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Plant Parasitic Nematode Fauna of Heterodera glycines and
H. sojae, and Soil Characteristics of Soybean Fields in
Gangwon-do and Chungcheongbuk-do

Youngjoon Kim and Dong Woon Lee*
Department of Ecological Science, Kyungpook National University, Sangju 37224, Korea

ABSTRACT: A survey on the geographical distribution of two soybean cyst nematodes, Heterodera glycines and Heterodera sojae, was
conducted in soybean cultivation areas in the Gangwon-do and Chungcheongbuk-do provinces. In 67 fields of 10 counties or cities in
Gangwon-do province, H. glycines was detected in 13 fields, H. sojae was detected in five fields, and both species were found in two fields.
In 84 fields of nine counties or cities in Chungcheongbuk-do province, H. glycines was detected in 27 fields, H. sojae was detected in four
fields, and both species were found in five fields. The diversity and dominance of the plant parasitic nematodes in the Gangwon and
Chungbuk provinces were not significantly different among the soybean cultivars. The diversity and dominance index of the plant
parasitic nematodes according to the presence or absence of soybean cyst nematodes did not show any significant difference between
the soybean cultivation areas of both provinces. The relationship between the soybean cyst nematodes and soil chemical properties
showed a low coefficient of determination, and the density of soybean cyst nematodes tended to increase as the pH and available
phosphate content in soil samples increased. The soil texture of cyst nematode-detected fields was mostly sandy soils, which amounted
to about 60% of the total. As the clay and silt content increased, the density of soybean cyst nematodes tended to decrease, and as the
sand content increased, the density of cyst nematodes tended to increase.
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o] AARFE] A2kt TlaE fdshe TRl 4
71 AFE T NAEATE FAR R Fa3 AE7]
A%2] slL}o]tEvans and Rowe, 1998). A AEAHZS =&
A A5o] Ml AAE Yo 50| 7|FAE e EE
o] A=rElo] Hafsal, HalE 28 f5=0l 7154=
5 22 JYsto] g EE et S 55t
HA 3,48 A A S0 2 98-8t Bridge and Starr, 2010).
7 452 Mel ] ofgal L, BAle] o B 5 Belo]
S5 PSR O A= e 22 of| Qlth 2 T A9
WAE R Halo] B9 Ujof] 23K Bridge and Starr, 2010).
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Cactodera, Punctodera, Dolichodera, Afenestrata)®] 4503
U AL, RAEXZokatell= 137) o] 23] o] ¢ItHEvans
and Rowe, 1998).

FEvtolls AAEAZT | 7E2] Heteroderass M 2~E
AdgEo] HarEo] glom(Leeetal, 2018) Bl A A H 2
[HAAEXZ(H. elachista) T FHMNAEXZ(H. oryzae)| Tk
o)l 4] WHAE 2Z (AP R AE X S(H. schachtii) T} S
HRAEMZ(H. wifoli))], oA SAE 2FJ[THNAELT
(H. glycines)¥} HPAOIZNAEMS(H. sojae)], il
A% H. koreana 1£0|tH(Vovlas et al., 1992; Choi, 1996;
Kang et al., 2016; Mwamula et al., 2018).
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£Alof| S v = HEa2 53.4%E AHA]3FA AL, 2000
o] =386 E.0 2 A 2] 35.6%, 2007 o] =2554 8K EO
B2 A9 31.7%E ZFA|5k5TE A Afol= I FH A
EASE FolA 7HE o &4 Wol f8sks Wsallolth

O To T Ee L

(Wrather and Koenning, 2009). ZAAEAZEL 19154 Y&
ol 802 WitEgon] Seele viEe £, Eolel
T 2:210] ofAlolA| ez} Aitie} vl ol e, Hely,
Zgujo} 5x)9] Yrolu|alz] x|ofo] Bxa} ckBridge
and Starr, 2010).

FEluEt e FHLEASTS T AEiAlolA Ysk=
1643050 A7 FE T 5= suol 7P =2 4
20 2 (Kim et al,, 2013) 1936 AFEHLH A EHZ0] AL} ¥
TYU Ao FAE|o] HAlE G o, 1963d FRAEAZC
2 3 %)@t Yokoo, 1936; Han and Cho, 1980).

Sapeloll A M B Ao THoko] Park et al. (1969)°]
ofaf A5 ol uhE 3ot 64 F FFSol et A4 A
g A5 ol w5l & =t A FF B Asol =
431 %] %] 11(Han and Cho, 1980; Choi and Choi, 1983; Kim
and Choi, 1983), FRAEAZ9] race™ H3zo] t)gt A7}
Choi et al. (1987)] o3 S E| =t FHLEAZFO F8
Ieof Bl At7H A o= BERE Aotk ATyt A
EAFS] e Aot B E Foke] At v ARkE
] floflAfet o] ol et

o Fefoll= B MW A T oA 712 FHEE
AFi= thE ol F A A EA 0] HEH 1 A(Kang et al,
2016), 7+L = 312 x| | A= Heterodera<;s A1%5 % ‘Schachtii’
g0l &8hs AR AEAT I SRMALEAS, TS
EAlZo] ZAel= A o2 B EItKKo et al., 2017, Mwamula
etal., 2018; Kwon et al., 2018).
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Fig. 1. Sampling sites of the survey area for comparing soil characteristics in Gangwon and Chungcheongbuk-do.
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Table 1. Number of cyst-detected samples and density of cysts in the soybean fields of Gangwon-do

