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Abstract

A total of 284 bacterial isolates were screened from thua nao, rhizosphere soil and surface of
Longan fruit to test for their antagonistic ability against Lasiodiplodia theobromae. Of these, 43 strains of
bacteria were capable of inhibiting mycelium growth (25 - 67.5%) by using dual culture plate test. The
antagonistic activity of 43 strains was further tested by using supernatant collected from nutrient broth
culture of bacteria (pH 7, 37°C). Interestingly, only the culture supernatants that still had bacterial cells
were able to inhibit mycelial growth of the fungal strain (0 - 52.4%) In addition, it was showed that the
filter-sterilized culture Supernatants could not inhibit the fungal mycelium. Due to superior inhibitory
activity, the bacteria strains TN79, RS5 and CMU2 were selected for further study. For optimal condition,
it was found that pH 7 and 37°C were the most effective condition.

Subsequently, the antifungal compounds of TN79, RS5 and CMU2 were extracted from the 2-
week nutrient agar culture using phosphate buffer pH 7.0. The extracts could inhibit mycelial growth of 7.
theobromae (31.82 - 37.60%) and other strains including LP1, LP2, LG2 and type strain No.1120 (17.39 -
33.33%). Besides, the extracts also affected conidial germination of L. theobromae up to 50.85% (RS5).
The extracts remained active when exposed to UV light (254 nm) up to 1 hour and to proteinase K
(Img/ml). In addition, the extracts were active over a wide range of pH (6 - 9) and temperature (37 -
80°C). However, autoclaving treatment (121°C, 15 min) completely destroyed the antifungal activity,
When analyzed by GC-MS, total ion chromatogram showed more than 50 compounds present in bacterial
metabolites.

For bacterial identification, based on bacterial morphological characteristic, biochemical
characteristic and API 50 CH kit, TN79, RS5 and CMU?2 were identified as Bacillus subtilis /| B.
amyloliquefaciens. Based on BLAST search of 16S rRNA genes sequencing, TN79 was closely related to

B. amyloliquefaciens (99.90%). RS5 and CMU2 were most closely related to B. subtilis (96.17 and 99.6%)
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Kingdom Fungi
Division Amastigomycota
Subdivision Deuteromycotina
Class Deuteromycetes
Subclass Coelomycetidae
Order Sphaeropsidales

Family Sphaeropsidaceae

Genus Lasiodiplodia

Species Lasiodiplodia theobromae
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31 L. theobromae L‘L! 9491 ﬂL‘i_]mfl‘l"li'l‘J_lﬂU’:l'l fatty acid uﬂmﬁu‘umﬂu antifungal 11a¢ antibactericidal 1Y oleic
acid fs e a3 afusanIseT o uATIS BUATULIN Streprococeus spp. 19 (Kabara er al., 1972)
uammu“luﬂmsumﬂm"qu"luauﬁaﬂqummssﬂu antifungal fatty acid @201 UAY L‘ﬁuﬁ’]‘iﬂ‘i“’ﬂﬂﬂ
cis-9-Heptadecenoic acid 2ot 180 INE0T AR Pseudozyma flocculosa mﬂuwmaumaﬂgﬂﬂy ‘U?Nﬂﬂm%'E]
‘ETVIﬂ’e'JIEﬂ powdery mildew Tuua &ﬂ’ﬂvl,ﬂLLmﬂSE) Botrytis cinerea Pers.Fr., Cladosporium cucumerinum
Pythium aphanidermanm(Edson) Fitzp. 118 Phytophthora infestans (Mont ) Tauiinady EN mmsmmawama
ﬁmmuiuwmﬂgwms ey ﬂ@mmﬁmtmaamﬂaﬂeuaaaﬂm‘umwnaﬂ Sphaerotheca fuliginea WAANINDN
A ﬁawagmm cis-9-Heptadecenoic acid frmTmemmmsmim*’u@w]mmmmu"lﬂiﬂmmulﬂumﬂ“luﬂsu
ﬂuaawawmmammwaiflumusueaﬂ@aivl"laﬂﬂ Tﬂﬂmmﬂuz,ﬁnmmumi sterol e 90z 19 HrRe e 1R a1

