antagonistic capacity against the pathogen Sclerotinia sclerotiorum with the responsible
metabolite cyclosporine A (RODRIGUEZ et al. 2006).

From our study, the differences in average responses to antagonism by F221-B between the

different genera of pathogens implying that genes of pathogen might be involved in
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regulating the different levels of antagonism. This x.vas in confirmation with the other studies
revealing that non-pathogenic isolates from suppressive soil, including Fo47 (LEMANCEAU
et al. 1992, 1993) could differ in their efficacy as well as their mechanisms
(NEL et al. 2006).

The other interesting result of this study was that F221-B and pathogenic F. oxysporum
(F221-R, F422-G) reduced each other growth when grown together (Figure 1). This fungal
antagonism appeared to be mainly associated with antibiosis. The result was in agreement
with the finding of LEMANCEAU e/ al. (1993) from which was demonstrating the same
pattern occurred in the co-inoculation experiment between pathogenic F. oxysporum
(WCS816) and non-pathogenic Fo47.

In the current work, non-pathogenic F. oxysporum (F221-B) was investigated as BCA
against lettuce root rot and wilt caused by . oxysporum f.sp. lactucae F422-G in Deep flow
technique. F221-B was found to reduce effectively Fusarium rootrot and wilt of 3 varieties of
lettuce in the range 64-85.3 % as well as to promote their growth and yield. So far, many
reports have provided such an evidence of successfully using many strains of non-pathogenic
F. oxysporum recovered from either the diseases rhizosphere soil or suppressive soil for
controlling of soil-grown crops (ALABOUVETTE et ¢l. 1993; FUCHS ef al. 1997, DULIFF
et al. 1998; FRAVEL et al., 2003) but not in hydroponics. Fo47 is the best known and most
effective non-pathogenic strains of /. oxysporum which was isolated from a soil naturally
suppressive to Fusarium wilt of tomato and melon in France (ALABOUVETTE 1990;
ALABOUVETTE & COUTEAUDIER 1992; ALABOUVETTE ef al. 1993, 1996, 1998;
LARKIN & FRAVEL 1999) and has been extensively studied for the control of Fusrium wilt
disease of several vegetables and flower crops such as tomato (FUCHS et al. 1997, 1999:

DUUFF et al. 1998), carnation (LEMANCEAN et al. 1992, 1993), flax (DULJFF ef al. 1999).
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The result gives an important step for F221-B as biocontrol agent to be used in
hydroponics. Few reports have been revealed the success of using non-pathogenic F.
oxysporum for controlling plant grown in hydroponics only with the rockwool substrate
(GHINI ef al. 2000; MINUTO et al. 2007; HORINOUCHI ef al. 2008, 2010; NAHALKOVA
et al. 2008) which is different from this system. Interestingly, F221-B could survive pretty
well in such a system (in nutrient solution and plant root). This was in line with 2 findings
from which one was demonstrating the ability of non-pathogenic /. oxysporum (V2w2 and
I4w1) to penetrate intact host tissue and recolonize the host internally upon inoculation in
nutrient solution (PAPARU et al. 2006) and the other was revealing about the capability of
non-pathogenic /. oxysporum in colonizing the lower parts of plantlets such as root (Olivain
& Alabouvette 1999).

The mechanism of action associated with non-pathogenic /. oxysporum can be divided
into two broad categories: direct antagonism of the non-pathogenic strains to the pathogen
and indirect antagonism mediated through the host plant such as induce resistance (FUCHS et
al. 1997). The same non-pathogenic strain can express several modes of action either
simultaneously or at different times. This is the case for F221-B for which antibiosis and
competition were involved and could be observed in the in vitro experiment. However, its
mechanism in hydroponics still could not be concluded.

Regarding this study, F221-B also showed its remarkable ability as plant growth-
promoting fungus (PGPF) in addition to its potential in disease control. This was in
confirmation with the previous work (THONGKAMNGAM ef al. 2013) reporting its ability
in significantly promoting growth and yield of Cos lettuce, Green oak lettuce, Red oak
lettuce, Butterhead lettuce, kale and mung bean in hydroponics. Other strains of non-

pathogenic Fusarium were reported as PGPF such as the isolate from rhizosphere soils of




134

tomato in India (PATIL ef al. 2011), F. equiseti GF191 in Japan (HORINOUCHI et al. 2008,
2010).
Conclusion and Suggestion

This study demonstrates that (i) non-pathogenic F. oxysporum (F221-B)
(THONGKAMNGAM et al. 2012, 2013) has the i vitro antagonistic ability against 10 plant
pathogenic fungi and exerts a direct inhibitory effect namely antibiosis and competition (ii)
F221-B can effectively reduce Fusarium root rot and wilt of lettuce especially on Cos which is
the most susceptible variety with control efficacy of 85.3 % and (iii) the newly described
F221-B remarkably promotes growth and yield of three varieties of lettuce grown in
hydroponics twice over healthy control especially when it is treated in the absence of
pathogen.

Taken together, the competent non-pathogenic /. oxysporum (F221-B) has a great
potential as a promising biocontrol agent and offers a good prospect for integrated
management of root rot and wilt disease of lettuce in hydroponics and probably for other
crops as well. However, additional research for F221-B is still needed in several areas
including: its colonization pattern on plant root, its formulation and applications; repetition of
in vivo studies with other crops and integration into production system; risk assessment such
as its behavior and potential impact on hydroponic ecosystem; and probably its genetic

improvement.
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The purpose of this rescarch was to evaluate the potential of culture filtrate (CF) of non-
pathogenic Fusarium oxysporum (F221-B) against 10 plant pathogenic fungi namely,
Curvularia sp. (C11, C12), F. semifectum (F113), F. oxysporum fsp. lactucae (F221-R,
F422-G), Rhizoctonia spp. (R111, R112, R113) and R. solani (R11, R12) in vitro and
Fusarium root rot disease in hvdroponics. /n vitro antifungal activity analysis indicated that
all test concentrations of F221-B culture filtrate could slightly inhibit mycelial growth of all
tested fungal pathogens less than 39 % over control. Interestingly, the CF at all test
concentrations revealed the greatest spore germination inhibition 100% over control against
F113, F221-R and F422-G whereas spore germinations of C11 and C12 were completely
inhibited by the CF at the concentrations of 60, 80 and 100%. In addition, spore
abnormalities such as swelling and lysis were noted. Regard to antifungal analysis in
hydroponics, the most striking and remarkable result was obtained. The non-pathogenic /7.
oxysporum F221-B was proved to be efficient in reducing disease severity of Fusarium root
rot in lettuce more than 90% and producing significantly better growth than that in non-
treated lettuces. Moreover, no significant degree of difference in terms of lettuce growth
was noted between using culture filtrate and spore suspension of F221-B.

Keywords: culture filtrate, non-pathogenic Fusarium oxysporum F221-B. F. oxysporum
fisp. lactucae

Introduction

Biological control of plant diseases including fungal pathogens has
been considered as environmentally safe and viable alternative measure to
chemical control (Baker, 1987; Cook, 1993; Tjamos ef al., 1992). Non-
pathogenic species of the fungal genus Fusarium were numerously reported
to successfully control Fusarium wilt of various crops worldwide (Elmer,
2004; Larkin and Fravel, 1998 and 2002; Nel ef al., 2006; Silva and Bettiol,
2005). In Thailand, non-pathogenic F. oxysporum (F221-B), originally
isolated from root of lettuce grown in hydroponics, has shown its ability
as plant growth promoting fungus (PGPF) on various crops suchas

*Coressponding Author: Jaenaksomn, T; E-mail: tanimnun@gmail.com
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Butterhead, Cos, Green oak, Red oak lettuces, kale and mung bean
(Thongkamngam et al., 2013; Thongkamngam and Jaenaksorn, 2015a) and
as biocontrol agent (BCA) against plant pathogenic fungi, namely
Curvularia spp., Colletotrichum spp. and F. oxysporum fsp. lactucae
(Thongkamngam and Jaenaksorn, 2015a). Non-pathogenic F221-B showed
remarkable consistency in retaining its morphology characteristics and its
efficacy as BCA and PGPF during 24 months storage (Thongkamngam and
Jaenaksorn, 2015a). In addition, F221-B was proved to be able to colonize
on root surface (epiphyte) as well as inside the root of lettuce (endophyte)
without producing any disease symptoms (Thongkamngam and Jaenaksorn,
2015b).

