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Effects of fungicides combined with antagonistic fungi and bacteria on the mycelial

growth of Fusarium spp., the causal agents of dieback disease in durian
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Abstract

Dieback disease of durians is caused by Fusarium spp., which causes tree decline, reduced yield, and death in several
growing areas of Thailand. Disease control is primarily based on fungicides, which have been continuously used, leading to the
development of resistance to these fungicides in the pathogens. The integration of microbial antagonists with fungicides may
offer a promising approach to the management of resistant Fusarium isolates and improving disease control efficacy. This research
aimed to determine the sensitivity of Fusarium spp. to some fungicides and to assess the antagonistic efficacy of Trichoderma asperellum
KU1 and Bacillus amyloliquefaciens KPS46 against Fusarium spp. on culture media, both in the presence and absence of
fungicides using the dual culture method. The results revealed that 2 Fusarium isolates exhibited moderate resistance (MR), and
5 isolates showed resistance (R) to chlorothalonil, with EC,, values ranging from 45.42-50.95 and from 146.85 to 661.32ppm,
respectively. Six isolates demonstrated moderate resistance (MR) to mancozeb (EC,,=12.12-212.85ppm), while 3 isolates exhibited

moderate resistance (MR) to difenoconazole (EC,;=32.15-35.82ppm). In contrast, no resistance was observed among the isolates
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to prochloraz (EC,, ranging from <0.1 to 6.68ppm). All 7 Fusarium isolates were subjected to control by antagonistic microorganisms.
T. asperellum KU1 demonstrated higher suppression ranging from 51.85-86.11%, compared to B. amyloliquefaciens KPS46,
which showed inhibition rates of 2.72-62.50%. However, in the presence of difenoconazole at a concentration of 0.1ppm, the
antagonistic bacterium KPS46 exhibited a 1.40-fold increase in its inhibitory efficacy against the fungicide-resistant Fusarium
isolate. Therefore, further studies on the combined use of difenoconazole and the antagonistic bacterium KPS46 should be
conducted for greenhouse management of durian dieback disease.
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4.36-4.96 LIURALNAT (Table 1) WAz (Figure 1) FAAARBIALNNTAN YD Pongpisutta et al., (2020) 91EMNUINTRIN

Fusarium spp.fugnlaainfsuisaesy@au neliiiaenisasulud ludundmizaudunantiv

Table 1 Pathogenicity test of Fusarium spp. on detached durian branches after 7 days of inoculation.

lesion length lesion length lesion length
Fusarium isolates , Fusarium isolates . Fusarium isolates ;
(cm) (cm) (cm)

Ch_KMB1 0.56+1.32 Ch_TMB6 3.31+£1.27 Sr_PSB18 0.97+1.30
Chp_MA1 2.63+1.30 Ch_TMB7 2.52+1.27 Sr_PSL1 0.54+1.32
Chp_MA2 2.83+1.31 Pc_BSL1 3.81+1.29 Sr_PSL2 0.70£1.31
Chp_MA3 3.14+1.32 Pc_BSB1 3.45+1.28 Sr_PSL3 0.68+1.30
Chp_MA4 4.78+1.34 Sr_PSB1 2.36+1.28 Sr_PSL4 2.66+1.29
Chp_MB1 2.10£1.32 Sr_PSB2 1.30£1.30 Sr_PSL6 3.75+1.34
Chp_MB2 2.31+£1.33 Sr_PSB3 3.72+1.31 Sr_PSL7 0.42+1.31
Chp_MB3 3.93+1.34 Sr_PSB4 2.32+1.30 Sr_PSL9 0.37+£1.25
Chp_MB4 4.91£1.34 Sr_PSB5 0.66+1.32 Sr_PSL10 1.29+£1.13
Chp_MB5 2.85+1.31 Sr_PSB6 3.54+1.32 Sr_KMLA1 2.21£1.12
Chp_MB6 4.96+1.32 Sr_PSB8 3.51+1.31 Sr_KML2 1.75£1.19
Chp_ML1 3.74£1.29 Sr_PSB9 1.75£1.32 Sr_KML3 3.48+1.23
Chp_ML2 4.56+1.29 Sr_PSB10 2.95+1.34 Sr_KML4 0.45£1.33
Chp_MT1 4.36+1.29 Sr_PSB11 1.33%£1.35 Sr_KML5 2.35+1.32
Ch_TMB1 2.54+1.24 Sr_PSB12 0.82+1.38 Sr_KML6 3.38+1.32
Ch_TMB2 2.41£1.26 Sr_PSB13 2.66+1.32 Sr_KMLS8 3.45+1.32
Ch_TMB3 3.54+1.27 Sr_PSB14 3.79+1.41 Sr_KML9 3.62+1.32
Ch_TMB4 3.66+1.27 Sr_PSB15 1.15+1.39

