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Abstract

In this study, endophytic bacteria were isolated from root, stem and leaf of healthy tomato,
then they were screened for potential isolate based on their antagonistic activity against Fusarium
oxysporum and ability to promote plant growth. Consequently, the selected isolate was used for
seed coating to reduce Fusarium wilt disease.

The result showed that 43 isolates of endophytic bacteria isolated from this experiment
were gram-positive bacteria. Initially effects of endophytic bacteria on the growth of tomato
seedlings were tested. The results showed that most endophytic bacteria did not affect the growth
of tomato seedlings and some isolates could promote the growth of tomato seedling.
Subsequently, the selected isolates were tested on the antagonistic activity against F. oxysporum
by dual culture technique. It was found that 25 isolates were antagonistic activity on the pathogen
significantly compared with control. Among of these, only three isolates showed the ability to
inhibit the pathogen growth more than 60 percent, namely SuRW02, SuRW01 and LbBRW03, with
the highest inhibition percentage of 71.94, 68.33 and 68.19 percent, respectively. From this result,
SuRW02 was selected for seed coating, because it had the highest ability to inhibit the growth of
F. oxysporum and also had the ability to promote the growth of tomato seedlings.

Testing on tomato seed coated with endophytic bacteria (SuRW02) found that this method
could reduce disease incidence and disease severity both in laboratory and filed conditions.
Disease reduction by bacterial seed coating was similar to seed coated with captan. In laboratory
and seedling stage conditions, it could reduce disease incidence at 34.75 and 34.09 percent,

respectively. In field condition, it could reduce disease incidence at 37.5 percent and disease



1A%

severity from level 2 to 0.37 compared with uncoated seed, while the seed coated with captan was
level 0.25. In addition, seed coated with endophytic bacteria could promote the growth of tomato
plants significantly.

Study on storage time of seed coated with endophytic bacteria, coated seed could be kept
for at 4 months, without any detrimental effect on seed quality such as seed moisture content. In
addition, seed coated with endophytic bacteria could maintain seed germination higher than other
treatment. After 4 months of storage, seed coated with endophytic bacteria had a germination rate
at 94 percent, while uncoated seed and seed coated without endophytic bacteria had a germination
rate at 91.5 and 92.5 percent, respectively. However, the amount of endophytic bacteria content
on seed coated with endophytic bacteria was decreased steadily from 5.15 to 2.54 log cfu / g at 4
months of storage. It indicated that long time storage of seed coated with endophytic bacteria

might decrease the efficacy for controlling disease.
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@ J L] 1
Fundiiong 21 fu dedundraalgnlugalgniimaimsdgawesianve Isn Fusarium sp.
Y U J ¢ 1 a an
TSI INAITUVINABHYDTT Fusarium sp. ANMTUIU 10° afoidolindans Y5u1ns 100
-y ! o - o o g g 5 Ea =
findans dodaqilgn 1 Alansu yhmineassny 4 19102 2 Au nNudanainalsannn 7
ar (-] o [ ) = o a o
Fu Fhunan 28 1 wadamsissy@ulnvesusdemavdinnisdiulgn 25 Tu Tasdanau
¥ 1 o o ¥ 4 w ' o ¢ @ 4 o
79 wazduruguinaavesdidu uazinudeyadoyns dlamt Wunar 100 W nuHY?
¥ ¥ ' 4
HaWAANIINAAND 60 Tu asredmimiindu shminwasderedu uazFunaveudieh
H F 4 ¥ . w . ¥ ¥ - ) Y
aza0in1d 91MiuTIN139399170 endophytic bacteria  Awluduuzioman1nIsMslude

3.1:2
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UNN4

Han1InNaaol

& '

4.1. Feaunalsanazanuannsalumsnelsn
.g 3 =) = ~ é’( Ao o
VNsHENFD AN 13ANNAUNLIVOMANUTAIDINT T3AHYY WUIWDINIANYUY

s ~ ) = = 1 1 4

TnTafidun Tmsadaded Frumddig vinalduemsiouse Weasiedouniwld
Y < ) A o W a y ¢ a Yy

ndosgansiminuduledla Hmisnu uaziimiadnades 3 wia lAun chlamydospore
microconidia 1a% macroconidia (NWA 4.1) F191MITATRADVANULNNTUTIUINGUAEINY

A P Vg o &
510aZIDUAYDUTOS (consal description) WU UANYUZYDINDI Fusarium oxysporum N

ADANADINUTIVITUVD

Macrocomdia Chlamydospore
Microcomdia ¢

A n C

" o ar = l&‘
M 4.1 ANHUSNNAUTIUINYIVDUYDIV Fusarium oxysporum (A =colonyJUDIN1TPDA

91 77U B = microconidia 11a macroconidia C = chlamydospore)

1 1 ' " o g o \
Tudruvesnnuaunsalumsnelsanumn iioinisignivesanaiasuudu
wzdoma M ldduuaaidnvuzoimsierns sazawluiga uazidernadunumima
i o \ X = e 2 ol
Vinumoaudss nawinmstgnso 7 Ju (mwh 4.2) Tagianuguusvelsnegin 2.4

o - ~ s S o
ATLUU Ha;‘iﬂﬂﬂiWﬂ"ﬁmﬂiiﬂﬂ 80 !ﬂflﬁl”h"LJﬂ

" d. o j L St
AN 4.2 1M 3TvIveIRUNd Wz omaAndanInMlgnire 7 Ju (A =n3INTFAILNN B =

@ ¥
o

o ng 1 o " o o ~AA
NI mﬂgmm?ﬁm%mw Fusarium oxysporum C = anHULNOAUAGIUINAUING)
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4.2 SnHazMaiag 14 ING Y04 endophytic bacteria tazHaneM 93 ayALIAvVES
¥ 14 )
AUANZIYBINA

. . A’ A [ 1 o 9 3

21NNI3LEN endophytic bacteria NIHBITOAINANY (510 TU HazdIAU) vOIAY

- aa =1 ¥ ) Y s a P
vziomanianuudass awnsonenlananus 43 lolman NanuazmeduguInen
VAN 1INNIINANOY gram stain WUINTULATHUIAT MU 34 ToTman 1Aun Larwol,
LaRW02, LaRW03, LaRYOl, LaKY0l, LaKY02, LaKY03, LaKW01, LaKW02, LaLYOl,
LalY02, LaLY03, LaTYOl, LaTOOI, SuLWO0I, SuLW02, SuLWO03, SuLW04, SuLYOl,
SuLY02, SuLY03, SuLOOl, SuRWO1, SuRW02, SuRW03, SuRW04, SuRYO0l, SuRYO02,
SuRY03, SuRBO1, SuRBO1, SuKY0l, LbTWO1, LbLWO01, LBRW01, LbBRW02, ttaz LbRW03
Funnsway 9 lelaan 1Aun LaRW02, LaLW01, LaLW02, LaLW03, LaTY02, LaTWOI,

SuRY03, SuTWO1 10 LbLW02 (A1314% 4.1)

[

1unzjmmamﬂﬁﬁuunsnmnwuﬁ’nymzmﬁ

dnunsaveslaladl wulalafidun s1ou 5 Telaan Furagusou 8 lelwan
Fmdossuau 7 lolaan Fmdeslasiwan 9 lolyan dduswau 2 lolwan uazdly
$1u7u 1 1o laan

dnuaizzUininTail wugitenausiuou 25 Telaan tazgusiehiivou s1um
9 o Taan

anwazvoulalall WUYOVLUY entire $1U2U 23 o THian YoVLYY erose T1UIU 6
1o T HALYOUIIUL undulate $11U 5 1o Taan

anwazA InTail wuRaudlendiuau 21 Telwan #idvusuiu 6 leTyan uazia
y30525 11 7 Lo Tman

dnuaizgiliamad nugdinuuy bacillus $1uau 26 Tolanan uinuuy coceus

§1um 4 leTwan 31519001 coecobacilli $1147% 4 o Taian

1unfjwmnmﬂﬁﬁuunmauwnﬁ'ﬂumsﬁqﬁ

Snymzdveslalail wulnlafidvd s1ou 5 ToTaan Fvraguson 1 leTyon
FmAeesiuou 2 loTman uaz@maealasmou 1 loTwman

dnvaizzilinTalail wugdsenausuou 7 TeTwan uaggysralumiveu s
2 loTaan

dnumzvoulnlail WuYOULDY entire 914U 7 To Taan uazyOUILY erose 914U

2 loTaan
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dnyazAalaladl woAuiiensuau 6 loTman Aaeuswau 2 lelaan azi
v3uszsau 1 ToTwan (m91eh 4.1 uaznni 4.3)
SnumggUiamad wugds1muy bacillus 1190 1 leTwion JUsauwy coccus

$1u2u 7 ToTaan 1519101 coccobacilli 117w 1 1o Tman

H L5 o = dl J 4
M19197 4.1 . dnyuzn1adugIuIN1v84 endophytic bacteria Hllwn Idnniiloweduuzloma

TaTail
3%KOH  Gram
ToTaian i il VO A - gsaead
test staining
Tnlall TaTail

LaRWO1 Y1 nau entire  LiJon - + coceus
LaRW02 Md0q nau erose 5oy - - coccus
LaRW03 U1 luiniueu undulate 5oy + + bacillus
LaRYO01 LAl nay erose VIVie + + bacillus
LaKYO01 maoe  liiniueu  entire  Ilen + - bacillus
LaKYO02 minq nau entire iion S + coccobacilli
LaKY03 mansla nau entire ien + 7 coccobacilli
LaKWO0l YN nay entire 1on + ¥ coccobacilli
LaKW02 CRk! naN entire  LlioN - i coccus
LaLWO0l YN nau entire VIV 5 S coccus
LaL W02 Y17 naw entire tilon - . coccus
LaLWo03 17 nay entire won ) - bacillus
LaLYO01 maoala nay entire ion + + bacillus
LaLYO02 maoala naw entire 1ion + + coccus
LalLYO03 mieala nau entire iion g + bacillus
LaTYO01 AHLN nay entire ion + + coccus
LaTYO02 Ming nay entire iion - - coccus
LaTWo01 YN nay entire ion - - coccus
LaTOO01 du nay entire iion + + bacillus
SuLWo1 M09 naw erose ion + + bacillus

SulLwo02 maedla nay entire 1ion + + bacillus
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i o o = 4 g 4
M31ah 4.1 (@) AT IUING1Y81 endophytic bacteria Niwn 1A aWeR LUz OMA