Fusarium root rot and wilt disease was regarded as one of the most
seriously disease of lettuce grown in soil and hydroponic cultivation (Cabral
et al., 2014; Chinta ef al., 2014; Malbran and Mourelos, 2014; Scott ef al.,
2014; Thongkamngam ef al., 2012). The disease was caused by Fusarium
oxysporum f.sp. lactucae. Effective control methods against this disease are
limited whereas chemical control has adverse effect to the consumer and
environment. On this regard, non-pathogenic F221-B would be one of the
strong candidates as biological control agent to solve this problem. Based
on the above-mentioned good characteristics of F221-B as PGPR and BCA
from which the feature of antibiosis was also observed in confrontation
experiment between F221-B and test fungal pathogens at the early stage of
incubation period (Thongkamngam and Jaenaksorn, 2015a), it is interesting
to further research on the antifungal ability of secondary metabolites in
culture filtrate of non-pathogenic F221-B.

Therefore, the research was conducted to determine the potential of
culture filtrate (CF) of non-pathogenic Fusarium oxysporum (F221-B)
against 10 plant pathogenic fungi namely, Curvularia sp. (C11, C12), F.
semitectum  (F113), F. oxysporum fsp. lactucae (F221-R, F422-G),
Rhizoctonia sp. (R11, R12, R13) and R. solani (R11, R12) in vitro and
Fusarium root rot disease in hydroponics.

Materials and methods

Fungal isolation

The test fungal pathogens were isolated from naturally infected
disease plants i.e. Curvularia spp. (C11, C12) and F. semitectum (F113)
from rice seeds showing dirty panicle disease, I-. oxysporum f.sp. lactucae
(F221-R, F422-G) from root of lettuce grown in hydroponics showing root
rot disease, Rhizoctonia spp. (R111, R112, R113) from rice leaf shealth
showing blight disease and R. solani (R11, R12) from rice seedling, by
tissue transplanting technique on water agar. The fungi were purified and
maintained on potato dextrose agar (PDA) and stored at 4°C.
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Non-pathogenic Fusarium F221-B was obtained from the previous
research of Thongkamngam ez al. (2013).

Preparation of culture filtrate (CF) of F. oxysporum (F221-B)

Regard to our research aiming at assessment for antifungal activity of
secondary metabolites in culture filtrate of non-pathogenic /. oxysporum
(F221-B), only the complete cell-free culture filtrate has to be used in the
experiment. Therefore, two types of preparation for obtaining the cell-free
culture filtrate were carried out for this regard: i) using micro-filter
(Minisart™; Sartorius stedim biotech, 0.2 wm) and ii) using moist-heat from
autoclave.

To obtain filtrates of the fungal culture, 5 mycelial agar plugs (0.5 cm
in diameter) of F221-B were inoculated into 250 ml Erlenmeyer flask
containing 50 ml of potato dextrose broth (PDB) and the culture was
mcubated at room temperature. After 7 days, the biomass was separated
from the broth, which contained the fungal metabolites, by filtering through
Whatman filter paper no.1 before being centrifuged at 10,000 rpm for 15
minutes. Then, the filfrates were undergone through the process of getting
the complete cell-free CF by 2 types of preparation procedure mentioned-
above. After that, the obtained cell-free CF was diluted with sterile distilled
water to give concentrations of 20, 40, 60 and 80 % ready to be used.

Effect of cell-free culture filtrate (CF) of F. oxysporum (F 221-B)
against plant pathogenic fungi by agar well diffusion assay

To determine the antifungal activity of F221-B culture filtrate at
different concentrations (0, 20, 40, 60, 80 and 100%) on mycelial growth of
10 plant pathogenic fungi, the experiment was conducted in duplicate; i)
employing cell-free CF prepared by using micro-filter and ii) employing
cell-free CF prepared by using moist heat of autoclave. Randomized
Completely Block Design (RCBD) with 3 replications was employed.

Ten plant pathogenic fungi (C11, C12, F113, F221-R, F422-G, R11,
R12, R111, R112, and R113) were cultured on PDA plate and incubated for
3 days. Then, 6 holes of 5 mm in diameter were punched with sterile cork
borer aseptically into the agar outside the periphery of pathogen colony. 30
ul of each concentration of F221-B culture filtrate was introduced into each
bored agar well. All plates were incubated at room temperature. The radial
growths of tested pathogens were daily measured and the percentage of
growth inhibition of tested pathogens was calculated.

Effect of cell-free culture filtrate (CF) of F. oxysporum (F 221-B) on
spore germination of plant pathogenic fungi

To investigate the inhibitory effect of F221-B culture filtrates at
different concentrations (0, 20, 40, 60, 80 and 100%) on spore germination
of 5 fungal plant pathogens, namely C11, C12, F113, F221-R and F422-G,
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the experiment was performed in duplicate; i) employing cell-free CF
prepared by using micro-filter and ii) employing cell-free CF prepared by
using moist heat of autoclave. Completely randomized design with 2
replications was employed. 30 pl of the fungal spores (1x10° spore/ml)
were placed onto concave glass slides in the presence of 30 ul of culture
filtrates (concentration of 0, 20, 40, 60, 80 and 100 percent) and incubated
in the moist chamber in the dark at room temperature (25+2°C). After 12,
24 and 48 h, the percentage of spore germination of fungal spores was
determined by light microscopy. In addition, the occurrence of spore
abnormalities was monitored.

Effect of culture filtrate (CF) of F. oxysporum (F 221-B) for controlling
root rot of lettuce in hydroponics

Antifungal activity of F221-B culture filtrate was further deterined
for controlling Fusarium root rot disease of lettuce grown in hydroponics.

The concentration of F221-B culture filtrate to be used in hydroponic

experiment was selected from the agar well diffusion assay and spore
germination test from which showing high potential of antifungal activity.
The experiment was conducted using completely randomized design of 6
treatments with 3 replications and 3 plants per replication. Treatments
comprised of:

Treatent 1: Healthy Control (Non-inoculated control)

Treatment 2: Inoculated control (with pathogen F422-G)

Treatment 3: Culture filtrate of F221-B

Treatment 4: Culture filtrate of F221-B + F422-G

Treatment 5: Spore suspension of F221-B

Treatment 6: Spore suspension of F221-B + F422-G

Seeds of Cos lettuce were sown in moistened sponge in seed tray and
watered with tap water for a week and then moved into mini DFT system
and fertilized with nutrient solution (EC=1 ms/om2, pH=5.8-6.2). After 2
weeks, 3 seedlings were transplanted into a rectangular plastic container
(25x34%15 cm) containing 5 liters of nutrient solution (EC=1.6 ms/cm’,
pH=5.8-6.2).

At 14 days, lettuces were treated with non-pathogenic F221-B by
immersing their root into either culture filtrate or spore suspension of F221-
B (5 ml/plant) for 5 minutes and the rest of F221-B was poured back into
the growing container. Sterile water was used for control. Three days later,
pathogen inoculation was made by pouring 15 ml of spore suspension (10°
spores/ml) of F422-G into a growing container. Sterile water was used for
control.
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Data collection and analysis
Disease index was rated up to 6 levels (0: healthy root, 1: reddish
brown root, 2: reddish brown root and became rotten, 3: rotten root, with
slight wilting, 4: rotten root with severe wilting, 5: plant became dead).
Disease incidence (DI) and disease severity (DS) of tested plant were
calculated by equation 1 and 2, respectively.

% DI = (Number of plants showing infected root) x 100 4}
Number of total plants
% DS =3 (Number of plants showing infected root = disease index) x100 (2}
Number of total plants * the highest disease index
DI, DS, as well as plant growth parameters such as leaf number, leaf
size, chlorophyll content (SPAD value) on the leaf were weekly monitored
after inoculation whereas fresh and dry weight of shoot and root were
recorded at the end of trial.
All collected data were statistically analysed by analysis of variance.
Treatment means were separated using Duncan’s multiple range tests.

Results and Discussion

Effect of cell-free culture filtrate (CF) of F. oxysporum (F 221-B)
against 10 plant pathogenic fungi by agar well diffusion assay

Culture filtrate of F221-B was checked for its effect against mycelial
growth of 10 fungal plant pathogens by using agar well diffusion assay.
Among 2 types of CF of F221-B, the results revealed that cell-free culture
filtrate prepared by using either micro-filter or moist-heat from autoclave
still showed the similar level of antifungal activity against all tested fungi
except for R11 and R112 (Fig. 1). This indicated the thermo-stable nature of
these antifungal metabolites in culture filtrate produced by F221-B.
Surprisingly, autoclaved CF gave higher inhibition against R11.and R112
than those from non-autoclaved CF.

Results shown in Fig. 1 revealed that the cell-free culture filtrate of
F221-B  contained secondary metabolites such as some bioactive
compounds that inhibited the in vitro fungal pathogen growth whereas this
inhibitory effect varied depending on the concentrations of CF tested. F2Zi-
B culture filtrate at all tested concentrations exhibited slight inhibitory effect
against mycelial growth of all tested fungal pathogens in the range of 6-39
percent over the untreated control. Overall, among the tested concentrations,
culture filtrates at 80 and 100 % gave the significant highest inhibition.
Curvularia spp. (C11 and C12) were shown to be most sensitive to F221-B
culture filtrate.

