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R ABSTRACT

Check for Nematophagous fungi can capture, kill, and digest nematodes using a specific capturing
s organ. Of the nematophagous fungi, while Arthrobotrys flagrans and A. superba have
been described previously, certain characteristics have not been described. For a detailed
description of the two nematophagous fungi, the fungi were isolated from soil samples and
produced in a pure culture. Morphological characteristics, such as predatory ability (according
to the nematode species), shape, and size of predatory organ, conidia, and chlamydospore
were investigated and they were used for identification of the fungal isolates along with
molecular phylogenetic analysis. Furthermore, this study provides the classification key for 21
nematophagous species.
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Al Fgo|7} At MF-2 2T 4 Qe E49t 7| (trap)S THEIL 0]
A MFS ZIol1l F2 MF o2 HE RS AHdFHST AFS e XA
(adhesive hyphae), T20] 2 ZHadhesive column), T-3-0] T-E(adhesive network), -2-0|-5{adhesive
knob), H]4~Z/d-&7}1] (non-constricting rings), =327 1] (constricting rings)'s TFSH FEf 2} 7]
50| St AE A Fgo|= 18521 Arthrobotrys oligospora” | BHAH 0] %[6], A1 27| 965
o] 7| ZE| ATH7].

AE ZAYFEol = OIRE Aot U Gkt Foll &b 2k 9l A7 Ee] FeEjo

whet B2 5] =0, X127} Arthrobotrys, Dactylellina, Drechslerella, Monacrosporium, Dactylella,
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Gampsylella, Didymozoophaga, Trichothecium, Dactylaria, Candelabrella, Genicularia, Duddingtonia,
Nematophagus, Monacrosporiella, Woroniula 5 SFAfo]| whe} 2.5 1540 2 B2 L|Qich7). d=ut
22 $ApR o) wlo] ujel, o5 mA 4RI So] M) A7 Bumpyel et et}
7 0] TR o] BEIARA 1559 TAHEGo} 440 2 A EIATHs). 2, 379
LEo| 228 7H Arthrobotrys, 4573270 E 71 Drechslerella, 7HA| Q= £-E-0]5-2 711
Dactylellina, 7HA] §= 0] 5(Z-2 22+ BE0| 1-2)S 71 Gamsylella 5 47 :0|th8].

ZUjol|Ae] A Fgo] A=, 1981 o W H S 2 sheiA|ol= At vt
A1, Lee(1982)2] “TSt HA ZEl(p. 123-125)."0l|A] ‘98] Uztoll= oF2] A7} Qbs] 1 ik
SR OB Z[9], Yoo 5(1981)°] 7] %= 14t '&oj| A 22|35 “6 w#5-9] Arthrobotrys sp.” A7} =
Ul A A Fgo] A= ERITH10]. = uiolle= 0| 152 B/d5h= Arthrobotrys, Dactylella,
Monacrosporium, T--0]58-2 7} M. candidum, 5+5/3d-2710| 5 7H A. dactyloides 5 & 215-°]
A=}l

T =y ZAFEo] A ob] Z7|HAIR o5 2150l thet B5 AAIY 257 key
o}2] gitt. whetA] o] =FollA= ujollA EiH 2152 HEsto] ESHASH T2 AlQekal, A
A Foll ek 7 keyE AA o224 QFo 29] o] o} Ato] 7| % A5 & Al&5talA} gt
SE0] U H7|15F A. flagrans [11]2} A. superba [12]2] 'HE A] A=he A7) 8l Bl =9
E4& F71ste] 71Ask At gt
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Identification Key and Additional Descriptions of Nematode Trapping Fungi

