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Ecology of Nematophagous Fungi: Effects of Biotic and Abiotic Soil Factors
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The effects of biological and chemical soil factors on the distribution of nematophagous fungi were evaluated by
comparing their concentrations of elements in 37 soil samples collected from uplands, greenhouses, and moun-
tains in southern parts of Korea. A total of 11 species of nematophagous fungi, nine predatory and two endopar-
asitic fungi, were isolated from 84% of soil samples. Arthrobotrys oligospora, capturing nematodes by adhesive
network was the most frequently isolated at 25.5%. Nematophagous fungi were more diverse in soil with more
number of saprophytic nematodes, and high density was found in soil with fewer number of plant-parasitic
nematodes. Stepwise logistic regression analysis indicated that the presence of endoparasites in soil were associ-
ated with pH, while net-forming species including Arthrobotrys oligospora as representative species were largely
independent of soil elements, although generally they were isolated from soils with high phosphate. Constricting
ring and adhesive knob forming predators were influenced by pH and K* conc., while species with adhesive
hyphae were associated with Mg™ conc. and more frequently isolated from poor soils containing low organic
matter. Among species, A. conoides, A. arthrobotryoides, M. thaumasium were affected by pH and Ca** conc. pH
which was positively correlated with Ca*™ conc., appears one of the most important elements determining the

presence of nematophagous fungi in soil.
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(Cayrol, 1983; Kerry, 1990; Lee et al., 2000; Mankau,
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Drechsler, 1937; Srivastava, 1986) EY nAER E o]
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et al., 1987; Dixon, 1952; Duddington, 1954; Gray, 1985,
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Be 2 FB pH, LE, %, §E 29 JPS de
(Nordbring-Herts,- 1988).
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= HAEY 24 VAR 2AE EFE 2 4
L 3 2mm AR X3, &F 10 8] EXZ ol8sle] dilution
plate] &2 ZARSIAOH, tid g EC] wet AH-E 2t
iz 9] A2 g3 7ZtH(Cappuccino and Sherman,
1996). E W&
glycerol 5.0 ml, yeast extract 2.0 m/, K,HPO, 1.0 m/, agar
15g, DW 1)), NlzF& tryptic soy agar(TSA: tryptone 15 g,
soytone 5 g, sodium chloride 5 g, agar 15g, DW 1)), &

34 TH(Table 1). A4
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glycerol yeast extract agar(GYA:

#o]E rose bengal 0.033 g} streptomycine 30 mg/l2

2 slskA aqle) 94k 27

718t sabouraud dextrose agar(SDA: peptone 10 g, dextrose
40g, agar 15g, DW 1)H)E AM&3tAth. 3AAA
streptomycines SDA BiX] 4F § Z7181dch 27 9em
Petri disholl ZF AujsE =2 3ukE HEFHAoH, HE
3 Petri dishe 25°C &-&7]o 5, da € A4 3-

59%, F3ole 79%F Petri dish 2dol YERE colony 5
& bt

AFFolFFe] £8 9 FH. EYo=2HH ASH
o]Fole) e Kim$5(1997, 2001)2] WHE &-8-3}
g, BElxl= GYAS} 1.5% Water agar(WA)S 2%
FE AEEAck(Barron, 1977). EYE £3% Petri dish
B A2(18-25°0) ZHAAL, HFT 79 FFH 239
HHOE 27Hé 7t Aol ol 28 HEA

o}, ST B AA AFHolFgol7t AT 4008
gan Aoz $A4 AL, AFAYL $R ] o
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and Godfrey, 1964; Van Oorschot, 1985). 2t ¥iA] G 6%t
Hog slo] B 3T F 12712 Petri dishE AR
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%f X‘%"ﬂ & pH meter(RAAHE 248532, 71288

2 TyurinB 2.2, FE14H2 Lancasterd, X8 4ol
%—& IN-NH,OAc(pH 7.002.2 FZ&3t] AAFZEA7]
(Perkin-Elmer, AAS 330002 £33ttt 282 B9
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Table 1. Biological soil characteristics of three different sampling sites in Gyeongbuk and Gyeongnam province, Korea

Predatory fungi Number of nematodes/300 cm’ soil Soil microorganisms/g soil (x 1,000)
Samplmg No. of soils  Djversity ~ Density Plant-parasitic Non-parasitic . Actino- .
sites . ) ST Fungi Bacteria
index index”  Root-knot ~ Other ~ Predator  Saprobs mycetes
Upland 9 14 1.9 15 31 749 265 2,410 14,257
Greenhouse 20 1.7 23 1,850 11 475 219 3,463 40,891
Mountain 8 14 1.6 142 14 451 166 3,016 15,911
P 0.1657 0.0209 0.0034 0.3267 0.7508 0.4896 0.034 0.2219 0.0283

“Diversity Index: number of species isolated from a soil sample: 1=0~1, 2=2~4, 3=5~8.
"Density index: number of Petri dishes found with nematophagous fungi from a soil sample: 1=0~1, 2=2~4, 3=5~8, 4=9~12.

