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EFFECTS OF FIVE FUNGAL ISOLATES ON HATCHING AND PARASITISM OF
ROOT-KNOT NEMATODE EGGS, JUVENILES AND FEMALES'
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Summary. Paecilomyces lilacinus, Phoma herbarum and three isolates of Fuscarium oxysporum differed signifi-
cantly in their ability to parasitize eggs and females of Meloidogyne javanica. P. lilacinus and F. oxysporum-1
significantly (P<0.05) parasitized more than 70% of eggs and females while F. oxysporum-3 parasitized less than
20%. Also, P. lilacinus and F. oxysporum-1 had the greatest suppressive effect on hatching. In general, control
Petri-dishes and those treated with 7. oxysporum-3 had the highest proportions of hatched eggs, but exhibited
the least levels of egg parasitism. The fungus P. lilacinus significantly (P<0.05) parasitized eggs of M. javanica,
M. incognila and M. arenaria but no significant differences were detected in the levels of parasitism.

Root-knot nematodes are serious pests in
Kenya and efforts have been directed towards
the screening and development of fungal antag-
onists for use in nematode control (Makhatsa et
al, 1993; Oduor-Owino et al, 1993). A wide
range of fungi have been isolated (Oduor-Owi-
no and Waudo, 1995) though ‘only Paecilomyces
lilacinus (Thom) Samson and Fusarium spp.
had a significant effect on nematode eggs (Odu-
or-Owino et al 1993; Oduor-Owino et al, 1996);
some of the isolates have been deposited at the
International Mycological Institute with refer-
ence numbers, 357758 to 357762 (Oduor-Owino
and Waudo, 1995).

This paper describes in-vitro tests conducted
to evaluate the effects of five different fungal
isolates on hatching and parasitism of Meloido-
gyne javanica (Treub) Chitw, juveniles, eggs
and females. Results on fungal parasitism of M.
Javanica, M. incognita (Kofoid et White) Chitw.
and M. arenaria (Neal) Chitw. eggs by P. lilaci-

nus, the most virulent egg pathogen isolated,
are also presented.

Materials and methods

Five different fungal isolates were obtained
from root-knot nematode eggs and used in six
tests. Egg masses of M. javanica were collected
from tomato (Lycopersicon esculentum Mill) cv
Moneymaker grown in fungi/nematode infested
field soil collected from Kakamega district in
Kenya. The egg masses were dispersed in dis-
tilled water and the suspension passed through
150, 75 and 38 mm aperture sieves. Eggs col-
lected on the 38 mm aperture sieve were
washed five times with distilled water and re-
suspended in 20 ml of distilled water. One ml
of the suspension containing c. 1000 eggs was
poured onto a Petri-plate containing 1.5% water
agar (WA) medium supplemented with 0.1%
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chloramphenicol solution (Sikora et al, 1990).
All plates were randomly arranged on a green-
house bench and left for two days.

After the incubation period, individual eggs
were aseptically transferred onto new WA plates
and incubated for four days to allow fungal
growth. To obtain pure fungal cultures, each
fungal colony was aseptically transferred to new
WA plates using a sterile platinum loop and
again incubated for four days. Single fungal col-
onjes were transferred and cultured on potato
dextrose agar medium (PDA) in 9 cm-diameter
Petri-dishes for ten days at 20 °C. The fungi
were sent to Prof. R.A. Samson of the Central
Bureau Voor Schimel cultures, The Netherlands,
for identification. F. oxysporum, P. lilacinus and
Phoma herbarum were frequently isolated and
were therefore used in the six tests described
below.

In test 1, the effect of isolates of F. oxyspor-
um, P. lilacinus or P. herbarum on the parasit-
ism of M. javanica eggs was determined on
WA. Fungi free eggs were obtained from tomato
cv Moneymaker grown in sterile sand. PDA
plugs (7 mm diameter) were cut from the pe-
riphery of ten-day-old fungal colonies with a
cork borer and placed at the centre of 1.5% WA
in 9-cm-diameter Petri-dishes. Each plate was
inoculated with a single plug and incubated at
20 °C until the whole agar surface was covered
with the mycelium of a particular fungus. One
ml of sterile distilled water containing ¢. 1000
eggs was then spread over each fungal-covered
WA surface. Control plates had one ml of dis-
tilled water and a non-colonized PDA plug. The
plates were arranged in a randomized design
with ten replicates and incubated for two weeks
at 25 °C (Freire and Bridge, 1985). After the in-
cubation period, 100 eggs per plate were exam-
ined at random using a microscope at x 100
mg, and the proportion parasitized was deter-
mined (Kerry and Crump, 1977).