TnTalt
3%KOH Gram
ToTaian Gl sl vou P o gUnawad
test staining
TnTall TnTla%

SuLWo03 M09 nau entire  ilon + + bacillus
SuLW04 Mg naw entire  iion - + bacillus
SuL W03 Moy nau entire 1o £ * bacillus
SuLW04 mieq naw entire iien -~ - bacillus
SulLY03 manala nay entire 1o + + bacillus
SuLO01 du nay entire 5oy + + bacillus
SURWOl  ¥19%u nay undulate UYL i - bacillus
SURW02  v1ayu  luudueu undulate  vjuse + + bacillus
SuRW03 ‘lﬂ'J'l,iu nay entire iiian + & coccobacilli
SuRWO04 U1 Tumiveu  undulate = ¥3Y52 - - bacillus
SuRYO01 manala nay entire iion + + bacillus
SuRY02  deald naw entire 5oy - + bacillus
SuRY03 maeala nay entire iion o s coccus
SuRBOI (il nau undulate {561 + . bacillus
SuTW0l1 U1 Tuuueu entire iiean - - coccobacilli
suKYol  maesla  hiiueu  entire e + + bacillus
LbTWOI ‘UT)'Q'H Timiveu crose VIvsE + + bacillus
LbLWOI  v1gu  liudueu  erose  VUIE - - bacillus
LbLWO02  v1ayu  hiiueu  erose 30U - - coccus
LbRWOI  %1yu  luuuen - erose - {3uu - . bacillus
LbRWO02  ¥19yu  luiuueu  erose - VYJVIY - - bacillus
LbRW03 19U naw entire Soy + + bacillus
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; " " - , o4 24
MW 43 dnuazdugIuINIeY  endophytic bacteria  Muenldviniliowodunziioma
(A=Talafiuuomis NA. B =anvaz Ialalnniawets 6.7 m1 waz C =mMsiouiniui

A 3ENs 1000 117)
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a ;
NMNN 4.3 (AD)

TumsnadoumadomInsyiay Ia uazanuudas swesduniwzdoma Wy
endophytic bacteria _aaulvay liidawansznumsavaenisiiyny Tavesdundiuziomst
wonaINHaNL3) endophytic bacteria 91121 18 lalman  awisorlgaaasums
WA Tavoaasanuidaswosdundldyszna 120 wedidud  lduA  Survol,
LaTOO01, SuLY03, SuTWOI, LaRWOI, LaTY02, SuRY02. LaLY02, LalW02, LaTYOI,
LbLWO02, LbRWO2, SuKY01, SuRW04, SuRBOT.SuLWO!. LaKY03 1Az SuRW02 393} %asvi
A 139.72, 138.10, 13464, 130.24, 129.09, 128.63, 127.71,127.02, 126.09, 125.40, 122.63,

122.40, 121.01,120.78, 120.78, 120.55, 119.63 uaz 119.39 AINATAY (M13197 4.2)

13197 4.2 HAVB4 endophytic bacteria TuMIAE@T UM I AL Tavesdundwzidioms

MIgen WU ANUPY Wniin (n5u)
ToTman  _ " T Yosvi
IR (%) Ty (B.) 3N Al N
Control 100a 2.00a 6.30ab 0.089cd  0452f  0.541ghij  100.00
LaRWO1 100a 1.95a 6.00 ab 0.136a  0.562bcd  0.698cbd  129.09
LaRW02 95ab 1.90a 5.37ab 0.095¢ 0.470ef  0.565ghij  99.16
LaRW03 95ab 2.00a 6.50ab 0.119ab 0436  0.555ghij  97.41
LaRYOI 100a 1.90a 5.50ab 0.073def  0.466ef  0.537ghij  99.30

LaKYO0l 100a 1.95a 5.50ab 0.073def 0.518de 0.591fgh 109.23




38

M19197 2 (A8) HAYBA endophytic bacteria TumsduaTuMsOT Ay Tnvesdundruzioms

MIsen WU ANUYN vhmin (n§w)
1oTasian 5 %osvi
0 (%) Ty (%31.) 510 Au Nanua
LaKY02 100a 1.90a 5.37ab 0.071def  0.437f 0.508] 93.99
LaKYO03 100a 2.00a 562ab  0.086cdef 0.561bcd  0.647def  119.63
LaKWO01 100a 1.90a 6.00ab 0.095c  0.465¢f  0.560ghij  103.46
LaKW02 85¢ 1.90a 5.87ab 0.067f 0.437f 0.505j 79.30
LaLWO01 100a 1.95a 5.87ab 0.121ab  0443f  0.565ghij  104.38
LaLWO02 100a 1.95a 5.50ab 0.120ab  0.562bcd  0.682cd  126.09
LaLWO03 100a 1.90a 6.12ab 0.124ab  0.4675ef  0.591fgh  109.23
LaLY01 100a 1.90a 575ab  0.086cdef  0.436f  0.522ij  96.53
LaLY02 100a 2.00a 5.50ab 0.126ab  0.561bcd ~ 0.687cd  127.02
LaLY03 100a 1.90a 5.25ab 0.095c  0.4385f  0.533hji  98.61
LaTYO0! 100a 2.00a 5.62ab 0.116b.  0.562bcd  0.678cd  125.40
LaTYO02 100a 1.95a 5.87ab 0.118ab 0.578bc  0.696cbd  128.63
LaTWOI 100a 1.95a 6.12ab 0.069ef  0.428f 0.497j 91.91
LaTO01 100a 2.00 6.00ab 0.115b 0.632a  0747ab  138.10
SULWo1 100a 1.95 6.37 ab 0.116b  0536cd  0.652de  120.55
SuLWo02 100a 1.95 587ab  0.071def  0.441f 0.512j 94.68
SuLWO03 100a 2.00 5.75 ab 0.121ab ~ 0476ef  0.597efg  110.39
SuLW04 100a 2.00 5.75 ab 0.0675f ~ 0.477ef  0.545ghij  100.69
SuLYOl 100a 1.85 6.00ab  0.079 cdef ~ 0.4725ef ~ 0.551 ghij  101.84
SuLY02 100a 1.95 6.00ab  0.086cdef — 0.442f ~  0528ij  97.69
SuLY03 100a 1.90 6.00ab 0.123ab  0.606ab  0.728abc  134.64
SuLO01 100a 2.00 6.37ab 0.0905¢c  0.466ef  0.561 ghij  103.69
SuRWO1 95ab 2.00 5.75ab 0.068¢f  0.442f 0.511 89.73
SuRW02 100a 1.90 5.37ab 0.128ab  0.518de  0.646def  119.39
SURWO03 95ab 2.00 6.37ab 0.0685¢f  0.437cd  0.506j 88.85
SuRW04 100a 2.00 6.00ab 0.115b  0.538cd  0.653de  120.78
SuRW03 95ab 2.00 6.37ab 0.0685¢f  0437cd  0.506j 88.85
SuRW04 100a 2.00 6.00ab 0.115b  0.538cd  0.653de  120.78
SuRYO01 100a 1.95 6.25ab 0.126ab  0.630a 0.756a  139.72
SuRY02 100a 2.00 6.87a 0.086cdef  0.605ab  0.691cbd  127.71

SuRY03 100a 2.00 6.62ab 0.118ab 0.466ef 0.583ghi 107.85
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M1371971 2 (AB) HAVDA endophytic bacteria TuMs M yAy Tavesdundwzilomn

M339A U AN dhmin (nf)
ToTaan ¥ : Yesvi

0 (%) 1y (1) 510 fu Nanua
SuRBO1 100a 1.95 6.12ab 0.116b 0.537cd  0.653de  120.78
SuTWO01 100a 1.90 6.12ab 0.128ab  0.577bc  0.705abed  130.24
SuKYO01 100a 2.00 6.62ab 0.118ab  0.537cd  0.655de  121.01
LbTWOI1 100a 1.90 5.75ab 0.069¢f 0.441f 0.510j 94.22
LbLWOl1 90bc 1.95 575ab  0.086cde  0.475¢f  0.562ghij  93.53
LbLWO02 100a 1.90 5.75ab 0.126ab  0.537cd 0.663d 122.63
LbRWO1 100a 1.85 5.7ab 0.071def  0.436f 0.507j 93.76
LbRW02 100a 1.95 5.87ab  0.086cdef  0.576bc 0.662d 122.40
LbRWO03 100a 1.95 5.87ab 0.065¢f 0.443f 0.512j 94.68
F-test *! ns - - * 4 3
C.V. (%) 3.83 4.68 13.45 11.06 6.61 6.08 -

]
o =

"ns =luuanaraneana * _uandetunsaanediivedisaiseRuaudeiiu p=0.05 1A% Duncan’s

Multiple range test (DMRT)

-y L) = 1 &
4.3 U32AMB 0 M09 endophytic bacteria Tumaithal§ininees1 Fusarium

oxysporum mmqismﬁm‘luuznﬁamﬂ

sinntsmadeusnansalunssutade  Fusarim oxysporum WU
endophytic bacteria 912U 25 lolwan ldun LaRWO01, LaRW02, LaRW03, LaRYOl,
LaKW02, LaLW0l, LaLW02, LaLW03, LaLYOl, LaLY02, LaTW0I, LaTOO0l, SuLWO02,
SuLW03, SuLY02, SuLY03, SuRWOI, SuRW02, SuRW03, SuRY0l, SuRBOl, SuTWOI,
LbTWO1, LbLWO01, LbLW02, LLRWO01, LLRWO02, uaz LbBRW03 ﬁmmmﬁuﬁamm‘%mﬂw%ﬂ
fanan I Taelinnuuanarsedeiiiuddymeadadonsuifousunssuiiaiuge @3
7 4.3) Tavdl 7 'lo Twian Anlesidudnisdudaunnnii 30 wWediFus 18un LaLwo3, LaLyol,
SULWO03, LaRYOl, SuRWOI, SuRW02, iinz LbRW03 ¥sleTmaniiafiqaldun surwo2
SURWO1 1inz LbRWO3 hiefisudtudsii 71.94, 68.33 way 68.19 nledifud amddy

(NN 4.4)
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AN 4.4 HaN3NAAEY Dual-culture Y94 endophytic bacteria 11 7 To Tyan Hausndugs
& ) o ' s d o
1%0 31 Fusarium oxysporum 1fannna1 30 nlefiua (A= NITNITNIVAY, B= LaRYO01,

C=Lal. W03, D=LaLYO0l, E= SuLW03, F= SuRW01, G= SuRW02, H=LbRW03)

. a =1 & a o
a195197 4.3 YszamEnwlunsiuaedfiindvoa endophytic bacteria $1uau 43 ToTyian 1u

ﬂTitJUENﬂ'I’ili]iﬂJmUTﬂ‘UB WYDI Fusarium oxysporum

NIYVYANYOI Fusarium oxysporum

ToTmian < 1T :
wua la ladi (%) o FuANsIueININI Y

control 9.00 0.00k’
LaRWO01 7.00 22.22 defg
LaRWO02 6.95 22.78defg
LaRWO03 6.42 28.61cd
LaRYO01 5.71 36.53b
LaKYO0l 8.77 2.501k
LaKYO02 8.95 0.00k
LaKY03 §.93 0.00k
LaKWO01 8.75 2.72jk
LaK W02 8.23 8.47ij
LaLWO1 7.62 15.28ghi
LalL W02 8.03 10.69hi
LalL W03 6.26 30.42bc
LaLYO0l 6.25 30.47bc