Number of detected samples (Min~Max/300 mL soil)

Location Year No. of sample

H. glycines H. sojae H. glycines + H. sojae
Hoenascon 2017 2 1 (13) 0 1(30+3)
gseong 2018 9 2 (3~55) 0 0
2017 2 0 0 0
Pyeongchang
2018 7 2 (28~45) 0 0
2017 - - - -
Hongcheon
2018 4 1(11) 2 (3-35) 0
Won 2017 - - - ;
n
o 2018 3 0 1(4) 0
N | 2017 - - ) ;
n
eongwo 2018 4 0 0 0
2017 ) - - -
Taebaek
acbac 2018 2 121 0 0
Jeonsscon 2017 7 0 0 1 (41 +38)
& 2018 9 3 (13-33) 0 0
2017 3 0 0 0
Samcheok
2018 4 1(8) 0 0
2017 - - - -
Chuncheon
2018 5 2 (2~6) 1) 0
Hwach 2017 - - ) ;
wacheon
2018 6 0 1(3) 0
Totl 2017 14 1 0 2
ota
2018 53 12 5 0

Table 2. Number of cyst-detected samples and density of cysts in the soybean fields of Chungcheongbuk-do

Number of detected samples (Min~Max/300 mL soil)

Location Year No. of sample
H. glycines H. sojae H. glycines + H. sojae
B 2017 1 1(13) 0 0
n
oct 2018 3 0 0 0
201 1(1+1
Okcheon 017 3 0 0 ( )
2018 5 2 (2~3) 0 0
Goesan 2017 3 1(1) 0 0
2018 7 1(17) 0 0
. 2017 4 2 (3~9) 0 1 (167 +5)
Chungju
2018 5 2 (10~35) 0 1(3+23)
2017 1 0 0 0
Umseong
2018 2 2(2) 0 0
Tinch 2017 1 0 0 0
incheon
2018 1 0 1(12) 0
2017 13 3 (6~165) 1(1) 0
Jecheon
2018 13 3 (2~47) 0 0
2017 12 6 (3~349) 2 (7~41) 0
Danyang
2018 9 3 (2~255) 0 2 (5~7 +4~159)
v d 2017 - - - -
eongdon,
gdong 2018 1 1 (4) 0 0
2017 38 13 3 2
Total
2018 46 14 1 3
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CHTable 3). S5 2971 3274 Al A= 81} 104:9] A& ZH Y S5 XF SKixIe] £ otk SUAE
718415 0] HUEEISU=t Heteroderaio] 123204, =]l ME FBIRejo| |

Pratylenchus<:0] 113204 E&|E|o] 9540|9131, Hoplo-

laimous<50] T3Lol| 4] &5 o] of-F&ol gl o Melodegyne FHT S5 A T A A o] B9F afsh A A
2 1320 ANE HEE UK Table 4). ZF AR5 5 TH 2 = Table 617 Z3tth ZAA| G E9] Bt pH= 6.4 % OFAHJ 0]
EAFY HEAIG HIHEAE T2t AE7 18484 T—J Aem A7 e 0.55 dS/m, 1-7]& T2 25.9 gkgol
FHES} ST S ZARE A= Table 59 A3ttt A= CHTable 6). F- <] 2] A8 2 ghafat A2 o d+d
o FEA S FHLEAS HEAC} nHEA] 1t 5= ke vt A3 falakyt X3y oFol2-0] ghao]

A4 2ol 2 Kol x| ghghrhdf=1,39, F = 1.86, P =0.1799). =2 Aoz Uehgth Ao vl o)k s
E3} Simpson @] L H =R 4x(df = 1, 39, F = 0.78, P = 0.3837) R T} HHA 0 & A el o, B35 234y 2450 3k
S} ThoFE A 4x(df = 1,39, F = 0.78, P = 0.3837) = ZHAEA o] =9It Table 6). o]= ZE2Ho] A3 )7} W A
59 A2} ol whE Akol= flIti(Table 5). £ Y= Aoy U4 2 of fhof| upeha= EAT B A

Table 3. Plant parasitic nematode fauna in the soybean fields of Gangwon-do

Location No. of Number of detected samples (Mean density, Min~Max/300 mL soil)
samples  Heterodera  Pratylenchus Helicotylenchus Meloidogyne Paratylenchus Basiria
Hoengseong 4 1 (33) 1(804) 0 2 (94, 9~179) 0 0
Pyeongchang 3 0 2 (263, 89~437) 0 0 0 0
Hongcheon 7 1(79) 4 (131, 1~450) 1(13) 227, 2~41) 1(12) 1(6)