Diplogasteritus sp., Panagrolaimus apicatus, Meloidogyne incognitas ©]- 25T A2 A} W
2 1.5% water agarS- 2} 7 d-60 mm Petri dishol] 0] 231 &, 0|2] Z-4] A|7] ZA]/dEF3Z0] 5 Petri
dish Sl HEstaL, ZAVd g0l 2ol vl2] A A3 oF 100mH) & HEsIAh A F
3} ZAJ o) 7F HEH Petri dishis A-20f| HBSIHA 15UF ZAE MZo] 5 ZAISIY
ok, 55k A 7| 3ko] e 2l 37, BAY E K Conidium) 2] FER L 371, EAY ZAFH (Conidiophore)
o] e}, 22K Chlamydospore) 5= S 1] 73(SZX16, Olympus, Tokyo, Japan) & F&-dn] 7
(BX51, Olympus, Tokyo, Japan)S- 0]-8-5+0 ZA}SIATY,

A5 ZAVYFZolo] T 54HZ floto] PDAENR| o)A ol 5 Zhu[13]9] DNASZ
Ho 2 X5t F 542 9t internal transcribed spacer (ITS) tDNA G741 24-& 2]l

18S rDNAS} 28S rDNA G Atofof| Q1= 1TS Y92 1TSI (5-TCCGTAGGTGAACCTGCGG-3')2t
ITS4 (5'-CCTCCGCTTATTGATATGC 3") primerS AF8-5}09 polymerase chain reaction (PCR)3-2-5F
HCH14]. oJ9] PCR ZZ- 94°Coj|A] 287} BFS5H th2 DNAS] THALS I3l 94°Col|A]
40%, primerS’J ZH@?JE fl3l 56°Coll A} 50, DNA 7+E2] Hd2 918l 72°Coll A 2+2-2] THg= 35
3] HhEsal, 72°Coll A 1027 2S4S AAISI3ITE PCR 3 AHe2 47952 5ol &

Z 5 2101519 1, DokdoPrep™ Gel Extraction Kit (ELPIS Biotech, Korea)S- 0]-8-5F0] Z&&5t0] &
71X 2A4& AA5F TH(Macrogen, Seoul, Korea). & 578 91510 ITS G 22| A7 M HE the
National Center for Biotechnology Information (NCBI) database2] Blast program-<- ©] —9“6]'031 SRl
st on, 7 A7|A o] HE 9 Al =AM Mega X[15] €8] E-5 o]-&ato] e AR
o)A Als-E75H /x| E 275l

Ujol|A] B AE A 3350]= 21502 A, flagrans®} A. superba®] FENZ] EAJS E
Shol Weld 54 2 o|A7E, 435 TAIE 72 52 0| 85jo] 4 $HT 4 9l Al
2417 Slelol 1% TATHo] 7|2 1o HAEIRE FeH EHL 102 2y

=]

3@ M oo

]_

ol

A. flagrans2t A, superba2| {7 |{

Arthroborrys flagrans (Dudd.) Sidorova, Gorlenko & Nalepina, 1964.

= Trichothecium flagrans Dudd., 1949

= Arthrobotrys flagrans (Dudd.) Mekht., 1964

= Duddingtonia flagrans (Dudd.) Cooke, 1969
A. flagrans= Adhikari 5(2018)°] WFe] EF0 2 HE] B2|5lo] 4l & (DNAITSE 0|83
o] T& 7ot uixjo| M| v /g3 A} 8l SHfEAL FEIS 7)Ao =M Ul

The Korean Journal of Mycology 2019 Vol.47

293



Seo et al.

1|7]%- Duddingtonia flagrans (KNU16-279)2 7| A5FITH 11]. L2 i} Ad ol Tt axAlof i 2]
71 i, 2 Soll gt 7] E0] glg o= of 7)ol 719l /442 7| Afgtt.

A. flagrans #180516S+ 745 QHs-9] ul Ajul 7ol EQko 2 HE He|=|Qlr} o] T2 34
Y BEO|IES o]8sto] AFS ZASIH(Fig. 2C), AF2] E5F ¥ = Panagrolaimidae®l] &
Sz Panagrolaimus apicatus®t A1 &71/8/d AEQ1 Be|2AS f-52 & ZAol 3ol ¥
+= A3 Aphelenchus avenact= 2 ZAIS}A] 619 31 Cephalobidae®l] 4:51= Acrobeloides sp.2+
Diplogasteridae®l| <5= Diplogasteritus sp-= 24+ 4 =2 EA|5 ThFig. 1).