LalYO02 7.53 16.25fgh
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4 [ a a tg a °
maaf 43 @e) Uszaninmlumsiluierfilnives endophytic bacteria $1147u 43 ToTwian

o ¥ s a &
114fl’l‘iU‘IJUQﬂﬁlﬁl‘iiU“mUIﬂ“lJENl‘ﬂﬂi‘l Fusarium oxysporum

o 3 &
MTUVUYDI Fusarium oxysporum

ToTaan ;
yuralaTail () WesiFuanmsdudamsiedgy

LaLY03 7.50 16.67fgh
LaTYO0l 8.92 0.00k
LaTYO02 8.87 0.00k
LaTWol 6.56 27.08cde
LaTOO1 7.35 18.33fg
SuLWO01 8.97 0.00k
SuLWo02 7.15 20.56 efg
SuLWO03 6.16 31.53bc
SuLWo04 8.92 0.00k
SuLY01 8.87 0.00k
SuLY02 7.10 21.06efg
SulLYO03 6.90 23.33def
SuLO01 9.00 0.00k
SuRW01 2.85 68.33a
SuRW02 262 71.94a
SuRW03 8.08 10.14hi
SuRW04 9.00 0.00k
SuRY0I 7.00 22.22 defg
SuRY02 9.00 0.00k
SuRY03 8.76 0.00k
SuRBO1 7.57 15.83fgh
SuTWwO01 6.98 22.36 defg
SuKYO01 9.00 0.00k
LbTWO1 718 20.83 efg

LbLWO01 7.28 19.028fg
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. \ L) = z = o
maan 4.3 @e) Yszansnmlumsdlurerfilnives endophytic bacteria $1uau 43 loTatan

Tunsduesmsas wiay 1avo a0 Fusarium oxysporum

¥
s o L&
MIRTUYOVYUFDI Fusarium oxysporum

ToTaan 7
yualnlail (vu) e Fuamsfuginsesy

LbLWO02 6.97 22.50 defg
LbRWO1 7.12 20.83 cfg
LbRWO02 7.15 20.56 cfg
LbRWO03 2.86 68.19a

F-test »l ’

C.V. (%) 15.39 25.75

s =linpnaeneain * —uanadunataosivednyRsedunuFeiy P=0.05 TaIS Duncan’s

Multiple Range Test (DMRT)

& = ) 4 5 | P
Fanuanisnaasanriuinaldiimsidon endophytic bacteria 19 Taian SURW02 il

o o o % 5 - @ [} = = = 0
weoSidudmstusigaiiga  uazdalinywmuisalunsdudiunaeiyiayTall1¥luns

- =] o o 1
AU lunsnaas o 11l

s d 1
4.4 ANNTINTOAVBY endophytic bacteria HAZAUNMNANNUT 5THNINSIHY
s
SNH
o A 4 o [ A A o A & o &
‘HﬁQﬁ]?ﬂﬂ?ilﬂﬁaﬁlhﬁﬂwuﬁWU?W A1 ADUNMINITIAADLHAAUANIUTUUTUDNA
¥ d - & \ ; " .
nawaa (Mwi 4.5) weasradoulSuu endophytic bacteria wuNUfSuu endophytic
' o @ d @ v
bacteria ogn 5.15 log cfu/N3u mim'mmmaaﬂm'smu‘inmsﬂuizﬂznm 4 !ﬁﬂu WuN
F - & = aa A a 0 A VoW
Ginudenuniidoasassosq JaetlSnauuaiieinnnivldluuaazi@ounmiy 4.61

3.752.75 1AL 2.54 AIUAIAD (NINA 4.6)

A B

a = o o A ' A o & = o o A =
MAN 4.5 WaanUiuzwamandunasulinsadnnol (A=1UAANUTNOUINADY LA B=lUnA

o o w -
Wulj“ﬂﬁ\‘ilﬂﬁﬂﬂ)
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B 6.00

=

=4

£ 5.00 2

3 61

T 4.00

5 = 75

EE 300

o e 2.54

£ w200

c o~

n 100

n

L1

= 0.00

5 0 1 2 3 4
Srusaa wnisihusin Thay

= Ao d A 4\ ol ¢/ /a4 d o g
NNN 4.6 IFJ:1ﬂﬂ.!ll’lJﬂVIL'iU'r'llﬂﬁBUlJlllllﬁﬂWuﬁn:ﬂlﬂmﬂﬂﬁ@ﬂﬂﬁmlﬁﬂ'ﬂ111]1&33831’)?\1 4
A
U
=3 Y 4 o =
TumsasrvrounamnaaiugaaoaszozaImanuinyilussezna 4 Hou
! & 2 o oA d o o A ' A =]
WU mm%ummmaﬂwuﬂumﬂan l!ﬁzmﬂﬂwumﬂﬁBU1Ul!ﬁﬁ$ﬂﬁ5M?ﬁ LTUUMI
= = - ¥u af 4 o = Py =L " [ aa
nlasundadlwdoud 2 uanasnmsRuineuAeui 4 lunpnssuds liuand1afunaata
Y o ' A = o oy . { = [ '
naaa i u NI AeUAAN LA endophytic  bacteria uazasnlAinY Tudwano
& aal € Ll ! d w o & = ,
ANUTUVDIUUAANWUT ‘H‘ﬁﬂ‘!]'lﬂlﬂlliﬂ};l’llﬂuiﬁﬂznﬁ'l 41AD0U (171N 4.4) Glumu'ummmmn
-] Y ' [ g @ = o - = o a A
ﬂﬂdmﬂﬂwuﬁWUTl ﬁﬂ\Qi!1ﬂﬂ']ilﬂUiﬂH'lHJﬁﬂWHﬁ:‘Elu!ﬁﬂuﬂ 3 ﬂ']'luﬂﬂﬂ‘llﬂﬂlllﬂﬂﬂugﬁuuﬂ'li

= A & A~ o [ G 4 Gale \a v : R
wasulas WoaugamMInaaoIRoun 4 WUINLAANUFNINABUAIY endophytic bacteria 1

2.

s d W = y o 4 o oH A Y a d  w &
lﬂﬂill’ﬂu%ﬂ'ﬁﬂﬂﬂqxiﬂqﬂ 58\1?1\3“1'1&5]!”] LllﬂﬂW'Llﬁ‘ﬂlﬂaﬁi]ﬂ)ﬂﬁ'ﬁlﬂﬂuﬂﬂllﬂu LJJﬁﬂWl!ﬁVl
- 3 =] =t ] = = o [l - =] -
IAADURIGTITINDDULINGIDONIRE D LGS maﬂ‘wuﬂmﬂﬂﬂu Tﬂﬂllﬂ:ﬂll‘ﬁ)ﬂ"ﬂ 93.5, 92.5, 91.25

J o o o w ~
waz 89.5 1WoiiFua mmuaIy (113190 4.5)



1 j o 4 ] R ey 0 o
M99 4.4 ANuFUYRUAANU T IR ULAz Tk umsinioudiuns su3TA1Y ndaInNMs

g o =] -
NUIAYMIUIZZIAT 4 1ADY

j’ o @ o
ANUYUVDIUNAAWUT (%)

na Aouh 0 oudi 1 Aoudi 2 Aoud 3 Aoud 4
Ncs" 6.56 7.78 7.88b 7.66b 7.96a
€S 6.60 7.86 8.073ab 8.10ab 8.17a
CS+B 7.18 7.62 8.32a 8.34a 8.39a
CS+C 7.44 8.08 8.33a 8.44a 8.51a
F-test ns” ns g * ns
C.V.(%) 8.71 17.92 8.55 4.71 9.83

v d o L | d @ 4 A - a " a d o & A
NCS = maﬂwuﬂumneu, CS= lﬂﬂﬂﬂumﬂﬁOU#‘)Uﬁ'l‘ilﬂﬁEl]JlWUQElUNI.ﬂU’J, CS+B = laanuginaay

. i d o 4 A -
f endophytic bacteria I8 CS+C = mnﬂwuqmﬂauﬁm m1siaduAlunu

' ' aa oW an 1 mw P | Y a4 4 o
s =liuanA1aneadd, * =uananduniatfedsived AgnszAuaMueiu P=0.05 1au3% Duncan’s

Multiple Range Test (DMRT)

v d - 1 a1 @
Fnﬁ‘Nﬁ 4.5 ﬂ"J'ﬁNUﬂ'Uﬂ\ullﬁﬂﬂufﬂﬂ‘lUllﬁZvlllN']Nﬂ‘I5lﬂﬁﬂUﬁ'JUﬂ75H'§ﬁﬂ‘]\"’]ﬁﬂiﬂ]’]ﬂﬂ'ﬁ

4 3 &
NUTneNuszozIa 4 oy

AMNBNYDANAARUT (%)

NPT, G YRR i i ) .
IMOUN 0 IABUN 1 waun 2 oUN 3 IOUN 4
Ncs" 96.75 97.00 95.25 91.50b 89.50c
CS 97.00 96.75 94.75 92.25ab 91.25bc
CS+B 97.75 97.50 96.50 94.00a 93.75a
CS+C 98.50 97.50 95.25 93.25ab 92.50ab
F-test ns” ns ns * *
C.V. (%) 1.21 1.83 1.39 1.37 1.51

o [} d o " d o
Y NCS = wiawuf liindeu, cs = wiaiufindeudiumsindouiiissedufe, Cs+B = maanufindey

. d o -
#20 endophytic bacteria 1Ay CS+C = waaNUTIAdoUAI0 Asintiualiny

k) ] ' - ' 9 aa 1 Y P ar 4 & )
ns =1Hll9‘lﬂﬂ'|~1ﬂ']~1ﬁﬂ?l, * :llﬂﬂﬂ'Nm-lﬂ1ﬂﬁﬂﬂ‘ﬂU"NNNU?.'T'IFIW“?%?IUFI’J'IMW?JNN P=0.05 1A83D Duncan’s

Multiple Range Test (DMRT)
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4.5 Uszanimwlumamugulsn uazduasumsniyivinvesndaneudiy

