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Fungi Parasitic on Juveniles and Egg Masses of 
Meloidogyne hapla in Organic Soils from New York 

N I C O L E  M .  VIAENE AND GEORGE S. A B A W I  1 

Abstract: Fungi  associated with egg masses and  juveniles  o f  Meloidogyne hapla were isolated f rom 
organic soil samples obta ined  f rom five fields p lan ted  to lettuce or on ion  in NewYork. The  soil samples  
were placed in sterilized clay pots, infested with M. hapla, and  p lan ted  to lettuce. After 4 months ,  egg 
masses and  juveniles  were surface-disinfested, plated on water agar, and  examined  for fungal  infection.  
Depend ing  on  the  soil sample,  fungal  isolates were recovered f rom 13% to 30%, and  f rom 5% to 24% 
of  the  egg masses and  juveniles,  respectively. A total of  24 and  16 isolates collected f rom egg masses and  
juveniles,  respectively, were selected for fur ther  characterization. Fifteen of  the  isolates were considered 
as egg-mass pa thogens  as they were able to infect heal thy assay egg masses and  could be succesfully 
reisolated. These  fungi  inc luded species o f  Fusarium, Alternatia, and  Verticillium psalliotae. Six o f  the  
egg-mass-parasitizing fungi  could no t  be identified. Nine fungal  isolates were f o u n d  to be pa thogenic  to 
juveniles  o f  M. hapla; six were identif ied as Monacrosporium sp., two as Arthrobotrys sp., and  one  as 
Hirsutella rhossiliensis. The  remain ing  16 fungal  isolates were unable  to infect egg masses or  juveniles,  and  
thus  were cons idered  nonparasi t ic  to M. hapla. 

Key words: Alternaria, antagonist ,  Arthrobotrys, biological control,  Fusarium, Hirsutella, Meloidogyne hapla, 
Mc, nacrosporium, nema tode ,  n e m a t o p h a g o u s  fungus ,  no r t he rn  root-knot nematode ,  VerticiUium. 

Meloidogyne hapla Chitwood, the nor thern  
root-knot nematode,  is an important  patho- 
gen of  lettuce (Lactuca sativa L.), onion (A1- 
lium cepa L.), carrot  (Daucus carota L.), and 
o ther  vegetables grown on organic soils in 
New York (Gaskin and Crit tenden, 1956). 
Commerc ia l ly  acceptable  let tuce,  on ion ,  
and carrot  cultivars with resistance to M. 
hapla are no t  available (Abawi and Laird, 
1994; Abawi and Robinson, 1991; Abawi et 
al., 1997). Control  of  M. hapla is currently 
limited to the use o f  soil nematicides. How- 
ever, high application costs, dependence  of  
nematicide action on  weather  and soil con- 
ditions, and concern  for the envi ronment  
and human  health have increased the inter- 
est in alternative control  measures (Noling 
and Becker, 1994). Some of  the tactics that 
can be used in an integrated management  
program include host resistance, crop rota- 
tion, sanitation, and incorporat ion of  cover 
crops and o ther  organic materials. There  is 
increasing interest in expanding informa- 
tion on  the antagonists of  nematodes  such 
that future use of  these organisms may pro- 
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vide an additional tool for  the management  
of  plant-parasitic nematodes (Kerry and Jar- 
fee, 1997). 

The infective second-stage juvenile is the 
only migratory stage in the life cycle of  M. 
hapla. This stage can be brief, especially if 
the juvenile hatches close to the root  and 
invades the root  tissues within minutes. In a 
field study on the development  of  M. hapla 
on lettuce in organic soil, newly hatched ju- 
veniles were found about  28 days after the 
first eggs were laid (B~lair, 1989). Female 
roo t -knot  n em a to d es  are well p ro t ec t ed  
from antagonists because they are imbed- 
ded in the galls they induce on plant roots. 
Thei r  egg masses, however, are usually ex- 
posed on the root  surface for longer periods 
of  time. Most egg masses o f  M. hapla are 
exposed to antagonists for  months  in soil in 
the absence of  host crops. Thus, eggs can be 
considered the most vulnerable stage in the 
life cycle o f  Mdoidogyne spp. Nematopha-  
gous fungi that destroy eggs can reduce  
damage to the subsequent crop by reducing 
the initial n e m a t o d e  inoculum,  whereas 
fungi that eliminate invading second-stage 
juveniles are able to decrease damage on the 
current  crop. The  latter may result in lower 
popula t ion  densities of  M. hapla because 
fewer n e m a t o d e s  will develop  in to  egg- 
laying females. 

