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Abstract

The application of agricultural adjuvants in combination with fungicides is a promising strategy to
enhance the efficacy of disease control. This study aimed to evaluate the effects of seven commercial adjuvants,
five formulations of azoxystrobin, and their combinations on the growth of Phytophthora sp.
and Colletotrichum sp., the causal agents of fruit diseases. The results showed that adjuvants alone inhibited
fungal growth on potato dextrose agar (PDA) by 58-80%, with RG AS, and TS being the most effective. In malt
extract broth (MEB), TS and TPS (Modified Liquid Organosiloxane) significantly reduced the dry weight of
Colletotrichum sp., while PWS and TS markedly reduced the dry weight of Phytophthora sp. compared with
the control and other adjuvants. Azoxystrobin alone showed moderate inhibition (18-46%); however, when
combined with the adjuvants RG, TS, and PWS, its efficacy increased significantly, achieving 78-98% inhibition
against Phytophthora sp. and 73-88% against Colletotrichum sp. These findings highlight the crucial role of
adjuvants in enhancing the potential of azoxystrobin and suggest their effective application in improving
postharvest disease management of fruit crops.
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useezing 7 %u lngldasiadulsydvsnmildenuldnnassdnidonanasiiliifuuseiluiiomann 7 ¥in fauans
Ty Table 1 yhmsvngeuansiasudssavanmdgda poisoned food technique Tuaudssde (Fuuzihmsldansiasy
ﬂssﬁw%mwﬁugmﬁ 5 fladans fioth 20 Ans) nedeuRPLEITUs 9 AUl UTS e NERTN SRS AU 2, 20,
60 WAz 200 Wihwesduuzth FafloufiugnnIusy MNaKLNTIAABILUUFNANYSAl N35aBas 5 %1 n31ABUEN WY
voudulunelindesganssmi uazinnisiatquedalaifiszezinan 7 Yu Weuszliudnonmyssasiaiuusyansnm
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/N15v09 1w (2532)
PIDG = ((D1 - D2) / D1) x 100
Tny D1 Ao uhuguinandlaladvoadeanvalsniinlugnnugu
D2 fle urugudnadalatveatoamlsafivlugavaaey

Table 1 Agrochemical adjuvants collected from a Thai agricultural shop.

Code name Scope of use Active ingredients
RG Wetting agent Poly(oxy-1,2-ethanediyl), alpha-(2propylheptyl)-omega-hydroxy
AS Nonionic (Alcohol Ethoxylate, Alcohol Alkoxylate) and free fatty acid
TS Blended of alkyl aryl polyethoxylated and sodium alkylsulfonated
alkylate
PW Surfactant agent  Polyalkyleneoxide Modified Heptamethyltrisiloxane
TPS Modified Liquid Organosiloxane
PS Trisiloxane Ethoxylate
PWS Sticker agent Oxirane, 2-methyl-, polymer with oxirane, mono (2-propylheptyl) ether
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nagouMsaveduledesn Phytophthora sp. wax Colletotrichum sp. avglsafiavdanmaifuiies Tu
AN WNIWa malt extract broth (MEB) InenauasiadanszAnsnnludnafiganinduugi 20 wh Srefufuiid
duvendilodenaduownmaaey wiluwguwaToaud (Shaker 3U NB-101M, N-BioTek, UsewAnmale)
ANMIEI5BU 150 Souseundl Migumniivies (30-32 ssrnisaiTea) MaunuMIVIRassIUUdNANYSal n333Sas 5 115l
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neaeuasaTUszAvEA MY 3 oiin Auulilunsmuauidenldd Aanududu 2x vesdnsuusi
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13495848851 Phytophthora sp. waiz Colletotrichum sp. TNUNUN NNV UANANY DI NT50TTae 5 1 TneTnunn
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1. msmmaaumiLa%uUizaw%mwm'amm%syfuaeLﬂ‘i’l'aiﬂ“lua'lmil,gau%aw‘fn