cis-9-Heptadecenoic acid waznsa lusTudy q flzilueg mnlingiﬂ"lfﬂﬂsuwmmnm”lwummaﬂuwaﬁu
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SUIABZYUA (Avis and Bélanger, 2000) ﬂmﬂaauuﬂawmsummaﬂumamumusuu"lu"l,mﬂ‘lm%aﬁma
IN51Z cis-9-Heptadecenoic acid LA fatty acid ou 9 L& Rusodosuilfidesufiantsseinmsniy
«?aammuﬁyﬁaﬂﬂé’mﬁuwamﬁqﬂﬂm@[’fwé’fuﬁgﬁuTﬂmmﬁyasw L. theobromae amsszinmsinsayilodura

o [ o VA dy 1 = a 1 9 13 = 3/
SumatannuuaARie uniemzase IS wannsanaso ldudriusr manfeunlasveuduleves

L] ot
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L“]ﬁE)‘i'iLﬂuﬁﬁ'l@EJN‘lfﬂLﬂu
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acid 11ag trans-Oleic acid nJufcmmmaqmsLﬂsmmmwm1"1@1ﬁ:sﬁmmmﬂfm“111mmmmmmamﬂuma
mameaﬂmmamaaucﬁmunsasw”lﬂ wazanmsnageuTasldimadussuuafiGena TN, RSS uaz
oMU2 wuhidulovoaBest L theobromae WuSnmsey 1 BenvaiiGulinTaydeudedisla & Farfuer
Wuly1dnfiensdsznaumnnin 1 yiathansawsuildides liamsaniyse Iduoganududuves
msfuuafiSonansenutetedoiiiosfiinginadiiguiu wennniiiesnnmaiin GoMs  1duon
a1stlsenouiausossmeduma dniiiuas 1damdougalunsusn Twanavesesidsenouvesas
il ausaSinseiassznovau q luasatad liawsasemeduiey 1@ $0azdeldinaiindy

= '3 P & g = - = ] ar ::}'
TumsTasizianseo liiel#nsuriavesmstsznendu q feglumsadannuuafifel

37



= VoA = = a d
UNn 6 fnimwuﬂmmsmﬂmsﬂﬂgﬂﬂu TN79, RS5 uag CMU2

6.1 MINTITRUMIFUFIINN
3 9 v Vv ¥V
AatdoniFounaiiFonn stock  culture MIMuUHaINa IS0 dudInsniyvousos L
g/ v = ) "

theobromae 18 11 9 'loTanan 1&uA TN117, TN142, TN133, TNI12 Laz TN79 fiuonldona i1 RS3 was
RSs finen Idnnduuinasiniivayulns cMU2 uag cMU3 fuonldnnfivesnadtle 1nsinisastagey

1 o J 3 3/ = =} o oA o T £ = s/ ey
plnsdnyaznudmudleTasaniiTaTadvialszanm 2 - 3 fafwes ddvaguiiveas A hidoey

P g 1 = dy A omw c? 9 = o oA v ei’ o=t 3
uagiiielivinAuFedelidnuazioy sniule Tsnani CMU3 asaaeumsaadunsunuidouuniiSens o

= " < 1 < 1 =
lolman Aadunsuuanuaziigshaiiusion vacitli) o laaosin central unz i capsule (MM 6.1)

v
=

A 6.1 dnwuz TalatluazdnynzveuvadidoudunsuvewuaiiGedumy 3 1o lman de TN79, RS5

oz CMU2
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=1 =1 ﬂ' %] o o o
6.2 NMIATIVFOLN Y AATUNDTANUUAUUATISE
b £ T
Mmsnageuaulan 1T undveu¥auuanG e 9 lolyan uaziiwan lduiasiegausums
9A91LUNA Bergey’s Manual of Determinative Bacteriology (Sneath, 1986) (182713514094 MacFaddin (2000)

1madanisnei 6.1)

