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Fruit Rot Disease of Rambutan and Its Control by Bacterial Antagonist
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ABSTRACT

Fruit rot disease caused by Lasiodiplodia theobromae, Gliocephalotrichum spp.,
Colletotrichum gloeosporioides, Pestalotiopsis sp. and Phomopsis sp. is the major problem to
reduce quality and shelf life of harvested rambutan fruits. This research was conducted to
determine the effectiveness of bacterial antagonists to control fruit rot disease in rambutan
fruit. Ten isolates of bacterial antagonists were isolated from peanut, dried longan, crown of
banana and red kidney bean. The pre-inoculated treatment was conducted by spraying 10
isolates of bacterial antagonists with concentration at 10° cfu/ml on L. theobromae
inoculated rambutan fruits for 18 h which compared to water or imazalil at 500 mg/l spraying
(as control). The results showed that isolates of DL9, PN10 and DL7 could inhibit disease
severity by 57.82, 55.82 and 52.97 % respectively, whilst imazalil at 500 mg/l inhibited the
disease severity only 16.91% and 0% for water treatment. Then the isolates of PN10, DL7 and
DL9 were identified as Bacillus spp. which were gram-positive rods, endospore-forming and
catalase positive. APl test kit and molecular analysis were used to identify these 3 isolates.
The 16S rDNA gene sequence of DL7 strain was 100 % similar to Bacillus siamensis and PN10
and DL9 were closely related to B. siamensis and B. amyloliquefaciens sub sp. plantarum
(99.91 and 99.86 % identity, respectively). After that crude extract were tested for cytotoxicity
against Vero cell (African green monkey kidney), cytotoxic was not found. Subsequently, each
bacterial antagonist strains were individually developed into 3- different powder formulations.
After 6 months storage at room temperature, the result showed that the formulation of 100 ¢
rice flour mixed with 1 ml soybean oil and 10 ¢ sucrose was the best carrier to maintain
bacterial survival. The survivals of PN10, DL7 and DL9 were 7.55 x 10°, 3.73 x 10° and 8.53 x
10" cfu/g respectively. The efficacy of this bio- agent formulation to control rambutan fruit rot

disease was not significantly different from using antagonist directly.
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Bacillus amyloliquefaciens sub sp.
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PN12, DL7, DL9, BAL uag BP USuadsidutu
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Ujinslunsfudnissanvasauadides
auvglsanani

NANITNAAOU WUITWUATLTE
UfTnudmau 10 aewug aansadudinis
sonesalosBoraimglsananint 6 ola fo
L%a'i’l L. theobromae, Gliocephalotrichum
bulbilium, Greeneria sp., C. gloeosporioides,
Pestalotiopsis sp. Wag Phomopsis sp.
lgansannuuaiiseuinyaneiug PN7 DL9
PN10 uay PN12 fiUsg@ndaings a1unse
é’uéy’qmiqaﬂsuaaaﬂa%l,%aﬁ L. theobromae
Anusiudude wihiu 1.84 1.83 1.75
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Table 1 Efficacy of bacterial secondary metabolize on inhibition of spore germination of

fungi causing rambutan fruit rot disease on potato dextrose agar (PDA) ofter 48 hr

incaubatron
Clear zone diameter (cm)®

Bacteria L. theobromae  G. bulbilium Greenria sp. C. gloeosporioides Phomopsis sp. Pestalotiopsis sp.
PN 2 1.66 cdef 1.49 b 1.34d 0.00 ¢ 1.11e 1.57 de
PN-A 3 1.62 ef 1.18 f 1.81 bc 1.02 ef 1.71 c 1.66 cd
PN-A 5 1.57f 1.25 ef 1.69 ¢ 1.23 de 1.41d 1.61 cde
PN 7 1.84 a 1.64 a 2.05a 1.42 ab 2.03 a 1.69 ¢
PN 10 1.75 bc 1.33 cde 196 ab 158a 1.81 bc 1.80 b
PN 12 1.68 cde 1.42 bc 1.93ab  1.39 bc 1.94 ab 2.03 a
DLY 1.64 def 1.27 def 1.39d 1.24 cd 1.83 bc 1.65 cd
DL9 1.83 ab 1.38 bcd  2.09 a 141 b 1.78 bc 1.87b
BA 1 1.73 cd 1.28 def 2.03 a 1.09 de 1.65 ¢ 1.90 b
BP 141 ¢ 1.06 ¢ 1.42d 0.90 f 1.24 de 1.52 e
CV (%) 4.12 6.17 7.31 11.41 8.10 4.67

Means in the same column, followed by a common letter are not significantly different at 1% level by
DMRT
Fadae arursaviliiiavosineduiug

