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Abstract A fungicide selection was carried out through a laboratory and a greenhouse test to control the
charcoal rot caused by Macrophomina phaseloina. The agar dilution method was used to evaluate the activity
of 30 fungicides against the mycelial growth of M. phaseloina. Among them, 5 fungicides such as benomyl,
fluazinam, fludioxonil, tebuconazole, and azoxystrobin, which showed excellent efficacy, and a mixture of
thiophanate-methyl and triflumizole, which are already used for controlling leaf diseases of soybean. In the
seed coating inoculation test, when the seeds were immersed in each fungicide solution for 1 hour
immediately before inoculation with M. phaseloina, all of the 6 fungicides tested had excellent control
efficacy. The seeds were inoculated with the pathogen and then sown in plastic pots. When the fungicide was
subjected to soil drenching one day after sowing and tested for curative effect, the efficacy of azoxystrobin
and tebuconazole was excellent. However, there was a limit to the use as a candidate of fungicide, because of
the phytotoxicity of tebuconazole decreasing a seed germination rate and a plant growth even at low
concentrations.

Key words Azoxystrobin, Charcoal rot of soybean, Macrophomina phaseolina, Seed soaking treatment.
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Ao gk A8A40] Hojxl= ©do]l AUth(Mengistu et
al,, 2007; Mengistu et al., 2011; Pearson et al., 1984;
Smith and Carvil, 1997). tlF-&2] 2EH-2 WAsl= 5
Sk HHo] QA T, ARl E ARgate] WAehe WY
o] A3 fo|3tH, 32 o]t Gautam, 2014; Saxena et
al., 2016).
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Table 1. List of fungicides used in this study

MOA? Active

. . . b
Target site Fungicides code ingredient (%) Formulation
benomyl Bl 50 WP

B-tubulin assembly in mitosis thiophanate-methyl BI 70 WP
carbendazim + diethofencarb B1+B2 25+25 WP
isopyrazam C2 12.57 EC

. fluxapyroxad C2 153 SC
succinate-dehydrogenase (complex I1)

floupyram Cc2 40 SC

flutolanil C2 15 EC

pyraclostrobin C3 229 EC

. azoxystrobin C3 21.7 SC

cytochrome be,; at Qo site (complex I1I) .
kresoxim-methyl C3 50 WG
trifloxystrobin C3 22 SC

o cyazofamid C4 10 SC

cytochrome bc, at Qi site (complex I1I) .
amisulbrom C4 13.5 SC

uncouplers of oxidative phos phorylation  fluazinam C5 50 WP

MAP/Histidine Kinase in osmotic signal . .

transduction (0s-2, HOGI) fludioxonil E2 20 SC

MAP/Histidine Kinase in osmotic signal ~ iprodione E3 50 WP

transduction .

(0s-1, Dafl) procymidone E3 50 WP
difenoconazole Gl 10 SC
metconazole Gl 20 SC
tebuconazole Gl 20 SC

Cl14-demethylase
hexaconazole Gl 2 SC
fluquinconazole Gl 25 WP
prochloraz Gl 25 EC

Keto-reductase Inhibitors fenhexamid G3 50 WP
chlorothalonil M 75 WP
iminoctadine tris-albesilate M 40 WP

Multi site contact activity propineb M 70 WP
folpet M 50 WP
dithianon M 75 WP

Mixture thiophanate-methyl + triflumizole B1+Gl 45+15 WP

IMOA was abbreviated for the mode of action (FRAC code list, 2020).
Abbreviations indicating the formulation of the fungicides are as follows. WP; wattable powder, EC; emulsifiable concentrate, SC;
suspension concentrate, WG; water dispersible granule.
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Table 2. Disease index to assess charcoal rot caused by Macrophomina phaseolina

Disease index

Symptoms

Falling off of cotyledons and browning where the cotyledon has fallen
Progressing of water-soaked symptom and stem blight to the stem near the ground

0 No symptom

1 Brownish spots or lesions on cotyledons
2

3

4

Development of damping-off and formation of microsclerotia on cotyledon, stem and root

Fig. 1. Disease index of charcoal rot caused by Macrophomina phaseolina. The numbers indicate the disease index do charcoal rot.