100% -

0 A. flagrans

80% - A. superba

20% A

4

:

Fig. 1. Predacity of Arthrobotrys flagrans and A. superba for five nematode species.
A, Aphelenchus avenae; C, Acrobeloides sp.; D, Diplogasteritus sp.; P, Panagrolaimus
apicatus; R, Root-knot nematode, Meloidogyne incognita.

FAF= 710] 22.1-549(av, 40.7) mX ZE 9.7-173(av. 13.3) imo| ™ Zo| EE5hr aje] 37|} &
o] FUskA] oL Thst P Ho|E Hol= Zlo] EAo|th(Fig. 24). A2 tiF2o] 17}
o} k2% A E =27l o]t ZAPY-2 ThE ol Hsho] ol &2 o] 1 av. 155.1 pm), S}
7} Z 551 A= A thav. 29.0 jm in diameter) (Table 1, Fig. 2A).

Table 1. Morphological characteristics of Arthrobotrys flagrans (All measurements are in pm)

This study Korean isolate by

Character n=30 Adhikari etal, 2018 CO°Ke 1969

Conidium length 22.1-54.9(av. 40.7) 29-41 25-50

Conidium width 9.7-17.3(av. 13.3) 13-17 10-15

No. of conidium spectum 1-2 - 1

Conidiophore length 155.1 - 150

Chlamydospore 29.0 27-32 -

Trap type 3-D network not shown 3-D network
The Korean Journal of Mycology 2019 Vol.47 294



Identification Key and Additional Descriptions of Nematode Trapping Fungi

Fig. 2. Arthrobotrys flagrans. A, conidia; B, conidia attached to conidiophore; C, trap of
3-dimentional networks; D, chlamydospores (Scale bars = 20 (m).

Arthroborrys superba Corda, 1839.

= Didymozoophaga superba (Corda) Soprunov & Galiulina, 1951
A. superba—': Yoo(1984)7} E[H| 228 Ze]oto] Iu] 420 = 7|Afsklti{12]. FEfll ofsto] &
SAsIL vl B2 7153 o ZARS AR o2 wAsIeint J2iu 24
2R F 1, A S0l tigh ;Ao R ;A 7] ko] el Fof| thidt 7] 50] §l3 22 07|
QI £ 7IAs

A. superbat= 735 235 '?53%*—4 el Ao FozRE 22wt o] Zol=3akd £
Lo] 18- o] &5to] AES XL A5 (Fig. 3F) Panagrolaimidae®l] £58= Panagrolaimus apicatus
oF Al Z7]1 8 ER Ev‘if'—l’:—’d% o & 2SI go| & W= A52 Aphelenchus avenae
9} Diplogasteridae®]] £:5H= Diplogasteritus sp= 2 2 A]5}A] 25213l Cephalobidae®]] £3H=
Acrobeloides sp= 34t L2 EASH THFig. 1).

FE A= Z0] 17-26 (av. 21.5) mX 3 6-10 (av. 8) yme| ™ Z2}o] 17§ 2 ZA}0] F7tol 9] =|5}al
YL Af4e] = E 2] Bo|thFig 3C). A2 210-400 (av. 305) umO] 1L TR A= HEAE] 7] OF
RHTHTable 2, Fig. 3).

oj2iet FEA 542 7 A F ZAEFlQl F Y AleEReH fIxE &elstr] fist
o] ITS IDNA ¥ 2} 9] 7|1 E & sl A3t A, Arthrobotrys Al S0l &5 #3592 &Rlst 1
A. flagrans@} A. superba® ZQ1%E]0] GenBank Tl| o] E{H| 0] A0f] MN2388242} MN227308 % 555}

_1>-

]l
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ac
|o
=
p

-1)1
rir

=AY E-23)0)| 7|El5to] KACC No. 487331} 487342 o] HIQITH(Fig 4).