Table 4. Plant parasitic nematode fauna in the soybean fields of Chungcheongbuk-do

Number of detected samples (Mean density, Min~Max/300 mL soil)

No. of  Hetero-

Location L = j L i id- . L
samples  derg Pratyl Ho.plo Helicotyl- Mesocri Xiphinema Meloid- Tylencho- Paratyl Basivia
(cyst) enchus  laimus  enchus  conema ogyne  rhynchus enchus
Okcheon 1 1(13) 0 0 0 0 0 0 0 0 0
30917, 2(55,
Goesan 3 1(1) 8242)  3-107) 1(6) 0 0 0 0 0 0
Chungju 23(3%5)’ 1(8) 1(322) 0 1(6) 1(2) 1 (16) 0 0 0
Umseong 1 0 1(7) 0
Jincheon 1 0 0 1(5) 0 0 0
3117, 4 (29, 3 (163,
Jecheon 10 72-189)  2-48) 1-486) 1(2) 0 0 0 1(762) 1(184) 1(2)
Danyang > O1, 2 (38, 0 0 1(11) 0 1(2183) 1(2) 1(14)

19~349)  25~51)

Table 5. Comparison of genus diversity and dominancy index (mean + SD) of plant parasitic nematodes between soybean field soils with
and without soybean cyst nematodes in Gangwon-do and Chungcheongbuk-do

Soybean cyst nematode Menhinick index Dominance index Diversity index
Positive field 0.27 +0.28a* 0.79+0.27a 021+0.27a
Negative field 0.39+0.27a 0.86+0.19a 0.14+0.19a

*Means followed by same lowercase letters within the row are not significantly different (Tukey’s test, P< 0.05).
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Table 6. Chemical characteristics of soybean field soils in Gangwon-do and Chungcheongbuk-do

Exch. Cations

Parameter Site (1:5) 4S/m oke mg/ke oke K Ca Mg
---------------- cmol/kg ----------------
Chungbuk
(g3 OO*09 0555020 2594146 639442 13406 059039 102+71 32227
Local provinces G
(snzg‘l“’:)n 6.1£0.5 052024 258+168 617333 15+04 056026 56119 2.0=12
With
(3 63408 0524022 246+126 6924451 14£06 0274019 42234 11408
Mulch Wi
(n‘i ;’;‘)t 6.6%0.9 0.58+0.19 27.5+17.8 5594359 13+0.5 032+0.17 5.0%3.1 1.9+15
With
(23 OS+08 0564021 2844160 6664391 15406 0284015 54245 13408
Cyst nematode Wit
(n‘i ;’z)t 64+08 053021 24.1+143 612+435 13+0.5 030£020 4.0+19 1.6=15
Total (n=57) 6408 055021 25.9+150 634=415 14206 058+£036 9.1+65 29+25

*Average + Standard deviation.

Table 7. Correlation index between the density of soybean cyst nematodes and chemical properties of surveyed soils

) Exchangeable
Chemical character pH EC oM Av. P,Os T-N
K Ca Mg
Correlation index 0.028 -0.054 -0.184 0.377 -0.178 -0.275 -0.1 -0.173
@ Soil with cyst nematode =
0 Soil without cyst nematode e
80 o
/AVAVAVAVANER
VMVAVAV oF
ov L TAT NN\ %
& %
-4y AVAVAVAVAVAVAVAV A\
£ oo NN NNNNNN %
' \ NN NNNNNS .
_ \/ NN/ &
/ 30
AYAVAVAY 44 \\v AAm VAVA -
SV TS VAN, WAVAVAVAVAVZVAVAY v X
CRMAK VAVAVAVAVAV W\ &
\/\/\/ WAV VAVATS o

S o B

Sand Separate, %

Fig. 2. Soil textures of soybean fields in Gangwon and Chungcheongbuk-do province.
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ROJ ks 7k wiE A Bl Blsl of7t 2 A O R e
Ot 5519t Atel= glitk(Table 6). THAELNSF HESA
o] 71, FEQIAE s 9 Xehd 2o e 2ARE
Ak A1 9] el BIE A o vl =2 ol /l%1aL, A
o A vhdlEe] dE SHLEHAS O] HEEA o
= A9 Bl w2 A= HoltHTable 6). SHAEAZ
HAEA 9 28] Bof spoh i A AEAS dieeke] g3
WAE 2ARE A3} EoF) sfeh s M AEAT FE=
ATA =7 SQEc Table 7). B0 3183 E 5 pHEY Q1AL 3
Tl SN AEAZ Aot g of ks W=, 53] it o
F2 A B s T 7 w2 03779 2SS
Holow, e e I 99 duAE B

(Table 7). 2k AR EPA RES] B2 2ARE 22 Fig.
291 skt B AR THEL choRe EAS ek ek Al
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Fig. 3. Correlation between soil textures and the number of
soybean cysts in cyst-detected soils from Gangwon-do.
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B 2470(42.1%) A0 7 woron] oA 107) &
AH(17.5%), A19FE 971 ZAH(15.8%), 1 9] %= T/ 4, A&
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