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ABSTRACT: Pinewood nematode (PWN) trapping by nematophagous fungi, Arthrobotrys conoides, A. dactyloides
and A. oligospora and the fungal growth were characterized. The three Arthrobotrys species each was inoculated
into the PWN cultured on Botrytis cinera fungal colony on potato dextrose agar (PDA). The effects of temperature,
pH, PWN inoculation density and nutrients on the growth of the three Arthrobotrys spp were measured. A. conoides
grew fast, 13.9 mm/day while 4. dactyloides grew slow, 3 mm/day. PDA medium was the best for the fungal growth
at 25°C and pH 4.5. The Arthrobotrys spp growth was stimulated by 500 nematodes inoculation but not by 1000
inoculation. A. dactyloides did not grow below pH 4.5 and at high PWN density. A. conoides and A oligospora
formed trapping organs with thick constricting hyphal network only when PWN present, while A. dactyloides
formed the organ with circular hyphae constitutively. A. conoides formed trapping organs faster than A. oligospora
did. The nematode trapping hyphae of the fungi penetrated into PNW inside to form many tiny infection bulbs
and to digest the nematode. However, A. dactyloides formed a few trapping organs but no trapping was observed.
Infection rate of PWN was 95% by A. conoides, 80% by A. oligospora and 92% by the combination inoculation
of A. conoides and A. oligospora. In contrast A. dactyloides increased PWN density without infecton. There was
no interaction effect in any combination inoculation of the three Arthrobotrys spp. A. conoides enhanced PWN infec-
tion rate by rapid hyphal growth and early trapping, while A. oligospora did it by increasing hyphal density. In
conclusion A. conoides is the most effective in both hyphal growth and infection, and thus these characteristics can

be utilized as a biological control of PWN.
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Table 1. Arthrobotrys spp. sources

Strain Scientific name Trophic mode Trapping mode Origin®
60369 Arthrobotrys oligospora nematode trapping fungi Adhesive net KCCM
60152 Arthrobotrys dactyloides nematode trapping fungi Constricting ring KCCM
6280 Arthrobotrys conoides nematode trapping fungi Adhesive net KRIBB

*KCCM, Korean Culture Center of Microorganisms); KRIBB, Korea Research Institute of Bioscience and Biotechnology

et AR, B9 58 E3eiH o5 7144 0]
Ay E2Aoltk(Barron, 2004). AUFAAFES T4
02 APIS HolZE SHA|RH(Kobayasi, 1975), ©ol& 4
AFdS A%, dBTER 58 TY7H0E FoM =
Q * GRS FHee S5 Ags et a8y
o5& AF ZEAqto] ohEt HFo] gle W FAIH o
2 Aopd F ). AdSaEele o8 FRVE e
t A4 AFE FobHe A IS A5 Wit 7]
At 7188 3Bol= 9F 150F ol/do] ATHCooke and
Godfrey, 1964; Barron, 1977). °|& &0l A AAZ
o7 A BE AYeA Exsh A, $HA], £
H 5 o 7oA Aok 4 lth(Duddington,
1956; Gray, 1983).

dntd oz de] G AASTBOl= Arthrobotrys,
Dactylaria, Dactylella, Monacrosporium?; 522 o|&
& Egdateltk(Barron, 2004). ©] F EAAFFol9l
Arthrobotrys3:2] BRI U= A oligospora 25.5%,
A. dactyloides 10.0%, A. conoides 9.5% =22 =THH
5, 2001). 53] 4. oligospora= AAX $8FSZ pH,
2WeHE, F71E(K+, Cat) 5 ES 2719 FA 94
2] gom, AAEETE wEN EYR AAEE srha
UHA AtkBarron, 1977). X FFFolo] E3)7|He]
Pel= tF&e 4. oligospora 5] Bsh= A2 2
=] 7P WO (72.5%) L Wl A. dactyloides = 5
SAE7WE, M ellipsosporum 52 30| & 34
SHH(Eastey and Olthof, 1965).

2HRA A Ee] A A Sl Eveket T
AMe v 2 78S 83 5, 2007) shaL
ATk 23 Lt AE WA drthrobotrysSoll gk A
T o] gt AFE Bol AUtk FEvhetellA] Al
ZF ol o] &3 A=A WA A= 1H(1999)°] B
Y359 MAE A E stk 2 AgolA S H
BolE At A3 EvtE S59| HIS PAo] i
SIS ZhEe] Aol FXIHATAL stglem HEe W
A&o] 80~90%l o2t ST L&Y Arthrobotrys
£9] AAFto] AUFAES £Ys] g 297
o A 2 71F, S He A, #2717 2=
28], AAda el ek A= A9 gl f-evhEtelA
A5k 2defoltt.
weEtA] B Ao BAL Arthrobotryse] 3EA] A
==5FolQl A. oligospora, A. dactyloides, A. conoides<]
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Table 2. Ingredient of media for culturing Arthrobotrys spp.