The inhibitory effect of F221-B culture filtrate was in accordance
with those of Benhamou ef a/ (2002); Halmann and Sikora, (1994); and
Khurshid et al. (2014) who reported that various non-pathogenic Fusarium
1solates have shown their ability to suppress plant pathogens. Tayung er al.
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(2010) reported that the metabolite produced by endophytic Fusarium
(MTCC-9622) showed significant antifungal activity against 3 postharvest
pathogens including . oxysporum.
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Fig. 1T Effect of cell-free culture filtrate produced by nom-pathogenic
Fusarium oxysporum F221-B against mycelial growth of 10 plant
pathogens by agar well diffusion assay. (C11, CI2: Curvularia
spp.; F113: F. semitectim; F221-R and F422-G: F. oxysporum f.sp.
lactucae; R11 and R12; R seolani; R111, R112 and R113:
Rhizoctonia spp.)

Effect of cell-free culture filtrate (CF) of F. oxysporum (F221-B) on
spore germination of 5 plant pathogenic fungi

Culture filtrate of F221-B was tested for its antifungal activity on
spore germination of 5 fungal plant pathogens. The result was in line with
the afore-mentioned experiment using agar well diffusion inethod that CF of
F221-B prepared using either micro-filter or moist-heat from autoclave
resulted in the same level of antifungal activity against the germination of
test fungi (Fig. 2). This reconfirmed once again that the toxic metabolites in
culture filtrate produced by F221-B are having thermo-stable nature.

A significant nhibitory effect (100 % inhibition over control) of all
test concentrations (20, 40, 60, 80 and 100%) of cell-free culture filtrate of
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F221-B on germination of spores of F. semitectum (F113) and F. oxysporum
fisp. lactucae (F221-R, F422-G) was evident throughout the experiment
(12-48 h) (Fig. 2). However, for the case of Curvularia spp. (C11 and C12),
significant antifungal activity (100 % inhibition over control) of the CF of
F221-B was observed only at the concentration of 60, 80 and 100 %. In
addition, the level of inhibition of germination of their spores added to
F221-B cell-free CF at the low concentration of 20 and 40 % declined with
mcreasing time (Fig. 2). This decline could be held responsible for the
decreasing levels of volatile sporostatic factors produced by F221-B. As
soon as the appearance of volatile compound was ended, a persistent level
of mhibition of spore germination caused by a stable inhibitor from non-
volatile compound was shown. Furthermore, abnormalities of spores were
detected such as swelling, lysis (Fig. 3).

In the current study, we observed the significantly higher degree of
inhibitory activity of F221-B culture filtrates against spore germination of
all tested fungi than those of their mycelial growth. This may be attributed
to the direct exposure of spore to the culture filtrate. ‘

Findings from in vifro experiments concerning the inhibitory effects
of culture filtrates of F221-B are in agreement with several previous works
by Aydi-Ben Abdallah e al. (2014); Lemanceau ef al. (1993); Sonawane ef
al. (2015). In addition, the filtrate of non-pathogenic F. oxysporum was
reported to counteract the growth of Staphylococcus aureus causing
dermatological disease (Ahmed Sheikh, 2010).

On the basis of our findings from in vitro studies, it is assumed that
the culture filtrate of F221-B tested may also contain antibiotics, toxins and/
or enzymes against the test fungal plant pathogens. Although the antifungal
metabolites in culture filtrate produced by F221-B have not been so far
identified chemically, it is still noteworthy that thermo-stability of such
metabolites has been observed from outr in vitro experiments. Additional

studies are required to identify the active antifungal compound in F221-B
culture filtrate.
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Fig.2 Effect cell-free culture filtrate produced by non-pathogenic
I oxysporum F221-B at different concentrations (20, 40, 60, 80
and 100 percent) against spore germination of 5 plant pathogenic
fungi (3 days after inoculation).
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Fig. 3 Abnormal spores of Curvularia sp. (C11) and Fusarium oxysporum
fsp. lactucae (F422-G) occwred in culture filtrate of non-
pathogenic F221-B at the concentration of 80 and 100 percent, at
48 h.
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Effect of culture filtrate (CF) of F. oxysporum (F 221-B) for controlling
Fusarium root rot disease of lettuce in hydroponics

The experiment was conducted to investigate the effect of culture
filtrate of non-pathogenic F221-B in controlling Fusarium root rot disease
of lettuce in hydroponics. The result showed that lettuce from non-
moculated (healthy) control grew and developed normally while lettuce
treated only with I'221-B (culture filtrate or spore suspension) did not show
any disease symptoms throughout the trial (Table 1) and grew significantly
better than that of non-inoculated control (Fig. 4).

At 7 days after inoculation (DAI), the inoculated lettuce with F422-G
began to show symptoms of root rot with 64 % disease incidence (DI) and
56.1 % disease severity (DS) whereas the lettuce treated with culture filtrate
and spore suspension of non-pathogenic /. oxysporum (F 221-B) prior to
pathogen inoculation showed significant low percentage in DI and DS about
32, 16 and 6.6, 3.3 percent, respectively. Regard to inoculated control,
percentage of DI and DS increased with increasing incubation time; lettuces
showed severe symptoms of root rot and wiit with 100% DI at 14 DAT and
DS reached highest of 93.6% at 28 DAI At 28 DAI, pre-treatment with
either culture filtrate or spore suspension of F221-B exhibited a significant
inhibition over control of more than 90 % in DS (Table 1).

In terms of plant growth, the most pronounced and statistically
significant reduction in all the growth parameters such as leaf number, leaf
size and SPAD value was recorded only in lettuces in inoculated control
throughout the trial (Fig. 4) while the treatments with F221-B (either CF or
spore) prior to pathogen (F422-G) inoculation resulted in the same normal
growth as that in non-inoculated control (healthy control) and in F221-B
treated lettuce. For overall, non-pathogenic F221-B-treated lettuces showed
a more vigorous root system without apparent of root rot symptom and
finally resulted in significantly much better growth (fresh weight of stem
and root) than that in non-treated lettuces. In addition, spore of F221-B
tended to be more efficient than the culture filtrate since the fresh weight
and dry weight of stem and root of lettuce treated with spore of F221-B was
shown to be significantly greater than that in non-inoculated control (Fig. 4).

Based on our resuits, non-pathogenic F. oxysporum (F 221-B) was
proved to be efficient in reducing disease severity of Fusarium root rot in
lettuce and producing greater growth with no significant degree of
difference between using culture filtrate or spore suspension of F221-B.
These results are agreed with earlier reports of their success in using non-
pathogenic . oxysporum to control Fusarium wilt of various vegetables
(Reddy, 2013) such as asparagus (Elmer, 2004), basil (Minuto et al., 1997
and Larkin and Fravel, 2002), cucumber (Mandeel and Baker, 1991; Paulitz
et al, 1987), pea (Benhamou and Garand, 2001), radish (Toyota ef al.,
1995), spinach (Katsube and Alaska, 1997), sweet potato (Ogawa and
Komada, 1984) and tomato (Larkin and Fravel, 1996 and Silva and Bettiol,
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2005). In addition, our result is similar to that of Horinouchi ez al. (2010},
who reported that Fusarium wilt of spinach was effectively controlled by
PGPF F. equiseti GF183.

These results provide evidence of the antagonistic activity of F221-B in
controlling root rot disease caused by F. oxysporum fsp. lactucae (F422-G)
and promoting the overall growth in lettuce.

Table 1 Effect of non-pathogenic F. oxysporum (F221-B) in controlling
root rot of lettuce grown in hydroponics.

% Disease incidence % Disease severity % Inhibrtion
E in DS
Treatment (PD) (DS) over control
7 14 21 28 7 14 21 28 28
DAY DAL DAL DAI DAL DAI Dal DAI DAI
Healthy control 0= 0 0 0 0 0 0 0 -
Inoculated control (F422-G) 64a 100a 100a 100a  56.la 68.3a 74.6a 93.6a 0
F221-B (CF) 0 0 0 0 0 0 0 0 .
F221-B (CEy+ F422-G 32b 32b 32b  32b 6.6b 6.6b 6.6b 6.6b 934
F221-B (Spoie) 2 Y W% ST L K 2
F221-B (Spore)+F422-G 16b 16b 16b 16b Fiie G50 ¥ 330 Bl 96.7

YDA Day after inoculation, Inoculation was made at the age of plant of 17 days.
#Means in a column followed by the same letters are not significantly different according
to Duncan’s Multiple Range Test at P=0.05.
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Figure 5 Effect of non-pathogenic /. oxysporum F221-B (culture filtrate
and spore suspension) for controlling root rot disease of lettuce
grown in hydroponics (45 days after moculation).