The criteria for the incidence index are described in Table 2.
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Table 3. ECs, values (ug/ml)* of fungicides against Macrophomina phaseolina® isolated from several crop plants

MOA

Fungicides code HSM16-108 HSW16-141 HAB18-048 HCV18-056
benomyl Bl 0.18 0.09 0.14 0.09
thiophanate-methyl BI 2.52 2.03 1.23 1.08
carbendazim + diethofencarb B1/B2 0.07 0.06 0.08 0.05
isopyrazam C2 0.19 0.32 0.17 0.22
fluxapyroxad C2 20.29 1.33 0.30 0.68
floupyram C2 7.30 1.50 0.72 0.94
flutolanil C2 >100.00 >100.00 22.03 >100.00
pyraclostrobin C3 0.06 0.11 0.29 0.08
azoxystrobin C3 7.95 1.27 5.83 10.92
kresoxim-methyl C3 >100.00 >100.00 >100.00 39.29
trifloxystrobin C3 2.27 1.86 2.16 1.46
cyazofamid C4 >100.00 >100.00 >100.00 73.13
amisulbrom C4 >100.00 >100.00 >100.00 >100.00
fluazinam C5 <0.01 <0.01 <0.01 <0.01
fludioxonil E2 <0.01 <0.01 <0.01 <0.01
iprodione E3 0.53 0.51 0.37 0.39
procymidone E3 0.20 0.21 0.14 0.16
difenoconazole Gl 0.02 0.02 0.01 0.03
metconazole Gl 0.11 0.10 0.01 0.06
tebuconazole Gl 0.11 0.22 0.07 0.09
hexaconazole Gl 0.41 1.18 0.61 0.92
fluquinconazole Gl >100.00 >100.00 >100.00 >100.00
prochloraz Gl 0.07 0.17 0.06 0.18
fenhexamid G3 >100.00 >100.00 77.88 78.06
chlorothalonil M 1.10 0.55 0.62 0.73
iminoctadine tris-albesilate M 0.32 0.02 <0.01 0.14
propineb M 6.45 3.92 4.06 5.60
folpet M 11.88 6.77 1.85 3.58
dithianon M 95.39 78.62 53.21 >100.00
thiophanate-methyl + triflumizole M 0.02 0.03 0.09 0.06

9ECs, values refer to the concentration of fungicides that inhibit 50% mycelial growth of pathogenic fungi.
Y4 isolates of M. phaseolina obtained from infected soybean (HSW16-141), sesame (HSM16-108), red bean (HAB18-048), pepper (HCV18-
056) were used in this study to evaluate the efficacy of fungicides against the mycelial growth through an agar dilution method.

ARSI, 7 M EZke] AFel= Duncan’s multiple
range test2 EAI3FATHIBM SPSS Statistics 24).

Mo FAMYE AN S

Zg7)2ko] T 3059] AtAlE Awste] PDAYA &
A FA EHE ARSI TH(Table 3). Benzimidazolel
AAZY &he vzl #AME oAlavhe Skl
AESFE Aslske threl AdAle A 2843
518} o] whEha] Zol xfol7h ANTH Tt AtAl F

