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Abstract

Various species of plant parasitic nematodes are known to damage turfgrass. However, there
are no nematicides registered for the control of turfgrass nematodes in Korea. Therefore,
the present study was conducted to investigate the efficacy of some nematicidal active
ingredients ([nematicides; abamectin, fluazaindolizine, fluopyram, fosthiazate, imicyafos],
microbial nematicide [Burkholderia rinojensis], and nematicidal compound [hydrogen
peroxide]) on turfgrass nematodes, for the subsequent selection and development of

‘ effective nematicidal agents. As a result of the laboratory nematicidal activity test, high

'.) efficacy of hydrogen peroxide and fluopyram against mixed nematode populations of 5

Cheok for species (Paratrichodorus minor, Helicotylenchus microlobus, Paralongidorus koreanensis,
updates

Mesocriconema curvatum, and Tylenchorhynchus thermophilus) isolated from the Seogyeong

a OPEN ACCESS Tani and Sky72 golf course soil samples were observed. Treatment of the nematodes with the

*Corresponding Author: two chemical compounds exhibited high mortality rate of more than 80% even in the first 3
Tel) +82-54-530-1212 hours after treatment, depending on the chemical concentration. In field treatments on golf
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E-mail) whitegrub@knu.ac kr course tees (Kentucky bluegrass), imicyafos and fluopyram were more effective until the 60th

day of treatment. Therefore, it is considered that these two nematicides can be practically
used to control nematodes in golf courses.
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AZEo] 2= 27 20 mesh (850 pm), 60 mesh (250 pm), 325 mesh (45 pm), 400 mesh (38 pm)2] ZH(Testing sieve,
Chunggyesanggongsa, Seoul, Korea)E ©]-8-5F3Tt. 300 cc2] EFol B2 o] 2 4oj& & Afof] Fo|3=Qltt. 325, 400
mesh ZjolA] £2]H ELS 7]}o] H(Wipers medium 200's, KIMTECK SCIENCE, Korea) 2742 2] Zol& & w249t
7271 -S 2850 %S 22549 1(Bridge and Starr, 2010), 24417+ 71} 5 100 mL H]0]7o]] AZ-S- Ho} AF o]
AR&-5H3ATH

Ba)gh A2 Q143 u] 7 (Nikon M2 1000, Nikon, Kawasaki, Japan) Stoll A Fefatz]Ql E4-& &olslo] 4 4202
D
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Table 1. Nematicidal agents used in laboratory experiment against turfgrass parasitic nematodes isolated
from Tani country club.

Nematicidal agent Active ingredient (%) Dose (ppm)

I’st trial experiment
Abamectin SC 1.68 16.8 8.4 4.2 2.1 1.05
Burkholderia rinojensis 94.46 944.6 472.3 236.15 118.08 59.04
Fluopyram SC 40 400 200 100 50 25
Fosthiazate SL 30 300 150 75 37.5 18.75
Hydrogen peroxide 5 50 25 12.5 6.25 3.13
Imicyafos SL 30 75 37.5 18.75 9.38 -
Ozoneem oil 0.5 5 2.5 1.25 0.63 0.31

2’'nd trial experiment
Abamectin SC 1.68 16.8 8.4 4.2 2.1 1.05
Burkholderia rinojensis 94.46 944.6 472.3 236.15 118.08 59.04
Fluazaindolizine SC 20 200 100 50 25 12.5
Fluopyram SC 40 400 100 25 6.25 1.56
Fosthiazate SL 30 600 200 66.67 22.22 7.41
Hydrogen peroxide 5 50 12.5 3.13 0.78 0.2
Imicyafos SL 30 60 30 15 7.5 3.75

3'rd trial experiment
Abamectin SC 1.68 33.6 16.8 8.4 4.2 2.1
Burkholderia rinojensis 94.46 1889.2 944.6 472.3 236.15 -
Fluopyram SC 40 200 100 50 25 12.5
Fosthiazate SL 30 300 100 33.33 11.11 3.70
Hydrogen peroxide 5 12.5 3.13 0.78 0.2 -
Imicyafos SL 30 150 50 16.67 5.56 1.85

SC: Suspension concentrate; SL: Soluble concentrate.
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Table 2. Nematicidal agents used in laboratory experiment against turfgrass parasitic nematodes isolated

from Sky72 golf club.