Fig. 3. Arthrobotrys superba. A, C, conidia; B, D, E, conidia attached to conidiophore; F,
trapping organ of 3-dimentional networks and captured nematode (Scale bars =20 m).

The Korean Journal of Mycology 2019 Vol.47 296
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Table 2. Morphological characteristics of Arthrobotrys superba (All measurements are in pm)

Characters Tl;ls:s;t(l)dy I;;)’r;:{z;,r;:sl()glg'E‘e Drechsler(1937) Prachtflora (1975)
Conidium length 17-26(av. 21 .5) 135265  12-22(av.17)  17-27(av.22)
Conidium width 6-10( av. 8) 5.6-11.2 6-11(av.8.5) 6-11(av.8.5)
No. of conidium spectum 1 1 1 1
Conidiophore length 210-400( av. 305)  200-500 100-300( av. 200) 200-360( av. 280)
Chlamydospore unknown - unknown not mentioned
Trap trap 3-D network 3-D network 3-D network 3-D network
A. flagrans(MN238824)
A. flagrans(KT215213)
A. amerospora(KT215208)
A. oligospora(KY463695)
91 A. elegans(KT215212)
45 A. eudermata(KT215215)
49 A. javanica(KP859622)
| iLA. obovata(MF948389)
A. scaphoides(KF494006)
21 56 A. guizhouensis(MF948390)
[ | A. vermicola(MF948415)
36 A. cookedickinsonianus(MF948393)
2 91 L= A, musiformis(kpg59624)
L— A. sinensis(AY773445)
= A. superba(KT215210)
499' A. superba(MN227308)
] L— A. cladodes var. cladodes(KT215211)
A. anchonia(AY965753)
I A. foliicola(U51954)
99l Saccharomvycopsis iavanensis(DQ361058)
IR
0.10

Fig. 4. Phylogenetic tree based on ITS rDNA sequences, showing the positions of
Arthrobotrys flagrans and A. superba. Numbers at branches mean bootstrap values, derived
only for the nodes supported by higher than 50% (1,000 replicates). Newly sequenced
samples are indicated by red color and bold font. (Scale bar = 0.1, substitutions per site.

S 0I71EZ50IM H2lsl= 5

Arthroborrys arthrobotyyoides (Berl.) Lindau, 1906 (Jeong, 1987; Yoo. 1984)

= Cephalothecium Corda var. arthrobotryoides Berl. 1888
= Arthrobotrys arthrobotryoides (Berl.) Lindau, 1907
= Didymozoophaga arthrobotryoides (Berl.) Soprunov & Galiulina, 1951

Arthrobotrys arthrobotryoides+= Jeong(1987) 50l 2Jsto] = 1]7|EF 0 &2 W E|QlTH16). 18]
L} De Hoog®2t Van Oorschot(1985)= A Ad 35 0] 5S MAESIAA, A. arthrobotryoides©]] thst
of 7| Eo| gla 7|7 E2ASHS o] & o] & n|EelF o2 B RSIATH17]. Species

—1 - O

fungorum©ll+= ©] ZFo] §-a st F 0 2 5250 Q1O LH18], De Hoog?} Van Oorschot(1985)2] of=
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J MeS T/ = FUelM = nElEe 2 BRIHTH17].
De Hoog®} Van Oorschot(1985)= “7]<= 0] gl 74-9olli= 71 Aol thgh 1S 3 4= gict.
Berlese®] & 7] Alol] 2AYA-& 25 S5t FAI6HA] Fekthal /A EfojQleh. wfA,
Hjgsto] AT 4= A= 247 Fef A QUA] et 19941 Drechslerol] o] sl A H w2 S-4l5t
© 2R = AR 19]. 2] FAEAR= 2022 X9-10 ymE HHA 7} 7| A A 2o 4
A] AT A. oligospora®t f-AFSFATE 7L F-2] A= oA 5] o AR T 2tal B ugiti17].