“p value is based on Kruskal-Wallis Test (Chi-Square Approximation).
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(non-parametric)’® Al 3#43-& ©]- &3} (Dickinson and Kent,
1972; Gray, 1985; Kent, 1972). WehA] o] =M= B
Gl AEgolFgole] Ad vAe EY o|gsy 2
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37374 (Wilcoxon rank-sum test; & I W)z A F A~
Z-ggl 2 AA (Kruskal-Wallis test; Al & o4 ¥ 2)&
o]-g&3stqd EA 3 THSAS, 1990).
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logistic regression)©] & ¥3}tHGray, 1985). ©] =&l A
T 2X 2 IHENY G o|&3te] dFTFolFoeld A
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29319 HHSAS, 1990).
- | zt

THESES 54, AL AEAA BEY 5 F 37
He A A3, AFAG wEt B A & Aol
7b i, 53] 249 o AF9 HjF s
AE UE, F%o] 2 Mo Y=E7F % (p<0.05)(Table
1), FE24E, K, Ca™, Mg™ §F 2 9 F 5= (Electrical

Table 2. Chemical soil characteristics of three different sampling sites in Gyeongbuk and Gyeongnam province, Korea

Sample site No. of pH Organic matter ~ Av. P,Os Ex. cation (cmol'/kg) EC*
samples (1:5) (g/kg) (mg/kg) K Ca Mg (dS/m)
Upland 9 5.5 16 394 0.26 2.64 1.8 0.3
Greenhouse 20 6.0 15 659 0.67 4.23 3.1 24
Mountain 8 57 28 146 0.46 2.54 1.5 0.5
) 0.1940 0.1694 0.0013 0.0332 0.002 * 0.0016 0.0001

*Electrical conductivity of the saturation extract of the soil. A measure of salt content.

®p value is based on Kruskal-Wallis Test (Chi-Square Approximation).

Table 3. Isolation frequency of groups and species of nematophagous fungi from soils sampled in Gyeongbuk and Gyeongnam province,

Korea

Groups® Mode of infection Species Frequency of isolation (%)°

Endoparasites Conidia ingested Harposporium sp. 35

Adhesive conidia Meristacrum sp. 35

Predators Adhesive nets Arthrobotrys oligospora 31.2

A. conoides 12.7

A. arthrobotryoides 2.5

A. superba 0.8

Monacrosporium thaumasium 53

Monacrosporium spp. 38

Adhesive knob M. ellipsosporum 7.7

Adhesive hyphae Cystopage lateralis 12.0

Constricting ring A. dactyloides 6.3

*Grouping were made according to the mode of infection of endoparasites or the trapping mechanism of predators.
°Nematophagous fungi were isolated from thirty-seven soil samples using both 1.5% water agar and Glycerol yeast extract agar.

Frequency of isolation(%) = Number of Petri dishes with fungus
d y " Number of Petri dishes observed

x 100

A total of 12 Petri dishes(water agar and glycerol yeast extract agar, 6 of each) were examined per soil sample.
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conductivity)”} =3kt (p<0.05)(Table 2).

Aol FFole] £ & 4. HEgolugo

Z

T Ac

AL EGOERE F 11F0] AU, EAEFEC]
7F 9%, MR T 0171 2%t ol5 Folof o
T EREAL =EoZ YRHANKKIm e al., 2001).
8 BYYI=E Arthrobotrys oligosporaZt 7V &%
(25.5%), Y=< A. conoides 9.5%, Cystopage lateralis
9.1%, Monacrosporium ellipsosporum 5.8% <=°|{tH Table
3). ZdEFHo] F XA |FHEEE o] 1B (Adhesive
nets)& ©|&3td] HFS FAste Fo| 6ToE TP B

k3L, FF-o] ¥ (adhesive knob), T-=3-2 717 (constricting

ring), ¥¥-o|#AHadhesive hyphae)E ©]-&3h= A&

Z+ 1

FHol o, YEZIAAGFHo| FoME B3 IAS
7¥Y2 Meristacrum sp. 1%, 5ol A5 717

Harposporium sp. 13011 TH(Table 3).