— Media ppy MMN GYA oMa
Ingredient
agar (g) 15 15
glycerol (ml) 5
yeast extract (g) 2
K,HPO, (g) 1
KH,PO, (g) 0.5
CaCl, (mg) 50
NaCl (mg) 25
(NH,),HPO, (mg) 250
MgS0,7H,0 (mg) 150
Thiamine HCI (mg) 0.1
Malt extract (g) 3
1% EDTA (ml) 6
Glucose (g) 10
CMA (g) 17
PDA (g) 39
DDW () 1 1 1 1
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g 2 Fao] o] #E9 A vA= ¥
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Wol wAl FAF o] o]&E+= MMN
(Modified Melin-Norkran's) HHX] I2]3 GYA(Glycerol
yeast extract agar)2] & 455 vX|(Table 2)5 A3l
S?.U% 29wt} 1097 B EH A4 EE 46T 2

I &7t olE #AF AR WX= IS ¢ Het
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AR pHRRS w5913, MMNHIA|=  phosphate
buffer2 ZA3}9 Tt PDAIA ] pHE 4.0, 5.6, 10.02]
TEOE S MMNHIAE= 4.5, 55,75 FEOE 2
dwuit} 10947+ SskAth. AUFAAS ol mE #A
AYEFS 5335171 Tl%kﬂ vpo| 2xt Zth7] How A
5 EEste] Be 5 10w pipet QFe] AT = Al
] 10, 100, 500, 22]3L °F 5000~100007}2] ] FF2
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Table 3. Matrix of fungal combinations to test predatory ability
of nematophagous fungi on pinewood nematode

Fungal combination A B C ABC
A A AB AC
B B BC
C C
ABC ABC

% A, A. oligospora; B, A. dactyloides; C, A. conoides

EYolE W] AT &5 At vl E sl ALF
'LLOM]E AWdEs T en +FHE 59HE 13l
H T2 2 71:]'05%‘3.3% H| et +5 =%
Table 33 Ao}, v AA Aol g Arthrobotrys o
-o/] IS A -rlo}oq O]: 7+o] kgt PDA HjA] ol
B A HAZ(BM: Bursaphelenchus mucronatus)yS 2l
A Aedt 2EAAE AR oR JFSkaL sk
2UFAAF(BX: B. xylophilus)? B a8}t

Arthrobotryss TSY MESZTl IME ZAS7H
A=A

Arthrobotrys%s @A} A PDA WiA] 1 em™E U5
S WA FHo| Bl HFstal 25°C F2710 FiL
A emit 79 Sk FA RS WA (em)e R S35}

stk 2R3 WA AAE wh 2R 2o Pol AM
32 RSk ANE £ AU WFS U 30
B ot aeln ARSEs 2heve] 4Y s
EASG, B 290 FY AL ol 29
D2 RoEA ge AEe BE 298 402 1559
o 49 e e FHOE Pk

o S IRAE
W 22E AAE WA
&z AXAZE FNAS=X 100

I

o 3 nE
HAAZTZO0|| (2 Arthrobotryss T TAL MZ
PDAH|A| A S-S AL FEE 50%, 10%, 0%

FEOR WFY 10 wEhd ARG SRR mwEA

WH(Fig. 1A) =0l H]EsiA= o, tial #Ake] 9

=7} ol tH(Table 4).

i X[of| 2 Arthrobotrys—‘— To| FA} A4}
’ﬂi ThE ddde] S0l 47HA] w9 A A%
28 Fig. 1B} ZHth. MMN HjA| 2 A €] 8k 37k4] uj=]9)
/\1 A. conoides®] AL A77Fo] 7Hd W5k O ™ (12.9 mm/
day), & viR|NA 4. dactyloides®] At AAHE 71
= TH2.4 mm/day). BH(1982)2 CMABIA| A A. conoides
BT} 4. oligospora?t AEEE7E o whETAL 3H3l<=H,
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Fig. 1. Mycelial growth rate per day of Arthrobotrys spp according to cultural conditions. A, nutrition; B, media; C, temperature;
D, pH; E, inoculated pinewood nematode (PWN) numbers; and F, accumulated growth of Arthrobotrys spp. after 10,000

PWN inoculation.