1 Y 3
M990 6.1 WanIInAARUNNTATVeuFeLUATSudwmuT o 1o Taan

v d =
FENUFHUANLIY
"
=
L g
2 3
Shwauzian e o« : ¥
“NANH — - 2 - ﬁ o W S S = =
o o —_ — 7 wn v b S
z £ Z ZPrE™ £ £ £ & =&
= = e = &) o = 7
3 g
g =
& =
9
=
=
shape of cells rod rod rod rod rod rod rod rod rod rod rod
Gram reaction + + + + + + + + + + +
spore pesition C C (2 C C € 9 (@ C C C
catalase + + + + + + + + + Vv +
b
glucose + - + + e + + + + + +
. b
manitol +" * + + + +" o + +7 * ok
b
xylose + + + + + - + + + + +
. b w m w w w w w w w
arabinose + + + + + + + & + + +
starch + + + + + + + + o+ + +
NaCl 7.5% + X + + + + + + + + +
citrate + + + + + + + + + + +
MR . . 2 - f ¥ - & E < =
VP e + + + + + + + + + +
Indole - . - - - - 5 - = 3 -
motility + + + + + + + + + + +

C, central; +, strongly positive; e weakly positive; +, rapid; V, variable (MacFaddin, 2000)
MINewR:  ° Differrential characteristics of the most frequently isolated Bacillus spp.

Ed
bﬂ's'!llﬁ'lu"liﬂclUﬂ’liﬁ%ﬂ&ﬂﬁ@ﬂ'}ﬂﬂ?ﬁﬂﬁ
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6.3 MsasvauYHAvenUAISY Inald API 50 CHB/E kits (bioMérieux)

feudenuuaiiSenindo 6.2 113 o Twan dudumusaunasfisnfamuumdsio TN 1102
W1 RSS MnAuYTHUInATaywlws uag cMU2 Mndvewadls minnmsnageuniy Ty lamsasiuan
Waniun 49 wiiaTagld API 50 carbohydrate fermentation strips 18301nM31'137 30 osrwaFoa Wy
24 - 48 %7 Tus wuh uuadise’le Tanand TN79 mnsoldaslulemsald 17 viia fi® glycerol, L-arabinose,
D-ribose, D-glucose, D-fructose, D-mannose, inositol, D-manitol, D-sorbitol, methyl-0D-glucopyranoside,
esculin ferric citrate, salicin, D-cellobiose, D-maltose, D-melibiose, D-sacharose (sucrose) 1@ D-trehalose
(1374 6.2) uunafiFeloTmand rss amisaldmsTulamsald 10 ¥iiade glycerol, L-arabinose, D-ribose,
D-glucose, D-fructose, D-mannose, inositol, D-manitol, D-sorbitol, methyl-OD-glucopyranoside, amygdalin,
arbutin, esculin ferric citrate, salicin, D-cellobiose, D-maltose, D-lactose (bovine origin), D-sacharose (sucrose)
Az D-trehalose (A131971 6.2) uazuuafide’leTmans eMu2 awsaldmiTulamsald 23 wila fo
glycerol, L-arabinose, D-ribose, D-glucose, D-fructose, D-mannose, inositol, D-manitol, D-sorbitol, methyl-CID-
glucopyranoside, amygdalin, arbutin, esculin ferric citrate, salicin, D-cellobiose, D-maltose, D-lactose (bovine
origin), D-melibiose, D-sacharose (sucrose), D-trehalose, D-raffinose, amidon (starch) 1% Glycogen (8113 ’N‘ﬁ
6.2) tiothmamsnageudi1dn I8y s vufeuRuaT AP scores Voado Bacillus a1)¥d#14 9 14 apiweb
(https://apiweb.biomerieux.com) WU uSeuuAiay s Tuand TN79. RS5 Liaz CMU2 Huun 1o iAoy lu

ﬂfjfuﬁﬂ%f?‘ B. subtilis /| B. amyloliguefaciens mnudesay 99.5,99.7 1AL 99.2 MUA AL
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M50 6.2 vaminagoumsldms I lamsaveadeuvaise lo Taan TN79, RS5 uay CMU?2 Taeld API