i

A Tuto] £4 AME

=4
1. - EA7)TH0] TLTLO] TLEG O TF -vevverreenie e 2
~SEAIZ|TRO] ZLILOJZAZFOITH vvvvvsvrsrsseisnsseisscisis i 10
CIEAIZ|THO] ZEILOJELOJTE ovvvvvvoevssessessesses s 1
-Eé‘ﬂ] 7} ] _/;\_51_/\6]%7]-1]]0]1:]- ................................................................................... 14
2.-ZZ}O] 65]EH7]—AIﬂHObOuys‘30=]O]]:}- .............................................................................. 3
- Z2}9] FE§7} Arthrobotrys 0] L} EA} Bo| Ho] ZE0] RO 2 BESITE v 8
- E2}0] FENZF Monacrosporium GO TE +++++vvrvesereiniiniiiiiiii 9
3.- T2 Auto] QTHEAF F7]=23.6 X 159 ) +++eveeererereereseenees Arthrobotrys amerospora [20]
_ _JTL_x]-oﬂ 2111:_!1'-0] 17]-]0]1:]. ............................................................................................... 4
_Ex]—oﬂ ﬁmo] 27H0]/\1-0]l:]- ..................................................................... A. vermicola [21]
4. - EAPH o] £8tehe 1 ootk 471k Boj] EAZFLBITE o 5
-jEZ]' ] == oH7 0%1-5]041;]. ............................................................................ 6
-EAPY Bo] B4H 0 B $E RS Tahe ZHUR R e Boo|chEAt 27)-1538
GG -+ v e A. superba [12]
5.- A= 223 EHES E%ko]]:]-(g_x]- 37]=279x88 111)) EERREREPTI PSP PRI A. javanica [22]
-E A= o]2Ynj Eool:o]r,]-(gx]- 37]=309x103 1111) R RR R EP PP RP RSP P SO A. musiformis [23]
6. - EAR= TAPH Zof) B A DHRITH covveeeiei 7
- :mAgo) )2 AfehwA] A} sto] PRk Tk ey EEe] mofolck 23x
T2 LI eereesessese s A. oligospora [16]
7.- EAR= Z4Z0 B B OFO|THEAF A7]=284 X 1L ) -+-vevveeseereeseeseees A. conoides [24]
- ER =AU R ] RO THAEAL A 7]=24.1 X 13.9m) «-veveeereesees A. koreensis [25]
8.- AP > 150 um; ZA}o]| Zato] 75% 9] (A} 2.7]=3045 x 8-11 ym) -+~ A. pseudoclavata [26]
- AP <150 um; AR A=Fo] 50%01 {IX|(FZAF 27]=25-50 x 10-15 jm) -+ A. flagrans [11]
9. - HALo|| 3 ABH([4); ERF TT]=362X 202 «+ovveereereesessemssmssmssmssmisinina, A. thaumasia [27]
_ ;TEX]'Oﬂ 23 7_:1'11]-(1_3); ;TEZ]' 3_7]: 276X 20 - veeevemeemssmssrssssmsensesees A. sinensis [28]
10. - ZA}o]| 34 AU 2-6); EAF AT |= 45X TG -+oeeveeeereseseeseesene Dactylellina gephyropaga [29]
-3Zz}o| 34 211‘5'-.]'(2—6); 2} I 7|=35-60X 1321 I cooeeeeesmssemmeneeee s D. cionopaga [29]
S T0]E ]| ZER|TF QITH oo 12
S TILO]EO|| ZFR]ZF QITF ++vvvverererereeetttt 13
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12.- Ex]. 3 7_:]1\31-, ix]. 37]: 32-54X8-12 I o eeeeeeemesmesess s
-2} 34 AuK(1-5), X} 27]=623X24.7\m
13. - IAF4 Z2H24); TAF 7|=483X 13 m

[16]
......................................... D. ph}anatopaga [30]