. . 3/
endophytic bacteria ‘lu‘l’imﬂﬁ‘ffﬁﬂﬁ
" v o o o A ¥
nnmMsnadeunNase lumsnugulsn WUNMS [FWAANUFIATOUAY
5 " a ' o an A d a
endophytic bacteria annsnaamsifalsn’ld wuRenFunssATHHudaufindeudmani
& a ] oA ow o aa o acdqy d ar LI | -
untunu Fedinnuuanaseneiitsdgmeadasunssuis i lfuaaiug hindeu nazindieu
A - A = sd o aa s d o
Auasindeuiisidufen Taelnlesiduamssendinh 65.5 uay 69.75 wesiyua luvaehn
addgy o o v oA - Y - ) " a s d 4 aa
nsTuish dwaanug hindou tazindeudumsindoumeistnufe) Tnlediudnmssentia
13075 Lag 43.5 MUAIAY (M1519N 4.6)
lumsasaedeuanuaIsalumsdudiumaniydula  wunnssuisnldman
a . a A a
WuRinfeuAY endophytic bacteria Tunssuitignivenalsa Hanmundu uazanueMsN
=1 1 Y o " ] J a a a
waedl %svi qannssudtoug naasliimunansedidadumansyiiy lnveauzide

e (NN 4.7)

m3190 4.6 Anuanninlumsaiugu 1sn uag a3 gRn Tnveaundandeuday endophytic

bacteria 1U¥ol§1iAn13

o ANNUTIAN  A2INUNITIN NITIBATIA (%) %osvi
ATTUIG
(¥u.) (¥3.)
| ‘
gniralsn NCSs' 1.54cd 1.01b 30.75b 100.00
CcS 2.33b 1.26b 43.50b 153.48
CS+B 3.79a 2.29a 65.50a 178.82
CS+C 2.30b 1.10b 69.75a 155.96
F-test * * * B
C.V.(%) 24.36 25.59 25.25 -
H &4 v
Tilgnivelsn  NCS 3.63b 2.35b 97.00 100.00
S 3.83b 2.68ab 96.75 112.78
CS+B 533a 3.06a 97.50 151.20
CS+C 4.15a 2.47b 97.50 118.95
F-test * ¥ ns =
C.V. (%) 15.68 19.09 1.21 -

a4 e [ 4 o ] ' g o
Y Nes = waaughindou, cs = wannufinfeudumsindeuiivsednmes, CS+B = wAadufindou
4 o
Au endophytic bacteria 1Az CS+C = WAANUTIAABUAIL msialun)unu
' " aa " e aa a v A o A4 O ey
ns =Tiiuanman1eada, * suandsfunadasiiiudAyissaunnuyenu P=0.05 1a¥75 Duncan’s

Multiple Range Test (DMRT)
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=; Y ¥ A - w =] w S A =
NMNAN 4.7 ANUEIVDIAUNATULIDINANDIY 7 TU (NCS = 1uan u‘q‘lmﬂaa‘u CS = 1uan
o w o A ¥

Wuginaoudemisiadouifivsed aufior CS+B = WAANUFINADUAIY endophytic

bacteria CS+C = WaaWuRndoua s arsnitatunu)

s a I =1 =) . . 8/ vV
4.6 ﬂ‘i&:ﬁﬂﬁﬂ1ﬂ1uﬂ1'§ﬂlﬂﬁ}ﬂ IAVINAAINADL endophytic bacteria Tuszozaunan
= o - - . y
VINNIANBIHAVDUNAANUTIAADY endophytic bacteria Jun1sniunulsnlunquns
et j < v =] o’ % 3 g
naavsunTgniase Tsanudimsl¥naaiugindeuain endophytic bacteria A1130AAGA
a oo W ¥ o = P ~ o i y d o [ A -
nsinalsnld 34.00 wosidud wenFvumeudunssisnlsuaanug hindou (M0 4.7)
B o 1 et = ~ N 2 = H Y
WoNIINHTINUANT AN 1FWaanuE AitnADUA Y endophytic bacteria HAMMEY 1mindu
1A Yesvi IANATIDINNTINIT DU DENTHBE N YNIADA (115130 4.7 HAZNINT 4.8)
1 U - 1 Jl’ v U 9 =] w N A ki
Tungumasnaassi hilinstlgniyene lsawuaims 1y WARNUENINADUAY
endophytic  bacteria 1A Mindy gafiga  uanannedlitod Aymaadaiio
=] [ o o L | [ ' 1 @ 3 o w A A Pl - =
nBoumennuwaanug Windeu 1A hiuananumslmuaanugiinaouaIsasnaouIle
1 = = o ) A Vv = cgw 1 £ =4 - |
ptRY) lazuAaviug madeudsasiaiuatunuy vennintidimuh lumsIFuaaiugnaoy
¥ = h 9 ' Y d o vooA - = q ¥ ga ' '
1 3 upn 3 %svi ganins wasviug linaey (n15190 47 Famalirunans 0y

U =y = = b - e 9/ 9 3
duaumaesyiau laduuzdemdluszezdundrla
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Y = = o = - -g
MTN 4.7 M3 YA Ia 1aZBRIININA TSAMUINNADI Fusarium sp unzidamaszozdundy

. mwgs  hwmindu swoauly msdalsa Yosvi
N35UID .
(%4.) (N3w) (%)

ﬂgm%fﬂm NCS' 5.89b 0.096b 2.00 42.86 100.00

CS 5.84b 0.11b 2.20 29.42 114.58

CS+B 7.32a 0.13a 2.40 8.77 135.41

CS+C 6.37b 0.10b 2.60 7.84 104.16
F-test * * ns - -
C.V. (%) 14.72 332 31.28 = -
Tignidelsn NCS 9.58b 0.19b 2.60 - 100.00

CS 11.58b 0.27ab 2.80 - 142.10

CS+B 13.43a 0.32a 3.10 - 168.42

CS+C 12.05ab 0.27ab 2.90 = 142.10
F-test Y g ns - =
C.V. (%) 19.83 83483 23.24 - =

1 < w o - o [ | - - ' =) =3 w ¢ M
NCS = waawut hindey, €s = naaufindoudioasInaeUiEIBeIALY. CS+B = MaAufInaoY
=] @ a
#16 endophytic bacteria 1z CS+C = wAanugindeudu msnduadinu
ns =liiumn@ramanng, * “uanaiunaiastaitisd iy Rizaun I eIy P=0.05 1A875 Duncan’s

Multiple Range Test (DMRT)

-

7

NCS CS CS+B CS+C
o Yy A - w 2w A 3
M 4.8 Anugavesdundzdomafiony 14 Tu (NCS - waaWuf lindou €S = waa
Wugindeudivmsindouioindiafed CS+B = WAANUIAGOUAIY endophytic

= w IS
bacteria CS+C = aAWUgIAdouAI8 Msniiununu)
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47 dszanimwlumsmugalsa wietrwduaduaumasyavia Tuanw

uasilgn
o A g o ' & < = =
waannlgaens sadlunm 14 Ju wunduuz@omaiE uiaainmafier (Mwi
A o a a d asdqy o @ ¢ A 9
49) dommiasnaoudszaniamlumsaivgulsanun nssudsnlswaaiugnaoualy
endophytic bacteria  @NInaABATIMTINA TsAnazauguuswoalsnld  Wenfeuiivuny
andqgy 2w oA & v A = oA aadqy o
nysuTsnlFuwdanug hindou uazmdoudiomsindouiissniaufed Taslunssuisnlsman
w 1T A = Y - = ' = o o a s < g o
viug lindou tazindoudlsansnasuiissadufeIlionmunalin 75 uaz 50 wodud
14 o o W = o A = o

uazAN UL DalsAagisEAy 2 nag 125 mwday lusasiinssuiinldwasiuginaon
¥ ; : L ¥ - A o a o
#76 endophytic bacteria g WAAKUFNNADUAWMTANIMIIMULTATIMIINA TIAIAL SZAY

ANUFULTIVI T5AURBY 37.5 e 25 NJDSIFUA uay 0.37 1B 0.25 MIAIAL (A13131 4.8)

a n:i ¥ v A - L w ¥y v A
MNN 4.9 fnfﬂiLﬂﬂﬁﬂﬂﬂﬂuﬂaTN:ﬂlal'ﬂﬁﬁﬁQinﬂfniﬂqt’\iiﬂ 14 71U (A) UAZAUNATINZIUD

mANe1N15Una (B)

4 < o 1 (. =
A5 4.8 HAYDIMIINADLILAMTUEAIONITUITAIIY ADDASINMSINATIA LAZAINTUITS

0 _
Y0 15AHEIMUANNNIADI Fusarium sp. Tuanmilaslgn

n35u7% gns1n3IAalin AU VBTN
NCS' | 75.00 2.00a"

s 50.00 1.25ab
CS+B 37.50 0.37b

CS+C 25.00 0.25b

F-test - *?

C.V. (%) - 44.33

1 g o L1 A =3 L | ¥ - = 1 =4 g o o A
NCS = waavut hindey, €S = waaugindousvmsndouiieednide), CS+B = waaRufiAToU
. o o
#76 endophytic bacteria 1182 CS+C = (WAARUTIATDUA I MsATuAYuMY
ns =TiuanA1naia, * —uanafuneadaegihisdAyseAauAIEFNY P=0.05 TAUTS Duncan’s

Multiple Range Test (DMRT)
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Tumsenanuansolumsdaaiumsnigduls  woinssudshldndeudas
G . oo d H " 4 =
endophytic bacteria 1AMMFIWOIRU LAz S avosdaiazanr 1ANA1INNTSHITOU 0U T
o Y aa " H LY ] o o ¥ o a '
vudwgneada  luduvenimindu  durdwgudnatsdidu shwminwardadedu Tugn
=l ] ' @ 3 U dld J‘ U ﬁdﬂi
nssus biuandreiu venvint lunqumsnaassiitimsdgnireaimg Isn wulunssuisnly
d @ Jd A kY . > 4 o o4 & ¥ =
WAAWURINABUAI  endophytic bacteria Wiz  IWAAWUFMIARBUAWMITIANUALIMY - M3
- a 1 L4 o ‘: o a 1 d A
wigpdauTa (Mg vinaduriugudnatsdidy) hminwardanedu Loz inaveadn
Yy ' acddqy d o fvl T oA A A - " oA
armon1d gandnssuds i ldwdaiug lindeutazindoudwmsindouiiedufe M
4; A'I A a [ [ 9y - o
N 49) Weimarvaeudsusuuaiis o luuTnUE AN YR ULV BIMANAINTNANDY
HAZATINTUS I endophytic  bacteria - NUAMNMETug U INUIATINY To Trnanfivhmsindeu
BAAWUT WU endophytic bacteria Nildnyauzaana1 Tuusnu dwiu 110 uazly Taswuunusin
9

winiige sesaantann lu wazddu TavfismanuaiiGone 436, 3.75 uag 3.71 log cfwniu

MUARY (NN 4.10)

{ o w 1 1 P a a
M15190 4.9 HAMIADBUNAANUFAWNTTUITANAABNMITIIIYAL T WOREA LOLAUNN

HananveINzIloNg

pamgs  thwindu  dur dminrandn  voauded
n3347% (ar31.) (nTw) guenaadl  Aedu (ndy) azaionh
AU (1) 18(°brix)

hivgaide NCSY 1193756 13425 4.10 366.98 5.67b
Tsn cs 114.875b  146.50 3.70 399.11 5.45b
CS+B  153.00a 182.75 433 357.72 6.95a

CS+C . 117.75b 138.00 451 403.16 5.5Tb

F-test 4 ns ns ns *
C.V.(%) 14.46 22.56 21.54 32.61 15.27
Jgnie  Ncs' 575 116.50 179 42.96¢ 5.23b
15 CS 75.87b 124.00 2.84bc 163.17b 5.61b
CS+B  128.12a 139.75 4.45a 407.85a 5.95a