Only  two surveys on  n e m a t o p h a g o u s  
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fungi associated with M. h@/a have been  
c o n d u c t e d  (Ma, 1991; Roccuzzo  et  al., 
1993). Isolated fungi repor ted  in these sur- 
veys included species of  Arthrobotrys, Mona- 
crosporium, Catenaria, Verticillium, Acremo- 
nium, Cylindrocarpon, and Fusarium. Several 
fungi isolated from other  nematode  species 
were also able to parasitize M. hapla. They 
included Drechmeria coniospora (Drechsler) 
Gains & Jansson (Townshend et al., 1989), 
Arthrobotrys spp. (Den Belder  and Jansen,  
1994; Townshend et al., 1989), Monacrospo- 
rium cionopagum (Drechsler) Subram., Dud- 
dingtonia flagrans ( D u d d i n g t o n )  Cook e  
(Den Belder and Jansen, 1994), Hirsutella 
rhossiliensis Minter & Brady (Viaene, 1996), 
and  Verticillium chlamydosporium G o d d a r d  
(de Leij et al., 1993; Viaene, 1996). The  ob- 

jective of  this study was to isolate and char- 
acterize potential  fungal antagonists of  M. 
hapla f rom organic soils in New York. A sum- 
mary of  the results was published previously 
(Viaene and Abawi, 1995). 

MATERIALS AND METHODS 

Samples of  organic soils were collected in 
Sep t ember  f rom four  commerc ia l  on ion  
fields near  Oswego and Batavia, New York. 
The  fields were selected because they had a 
long history of  onion and lettuce produc- 
tion, but  M. hapla had not  caused major  
problems to date in these fields. Soil samples 
also were taken f rom experimental  micro- 
plots filled with organic soil taken f rom a 
commercial  lettuce fields near  Oswego, New 
York. Soil in half  o f  the microplots  was 
treated with methyl bromide  pr ior  to infes- 
tation of  both  soils with M. hapla and plant- 
ing to onions. Galling of  on ion  roots in the 
unfumigated soil was less severe than that 
observed in the methyl bromide-treated soil 
at the same infestation densities, suggesting 
that antagonists of  M. hapla might be pre- 
sent in the soil. 

Three  clay pots (500 cm 9) were filled with 
the soils f rom each field, and two seeds of  
lettuce cv. Montello were planted in each 
pot. Two weeks after planting, an aqueous 
suspension con ta in ing  2,000 eggs o f  M. 
hapla was pipetted on top of  the soil in each 

pot  to stimulate the activity and growth of  
potential parasites. Nematode eggs were ob- 
tained from roots of  tomato (Lycopersicon es- 
culentum Mill. cv. Rutgers) using the sodium- 
hypochlori te  me thod  (Hussey and Barker, 
1973). The  lettuce plants were maintained 
in the greenhouse  at a tempera ture  varying 
between 21 °C and 24 °C, watered twice a 
day, and fertilized weekly (NPK, 16-32-16). 
Foliar insects were control led as needed .  
Pots were replanted with lettuce 9 weeks af- 
ter the first planting. The  pots were main- 
tained for a total of  4 months. 