3.40 3.56 way 3.77 9U. A1UA1AU

dlailSeudisusunisnugnetn way Su1enda LARIIN @unsnaseulrlnsnzaals suD

500 UN./a. JYUIALNGE 8.04 LAy 6.62 W, anunsoasanslunsdudatins (antifungal)

a Al a ' o & = < va o 1 A !
wuafSeUfUndenesiug DLY PN10 way DL7 Falunuandinaseiuuuaiiselungy

a1unsadudamuguuseveslsald 57.82  Bacillus 3slaundeyaidesiuiiluldlunis

55.82 way 52.97 % @1ua1au (Table 2 way
Figure 1)

cd o &

4. Iuunvinvawuaiisauiindnaaiaen

NAN1TYAFBUSN WL UFIUINEN
vasuuanseUUng 3 areWug PN10 DL7
waz DL9 nwulnduuuaiiBewnsuuan JU9
1d ] 4 M Y v ¥ a [
Wuvieu adwavesle dnvaglnaifsdy

a ' B = wa

wuaniSelungy Bacillus wazlinaaudfnig

FonyanaaeuiiiedndnunuuaiiFeufiing
wud wuefiiSeufUng 3 aneiug PN10 DL7
waz DL9 Ao wuATilse Bacillus subtillis 5®
B. amyloliquefaciens ffaudetuves
N13914UN 99.1-99.9 % (Table 3) uagnns
TUUNYIAveIRUATIITEAI8MATANIITY
luana Ingdnadfduluaves 16S rDNA 89
wualisedlegraisufisuiugudeya wu
91 @eug PN10 Tawuiiandlelvausion
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Table 2 Efficacy of bacterial antagonists to control fruit rot disease of Lasiodiplodia

theobromae inoculated rambutans kept at 13 °C for 7 days

Treatment Lesion diameter (cm)®  Inhibition of disease severity (%)™
control (water) 8.04 f 0.00 ¢
imazalil 500 mg/l 6.62 e 1691 f
PN2 5.42 cd 32.44 de
PN-A3 5.96 d 25.67 e
PN-A5 6.75 e 15.67 f
PN7 4.40 b 45.30 ¢
PN10 3.56 a 55.82 a
PN12 4.34 b 46.04 bc
DL7 3.77 ab 52.97 ab
DL9 3.40 a 57.82 a
BA1 4.27 b 46.72 bc
BP 5.19 ¢ 35.25 d

F-test *x *x

CV (%) 9.71 15.42

(@) Means in the same column followed by a common letter(s) are not significantly different at 1% level by DMRT

Figure 1 Lesion of fruit rot disease of Lasiodiplodia theobromae inoculated rambutan after

application of bacterial antagonist then kept at 13 °C for 7 days

A) water (control) B) imazalil 500 mg/l O PN2
D) PN-A3 E) PN-A5 F) PN7
G) PN10 H) PN12 ) DL7
J) DL9 K) BAl L) BP
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Table 3

Identification of Bacillus spp. by means of API Test kits 50 CHB

Bacteria species Identification (% ID)
PN10 Bacillus subtillisyamyloliquefaciens 99.8
DL7 Bacillus subtillisyamyloliquefaciens 99.9
DL9 Bacillus subtillisyamyloliquefaciens 99.1

16S rDNA gene nilaufuuua?isy 2 vin
99.91 % laun Bacillus siamensis Wag
Bacillus amyloliquefaciens subsp.
Plantarum vazfianesiug DL7 Sdduiieg
lolunusiaa 16S rDNA gene Lnilauiu
wuA?ise Bacillus siamensis 100.00 % @1
#ug DLY dasuilamdlalvdusian 165 rDNA
gene WlpUAULUATISY 2 via 99.86 %
laun Bacillus amyloliquefaciens subsp.
Plantarum wag Bacillus siamensis
Bacillus siamensis \Jununaise
WATHUIN @519 endospore gﬂ‘viau strain PD-
A10" uenuANYAY 90 4. uAsUFN Uszne
Ing dawuihealelnauinm 165 rDNA fAu
WilloufuluANIse B. amyloliquefaciens NBRC
15535 ", B. subtilis DSM 107, B. vallismortis
DSM 11031" hag B. mojavensis IFO 15718"
WINAU 99.5, 99.4, 99.4 way 99.2% AUa1AU
(Sumpavapol et al., 2010) B. siamensis
KCTC13613 fiUszavsamlunmsdudinsaia
vouduludesn Rhizotonia solani wae Botrytis
cinerea \Duanwlsavasily (Jeong et al., 2012)

6. anuluiwvesdrsdananeuain
IS a ¢ 1 a
wuaiiGeufUnddawadlnuadds
arsanaveIvveIkuANIeUfUnyn
nadouAIluivrewadlnuosds (African
. = fala
green monkey kidney) #aUuaaniaIu