o] AFAXME= A. conoides 7} O WEEA A 5kt), A7 &
=2 RO} A dactyloidess F-AY7do] ofFste] 2 AR
T ATkl gk ¥H2005)2 LAIsHAtH(Table 4). §HAa¢1o]
%2 PDAS} CMAWIRIONAN A, dactyloidesE A|9]g F
TEL 6ol FAEHECIE Ml HA v w2
AR BIAT U7} Yola FEY7L nlsiginh.
i A4 gEko] w2 MMN HiX| M= FAFS<] bl
T =gA e dadst dago] BE
GYA "R = 4. oligospora®] 2374 =HOo} 4.
dactyloides®] 3732 WEFHTE o] AL dextrose 52| ¥

o)1=
AT

A¢lo] Malt extractse] Y BT} A} Ao Eol
o]go] T} AAAH ehago] HAAYHTE x87|H
Aol FElsltil 3k Persson and Beath(1992)3} Hf
(1982)2] Ao} AAsIAT} 471419] viA] T 78 a3t
22l AL 2= PDAMAIR AB7go] #4dstal #2457} =
UTH(Table 4). B3k MMN2| 9] wjA|o| A FAMYG-S
F7bel] =] 3L v bl po] 7} A A 8 TH(p<0.01).

250 WE Arthrobotrysss T TAF ME
Lro wE FAF AR Fol ) 2ol AAATE,

g
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Table 4. Mycelial density of Arthrobotrys spp. by culture conditions for 10 days
Media pH PWN number Nutrition (%)
Arthrobotrys spp.
PDA MMN GYA CMA 45 55 75 10 100 500 10000 50 10 0
A. oligospora ++ ++ + - + ++ 4+t + o+ 4+ ++ + o+
A. dactyloides +++ ++ + - * ++ - o + +=+ o+ 4+
A. conoides +++ ++ + - + ++ + +H o+ ++ ++ o+ o+

+4++, high density; ++, middle density; +, low density; —, very low density; *, no growth.

25°CoIA] 7P E=kom 30°CollM = LT Ykt
WA Arthrobotrys?y 2] AALEHS = AAFe] &
5 £ wslel vsalel sk Buthy Azt
T}(Fig. 10).

pHOI| (2 Arthrobotrys® T2| TAL 4%

MMN H| XM= pH 4.590X = A. dactyloides S A<
3t #E0] 53] =2 AFS AT pH 7.594 = A<

AA3EA]) ekt (Fig. 1D). ©]& ¥H(1982)°] 4. conoides
o] Ao el AMElA Aol o= A
o= LASAAIRE pH 7.59014 &0l 7HE Eoh= A
= 9 A3Ao). 53] 4. oligospora= pH 4.5914 A.
conoides HTF wWE AL 3PEH o] A= 4
oligospora= W pH HHE 2ethe 2As & 5 U
o} pH 459014 7 o B5F & #Fo] glo] & AAstiA|
Tk pH 5.59014 B} #iE=E Yol tH(Table 4).

2LIRIUME 0| 2 Arthrobotryss T TAF &
10~1007+e] Fro] A2 4] AAFS BAS e
AFE BARS FA e} vlaLste] zfol7k U] ke
5000k o] AldES WS W= A oligospora®t A.
conoides®] A7¢o] BT Wb th(Fig. 1E). 39 A
dactyloides®] 739 A% 71 B o 2318 Aol

2900 ole WA % ool ANFe] o AHE
oA thots seH ARER] BoldA #APE A4 e

[s}

A)9E, A dactylozdesﬂ’ﬂ“ *1%01 A S

el gt ek ek, Z2eu A% Z719 10,0007} ©]

2] B AAFS g Hell ¥AE e 3| 44 A
o) EUHFig. 1E, 1F). |2 7] AL #At

ol W2 o XIS vtEEH B 49 UAE

ZHgRe B gAdo] =efx|= Zlol2t AzteTh

Arthrobotrys T3H ZE7| 2|

=k
=

e

A. oligo- spora$} A. conoides®] X87]3H2 B
g JAAH PETFR] FHE VAP A7 E
JAe] R A gl ZgelArh(Fig. 24, 2B, 20). ©]
Y EdAh olsle E e vEeh denksow

S

T3l o 2 2EE wEAY R
U= AAdoz Az 943 WTes A5
= QA A o] F2E kL Yol F3 AFe wpdut
SR E31ehEl, 2005). 3149 ko] T o] Az )
& 3h= WOl A dactyloidese 4573 312 (constricting
ring)°] FEAE o] el= L Ao FeES Hi e

78] ME2 §3sA Zkth (Fig. 2D, 2F). o] =18
etog MZFol Eojed 7t weE A7k \41011 FEote

ek hEEe Y AER o]FolA] dom o] A
Z7}F st argljbel] Eole HAFE Z:?lD}(Barron,
1981).