50 CHBYE kits (bioMérieux)

0 0 0 0 - - = 25 ESC 100 100 | + + T+
1 GLY 77 90 + + + 26 SAL 86 99 | # + +
2 ERY 0 1 - - 27 CEL 97 99 | + 7 Ex
3 | DARA 0 1 - “ 3 28 | MAL 98 100 | + + +
4 | LARA 84 99 + + + 29 LAC 23 44 - + +
5 RIB 91 97 + + + 30 MEL 48 26 | + - +
6 | DXYL | 56 97 . - - 31 SAC 90 99 | + + +
7 | LX¥YL 0 1 - “ - 13 TRE 88 99 | + + +
8 ADO 0 1 = = = 33 INU 58 50 - - =
9 MDX 0 1 = = - 34 | MLZ 0 1 & = =
10 | GAL 12 75 - - 5 35 RAF 62 44 & g +
11 GLU 95 100 + -+ & 36 | AMD 78 99 - - b7
12 FRU 98 100 | + AL + ¥ | GRY G 79 87 - - +
13 | MNE 87 99 + + + 38 XLT 1 1 N - -
14 SBE 1 8 = F 7 39 GEN 52 60 = = -
15 | RHA 1 32 b - g 40 | TUR 50 78 = “ =
16 | DUL 1 1 - - : 41 X 0 1 - - -
17 INO 65 69 - + + 42 TAG 0 91 § - =
18 | MAN 95 99 + + - 43 | DFUC 1 1 i - -
19 SOR g6 92 + + % 44 | LFUC 1 1 z - -
20 | MDM 0 1 - = < 45 | DARL 1 1 - = =
21 | MDG 83 99 | + A + 46 | LARL 0 1 - 2 =
22 NAG 29 62 - - ~ 47 GNT 7 39 - & %
23 | AMY 70 99 - + + 48 2KG 0 0 - - -
24 ARB 80 99 - + + 49 5KG 0 0 - - -

+, positive; -, negative

HUIIYA GLY = Glyceral, ERY = Erythritol, DARA = D-Arabinose, LARA = L-Arabinose, RIB = D-Ribose, DXYL = D-Xylose, LXYL = L-Xylose,
ADO = D-Adonitol, MDX = Methyl-BD-XylopyranOSide, GAL = D-Galactose, GLU = D-Glucose, FRU = D-Fructose, MNE = D-Manose, SBE =L-
Sorbose, RHA = L-Rhamnose, DUL = Dulcitol, INO = Inositol, MAN = D-Manitol, SOR = D-Sorbitol, MDM = Methyl-0LD-Mannopyranoside, MDG
= Methyl-O.D-Glucopyranoside, NAG = N-Acetylglucosamine, AMY = Amygdaline, ARB = Arbutine, ESC = Esculine ferric citrate, SAL = Salicin,
CEL = D-Cellubiose, MAL = D-Maltose, LAC = D-Lactose (bovine origin), MEL = Melibiose, SAC = D-Saccharose (sucrose), TRE = D-Trehalose,
INU = Inulin, MLZ = D-Melezitose, RAF = D-Raffinose, AMD = Amidon (starch), GLYG = Glycogen, XLT= Xylitol, GEN = Gentiobicse, TUR = D-
Turanose, LYX = D-Lyxose, TAG = D-Tagatose, DFUC = D-Fucose, LFUC = L-Fucose, DARL = D-Arabitol, LARL = L-arabitol, GNT = Potassium

gluconate, 2KG = Potassium 2-ketogluconate, SK.G = Potassium 5-ketogluconate
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6.4 MinsvasuYinvasuuaise lnaly 16S rRNA gene sequence

' ' g/ v
Worhnaf 1d9nn 15181 UV 16S rRNA genes vououuniGe lo latani TN79, RS5 oy
= = o 3 =

cMU2 w1f3ouifieuiy 168 rRNA genes lugudoyaveas GenBank 1oz EMBL lauldinniln BLAST search
af ¥
(http://www.ncbi.nlm.nih.gov) WUIIEIAUYDY 168 rRNA genes Yo dFouundise lo lyany IN79 LAY
4 o oA o . . o d <y = &
IMUBUNUIYBUUANITY B. amyloliguefaciens W8 B. subtilis MYWUTAN € 037088 99.90 (A131947 6.3) 150
oA = o 4 o w a1 o
uuafisele Tsanh RS5 JanumdeunuiFouuniiGo B. subsilis @10WugA1 q H950002 96.17 (115191 6.4)
g =1 3 o 1 = = w  d
wonvafiSele Taranhi cMU2 SanumideutudeuuaiiSe B. subnlis Towngae q H3500a2 99.6 (1319
16.5)
P o . 3 d’., S = o/ T
naf 1821011391 phylogenetic tree WuIN¥BUUATITe 1o Tananh TN79, RS5 iaz CMU2 deoglu
A S A o ; s = l.dyll:: | et o
awivirennuunfisoluallFd B. amyloliquefaciens way B. Subslis ¥smsvsdindunuanizeluatladla
qs: 9 = =} t:' o 9 9 & v = [ 9/
unszdesiianumilousa genes 1u sequence Wunudayalugmdoya fedosaz 97 - 100 Teazvensyld
[ 3 b ' q" 5 v & s = o w
A4UUNINGDIN phylogenetic tree 81919 1491 (FounaNTy lolwan TN79, RSS uaz CMU2 iflumewusg
= 1oty e - A ) A o 9y et =t
Tuuigs luiideyavesFouvaiisolugudoyamhunlslFowieu
) [ e W a -~ o oo Yo L] 9
dmiuswuiianglolndvuos 165 rRNA gene Yoauuafiise TN79, RSS uaz CMU2 ladadudn

