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Abstract White soybean cyst nematode, Heterodera sojae and soybean cyst nematode, H. glycines, are
major plant parasitic nematodes of soybean cultivation area in Korea. In this study, the hatching patterns of
two nematodes at each temperature (20, 24, 28, and 32°C) were investigated in root exudate and tap water. In
addition, since these two nematodes are mixed in the cultivation area, the nematicidal activities of the 4
commercial nematicides and one hydrogen peroxide solution against eggs and juveniles were compared
between the two cyst nematodes in laboratory. Both nematodes were more highly hatched in the soybean root
exudate than the tap water treatment. In the soybean root exudate treatment, H. sojae and H. glycines hatched
best at 24°C and 32°C, respectively. In comparison, in the tap water treatment, both species hatched best at
28°C. The 4 commercial nematocidies such as fluazaindolizine, fluopyram, fosthiazate, and imicyafos highly
inhibited the egg hatching of the two nematodes, but the egg hatching inhibitory activity of hydrogen
peroxide was low. In the case of juvenile mortality, all test materials except fluazaindolizine showed strong
activity against the two nematodes. The nematocidal effect between the two nematodes on the tested
materials was different only in fluazaindolizine treatment, which had low nematicidal activity. Therefore, it is
thought that two kinds of nematodes (H. sojae and H. glycines) can be controlled at the same time by
treatment with nematicides effective for one kind of nematode in soybean cultivation areas where these two
nematodes are mixed.
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Table 1. List of tested nematicidal materials

12959 vt FANAEMZ L 29U 7HA] S|E-H] 7 Sl
A Felel f39] 8 AR vl 2AF Al mit AlE

Hedst AFEZ S Ao

Eojjo] AE S plate® &
2 Zolrlon 7129 wellel A% 558 A6}

AT AR e o] wellg B HIEOE 4RO 3 5
e,

AMESH TAL

2 we) A2 R AEENFY 45

250ml ®]o]#o] Hol WHH|(CORNING PC-420D,
LABORATORY STIRRER, USA)I4 75 rpmSZ 1007}
/mle] 27t {25 T o 12 well multi-well plate®]
ZF welle]l 1ml¥ ¥, 7+ A4S 1 m¥ z%ﬂo}oit}
ol M A3 Astelsf Aol §ho AT ol

A olg3le] 4lo) 73, Yol SolrkAl el 7Hg % %.La?—
G S A 25C AAP) HeATA 2,
48, TAIZE o SRARY el Aol AredrE 2
ABISIEE. AN 7o) EA1E Ao2 AGenE o
o}_,_a% tﬂ-ﬁ‘o] Oig
o] well& g HHE-0 2 4k S=8f 319,

sH=H
25l R §57 A A T3l A AF
A7k ZpolS L= E Tukey’s Studentized Range (HSD)

TestE ©]&3to] T4HEA sllom FU 25 ol + A
7 F3kg Aoy e S} EoA F3kE Hlue
Tukey’s Studentized Range (HSD) TestZ ©]&-5to] EAHE
A1 3 3L(PROC ANOVA, SAS 9.3 user’s guide, 2011),
7 EEolN F At Fske WHsh Aol repeated
measured  ANOVA(PROC GLIMMIX, SAS 9.3 user’s
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Tested material Active ingredient (%) Test conc. (pug/ml) Classes
Fluazaindolizine SC? 20 1000 Organophosphate
Fluopyram SC 40 75 Organophosphate
Fosthiazate SL 30 75 Organophosphate
Hydrogen peroxide 5 250 -
Imicyafos SL 30 75 Organophosphate

ISC; suspension concentration, SL; soluble concentrate.
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Fig. 1. Daily cumulative number of hatching juveniles of Heterodera glycine and H. sojae according to temperature in soybean root
exudate solution. (A); 20°C, (B); 24°C, (C); 28°C, (D); 32°C. Investigation of hatching juvenile was confirmed by immersing the cyst
in the root exudate in a multi well plate.
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Fig. 2. Daily cumulative number of hatching juveniles of Heterodera glycine and H. sojae according to temperature in water. (A);
20°C, (B); 24°C, (C); 18°C, (D); 32°C. Investigation of hatching juvenile was confirmed by immersing the cyst in the water in a multi
well plate.
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Table 2. Cumulative number of hatched juveniles of Heterodera glycine and H. sojae according to temperature in soybean root
exudate solution

Tempera- 3 days after treatment 7 days after treatment 14 days after treatment 20 days after treatment
ture
cc H glycines H. sojae H. glycines H. sojae H. glycines H. sojae H. glycines H. sojae
20 0.0+£0.0a” 03+0.5a 11.8+13.8bB  77.5+24.6aA 39.5+£50.0bB 138.0+31.2aA  473+£504bB 148.0+£31.1aA