ASFolFRoI% EF A7 FAEY. o A

7 AAE S BEYY Cat FFS 1.18~7.03 cmol'/kg
HAAL, EFFEE 0.12~4.67 dS/mo)} e, pHE
4.1~7.0 HASEH, pHY E%9] Ca™ ¢ 2 9H5E
Abolol= A% =2 A A&IA T AUTHp=0.0001,
0.038)(Table AYF). YZEx DA (Wilcoxon rank-sum
test) == AF2Z-gE|S AR (Kruskal-Wallis testyS ©]
&3l EY olgdty 2 BEY nlAdlEo] EY AF5H
olFFol A4 FHiEd Ve FFE ZAE A=
Table 49} 2t} EY Fol| 7F B #0088 #%
ol BN REJA o] Bi(p=0.017), E% pH7t
SR 7 (p=0.026), AlFLE7}t B 3 (p=0.035)
of BRI, F58E7ME 7 A. dactyloidese K&
o] & (p=0.0027), LLo|FAE 71 Cystopage
lateralis= Ca™7} B3 (p=0.003), pH7t EA o @2
(P=0.026), F71& A& Z(@=0.011)°] F2 A4} 3

e W7 EEEols BEY 230 wE Aol7t gidith

Table 4. Comparison of biotic and abiotic factors in soils where nematophagous fungi were isolated or not, and with different diversity
and density of the fungus (Parameters are shown only those with at least one is significantly different between category)

Nematodes/300 cm’ soil Bacteria/g soil
Parameters Category I\Lob':f Plant-parasitic Saprophytic (x1,000)
Mean P Mean p Mean p

Fungus with adhesive nets Absent 13 216 0.4146 636 0.5667 25,106 0.0350
Present 24 175 482 31,860

= Arthrobotrys oligospora Absent 17 202 0.3994 470 0.1899 25,282 0.1079
Present 20 179 592 32,733

= A. conoides Absent 28 225 0.7086 473 0.1235 30,458 0.1765
Present 9 78 734 26,312

= A. arthrobotryoides Absent 34 205 0.1704 501 0.0394 29,767 0.5290
Present 3 13 939 25,623

Fungus with adhesive hyphae Absent 26 199 0.2630 468 0.1782 27,040 0.2430
= Cystopage sp. Present 11 167 698 34,833

Fungus with constricting ring Absent 33 210 0.2792 518 0.1559 29,594 0.2368
=Arthrobotrys dactyloides Present 4 18 689 28,041

Diversity of nematophagous fungi® 1 20 183 0.4511 402 0.0365 24,485 0.1128
2 14 236 652 36,536
3 3 18 890 27,481

Density of nematophagous fungi® 1 13 217 0.0217 521 0.0508 28,074 0.1394
2 13 314 680 19,362
3 7 6 184 52,329
4 4 17 738 26,068

p values represent the level of statistical significance in the Wilcoxon rank-sum test or Kruskal-Wallis test.
"Diversity Index represents number of species of nematophagous fungi isolated from each soil sample: 1=0~1, 2=2~4, 3=5~8.
*Density index represents number of Petri dishes observed nematophagous fungi from each soil sample: 1=0~1, 2=2~4, 3=5~8, 4=9~12.
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Table 4. Continue
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No. pH (1:5) Organic matter  Av. phosphorus Ex. cation (emolTikg) coif(lielzlcc:ut;i\fity
Parameters Group  of (g/kg) (mg/kg) Potassium Calcium (dS/m)
obs. Mean p Mean ) Mean )4 Mean p Mean p Mean p

Fungus with adhesive nets Absent 13 542 0.0260 184 0.869 286 0.0169 044 0.8176 283 0.0651 1.60 0.6566
Present 24  6.00 183 599 0.58 385 1.47

=Arthrobotrys oligospora  Absent 17 553 0.0644 159 0301 320 0.0247 045 07622 3.34 0.3008 1.89 0.7262
Present 20  6.00 20.2 619 0.59 3.63 1.22

=A. conoides Absent 28 564 0.0309 186 0855 471 04648 047 00733 3.13 0.0095 153 0.8551
Present 9 624 175 531 0.72 4.61 1.49

=A. arthrobotryoides Absent 34 575 03299 19.1 0.144 494 0.8862 0.51 05102 3.26 0.0118 1.36 0.0393
Present 3 6.27 9.2 397 0.81 6.14 3.3