Conclusion

In this research, the potential of cell-free culture filtrate of non-
pathogenic F. oxysporum (F221-B) was evaluated against 10 plant
pathogenic fungi. Among 2 types of cell-free culture filtrate used,
autoclaved CF for overall still exhibited the same level of antifungal activity
against test fungi as those from non-autoclaved CF (using micro-filter). This
should be noted that thermo-stability of antifungal metabolites in culture
filtrate of F221-B has been observed from our ir vifro experiments. For agar
well diffusion assay, all test concentrations of culture filtrate could slightly
inhibit mycelial growth (about 6-39 percent over control) of all tested fungal
pathogens while the promising fungitoxic effect was recorded only at the
concentrations of 80 and 100 percent of CF. Similar but more promising
results were obtained from the spore germination test. F221-B culture
filtrate at all test concentrations showed excellent spore germination
mnhibition 100 % over control against F113, F22i-R and F422-G whereas
only at 60, 80 and 100 % of F221-B culture filtrate were shown to
completely inhibit the spore germination of C11 and C12.

Taken together, non-pathogenic F. oxysporum F221-B in the form of
either culture filtrate or spore suspension was significantly efficient in
controlling root rot disease of lettuce. In addition, it significantly exhibited
beneficial effect on overall growth of lettuce.
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Abstract

Long term preservation of Fusarium oxysporum (F221-B) using modified filter paper
technique was monthly assessed on the basis of its viability, morphological characteristics
and in vitro efficacy as biocontrol agent (BCA) and plant growth promoting fungus (PGPF).
The results showed that the 6-month storage of F221-B was very satisfactory since its
viability of cultures was still 100 percent until the end. Remarkable consistency in retaining
its morphological characteristics was noted during preservation. Main hypha was in the range
of 110-121x2.2-2.6 pm, hyphal tip was 82.04-94 04x3.2-3.5 xm whereas macro conidia were
28.23-29.85x3.0-3.5 um. The biocontrol efficacy of F221-B against Colletotrichum sp.,
Curvularia sp. and Fusarium sp. remained relatively constant and unchanged during 6
months which was in the range of 36.1-74.8 percent from dual culture test and 31.6-48.2
percent in agar well diffusion assay (at the 100 percent of culture filtrate concentration).
Regarding its effectiveness as plant growth promoting fungus, the treated seeds with spore
suspension of F221-B at 10% and ‘10° spores / m! could germinate 2-day faster than non-
treated seeds resulting in higher percentage of seed germination and seedling length. To
conclude, 6-month preservation of F221-B using modified filter paper technique was
successful with 100 percent viability and its unchanged efficacy as BCA and PGPF.

Keywords: Fusarium oxysporum (F221-B), modified filter paper technmique, long term

preservation, biocontrol agent, plant growth promoting fungus

Introduction

Fusarium oxysporum (F221-B) has shown its ability as PGPF on various plants such as
Butterhead, Cos, Green oak, Red oak lettuce, kale and mung bean (Titi et a/., 2012) and as
BCA against plant pathogenic fungi (unpublished). Therefore, it is necessary to employ the
proper method for keeping the culture of F221-B as long as possible without any changes on
its morphological characteristics and potentialities. Modified filter paper culture method was
shown to be effective in preserving the F221-B viable without any contamination at the early
stage of preservation (Thongkamngam and Jaenaksorn, 2014). However, its viability,
morphological characteristics and in vitro efficacy as BCA and PGPF have not yet been
assessed for long term period. Hence, the research was conducted to preserve the culture of
F221-B using modified filter paper and kept at 4° C while assessment of its viability and
efficacy as BCA and PGPF was monthly monitored during 6 months preservation.

Materials and methods
1. Assessment of viability of F221-B during 6 month storage
Viability, purity, mycelial growth, spore production and morphological characteristics of F221-B
were monitored immediately after storage, at 1, 2, 3, 4, 5, and 6 months after storage. One piece of
the inoculated filter paper was randomly removed from eppendorf tube from 4° C storage under
aseptic conditions and then inoculated onto PDA (5 pieces per plate of 10 plates) for 3days at room
temperature. All parameters were observed accordingly.
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2. Assessment of biocontrol efficacy of F221-B during 6 month storage against plant
pathogenic fungi

Biocontrol efficacy of F221-B against 3 plant pathogenic fungi, namely Colletotrichum sp.

Curvularia sp. and Fusarium sp. was monthly assessed during 6 month preservation by dual

culture test and agar well diffusion assay.

2.1 Duai culiire test (Deninis and Webster, 1971)

A mycelial disc (9 mun diameter) obtained from the 7 day old cultures of test
pathogenic fungi and F221-B was placed simultaneously on the periphery, about 1 cm from
the edges of the Petri-dishes (9 cm diameter) at opposite sides. Petri dishes containing PDA
inoculated either with the test pathogens or F221-B alone served as control. All the plates
were incubated at 28 °C. Radial growth of pathogen in dual plate was daily measured until
the culture of control pathogen was full. The percentage growth inhibition of tested pathogens
in presence of BCA was calculated over control using the formula: C- T/ C x100, where C=
pathogen growth in control and T = pathogen growth in dual plate.

2.2 Agar well diffusion assay (Fiddman and Rossall, 1993)

To prepare culture filtrate, 5 discs (5 mm diameter) of F221-B were cut from
vigorously. growing margin of 7 day old cultures and inoculated into flask containing 50 ml
of sterile Potato dextrose broth (pH 5.6). Flasks were incubated at 28°C for 10 days. After
incubation, the cultures were filtered first through Whatman filter paper No.l and then
through microfilter (0.2 um) to obtain sterile culture filtrate. The culture filtrate was adjusted
to different concentrations 0, 20, 40, 60, 80 and 100% by mixing with sterile water and ready
to be used. Each pathogen was inoculated on PDA plate and incubated for 3 days. Then, six
wells (5 mm diameter) were punched in the pathogen-inoculated plates and filled with 30 pl
of each concentration of culture filtrate of F221-B. The medium devoid of culture filtrate
served as control. All plates were kept in room temperature. The radial growth of tested

pathogens was daily measured and the percentage of growth inhibition of tested pathogens
was calculated.

3. Assessment of plant growth promoting ability of F221-B during 6 month storage

Plant growth promoting ability of F221-B was evaluated with Cos and Red oak ietiuce seeds
using completely randomized design. Fifty seeds of each were soaked into 5 ml of 2
concentrations (10° and 10° spore/ml) of F221-B spore suspension for 5 minutes before
transplanting the inoculated-lettuce seeds onto Petri plate containing moistened-Whatman
filter paper (No.1). Data collected as percentage of germinated seed and seedling length were
statistically analyzed.

Results and discussions

Six month preservation of F221-B at 4° C by modified filter paper method was shown
successfully. Regard to its viability, the result showed 100 percent viability since all pieces of
inoculated paper were recovered cach time from storage and showed the initial colony
characteristics, and the same growth rate as the original culture (Table 1). Besides,
remarkable consistency in retaining its morphological characteristics was noted throughout 6
month period. Main hypha was in the range of 110-121x2.2-2.6 um, hyphal tip was 82.04-
94.04x3.2-3.5 um whereas macro conidia were 28.23-29.85x3.0-3.5 pym which were matched
the original fungal identification documented for F221-B. These results are in agreement with
that described by Fong et al. (2000) who could preserve Fusarium oxysporwm for 4 years,
Marasmiellus inoderma for 2 years and Ganoderma isolates for 5 months using a modified
filter paper. In regard to this, another report by Hu ef a/. (2014) who described a success long
—term preservation and fast revival of filamentous fungi using a novel, highly efficient
method based simply on steriie cellophane squares (CPS) which is similar to modified filter
paper method.

The biocontrol efficacy of F221-B during 6 month preservation period agaimnst
Colletotrichum sp., Curvularia sp. and Fusarium sp. remained relatively constant and
unchanged which was in the range of 36.1-74.8 percent from dual culture test (Figure 1, 2)
and 31.6-48.2 percent in agar well diffusion assay (at the 100 percent of culture filtrate
concentration). (Figure 1, 3). Since our research has focused on preservation of only a non-
pathogenic /. oxysporum (F221-B), newly isolate BCA and PGPF, no related observation has
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been made by others. However, the results of the current study provided evidence for the
antagonistic ability of F221-B which was still in line with those decribed by Park er al.
(1988) and Abeysinghe (2006) who revealed the ability of selected non-pathogenic

F. oxysporum .

Regarding its potential as plant ﬁgrowth promoting fungus, the treated seeds with spore

suspension of F221-B at 10° and 10

spores / ml could germinate 2-day faster than non-

ireaied seeds resulting in higher percentage of seed germination and seedling length.
Taking into account, our present research confirmed that the potential of F221-B as

BCA and PGPF remained unchanged during 6 month storage.