Ed
g uvoya NCBI Tnoil accession number A3 EU590118, EU590117 1iag EU590116 A a1y

d‘. =4 = d’l} =]
M13197 6.3 WA 515 oufen 165 rRNA genes unaiffoiuaiizo lo Tsan TN79

Accession Description % similarlity
AB244461.1 | Bacillus sp. C5-1 gene for 16S rRNA, partial sequence, strain:C5-1 99.90
CP000560.1 | B. amyloliquefaciens FZB42, complete genome 99.90
EF428253.2 | B. subtilis strain HDYM-34 16S ribosomal RNA gene, partial sequence 99.90
EF428251.2 | B. subtilis strain HDYM-28 16S ribosomal RNA gene, partial sequence 99.90
EF428240.2 | B. subtilis strain HDYM-11 168 ribosomal RNA gene, partial sequence 99.90
EF428238.2 | B. subtilis strain HDYM-08 168 ribosomal RNA gene, partial sequence 99.90
AB300817.1 | B. amyloliquefaciens gene for 16S rRNA, partial sequence, strain: Y13 99.90
AB300802.1 | B. subtilis gene for 165 rRNA, partial sequence, strain: NDN1 99.90
EF581127.1 | B. subtilis strain h-g 168 ribosomal RNA gene, partial sequence 99.90
EF528285.1 | B. subtilis strain CICCHLJ Q70 16S ribosomal RNA gene, partial sequence 99.90
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M5190 6.4 Wan3TeuioY 165 rRNA genes vougouunaiise laTaan RSS

Accession Description % similarlity
AY462214.1  Bacillus sp. DF49 16S ribosomal RNA gene, partial sequence 96.18
DQ422953.1  B. amyloliguefaciens strain Ba-74501 16S ribosomal RNA gene, partial 96.00

sequence
DQ415893.2  B. subtilis strain MA139 168 ribosomal RNA gene, partial sequence 96.00
EF472266.1  B. subtilis strain LQ20 165 ribosomal RNA gene, partial sequence 95.90
EF472262.1  B. subtilis strain QD434 16S ribosomal RNA gene, partial sequence 96.17
EF472261.1  B. subtilis strain QD517 16S ribosomal RNA gene, partial sequence 95.90
EF445123.1  B. subtilis strain 261 168 ribosomal RNA gene, partial sequence 96.17
96.00

AB244461.1

Bacillus sp. C5-1 gene for 16S rRNA, partial sequence, strain:C5-1

] 9
M3 6.5 HamsidTeufiey 16S rRNA genes vouvouuaiisele Toian cMU2

Accession Description % similarlity
AB301017.1  B. amyloliquefaciens gene for 16S rRNA, partial sequence, strain: GH14 99.40
DQ659146.1  B. subtilis strain GRO11 168 ribosomal RNA gene, partial sequence 99.40
DQ422953.1  B. amyloliguefaciens strain Ba-74501 168S ribosomal RNA gene, partial 99.50

sequence
AB301006.1  B. amyloligquefaciens gene for 16S rRNA, partial sequence, strain: GH31 99.30
AB301002.1  B. amyloliguefaciens gene for 16S rRNA, partial sequence, strain: GH28 99.30
AB300805.1  B. amyloliquefaciens gene for 16S rRNA, partial sequence, strain: R9 99.30
EF488979.1  B. subtilis 168 ribosomal RNA gene, partial sequence 99.60
EF492885.1  B. subtilis strain B3 16S ribosomal RNA gene, partial sequence 99.30
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Abstract: One hundred and seventy bacterial strains previously isolated from thua nao were screened
for their antagonistic ability against Lasiodiplodia species. Of these, 39 strains were able to inhibit the
fungal growth in dual culture as observed by the inhibitory zones. Radial growth reduction calculated
in relation to the control growth was between 25 and 67.5%. Based on cell morphology, most
bacterial isolates were Gram-positive, endospore-forming bacilli. These bacterial species offer a
potential use as a biocontrol agent(s) of the postharvest pathogen Lasiodiplodia.