Ch_TMB5 3.75+1.27 Sr_PSB16 4.61+1.41

1 . .
meanzstandard deviation.

Figure 1 Severity of disease symptoms on detached durian branches at 7 days after inoculation with different
Fusarium isolates: (a) Chp_MA4, (b) Chp_MB4, (c) Chp_MB6, (d) Sr_PSB16, (e) Chp_ML2, and

(f) Chp_MT1, scale bar=1 cm.
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Table 2 EC,, values and sensitivity levels of Fusarium spp. to four fungicides on half-strength PDA medium

after 7 days of incubation.

Fusarium chlorothalonil mancozeb difenoconazole prochloraz

isolates EC,, (ppm) sL' EC,, (ppm) sL' EC,, (ppm) st'  EC,(ppm)  SL'
Ch_TMB6 270.37 R 80.31 MR 35.82 MR 6.68 S
Ch_TMB3 178.00 R 34.68 MR 9.37 S 0.33 S
Ch_TMB2 146.85 R 212.85 MR 18.62 S 1.27 S
Ch_KMB1 661.32 R 212.85 MR 34.72 MR 1.1 S
Chp_MA4 45.42 MR 12.12 MR 9.46 S 417 S
Sr_PSB6 50.95 MR 46.53 MR <0.01 S 3.88 S
Sr_PSB8 146.85 R 7.28 S 32.15 MR <0.01 S

! sensitivity level: S=sensitive, MR=moderately resistant, R=resistant.

3. UsrAninmaesdenuazuunanGulfindsenisdudades Fusarium spp.
& a - a A a IS . ) o o
\asnUfilned 7. asperellum KU1 uazuuanizadfjidny B. amyloliquefaciens KPS46 anunsngduea
NN9LATURNTR9N Fusarium spp. ¥e 7 lataanldunnsnaiu aedesnufindainisadudald 51.85-86.11

wasidusl TennnndiuuafiFedinddudls 2.72-62.50 wlefidus qauvsdilfjindis 2 adaneliAnuzion

v '
o o =®K v o

U149 (inhibition zone) Luan e amaluunglalaanaed Fusarium (Table 3) T9NAMNEBAARBIAL Win et al., (2021)

v
o a

was Elshahawy & Marrez (2024) ?ﬁﬂ\‘i’mfi%%‘ﬂm T. asperellum mmmﬁumﬂ’]?lﬂimmmL%@i’] Fusarium spp.
dunnndn 70 wesidus Tnsendanalnnisudedunsaupesiiii mizﬁwmwﬂﬁ%fmum:ﬂmﬂuﬂiamﬁim%@m
Tanisit Khedher et al., (2021) $7EUINWLIAT S‘ﬂﬂ@ﬁmz? B. subtilis mmamﬁu&qmm?aﬂmﬁ?@m Fusarium spp.
ZQ’]L‘Mﬁﬂi‘ﬂL'ﬁil’:lLLﬂzﬁQLﬁﬁﬁuﬁlﬁ%\ﬂﬁN’mﬂd’] 80 1lofidus 39 Xu et al., (2020) ?xud%mﬂﬁﬁ‘ﬂﬂaﬁﬂﬁ Bacillus spp.
AUNIHARGNTREeAN AT Tag 09T A lTdulawazatefies Fusarium AanaaRnLnG
4. ﬂixaw%mmmL%mﬁLL@xLLmﬁGﬂﬂﬁﬂﬂﬁﬁi@mmuaué@m Fusarium spp. Tugnihilansiad