Table 1 Viability and morphological characterisncs of Fusarium oxysporum (F221-B) during 6

month preservation
Viability Colony Morphology of Fusarium oxysporium F221-B (at 3 day)
M (%) color Length x Width (pm) Macroconidia

1 Day 3 Day Main hypha Hyphal tip Size(jm) (;?)I;Z}ﬁtl)

0 (before storage) 100 vellow 117%2.6a 86.7x3.4a 29.7%3.5 3.14x10?
1 100 = 116%2.2a 82.04%3,5a 29.85%3.2 3.26x10%

2 100 i 110=x2.4a 87.42x3.2a 28.56%3.5 2.43x10*

3 100 ” 112%2.6a 92.04%3 2a 28.85%3 3.26x10%

4 100 ” 121x2.6a 90.04x3 4a 28.28x3.2 3.16x10%

5 100 - 118x2 da 94.04x34a 29.03x3.4 2.88x104

6 100 - 116x2.4a 85.13x3.4a 28.23%3.2 2.86x10*

Figure 1 In vitro effectiveness of Fusarium oxysporum (F 221 -B) against 3 plant pathogen fungi

during 6 month preservation
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Table 2 Assessment of plant growth promoting ability of F221-B during 6 month storage

Seed germination Seedling length (cm)
Month  Treatment Cos Red oak Cos Red oak
Z2day 3 day 2 day 3 day 2 day 3 day 2 day 3day
Control 0 30 0 65 0ct  1.7c Oc 1.3¢
1 10° spore/ml 100 100 80 100 2.3ab 3.lab 1.8ab 2.8ab
10°spore/ml 100 100 100 100 241a 374a  21a  3a
Control 0 80 0 60 0Oc  1.8¢ Oc ldc
2 10 spore/ml 100 100 85 100 2.1ab 3.2ab 1.9ab 2.6ab
N 10° spore/ml 100 100 100 100 2.56a 3.5la 23a 31la
Control 0 85 0 67 Uc  1.65¢ Oc 1.1c
3 10° spore/mi 100 100 80 100 2.1ab 3.1ab 1.7ab 2.5ab
10°spore/ml 100 100 100 100  24la 3.63a 24a 209%a
Control 0 85 0 62 Oc 1.7¢c Oc 1.3¢
4 10° spore/ml 100 100 80 100 2.3ab 3.4ab 1.8ab - 2.8ab
10° spore/ml 100 100 100 100 246a 39a 2.la  3a
Control 0 82 0 65 Oc 1.7¢c Oc 1.4c
5 10° spore/ml 100 100 80 100 2.1ab 3.1ab 1.6ab 2.7ab
10°spore/ml 100 100 100 100 _ 25a 3.74a  25a 3a
Control 0 85 O 05 Gc i7¢ Oc 1.3¢
6 107 spore/ml ~ 100 100 80 100 2.2ab - 3.5ab 1.8ab 2.9ab

10° spore/ml 100 100 100 100 241la 3.84a 26a 34a

“Mean of 50 replications in a column followed by same letters are not significantly different

according to Duncan’s Multiple Range Test (DMRT) at P=0.05

Conclusion
In conclusion, our current study grovides evidence that 6 month storage of /. axysporum
(F 221-B) at 4° C using modified filter paper method was very satisfactory since its viability,
stability of living cells, and morphological characteristics were remarkable consistency as
same as that of the original culture. Besides, the potential of F221-B as antagonist and plant
growth promoting fungi remained unchanged. Therefore, it would be worthwhile to extend
this research for longer moniton'nF in order to validate the reliability of this preservation
method and ensure the stability of living cells of F 221-B during longer period of preservation.
Furthermore, the stability of F 221-B living cells should be assessed by molecular parameters.
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ABSTRACT

Purpose of this research was to assess the colonization of non-pathogenic Fusarium
oxysporum strain ¥221-B and pathogenic F. oxysporum strain F221-R and ¥422-G on roots
of lettuce (Lactuca sativa L.) grown in hydroponics and on punctured surface tissue of
pakchoi( Brassica chinensis var. chinensis) . The colonization was assessed in terms of
epiphytic and endophytic colonization. Besides, survival of the tested fungi in nutrient
solution was also determined. The results showed that non pathogenie F221-B could colonize
on root surface (as epiphytic colonization with 28.5 and 54 CFU/ml in the 1%and 3" week
after inoculation, respectively) as well as inside the root (endophytic colonization was about
60 CFU/ml in the 1" wk. and 76 CFU/ml in the 3™ wk after inoculation) without producing
any disease symptom. Unexpectedly, the pathogenic F221 -R and F422-G were found to
colonize only on root surface as epiphytic colonization. Regard to the colonization on
punctured surface tissue, the top-view as well as cross-sectional view of colonization of plant
surface tissue and top-view of epidermal peel of a plant leaf were visualized and recorded.

Keywords: non-pathogenic Fusarium oxysporum F221-B, epiphytic colonization, endophytic
colonization, Lactuca sativa L., Brassica chinensis var. chinensis

Introduction
Plant disease management through the use of biocontrol agents (BCAs) could offer the prospect of
an environmentally safe alternative (Sikora, 1997). Successful colonization in plant tissue is an
important step for their suitability as BCA. In some instances, endophytes, normally live
asymptomatically inside the plant, could develop mutualistic relationships with plants, acting as
antagonists to diseases (Sikora, 1992; Sikora, ef al., 2003; Paparu et al, 2006). When endophytes
are artificially reintroduced into the host plant, biological control of disease can be greatly enhanced
(Clay, 1989). Hence, the potential of endophytes as BCA (such as protective strains of Fusarium
oxysporum ) has currently drawn attention to many researchers (Eparvier and Albouvette, 1994;
Olivain and Albouvette, 1997; Bao and Lazarovits, 2001; Olivain et al, 2006; Nahalkova ef al.,
2008). Non-pathogenic /7. oxysporum (F221-B), originally isolated from root of lettuce grown
in hydroponics, has been proved so far as plant growth promoting fungus (Thongkamngam et
al., 2013) and BCA (unpublished). In order to maximize its biological control potential, it is
essential that high initial colonization and subsequent persistence could occur. However,
nothing has been known about the pattern of lettuce root colonization by this non pathogenic
F221-B, such information is important in understanding its mechanism of protecting plant
agamst disease. Therefore, the aim of this study was to assess the colonization (in terms of
epiphytic and endophytic colonization) of non pathogenic F221-B compared to pathogenic £
oxysporum (F221-R and F422-G) on roots of lettuce grown in hydroponics and on punctured

surface tissue of pakchoi. Besides, their patterns of surface tissue colonization were
described.
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Materials and Methods

Hydroponic cultivation

Seeds of Cos lettuce were germinated in a seedling tray on moistened sponge at room
temperature. After 7 days, seedlings were moved to a new tray with nutrient solution (EC =
I mS/cm, pH=5.8-6.2). Then, 14 day-old-seedlings were franspianted into DRFT (plastic
container: 25x34x15 cm) with nutrient solution (EC = 1.8-2.0 mS/cm, pH = 5.8-6.2) to be
ready for being treated according to the treatments.

1. Colonization of non-pathogenic Fusarium oxysporum strain F221-B and pathogenic
F. oxysporum strain F221-R and F422-G on roots of lettuce (Lactuca sativa L.) grown
in hydreponics

To assess the colonization of non-pathogenic F221-B and 2 strains of pathogenic

F. oxysporum, Completely Randomized Design (CRD) with 3 replications of 3 plants was

employed. Before transplanting into the DRFT, each 14 day-old-lettuce seedling root was

dipped into 5 ml of spore suspension of each tested F. oxysporum (1x10® spore/ml for F221-B
and 1x10° spore/ml for F221-R and F422-G) while sterile water was used for healthy control.

All the treated plants were grown in mini DFT under outdoor condition. Root colonization

was assessed in terms of epiphytic and endophytic colonization at 1, 2 and 3 weeks after

inoculation. Besides, survival of tested fungi in nutrient solution was also monitored
accordingly.
1.1 Epiphytic colonization assessment (Osono, 2008)

Treated roots were washed under running tap water for 10 minutes and then were surface-

sterilized by briefly in series with 70 percent ethanol for 30 seconds, 10 % sodium

hypochiorite for 1-Z minutes and further cieaned by passing through two sets steriie water.

Rinse water from the second rinse was kept and poured onto plate containing 7richoderma

selective media ( TSM). Culture plates were incubated at room temperature for 3 days then

fungal colonies were counted.
1.2 Endophytie colonization (Elizabeth and Herre, 2003)

Treated roots were washed under running tap water for 10 minutes and then were surface-

sterilized by briefly in semes wath 70 percent ethanol for 30 seconds, 10 % sodium

hypochlorite for 10 minutes and finally rinsed 3 times with sterile water {3 minutes each).

The sterile root was crushed in 1 ml sterile water with mortar. Sample solution was poured

onto TSM plate and cultures were kept at room temperature for 3 days then fungal colonies
were counted.