nsnadevasasLUsEaNA M 7 wialdud RG, AS, TS, PW, TPS, PS waz PWS fuldes Phytophthora sp.
waz Colletotrichum sp. #2838 poisoned food technique iensraaeunsdudslalaiivendosiuuems PDA ks
asEsuUsEANSAIM ANITNTY 2, 20, 60 kAT 200 LW NANTNAFBUNUINAINAL wetting agent 9id RG way AS i
1Jigaw%mwﬁﬁqﬂiumsﬁug’ﬁﬂﬁﬁﬁw%ﬂﬂaﬁmmL%aiwmrmdw 60% miLa%uﬂizﬁw%mwﬁqw’ﬁgiuﬂﬁﬁvé’j’ﬂmm%m
veuduledes Phytophthora sp. wa Colletotrichum sp. sy 60 — 80% Taeiias1 Phytophthora sp. Sl
TunisgndudsnansiadudssdvBnmléinnnt Colletotrichum sp. msldmsaiussavsamitnrududugeduasd
nadudsnsiasyreaterilnty uiliannsadufinmsaidaladvesden fuanmwalu Table 2

Snwalaladlilos Phytophthora sp. dedudaansiaduussansnm wuivhlilaladifidnvasiunnssesnly
laun Taladonuuu e Iﬂiaﬁ%wjehuﬂma nrefadinsiasyaulaveslalatduuusiudiiumain 9 a%fmé’uimd"ﬁu
fuvupssnans  msuanseeniimaunfertufuriavesansiasudssavanm  dmsumsesaivlnveddaladides
Colletotrichum sp. Tnan1smaUaUs LT ULAYINY TeisznUhanasuUsEans MwdskasemsUdsuudasesiiuead
ImﬁﬂﬁlﬁﬂwmL%aiﬂﬁgaaawﬁmLLammmiﬁmgﬂaﬂmﬁﬂﬁ%’@
2. MaaseuasiasUszANSMmdensaiadulelusmnsidsatowan

wamaaama’%uﬂisﬁw%mwmL?gaﬁmLM@Iiwé’aﬂmﬁULﬁaaiuawwWiLwaa WU anstEsuUsEANSNIndinase
dnidulede Phytophthora sp. lagwuan @13 RG, PW lag PS lrddlodosifiuanntu (167.62, 167.82 uay
170.52 un. s dy) ieieuiugnaaua luvnsfiasiaiulszansnim PWS uae TS fnasodudamaataduledos
Phytophthora sp. sensiiuddeymeadn dmsuies Colletotrichum sp. wudranswasuuseavsninynutinislualy
nsfudamsaiadiloventonls Ineyavaaeviitnasudnisasraduleldffianldun TPS way TS Fuandlu Table 3
3. Msnadeuansezgendalnsdurensiusades

PnnMageuasiaiiezvendalnsiu 5 viladeldos1 Phytophthora sp. uay Colletotrichum sp. (Table )
wui ansindlezsendalasiu 5 wia aunsadudnsiasauedalatifesn Phytophthora sp. Tdumnseiu Tnewuan
nstfudimsaiguedalatitosisywing 18.23 - 42.05 % lneansinflevsendalalusiia AZ 4 aunsadudsnmsiasyues
Talafios1 Phytophthora sp. I dwSunasieiies1 Colletotrichum sp. wuih ansinileswendaladulirnnsdiuds
5¥1919 28.40 - 46.00 % Tmemui ansinileswenTaladusita AZ 1 uas AZ 2 Inansdudslan
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Table 2 Percentage inhibition of Phytophthora sp. and Colletotrichum sp. on potato dextrose agar amended

with adjuvants, evaluated 7 days after incubation.

Mycelial inhibition (%)"

Trade name Phytophthora sp. Colletotrichum sp.
2X 20X 60X 200X 2X 20X 60X 200X
RG 65.78°  60.52°°  79.41° 80.23° 68.42°  68.68°%°  7659°  78.72°
AS 74.21° 68.94°  67.94°  6852° 71.05° 7236°  6453°  64.53°
TS 67.89° 68.42°  62.64°  63.82° 67.89° 73.94°  59.92°  5952°
PW 66.57° 65.26° 63.82°  63.52° 64.47° 61.84° 5744  5851°
TPS 00.00° 00.00¢  47.76°  5529¢ 47.10° 4388° 38297  44.68°
PS 66.05° 66.31° 61.76°  64.11° 64.21° 62.10° 52.83° 5531
PWS 57.89° 5736°  68.82°  72.64° 63.42° 66.05 " 62.76°  65.60°
F - test o o . o o « . «

*Significantly different at p < 0.05; ** Significantly different at p < 0.01. YMeans within a column followed by
different letters are significantly different (p < 0.05) according to least significant difference (LSD).