Lettuce roots were carefully washed free 
of  soil, and egg masses were picked from the 
six root  systems of  each soil sample (30 to 
112 egg masses/soil  sample).  Egg masses 
were surface-disinfested for 1 minute  in a 
0.5% NaOC1 solution and rinsed twice in 
sterile,  dis t i l led water.  T h e y  were t h e n  
placed on 1.5% water agar (WA) in 9-cm- 
diam. petri  dishes (10 egg masses per  dish) 
and incubated at 22 °C. Egg masses were 
examined regularly for fungal growth over a 
per iod of  1 month  using a dissecting micro- 
scope. Hyphae  growing f rom egg masses 
were t ransferred to quarter-strength corn  
meal agar (1 /4  CMA) and incubated at 22 
°C for at least 10 days. Subcultures of  the 
isolated fungi were made on WA and 1 /4  
CMA until pure  cultures were obtained. In 
o rder  to test the capability of  the isolated 
fungi  to co lo n i ze  egg masses,  surface-  
disinfested egg masses were added to the 
cultures of the selected fungi on WA, incu- 
bated for at least 14 days, and examined for 
fungal colonizat ion.  It was assumed that 
fungi had to be able to colonize the egg 
mass before they could infect eggs. There-  
fore, no separate eggs were spread on the 
colonized agar plates, bu t  eggs still con- 
rained within the gelatinous matrix were 
used instead. To verify that the assay egg 
masses were not  previously parasitized, 10 of  
them were added  to a l~late with WA only 
(control) each time a new batch was used. 
Cultures of  the fungi growing out  of  the as- 
say egg masses were compared  with the cul- 
tures isolated f rom the egg masses obtained 
f rom the soil samples. Some egg masses were 
squashed, and their  eggs were observed at 
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x400 magnificat ion to verify whether  fungal 
mycelia were present  inside the eggs. 

The  following method ,  based on a dilu- 
tion plat ing p rocedure  (Jaffee et al., 1988), 
was used to detect  fungal parasites of  M. 
hapla juveniles. Four  120-cm 3 plastic cups 
were each filled with 100 cm s of  organic soil 
ob ta ined  f rom the previously described pots 
conta ining the five different soil samples. 
Cups were incubated at 22 °C for 10 days 
before  3,000 or  5,000 assay juveniles of  M. 
hapla were added .  Freshly ha t ched  assay 
nematodes  were collected f rom Baermann  
flmnels on top of  which eggs o fM.  hapla had 
been  p ipe t ted  on autoclaved sand, or  f rom 
petri  dishes containing disinfested mature  
egg masses placed on WA. After 5 to 7 days 
of  incubat ion,  nema todes  were ext rac ted 
f rom the organic soil in each cup using a 
c e n t r i f u g a l - f l o t a t i o n  m e t h o d  ( Jenk ins ,  
1964). Extracted juveniles  were r insed in 
10% NaOC1 for  30 seconds, rinsed, and re- 
suspended in sterile, distilled water. A 1-ml 
suspension of  juveniles obta ined  f rom each 
cup was spread onto  three petri  dishes with 
WA (0.33 ml per  petr i  dish). Plates were in- 
cubated  at 22 °C for  7 days before  they were 
e x a m i n e d  for  paras i t ized nematodes .  In- 
fec ted  juveni les  were  t r ans fe r r ed  to 1 / 4  
CMA and incubated  until fungal colonies 
developed.  Colonies were subcul tured on 
WA and 1 / 4  CMA and purif ied when neces- 
sary. Freshly ha tched  assay juveniles were 
added  to most  o f  the fungal cultures ob- 
tained to verify the pathogenici ty  of  the iso- 
lated fungi. Fungi reisolated f rom the in- 
fected assay juveniles were c o m p a r e d  with 
the original test isolate. Rhabdi toid nema-  
todes were sometimes added  to plates with 
isolated fungi to investigate the parasitizing 
potent ial  of  the fungus or to enhance  for- 
mat ion  of  t rapping structures. Populat ions 
of  rhabdi to id  nematodes  were grown on En- 
terobacter cloacae on half-strength nu t r i en t  
agar  and  were provided by P. Mullin (De- 
pa r tmen t  of  Plant Pathology, Cornell  Uni- 
versity, Ithaca, NY). 