Nematicidal agent Active ingredient (%) Dose (ppm)

Abamectin SC 1.68 16.8 8.4 4.2 2.1 1.05
Burkholderia rinojensis 94.46 944.6 472.3 236.15 118.08 59.04
Fluopyram SC 40 400 200 100 50 25
Fosthiazate SL 30 300 150 75 37.5 18.75
Hydrogen peroxide 5 50 25 12.5 6.25 3.13
Imicyafos SL 30 300 150 75 37.5 18.75
Ozoneem Oil 0.5 5 2.5 1.25 0.63 0.31

SC: Suspension concentrate, SL: Soluble concentrate.
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Table 3. Nematicidal agents used in field experiment.

Nematicidal agent Active ingredient (%) Recommended rate (ppm)
Burkholderia rinojensis 94.46 944.6
Fluazaindolizine SC 20 200

Fluopyram SC 40 172

Hydrogen peroxide 5 12.5
Imicyafos SL 30 75

SC: Suspension concentrate; SL: Soluble concentrate.
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imicyafosOll A= 80% ©/d2] X|Ake= UERHATHAL=34, 70, F=270.22, P<0.0001) (Fig. 1C).
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Fig. 1. Control efficacy of some nematicidal agents against turfgrass parasitic nematodes isolated from
Kentucky blue grass in tee of Tani country club in multi-well plate (first trial). A: 24 hours after treatment; B:
48 hours after treatment; C: 72 hours after treatment. Nematodes were socked with aquatic suspension of
nematicidal materials. Bars on the graph represent means of 4 replicates= SE; bars with the same lowercase

letters are not significantly different according to the Tukey’s studentized range (HSD) test (P<0.05). Number
in treatment is amount of applied nematicides’ active ingredient (ppm).
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Fig. 2. Corrected mortality of turfgrass parasitic nematodes isolated from Kentucky bluegrass in tee of Tani
country club socked with some nematicidal agents, 72 hours after treatment in multi-well plate (second
trial). Bars on the graph represent means of 4 replicates+SE; bars Wlth the same lowercase letters are not
significantly different according to the Tu key’s studentized range (HSD) test (P<0.05). Number in treatment is
amount of applied nematicidal agents’ active ingredient (p g
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Fig. 3. Efficacy of some nematicidal materials against different turfgrass parasitic nematodes isolated from
Kentucky bluegrass in tee of Tani country club, 72 hours after treatment in multi-well plate (third trial). Bars
on the graph represent means of 4 repllcates+SE bars with the same lowercase letters are not significantly

different according to the Tukey’s studentized range (HSD) test (P<0.05). Number in treatment is amount of
applied nematicidal agents’ active ingredient (ppm).
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Fig. 4. Efficacy of some nematicidal materials against different turfgrass parasitic nematodes isolated from
ryegrass in greens of Sky 72 country club, 72 hours after treatment in multi-well plate. Bars on the graph
represent means of 4 replicates*SE; bars with the same lowercase letters are not significantly different
according to the Tukey s studentized range (HSD) test (P<0.05). Number in treatment is amount of applied
nematicidal agents’ active ingredient (ppm).

AFto| 722} o| A B35t EQo|| A= Helicotylenchus microlobus 2F Mesocriconema curvatum ©] ZrQ1%]| =t
(Mwamula et al., 2020b; 2020c) °©|5 AEE0] tist AME S dHA 2ot AR E | S7o|A B2t Ao
thot A A} FAFSHA fluopyram -2 25 ppmO]/doll A 80%0]/32] ZARES- B AL, fosthiazate™= 150 ppm, hydrogen
peroxide= 50-12.5 ppmOllA] 80% ©)/&2] XA HE-S B THd=35, 72, F=316.24, P<0.0001) (Fig. 4).