HANNIANENLsAYE N TRsTasn T, asperellum KU1 ﬁi@ﬂﬁi?fﬂ&x‘iﬂ?i‘ﬂ’]iﬁ?mﬂmL%’ﬂi"] Fusarium spp.
lalaiansuniutunans (MR, Ch_TMB6) Lazaauue (S, Sr_PSB6) wudu%@ﬂﬂﬁﬂﬂﬁ T. asperellum KU1
ugotla@vianmlumsdudemaasnyresdenldinnns 75 wesidus dsindnuueii Fenliiimd 8. amyloliquefaciens
KPS46 1oy 2 wih luansiluanwiidlanaaiidudulaiiu 1ppm L%@mﬂﬁﬂmz?mmmﬂ“u&qL%@m Fusarium
(OGN (”ué”q%ﬁ”qugm 59.91 wlafidusl) (Table 4) uaz (Figure 2) %qmﬂﬁmmWﬁﬂm?mﬁﬁﬂﬁﬁ@mﬂﬁﬁﬂﬁ
sty lidanas aqﬁﬂﬁmuqué@m Fusarium leiasaditiunenii aanAaediu Panda et al., (2023) $18471497

v [ v [

difenoconazole AaufmINNLd g 100ppm TullanunsndudsnisiaToyreadas Trichoderma spp. lunnnan 60
wWefidusf douuuefiGedjing 8. amyloliquefaciens KPS46 Tugnwiidlansiail aransndudades Fusarium
Talmansuniutunas (MR, Ch_TMBs) lagegn 55.79 iwlafiFus AAnududu 0.1ppm Fannnndnlugn i laid
g17uA (Oppm) 1.3 i1 (Table 4) wag (Figure 2) m@ﬁmqummnmmﬁﬁmmﬁwﬁ’uﬁ"w 7 daenszsuliuuaiGe
ﬁmm?ﬂ;u%m%’wmaﬁu&ﬂrﬁ’{mmdﬁﬂﬂﬁ F9an Xu et al., (2022) F1eNUIINNINENLLATITE B. amyloliquefaciens
SDTBO09 fiLidns difenoconazole ansnndLitaias Fusarium swnlsAiearessdemdliunnninnslduuniice

dfinfinesatiamnen InsdaainliuuafiGaaineans surfactin NNAnaNTRMINA e fNEad 2T aI8 WA
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Wnndiuldaniuansadlunisacuaumes Fusarium Tuauam IAEANNUAAILAN TN TBI LA ULIATIEE
dfineranesdesiunalngng o vu insduaisisesnainead HianTsteuaaea1sie WraiANInaneiug

13udunnaades (Ruocco et al., 2009; Podbielska et al., 2020; Wang et al., 2024) 1flus

Table 3 Efficacy of microbial antagonists, T. asperellum KU1 and B. amyloliquefaciens KPS4 6, against Fusarium

isolates after 7 and 14 days, respectively, on half-strength PDA medium.

microbial antagonists Fusarium isolates mycelial growth inhibition (%)1 inhibition zone width (cm)2

T. asperellum KU1 Ch_TMB6 53.33" 2.4620.04
Ch_TMB3 70.76" 0.0242.40
Ch_TMB2 58.06° -
Ch_KMB1 86.11° -
Chp_MA4 62.86" 0.230.04
Sr_PSB6 67.67° 0.26+0.09
Sr_PSB8 51.85" 0.2320.04

B. amyloliquefaciens KPS46 Ch_TMB6 54.53' 1.80+0.08
Ch_TMB3 2,72 -
Ch_TMB2 51.94%" 1.57+0.12
Ch_KMB1 62.50° 3.50+0.08
Chp_MA4 50.05 1.27+0.05
Sr_PSB6 54.41" 1.50+0.00
Sr_PSB8 5.63 -

"numbers followed by different letters indicate a statistically significant differences at the 95 % confidence level, analyzed using
Duncan’s New Multiple Range est.
? meantstandard deviation.

- =no inhibition zone.