All fungal isolates were grown on WA, 1 /4  
CMA, and  pota to  dextrose agar (PDA) or 
mal t  agar  (M_A). Colony color, texture, and 
growth rate, as well as the descript ion and  

measu remen t s  of  reproduct ive  structures, 
were recorded  for identification. Measure- 
ments  and  observations were made  with dis- 
secting and c o m p o u n d  microscopes,  e i ther  
f rom p repa red  microscope slides or  directly 
f rom the cultures on the petri  plate. Fung~l 
structures on  microscope slides were pre- 
pa red  in lactophenol  blue, lactophenol ,  or 
water. Several references were used in the 
identification of  the fungi (Barron, 1968, 
1977; Cooke  and  Godfrey,  1964; Gams,  
1971; Liu and  Zhang,  1994; Min te r  and  
Brady, 1980; Nelson et al., 1983; van Oor- 
schot, 1985). 

RESULTS 

A total of  311 egg masses and  1,026 juve- 
niles of  M. hapla were examined  for  fungal 
infection. Depend ing  on  the soil sample,  be- 
tween 13% and 30% of  the egg masses ex- 
hibited fungal growth, and between 5% and 
24% of  the juveniles were found  to be in- 
fected with fungi (Table 1). Twenty-four and  
16 representat ive fungal isolates f rom in- 
fec ted  egg masses and  juveni les ,  respec-  
tively, were se lec ted  for  charac te r iza t ion  
(Table 1). Four of  the isolates that  colonized 
egg masses be longed  to the genus Fusarium, 
three were identified as Alternaria, and two 
were identified as VerticiUium psalliotae Tre- 
schow. Six o ther  fungal isolates that  colo- 
nized egg masses could not  be identified, 
pr imari ly  because they did not  sporula te  
(Table 2). Three  o f  these unidentif ied iso- 
lates caused egg masses to turn pink, and  
their  mycelia were observed inside the eggs. 
All 15 of the above-ment ioned isolates were 
able to colonize assay egg masses and were 
re i so la ted  f r o m  them.  Mycelia were  ob- 
served inside the eggs of  squashed colonized 
egg masses taken at r andom f rom each of 
the fungal cultures, bu t  egg parasitism was 
not  quantified. In addition, it was assumed 
that  the mycelia inside the eggs be longed  to 
the fungus colonizing the egg mass. Nine of  
the fungal cultures isolated f rom egg masses 
did not  re-infect the assay egg masses. They 
included c o m m o n  soil fungi such as Penicil- 
lium sp. and  Chaetomium sp. All assay egg 
masses and  juveniles of  M. hapla that  were 
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TABL~ 1. Percentage of egg masses and juveniles 02) of  Meloidogyne hapla with fungal growth in organic soils 
from New York, and the numbers  of  fungal isolates selected for characterization. 

Number of egg masses Egg masses and J2 Number of fungal 
and J2 examined with fungi (%) isolates selected 

Soil sample a Egg masses J2 Egg masses J2 Egg masses J2 

A 112 316 21 5 4 5 
B 60 393 15 9 5 2 
C 30 228 13 15 2 4 
D 60 33 30 24 4 1 
E 49 56 29 11 9 4 
Total 311 1,026 24 16 

a Soil samples were obtained from five locations in NewYork: A) Eerlito farm, Oswego; B) Sheldon farm, Oswego; C) Elba muck, 
Elba; D) Jacobson farm, Oswego; E) experimental microplots, Geneva (filled with organic soil from another field from Ferlito farm, 
Oswego). 

put  on plates with water agar (control) were 
uninfected,  as all a t tempts made  for fungal 
recovery were negative. 

Several species of  Arthrobotrys and  Mona- 
crosparium were found  to parasitize juveniles 
of  M. hapla in the various soils s ampled  

(Table 2). Two isolates of  M. ellipsosporum 
(Preuss) Cooke & Dickinson were obta ined  
f rom the same soil, but  the morpho logy  of  
their  conidia differed. Conidia of  one isolate 
were larger and  wider and  had  a m o r e  bul- 
bous middle  cell than the conidia of  the 

TABLE 2. Fungi found in association with egg masses and juveniles of  Meloido~ne hapla in samples of  organic 
soil collected from various production areas in New York. 