It

AFA =

SRR

35 2d 7ol A 24A|1 7l o] =2 <2 B hydrogen peroxide®} fluopyramS- ©]-&5}0] kA of|
T 2| AZL Dojus AT E 2167 ] fl5to] AR Ak A 2] 3AI7FSHE] T R B 20% B Tke] A
=82 Eolﬂi T e]tel 7-23k 2Fo| & E A1, hydrogen peroxide= A 2] & 12A|7toll= A A S-0] A=A
ChFig. S)BAIZE: df=2, 12, F=1244.17, P<0.0001, 62| 7F: d£=2, 12, F=2406.92, P<0.0001, 9A1ZF: df=2, 12, F=6732.64, P<0.0001,
12417} df=2, 12, F=6730.49, P<0.0001, 24A1ZF: dE=2, 12, F=12376, P<0.0001, 48A1Z}: df=2, 12, F=17555.1, P<0.0001, 72A| 2t
df=2, 12, F=481854, P<0.0001). =3} °FA]] ] 2] ol = 22| te} Fje] 4 1t *4%‘—94 &5/goll 2fo]7} glo] &siA| &
Aol = BEEZ & 4 JUA|TH A 2] S 124170] |2 wf) oA X 2| F= A Fo] YAt A HX] BE 0 & 2-5/30]
e B52 HQl §HH Bxje] = 2AREA] A 2] ol Bg2 & 4 A A THobservation data).

o
AUl A AnkE Hig o g Zxioxe] okg S Aot 7] 9fsto] ofe A[dS 4235k3l=t %2 20 Yx}oilA]
fluazaindolizine™} imicyafos*] E‘HLOﬂ A B g] T oje] e AE-8-2 VeI N(df=5, 12, F=4.3, P<0.0179), imicyafos2] 73
ok 2]2] & 40YxKdE=S, 12, F=2.37, P<0.1024)2} 60L2Hdf=5, 12, F=8.62, P<0.0011)7FA] &= 2k & 7} 2|4 %] Q1 THTable
4). 6042}l = imicyafos@} fluopyram, hydrogen peroxide 12| 7} -2} 2] Lot -F-2]51A] -2 A F-8-5 H X THTable 4).
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Fig. 5. Survival rate of turfgrass parasitic nematodes depending on exposure time against
different nematicidal agents in petri dish. Bars on the graph represent means of 4 replicates
SE; bars with the same lowercase letters are not significantly different according to the Tukey’s
studentized range (HSD) test (P<0.05).

Table 4. Efficacy of some nematicidal agents against turfgrass parasitic nematodes in Kentucky
bluegrass tee of Tani country club.

% survival ratestand deviation

freatment 20 DAT 40 DAT 60 DAT

B. rinojensis 158.8£41.9a” 112.9£60.3ab 250.0495.0a
Fluazaindolizine 45.5114.2b 130.31+29.0a 66.9112.1bc
Fluopyram 84.11+65.3ab 50.61+16.6b 28.31+30.8¢c
Hydrogen peroxide 173.4£83.1a 127.5£34.6ab 41.71+34.0c
Imicyafos 24.5+2.7b 55.91+25.9ab 23.1%+13.4c
Control 100.7£41.7ab 108.8£53.8ab 155.2£74.9ab

DAT: Days after treatment.
za-c: Values in a column followed by different letter are significantly different (P<0.05) according to
Tukey’s studentized range (HSD) test.

g

1980 th o] & e-2juglol| M= FxA 47t uid F7kekal Qlor S-gat Y tfs] 7ix] 52 Fof Kol o
Sk Q1A o] BHTHA] ] Al A] A = F7F5Eal ITHChoi and Yang, 2006). $-2|UEtel| A Zht]of] o3]S 5= Bolut
il Foll et A T2 1990 TR E] 25| S AT Al E 7| YA Fol| Tt A= o Al 0 = 4-3)x]
A THChoi et al., 2016; Lee et al., 2014; Min et al,, 2014). -2]U2ke] 2 A 2HE 2ful R of| A= B S 20] ns)7} 7}
2 A Zbstan, 2ol K AEMZ 7ol gt mjal7h o = L Qlom L2 F-F Ha) A o] Zof o gt mjsl =AY

