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Abstract

Trichoderma spp. are important causative agents of green mold disease in the production of phoenix oyster mushroom.
Disease control using antagonistic bacteria is one of the biological control methods that is safe for humans and
environmentally friendly. This research aimed to screen antagonistic bacteria against Trichoderma spp. and investigate
the efficiency of these bacteria in controlling Trichoderma spp. in the greenhouse. The three fungal isolates were
isolated from infected cultivating bag samples. Based on morphological characteristics and sequence analysis of the
ITS region, the results showed that they were identified as Trichoderma atroviride BM1.2, Trichoderma longibrachiatum
GM3, and Trichoderma longibrachiatum GM4. Twenty isolates of Bacillus spp. were isolated and screened for their
ability to control the pathogenic fungi. In dual culture testing, Bacillus sp. S3.1 exhibited the highest efficacy to inhibit

the growth of Trichoderma atroviride BM1.2, Trichoderma longibrachiatum GM3, and Trichoderma longibrachiatum
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Efficacy of Bacillus tequilensis S3.1 to control fungal Trichoderma atroviride
and Trichoderma longibrachiatum caused green mold disease

in phoenix oyster mushroom (Pleurotus pulmonarius)

GM4 by 63.01%, 55.99%, and 53.96, respectively. The volatile organic compounds (VOCs) production analysis of

Bacillus sp. S3.1 showed the inhibition of the growth and sporulation of the tested fungi. Based on 16S rDNA gene

analysis, isolate S3.1 was identified as Bacillus tequilensis. In vivo experiments, the spawning and cropping stages,

all antagonist treatments reduced the disease incidence compared to the single pathogen treatments. In addition, the

mushroom yields of antagonist treatments were not significantly different from those of uninfected treatments. This

antagonist isolate could reduce the incidence of green mold disease and decrease the loss of fresh mushroom

production. This study suggests Bacillus tequilensis S3.1 is a promising biocontrol agent and could be developed as

a biological fungicide for oyster mushroom production.

Keywords: Antagonistic bacteria, Biological control, Green mold disease, Phoenix oyster mushroom
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and Trichoderma longibrachiatum caused green mold disease

in phoenix oyster mushroom (Pleurotus pulmonarius)

randomized design; CRD) Tanaaay (treatment) 8 3
1 9 8z 10 Naw ﬂuﬁamﬁ@ﬁqm&gﬁﬁaa@iaﬁﬂ 21 %
Usadiwiunnaialsalasliazuun o 69 5 (Rassami et
= A = d" dl =y

al., 2020) azuuis 0 A ldiAalsn Azuun 1 e WuLAa
T3a3uaz 1-20 Azuwk 2 A WuNLAALIATELR: 21-40

a & da . “ & 4
AT 3 A NUNLAALIATEUAT 41-60 AW 4 D WD
LAAlIATHR: 61-80 LAZATULLL 5 A NwNLNalInTasas
81-100 WazAIWIUKITBUAzATANIIAAlTA (Disease
Severity Index; % DSI) luudazganmmasaslanligas

a9%h (Tummarattanapong et al., 2021)

% DSI = Z(Ni *Viy 100

eEet T N xV
Py . A o 'Y A & da ' o
¥ Ni fa nwdintandawianinalialulsdasszay
AU

Vi @8 aUazuuwend 9 (0, 1, 2, 3, 4, 5)
N @8 3NUIuN0nTaNInNe
fa TLAUATUUUFIFD

mMsnasgaulscansnInvas Bacillus sp. ‘lumsmuqu
wasndsluszuziilanan

WaINTL AN T eI EaT RN IRz U N Ta UL
wiarduwan 30 4 iuszszdasen ltloSudnatas
WYIURELVBIL T LT 87 (1 x 10° stasdadadang)
3 addasasusImINg MNUWALTAS UL IHR DLV
Bacillus spp. 5 483ANT 1IUWNUNIINARBIUUU CRD 10
nasasas 3 51 9 az 10 faw ihteudanslulsaden e
WiazaosingnandnasLin Tuiiniwinaaaas
HaWAAdaawBalia uaznsifialsauntaudaianas
madananiud 30 uazdwImnIoazaTinIialin

NMATITHTayaN DG
ieuadoudaznInassniiamzian any
LANANINIIENAG283D Duncan’s multiple range test
(DMRT) fiszdusindan P<0.05 lavld Tdsunsy
Statistical Package for the Social Sciences (SPSS)

Nan1INaaag
s a 'Y 8 &
nsugnasndgrnnaniamviawening
NaNNIINAIaEN N w e Ra N wlsAT D BN
wana laeAB dilution pour plate WUINRINNTOLENLTE
dlnl v = 2 e A v v 1
NnddwluFrnazairlasadsnle 3 laloea lawn