A= th59l fluazinam® &7} 7FE $s1et), 4
Hol| AR 482 M. phaseolina a5 g ECSO%}O] =
 0.01 pg/ml oJskAth. 7 w2 A7 %21 0.01 pg/ml
ol 2=} FolA E2|8 M phaseolina HSW16-1419] o
AEE 733% FAACH, A &E2]gt HSMI6-
108, BollM £2)3t HAB18-048, Z5=01A £2]3 HCVIS-
056 ool tist A& 82.1, 66.6, 82.5%C]UT}. T2
F)r g3zl &3l isopyrazam3} pyraclostrobingl el A
Tl sdstA e ool Sohe o At
Xﬂ 9] ECsok2 isopyrazam3} pyraclostrobin®]] H| 3} uf
T A YEh AR digk A g Ees &
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AATE SHARE, Kumar et al. (2016) trifloxystrobinS- zro] Ak A7F M. phaseolina®] B74S AAlsk= AS &
tebuconazole} EF5I] THE EFA|(ai. 25% +50%, WG) = AUtk A AAQ A3yt 2l azje} B W
£ M. phaseoling® 25 pg/mle T35S o, dAKA BT A% UARE AMEA A7 Ee Hdetol gk
AAZIH7} 76.3%C10H, 15 pgmielA= 604% Av £ AAIE ] Sesire $ JHEF 2 ﬁOIEh

A FPAT, Akl Aol 1.3-3.0 umel A" E3H¢] A )

7€ 108-130 nme] Y= Ak 7|2 WHE] M. phaseolina

of Agatie 45, A JARHT} st 25 py =24 dEe S8 47N 22 4
ml9} 15 pg/mioA AT 100% 99.6%7H4] 353t 24 AAdMs He T B2 M phaseolina
ST B v UL, ol Ak Al Ak 271 HSWI6-1412 ARgstel 2 £9] A% alglen, BE 4

S U= A 2712 Alzste] Mol A2lsl =9, 7] A= A AFo] At Foll T4 AL EF

9| AtAIohs YUEA M. phaseolina®] A1} g1t TE Fot 2z A 9 A5 AEiinh. Wdds T4
of mAlgk YRp7F F-2Fste] FERAQL o o] ZeEHA A o] HET A FA T dHEE 2%t Bt
Ao B3t st Aolgtal s eIt o] A= A < HE] A AtAl Sl FAE A A 73

A9 Aol W oAle] &= v)E ¢ e A %, fludioxonilg A $+ BE A= 7P W2 AEs=

E
o]7] wiitol thFst AFolMe] A7t od Ao= 2ot AE 1.0 pgmelA = 80% o1’de] W wA| a5 Bk
Tt SollAl thast A9l cyazofamid®} amisulbrom®] (Fig. 2). LTS FAol| £ %ﬂzﬁ}oi =3t 3 A
a3 mf§- Az AsAGA A 2eshs vt A £ EQ #FA2g Agole S5 A S0 A
A9 fludioxonil, iprodione, procymidone®] &¥+= - AP S wro WA g 24 100 pg/mle
3lRoem, &3] vl2#9l fludioxonile] &3/} =313t} benomyl, fluazinam, fludioxonil®] &3+= 60% 7O Z 7+
ARE AFAIE ARl fenhexamid®t AHtol &3l 23819 ARE, 100 pg/mle] azoxystrobin, tebuconazole, thio-
fluquinconazole2 A 2|t U] Ab4tAl| o] FAMI A4l & phanate-methylZ} triflumizole S3A1S] ¥ WAl &34 78,
= SFslsieh. 7Rl BEMeAl oM iminoctadine 84, 73%C1%AT.

tris-albesilate?} chlorothalonil®] A oAl @3}+= 5 &Eﬂﬂ}—tﬂﬂol M. phaseolina= E%F BY9o|th
SFAARE, YA ThE datAle] AR Al g ae Az AF Xd"é A EF Solv 29E T4, e e el
Atk AN S o] L3 B AT a5 Tkl 7 AT AHAHOR, 28-35°CY] 2LollA] wolsh A&