n

"
[ ofm
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5}94(Cho and Han, 1986; Ko et al., 2017; Kwon et al., 2018; Park et al., 2019) ©]-5°f| thst A FA| E0] 555 o] JATHKCPA,
2020). L2 7 2] 739 of gt A F-F7F 2 ol & L QA=A of] tigh A B RALE o] F0i2| 2] X5t Qe A%
ojch & Aol &= F ZZA A Xt o] 8o BT XS o= A E7| Y FTES ZARE 41} 532 A 57
A Zol ERI=EIQR, 252 o] nl= SR04 Ztt]o]] TjalE F= AF o & LA Q= o0& ejyetoli=
M2 o] Zt]of] EAeh= AE0 2 7| &2 &= F-E50] 2 thMwamula et al., 2020a; 2020b; 2020c).

Paratrichodorus minor+= -%-2|L2tol| A 20081 AlF= Lol A 213 E 1% =Tl (Park et al, 2008) == A152] #a] &
A 22 nhfsto] A2 Aok A AAA o2 Faskal o3t 7|5 A& 7HA AL QlojA ofe] A-E52] A
S #|3l|SHCH(Christie and Perry, 1951; Walkinshaw et al., 1961). WH141391 Helicotylenchus microlobus—= B]=-2] 1]y 4
Bl EQollA 7P dRbA 0 2 s = WS 5 ShUE s Al QL=H|(Taylor, 1960) ©] Foll ZHAH 52 4%
gieof] 2k ZtAY B rH o] A L] QI TH(Yan et al.,, 2017). ©] £]ol| . 20200l S0l A WAH 3/ZF-721 Paralongidorus
koreanensis (Mwamula et al., 2020a)2} $H1 591 Mesocriconema curvatum-2 2 A1 EQF A& A3 2] £xF otz 22
Urehe] ww g Zhr]of| A A =] Q1 thMwamula et al., 2020b). O] 5 A ZE-L B.5 QEL7| A M2 0 2 7] o] Bigo]
o & F+= TEE S UM = o] & S50l thieh A 5171 6] 4233 vl gl

ot s Al =0l feluRte] AlE7 S BRI R 555 o] Jlor Xy sARZ 55 AF UA

3t = A& =
A /g-83tE 2 Qlek =g AAFAIE Folls ndE fEll 22 o83 BAAIEE 7= o] o] 851 QL=
At fell S 25 E T/ H abamectin® H3F FAtol A2 A| Be|SHFFO] T4 A a7 A QL (Faske
and Starr, 2006), Burkholderia rinojensis— Burkholderia%; EGA|wt 02 thilZlo|u} 2| vl Bal5)ar chafeh Al 9] g4
£ FHlsto] PAYE-S F= A 02 I et EGAMTO =N Bl 2 S 7|3 A] ¢kt W2 ZHR/d o= Q)
of 212+ A =5H4 WAA| 2 AFEE] AL QI THCordova-Kereylos et al., 2013).

(0]

Ozoneem oil<> neemU-7- 28] azadirachtin®] F/J221 A4 HallS WAAZ neem A5, A+, XS 5 F
9l ele 24 a7t Qe A 02 deiA] AThKoul, 2004).

Fluopyram- -2 U2}ol| A= 20121 At 2 555 o] Zpxjj 7ol HAshe Al g go ol 27F2H 5ol 4§
=T 5otA| 29] AL DA g A A EA AH S B 27tE 7S5 o] 2016 FE] EYF S8k 9
2 7Nt o] B2 & A5 vhAl|of AR&E] 11 9)TH(Faske and Hurd, 2015; KCPA, 2020). Fluazaindolizine-2 2017 B22] &A1
ol A FA =AY B S5 o] AREE|o] 211 Y=t HEF 0 2 QIS A F2] X|ALE §EoHH, E5] A=9]
Aol fol et Jatolu Mlat-Fet AF e AR s Y Ql3-4 0 & =)ot =84 WAl 2 4Eol tish 287t
‘5oto] BAEL EYZ IA LAAIZNA] ot A4 X3 9l A 0 & e #] JITHLahm et al., 2017). Hydrogen peroxide
+ 72439 Tylenchulus semipenetrans®ll E1+5- 1 I THEI-Saedy et al., 2019).