A. oligospora®} A. conoides W Fo = AXAFE D3

it 7)) FAHA o= AF ZL @A
u] x8]7]go] PAETEAL gk Couch(1937)<]
Atk Wb SRS E oE AEd 2
= JGXLE-;Q AN Tl =9 p:].tﬂ-g o]a]-
th. 4. dactyloides= A5 Flo1% FE&7]Ho]
E]Oir/‘r(Cooke and Godfrey, 1964; Barron, 1977).
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Fig. 2. Nematode trapping adhesive fungal structures of Arthrobotrys spp. A: adhesive hyphal network of A. conoides, B:
pinewood nematode (arrow) trapped by A. conoides hyphal network; C, open adhesive hyphal net work of A. oligospra; D,
single constricting ring of A. dactyloides; E, conidiophore of A. dactyloides with spores; F, hyphae and constricting ring

(arrow) of A. dactyloides.

6~ Brk Rof @glon 7k ko] FHle EFU
Folut et B ol thFig. 2E). 7= oFte] Aol
UDARE 25 X 10 ym= W7 F 7He] AEE o] Fo
A Ao, g 7Re] AR o] FolA e A= v,
1982; Singh ef al., 2005),

A. oligospora®} A. conoides|A] & 712l 2|3t 712}
S 9 g WA AQAFS WA H Y e A
TR AlE 27|35 wEo] #8 EalA v AF

o] HEEW T/ Be o we HEEA
MEold wushs WA e A3

2 @A BHON et FHED d8(lectiny® 5
53 ey wesEd AWsdel Ut U
TR UYRI] FHAY Ik Z, G AHEFNA
ot tRet Agsel AA4e) o gy @ 4
slek. S 7h #vink A Qe gEe A Sol
o] o] o FHE Hulshs HFe 2 P Ra
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Fig. 3. Scanning electron microscopy. A, hyphal

network formed by Arthrobotrys conoides for trapping nematodes; B, a

pinewood nematode trapped by the nematode trapping network.

U ggo] dojd & Ut} d & =9 oW Rl A
A Yee TRFE Q148 3L N-acetylgalactosamin
I Agste] 0-94%d FR7E HaL ol Aol glo]
ZtH(Tunlid et al., 1992; Nordbring-Hertz, 1978). A.
oligospora®} A.conoideso|X AAEFS Eg3= a7t
2ol 7t e A% o]f o] wjitolgtal AZtE
Z3E ANHAFS 2871 vt XY AARE B35k
o HI1 507 F AF Wil 2=
e 52 AYF(infection bulb)S Al skt
(Fig. 2B). ¥H(1982)2 HJ-+2] Hol7t AF F71¢k vl
stokal SRl g X 7)delA s e T e Y
T5 AT sioy AAFHe] A2 AHdE #71
o] §k mgte] Zojglom #AE A9 F AepAA of
Mol Y5 FAsT AT A7 A AES
FAty7] Bk JAS dAPlA U S0 Aslaa
7F AFE Atk o]E¢] ®Wth(Duddington, 1956;
Balan and Lechevalier, 1972). #F4 22 A 05 #A}
of oJaff AsE il HafE o] HAF FHQ FEET 39|t
A gAY A5 glojdioh, 28] & ASF9ldA =
22 A 87| %= 3F tH(Nordbring-Hertz, 1978).

WHH A dactyloides= X871 AT AAS
< TYsAE sk, 1 olfEe 4FE e AF
°] 10~15 um AEZ o} A Fo] 2 IZ= A% F
Ue FEo] o AYHoR XA 7 1~2/
5mm’> AEE "¢ AJkFig. 2D, 2F). Balan and
Lechevalier(1972), Kumer and Singh(2005) 5& W& <
GzANM A dactyloides®] X8 7132 FHA FA4€
ol 3F o 50%9F 10%PDA 12]3L shdufR]o| A 3
71 IS A A3 29713 7R & ST
(5~6/5 mm®) 2to] 7} giAet.

AAZo] EEFH 3o 1% acid fuchsin®. 2 FA3 4
I HAFREdol e 287|Ho] ¥ HA A=A o
FEE A 22E dMTIERE HEEHEQ] 'S 4

o] g Al s o AU

A. oligospora®l DA wWE EI7|FHe] Fe
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A Arthrobotrys spp. combination inoculation
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Fig. 4. Infection rate of pinewood nematode (PWN) by Arthrobotrys spp. according to treatments. A, Arthrobotrys spp.
combination inoculation; B, nutritional effect with potato dextrose; C, avirulent nematode (Bursaphelenchus mucronatus)
infection by Arthrobotrys; D, infection rate change of nematode per cm’ by ages (days) after inoculation of PWN; E,
infection rate by day and accumulated infection rates; F, relationship between Arthrobotrys growth and infection rate.
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