24 558+543a 863+89.6a 187.8+172.9a
28 11.5+16.5a 27.0+14.9a 356.0+136.6a
32 105+153a 3.0+34a 213.0£659a

503.0+2783a 241.0+217.1bB 686.5+263.5aA 253.5+225.3bB 720.0 +252.3aA
305.8+142.0a  676.5+56.8bA 481.0+140.1aB 724.5+39.2a 535.5+178.1a
179.0+58.8a 7933 +138.9bA 277.8+£96.6aB  831.8+151.8bA 302.8+110.2aB

“Means followed by same lowercase letters within the column and same uppercase letters within the row in each treatment days are not
significantly different (Tukey’s Test, P<0.05). Without uppercase letters, there is no difference in the number of hatching larvae between the
two nematodes.

Table 3. Cumulative number of hatched juveniles of Heterodera glycine and H. sojae according to temperature in water

Tempera- 3 days after treatment 7 days after treatment 14 days after treatment 20 days after treatment
(tctl(r; H. glycines  H.sojae  H. glycines H. sojae H. glycines H. sojae H. glycines H. sojae
20 03+0.5a” 0.0+0.0a 08+1.0bB 828+57.5aA  53+73bB 83.0+£57.3aA 7.0+10.1b 83.0+573a
24  235+339a 88+168a 428+33.7a 31.3+203a 523+334a 578+219a 61.5+399a  68.3+23.0a
28 0.8+£1.0a 33+25a 21.3+£230a 41.8+£227a 121.0+98.6a 1083+107.4a 235.0+2182a 147.3+144.7a
32 25+19a 08+15 9.0+43a 43+3.7a 14.0+10.82a 7.5+6.0a 15.0+10.82a 8.0+59a

“Means followed by same lowercase letters within the column and same uppercase letters within the row in each treatment days are not
significantly different (Tukey’s Test, P<0.05). Without uppercase letters, there is no difference in the number of hatching larvae between the
two nematodes.

Fohgarel BAA Akel7t il ot 28°CeF 32°CellA =
7UX}(28°C; df=1, 6, F=23.37, P<0.0029, 32°C; df=1, 6, F=
38.12, P<0.0008), 1442}(28°C; df=1, 6, F=95.29, P<0.0001,
32°C; df=1, 6, F=125.11, P<0.0001), 202 x}(28°C; df=1, 6,
F=19.5, P<0.0045, 32°C; df=1, 6, F=115.22, P<0.0001) &
7 8] A=Y A AEelA A BT BAR S
Al 23CH(Table 2, 3).

AR5} FEFE 2Jo|E B 259 A
Tl uet olE HATH(Table 2, 3). T5&
Ae 20°C] B9 AT THEE F3kgo| xfol7t
(df=1, P=0.0001), '@#E (df=19, P=0.5257)2} F
b 2R §IITH(df=19, P=0.6871)(Fig. 2A). 20°C]
IRpE R 7UxKdf=], 6, F=8.12, P<0.0292), 14YxKdf=1,
6, F=7.24, P<0.036), 20¥2H(df=1, 6, F=6.82, P<0.04) ZA}
MRt QO] FRRE S A RS} {557 FRIELAF
o vlste] FAIHCE o3 BATHTable 3). 24°ColA]
© SR EE 2ol7t A uk(df=19, P=0.0003) HZF F
Holuh(df=1, P=0.7221) ¥ W57 25282 FIATHAE=
19, P=1)(Fig. 2B). 28°CollA= 24°CHYE IAE 2= o]
7} AR LHdf=19, P=0.0001) 1% FHo|uk(df=1, P=0.2321)
T M 58-S QITHdf=19, P=0.9965)(Fig. 2C).
32°ColM = A% FEak(df=1, P=0.0001) EAPEZ z}o]7}
USRS (dE=19, P=0.0032) 7 ™57 ws 282 ISlTh
(df=19, P=0.9998)(Fig. 2D).
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By Az AgoAe 20009 24°CAME w0l FA|
2EMZO 73 Tt FREELAT Hgte] Bokoy
28°C8} 32°Colxl= Wil €] 73 3FS B ATH(Table 2). 20°Cell
Ae A FEolu(df=1, p=0.0001) SREE 2o]7} 31
om(df=19, P=0.0001) ¥ ¥t ReAEE JATHdf=
19, P=0.0001)(Fig. 1A). 24°ColE A& FEoluh(df=1,
p=0.0001) ERPHEE zto|7} A S1k(df=19, P=0.0001) F
ek W AEe QIthdf=19, P=0.4797)(Fig. 2B).
28°CollM &= 24°C9} o] A% FHo|uUk(df=1, p=0.0001) &
AEZ zpo|7t AJSH(df=19, P=0.0001) F WHF7F 2T
288 IAtH(df=19, P=0.153)(Fig. 2CB). 32°Collx& A
ZF ZWHolUl(df=1, p=0.0001) EAEZ Zo|7} UYL
(df=19, P=0.0001) F H57F 2 52H% UATHAFE=19, P=
0.0001)(Fig. 1D).