Y| sl AU Agoj A A uljotct 2kol= 1A T hydrogen peroxide2} fluopyram, fosthiazater H&=F 7|55 O 2 H]
WA T2 A eHAlEol Hls a7t =2 A E 42 EUTh 80% o1de] AlS B4 Hole she AE Al
ot} BHol 7} QIR T A A 0 2 E3H6HA hydrogen peroxide] 749 12.5 ppm, fluopyram-= 100 ppm, fosthiazatet= 150
ppm ©|/0] ATt EEZF hydrogen peroxide@} fluopyram-e FIA| %]2] 3A17F 2of| = 90%0] /2] XA ka= H o A 7E Al
TATbol =2 2RSS BT} wEkA] o]2fst B S-S TATte)] S-525] EY Ul A Foll AE5E 4= = 270 84
HA NS A EHE =Y 4 S 02 7 H itk v AA oA &2 XARE-E 3 hydrogen peroxide
£ oAM= FTd o & W2 HiAI7HE Bl o]= ditekeAo] SFebA B4 Sat AT e A Eof
g2t Ao = f3E] =t Ad HA 2] F-folli= Addoll AFE-E 12 multi well-plate®] 542 H-2 & &-F0]
12 ZHA 23 AP SHQIAITE S22 =2 37H0 & gy 215291 T2 Qlsl 23t 1 Fo] ZobA|
b

371 A 2 E T2 o] i 17| wZ o 2 A7 T HEH AU Aol A iz o2 g3 HRIE imicyafos= =

r

Ol

d

A
=

1_.—.
| .
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ol A2 Al A7 F60D 59 P A 0 2 {2 =] %1 0™ fluopyram A U] AR o] Aol fASHA F24 22 Al
o= Fo|st A &5 BTt weba] 2] 60 xF7EA] 70-80%HH2] WHA7HE- E Q1 fluopyram I} imicyafos F 2FA=
FE 7Y Ze] AASA =M EEE 5 e 73S RISk

S| 7§ A& BTt o] Fo| A 1L E5| 79| A9 EFo] = ReflE 2/ o] E ko] F2 A
e off oFslj7F EAYsHA] ebe Al w e o] AAEA A2 & 7L Al E ol At A - AR

I ejuete] 49 5550 = A % A7 el ololl
2 e 2 ool WAshs Al S 7| AE0) tigh &3kl AHHEA| S Lot 7] 9]5to] 4k F A (abamectin,
fluazaindolizine, fluopyram, fosthiazate, imicyafos)2t neem oil, 0| A& A ZA|(Burkholderia rinojensis), %?.,j% N o] BN
4 A F-E o] gato] A} ofelofj A A 351t 5%-20] A F(Paratrichodorus minor, Helicotylenchus microlobus,
Paralongidorus koreanensis, Mesocriconema curvatum, Tylenchorhynchus thermophilus)®] E2H5to] WA Sh= A ZER I
Z; EQfA get = 9] MZ(H. microlobus, M. curvatum)©] ZA5H= A7to|72 2T EYA| RO Bt AEES
ol-gsto] Au| A4S B A7 Bt dAkelA4e} fluopyram®] B/do] w314, o] & F -0l AF A Al 3AIRE
ol &= 80%0°1/d2] X|AE-2 Ech e 7| EF 1A R 2/AJE F27 Elol|x A Z-EZ(B. rinojensis, fluazaindolizine,
fluopyram, imicyafos, T—]’ﬂ'ﬂj\i/\ 59] GE ASH A1} imysiafos?} fluapyram®] S} 21 2] 60 LA 7HA] =A] LHE}
L o] 5 T abiEA 0] -9 22 ME Ao -84 E-go] 7t S o2 Al

F9o]: AMZA| AEAH, A 7| AAZE o|u|AlotE A Z2 0 u|2t
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