CS+C  115.00ab  128.75 4.10ab 355.78a 5.85ab

F-test »¥ ns ki * *
C.V. (%) 49.97 20.72 41.59 42.21 12.75

d o [ d o ' a
Y NCs = wiawuglitndou, cs = wdaiufindeudiumsindeuiiissednfvl, Cs+B = waaiufindey
. d w
#70 endophytic bacteria (18 CS+C = waARUTIAAsUAL MisaTiunluny
2{ 1] 1 - A L _a 1 o o o d' L A & Ead
ns =liuAnA 1IN Eaa, * upanaefunardastihisdAgRseauaudeiu P=0.05 Tav35 Duncan’s

Multiple Range Test (DMRT)
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LaLY02, LaLW02, LaTY01, LbLW02, LbLRW02, SuKY01, SuRW04, SURBO1,SuLW01, LaKY03
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annsnadumnszqunsiduTavesiy 1Aun indole-3-acetic acid (IAA) TaumiAsnanee
' o 4 ' ' 1 s
PwnsequMItaiivourad msiiurad uazmsifasuanimueasad (Shahab e al., 2009)
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daalidnesgldd  wenvinildmuduwaiFoannsondneged luuriiaduqld 1w
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o a A A Y =< - Yy a o o
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- o q VA a a 9t
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' dd sy fd du ¥a
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4 ﬂ' 1 g
(2012) 714 endophytic bacteria Muwn ldnnuzivomalunisnuan F. oxysporum WU¥D
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LaKWo02 6 5 7 3.5 5.875 1.8 1.8 2 2 1.9 80 80 80 100 85
LaL W01 6 6 55 6 5.875 1.8 p 2 2 1.95 100 100 100 100 100
LaLW02 6 7 5 4 5.5 1.8 2 2 2 195 | 100 100 100 100 100
LaLWO03 6 6.5 6 6 6125 | 1.6 2 2 2 1.9 100 100 100 100 100
LaLYOl 6.5 4.5 5.5 65 575 | 18 1.8 2 2 1.9 100 100 100 100 100
LaLY02 4.5 5.5 5 7 5.5 2 2 2 2 2 100 100 100 100 100




MINANUINK 1 WAV endophytic bacteria A AU S LAz MyseasInvesdundwzioma (Ao)

AN (vURWAT) Funly ms3ea¥in (Wosidud)

1 s 43 44 wde | w1 @12 43 B4 was | N1l 312 913 34 nde
LaLY03 6 4 5 6 525 | 18 1.8 2 2 19 | 100 100 100 100 100
LaTYOl 6 55 6 s /5625 |02 2 2 2 2 100 100 100 100 100
LaTY02 6 5.5 5 Y/ 585-PY2 2 2 2 2 100 100 100 100 100
LaTWOl 5.5 7 5.5 65 6125 | 18 2 2 2 195 | 100 100 100 100 100
LaTOOI 6 6.5 5.5 6 6 1.8 2 2 2 195 | 100 100 100 100 100
SULWOl 7 7 6 55 . 6375 | 2 2 2 2 2 100 100 100 100 100
SULW02 7 6 5 < CEAET oI ©) 2 1.8 2 195 | 100 100 100 100 100
SULW03 5.5 6 5.5 6 ¥ N2Y 2 2 2 195 | 100 100 100 100 100
SULW04 6 5.5 6 AL L 2 2 2 2 2 100 100 100 100 100
suLYol 7 5 6 6 6 2 2 2 2 2 100 100 100 100 100
SULY02 6.5 6 5 6.5 6 1.8 1.8 1.8 2 185 | 100 100 100 100 100
SULY03 55 5.5 6 7 6 2 2 2 18 195 | 100 100 100 100 100
SuLO0l 6 7 6 65 6375 | 2 2 2 2 3 100 100 100 100 100
SURWOI 5 6 5 7 5.75 2 2 2 2 2 80 100 100 100 95
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M$1IMANUINT 1 WAUDY endophytic bacteria AD AWFY S1 Y ey MIseaTinvesdundwziliomn (7o)

ANNYI (HUALAT) uuly M379AF3n (1oiHud)

g1 40 413 %4 wAw | w1 #1243 %14 waw | 1 412 913 3W nde
SuRWO03 6.5 7 6.5 5.5 6.375 2 2 2 2 2 100 100 100 80 95
SuRW04 7.5 6 5.5 5 6 2 2 2 2 2 100 100 100 100 100
SuRYOl 7 6.5 5.5 6 6.25 1.8 2 2 2 1.95 100 100 100 100 100
SuRY02 8 6 7 65 6875 2 2 2 2 2 100 100 100 100 100
SuRY03 7 6 6 g/ & 6.625 2 2 2 2 2 100 100 100 100 100
SuRBO1 6.5 7 4 7 6.125 2 1.8 2 2 1.95 100 100 100 100 100
SuTwo0l 7 6 5.5 6 6.125 1.8 2 1.8 2 1.9 100 100 100 100 100
SuKY01 5 8 6.5 7 6.625 2 2 2 2 2 100 100 100 100 100
LbTWOl 6.5 6 53 5 5.75 1.8 2 1.8 3 1.9 100 100 100 100 100
LbLWOI 7 4.5 5 6.5 5.75 1.8 2 2 2 195 80 80 100 100 90
LbLW02 6 6 35 5:5 WS 1.8 2 1.8 2 1.9 100 100 100 100 100
LbRWO01 5 5.5 6.5 6 5.73 1.8 1.8 2 1.8 1.85 100 100 100 100 100
LbRWO02 6 6.5 5.5 5.5 5.875 - 1.8 2 2 1.95 100 100 100 100 100
LbRWO03 5.5 6 5.5 6.5 5.875 2 1.8 2 2 1.95 100 100 100 100 100
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3 ! g L %’ o
MINIMANUINT 2 HaYDY endophytic bacteria $19 UHIHUNTIN UINUAN

¥

o

AU UINUNTIU LD

. ¥ kY -
%%osvi YDIAUNATUSIUVDINA

ToTanan vhminan (N3N) vmindy (N5) ﬁmﬁﬂiw(ﬂﬁ'u) %svi
1 412 3 F14 wEe | 91 92 413 g mas | 41 4 43 94 maw

control 0495 041 0455 045 0.4525 | 0.095  0.09 0.095 0.075 0.08875 | 0.59 0.5 0.55 0.525 0.54125 100
LaRWOl 0.545 055  0.605 0.55 0.5625 |0.125 0145 0.135 0.14  0.13625|0.67  0.695 074 0.69  0.69875 | 129.0993
LaRW02 0465 047 0475 047 047 0.095 0.115 0.065 0.105 0.095 {056 0585 054 0575 0.565 | 99.16859
LaRWO03 0.42 0415 0455 0455 043625 0.12 0.115 0.125 0.115 0.11875 | 0.54 0.53 0.58 0.57 0.555 97.41339
LaRYO0l 0465 0465 0465 0.47 0.46625 | 0.06 0.075 0.07 0.08 0.07125 | 0.525 0.54 0.535 0.55 0.5375 59.30716
LaKY01 0.515 0545 0.5 0.515 0.51875 | 0.07 0.065 0.08 0.075 0.0725 | 0.585 0.61 0.58 0.59 0.59125 | 109.2379
LaKY02 041 0445 043 0465 0.4375 | 0.065 0.08 0.07 0.07 0.07125 | 0.475 0.525 0.5 0.535 0.50875 | 93.99538
LaKYO03 0.55 0.57 0.61 0.515  0.56125 | 0.095 0.085 0.08 0.085 0.08625 | 0.645 0.655 0.69 0.6 0.6475 119.6305
LaKWO01 0455 0465 048 0.46 0.465 0.095 0.09 0.1 0.095 0.095 0.55 0.555 0.58 0.555 0.56 103.4642
LaKW02 042 0415 0455 046 04375 | 0.075 0.065 0.075 0.055 0.0675 | 0495 0.48 0.53 0.515 0.505 79.30716
LaLWO01 0425 0445 045 0455 0.44375 | 0.125 0.12 0.115 0.125  0.12125 | 0.55 0.565 0.565 0.58 0.565 104.388
LaLW02 0.56 0.55 0.66 0.48 0.5625 | 0.1 0.135  0.13 0.115 0.12 0.66 0.685 0.79 0.595 0.6825 126.097
LaLW03 0.46 0465 047 0475 04675 | 0.12 0.125  0.14 Deslsl 0.12375 | 0.58 0.59 0.61 0.585 0.59125 | 109.2379
LalLY0l 0435 0.44 0.44 0.43 0.43625 | 0.085 0.105 0.075 0.08 0.08625 | 0.52 0.545 0.515 0.51 0.5225 96.5358
LalLY02 0.525 0.625 0.58 0.515 056125 | 0.125 0.16 0.125 0.095 0.12625 | 0.65 0.785 0.705 0.61 0.6875 127.0208
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1 v ¥
ﬂ111~1ﬂ1ﬂﬂ1«!?ﬂﬁ 2 HAUD4 endophytic bacteria #@ UIYUATIN UINUN

¥

Ay

v
o o

HIMUNTIU LA Yosvi

Y vy ] 1
VOIAUNAWSIVBNA (AD)

loTaan i () vhmindu (i) vhniinsaun) %esvi
$11 412 %13 94 mAv | 91 412 a3 and Ao | 91l %12 @3 44 mde

LaLY03 0465 041 042 046 043875 0.095 0.065 0105 0.115 0095 [056 0475 0525 0575 0.53375 | 98.61432
LaTYOl 0565 0555 057 056 05625 |0.115 0125 0.105 012  0.11625 [ 0.68  0.68 0.675 0.68  0.67875 | 125.4042
LaTY02 0585 056 059 058 057875 |0.115 0125 0.1 012 01175 {07 0685 07 07  0.69625 | 128.6374
LaTW0l 044 0415 043 043 0428750065 0.07 006 008  0.06875|0.505 0485 049 0.51 04975 | 91.91686
LaTO01 064 064 059 066 06325 |0.115 012 0115 0I1 0115 [0755 076 0705 0.77 0.7475 | 138.1062
SULWOl 0505 0.6 0485 0555 0.53625|0.115 0.1  0.125 0.115  0.11625]0.62 071 061 067 06525 | 120.5543
SULWO02 046 0425 046 042 044125007 006 008 0075 007125]053 0485 054 0495 05125 | 94.68822
SULWO03 045 043 045 0575 0.47625|0.15 009 013 015 0.12125,0565 052 058  0.725 05975 | 110.3926
SULW04 0475 048 048 0475 04775 |0.065 0.07 0075 006 0.0675 |0.54 = 055 0555 0.535 0.545 | 100.6928
SULYOl 046 0465 0495 047 04725 (008 0075 0.09 007  007875|054 ~ 0.54 0585 054 055125 | 101.8476
SULY02 043 0465 045 0425 04425 | 0085 0.085 0.09 0085 008625 |0.515 055 054 051  0.52875 | 97.69053
SuLYO3 0.6 0585 058 0.66  0.60625 |0.12 013 012 012 0.1225 | 072 0715 07 078  0.72875 | 134.642
SuLOO1 048 047 0465 045  0.46625|0.095 0.09  0.105 0.09 0095 |0575 056 057 054  0.56125 | 103.6952
SuURWOl 0425 042 045 0475 04425 |0.06 009 005 0075 0.06875|0485 051 05 055 051125 | 89.73441
SuRW02 0.525 0.505 0.525 0.52 0.51875 | 0.12 0.125 0.13 0.135 0.1275 | 0.645 0.63 0.655 0.655 0.64625 | 119.3995
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M519MANUING 2 HAUDA endophytic bacteria A0 1IMNT N UIMINAY Hniing 1w uag %svi vosdundwzidiomn (o)