2. Colonization of non-pathogenic Fusarium oxysporum (F221-B) and two strains of
pathogenic F. oxysporum (F221-R and F422-G) on punctured surface tissue of
pakchoi (Brassica chinensis var. chinensis)

To study the colonization of non-pathogenic F221-B and 2 strains of pathogenic

F. oxysporum on punctured surface tissue of pakchoi sheath leaf, two agar plugs from 7 day

old culture of each tested strain of F. oxysporum were inoculated on 2 wounds per sheath leaf

(5 leaves per tested strain). Sterile PDA plug was used as non-inoculated control. All

inoculated sheath ieaves were incubated at room temperature. The colonization of plant tissue

on top-view, cross-sectional view and top-view of epidermal peel of a plant leaf were
observed under stercomicroscopy and light microscopy and then photographed. Besides,
disease lesion was measured and discase severity was calculated.

Results and discussion
1. Colenization of non-pathogenic F. oxysporum (F221-B) and pathegenic F. oxysporum
(F221-R and F422-G) on root of lettuce (Lactuca sativa 1..) grown in hydroponics
Our result revealed that non pathogenic F221-B could successfully colonize both on surface
and inside the root without producing any disease symptom (Figure 1 and 2). However, the
amount of colonization was pretty low compared to those from original inoculated amount
(epiphytic colonization was only 0.29x 10? and 0.54x10*> CFU/ml while endophytic
colonization was about 0.6x10% CFU/ml in the 1%and 3™ week after inoculation, respectively,).
Contrary to expectations, both isolates of pathogenic F. oxysporum were found to colonize
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only on root surface with lower amount than that of non-pathogenic F221-B from beginning
till the 3™ week after inoculation (0.23x10?> CFU/ml for F221-R and 0.16x10? CFU/ml for
F422). Furthermore, it was demonstrated that survivals of the three tested fungi in nutrient
solution were much higher than those in plant tissue, this probably due to fungal inoculation
method onto plant root and into nutrient solution at the same time. However, their survivals
were decreased along with increasing incubation times. At the 3™ week after inocultion,
survival amount of test fungi in nutrient solution were in the range of 1.74-2.2x10*> CFU/ml
(Figure 1). Our study confirming colonization ability of non-pathogenic F221-B as epiphyte
and endophyte is in agreement with those described by Paparu ef al. (2005); Olivain ef al.
(2006); Nahalkova et al. (2008) who stated that many strains of non-pathogenic /. oxysporum
could colonize root surface and penetrate intact host tissues. Regard to our result on
colonization ability of two isolates of pathogenic F. oxysporum as epiphyte, this contradicts to
Scott et al. (2014) who described the mtensity of pathogen colonization of the vascular stele
of lettuce cultivars. However, endophytic colonization of the 2 strains of pathogenic F.
oxysporum from this study could probably be detected if incubation period is set longer.
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Figure 2 Colonization of non-pathogenic fusarium oxysporum (F221-B) and pathogenic
F. oxysporum (F221-R and F422-G) on root of lettuce grown in hydroponics (at 7
and 21 DAI)
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2. Colonization of non-pathogenic Fusarium oxysporum (F221-B) and two strains of
pathogenic F. oxysporum (F221-R and F422-G) on punctured surface tissue of
pakchoi (Brassica chinensis var. chinensis)

Regard to the colonization on punctured surface tissue of pakchoi leaf by non-pathogenic

F. oxysporum (F221-B) and two strains of pathogenic I, oxysporum (F221-R and F422-G),

the result showed that pattern of leaf surface tissue colonization was similar for both strains

of pathogenic F. oxysporum with 82.5-100 % disease severity (DS) while no obvious disease

symptom was notéd with colonization of non-pathogenic F221-B (top-view and cross-

sectional view of colonization) (Table 1). Besides, severe disease lesion (its size about 3-4

cm) was observed with the depression of the leaf surface at 5 DAI. Abundant white hyphae of

three tested stramns of F. oxysporum were found spreading on the epidermis while only

hyphae of two pathogenic strains could be observed from internal tissues. Based on epidermal

peel view, normal tissue was illustrated on non-inoculated tissue while hyphae of 2 strains of

pathogenic /. oxysporum were visible in intercellular and intracellular Spaces. Interestingly

only macroconidia of non-pathogenic /. oxysporum (F221-B) were observed on epiderma

peel view. These results are in line with Paparu et al., (2006) who provided the first in situ

observation and quantification of endophyte colonization and also demonstrated the ability of

F. oxysporum to penetrate intact hos? tissue. To the extent that such differences between

colonization on lettuce root and on punctured surface tissue of pakchoi leaf by pathogenic

F. oxysporum are probably due to ratﬁer short incubation period in lettuce experiment.

Conclusion :

Our study reveals the first investigation of the endophytic and epiphytic colonization ability

of non-pathogenic F. oxysporum (F221-B) on roots of lettuce grown in hydroponics. This

information of its successful colomization nternally would be worthwhile for further research

in terms of potential development for exploiting an endophytic F221-B as a promise BCA

and PGPF in the near future.
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a1susziiumada Filter paper \Waliusnwn¥asn Fusarium oxysporum (F 221-B)
Evaluation of the modified filter paper culture method for maintenance
the culture of Fusarium oxysporum (F221-B)

58 nasdny’ uay ofluius ludnus

Titi Thongkamngam®” and Tanimnun Jaenaksorn’

Abstract

In order to obtain the proper method for keeping the culture of Fusarium oxysporum (F221-B)
viable and unchanged for routine testing and" future research, the modified dried filter paper culture
method was evaluated. The preservation methed was modified onto 2 aspects;, namely inoculation
techniques on filter paper and drying technique. Four inoculation techniques onto PDA plates to be
tested were as follows: 1) Inoculated with 1 piece of fungal plug by placing face down directly on PDA at
the center without filter paper (as control) 2) Inoculated with 1 piece of fungal plug by placing face down
on the center of 70 mm filter paper 3) Inoculated with 5 pieces of fungal plugs by placing face down on
PDA z few mm away from the circumference of 70 mm filter paper 4) Inoculated with 6 pieces of fungal
plugs by placing face down on PDA a few mm away from the circumference of 70 mm filter paper. Then,
the viability of the fungus was assessed by observing the fungal growth from five pieces of funeal filter
paper discs placed on PDA after 10 days of incubation. The result showed that the cultures of F221-B
preserved using this protocol with the 4 inoculation techniques remained one hundred percent viable
and free from contamination. However, the modified dried filter paper culture method using 6 pieces of
fungal plugs by placing face down on PDA a few mm away from the circumference of 70 mm filter paper
was shown to be the most suitable for preserving F221-8 since its mycelial growth and spore production
were the highest. Regarding drying technigue, this study demonstrated that dry method of filter paper
culture in non-vacuum dessicator with blue indicating silica gel at the bottorn was found to be effective
in preserving the F221-B without contamination.
Keywords: Filter paper technique, Fusarium oxysporum (F 221-B), vacuum dessicator
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AIEAMENTEY (Control) 2) ’mﬂuuguma 13unihamsanainssaenTesLn 70 fadlms 3) ’m?mngia 5 fumt
V1AL IS PDA WeInTaUnsyAERTal (wuwe 70 Hadums) iadnday ) 21&%’14”5141,%’3 6 ﬂ?}uuﬂi;mﬁ"uawumms
PDA st nYaUNTEATNTS: (Wina 70 Dafums) tewdntes fegintuiinanssadeusuiiiisvaadouunseay
ﬂ‘éa\'ﬁj?u‘] T,maﬁﬂLLriuﬂizmﬂsﬂimaam‘flu%wﬁﬂf] uaziinn 5 $u Wedseatuuans POA ufalfifuna 7 Ju
wuh nnfuinentalaalitunsunindoatouunseatunsas s 4 nesuds dwalida F 221-8 faildinsonay
100 wWasduduasldiinsuuideu adlsinunisuisa neduiude 6 Fuadwmiasuamomis PoA e
vaunsEENTaY twasTiganenisada F221-8 lundsll memiemumaaiquesduliuavmeairenadiniign
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drwdunaunaiilinszatensosuis lasihnszavnsasldadiulogaruuid silica gel agafuvaslagaauiiy

urlaildluamgna (non-vacuum dessicator) wudildlel Tnafiusz@nsnwdisanalunisituineie F 221-8
1= & & 4

uazhifimsuuileuveudadug

ﬁ'}ﬁ"lﬁ’zg: Filter paper technigue, Fusarium oxsporum (F 221-B), vacuum dessicator
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A1