Fungal species Soil sample a Number of isolates Accession number b 

Egg masses 
Parasitic 

Fusarium sp. A 2 
F. oxysporum B,C 2 
Verticillium psalliotae C,D 2 
Alternaria sp. B,D 3 
no t  identified A,D 6 
Total 15 

Nonparasitic 
Penicillium sp. E 1 
Chaetomium sp. E 1 
not  identified B,E 7 
Total 9 

Juveniles 

4956, 4962 
4963, 4964 
4960, 4965 

Parasitic 
Arthrobotrys dactyloides A 1 4955 
A. oligospora E 1 4967 
Monacrosporium sp. C,E 2 4961 
M. cionopagum E 1 4966 
M. ellipsosporum B,C 3 4957--4959 
HirsuteUa rhossiliensis E 1 
Total 9 

Nonparasitic 
Harposporium anguillulae A 1 4954 
Penicillium sp. A,B 2 
not  identified A,C,D 4 
Total 7 

a Soil samples were obtained from five locations in NewYork: A) Ferlito farm, Oswego; B) Sheldon farm, Oswego; C) Elba muck, 
Elba; D) Jacobson farm, Oswego; E) experimental microplots, Geneva (filled with organic soil from another field from Ferlito farm, 
Oswego). 

b USDA ARS Collection of Entomopathogenic Fungal Cultures (ARSEF). 
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other  isolate. HirsuteUa rhossiliensis was found 
in one  of  the nematodes  retrieved from the 
soil of  the field microplots. Seven of  the 16 
fungal isolates, obtained through the modi- 
fied dilution-plating procedure,  were unable 
to infect assay juveniles of  M. hapla that were 
added to petri dishes with the fungal cul- 
tures. One of  them, Harposporium anguillulae 
Lohde ,  paras i t ized the rhabd i to id  assay 
nematodes.  In culture, the fungus p roduced  
a synanamorph attributable to the genus 
HirsuteUa, which contains several entomo- 
pa thoge n i c  and  n e m a t o p h a g o u s  species 
~laffee et al., 1988; Minter and Brady, 1980). 
However, the Hirsutella conidia obtained in 
the isolate found in this study were not  ob- 
served to infect juveniles ofM.  hapla in petri- 
dish assays (Hodge et al., 1997). Cultures of  
several of  the isolated fungi have been  de- 
posited in the USDA ARS Collection of  En- 
tomopathogenic  Fungal Cultures (ARSEF: 
Plant Protect ion Research Unit, U.S. Plant, 
Soil, and Nutrit ion Laboratory, Tower Road, 
Ithaca, NY 14853). Thei r  accession numbers  
are included in Table 2. 

DISCUSSION 

Some of  the fungi found  in association 
with M. hapla in the present  study have been 
repor ted  previously as parasites of  different 
species of  root-knot nematodes  and of  the 
soybean cyst nematode  (Carris and Glawe, 
1989; Chen et al., 1994; Hidalgo et al., 1997; 
Ma, 1991; Roccuzzo et al., 1993). Fusarium 
oxysporum Schlecht. also was repor ted  as a 
parasite of  M. hapla eggs (Ma, 1991). Myce- 
lium of  the two F. oxysporum isolates found in 
the present  study was clearly seen inside the 
eggs of  the assay egg masses. Some of  the 
egg masses infested with the fungus showed 
a bright  pink color. It was suggested by Chen 
et al. (1996) that F. oxysporum is a good soil 
and cyst colonizer and that it should be re- 
ga rded  as a potent ia l  biological con t ro l  
agent  of  the soybean cyst nematode.  Three  
of  the six unidentif ied fungal isolates also 
colored the egg masses pink. Although ob- 
servation of  the cultures showed that two of  
the six isolates did not  belong to the genus 
Fusarium, because atypical chlamydospores 

for  this genus were observed, it is possible 
that the other  four  isolates belong to the 
genus. Fur ther  study on  the unident i f ied 
fungi and Fusarium spp. isolated from egg 
masses in this study is warranted as potential  
biocontrol  agents could be discovered. It is 
possible that some of  the cultures o f  M. 
hapla maintained in the greenhouse on to- 
m a t t  were infected with one  or  more  of  
these isolates and that not  enough assay egg 
masses were tested in the control  plates to 
detect  this infestation. It is not  unusual that 
pot  cultures of  plant-parasitic nematodes  in 
the greenhouse  become contaminated with 
nematode  antagonists (Chen et al., 1996; 
Walter et al., 1993). 