[V
ISP = =

o A & a X ~ v v o |
annmaaedaiall idedannninaula Ae Tuaniaznla1sail difenoconazole AN UAT WA

a A a L4 . . ar d" . I~ ¥
0.1-10ppm LLUﬂWLiﬂﬂgﬂﬂH B. amyloliquefaciens KPS46 eENANNNTNAILANITIATY Fusarium lalaaniFuniu
flaangLARlls (Ch_TMB6) awsiazaaupuldteaasias o) mumdnuidudungaauinin dengnisaifsnanail
azigelsrlanienisiwuafizeding B. amyoliquefaciens KPS46 unldsanriuansinilluutayFeu dely
faquiufiuwnitinmlszanseeade Fusarium 81AWRINAINAILNUGS difenoconazole NANTGEEE | HiBean

o

a Y o 1 ' a ndgl o o dl a ! v o ¥
Lﬂ‘l&fﬁ]i‘ﬂ?ﬂﬂﬁﬂﬂmuﬂﬁﬂx‘iLLW?M@"IEIQ‘L‘LL@’JMVJLi‘?_luiJ’m‘lluLﬂu@’]W]_l Tagnaaiianananal gmm:uﬂmﬂnmuauim

o A & . Py VY A
LL@MLLV]?V’]TM’&‘H@\W}L?EIM‘V]ZLI@’WLM[F‘]@’mL"I]@?’] Colletotrichum spp. Turlszmalnaseduiu ﬁQﬂLM@N@V]Q"Iﬂ?%‘H’m?

'
' o

48913851 Colletotrichum S8 llWRUIANFTUNIUFABATIARAINA121TLLeY (Apithanasakulngeon et al., 2025)



RMUTSB Acad. J. (2026), 14(1): 268850 9 of 14

Table 4 Effect of microbial antagonists, T. asperellum KU1 and B. amyloliquefaciens KPS46 against Fusarium

growth in the presence of various concentrations of difenoconazole, evaluated after 7 days of

incubation.
Fusarium radial growth on PDA medium amended with
Fusarium growth inhibition (%)2
Fusarium concentrations difenoconazole (cm)’

isolates (ppm) T. asperellum B. amyloliquefaciens T. asperellum B. amyloliquefaciens

contre! KU1 KPS46 KU1 KPS46

Ch_TMB6 0 3.60+0.04 0.87+0.12 2.10£0.20 75.83° 4167

(moderately 0.1 2.33+0.25 1.27+0.15 1.03+0.57 45.49° 55.79°

resistant 1 2.10£0.26 1.63+0.15 1.47+0.55 22.38' 30.00"

isolate) 10 1.47+0.35 1.50+0.26 1.30+0.20 -2.04" 11.56'

100 1.13£0.15 1.13£0.15 1.13£0.06 0.00" 0.00¢

Sr_PSB6 0 4.37+0.12 1.03+0.15 2.67+0.06 76.43° 38.90°

(sensitive 0.1 2.80£0.10 1.47£0.15 1.90+0.35 47.50° 32.14"

isolate) 1 2.17+0.12 0.87+0.06 2.37+0.12 59.91° 9.21"

10 1.13£0.06 1.33+0.15 1.20+0.10 -17.69" 6.19'

100 0.83£0.12 0.83+0.15 0.87+0.06 0.00" -4.81'

meanzstandard deviation.

N

numbers followed by different letters indicate a statistically significant difference at a 95% confidence level, analyzed using Duncan’s New
Multiple Range Test.

negative values indicate the fungal growth in the control plates was lower than in the dual culture plates.

difenoconazole concentrations (ppm)

0 0.1 1 10 100
Q
kS
o
2
Py Fusarium only
s
© =
o <
= O
F ; i
< 2 Fusarium | Trichoderma KU1
o 2
3
©
g Fusarium / Bacillus KPS46
g
o) Fusarium only
©
o B
m —~
n L . .
< o Fusarium / Trichoderma KU1
o
7
(0]
%]

Fusarium / Bacillus KPS46

Figure 2 Effect of microbial antagonists, T. asperellum KU1 and B. amyloliquefaciens KPS46, against Fusarium
growth in the presence of various concentrations of difenoconazole on PDA medium, where Ch_TMB6
is a moderately resistant (MR) isolate and Sr_PSB6 is a sensitive (S) isolate to the fungicide, evaluated

after 7 days of incubation.
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