L‘zja'iﬂ Fusarium oxysporum (F 221-8) Lf]ul,‘uai”mm auanUFlun unsdaasunsiaTgaul Fl’tia\‘i‘ﬂ‘ﬁ Plant
Growth Promoting Fungus (PGPF) lavaiawila fia Butter head, Cos, Green oak, Red cak , Azt uay ffen Dudu
Gruazanz, 2556) adslsfinm dThiiinmsivinndesiianemasitidesiudounmmmasmeadsd dafumsiu
fvideiadudsidndudemsiuinvidounian weflalindedindifinenagidssomaaranum Snfad
annsafiazihdeiiiuinelindunldldnaeainan T,cﬂH%’%m'sl,ﬁuéjnmﬁyau?uﬁag:wmnﬁmﬂi%mﬁdﬁaqéwﬁqﬁs
tilauazniraialaiveade Lﬁaﬁ%}ElfﬁLﬁU%ﬂHWL‘T}Iﬂlﬁgﬂﬁaduﬁsmil"l%&‘ill Tnsdaddgrasmaiuinundeduil
winmsddny fe mavgsvisanmawiydulmenden Temuaudefeidudilunmeie sdadu s gamgdi
d1587W13 uaE 1 m‘iLﬁm‘%}aﬂLLGf353‘3ﬁ@ﬂﬁﬂﬁL‘?‘;a‘i’]ETﬂﬁ%’aiﬁﬁaﬂaQl::‘;ﬂﬂ‘ﬁﬁﬂ AsdnvamdmNnTEe wasliAsumlas
dnunizgUiwanda

ﬂ%i}{l}uﬁ%%ﬂﬂitﬁu%ﬂ“&%%@ﬁﬁﬂulﬁﬁU%ﬂ'ﬁ:}’]ﬁ?ﬁ}ﬂé?’fﬁ?ﬂﬁa’]Ei'Tﬁ‘ﬂﬁ Ao 1. maiiuluewns PDA slant 2. nsifiy
mlsidfumai (paraffin o) 3 amsiuluniiwesas 10 Wediusd 4 maviudsty Liouid nitrogen waz 5. iy
nsERIYATeE Ul e (fitter paper) (513 weLazAnly, 2551; Espinelngroff, et al, 2004; Dirskel and Otag 2013;
Dahmen, et al, 1982, ATCC; Fong, et al., 2000) Taeismssnuntasuiniltoilavana 4 ads Wy 13%'mm§m%auu
8173 (PDA stant) todaefio faiannsadesdariUlElidunannls 2 B meduluisunait fesesfie ands
L’zfaaaﬂmnmuuwumaummﬂ maqwﬂthﬁaumﬂauawuaawfdaTﬂ 3. maiulunSiwasen 10 Weslwud dedesia
seaiulfluaamgiinfnauin aniluadadaruasarimmutevrendaneiagug 4 narAulu Liouid nitrogen
i fosaufie dnvuseidtoiingslivinefusamniiidu Suaviihdesiuneld uag 5. madvlunssanunses
siudla (flter papen hiismsmileitlidesiivadalunmsiudomsetunalumafiudeiuseuiehe liigaenn azaan
TumsAusnwilddunamane 9 9 leghiimaudouwesderniiadun

éf’wmmﬁ’ﬂm i 1TeTldvhn siaudasiBns Filter paper was Fone, et al, 2000 ninlug) 9 8y 2 Ussiau
Ao 1) A31ade 1 Yauas 5 9n 13suiiisuiu 6 0 Tuignsenads 2)m‘311ﬂﬁﬂ13ﬁmm1mﬂ {(vacuum pump) F'E}ﬂ“d
'immmﬂmju (dessicator) GanafiaininnzldTusnnisdauiaslunfidasldsinstmnsaudensfiviavide
F. oxysporum (F 221-8) tazldlunisnaasssaly

aﬁnimua 35015

nAAREILEeT Fusarium oxysporum (F 221-B)

o Fusarium oxysporum (F221-B) AHlumsAnwadat [Fanamd dovas Shnavane (2556) aludas
fiuszavanmlududuaiunisaTyduinvosiia 6 wiin (Cos, Green oak, Red oak, Butter head, Azt uas
fute) fiugnlussudlalasining

mafuSnendes Fusarium oxysporum (F 221-8) Tngldiwatia Modified filter paper culture

miﬁﬂuﬂuﬂ%”':ﬁﬁnﬁaﬁﬁ%’miﬁmm:;anﬁqmmmm‘jﬂ Filter paper lunaivinendes F 221-8 Tnavh
ATsSnlUasion1sves Fong, et al. (2000) ‘T:u 2 Usz Lﬁuﬁa 1 ﬁhmu%ui'ul,%aﬁaNLﬁE}lﬁLﬁmﬁmmamams”m%s
nsae e sRuld 6 Fu asamaadu 5 %uu,a" 1%y ierawaummmﬂuﬂm 5 3y s‘uauwvmml:ﬂ'maumau
UINIARTINGNIBINTEATBNSB4LAANTT 6 fu dmunsdl 1 ‘zn.m?na‘u‘u%mmﬂmaﬂ‘i”mwnimiﬂama Fudu
'ra'nﬁwuaaﬂmaasmai@amlﬂuawm%ﬂﬁamqmiummﬂiaalmam.,amamauﬂ@maumunizmwniaa 2) daldas
%V'umauﬂWsﬁﬂﬁﬂixﬂwﬂiamﬁﬂma’l?im'iuiagmmm‘?"ﬁ’vﬁﬁ sitica gel agﬁﬁu‘?}@ﬂn@mm’uu%}u LL@lMiﬁﬁM@@@'lﬁ’lFﬁ
{non-vacuurn dassicator)
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FmeiasateT £ oxysporum (F 221-8) UueTsEsade Potato dextrose agar (PDA) ﬁnﬁqquﬁﬁas
vy 7 Fu wdeaniidld cork borer tunadushugudnans 0.3 iwuAues wztuiudeuinameutadalaiide 1
aq‘iumuawwﬂéﬁaLs‘??aﬁurs'sagﬁ}aawmiLgﬂqL"ﬁva PDA Tagvitnsiusunisvaaaawuy Completely Randomized
Design (CRD) Tneuvadiu 4 nsauiiqay 3 41 Tuagiu Swaudufurmsnduude dd

siar 3 B g o
35 7 (1) 1 Jufude +31evuaivns PDA (Lifinszaensas)
NTIUIE N1 (2) 1 Juude + 1auUnTERTENTa
aa o S v & d o '
3515 7 (3) 5 Fujudia + 1auuainT PDA fiiuwiweauuannzaTEnas
el i 3« o i B ot A G
ATTUIT 71 () vinrliaunTIuien 3 uRTRTUTY 6 Tujuite (97981 Fong et al.,, 2000)
(il 1n-19) Umgeialiduian 7 fu vdwntudiechuewmindsaiieeen warduauewnsiduuiiosdiu
Aura eI aasLdeadulaganI i (dessicator) “iﬂu’lﬁﬁaﬁuﬂmjmmwmﬂ (non-vacuum pump) (AW
2) duisliidunan 7 Yu selviudunssawwisatinuieldlunsveasraly

| 2113 PDA
Tt
PR L

T N3EATEATEY

Control 1am 5 an 6 96
4w o &
ami 1 anuausgdiuum e £ oxysporum (F 221-8) 4 buy ¢all
] g 4
A55uas ¥1 (1) 1 Fudude +3nsudaivns PDA (ludinszaunsay)
i & o A
N33E0 91 (2) 1 U + THUUNTSATYNTEY
o o & u & = '
ATTYIE ¥ (3) 5 TuUUIED + 1aULe T3 PDA MEWUWIHYBUUENNTIATHNTD
= o 2 oo TN = wu & o
AFINTE N (@) Fmillounssnaion 3 uAeiuiy 6 Fuude (51984 Fong et al., 2000)

LA UNTZATEATEY

silica

il 2 mrnasiunssaensedhulogaaedy ualildtugyainie (non-vacuum dessicator)

a = - s as & -
asdsziiumedia Filter paper (faudas) Tumaifiusnudie Fusarium oxysporum (F221-B)

vdndAsdondnanaAtimsiduiilduuds Bhiudunssaunsesiuiednndamefuavnizes
Tnsudimiasiunszamsesndu 3 sser e vaulu vaunans uay Tauuan (AMH 3) FNITINWHUASARBILUY
Completely Randomized Design (CRD) $1uu 4 ns5uidaas 5 91 wdmnduwimsdsadesiafuidunssang
nsealULA AL TEEXIBUINAIMTING NI B ISR BT PDA $1uau 1 By dniluntauisaiuadlildiujudouny
wiunseaunsas fansuasdufinnanisvaaas lnavinsinvunadusinugud mevsudilavaadoluudasnsnis
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YY) 4 & = & d gue ar < &
wizsuifisuiudaniugy uasdialerluyeAuquadgivnuemadsadelivhmasnelivdinareelsiveaten