Verticillium psalliotae has been repor ted  as 
a mycoparasite and was isolated from cysts of  
Globodera rostochiensis (Barron, 1968; Gains, 
1971, 1988). Its ability to parasitize eggs of 
Meloidogyne spp. has been repor ted  only re- 
cently (Hidalgo et al., 1997). In the present  
study, V. psalliotae was isolated from soils of  
two different counties, suggesting that sev- 
eral isolates are present  in the organic soils 
of  NewYork. Further  study of this species of  
Verticillium is warranted as it might  have simi- 
lar properties as V. chlamydosporium, a bi t-  
control  agent  of  root-knot and cyst nema- 
todes that  has been  s tudied tho rough ly  
(Kerry and Jaffee, 1997). 

Arthrobotrys dactyloides Drechsler and A. oli- 
gospora Fresenius were found  to parasitize 
juveniles of  M. hapla in kiwi fields (Roccuzzo 
et al., 1993), and A. oligospora was isolated 
f rom M. hapla in peanu t  field soil (Ma, 
1991). The  isolates of A. dactyloides and A. 
oligosporum found  in this study, as well as the 
isolates o f  the o the r  nema tode - t r app ing  
fungi, M. cionopagum, M. ellipsosporum, and 
Monacrosporium sp., should be investigated 
further,  as some of  them were able to cap- 
ture and destroy almost all of  the assay juve- 
niles added to petri-dish cultures. In addi- 
tion, application of  sodium alginate pellets 
or wheat bran colonized by the isolate of  A. 
oligospora to organic soil resulted in a signifi- 
cant reduct ion in penetrat ion of  juveniles of  
M. hapla into lettuce seedlings in studies 
conducted  in the growth chamber  (Abawi et 
al., unpubl ished data). 
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Hirsutella rhossiliensis has been studied in- 
tensively as a parasite of  root-knot and cyst 
nematodes  in soil microcosms, in the green- 
house, in field microplots, and in the field 
(Kerry and Jaffee, 1997). The  isolate of  H. 
rhossiliensis f rom the soil in the experimental  
field microplots might  be a new isolate, or it 
could also be the isolate that was used in 
adjacent microplots where the fungus was 
tested as a biocontrol  agent. Study of  the 
variation in pathogenicity of  the two isolates 
will demonstrate  whether  the newly identi- 
fied isolate is suitable for  managing M. hapla 
in organic soil. 

With the isolation of  fungal antagonists of  
3/1. hapla f rom organic soils, a first step is set 
in the search for biological control  agents 
that are well adapted to the conditions pre- 
vailing in commerc ia l  le t tuce and on ion  
fields in New York. It is assumed that these 
isolates will be more  efficient in suppressing 
the populat ions of  M. hapla in organic soils 
in New York than isolates retrieved f rom 
other  areas with different soil types. Gener- 
ally, local isolates will be t te r  tolerate ex- 
tremes of  tempera ture  and moisture, dis- 
perse  more  rapidly in the soil, compe te  
more  efficiently in the rhizosphere,  and be 
bet ter  adapted to the surrounding soil or- 
ganisms (Stirling, 1991). Fungi that  are 
parasitic to M. hapla were isolated f rom each 
soil sample. A next  step in the search for 
effective biological control  agents could be 
the study of  the capability of  the isolated 
fungi to suppress the nematode  populat ion 
in pots or in the field. Naturally occurr ing 
antagonists of  Meloidogyne sp. on grapes and 
kiwi frui t  were no t  able to suppress the 
nema tode  popula t ion  below the damage 
threshold  density (Mer ten  s and Stirling, 
1993; Roccuzzo et al., 1993). Fungi that are 
effective in parasitizing different stages in 
the life cycle of  M. hapla could be combined  
for adequate suppression of  the nematode  
population. However, long-term protect ion 
o f  a host  c rop  against M. hapla will be 
achieved more  effectively when o ther  man- 
agement  strategies, in addition to the appli- 
cation of  antagonists, are applied as part  of  
an integrated pest management  program. 
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