[ ] Seed treatment
Il Soil drenching

120 ) A
b b b b b
b b . b b, b b
100 4 b I 1 a b ] 1
b def |ef cdef
= e def bfdg fief| de
S 80 4 def cdef
© cae’
% cdef
> 60 A
% | dbed
o 40 A
v]

ny
o
L

pb

a
0 4 ||T| LI

1 10 100 1 10100 1 10100 1 10 100 1 10100 1 10100

Benomyl Azoxystrobin  Fluazinam Fludioxonil ~ Tebuconazole Mixture

Fig. 2. Control activity of 6 fungicides against the charcoal rot caused by Macrophomina phaseolina. Fungicides were treated by
soaking soybean seeds for 1 hour in the fungicide solution one day before the inoculation of the pathogen, or they were poured into
the soil by 10 ml/pot one day after sowing soybean seed inoculated with the pathogen. The investigation of disease incidence was
conducted 14 days after inoculation. All treatment values were marked with standard deviation. The bar with the same letter on it is
not significantly different P <0.01 by Duncan’s multiple range test.
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A wg)e] ®y]E AUTH(Kaur et al, 2012). EFNA &
ulFro] WAk S v, HeddS A &
o] FFaote ol X4 W Fd AARE Aolr] wiE
o, AAle] E3E AT wfolx T o] FEFHe| A
g Aoz Azttt A Ho FFHS

A NA azoxystrobin?} tebuconazole FA HX|9} EF
I AP BF 78 235 A AR tebuco-
nazole®| 73-¢-oll= B AgFolA Fof AAe] s A
sl=l= ofsll S Hol W HAIE fliA FA Ay &
Bol| EY #F Ag&o2 Agst=dl A7 AL st
A9t azoxystrobinz} 70] strobilurinAlol &3k AtAl
A A2 9 EY A5 Aol ARgol 7Fsd Ao R A7t
#t}. Bradley (2008)% 20033+ 200440 ZAAM 117]4
o] Ag A strobilurinAl Al azoxystrobin}
metalaxyl SFAE ol FAF A2 A, 7H4 o)
oA BREolx] BRE PAdo] AAHANL, F skl
Z718IA T Egt trifloxystrobin? metalaxyl, azoxystrobin
I} mefenoxan, fludioxonil E3HA|S Fol| FA} 2 2]3lHNS
Wl, Pythium sp, Rhizoctonia solani 53 732 A9} B
Aukshs Wge] WAZE 7158k th(Urrea et al., 2013).
StrobilurinZ| A=t7l= S A 2Ent oz EF A A
FAM = ARE3E A7 Utk Azoxystrobing B &
F g 23, ©7] leather rotd} A HLFHHSH
(black scurfell ™ist wWAl 37} 43151 tH(Rebollar-
Alviter et al., 2005; Rahman et al., 2016). 3} %} azoxys-
trobing EFl A2 79 EF Foll A2 shs 1] o
S A F e 7FsAol 7] wEel Bl AH
Agehs AL oAy HAAS Fax APske Alo] e
202 Ert}(Adetutu et al., 2008; Vuyyuru et al., 2018). 3}
A9 FA A Age] a3 AAE] fg A AT A
g & WA HE A Y Tl diEide B2 ATE
gt o a&49 A WS AT F s Ae
2 A7}gitt

M. phaseolina2| &H[0f T8t &4 L3

U, o, ARoll 48 benomyl, fluazinam, metco-
nazole 5 3%<] AHAIE Adste] oY 7|5 EA &
25t Yt FollA Ao EA) AFE ZAFSISITH

Fig. 30114 2= 213} 72¢] benomyl, fluazinam, metconazole
o th3k Hit EC5@tS 0.202 pug/ml (0.131-0.290 pg/ml),
0.030 pg/ml (0.027-0.048 pg/ml), 0.229 pg/ml (0.193-0.415
pgmhRom, BE Al A] Aadere] 282 gl
7129 benomyk THkst A& Ao A A3 dwe] wH
o] B o] 9lo], TkeF benomyldl thajA A&AdF M
phaseolina7t ARG A, F FdvEs UAE $8IA
benomyl& B I A& AHAZ A AAHA €

1.4
1.2
1.0 o
0.8
0.6

R

0.2 X o

Ll =t

1
Fluazinam

EC:, value (%)

Benomy! Metconazole

Fig. 3. Distribution of ECs, values of Macrophomina phaseolina
against a fungicide as benomyl, fluazinam and metconazole. X
marks mean ECs, values of all isolates of M. phaseolina tested
for each fungicide.
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