F. oxysporum (F 221-8) 1lulwassyazvauiinslalgraadulaminiuvialsl

ITHUSYUUBN

JEYTYAUNATN ES

szazuauly

AT 3 é’n‘umzEUgmumsﬁ’mwjunssmwmaq““L%aﬁ £ oxysporum (F 221-B) lutRassvuzvsudiuiu 3 svezvau
Fat
n. srezwauly dszaxving 13 WURWAS
Q. TYHLUDUARN TSEEe 36 luRLing
f. TEHIUAULDN JITHEVR 69 WURALIAG
HaWaZ I SINAN1TVAAEBY

navasnisdsafiunsiuinunidon Fusarium oxysporum (F 221-B) Taanaiia Filter paper (Aauag)
nanstiusnewdest F oxysporum (F 221-B) Tme38 modified filter paper cullure mmm‘mmmm
Fn13ves Fong, et al. (2000) tuisnsinduiudssinisnsdiuiinisnade 6 fu ananiy 5 *ziuu,au 1%
wui mimﬁmﬂuamduwﬂ q ﬂ‘iii]’)ﬁﬂﬂ’lﬂ"l‘iﬂ{ﬂﬁE)«iﬁ’lli’i‘iﬂmiiuﬂ‘i@ﬂﬂa:ﬂﬂiuﬂ"ﬁﬂn‘ia\ﬂmﬂ (Fanwd 4) wazld
mwm:mm‘umma (viability) Tuusiaz n’s‘smﬁuav'luuﬁa wausmmmnsmwnimuuq wui1lugas 1- 3 Junsn
T!E)Gﬂﬁ‘l.lﬁﬂL"Zi@ 1uummumnmmumaam uriilosy aunmmu‘l.ﬂmauarm*rm@am (ufi 8 waqmsﬂaﬂwa) 1
Tuiignmunuisigdiunueadsada wuhmswiaesiernueulurenssatnres dunliissydes
rhdefiunnnsymBTeUNa LA BV LBNYaMANT TN TR I e ads e fusaaTua
(control) ustaghslsiinTy sumdusiuaudnanvomanssuishiunndaiunsaiiivazlisndluannsaisaiua
(control) §3m15197 1 uasnwi 5 amndasiuenisiue Stocco, et al, 2010 AEIEMaA S IEe 333 A 1
siws 1ty uay filter paper cutture dislumsfivsidle Trichoderma hamionum wudiismsiuwuy fiter paper
ature HuiinsTiaTian awsaitudarend i 24 weulnglifinindenasisvestosasdindiTinsonag 14
dwsuunnuavefuandeiinulunnuayirlivesnsseensariuvnnsnisiiraliuans ety wlunms nsuis
fimade 1 Fu flinaavesiioentd s Susay 6 bu TnelivSinuesdadarlutng 10-10° spore/ml dwunsmisii
M4 5 Fulay 6 Tu Uinaeessdeslifimuuansrafuvnedd adluga 10-10° spore/mt udesdhdlafinmm
IRt 6 Tuflualiuferlieinilunsnis 5 Juilldvhmsdauladiinisnuia
Iﬂﬂﬁiﬂmnﬂ’i'iﬁlﬁﬁy'&aizuﬁﬁmﬁ 2 ﬂi"t'ﬁu 1) miﬁmt,ﬂaﬁ%ﬂ'ﬁw&%u%u 13U uay 5 Sufivuliinsad
ﬂﬂa‘*uaﬂmﬂﬂiimﬁawaa Fong et al., 2000 Fdudadnnu 6 3u eddlsiauminnnsinulusdaillidu
nrsBudfudnadiiaitnmnedude 6 Fuduannsodmalffuuuamid lun1TMAaBa Long term preservation
el maeldnsuiludarssasvey Fivasnssnunsaniuiauasinavaiurs nisuasmsaaadaslil
Aauand 13y 2) daudasii 2 Lilduannmegaaduonvacuum dessicator) wuih msfadadtaelslit
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e a4 d a o & o Io a g w v g K ar 1t 4
laigdasnnuazasmudssiszifadude Savadaunsailvnssaensawiaiinelu 7 fukashifimsduleusn
& [N - o s = & 1
@oduquantsls Jumnznanihlvldlunmsfnwinaiudslussasensely

Control 13a 599 6 99

AW 4 anvassUiuumsnadien £ oxysporum (F 221-B) #igng 7 3u 41Uy 4 n35uis dail
A. ATIIEY (1) 1 FuTwie +379uueTns PDA (hifinssnunsay)
. N33R (2) 1 Fufuidio + 1eUUNsEATENTeN
add Sy A ) '
fA. NINEN (3} 5 MIURD + THULBWNT PDA MRTUVLINTBULENNTEATENTEY

e a < e 3 o v e w A
3. ATINIEY (4) MBAIBUNTIUIGY 3 UATUTL 6 TU U

a1317 1 MdssiiukaveinasiymadulowesUiinaalailien £ oxysporum (F 221-B) UUNTEATENTE
Ime38 Filter paper

s ﬂummé'uc‘imﬁuéﬂam%a £ oxysporum {F 221-B) 33/ i i "
5738 THYBUDU by (spore/ml) 87U
1 day 3 day 5 day 7 day 8 day Macroconidia
Control - 1.95a% 3.87a 5.6a 7.82a %a 0.8 x 10%a
vauly 1.48a 3.03a 4.57a 6.85ab 7.20ab 1.9 x 10°c
1% 78unan 1532 3.282 5.02a 7.45a % 2.2 x 10D
Jauuen 1.66a 3413 5.24a 7.64a 9% 3.6 x 10°b
vauly 1.43a 3.25a 5.23a 7.42a 8.66a 0.26 x 10'ab
5%y waunans 1.56a 3322 5.28a 7.52a 9 1.9 x 10%ab
Jauuen 1.6a 3.37a 5.36a 7.84a 93 1.18 x 10%
vavly 1:31a 2.77a 4.85a 6.44ab 7.82ab 1.88 x 10'ab
6%y waunan 1523 3,283 5.33 7523 9a 1.26 x 10%
Aauan 1.71a 3.46a 5.42a 7.68a 9a 1.92 x 10%

o

o d T w o aod W e o . G e = s o =
AEaEAN 5 4 i’uLLﬂa;‘?ﬁaﬁuu’ddmﬂaﬁﬂi‘ﬁl IV mmuﬂmnwimmamqwmuauﬂuhmfmm&ﬂnm HAUNMESAV IZAUATIT BRI P=
005 95 Duncan’s Multiple Range Test (OMRT)
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Control aauli YBUNA I YOUUDN

Al 5 rsdssiiusatadn sl unaduledion £ ogsporum (F 221-8) lusdasnan it TevihnnswlFoudiouns
il 3 seee (euly, Teunand uas vauuen) fieng 9 Tudamsvaniie

asunan1imens

nnsusediuneaina Filter paper weldlunsiudawidess Fusarim oxysporum (F221-8) Tnauyanns
Matsseni 4 ﬂ'iﬁ‘u”‘i b MU muwmms PA (laifinssniunsed) 2Zawdiuiy 1duuunszatenses (Ens
ﬁsmu}aa) 3. ’JN‘HU’JU 5 Yu7n3Uua s PDA i umiliweunennssaEnsed G8nsanudal) dvinwiioute 3
wiauY 6 Fu (FBn1se1ede) a'lvfﬁuﬂ‘smmﬂ’da‘mamawu’lwnmamﬁmaan yanTadlunanssuislvua
Taiuandrsiy Teelunwen assudsinads 1 muﬂumawimmauaﬁuaaﬂ:ﬂ’lﬁﬂi’iﬂ‘i’%ﬁﬂﬁt%@ 5 Juuas
6 1 Fanssuisinade 5 $u uas 6 fu fuaaesuniign Suiasnannmsnedudosuduiininniiead
waviiliUSinasade funaninlunssuisfinnadutu 1 3u wasilonSeufsufunssiinuauuda wudliliina
UARANAUNIETR Iﬂaagﬂmﬂmiﬁlﬁﬁﬂuﬂaﬁ%mi Filter paper 483 Fong et al., 2000 nantve) 9 ag 2 Ussifiu
fio 1) n1saadio 1 3auas 5 30 wWisuilsuiu 6 va Wiimsshess 2) mslldduayana vacuum pump) da
fiuiﬂ%ﬂmm%u (dessicator) wuiinssudananuUasnisate Sualdfiviiiin1adsds Saannanimnasdlan
annsaduduldiniiBneneduiy 6 fudmddlumsifuinuidaléd dwanasdaulas islildfugyanme
(vacuumn pump) Aafulagariy (desiceators) Winaifiufiimala Aaudunszasnsesaunsnaislnely
73 Lmﬂm‘sam%‘%‘é’wé&ﬁﬁiaﬁ’u%mjay:gwmﬂ annsousialdnglutud 10 WesandTinamaudunszasitld
a1vaviinadanisusaawiunszauld Fsannimeaesliuniunszmuinny 24 whiadulagaaudu A
awnsaualdneluia 7 $u fafunsfiushundesss Fitter paper Jamnzinndudas F 2218 lasen
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