179



180 Janejira Detraksa and Parisatcha Sangsuwan

BM1.2, GM3 uaz GM4 lavlalativeslaloiaa BM2.1
= 6 o ] | ~ ada A [-%] o A U %
favasoawimdudadadorgaunuiuiiduistann
saulalafiues GM3 usz GM4 nfuvasaaidauinan
uStamnadlalanifderdouiIFT Ty NANITI LW
TRAVBITENAILITNIIN AN BULAUZIUINGT WU
U aA = o = dl | a A
duleszuzIndaen SanwmSouussiUaumduiided
A X ) A o & P - = '
doonganndn wuleduitanu lafliy (conidia) iz
fautninan Midoala IWalad (phialides) wanisrmu
ameingad SudewIoufisulasiaiameganiany
Barnett and Hunter (1972) &13130L TN T@TAINED
aﬁ'@ayﬂuaqa Trichoderma t48¥INN133ANLUNTRAV DI
WarlagmMItdeuiinala Inausiins internal transcribed
spacer (ITS) vadtwam 3 lalmaalSoufsunngiu
Jaya NCBI lanlusunsy BLAST wuinlalaiaa BM1.2
JaMuAE8ARINY Trichoderma atroviride lapiensasas
ANNLALIaN (% similarity) LYinAUTa8az 100 &% lalolaa
GM3 w8y GM4 HaINNARI8ARINY Trichoderma

82

86 I

a6

86

99

97

63

J Sci Technol MSU

longibrachiatum lagfid13asazaiuiniauiviiny
$9882 100.00 UAZ 99.50 MUENAL LBUEAILNINN
Phylogenetic tree @183% Neighbor-joining (Figure 1)
wuilaloiaa BM1.2 snansnszylaidu Trichoderma
atroviride uaz lalman GM3 waz GM4 aunsnszy leidu

Trichoderma longibrachiatum

U
@
N13LLan Bacillus spp. ANNNanLBaLAn
IINNITHINLUANLIHINNAIDENINOULTLAA
unﬂﬁggwuhﬁ% dilution pour plate &1N1INAALEN
a A 0 1 U
wuafisuunINuIn Juevien wazasanla-atasln
gnMzndomdlaninue 20 lalamas lasanlaslasi
pIERNIDE LY MIINAFIUNIIRIIILOU TN AL AZLAE
1 U v &
wudmnlalmaamaningienlsiazaziasld $991n
s & o R A A A o & o K
QM&NU@]‘YIG%N@]@Gﬂa’]’JLLUﬂY]L’iUY]LLLIﬂVL@‘YN%NW«mE]Qiu
§na Bacillus (Al-Dhabaan, 2019; Holt et al., 1994)

Trichoderma longibrachiatum F3 (JX910352)

Ghi4

— GM3

Trichoderma viride ViB21 (L C535970)

Trichoderma harzianum RM 25 (MW465841)

Trichoderma sp. BAB-3608 (KM066574)

Trichoderma nordicum ACCC 39713 (NR184883)

BM1.2

Trichoderma atroviride ACCC32826 (MF780838)

Trichoderma koningin ACCC32817 (MF669736)

Figure 1 Neighbor-joining phylogenetic tree of Trichoderma isolate BM1.2, GM3 and GM4 based on ITS region

sequence analysis.
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Figure 4 Effect of VOCs of Bacillus sp. S3.1 on the growth of Trichoderma atroviride BM1.2 (b), Trichoderma
longibrachiatum GM3 (d), and Trichoderma longibrachiatum GM4 (f) in comparison to controls (a, ¢ and e)

after 7 days of incubation.
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Bacillus cereus ATCC 14879 (NR 074540)

Figure 5 Neighbor-joining phylogenetic tree of Bacillus sp. S3.1 based on 16S rDNA sequences analysis.
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Table 1 The effects of Bacillus tequilensis S3.1 on controlling Trichoderma sp. of phoenix oyster mushrooms in the

spawning stage.

Treatments Disease Severity Index (%) *

Trichoderma longibrachiatum GM3 60.00 + 8.66°**
Trichoderma longibrachiatum GM3 + Bacillus tequilensis S3.1 4167 £ 5.77°
Trichoderma longibrachiatum GM4 63.33 + 12.58°
Trichoderma longibrachiatum GM4 + Bacillus tequilensis S3.1 30.00 # 5.00°
Trichoderma atroviride BM1.2 58.33 + 7.64°
Trichoderma atroviride BM1.2 + Bacillus tequilensis S3.1 31.67 +2.88"
Bacillus tequilensis S3.1 0.00°

Untreated 0.00°

* Data are means = standard deviations (SD) of five replicates

** Values with different letters within the same column are significantly different at P<0.05 according to Duncan’s multiple range test
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Table 2 The effects of Bacillus tequilensis S3.1 on controlling Trichoderma sp. of phoenix oyster mushrooms in the

cropping stage.

Treatments

Disease Severity Index (%) *

Yields (g per bag) *

Trichoderma longibrachiatum GM3

Trichoderma longibrachiatum GM3 + Bacillus tequilensis S3.1
Trichoderma longibrachiatum GM4

Trichoderma longibrachiatum GM4 + Bacillus tequilensis S3.1
Trichoderma atroviride BM1.2

Trichoderma atroviride BM1.2 + Bacillus tequilensis S3.1
Bacillus tequilensis S3.1

Untreated

43.33+5.777* 84.73+7.22°
23.33+5.77° 105.00+15.55a®
38.33+10.40° 83.43+7.48°
22.33+5.77° 107.97+15.37%
35.00+5.00° 85.60+13.25"
18.33+2.89° 120.76+16.85°
0.00° 125.93+15.77°
0.00° 121.40+16.21°

* Data are means + standard deviations (SD) of five replicates

** Values with different letters within the same column are significantly different at P<0.05 according to Duncan’s multiple range test
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