e A=Y A Ao e AY 4gAtdE BE 2
oA Falge] FAH Aol HI2H20°C; df=1, 6,
F=11.17, P<0.0156, 24°C; df=1, 6, F=6.81, P<0.0402, 28°C;
df=1, 6, F=6.69, P<0.0414, 32°C; df=1, 6, F=11.17, P<
0.0009) 7€t = 20°CAARE BAIA Afol& B (df=,
6, F=8.12, P<0.0292), 20¥a}oll= 20°C(df=1, 6, F=11.56,
P<0.0145), 24°C(df=1, 6, F=7.61, P<0.0329), 32°C(df=1, 6,
F=31.8, P<0.0013)14] A4 zto]& HATHTable 2).

2EHEE FHNEEATY] A F5E AR A= 14

AH(dE=3, 12, F=4.03, P<0.0338)} 20Q3H(df=3, 12, F=
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3.66, P<0.0441) B5 28°CollA 4 Ralg2571 7P &
KO (Table 3) ¥ A=Y AodMe 7dAll= 24°C
(df=3, 12, F=6.01, P<0.0097), 142 2H(df=3, 12, F=28.14, P<
0.0001), 2092H(df=3, 12, F=28.84, P<0.0001)°ll= 32°Cel]
A FeETE P Bekoy T 2wk BAA Aol
UATHTable 2). WHAO|FAZENTO 75 TUAM=
20°ColA 74 857 7P BkaL, 1493} 2043
= 28°CollA F4 FeEart 7P ey BAA f9
AL Gl tHTable 3). ¥e] 4= AHolAM= 7Y (df=3,

0=

273

12, F=5.29, P<0.0148), 142 (df=3, 12, F=9.24, P<0.0019),
209 (df=3, 12, F=9.38, P<0.0018) =5 24°CollA] 2 3
sH-27F 7P Bk TH(Table 2).

70
(A)
60

—+—Fluopyram

={=Fosthiazate

—-Fluazaindolizine

=—=Imyciafos

30

50 i\
. N/ X

—e—Hydrogen peroxide

=O=Control

10

Mean number of hatching juvenile/day

0

20 A/ [~
N\

70
> (B)
g 60

o

T 50

3

= 40

£

S

£ 30

L

° 20 -

3

E 10

c

c

g 0-
s

2345678 91011121314151617181920212223242526272829
Days after treatment

Fig. 3. Mean number of hatching juveniles of Heterodera glycines (A) and H. sojae (B) recovered from cyst treated with nematicidal

materials with soybean root exudate in multi well plate.

Table 4. Corrected mortality of infective juvenile of Heterodera glycines and H. sojae according to nematicidal material immersion

treatment in multi well plate

Treatment 24 h after treatment 48 h after treatment 72 h after treatment
H. sojae H. glycines H. sojae H. glycines H. sojae H. glycines
Fluopyram 100.0£0.02”  99.7+0.6a 100.0 £ 0.0a 100.0+0.0a 100.0 +0.0a 100.0 +0.0a
Fluazaidolizine 16.0£8.0cA  0.0+3.4bB 63.7+10.9cA 15.6 + 6.4bB 74.3 = 8.0bA 20.0+9.7bB
Fosthiazate 100.0 = 0.0a 99.7+0.5a 100.0 + 0.0a 100.0 £ 0.0a 100.0 + 0.0a 100.0 + 0.0a
Imicyafos 99.3 +0.6b 99.1+1.1a 100.0 +0.0a 100.0 + 0.0a 100.0 £ 0.0a 100.0 +0.0a
Hydroxy peroxide 99.2+0.8b 99.7+0.5a 99.7 £ 0.6b 100.0 + 0.0a 100.0 + 0.0a 100.0 + 0.0a

“Means followed by same lowercase letters within the column and same uppercase letters within the row in each treatment times are not

significantly different (Tukey’s Test, P<0.05).
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Fig. 4. Cumulative hatching inhibition rate of Heterodera glycine and H. sojae according to nematicidal materials after 12 days with

soybean root exudate in multi well plate.
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