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Investigation of Fungicides Inhibitory Effect of on Summer Patch
Disease, Caused by Magnaporthiopsis poae, in Kentucky bluegrass

Jung Han Lee', Gyu Yul Shim', Jeong Ho Kim', Chang Wook Jeon? and Youn-Sig Kwak*

'Korea Turfgrass Research Institute, Seongnam 13522 Korea
Dvision of Applied Life Science(BK21Plus) and Institute of Agriculture & Life Science, Gyeongsang National University, Jinju 52828 Korea

ABSTRACT. Summer patch is the most serious disease at turfgrass field or golf course established with Kentucky bluegrass
during high temperature season in Korea. Nevertheless, chemicals for the summer patch control are not yet registered in Korea.
We isolated the pathogens from the turfgrass showing typical summer patch symptoms and identified as Magnaporthiopsis poae by
using the internal transcribed spacer ITS1 and ITS4 sequences of rDNA. The inhibition rates of the pathogen were investigated for
10 fungicides. As results, the pathogen growth was suppressed when chemicals concentration increased and negatively correlated
with incubation period with the chemicals. In triazole group, all chemicals (metconazole, myclobutanil, propiconazole and
tebuconazole) treated showed the inhibition rates by 100%. Thiophanate-methyl showed the next highest inhibition effect against
a summer patch pathogen. In strobilurin group, pyraclostrobin was the highest suppression effect compared with azoxystrobin
and trifloxystrobin. Inhibition effect of fludioxonil and fluxapyroxad on pathogen was similar to the trifloxystrobin. Based on the
results, triazole and carboxamide groups are strongly recommended due to the highest inhibition effect on the summer patch
pathogen, Magnaporthiopsis poae.
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B3 SR Bojo A= Kentucky bluegrass (Poa pratensis O\ A 7397} BolR| &= Al7]of] W o). wuke izl <
L.), creeping bentgrass (Agrostis stolonifera L)€} annual F3|F Fe|2 Yehhs=d 2 7]= A7 20-60 cm A o]t}
bluegrass (P annua L) ‘IAst= Aoz d2A vt oFAutEH ®edtol] AAE Aol Feola F2 ¢F
(Tredway, 2005; Swift et al, 2007; Bassoriello and Jordan — 7FXo] ©]XU S f-Al(ectotrophic runner hyphae)7} ¥H2H5]
2012). oA = =24 gojoly Bl ekEo] 4w | vlthsf Rl A | L2 (growth cessation structure)
A Kentucky bluegrasso]l =2 Azt mlalE do7ity. Y &7 (hyphopodium)7} 748 ¥FAH T} (Clarke and Gould,
ZUjof oS YulEHo) gk xR = 20148 o EJulEH 1993; Kackley et al., 1990; Smiley et al., 1992). 2| =U]o]|
off gt 2 AL} 20161 Magnaporthiopsis poae®] 23] A= Kentucky bluegrass ] A2 o] F7}= WA FZ2}
#o] MR W17} QIth(Min et al, 2014; Han et al,  oJu} 2kt] Aujx|olA] o2 QukEHe] of3t Wshs} sHup
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It 5 ARt AAAIE Bt 23] Al A & Genomic
DNAE E2|5}%tl. DNA 2]+ DNeasy Plant Mini kit
(QIAGEN, German)E ©]-835}92 ™ ITS1 (5-TCCGTAGGT
GAACCTGCGG-3)1} ITS4 (5-TCCTCCGCTTATTGATAT
GC-3’) primer (White et al,, 1990)5 ©]-&3}%.2. 1 94°C

F9e] A71A

A SR AEA WES 5 AANES 90Col 4] 302, A
& 55°COllA] 45%, AR 72°C 4025 303] HHE3 &

72COIA] 1087} hHe AggS At 2
PCR AFHE-2 1.5% agarose gelol| 4] 7]%953] bandE &
Q15laL PCR purification kit (Core-one TM, Core-Bio,
Korea)g o|-8s}o] AAsIHrt. G714 G242 autosequencer
(ABI 3030)2 =dfs}olom FA% 512bpo] H7|AES
GenBank database (National Centre for Biotechnology
Information) H|oJE{H|o]AE ©]§-5lo] Eelstqint. AlEH
AL MEGA 6.0 TZ 1o A ClustalWH o2 AH3s}a1
neighbor-joining WHO 2 AEEE 2431t Sequence
distancer= Tajima-Nei parameter model2 AT} (Saitou
and Nei, 1987; Tamura et al, 2007). Outgroup 2> = Botrytis
cinerea (GenBank accession No. KU992699.1)& AHlZE A9
AHg3tgict
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Control of Turfgrass Diseases (Vincelli and Munshaw, 2015)
of =FEo] nj=oA HAA= oFAuEE WAL FA=E
Ao 2 AA3IITE 0]E-L Triazoled| 4%, Strobilurin|
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Table 1. List of pesticides used in this study and theses’ mode of action.