shmingn (n3w) dwmindu (ndu) minsmmin)
lolman — z 7 z 3 7 7 2 ; 3 ; z ; ? 2 Yasvi
1 F2 13 B Wwmde |9l a2 w3 94 mde | 91l 412 913 94 A
SURWO03 044 045 0435 0425 04375 007  0.07  0.065 0.07 006875051 052 05 0495 0.50625 | 88.85681
SURW04 055 056 053 0515 053875|0.135 0.115 0.115 0.095 0.115 | 0685 0.675 0645 0.61  0.65375 | 120.7852
SuRYOl 0.505 0.695 0.66 0.66  0.63 013  0.115 0.125 0.135  0.12625 | 0.635 0.81  0.785 0.795 0.75625 | 139.7229
SuRY02 0.65 0505 0.64 0.625 0605 008 009 008 009 008625073 0595 0725 0715 0.69125| 127.7136
SuRY03 044 0465 0465 0495 046625 | 0.115 011 0125 012 0.1175 | 0555 0575 059  0.615 058375 | 107.8522
SuRBO1 049 0535 0515 061 05375 | 011 012 012 0115 0.11625 0.6 ~ 0655 0.635 0.725 0.65375 | 120.7852
SuTWOl 0.6 0555 0575 058 05775 | 0.25 015 0115 0.12 01275 |0.725 0705 0.69 0.7  0.705 130.254
SuKYOl 0545 0.5 0455 06 05375 [042 ~ 012  0.I15 0.115 0.1175 |0.665 0.67 057 0715 0.655 | 121.0162
LbTWOl 042 0465 0465 0415 044125 | 0.065 0.06 ~ 0075 0.075 ~ 0.06875 | 0485 0525 054 049 0.5 94.22633
LbLWO1 0445 0485 049 048 0475 009 008 009 009 00875 |0535 0565 058 057 05625 | 93.53349
LbLW02 0.505 0.555 0.54 055 05375 | 0115 0.3 0135 0125 0.12625|0.62 0685 0.675 0.675 0.66375 | 122.6328
LbRWO1 0445 0425 045 0425 043625 [0.07  0.105 006 005 = 0071250515 053 051 0475 05075 | 93.76443
LbRWO2 0575 059 056 0.8  0.57625 | 0.085 0.08  0.105 0.075 0.08625 | 0.66 0.67  0.665 0.655 0.6625 | 122.4018
LbRWO3 0425 0465 046 0425 044375007  0.065 0065 0075 006875 |0495 053 0525 0.5  0.5125 | 94.68822
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i v T = py a
FI]‘!Nﬂ'lﬂN‘H’Jﬂ‘ﬁ 3 HAYDINMINATDUANUFINITOUD endophytic bacteria 1uﬂ1SUUU§1ﬂ1im3fg‘Uﬂ\'li‘lfﬂﬁ Fusarium oxysporum fT'I!.HFﬂiﬂLWU']‘UﬂQH%L%BMﬁ

vunveslaladl WodSudmseussdos Fusarium oxysporum

lolmian ? ¥ 3 ; - z ; ¥ ; —

%1 1 412 %7 3 %14 ANNAY 11 %12 %13 %1 4 ARy
control 9 9 9 9 9 0 0 0 0 0
LaRWO01 7.4 7 6.5 7q 7 17.77 22.22 27.77 21.11 9399
LaRWO02 6.6 7.25 6.8 A ) 6.95 26.66 19.44 24.44 20.55 22.77
LaRW03 6.05 6.65 6.75 6.25 6.425 8. 79 26.11 25 30.55 28.61
LaRYO01 595 5.1 6.25 5¢75 5.7125 36.11 43.33 30.55 36.11 36.52
LaKYO01 9 8.8 8.9 8.4 8.775 0 2.22 1.11 6.66 2.5
LaKY02 9 9 9 8.8 8.95 0 0 0 222 0.55
LaKYO03 8.75 9 9 9 8.9375 e, 0 0 0 0.694
LaKWO0l 8.75 8.5 8.75 9 8.75 25 .55 2.77 0 2.77
LaKW02 6.75 8.5 8.7 9 8.2375 25 5.55 3.33 0 8.47
LaLWO01 8.8 7.35 7.1 7.25 7.625 2.22 18.33 21.11 19.44 15.27
Lal. W02 8.25 7.25 84 8.25 8.0375 8.33 19.44 6.66 8.33 10.69
Lal. W03 5.9 6.75 5.8 6.6 6.2625 34.44 25 35.55 26.66 30.41
LalLYO01 5.8 6.23 6.75 6.25 6.2575 35.55 30.77 25 30.55 30.47
LalYO02 7.05 1.6 7.6 7.9 7.5375 21.66 15.55 15.55 1222 16.25
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i o & a & . '
ﬂ'l'ﬂ\‘lﬂ'lﬂﬂ“?ﬂﬁ 3 HAVDINMINATDUA NUATIIDVDN endophytic bacteria 1“ﬂ15ﬂﬂﬂ~3ﬂ15m5ﬂf“ﬂ@ﬁfﬂi’l Fusarium oxysporum ﬁ’]lﬂﬁ}liﬂlﬁ U'J‘lmwmﬁﬂmﬁ (n0)

loTaan viuavedlnlail e fudmsSuEUT031 Fusarium oxysporum
1 2 3 5 4 Ande a1 2 0 3 1 4 Aunde

LaLY03 7.5 8.25 7.45 6.8 7.5 16.66 8.33 17.22 24.44 16.66
LaTYOl 9 9 9 8.7 8.925 0 0 0 333 0.83
LaTY02 9 9 8.8 8.7 8.875 0 0 222 3.33 1.38
LaTWO! 6.75 5.8 6.7 % 6.5625 25 35.55 25.55 22.22 27.08
LaT001 7 7.25 7.6 7.55 7.35 2222 19.44 15.55 16.11 18.33
SULWO1 9 8.9 9 9 8.975 0 1.11 0 0 0.27
SuLWo02 7.2 6.6 6.8 8 7.15 20 26.66 24.44 11.11 20.55
SULW03 6.5 6.5 5.4 6.25 6.1625 27.78 27.71 40 30.55 31.52
SuL W04 9 8.8 9 8.9 8.925 0 222 0 1.11 0.83
SuLYO0l 9 9 8.8 8.7 8.875 0 0 797 3.33 1.38
SuLY02 7 7.25 7 7.17 7.105 2222 19.44 22.22 20.33 21.05
SuLY03 7.1 6.75 6.75 7 6.9 21.11 25 25 22.22 23.33
SuL001 9 9 9 9 9 0 0 0 0 0
SURWO1 2.8 2.4 2.15 4.05 2.85 68.88 73.33 76.11 55 68.33
SURW02 2.8 2.25 2.65 2.4 2.525 68.88 75 70.55 73.33 71.94

1L



! 7 a 1 H Y
MINNIANUINT 3 NAUDINTNAABUAIWEWI5DVBI endophytic bacteria TUMTTVIINIII YVOUFDI Fusarium oxysporum AUNH 13HUIV0INLABINA (A1)

yu1aves Inladl Lﬂﬂgl“cl‘mﬁmﬁﬂf‘l_l&dlfgﬂﬂ Fusarium oxysporum

loTaan 1 1 4 2 3 4 4 Annde 1 2 3 a4 AR
SuRWO03 7.4 8 8.25 8.7 8.0875 T IR 1 8.33 333 10.13
SuRW04 9 9 9 9 9 0 0 0 0 0
SuRYO01 7.25 6.65 i 7.1 7 19.44 26.11 22.22 21.11 22.22
SuRY02 9 9 9 9 9 0 0 0 0 0
SuRY03 9 8.25 9 8.8 8.7625 0 8.33 0 2.22 2.63
SuRB01 6.25 7.25 8.8 8 7.575 30.55 19.44 2.22 11.11 15.83
SuTWO01 7 6.7 15 %1 6.9875 2222 25.55 20.55 21.11 22.36
SuKYO0l 9 9 9 9 9 0 0 0 0 0
LbTWO1 7.3 6.85 135 7 7.125 18.88 23.88 18.33 22.22 20.83
LbLWOI1 7.75 7.25 hIE 7 7.2875 13.88 19.44 20.55 22.22 19.02
LbLWO02 7 6.9 6.9 7.1 6.975 £2.22 23.33 23.33 21.11 22.5
LbRWO1 7.25 7.15 6.9 72 7.125 19.44 20.55 23.33 20 20.83
LbRWO2 125 7.1 7:25 7 715 19.44 21.11 19.44 22.22 20.55
LbRWO03 2.75 3.15 2.95 2.6 2.8625 69.44 65 67.22 71.11 68.19
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a ” 4 o a1 4 o o 3 o o &
AITNNANHINN 4 N‘ﬁfummimﬂamuﬂﬂwumaﬂmmwmaﬂwuﬂum'smmw wiluszezia 4 1@y

. » AMIDNYBINAANLT (W adidud) Ao udaugediu)

weu - NIINID ? ; ; Y 2 7 ; ? 3 2
1 512 13 T4 1 11 W2 3 514 TRl
0 Nes" 98 96 % 98 97 7.32 6.03 6.30 6.58 6.56
CS 98 96 96 97 96.75 7.39 6.03 1.37 5.63 6.60
CS+B 98 97 97 98 97.5 7.27 7.30 7.23 7.92 7.18
CS+C 99 98 95 98 97.5 7.66 7.47 7.39 7.25 7.44
1 Ncs” 95 90 95 90 92.5 8.82 9.42 6.00 6.87 7.78
cs 97 96 95 95 95.75 7.0 7.77 7.56 9.04 7.86
CS+B 97 98 100 98 98.25 6.42 7.09 9.34 7.61 7.62
CS+C 99 98 96 08 97.75 6.55 6.74 10.15 8.88 8.08
2 Nes” 95 94 92 95 94 7.36 7,07 8.33 8.76 7.88
cs 9 94 98 96 96 8.01 8.03 7.93 8.30 8.07
CS+B 100 99 98 98 98.75 8.07 923 9.11 6.88 8.32
CS+C 97 95 95 94 95.25 8.01 8.10 8.30 8.64 8.33

"' Nes = waaug hindey, ¢s = wamiufindeudsasindeuifivisdiaufed, €s+B = waaRuginaeudas endophytic bacteria Ay CS+C = wiAaWufinAeudo msadumuny,
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Y d o g 4 W 4 o '
MINMANUINT 4 navasmsindeumaauiaenundanug lumsinuSauuiiuszeznat 4 dou (fe)