The antagonistic potential of the five fungal
isolates on M. javanica juveniles was assessed
in test 2. Freshly hatched juveniles obtained

from egg masses were rinsed with sterile dis-
tilled water and then placed on a 38 um sieve
resting above water in a shallow dish. The egg
masses were then left for one week to hatch at
room temperature. After the incubation period,
hatched juveniles were washed three times with
sterile distilled water. A 1 ml suspension of c.
1000 juveniles in water was transferred onto
each WA plate covered with the mycelium of
the particular fungal isolate. The control treat-
ment had the same quantity of juveniles added
to WA plates inoculated with fungal-free (uncol-
onized) PDA plugs. All plates were incubated
for 14 days at 25 °C in a randomized design
with ten replicates. The proportion of juveniles
parasitized, if any, was determined by randomly
counting 100 juveniles per plate using a
Hawksley's slide and a stereomicroscope at x
400 magnification. '

The ability of the five fungal isolates to para-
sitize eggs within egg masses was investigated in
test 3. Fungal-free egg masses of M. javanica
were picked from galled roots of tomato cv
Moneymaker maintained in a glasshouse. They
were washed five times with distilled water and
put in Petri-dishes containing 1.5% WA medium
supplemented with 0.1% chloramphenicol solu-
tion (Sikora et al., 1990). Ten plates each received
four egg masses per plate. The plates had been
centrally inoculated with 7 mm diameter PDA
plugs of the respective fungal isolates and incu-
bated at 25 °C for 11-days when the whole agar
surface was covered with mycelium of each fun-
gus. Control treatments were represented by
plates containing four egg masses per plate but
centrally inoculated with a fungal-free-7 mm di-
ameter PDA plug. All plates were incubated for
14 days at 25 °C in a randomized design with
ten replicates. After the incubation period, the
amount of egg parasitism was determined by
crushing the egg masses in a tissue homogeniz-
er, spreading one ml of egg suspension contain-
ing c. 1000 eggs on WA and counting the pro-
portion of eggs parasitized (i.e. those showing
fungal growth) (Kerry and Crump, 1977).
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The affect of fungal isolates on hatching was
assessed in test 4. Four fungal-free egg masses
from glasshouse cultures were crushed and the
released juveniles (J,) and intact eggs suspend-
ed in 10 ml of distilled water and then counted.
The juvenile/egg suspension was then spread
onto 1.5% WA which had been centrally inocu-
lated with PDA plugs of the respective fungal
isolates and incubated. Control plates had no
fungus.

After 14 days, the percentage of eggs
hatched (% hatch) was determined at x 400
magnification using the formula of Kaplan et al.

(1992):

le}-}() x 100

% Hatch = = Eggs
BB
Where J14 = the number of juveniles ob-
served at day 14
Jo = the number of juveniles ob-
served at day zero
Eggs,= the number of intact eggs

counted at day zero

Mature fungal-free M. javanica females from
a glass house culture were used in test 5 to as-
sess their parasitism on WA. The females were
dipped in 0.5% sodium hypochlorite solution
(NaOCL) for one minute, washed three times
with sterile distilled water and once in 0.1%
chloramphenicol (antibiotic) solution. One hun-
dred surface sterilized females were then put on
WA plates that had been centrally inoculated
with a 7 mm-diameter PDA plug of the respec-
tive fungal isolate. Control plates had females
treated as above and placed on WA plates inoc-
ulated with PDA medium without any fungus.
All plates were replicated ten times and kept in
a randomized design for ten days at 25 °C. The
number of females parasitized (those exhibiting
fungal growth) was counted.

The relative susceptibility of M. javanica, M.
incognita and M. arvenaria eggs to P. lilacinus
was determined in test 6 to evaluate the host

range of this isolate. The fungus was chosen be-
cause it had the highest levels of egg parasitism
in all the tests and had consistent parasitic ef-
fects on M. javanica eggs in previous studies
(Makhatsa et al, 1993). The egg masses of M.
incognita and M. arenaria were provided by
Prof. De Guiran of INRA, France. M. javanica
eggs were isolated from farmer's fields in Nairo-
bi Kenya. The eggs from Kenya and France
were used to inoculate (separately) tomato cv
Moneymaker (grown in the glass house). Fun-
gal-free egg masses for each nematode species
were picked off from galled roots after three
subsequent nematode generations and were ho-
mogenized in 10 ml of sterile distilled water. The
released eggs were suspended in 20 ml of dis-
tilled water before dispensing 1 ml of the egg-
suspension containing c¢. 1000 eggs onto Petri-
dishes containing 1.5% WA medium supple-
mented with chloramphenicol solution. The WA
surfaces were covered with the mycelium of P,
lilacinus that had been transferred onto the
plates 11 to 18 days before egg-plating. Control
plates had one PDA plug each but no fungus.
All plates were arranged on the laboratory
bench for 14 days with six replicates per nema-
tode species. After the incubation period, egg
parasitism was determined as described by Ker-
ry and Crump (1977).
ANOVA was used for data analysis.

