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Summary. /n-vitro experiments were conducted to evaluate the effect of sodium hypochlorite (NaOCD), chlo-
ramphenicol and streptomycin sulphate on the parasitism of Meloidogyne javanica eggs and growth of the ne-
matode egg parasite, Paecilomyces lilacinus. The percentage of eggs exhibiting fungal parasitism, radial growth
of P. lilacinus and mycelia dry weights of the fungus decreased significantly with increasing concentrations of
NaOCL The effect of 0.5% NaOCl was not significantly different from the control. Chloramphenicol significantly
inhibited egg parasitism and fungal growth less than streptomycin sulphate. Thus, streptomycin sulphate and
0.5% NaOCI may provide long-term antimicrobial protection in biological control studies without affecting the

antagonistic potential and growth of fungal antagonists.

Studies on the management of root-knot ne-
matodes using nematode egg parasites have in-
creased in the last ten years (Kerry, 1990;
Oduor-Owino et al., 1993). However, further
studies have been inhibited by the lack of ap-
propriate bioassay techniques. Chemicals such
as sodium hypochlorite (NaOCl) and antibiotics
are often used in biocontrol studies associated
with fungal-nematode interactions (Barker,
1985; Freire and Bridge, 1985; Oduor-Owino
and Waudo 1994), but their effects on the effi-
cacy and viability of fungal egg pathogens have
not been adequately studied. Inconsistencies in
the use of these chemicals affect the screening
and detection of appropriate fungal egg
pathogens for use in biological control investi-
gations.

The concentration of NaOCI used to extract
nematodes for biological control studies has
been varied (Esser, 1972; Oduor-Owino, 1993).

Antibiotics have also been used inconsistently
in studies on fungal antagonists (Kerry and
Crump, 1977). Some investigators (Clovis and
Nolan, 1983) have used a mixture of penicillin
and streptomycin sulphate, while others have
utilized streptomycin sulphate, chloramphenicol
or aureomycin (Oduor-Owino and Waudo,
1994).

Since NaOCl is a strong oxidizing agent (Ess-
er, 1972), and some fungi are sensitive to antibi-
otics (Orion and Kritzman, 1991, Pope and Hill,
1991), it is possible that these chemicals affect
fungal growth and fungal-nematode interac-
tions, and may interfere with estimations of fun-
gal antagonistic potentials and/or selection of
‘active’ fungal isolates for use in biological con-
trol studies. Information on the effects of differ-
ent bioassay chemicals on nematophagous fungi
is vital for rational screening and isolation of
nematophagous fungi. The data may also be
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useful for choosing appropriate chemicals for
use in biocontrol studies.

The objectives of this study were to deter-
mine the effects of NaOCl, streptomycin sul-
phate and chloramphenicol on fungal growth
from naturally parasitized Meloidogyne javanica
(Treub) Chitw. eggs and radial growth of Pae-
cilomyces lilacinus (Thom). Samson Schlecht, a
- fungal egg pathogen isolated from root-knot ne-
matodes eggs in Kenya (Odour-Owino et al.,
1993).

Material and methods

Fifty egg masses of M. javanica were hand
picked from the roots of tomato (Lycaopersicon
esculentum Mill) cv. Moneymaker, grown in a 15
cm diameter plastic pots filled with naturally in-
fested soil. They were homogenized in a blender
containing 10 ml of distilled water for three min
(Freire and Bridge, 1985) and the released eggs
were collected on a 0.02 mm sieve, washed five
times with sterilized distilled water and resus-
pended in 10 ml of sterilized distilled water. One
ml of the egg suspension containing 500 eggs
per ml was poured on to 1.5% water agar (WA)
plates in Petri dishes which were incubated on
the bench at room temperature. Three days later,
individual eggs were aseptically transferred to
new WA plates and incubated. Fungi isolated
from them were tested against M. javanica eggs.
P lilacinus was frequently isolated and infected
a significantly higher number of eggs on WA
(Oduor-Owino et al., 1993); it was therefore se-
lected and cultured on potato dextrose agar
medium (PDA) in 9 cm Petri dishes for 10 days
at 20 °C. Pure cultures were stored on PDA
slants at 4 °C and used in three experiments.