Introduction: Lasiodiplodia theobromae is one of the most important fungal postharvest pathogens
that cause a serious concern in various kinds of fruits such as longan, banana, and rambutan. To
control these postharvest diseases, fungicides have traditionally been used. However, with the
problems of resistant fungal emergence as well as chemical contamination, the use of fungicides
becomes ineffective and unpopular. In the past decade, many attempts have been made to screen
natural substances derived from plants and microbes that can be used as an alternative in controlling
the postharvest diseases. The present study describes the potential use of some Bacillus species
isolated from thua nao in controlling the growth of Lasiodiplodia, the fungal causative agent of

postharvest diseases.

Methodology: The fruit-rot pathogen, Lasiodiplodia spp., was isolated from infected longan fruits in
Chiang Mai. The bacterial isolates used to test antagonistic effect were previously isolated from thua
nao, a traditionally fermented soybean in Chiang Rai. To study the inhibitory activity, the dual culture
tests were performed by placing the fungal mycelia and bacterial colony on the centre of the PDA
plates. Antifungal activity was noted by observing the inhibition of the mycelial growth. Radial
growth reduction was calculated as follows: (a — b) / a (where a = radial growth measurement of the
pathogen in control and b is that of the pathogen in the presence of bacteria tested); these values were
then expressed as percentage inhibition of radial mycelial growth. The bacteria exhibited antagonistic
activity were subject to further cell morphological characterisation.



Results, Discussion and Conclusion: Postharvest diseases in fruits and vegetables are serious
concerns and cause a great loss worldwide especially in the tropics. Lasiodiplodia spp. are well
known as a causative pathogen of fruit rots under inappropriate storage. Thaiabendazole and benomyl
are commonly used fungicides in combating these postharvest diseases. Recently, biocontrol is
expected to be a promising strategy for controlling postharvest fruit diseases due to several benefits
(i.e., safety concern). However, there is limited work regarding the use of biocontrol for
Lasiodiplodia. In this study, 170 bacterial strains isolated from thua nao were tested against the
fungal pathogen Lasiodiplodia. Most thua nao bacteria are classified into the Genus Bacillus' in
which its antagonistic activity has been reported.” The bioassay was initially evaluated by the degree

of growth inhibition using dual culture technique. Of these bacteria tested, 39 isolates (~23%)

exhibited antifungal activity. All isolates were Gram-positive, endospore-forming bacilli based on cell
morphology. Further study is now being undertaken to determine the identity of the active
compound(s) and the microbial source. These preliminary results prove to be the most promising step
before the field trial.

References:
(1) Chukeatirote E ef al. (2006) Research Journal of Microbiology 1, 38-44.
(2) Sonenshein AL et al. (1993) Bacillus subtilis and other gram positive bacteria. ASM Press.
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Abstract
In this study, a total of 281 bacteria screened from thua nao and rhizosphere soils of five medicinal plants
were tested for antagonistic ability against the fungal pathogen Lasiodiplodia species. Based on dual culture test,
only 41 strains were able to inhibit the mycelia growth of which most strains (39 strains) were from thua nao origin.
The antagonistic activities were between 25 — 67.5%. In addition, the antagonistic test was also confirmed using
their bacterial culture supernatant. Seven best bacterial isolates exhibiting high inhibitory activity were selected for
further study including their taxonomic identity and their active metabolites. In a long run, this work is expecied to
develop as a novel strategy for controlling Lasiodiplodia species in the field trial.
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Introduction

Lasiodiplodia species is one of the major fungal pathogens responsible for postharvest storage rots in
various kinds of tropical fruits (Li et al, 1995, Mortuza and llag, 1988). When the fruits are infected by
Lasiodiplodia, the typical symptom is the formation of black spots on the fruit's surface. Traditionally, the use of
fungicides (i.e., benomyl) is a common means to control such a disease. Unfortunately, the inappropriate use of
these chemicals has resulted in the emergence of resistant strains. In addition, the chemical remains in the fruit
products cause a food safety concern to the consumers. As a result, the search for other ‘novel' natural
substances that do not impose such problems is required and biocontrol may be an alternative to serve this
purpose. This study was performed to screen the microbes from natural habitat that are capable of inhibiting the
Lasiodiplodia species. In a long run, this work is expected to develop as a novel strategy for controlling

Lasiodiplodia species in the field trial.