Results and discussion

The five fungal isolates significantly differed
(P<0.05) in the extent to which they parasi-
tized M. javanica eggs and females. The highest
percentage of eggs parasitized was obtained
with P. lilacinus (71%) and F. oxysporum- 1
(Fo-1) (68%). These values were significantly
higher than those obtained with P. herbarum
(57%), F. oxysporum-2 (Fo-2) (24%) and F. oxy-
sporum-3 (Fo-3) (18%). The above five fungi
parasitized 92, 82, 29, 26 and 9% of eggs within
egg masses, respectively. P. lilacinus (PL) signif-
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icantly parasitized more females (87%) than all
the other isolates (Fig. 1). The least parasitism
(19%) was associated with F. oxysporum-3 (Fo-
3) (Fig. 1. M. javanica juveniles were not para-
sitized. In general, P. lilacinus parasitized eggs
of M. javanica, M. incognita and M. arenaria
equally.

The fungi P. lilacinus, F. oxysporum-1 (Fo-1)
and P. herbarum which parasitized most eggs
in vitro had the greatest inhibitory effect on
hatching, though their effects on hatching were
similar (Fig. 2). Control plates had the greatest
(P < 0.05) proportions of eggs hatched (Fig. 2).

Although high levels of females and egg
were parasitized on WA, this may not reflect

waht could be achieved in the natural soil eco-
system where rhizophere competence is high;
up to 30.9% of M. javanica eggs were pardsi-
tized in sterile soil (Oduor-Owino et al., 1996).
However, the high proportion of females parasi-
tized reveals that M. javanica females were a
better substrate for P. lilacinus and F. oxyspor-
um-1 (Fo-1) than the eggs or juveniles. Since fe-
male root-knot nematodes play a vital role in
enhancing nematode populations, studies on
the interaction between fungal antagonists and
female root-knot nematodes should be intensi-
fied in order to gain more information that
could be utilized in the management of these
organisms in the soil ecosystem.
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Fig. 1 - Parasitism (%) of Meloidogyne javanica females on water agar by five fungal isolates. Bars with different letters are
significantly (P = 0.03) different according to Duncan’s Multiple Range Test.
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Fig. 2 - Mean percentages (%) of hatched M. javanica juveniles as influenced by five fungal isolates. Bars with different let-
ters are significantly (P = 0.05) different according to Duncan’s Multiple Range Test.

In general, the ability of fungal isolates to
parasitize eggs and inhibit hatching as observed
with P. lilacinus and F. oxysporum-1 (Fo-1) is
an important factor in the biological control of
phytonematodes. Such isolates would help to
reduce the population of infective juveniles be-
low the injurious threshold. Therefore, more
work should be conducted along this line in or-
der to develop and acquire isolates with ade-
quate antagonistic potential against root-knot
nematodes.

Acknowledgements. The senior author
thanks Dr. R.A. Samson of the Central Bureau
Woor Schimmelcultures for fungal identification
and Prof. P. Jatala of Lima, Peru for confirming
the identity of the P. lilacinus. The German Ac-
ademic Exchange Service (DAAD) is thanked
for the financial support given to the senior au-
thor for his Ph.D research.

Literature cited

Frere C. O. F. and BRrIDGE J., 1985. Parasitism of eggs, fe-
males and juveniles of Meloidogyne incognita by Pae-
cilomyces lilacinus and Verticilium chlamydosporium.
Fitopatol. brasil., 10. 577-596.

Karian M., NoEg, J. P. and HarteL P. G., 1992. The role of
microbes associated with chicken litter in the suppres-
sion of Meloidogyne arenaria. J. Nemaiol., 24. 522-527.

Kerry B. R. and Crump D. H., 1977. Observations of fungal
parasites of females and eggs of the cereal cyst nema-
tode, Heterodera avenae. Nematologica, 23: 193-201.

MAKHATSA W. L., WaUDO, S. W. and ODUOR-OWING P., 1993,
Effect of leaf extracts on fungal parasitism of root-knot
nematodes eggs. Afro-Asian J. Nematol., 3: 43-46.

ODUOR-OWINO P., SIKORA R. A., WaAUDO S. W. and SCHUSTER
R.P., 1996. Effects of aldicarb and mixed cropping
with Datura stramonium, Ricinus communis and Ta-
getes minuta on the biological control and integrated
management of Meloidogyne javanica. Nematologica,
42: 127-130.

Opuor-Owino P. and Waupo S. W., 1995. Effects of antag-
onistic plants and chicken manure on the biological
control and fungal parasitism of root-knot nematode
eggs in naturally infested field soil. Pakistan J. Nema-
tol., 13: 109-117.

- 193 -



ODUOR-OWINO P., WAUDO S. W. and MaxkHATSA W. L., 1993. SIKORA R. A., HEIMER M. and ScHUSTER R. P., 1990. Reflection

Effect of organic amendments on fungal parasitism of
Meloidogyne incognita eggs and growth of tomato (Ly-
copersicon esculentum MilD) cv. Moneymaker. Intern. J.
Pest Manag., 39: 459-461.

Accepted for publication on 11 April 1996.

— 194 —

ont the complexity of fungal infection of nematode
eggs and the importance of facultative perthophitic
fungal pathogens in biological control of Globodera
pallida. Med. Fac. Landbouww Gent, 55 699-712.