- H| 5/ S7 L0 5 A4 A TH2-5), AL A 7|=35XQpm wveveeeeeeeeees D. candida [31]
“FA}2 A4y, EAF A 7]=26.5X 8T [ +vvevrevreeseeseessessessmssmsesn D. ullum [20]
14. - TR}l Al 3(1-3); A} 7]=20-45X 5-12.5 M ++++eeeeeeeeee Drechslerella brochopaga [32, 33]
- Z2to]] Auto] 17]o]m 50%01] $)X]; EAF T 7]=35-51X 6.5 -+++-eeeeeeees D. dactyloides [32]
M9
AZ ZA T ol = AT 2 7|HE THEo] A5 28 & 2 AFote Fgolth olg &
Arthrobotrys flagrans®} A. superba®l| TS 545 5 Al uff A2k Zo] Qo] = 53 Efo=z

HE| ot g oto] 2714 02 2AbsIgit ME S5 2AI, XA gl » 2
7], 282 ] e » A7), BAYEAPY o] el St} 52 ZARSHA O, ITS tDNA G741
o] BAAESA BAL Er2 2 =42 AAEIeIT) w5} 19819 .20 & M3 mAlA 2
o|7F ol B o] 2 A A F 2150 W] 9121—} ol 5ol tigh &5 xﬂﬁlﬁ}

Al o] gl oIl 7ol AlgsiTt. o]
Ul A5 ZAV S Ego] Aol 7| 2Ate7H 2

ACKNOWLEDGEMENTS

This work was carried out with the support of “Cooperative Research Program for Agriculture Science and
Technology Department (Project No. PJ013428012019)” Rural Development Administration, Republic of

Korea.

REFERENCES

1. Yeates GW. Soil nematodes in New Zealand pastures. Soil Sci 1977;123:415-22.

2. Ferris H. Contribution of nematodes to the structure and function of the soil food web. J
Nematol 2010;42:63-7.

3. Yeates GW. Nematodes in ecological webs. eLS 2010.

4. Whitehead AG. Plant nematode control. 8th ed. Oxon: CAB International; 1998.

5. Yeates GW, Bongers T, Goede RGM, Freckman DW, Georgieva SS. Feeding habits in soil
nematode families and genera - an outline for soil ecologists. J Nematol 1993; 25:315-31.

6. Fresenius G. Beitrage zur Mykologie (Heft 1-2). 2th ed. Frankfurt: Heinrich Ludwig Bronner
Verlag; 1852.

7. Zhang KQ, Hyde KD. Nematode-trapping fungi. Dordrecht: Springer; 2014.

8. Markus S, Gregor H, Annemarthe R. A reevaluation of predatory orbiliaceous fungi. II. A new
generic concept. Sydowia 1999;51:89-113.

9. LeeJY. Mycology and cultivation of mushrooms. 3rd ed. Seoul: Dacgwangmunhwasa: 1996.

10. Yoo KH, Choi YH, Lee HH. Isolation of nematode destroying fungi. Kor J Mycol 1981;9:193-7.

The Korean Journal of Mycology 2019 Vol.47

299



Seo et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

Adhikari M, Gurung SK, Bazie S, Lee HG, Kosol S, Lee HB, Lee YS. Seven unrecorded
fungal species from field soils in Korea. Kor J Mycol 2018;46:9-21.

Yoo HS. Arthrobotrys arthrobotryoides and Arthrobotrys superba with new addition to the
Korea nematode trapping fungi [dissertation]. Hannam University; 1984.

Zhu H, Qu F, Zhu LH. Isolation of genomic DNAs from plants, fungi and bacteria using
benzyl chloride. Nucleic Acids Res 1993;21:5279-80.

White TJ, Bruns T, Lee S, Taylor J. Amplification and direct sequencing of fungal ribosomal
RNA genes for phylogenetics, In: Innis MA, Gelfand DH, Sninsky JJ, White TJ, editors. PCR
Protocols: a guide to methods and applications. San Diego: Academic Press; 1990. p. 315-22.
Kumar S, Stecher G, Li M, Knyaz C, Tamura K. MEGA X: Molecular evolutionary genetics
analysis across computing platforms. Mol Biol Evol 2018;35:1547-9.