Fungicide Group Target site and mode of action
Metconazole Triazole C14-demethylation in sterol biosynthesis
Myclobutanil Triazole C14-demethylation in sterol biosynthesis
Propiconazole Triazole C14-demethylation in sterol biosynthesis
Tebuconazole Triazole C14-demethylation in sterol biosynthesis
Azoxystrobin Strobilurin Complex IIT of fungal respiration: biquinol oxidase, Qo site
Pyraclostrobin Strobilurin Complex IIT of fungal respiration: biquinol oxidase, Qo site
Trifloxystrobin Strobilurin Complex III of fungal respiration: biquinol oxidase, Qo site
Thiophanate-methyl Cabarmate Mitosis: {3-tubuline assembly
Fludioxonil Phenylpyrrole MAP protein kinase in osmotic signal transduction
Fluxapyroxad Carboxamide Complex II; succinate-dehydrogenase




o}E9lulEH] (Summer patch)

g dato] gt 4

AAe] A Ea AL 153

Table 2. List of applicated chemicals concentration.

Fungicide Application concentration(ppm)
(Active ingredient %) X025" X05° X1' X2¢
Metconazole (20) 125 250 500 1000
Myclobutanil (6) 1625 325 650 1300
Propiconazole (25) 83.75 167.5 335 670
Tebuconazole (25) 250 500 1000 2000
Azoxystrobin (50) 25 50 100 200
Pyraclostrobin (22.9) 62.5 125 250 500
Trifloxystrobin (50) 62.5 125 250 500
Thiophanate-methyl (70) 1625 325 650 1300
Fludioxonil (50) 50 100 200 400

Fluxapyroxad (15.3) 62.5 125 250 500

“diluted to 1/4 of the application concentration.

*diluted to 1/2 of the standard concentration.

Ystandard concentration (Crop protection guideline).

*2 times higher concentration than standard concentration.

49, 79, 1493} 219 ¥

et AP 2l A
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RE Z4 BXL Statistical Analysis System (v9.1 SAS
Institute Inc., Cary, NC, USA) A T2 1348 o] 83to] &
A5t on Solde AAF| fl5te] BEAMEA(ANOVA)
Yt T p<0.05
SRLTC

=20 4] Duncan’s multiple range test

il m{o

=
o] EHHP Joto] Sero s st Axt Bk —4 lL 20-
60cmz Theystgom ARl el = mope] ol
2+ QI th(Fig. 1A, 1A-1). o] EulE o] WHAYEt zhr]
(Poa pratensis L.)2] ¥2]= ZhHslgl o dnj7og 7zt
g A7 Wl AL 549 eRERRAT} B2
= Ith(Fig. 1B, 1B-1). et 2]sto] PDAH|A|of|A] 1
FATE vjoFst At WA} M o2 2|5k o ] (Fig. 1C) Y
o]:g -_nLA]-.L_: 7:]1:!]—0] olou:] :-’;X]- sé 5—].x] oJ-ol—E]. =
Y EH 79 ITS F7]4<€S NCBI Blast2 EA43F 21}
Magnaporthiopsis poae2} 99% UX|st= Z OS2 YEMGTE

mo _lIrrl

>~

Fig. 1. Symptoms of summer patch on Kentucky bluegrass
caused by Magnaporthiopsis poae. A: Summer patch on a golf
course growing Kentucky bluegrass; A-1: Typical symptoms of
the summer patch; B: Infected turfgrass root symptom; B-1:
Dark-brown ectotrophic runner hyphae; C: Colony morphology

after incubation for 1 week on PDA at 27°C; D: M. poae hyphae
under the optical microscope.
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Fig. 2. Phylogenetic identification of Magnaporthiopsis poae
(Funbio-17) based on internal transcribed spacer (ITS) rDNA
sequences. The numerical values on the branches are the
bootstrap values, which were calculated as percentages obtained
from boot strap analysis usingl000 replicates. M. poae
represented the isolate (KT215167.1). A phylogenetic tree
inference was conducted with the MAGA 5 program and
phylogenetic distances were calculated using the neighbor-
joining method. Bar = 0.05 units of genetic distance between
samples. Botrytis cinerea (GenBank accession No. KU992699.1)
served as out-group.