The effect of NaOCI, streptomycin and chlo-
ramphenicol on the growth of the fungus from
eggs was assessed on WA plates. Eggs of M. ja-
vanica were extracted from tomato roots as de-
scribed above, and suspended in 60 ml of dis-
tilled water. Two mlis of the egg suspension

containing 2000 eggs were transferred to glass
vials containing either 0.0 (control), 0.5, 1.5, 3
or 5% NaOCl in distilled water. Control vials
contained 5 ml of sterilized distilled water. All
of the vials were shaken vigorously for 2 min-
utes then the eggs were collected on 0.02 mm
sieves, washed with distilled water and resus-
pended in 80 ml of water in 300 ml conical
flasks. Each flask received 8 ml of either 1%
chloramphenicol or 0.5% streptomycin sulphate
resulting in concentrations of 0.1% chloram-
phenicol or 0.05% streptomycin sulphate, re-
spectively. Flasks without antibiotic served as
controls. One ml aliquot containing approxi-
mately 300 eggs was poured on to each Petri
dish containing 1.5% WA. All Petri plates were
kept on benches in a randomized design with
eight replicates per treatment. The percentage
of eggs exhibiting fungal growth was deter-
mined three days later by randomly examining
100 eggs per plate at x 100 magnification as de-
scribed by Kerry and Crump (1977).

Effects of NaOCI, streptomycin sulphate and
chloramphenicol on the growth of P. lilacinus
was tested on WA plates. A 13% NaOCl solution
was added to 1.5% WA just prior to pouring on to
plates to make concentrations of 0.5, 1.5, 3, or 5%
NaOCl (v/v). These media were further supple-
mented with either chloramphenicol or strepto-
mycin sulphate to yield concentrations of 0.1 and
0.05% respectively, as recommended by Kerry
(1987). Media without NaOCl! or antibiotic served
as controls. The agar surface was allowed to dry
for 48 hrs before placing 9 mm diameter plugs,
cut from the peripheries of 10 day old fungal
colonies, at the centre of each plate. The plates
were incubated at room temperature and colony
radial growth measured 20 days after inoculation.
There were eight replications per treatment.

Effects of antibiotics and NaOCI on fungal
dry weights were determined using potato dex-
trose broth (PDB) as the medium. Three fungal
plugs (9 mm diameter) were aseptically trans-
ferred to sterile 100 ml bottles each containing
60 ml of PDB and either 0.0 (control) 0.5, 1.5, 3,
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or 5% NaOCl (v/v). In addition, chlorampheni-
col (0.1%) or streptomycin sulphate (0.05%) was
added to each media after passing it through
Whatman No. 1 filter paper and through 0.2 pym
millipore filters. Media without antibiotic served
as controls. All treatments were replicated eight
times and placed on a rotary shaker at 100 rpm
for 20 days at room temperature. After the incu-
bation period, fungal colonies were collected
by vacuum filtration through Miracloth, dried at
100 °C for 72 hrs and weighed. Fungal radial
growth values, dry weights, and the proportion
of eggs exhibiting fungal parasitism were sub-
jected to statistical analysis using Analysis of
variance (ANOVA) (Freund and Littell, 1981).
Treatment means were compared using Dun-
cans multiple Range Test.

Results and discussion

The percentage of parasitized eggs, mycelial
dry weights and radial growth of the fungus
were significantly greater (P = 0.05) on plates
supplemented with 0.5% NaOCI than on plates
treated with 1.5, 3 or 5% NaOCI (Tables I, II
and IID). Increased fungal inhibition with in-
creasing NaOCI concentration could be attrib-
uted, in part, to the oxidative effects of this

TaBLE I - Percentage of Meloidogyne javanica eggs exhi-
biting fungal parasitism three days after treat-
ment with antibiotics and sodium hypochlorite.