IndiAgeaiuwaduywd wuldl @a15anaves
wuafieuitng PN10 DL7 uaz DL9 %9
3 greiud ldnueuiluiivdeivadlnds
(Table 4)

7. wan1swawnaadauuaiseUfindly
sUBUUAT YU

a aaa
N15USZLAUAIINLTINTDOAVD

[

e a N v 6w A a
wuatiSeUfindluanstatoueing 3 gas Ande
nuwuAEeUUng 3 atewug Ae PN10
DL7 uaw DL9 iiusnwvigaungivies ilunan

v ¢ =

6 LABU NUI VINUNANTN 3 VDILUATILSE

Y
3

UUnuiie 3 aneiiug 1dnsinisedsonves

=

a a a L4 a a a L3
wuaniseUUndasiign wuaniseujindane
Wug DL7, DL9 way PN10 fduiunuadiise
Utndludioun 6 wiiu 7.55 x10° 3.73 x
10° waz 8.53 x 10" cfu/g MUAIAU WUATILSE
UfUnyaneug DL7uaz DL Fsineignsi 2
a o ] a a a s 1 a
f9nsnsegsenvesuaniseuindaininty
v ¢ a' | P a ¢ Y
fuagnsi 1 drunuaniseuginvaeiug
PN10 03%25ieu9ignsi 1 18ns1n15egsen
voauuaneUfUnvaind1didueignsa 2
(Table 5) @anAABIAUNITNAADIVDIABNTUA
(2554) Nndna1sTITusvesuAseUUng
[~ PN a v
5 lalgan Tuguuuuns usnwfaaumgiivies
NAINIHEN 4-6 1ou wuiwuafiBeufUnull

FINTBANINAIN 75-100 %
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Table 4 In vitro cytotoxin activity of crude extract of bacteria antagonist PN10, DL7 and

DL9 against Vero cell line (African green monkey kidney)

. Final Fluorescence unit|Fluorescence unit
item Screening sample Concentration at Day 0 at Day 4 o cel Cytotoxicity ICSO
code code growth (pug/ml)
(pg/ml) Average SD | Average SD
Nagative | Cell+DMSO | 0.5% DMSO 1490 49 3209 167 100.00 - -
Positive | Ellipticine 4.00 1503 51 1579 66 4.11 Cytotoxic

2.00 1533 53 1739 80 11.99 Cytotoxic
1.00 1526 a6 1975 113 26.12 Cytotoxic 0.541
0.50 1502 a6 2438 138 54.47 | Non-Cytotoxic
0.25 1482 52 2788 206 75.92 | Non-Cytotoxic
0.13 1493 52 3050 197 90.57 | Non-Cytotoxic

1 V9557 PN10 50.00 1574 32 4839 315 189.85 | Non-Cytotoxic -
16.67 1490 30 3949 95 142.99 | Non-Cytotoxic -
5.56 1480 25 3662 157 126.87 | Non-Cytotoxic -
1.85 1451 21 3479 125 177.88 | Non-Cytotoxic -
0.62 1441 21 3437 127 116.05 | Non-Cytotoxic -
0.21 1460 13 3410 50 113.40 | Non-Cytotoxic -

2 V9558 DL7 50.00 1572 59 4875 168 192.06 | Non-Cytotoxic -
16.67 1518 39 4138 132 152.35 | Non-Cytotoxic -
5.56 1488 21 3774 109 132.90 | Non-Cytotoxic -
1.85 1467 25 3587 94 123.29 | Non-Cytotoxic -
0.62 1499 27 3578 89 120.93 | Non-Cytotoxic -
0.21 1549 86 3611 159 119.89 | Non-Cytotoxic -

3 V9559 DL9 50.00 1537 a0 3819 78 132.71 | Non-Cytotoxic -
16.67 1496 5 3701 71 128.20 | Non-Cytotoxic -
5.56 1493 20 3558 75 120.05 | Non-Cytotoxic -
1.85 1438 5 3385 61 113.22 | Non-Cytotoxic -
0.62 1454 16 3401 110 113.22 | Non-Cytotoxic -
0.21 1473 21 3364 133 109.94 | Non-Cytotoxic -

Method: Green Fluorescent Protein (GFP)-based assay

IC_ of positive control: Ellipticine = 0.541 pg/ml

Cytotoxicity against Vero cells: >50% cell growth = non-cytotoxicity
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> 50% cell growth = cytotoxicity
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Table 5 Survival of bacterial antagonists as biocontrol agents kept at room temperature

for 6 months

Number of bacterial colonies (cfus/g)

Bacteria formulation

1* month 2" month

3“ month 4™ month 5" month 6" month

PN10 No. 1

No. 2 223 x10° 157 x 10°

No. 3 8.45x 10" 1.19 x 10’