(Fig. 2). 915U 0IEH Y2 19894 Magnaporthe poae
2 Yy E]9) 01} (Landschoot and Jackson, 1989) 2013 &
A58 B0 F Magnaporthiopsis poae A -5 ATk
(Luo et al,, 2013). IE3F L H-Lof| &J81H Magnaporthiopsis
poae7t AAFAPET Rt A R HHY AR
E35lo] Yol o7 Fol¥ Hi(Han et al, 2016) Qlth.
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Fig. 3. Inhibition effects of four triazole group fungicides on
mycelium growth of M. poea at 1, 7, 14 and 21 days after
inoculation on fungicide amended PDA contained fungicide.
The concentration of pesticide applied 0.25X, 0.5X, 1X, 2X
based on the standard concentration of crop protection
guideline. Different letters indicate significant difference at
P>0.05 (DMRT test).
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Fig. 4. Inhibition effects of four triazole group fungicides on
mycelium growth of M. poea at 1, 7, 14 and 21 days after
inoculation on fungicide amended PDA contained fungicide.
The concentration of pesticide applied 0.25X, 0.5X, 1X, 2X
based on the standard concentration of crop protection
guideline. Different letters indicate significant difference at
P> 0.05 (DMRT test).
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ot B E o] Itk (Tredway et al. 2011). o]&= X A9
AW ATIS} QAahe Ao ek,

TriazoleZ| 5°F2] -9 et AR A7} AT A%
Z2AA| g2 sh S HA MKt (Buchenauer and
Grossman, 1977; Kane and Smiley, 1983; Reicher and
Throssell, 1997). Al &H|o| A ZQ3F AujF Y3FAJL o
Alste] efjgtr]7|H 53] 227t w2 wie ofsllE TAYA
itk &4 A Qlo](Bigelow et al, 1995; Buchenauer and
Grossman, 1977; Kane and Smiley, 1983) ARg-of] £2]7} &
Q35}c}

StrobilurinA| X2 HHX|LH Helz x| St
StrobilurinA| ] ¢FA| Q1 azoxystrobin, pyraclostrobin}
trifloxystrobin®] ot oFA| BF3-S 2ARRH A3t HH T
oA &1} pyraclostrobin 2FA| 7} 71 £9k1 th2 o2
azoxystrobin¥} trifloxystrobin <2 UELGTHFig. 4).
StrobilurinA| 3% FA]FA| = triazoleA] <FA| 4F3}+
thiophanate-methyl 2 t}= A G147} A e o (Fig.
3, 4, 5). Strobilurin#] oAl A&7} pyraclostrobin ©F
A7F 0258 FroA 4 & Bt JAE0] 97.2%= L
Bton 7d Zof= 84.2%= 14U¥} 21U o= 73.63}
61.7%= AA A7 A HolR= ALom A= of
Alstk 0.5, 13} 28] oA 795 2ARE A} Wt o
AZE S AFepA] SSFAAL 0.58) FEollA 219 5 85.1%
A&7} LEhet A2 RSBk 05, 13 28] o)A
BTt AAIE0] 90%= oo R ZAMERICE. Aazoxystrobin
9] 7% pyraclostrobin} 4 & FALJ A= B Fko
A SAEI} ARSI ekt n] 1es) 28] 5w ol A
£ 79 § 2APIA SR g Ao ek, o %
pyraclostrobin 2t} A &7} HojHR|&= Zo& e}
Wt} Aazoxystrobin 18[9} 28] Hof A 219 & ZAJof A
50%2} 60%014F AABH= AoZ A=), Trifloxystrobin
2] &3+ pyraclostrobin} azoxystrobinof] H|d}o] 4L &
2 Al AE olA|ETL HojA oA} i Ao %
AMEIQI O R seoflA 1491} 21U & RALOA A
a7} gl A2 LEPGTH(Fig. 4). StrobilurinA 9] 374 oF
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Fig. 5. Inhibition effects of four triazole group fungicides on
mycelium growth of M. poea at 1, 7, 14 and 21 days after
inoculation on fungicide amended PDA contained fungicide.
The concentration of pesticide applied 0.25X, 0.5X, 1X, 2X
based on the standard concentration of crop protection
guideline. Different letters indicate significant difference at
P> 0.05 (DMRT test).
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