Jeong MJ. Isolation of nematophagous fungi and evaluation of their biological control
potential against Meloidogyne hapla Chitwood in pepper [dissertaion]. Gyeongsang National
University; 1987.

De Hoog GS, Van Oorschot CAN. Taxonomy of the Dactylaria complex, V. A review of
Arthrobotrys and allied genera. Stud Mycol 1985;26:61-96.

Species fungorum. CABI database [Internet]. Index Fungorum Partnership; 2019 [cited 2019
Nov 4]. Available from http://www.indexfungorum.org/.

Drechsler C. A species of Arthrobotrys that captures springtails. Mycologia 1944;36: 382-99.
Kim DG, Ryu YH, Hwang HG. First report of two nematode-trapping fungi, Monacrosporium
ullum sp. nov. and Arthrobotrys amerospora, from Korea. Plant Pathol J 2006;22:174-8.

Kim DG, Lee JK, Lee YK, Choi YC, Kim YG. Description on five species of Arthrobotrys
(Corda) Schenck, Kendrick & Pramer in Korea and their key. RDA J Crop Prot 1997;39:33-41.
Wu HY, Kim DG, Zhou XB. First report on the nematode-trapping fungus, Arthrobotrys
Jjavanica, from the soil of Ulleung Island, Korea. Afr J Microbiol Res 2012;6:7332-4.

Cho CW. A study on screening of the genetic resources of fungi trapping plant-parasitic
nematodes and their practical application [dissertation]. Chungnam National University; 2007.
Park JS, Park YG. Electron microscopic observations on the trapping of nematode by
Arthrobotrys conoides. Korean J Microbiol 1984;22:19-28.

Wu HY, Kim DG, Ryu YH, Zhou XB. Arthrobotrys koreensis, a new nematode-trapping
species from Korea. Sydowia 2012;64:129-36.

Kim DG, Lee JH, Kim HO. An unrecorded species of nematode-trapping fungus, Dactylella
pseudoclavata in Korea. Plant Pathol J 2007;23:210-1.

Park SD, Choo YD, Jeong KC, Sim YG, Choi YY. Field application of egg and larval parasitic
fungi and chemicals for controlling. Korean J Appl Entomol 1993;32:105-14.

Ha J, Kang H, Kang H, Kim D, Lee D, Kim Y, Choi L. First report of an unrecorded nematode-
trapping fungus, Arthrobotrys sinensis in Korea. Korean J Appl Entomol 2019;58:9-13.

Kim JI, Lee HW, Kim CH, Han SC. Identification and distribution of egg-parasitic
and trapping fungi of root-knot nematode. Research reports of the Rural Development
Administration 1992;34:91-5.

Wu HY, Kim DG. First report of an unrecorded nematode-trapping fungus species
Monacrosporium phymatopagum in Korea. Plant Pathol J 2010;26:264-6.

Wu HY, Kim DG, Zhou XB. First report of an unrecorded nematode-trapping fungus species
Dactylellina candidum in Korea. Afr ] Microbiol Res 2012;6:203-5.

The Korean Journal of Mycology 2019 Vol.47

300



Identification Key and Additional Descriptions of Nematode Trapping Fungi

32. Han SC, Lee HW, Kim JI. Collection, identification and classification of natural microbial
enemy for plant-parasitic nematode. In: Proceeding of the Korean Society Applied
Entomology; 1990; May 19; Jeonju, Korea: Korean Society Applied Entomology; 1990. p. 148.

33. Cho CW, Kang DS, Kim YJ, Whang KS. Morphological and phylogenetic characteristics of a
nematophagous fungus, Drechslerella brochopaga Kan -23. Korean J Microbiol 2008;44:63-8.

The Korean Journal of Mycology 2019 Vol.47 301