Table 3 Dry weight of Phytophthora sp. and Colletotrichum sp. on malt extract broth mixed with adjuvants

after 9 days of incubation.

Dry weight (mg)”
Trade name
Phytophthora sp. Colletotrichum sp.

Control 135.62" 236.92°
RG 167.62°° 187.32°
AS 144.92° 153.82¢
TS 132.42°¢ 169.22°¢
PW 167.82%° 191.52°
TPS 139.82°% 144.82"
PS 170.52° 178.92"
PWS 120.42°¢ 183.12"
F - test * *

*Significantly different at p < 0.05. “Means within a column followed by different letters are significantly different
(p < 0.05) according to least significant difference (LSD).
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Table 4 Percentage inhibition of Phytophthora sp. and Colletotrichum sp. colonies on potato dextrose agar

with azoxystrobin at 7 days after incubation.

Mycelial inhibition (%)"

Trade name Phytophthora sp. Colletotrichum sp.

1X 2% 1X 2x
AZ 1 18.23¢ 17.94° 32.80° 46.00°
AZ 2 26.47° 38.52° 30.80° 42.40°
AZ 3 2264 37.94%° 28.40° 39.20°
AZ 4 34.11° 42.05° 33.20° 39.20°
AZ 5 2117 24.41° 29.20%° 39.60°
F - test * * * *

*significantly different at p < 0.05. YMeans within a column followed by different letters are significantly different

(p < 0.05) according to least significant difference (LSD).

4. msmmaaumstﬁ%mqw%‘maaa'm,a%uﬂizam%n'lw%wﬁ'ua'ﬁaman%aimﬁu

asorendalnsiu Fensmiuand1eiu 5 fegs naufuasEsuUsEaSAMmeaedn (RG, TS way PWS) il
Naé’ué’jamil,aﬁzgﬁuaal,%aﬁ Phytophthora sp. wag Colletotrichum sp. Wansinsfusg1siitudfey (p < 0.05) Iy RG+AZ
3 uaz RG+AZ 5 Wnadudades Phytophthora sp. 4 Tuvauedl RG+AZ 3 fiuszansnmiudaudes Colletotrichum
sp. gegA dunmswaNiu PWS mwuﬂimaauaqmam wansliliunansesuUsyansametia RG duwnlduduasuns
aaﬂqmsmmau%ﬂ%aimuuimmm pygandalasiuunas ammimmﬂiwammwmwvmwuasﬂmLmﬂu e
Wiguiieu AZ 1-5 fiu wuhusedvSamuanssiuegreditdeddnmneata lnegnsnisan AZ 3 uay AZ 5 Slvinadud
gendntumatensal (Table 5, Figure 1)
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Table 5 Percentage inhibition of Phytophthora sp. and Colletotrichum sp. treated with azoxystrobin combined

with different adjuvants at 7 days after incubation on potato dextrose agar.

% Mycelial inhibition"

Trade narme Phytophthora sp. Colletotrichum sp.

RG+AZ 1 89.16™ 86.43°
RG+AZ 2 88.61%° 84.70°
RG+AZ 3 98.05° 87.82°
RG+AZ 4 89.44° 82.62%
RG+AZ 5 96.66° 81.93%
TS+AZ 1 86.11° 83.32%°
TS+AZ 2 97.50° 80.89°
TS+AZ 3 77.50° 80.89°
TS+AZ 4 81.66° 82.62%
TS+AZ 5 85.83" 84.35°
PWS+AZ 1 83.88" 79.16°
PWS+AZ 2 77.77° 79.86"
PWS+AZ 3 90.83° 72.97°
PWS+AZ 4 86.66" 79.28%
PWS+AZ 5 95.83° 72.91°
F - test * *

*Significantly different at the 95% confidence level (p < 0.05). “Means within a column followed by different
letters are significantly different (p < 0.05) according to least significant difference (LSD).
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adjuvant ik (Bhuiyan et al., 2024, Teng et al,. 2023)

Figure 1 Colonies of Phytophthora sp. (A) and Colletotrichum sp. (B) treated with azoxystrobin (five
commercial formulations, AZ 1-5) in combination with three adjuvants (RG, TS, and PWS) using the

poisoned food technique after 7 days of incubation on potato dextrose agar.
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