Materials and Methods

Microbial cultures. The fungal Lasiodiplodia strains were obtained from the Postharvest Technology
Institute, Chiang Mai University, Chiang Mai, Thailand. The bacterial isolates used in antagonistic experiment were
isolated from thua nao (Thai fermented soybeans) and rhizosphere soils of Aloe barbadensis, Alpinia galanga,
Centella asiatica, Citrus aurantifolia and Wedelia trilobata.

Antifungal activity. The dual culture tests were performed in triplicate by placing the the fungal mycelia
and bacterial colony on the centre of the PDA plates. Antifungal activity was observed by the inhibition zone of the
mycelial growth. Radial growth reduction was calculated as follows: (a — b) / a (where a = radial growth
measurement of the pathogen in controt and b is that of the pathogen in the presence of bacteria tested); these
values were then expressed as percentage inhibition of radial mycelial growth. To confirm the results, the
bacterial-culture supernatants were also used. The test bacterial isolates exhibiting the greatest zones of inhibition
were selected for further experiment.

Bacterial identification. The selected bacterial strains were characterised based on their morphological
and biochemical properties. These included cell shape, Gram staining, presence of spore, and growth conditions

(oxygen and temperature requirements). Biochemical assays were performed as previously described by Norris et

al. (1981).

Resuits and Discussion
Postharvest diseases in fruits and vegetables are serious concerns and cause a great loss worldwide;
especially in tropical countries, such a loss is estimated to be between 20 — 40% (Daniels, 1990). The fungal
pathogen Lasiodiplodia species are well known as a causative pathogen of fruit rots under inappropriate storage.
Thaiabendazole and benomyl are commonly used fungicides in combating these postharvest diseases. Recently,
biocontrol is expected to be a promising strategy for controlling postharvest fruit diseases due to several benefits

(i.e., safety concern). However, there is limited work regarding the use of biocontrol for Lasiodiplodia (Li et al.,
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1995; Mortuza and llag, 1999). In Thailand, a few reports have been carried out and suggested the potential of

antagonistic yeast Endomycopsis fibuligera to control this fungal pathogen (Sangchote and Sangwanich, 2006).

Figure 1 Dual culture test between Lasiodiplodia species and bacteria tested. Left, the mycelia growth of

Lasiodiplodia; right, the inhibition of mycelia growth by bacterial isolates.

In this study, a total of 281 bacterial isolates obtained from thua nao, the Thai fermented soybeans
(170 isolates) and rhizosphere soils of five medicinal plants (111 isolates) were used to test against the fungal
pathogen Lasiodiplodia. Based on dual test (Figure 1), it was found that 39 strains from thua nao exhibited
antagonistic activity between 25 — 67.5% whereas there were only 2 isolates from rhizosphere soils showing such
an activity (45 and 50%). Further experiment was then confirmed using the bacterial-culture supernatant. For this,
there were 37 thua nao bacterial isolates (17.3 — 52%) and 2 rhizosphere soil bacteria (35.7 and 52.4%) that were
able to inhibit the fungal growth. Seven best bacterial strains were selected based on their high inhibitory ability
(see Table 1).

Based on cell morphology, all isolates were Gram-positive, endospore-forming bacilli. Further study is
now being undertaken to determine the identity of the active compound(s) and the microbial source. These

preliminary results prove to be the most promising step before the field trial.

Table 1 Selected bacterial strains isolated from thua nao (TN) and rhizosphere soils (RS) exhibiting inhibitory
effect on Lasiodipiodia growth. The percentage of inhibition calculated as described in the Materials

and Methods Section is shown.

Bacterial isclates | Inhibition activity (%)

RS5 52.4

TN79 52
TN112 52
TN117 5112
TN142 49.4
TN133 47.6

RS3 35.7
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