4 o o s d F d o o /d o
P - ANNIDNVBIULAAWU T (11D Firie) ANNIUVOANAANU (B T1UA)
Ao UEREVRD) 7 7 7 7 3 7 s 7 y 3
11 §12 613 514 naey 11 412 %13 414 LRNRY
NCS" 92 90 90 89 92 7.45 8.48 6.87 7.85 7.66
cs 90 92 92 90 90 8.54 7.86 8.12 7.89 8.10
3
CS+B 95 95 98 95 95 8.43 8.30 8.31 8.31 8.34
CS+C 92 92 94 94 92 8.54 8.30 8.30 8.62 8.44
Nes" 90 89 90 89 90 7.02 9.77 7.95 7.10 7.96
Cs 92 92 91 90 92 7.88 8.88 7.90 8.03 8.17
4
CS+B 97 93 95 96 97 8.46 8.36 8.25 8.48 8.39
CS+C 92 93 93 92 92 8.18 8.00 8.05 9.82 8.51

Y NCS = waawug liindeu, cs = waniufindeudiumamdeuifiviodufivd, CS+B = waaufinReudau endophytic bacteria Az CS+C = wanufindaudas mandiuatuny,
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ﬂl I~ w o A ] g/ -~ V) o e
MIMANUINN § Nﬁﬂlﬂﬂlﬂﬁﬂﬂﬂﬁ!ﬂaﬂﬂﬂﬂﬂ'J'IUU'I’J51ﬂﬂﬂﬁﬂuﬂﬁ1ﬂzwmﬂﬁiuﬂﬁﬂﬂﬁﬂﬂiﬂﬁﬂ@ﬂgﬂﬂﬂ'ﬁ

ANVBIITIN (BUANAT)

=y
AITUID

i 1 i 2 9 3 H7i 4 1 5 7 6 A 7 7 8 7 9 17 10 Ay
Nes' 3 2 2 2.4 3.2 23 2.7 5 1.7 2.2 2.35
cs 2.8 2 3 3 3 2 2 2 4 3 2.68
CS+B 3.2 3.2 2.8 3.3 3.5 2.6 2.3 3 3.2 35 3.06
CS+C 2.5 2 2 3 2 3 3 3.2 2 2 2.47
FNCS 1.5 1 0.6 1.2 1 0.7 1 0.6 1.2 1.3 1.01
FCS 1 1 1.5 1 1.5 1.5 2 1.5 0.8 0.8 1.26
FCS+B 2 1.5 2.3 3 2 2.5 2.3 2.5 2.5 2.3 2.29
FCS+C 1.8 1 A 1 0.5 1.2 1.3 1 1.3 0.8 1.1

/ 4 o 1 @ = [} a a . . Y -
“NCs = maﬂwuﬂmﬂé‘au, cS= mgﬂwuﬁmﬁauﬁwmimﬁamwmamamm, CS+B = mﬁﬂwuﬁtﬂﬁanﬁw endophytic bacteria ifg CS+C = mﬁﬂwuﬁmﬁauﬁ’w msANuAlun,
d o v & @ = " = 1 g4 w
FNCS = maﬂwuﬂmﬂﬁammiﬂqnwa Fusarium oxysporum, FCS = maﬁ‘ﬂ‘uﬁlﬂﬁﬂﬂﬁ?ﬂﬂﬁiﬂﬁﬂﬂlﬂﬂGEIU‘IQLﬂU’J*—ﬂ'IEﬂQﬂWﬂ Fusarium oxysporum, FCS+B = maﬂwuﬁmﬁw

. . 4 o ~ &
20 endophytic bacteria +N151QNI¥e Fusarium oxysporum, FCS+C = waafufindoudan eandunmluvu+nsilgriae Fusarium oxysporum
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o d o o a \ y Yy v - vy a wn '
ATTENIANHINN 6 Nmmmaﬂwuqmaauwemmm’muuemuﬂamzwem#lumamaeﬂnwmﬂgmms (no)

AMNUINIRY (B URILNAT)

A351D

$iw1 a2 sW3 a4 sWs 46 @Wm7. @Wms  @me amio  imdw
NCs" 4 3 25 4 5.2 35 47 4 2.7 2.7 3.63
cs 3.8 4 4 35 4 3 25 35 45 5.5 3.83
CS+B 5.2 5.8 5 5.2 48 5.5 51 5.5 5.5 5.7 533
Cs+C 45 45 45 35 45 45 4 4 3.5 4 4.15
FNCS 2.1 15 15 21 2 2 2 12 0.5 05 1.54
FCS 18 2.1 4 22 27 2.4 22 24 17 18 233
FCS+B 43 3 35 56 35 4 33 4 3.5 3.2 379
FCS+C 24 22 21 23 1.9 23 25 28 25 2 23

" Nes = waaug hindew, ¢s = wdaiufindoudiomsindeuiivsathafod, Cs+B = maniufindaudan endophytic bacteria Az CS+C = waaufindsudae maaduntuny,
d o " A & . g o o A - = ' a 4 ., d o & A
FNCS = mnﬂwu{lnmaawnnﬂqnwa Fusarium oxysporum, FCS = maﬂwuqmﬂauﬁ'wﬁmﬂaamwummamu%msﬂqm#a Fusarium oxysporum, FCS+B = laawuginaou

I W o] J
#20 endophytic bacteria +N15UgMI¥e Fusarium oxysporum, FCS+C = wanduginfauds arsnfiumimu+n1ugniase Fusarium oxysporum
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P 4 o o a v ¥ W ¥y A )
MINMANHINN 7 Nﬂ‘l.lﬁ]w‘lmﬁﬂwu‘lémﬁﬂﬂﬂﬂu'l‘l"illﬂ‘uBQﬂﬂﬂﬂTﬂ:ﬁNﬂ!‘ﬂﬁiHﬂﬁﬂﬂﬁﬂii&’USGﬂUﬂﬁW

v
Wmindunal (nNSu)

n338 ¥ 3 74 ¥ d ¥ d 74 ¥ d a 74 72 72 3
A9 %19 2 %19 3 17 4 19 5 19 6 Y1 7 Y1 8 19 9 %191 10 may
NCs' 0.17 0.2 0.34 0.25 0.2 0.19 0.17 0.15 0.11 0.16 0.196
CS 0.18 0.3 0.22 0.21 0.32 0.37 0.39 .22 0.29 0.28 0.278
CS+B 0.2 0.43 0.33 0.38 0.26 0.5 0.39 0.3 0.23 0.2 0.322
CS+C 0.56 0.21 0.35 0.24 0.21 0.24 0.2 0.23 0.24 0.22 0.27
FNCS 0.07 0.12 0.15 0.07 0.08 0.14 0.05 0.09 0.08 0.11 0.096
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In this study, 43 isolates of endophytic bacteria isolated from healthy tomato plants against
Fusarium oxysporum, which causes Fusarium wilt disease of tomato, was studied. Initially
effects of endophytic bacteria on the growth of tomato seedlings were tested. The results
showed that most endophytic bacteria did not affect the growth of tomato seedlings.
Characterization by gram staining revealed that most of them were gram-positive bacteria.
Subsequently they were tested on the antagonistic activity against Fusarium oxysporum by dual
culture technique. It was found that only seven isolates showed the ability to inhibit the
pathogen more than 30 percent. The best isolates including SuRW02 SuRWO01 and LbBRWO03
were highest inhibition percentage of 71.94, 68.33 and 68.19%, respectively. The potential
isolates found in this study will be further study and develop for coating tomato seed which an
alternative method to control Fusarium wilt disease in the future.

Keywords: endophytic bacteria, Fusarium oxysporum, Tomato
Introduction

Fusarium oxysporum causes Fusarium wilt in tomato is a major pathogen
affecting tomato production. The symptoms of this disease include wilting,
chlorosis, and stunted seedling. As a result, the plants die or got lower yields
(Hussain et al., 2016). Agriculturists had many controlled measures by using
several methods, including cultural technique and chemical application.
Especially the use of chemicals has been widely used. Although the use of
chemicals is effective in controlling the disease, this medthod is harmful to
organisms and the environment. Therefore, safe strategies would be used in the
management of this disease.

Biological control has been reported as a potential for the management of
several disease. It consists of a variety of antagonistic microorganisms which
have activity for controlling of various plant pathogens, including Fusarium
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wilt pathogen (Larkin and Fravel., 1998). Among of that endophytic bacteria is
one of the benefit microbial, which is a group of microorganisms that live in
healthy plant tissue and did not negative effect on plant (Bacon and White,
2000; Hundley, 2005). Several studies of biological control by endophytic
bacteria have shown that they were able to suppress the pathogen of bacterial
wilt disease in tomato (Purnawati ef al., 2014). Also, inoculation with bacterial
endophytes has been demonstrated to reduce disease symptoms caused by
vascular wilt pathogens such as Verticillium dahlia and Fusarium oxysporum f.
sp. Iycopersici (Sacc.) (Nejad and Johnson., 2000). Nandhini ef al. (2102) also
reported that endophytic bacteria isolated from root, stem, leaves and fruits of
healthy tomato plants can control Fusarium oxysporum f. sp. lycopersici.
Therefore, this research presents the results of in vitro antagonistic activity of
endophytic bacteria against Fusarium oxysporum and useful information for
alternative biological control strategy in the future.

Objectives: Isolation and screening of endophytic bacteria that has potential
to control Fusarium oxysporum. Selection potential isolate for further study as
seed bio-coating of Fusarium wilt management in the future.

Materials and methods
Isolation of Fusarium oxysporum and pathogenicity tests

Fusarium oxysporum was isolated from tomato plant exhibiting
symptoms of Fusarium wilt by tissue transplanting technique. Identification
was checked based on morphological characteristics.

Pathogenicity tests: Fungal pathogens were grown for 7 days on Potato
dextose agar (PDA). Then the spore suspension at concentration of 10° spore /
ml was prepared for this test. Tomato seedlings at 3 weeks of age were test by
root dip technique (cut roots and dip into the spore suspension for 20 minutes),
before transplanted into planting bag, and compared with dipping in sterile
distilled water (control). Disease severity was evaluated at 2 week after
inoculation by 0-3 scoring which modified from Marlatt er al. (1996); where 0
= healthy, 1 = temporary wilt, 2 = Permanent wilt and 3= plant die. Most
violent isolate was selected to be used in next experiments. The experimental
design was completely randomized design (CRD) with 5 replications.

Isolation and screening of beneficial endophytic bacteria for tomato plant

Isolation of endophytic bacteria was done from root, stem and leaves of
healthy tomato plants. All parts of plants were surface disinfected by soaking in
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70 % ethyl alcohol for 30 sec., washed with sterile distilled water, follow by
soaking in 5% sodium hypochlorite for 2 min then washed again with sterile
distilled water and dried on sterile filter paper. After surface disinfected, each
sample was ground by sterile mortar and prepared the suspension to 10'-10™.
Then each dilution of suspensions were cultured by pour plate technique on
nutrient agar (NA) and incubated for 48 h at room temperature. Single colony
occurred on the culture was move onto NA by streak plate technique to obtain
pure colony. Morphological examination consists of colony shape, colony color,
cell shape, and gram test by using 3%KOH and gram stain were also examined.