Fungus with adhesive hyphae Absent 26 562 0.0265 209 0.0110 511 09043 052 0.7834 3.04 0.0031 1.16 0.0523
=Cystopage sp. Present 11  6.18 12.3 430 0.56 4.55 233

Fungus with constricting ring  Absent 33 575 04804 16.8 04502 489 08601 044 0.0027 3.34 0.1128 1.46 0.2791
=Arthrobotrys dactyloides ~ Présent 4  6.09 30.2 459 1.24" 4.74 2.01

Dlver51ty of nemato phagous 1 20 552 0.0409 172 09925 460 0.5921 040 00276 292 0.0078 1.25 0.1889
fungl® 2 14 604 204 501 0.55 3.86 1.67
3 3 638 15.7 577 1.24 5.50 2.52

Density of nematophagous 1 13 534 00779 179 0299 274 00358 049 0.0545 3.03 0.1314 1.56 0.5578
fungi” 2 13 603 14.0 497 034 3.64 1.64
3 5.89 27.3 697 0.70 3.26 0.91
4 4 623 18.0 718 0.99 4.87 2.08

XA FFo] FHEEE A oligospora= F+AJ4F
o] @& 3ol (p=0.025), A. conoides= Ca**7} BIL(p=0.01)
pH7} =& FE(p=0.031), A. arthrobotryoides== Ca*™*& %
(»=0.012)% FFF=7F Bi(p=0.039) FAMZFc] B
F(p=0.039)°1ct. 1 & AFFo|FBolEL EF
o W& Zpo|7} UATH(Table 4). AF3olF40ld FH
7b teFstAl vehvte 2 EYE K9 Cavdh@e] &
_I_(p 0.028, 0.008), pH7} 2.0 (p=0.041) F-2AZFo] &
_)-\-(p 0.037) o), AEFo|EHo)o Hdrrl =2 &
FEAA gFol B(p=0.036) A E71EP S0
(p=0.022)°1Ut}. ESF 2715 F FHo] A,
(predatory nematodes) & WA Bx=
Folo] Ao Hs] FFE vlx|A Bt
SRolFFolg Aol IS FIXE EYRclEe
H4 FEE ddsty] st EXLYIARN S ’é
A= Table 59 2tk WR71 8 F¢l= pHe C
o] Z4zk 2 8o, ESF 7P HYNlEy } =
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arthrobotryoides, A. superba, M. thaumasium, Monacros-
porium spp)E-S FEJA TFHH =2 FHE B
o, o) FAHCystopage lateralisy= 718 $Haro] @&

B, Bl B (M. ellipsosporum)™ +373L&7H0|d X4
7138 7VA E(A. dactyloides)yS pHSE B K B30I

th. FFole] ZFREREE A conoides, A. arthrobotryoides,

M. thaumasium 5°] EF pH9} Ca* gHFal §2]4do] 3l
oL, E9F $HEQl A oligosporas BEY 21T 594
o] itk AHZE Hol, EY F-ZHo] Hojur Al
A 329l A oligosporas A Le iR A3
o|FFo|EL ¥, 7HHH o R pHY #A”o] AE HoRE
UERstTH
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ESF pHEA E%F Ca~ TFol
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Table 5. Soil factors(independent variables) affected groups and
species of nematophagous fungi(dependent variables) proved by
stepwise logistic regression analysis

Terms entered into model at each step (p<0.05) I-mpig‘éfm-em
X Ind dent 1N prediction
Dependent variable Step Vgﬁzlllﬂee " (p-value)
Endoparasites® 1 pH 0.0004
Adhesive nets” 1 P,0s 0.0082
Arthrobotrys oligospora ns.’ n.s. ns.
A. conoides 1 pH 0.0076
2 Ca"™ 0.0357
A. arthrobotryoides 1 pH 0.0357
2 Ca™ 0.0074
A. superba NA! NA NA
Monacrosporium 1 pH 0.0078
thaumasiwm 2 Ca* 0.0465
Monacrosporium sp. NA NA NA
Constricting ring 1 pH 0.0062
(A. dactyloides) 2 K* 00114
Adhesive knob 1 pH 0.0013
(M. ellipsosporum) ) K 0.0293
Adhesive hyphae 1 Organic matter ~ 0.0042
(Cystopage lateralis) ) Mg 0.0258

“Endoparasites: Harposporium sp. and Meristacrum sp.