Percentage infected eggs

Chloramphe-  Streptomycin

NaOCl conc. (%) nicol sulphate Control
0.19%) (0.05%)
0.0 (control) 17.8 ¢ 24.8 ¢ 23.4 ¢
0.5 17.0 ¢ 233 ¢ 22.8 ¢
1.5 121 b 16.3 b 153 b
3.0 5.0ab 126 ab 134 ab
5.0 6.7 a 11.3 a 123 a

Means with similar letters are not significantly different by
Duncan’s Multiple Range Test for P = 0.05.

TaBLE II - Mean colony radial growth (mm) of Paeci-
lomyces lilacinus o water agar supplemen-
ted with antibiotics and sodivm hypochlorite.

Colony radial growth

NaOCl conc. (%) Chloramphe- Streptomycin

nicol sulphate Control
(0.1%) (0.05%)
0.0 (control) 303 d 47.1d 481 e
0.5 30.1d 47.3d 468 e
1.5 24.3 ¢ 30.1 ¢ 384 d
3.0 20.1 ab 22.1Db 26.3 be
5.0 19.8 ab 17.3 a 21.1 a

Means with similar letters are not significantly different by
Duncan’s Multiple Range Test for P = 0.05.

TaBre IIl - Mean mycelial dry weights (g) of P. lilacinus
grown for twenty days in potato dextrose
broth amended with sodium bypochlorite
and different antibiotics.

Myecelial dry weight

NaOCl conc. (%) Chloramphe-  Streptomycin

nicol sulphate Control
0.19%) (0.05%)
0.0 (control 34 ¢ 3.3 d 3.2 de
0.5 31 ¢ 3.2 d 28 d
1.5 1.8 b 21b 1.6 be
3.0 15b 1.8 b 14 b
5.0 1.2 a 1.1 a 03 a

Means with similar letters are not significantly different by
Duncan’s Multiple Range Test for P = 0.05.

chemical on nematode eggs and the associated
fungi (Esser, 1972). Nematode egg shells are
composed of chitin and albuminoid material
(Chitwood, 1938) that serve as nutrient sources
for fungal antagonists (Morgan-Jones and Ro-
driguez-Kabana, 1985). It is possible that the
oxidative effects of NaOCI interfered with this
nutritional relationship, resulting in low egg
parasitism and growth of P lilacinus on WA.
Since high concentrations of NaOC| may also
inhibit infectivity of Meloidogyne spp. juveniles
(Kanwar et al., 1991), a concentration of 2%-5%
NaOCI may therefore not be appropriate for ne-
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matode and/or fungal isolation for use in bio-
logical control studies. The 0.5% NaOCI concen-
tration would be preferred under these condi-
tions because it had no inhibitory effect on egg
parasitism, or on the growth of P. lilacinus.

The effects of streptomycin sulphate were not
significantly different from controls, indicating
that it is a better antibotic for screening tests than
chloramphenicol. Since the inhibitory effects of
chloramphenical against bacteria and fungi is well
documented (Orion and Kritzman, 1991), it still
remains appropriate for use as an antimicrobial
agent in most in vitro biocontrol tests (Pope and
Hill, 1991), but may not be appropriate in studies
involving fungal-nematode interactions. As there
is a need for the production of large amounts of
fungal mycelia for use in field biocontrol experi-
ments, it is important to have prior knowledge of
the effects of various chemicals and antibiotics on
the efficacy of fungal antagonists against nema-
todes. Until this information is available, produc-
tion of fungal antagonists in liquid media and
evaluation of natural egg parasitism and screening
for biologically active fungal isolates will continue
to rely on intuition rather than fact. However, it is
worth noting that results from this study may not
necessarily apply to all nematophagous fungi. Ef-
forts to evaluate the effects of NaOCI and antibi-
otics on a wide range of biocontrol organisms
need to be intensified to ease selection of bioas-
say and antimicrobial chemicals.