Screening for beneficial endophytic bacteria: All isolates obtained from
healthy tomato plant was cultured in nutrient broth (NB) and incubated on
rotary shaker for 48 hr. The culture was collected and centrifuged at 5000 rpm
for 10 minutes to obtain the bacterial pellet and prepared to bacterial suspension
which adjusted the concentration equal to 0.5 Mcfarland standard solution
turbidity. A 10 ml of bacterial suspensions were added to the pots of tomato
seedlings at 3 day of age grown in sterilized peat moss. The experimental
design was completely randomized design (CRD) with 4 replications. After 7
days of inoculation with endophytic bacteria, the seedlings survived and the
growth data was collected. The growth data including stem height, stem weight,
root weight, total weight and number of leaves. Data were calculated for growth
index of seedling vigor index (svi) as following formula:

svi = Average germination percentage X Average weight per plants

svi of treatment
svi of control

% svi= X 100

In vitro antagonistic activity of endophytic bacteria against Fusarium
oxysporum

Fusarium oxysporum was cultured on PDA for 7 days. Endophytic
bacteria were cultured on NA for 2 days. Antagonistic activity was evaluated
by using dual culture technique on petridis containing PDA medium. The agar
plug of pathogen was placed at the center of culture medium and endophytic
bacteria were parallel streaked on the left and right sides of the pathogen at 2
cm. length from the edge of the plate then incubated at room temperature.
Control plates were streaked with sterile distilled water. Evaluation of mycelial
growth inhibition when pathogen grown full in control plate. The mycelial
growth inhibition rate (IR) was calculated using the formula as follow: [(C2-
C1)/ C2 x 100 where C2: diameter of the pathogen colony on control plate. and
C1: diameter of the pathogen colony on the antagonist plate. The experimental
design was completely randomized design (CRD) with 4 replications.
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Statistical analysis

The results were subjected to the analysis of variance and means were
separated according to the Duncan’s multiple range test at P <0.05.

Results
Pathogen and pathogenicity

Fusarium oxysporum isolated from tomato wilt disease plants were found
the mycelium is delicate white to pink and produce charmadospore
microconidia and macroconidia. Macroconidia have three-septate. (Figurel). In
pathogenicity tests, the tomato showed symptom of permanent wilting to dead
and browning of the vascular tissues after 7 days of inoculation (Figure2). The
evaluation showed that the disease severity was 2.4 and the disease incidence
was 80%.

Figure 1. Morphology of Fusarium oxysporum (A =colony B = microconidia
and macroconidia C = charmadospore)

ha c

Figure 2. Symptom of wilt disease on to;miio s;eedling at 7 days after inoculation
(A =control B = inoculation with Fusarium oxysporum C = browning of the
vascular tissues)

b
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Morphological characteristics and effects on growth and seedling vigor of
endophytic bacteria

Fourty three isolates of endophytic bacteria isolated from each part of
healthy tomato plants (root leaves and stem) was found to have a variety of
morphological characteristics. Most of them were gram-positive bacteria, which
was divers in colony characteristic as shown detail in Table 1 and Figure3.

In addition, 43 isolates of endophytic bacteria were tested on tomato
seedlings. The results showed that most endophytic bacteria did not affect the
growth of tomato seedlings. Several endophytic bacteria were found that can be
growth promoting and had seedling vigor more than 20 percentages when
compare with control. Those isolates including LaRW0I1, LaKY03, LaLW02,
LalLY02, LaTYO0l, LaTY02, LaTOO01, SuLWO0I, SuLY03, SuRW02, SuRW04,
SuRYO01, SuRY02, SuRBOI, SuKYOIl, LbTWO1, LbLW02, and LbBRW02. The
details of data were shown in Table 2.

Table 1. Characteristic of endophytic bacteria isolated from healhy tomato

plants.

iilsiks colony 3%KO Gram shape
color shape margin  surface  Htest  staining
LaRWO01 white circular entire mucoid == i coccus
LaRW02 cloudy white  circular erose smooth - - coccus
LaRWO03 white imegular  undulate  smooth T + bacillus
LaRYO01 white circular erose rough - H bacillus
LaKY0l yellow irregular entire mucoid + gi bacillus
LaKY02 yellow circular entire mucoid + H coccobacilli
LaKY03 light yellow circular entire mucoid 2 & coccobacilli
LaKW01 white circular entire smooth ) ¥ coccobacilli
LaKWo02 white circular entire mucoid + + coccus
LaLWol white circular entire rough - - coccus
LaL W02 white circular entire mucoid - - coccus
LaL W03 white circular entire mucoid - - bacillus
LaLYO01 light yellow  circular entire mucoid + g bacillus
Lal.Y02 light yellow  circular entire mucoid e gF coccus
LaLY03 light yellow  circular entire mucoid . # bacillus
LaTYO0l yellow circular entire mucoid F # coccus
LaTYO02 yellow circular entire mucoid - - coccus
LaTWO01 white circular entire mucoid - - coccus
LaTOO01 orange circular entire mucoid + + bacillus
SuLWo1 cloudy white  circular erose smooth + + bacillus
SulL. W02 light yellow  circular entire mucoid +: + bacillus
SuLWo03 cloudy white  circular entire mucoid + s bacillus
SuLwWo04 cloudy white  circular entire mucoid + + bacillus
SuLY0l light yellow  circular entire mucoid + & coccus
SuLY02 yellow circular entire mucoid + + bacillus
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Table 1. Characteristic of endophytic bacteria isolated from healhy tomato
plants (continue).

Isolate colony 3%KOH Gram shape
color shape margin  surface test stainin
g

SuLY03 light yellow  circular entire mucoid + + bacillus
SuLO01 orange circular entire smooth + Tk bacillus
SuRWO1 cloudy white  circular  undulate  rough + + bacillus
SuRW02 cloudy white irregular  undulate  rough + + bacillus
SuRW03 cloudy white  circular entire mucoid + + coccobacilli
SuRW04 white irregular  undulate  rough + + bacillus
SuRY0l light yellow  circular entire mucoid + + bacillus
SuRY02 light yellow  circular entire smooth + 53 bacillus
SuRY03 light yellow  circular entire mucoid - - coccus
SuRBO1 egg circular - undulate smooth + + bacillus
SuTWol white irregular entire mucoid - - coccobacilli
SuKYO0l light yellow - irregular entire mucoid 3+ g bacillus
LbTWOI cloudy white  irregular erose rough + + bacillus
LbLWOI1 cloudy white  irregular erose rough i R bacillus
LbLW02 cloudy white  irregular erose smooth - - coccus
LbRWOI cloudy white  irregular erose smooth o + bacillus
LbRWO02 cloudy white  irregular erose rough 4 + bacillus
LbRWO3  cloudy white  circular entire smooth + + bacillus

Figure

3. Morphology of endophytic bacteri

- #olated ffom beakh

(colony on NA (left), colony at 6.7X and gram staining (right)).
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Figure . Morphology of er‘laophiti’c‘ bacteria isolated from healthy tomato plants
(colony on NA (left), colony at 6.7X and gram staining (right)). (Continue).
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Figure 3. Morphology of endophytic bacteria isolated from healthy tomato plants

(colony on NA (left), colony at 6.7X and gram staining (right)). (Continue)
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(colony on NA (left), colony at 6.7X and gram staining (right)). (Continue)

Table 2. Effect of endophytic bacteria isolated from healhy tomato plants on

the growth of tomato seedlings.

Suvival Heigh of Fresh weight (
Isolates of :.“l::::: shoot e (8) % svi
seedling (cm.) root shoot total

control 100a" 2.00a 6.30ab 0.089cd 0.452f  0.541ghij  100.00
LaRWOI 100a 1.95a 6.00 ab 0.136a 0.562bcd  0.698cbd 129.09
LaRW02 95ab 1.90a 5.37ab 0.095¢ 0.470ef  0.565ghij 99.16
LaRW03 95ab 2.00a 6.50ab 0.119ab 0.436 f 0.555ghij 97.41

LaRY01 100a 1.90a 5.50ab 0.073def 0.466ef  0.537ghij 99.30
LaKYO0l 100a 1.95a 5.50ab 0.073def 0.518de 0.591fgh 109.23
LaKY02 100a 1.90a 5.37ab 0.071def 0.437f 0.508; 93.99
LaKYO03 100a 2.00a 5.62ab 0.086cdef  0.561bcd  0.647def  119.63
LaKWo0l 100a 1.90a 6.00ab 0.095¢ 0.465ef  0.560ghij  103.46
LaKW02 85c 1.90a 5.87ab 0.067f 0.437f 0.505j 79.30
LaLWO01 100a 1.95a 5.87ab 0.121ab 0.443f 0.565ghij  104.38
LaLWo02 100a 1.95a 5.50ab 0.120ab = 0.562bcd  0.682cd 126.09
LaLWO03 100a 1.90a 6.12ab 0.124ab 0.4675ef  0.591fgh 109.23
Lal.YOl 100a 1.90a 5.75ab 0.086¢def 0.436f 0.522ij 96.53
Lal.Y02 100a 2.00a 5.50ab 0.126ab  0.561bcd  0.687cd 127.02
LaLY03 100a 1.90a 5.25ab 0.095¢ 0.4385f 0.533hji 98.61

LaTYOl 100a 2.00a 5.62ab 0.116b 0.562bcd 0.678cd 125.40
LaTY02 100a 1.95a 5.87ab 0.118ab 0.578bc  0.696cbd  128.63
LaTWol1 100a 1.95a 6.12ab 0.069¢f 0.428f 0.497j 91.91

LaTOO01 100a 2.00a 6.00ab 0.115b 0.632a 0.747ab 138.10
SuLWol 100a 1.95a 6.37 ab 0.116b 0.536¢d 0.652de 120.55
SuLWo02 100a 1.95a 5.87 ab 0.071def 0.441f 0.512j 94.68

SuLWo03 100a 2.00a 5.75ab 0.121ab 0.476ef  0.597efg 110.39
SuLW04 100a 2.00a 5.75 ab 0.0675f 0.477ef  0.545ghij  100.69

": Means in the same column with different letter are significant difference at P=0.05,
according to Duncan’s Multiple Range test.
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the growth of tomato seedlings (Continue).

v Su\:fval Numiber Heighof Fresh weight v o
; of leaves shoot root shoot total
seedling
SuLYO01 100a 1.85a 6.00ab 0.079 cdef 0.4725e¢f 0.551 ghij 101.84
SuLY02 100a 1.95a 6.00ab 0.086¢def 0.442f 0.528ij 97.69
SulL.Y03 100a 1.90a 6.00ab 0.123ab 0.606ab 0.728abc 134.64
SuLO01 100a 2.00a 6.37ab 0.0905¢ 0.466ef  0.561 ghij 103.69
SuRWO01<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>