®Adhesive nets: Arthrobotrys oligospora, A. conoides, A. arthrobotry-
oides, A. superba, Monacrosporium thaumasium, and Monacrospo-
rium spp.

‘n.s.: not significantly different (p=0.05).

NA: not analysed because of too small sample size.

o] B3t AFgolFBole] X WA= pHY F8&
AL e dA3xAREd s xE B E AT (Gray, 1985;
Gupta, 1988), Gray(1985)= 2064 EYLZHE 31%
o] AFPolFFelg B3, oJE F0l% BEY &5,
pH, #7718 &%, A5 dxote] AAE AL, A
ZFolF %ol EXolle EY =9 pHV} 7P 28F
selolgty ByatEth 23y Gray(1985)9] |-Foll A
AFFolF ol Ex7t Bdd EGFS oo AR}
= ¥iQl pH 6.0% T ¥ pH 5590k 9t Gupta 5

(1988)2 8139 EFelA 789 EHYwFolE L3t
WA, pH 7.6ETH= pH 8.200A] ©] W& EXAFFol|7}t
YAFITE RIS o]H T AMdE v]Fo] AFFol
Zgolo] Bxo wlXi= pHY T84S UREHY, 7+ 4
PR wet dSzolsgele] A4 AA pH WL, 4
/\-1 =4 olg-a]g A= T;]~—-0§ ol ZLe AR pH

9 315 8910 I 31

Helell et 71l d77F sttt

AZFolFBolT Eole-S 7K M. ellipsosporum =
FEAALEIE 71 A dactyloides &2 pHS B
K*ghaFo] =& E9koiA4(1.24 cmol'/kg soil) A &4
A=8 (p=0.003), F=FNAZ(Gray, 1988) K+ &ido] &
(1.43 cmol*/kg soil) EFol|l +E24&7HE 7 Fo]

2 A=) oje] A Ao UAstL vt s
F2ALIE JA 2L AEE §A31K ¥Loz
(Jansson and Nordbring-Hertz, 1979), A. dactyloides®] 7
% FAL AH oz EYY AFe] Hxo dEUt 3}

3, EH K Pl BEFE PSS 2e0 =
I &9 THGray, 1988). 138y B ZAlM= K &
3 A5 dxitoles HE FAF FAAel flUTHr=
~0.017, p=0.92).

E 2AAR71E, & 3RNE &, £7) 55 HAUtst
A o] f7)E0] BalEls A AN Al 2ert FUtet
3, o) Al HolZ st FaAFe Bxrt Frleh,
o2 o] AFES FolHr] Y3 EAAFFoIY U=
7} EolxXttx &th(Duddington et al, 1960; Linford,
1937). o|¥ ZAbA B f71E &R d5ola3
o] Alolofls FelAo] WAHA R, Q3| Hitol#
A2 7V Cystopage lateraliss-& f7180°] B2 3Rt
(209 g/kg) AL Fol|(12.3 ghkg) Bkchp=0.01). ©] & g
ztelgol F71&89 T/, viS) WEUA F& o=
3 FUe] EF f71EFH zo] fERIAE 5 HA
o] Hgsjr}.

FA 050 B2 ol dFFolFBold TR/ o
¥3lH L B3| A. arthrobotryoides®] A& 80| E%oH,
AZFrolFFole] UErt & o HE748F 2
=7 @t aeu AFFolsgeld Hort He AF
1ot BE AFgolFBole A4 24U gl
olU=H, ot AFFolFFole] R/l wet 742¢]
BY¥ 27o] th2r] YEoz Y7 HCooke, 1963). E
&l vls F71EE HHePE Eo]|2ES 71X Fol 7}
Z WA e, o] Fo] £ojE7] AlFsHH £l
A5 7H M. cionopagym®] YERh=Hl, FE54E7HME
7HES 71 iR g Yeha ZIAA S Bl R E A
o] Qgto] wjnjsicy, B AAHo| 74§ A. oligospora
= AlAIAR $-7H %2l d(Dixon, 1952; Duddington, 1954;
Kim et al., 1997; Srivastava, 1986), ¢ ZAlA E<F
Z9 fa4 g9 v EgxAde Ao #Aglel
SHAE A5t AU

Ecky #Add vAE ARl A EY F5l
vla) thdgk B9 2, 2 oFs njAlEAdol #d

B
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Fig. 1. Diagrammatic drawing of main soil chemical elements
with significant correlation coefficients. Number indicates corre-
lation coefficients (*=0.05, **=0.01, ***=0.001) and double lines
indicate the strongest correlation between elements.
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