3.45 x10°  1.72 x 10°

6.93 x 10° 5.38x 10° 4.75x 10° 4.53 x 10°
1.56 x 10° 6.88 x 10° 2.96 x 10° 8.00 x 10*

8.65 x 10" 8.08x 10" 9.18 x 10" 8.53 x 10’

DL7 No. 1

No. 2 221 x 10" 1.31x 10’

No. 3 1.17 x 10° 4.68 x 10°

7.90 x 10° 5.33 x 10°

1.05x 10" 9.30 x 10° 9.73x 10° 1.18 x 10’
1.42 x 10" 1.38x 10" 3.28x 10" 1.98 x 10’

3.18 x 10° 8.60 x 10° 3.48 x 10* 7.55 x 10°

DL9 No. 1

No. 2 1.48 x 10" 8.95 x 10°

No. 3 223 x10° 8.70x 10°

1.73x 10" 2.55 x 10°

9.65x 10° 8.73x10° 1.04x 10" 9.83 x 10°
1.22x 10" 1.23x 10" 1.25x10" 1.25x 10’

1.19x 10° 1.25x10° 1.39x 10° 3.73x 10°

Average of 4 replications

8. Ussaninmvas¥infuaiuuaiiiseuing
lun1sarunulsAraLlIvasne
UsgdnamTadusignid 3 veq
wuafiseuUnvaneiug PN10 DL7 uay DLO
Tumsmuaulsanalinyeaas MAnaInA"s
Ugniiesn L. theobromae wui1 Faffaus
wuafiseuUnvaneiug DL9 PN10 uay DL7
fusgansamlduandsiulunsaiunulsana
WIUBINE NUNISINAUKATUIA 3.82 3.99
uay 4.85 gl Ay WeiTeuiisuiunis
wufeth uar Bunenda 500 un/a. fuum
uHa 7.32 oz 7.31 . uazidievnandiam
Wesdudnsduds wudn wua@iFeufing
DL PN10 Wwaw DL7 anansndfudsanuguuss
voslspraveEAinaInMIUgnides L.
theobromae 9 47.92 4544 uaz 33.83 %

ANUANRU (Table 6) Felonaapnmaasiunsiy
WARWUATISEAEATY (NANISNAABITD 3)

dyunan1maasg

TsAnalinvedzndniniuiie) i
mm@mm%aﬁmm%ﬁm e Lasiodiplodia
theobromae, Gliocephalotrichum spp.,
Greeneria sp., Colletotrichum gloeosporioides,
Phomopsis sp. Wag Pestalotiopsis sp hae
aunsakenuuaniela 10 aiefiug As PN2
PN-A3 PN-A5 PN7 PN10 DL7 DL9 BAl
LAy BP anwdnfidas wanduns dleey
Wy aviveandreveunes uaznut ansan
wuafiseufUnyaneug PN7 DL9 PN10 ua
PN12 ﬁﬂizﬁw%quﬂumié’ugqmsqaﬂ
ﬁuaqaﬂai%am L. theobromae, G. Bulbilium,
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Table 6 Efficacy of biocontrol agent formula 3 to control fruit rot disease of Lasiodiplodia

theobromae inoculated rambutans kept at 13 °C for 7 days

Treatment Lesion diameter (cm)® Inhibition of disease severity (%)™
water (control) 732b -
imazalil 500 mg/l 731b 6.84
PN10 399 a 45.44 ab
DL7 4.85 a 3383 b
DL9 382a 47.92 a
F-test *x xx
CV (%) 15.76 30.05

' Means in the same column followed by a common letter are not significantly different at 1% level

by LSD

WAz Greeneria sp. kagau130AIUANLIANGA
whveanz Tnsannsodudsauuussvaslsn
161 57.82 55.82 uag 52.97 % #UE19U
wuaseUfUng aneiug DL7 Tadu
hadlolnauiiiu 165 rDNA gene llouru
wuAtse Bacillus siamensis 100.00 %
@ PN10 waz DLY faduihadlelnausne
165 rDNA gene

lawn Bacillus siamensis way Bacillus

VAL DUNULUATLS Y

amyloliquefaciens subsp. Plantarum
99.91 WAy 99.86% WATAITANANYIUYD
wuafiSeufdng 3 aeiug Tunuanuduie
AOLAA YDA

]
(3 ]

Pfuaiansi 3 vewuaeUUn

[%
v & A

¥
W9 3 @ngiiug Ae PN10 DL7 uag DL9 i
gmnsn1segsenvasuuniiseuindas &
Uszansamlunismiuaulsnnaliive g
ndenisiiviieagulisadunisldivad
wupseUfUng
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