Acknowledgements. We thank The Ger-
man Academic Exchange Service (DAAD) for fi-
nancial support.

Literature cited

Barxer K. R., 1985. Nematode extraction and bioassay, pp.
19-38. In: An advanced Treatise on Meloidogyne, Vol.
II Methodology, K. R. Barker C. C., Carter and J. N.
Sasser Eds). North Carolina State University graphics.

Accepted for publication on 23 December 2000.

Crrrwoop B. G., 1938. Further studies on nemic skeletoids
and their significance in the chemical control of nemic
pests. Proceedings of the Helminthological Society of
Washingion, 5. 68-70.

Crovis C. J. and Nowan R. A., 1983. Fungi associated with
cysts, eggs and juveniles of the golden nematode (Glo-
bodera rostochiensis) in Newfoundland. Nematoclogica,
29: 346-356.

Esser R. P., 1972, Effect of sodium hypochlorite concentra-
tion on selected genera of nematodes. Proceedings of
the Helminthological Society of Washington, 39: 108-
114.

FreRe C. C. and BRIDGE J., 1985. Parasitism of eggs, females
and juveniles of Meloidogyne incognita by Pae-
cilomyces lilacinus and Verticillium chlamydosporium.
Fitopatologia Brasileira, 10. 577-590.

FreunD R. J. and LitTELL R. C., 1981. SAS for linear Models:
A guide to the ANOVA and GLM procedures. SAS Insti-
tute Inc., Cary, 231 pp.

Kanwar R. S., Jain R. K., ParutH 1. J. and Gurta D. C,,
1991. Effect of sodium hypochlorite on egg liberation
from egg masses, hatching and infectivity of Meloidog-
yne javanica juveniles. Nematologica, 37. 237-240.

Kerry B. R., 1987. Biological control, pp. 233-263. In:
Principles and Practice of Nematode Control in Crops
(R. H. Brown and B. R. Kerry eds). Academic Press,
Sydney.

Kerry B. R., 1990. Selection of exploitable biological con-
trol agents for plant parasitic nematodes. Aspects of Ap-
plied Biology, 24: 1-9.

Kerry B. R. and Crump D. H., 1977. Observations on fungal
parasites of females and eggs of the cereal cyst nema-
tode, Heterodera avenae. Nematologica, 23: 93-201.

MorGan-JoNgs G. and RoODRIGUEZ-KABANA R., 1985. Phytone-
matode pathology: Fungal mode of action. A perspec-
tive. Nematropica, 15: 107-114.

Opuor-OwINe P., 1993, Effects of aldicarb, Datura stramo-
nitum, Datura metel and Tagetes minuta on the patho-
genicity of root-knot nematodes in Kenya. Crop Protec-
tion, 12: 315-317.

Opuor-OwINO P. and Waupo S. W., 1994. Comparative ef-
ficacy of nematicides and nematicidal plants on root-
knot nematodes. Tropical Agriculiure, 71: 272-274.

OpUOR-OwINO P., Wauno S. W. and MakHaTsa W. L., 1993,
Effect of organic amendments on fungal parasitism of
Meloidogyne incognita eggs and growth of tomato (Ly-
copersicon esculentum Mill) c.v. Money maker. Inzer-
national Journal of Pest Management, 39: 459-461.

OrioN D. and KritzmaN G., 1991, Antimicrobial activity of
Meloidogyne javanica gelatinous matrix. Revue de Ne-
matologie, 14. 481-483.

Pore D. D. and Hiw N. S., 1991. Effects of various culture
media, antibiotics and carbon sources on growth para-
meters of Acremonium coenopbialum, the fugal en-
doparasite of tall fescue. Mycologia, 83: 110-115.

—50—





