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ABSTRACT

 

Kilama, P., T. Dubois, D. Coyne, B. Niere, C. S. Gold and E. Adipala. 2007. Antagonism of 

 

Paecilomyces

 

spp.

 

 

 

isolated from banana (

 

Musa

 

 spp.) roots and rhizosphere against 

 

Radopholus similis

 

. Nematropica
37:215-225.

Banana (

 

Musa

 

 spp.) in East Africa is threatened by pests and diseases, of which the burrowing
nematode, 

 

Radopholus similis

 

, is among the most serious and difficult to control. Fungal antagonists,
such as 

 

Paecilomyces

 

 spp., can aid in controlling 

 

R. similis

 

. In this study, 

 

Paecilomyces

 

 spp. was isolated
from banana roots and rhizosphere in fields in Uganda with high and low densities of 

 

R. similis

 

. Fungi
were more abundant in the rhizosphere than on roots in the field with low 

 

R. similis

 

 density, whereas
the reverse occurred in the field with high 

 

R. similis

 

 density. A total of 23 isolates of 

 

Paecilomyces

 

 spp.
were collected, of which 

 

Paecilomyces lilacinus

 

 was the most abundant species. This is the first report
showing the high presence of 

 

Paecilomyces

 

 spp. in the rhizosphere of bananas. Bioassays revealed that
filtrates of 

 

P. lilacinus

 

 and 

 

Paecilomyces marquandii

 

 caused reversible paralysis of male and juvenile

 

R. similis

 

. 

 

Paecilomyces lilacinus

 

 isolate 23N5-2 caused greatest paralysis, which was not influenced by
filtrate concentration.
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RESUMEN

 

Kilama, P., T. Dubois, D. Coyne, B. Niere, C. S. Gold and E. Adipala. 2007. Antagonismo de 

 

Paecilo-
myces 

 

spp.

 

 

 

aislado de raíces y rizosfera de banano (

 

Musa

 

 spp.) contra 

 

Radopholus similis

 

. Nematropica
37:215-225.

El cultivo de banano (

 

Musa

 

 spp.) en Africa Oriental se ve afectado por plagas y enfermedades, en-
tre las cuales el nematodo barrenador, 

 

Radopholus similis,

 

 es uno de los más serios y difíciles de con-
trolar. Los hongos antagonistas, como 

 

Paecilomyces

 

 spp., pueden ayudar a controlar 

 

R. similis

 

. En este
estudio, se aisló 

 

Paecilomyces

 

 spp. de raíces y rizosfera de banano con densidades altas y bajas de 

 

R.
similis

 

 en Uganda. Se encontraron los hongos en mayor abundancia en la rizosfera que en las raíces
en los campos con bajas densidades de 

 

R. similis

 

, mientras que lo contrario ocurrió en los campos con
altas densidades de 

 

R. similis

 

. Se colectó un total de 23 aislamientos de 

 

Paecilomyces

 

 spp., siendo 

 

Paeci-
lomyces lilacinus

 

 la especie más abundante. Este es el primer registro que indica la alta presencia de

 

Paecilomyces

 

 spp. en la rizosfera de bananos. Los bioensayos demostraron que los filtrados de 

 

P. lilaci-
nus

 

 y 

 

Paecilomyces marquandii

 

 causan parálisis reversible de machos y juveniles de 

 

R. similis

 

. La cepa
23N5-2 de 

 

P. lilacinus

 

 causó la mayor parálisis, independientemente de la concentración del filtrado.

 

Palabras clave

 

: banano de Africa Oriental, bioensayo, 

 

Musa

 

, nematodo barrenador, 

 

Paecilomyces lilaci-

 

nus

 

, 

 

Paecilomyces marquandii

 

,

 

 Radopholus similis.
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INTRODUCTION

In East Africa, banana (

 

Musa

 

 spp.) is an
important food staple. In Uganda, banana
yield is showing a steady production
decline, attributed to pests such as nema-
todes (Gold 

 

et al.

 

, 1993; Rubaihayo and
Gold, 1993; Speijer 

 

et al.

 

, 1994). The bur-
rowing nematode, 

 

Radopholus similis

 

, is
among the most important plant-parasitic
nematodes attacking banana (Speijer and
Dewaele, 1997). Plant-parasitic nematodes
affect the roots, which disrupts plant
anchorage, resulting in the uprooting and
toppling of the plants, usually when top-
heavy and bearing fruit (Gowen 

 

et al.

 

, 2005).

 

Radopholus similis

 

 is a migratory
endoparasite that completes its life cycle
entirely within the root cortex. Penetration
occurs mostly near the root tip, but nema-
todes can migrate along the entire length
of the root. Females and juvenile stages are
infective, while males are non-parasitic.
The nematodes reproduce in cells of the
cortex of the roots and rhizomes (Loos
and Loos, 1960; Blake, 1961, 1966; Gowen,
1995). The nematode burrows between
cortical cells, punctures cell walls with its
stylet and feeds on the cytoplasm, making
cavities within the roots. As the cells are
destroyed and the nematode migrates, cav-
ities coalesce to form red-brown lesions
(Blake, 1961, 1966; Mateille, 1994).

The use of fungal antagonists against
plant-parasitic nematodes is being explored
as a management option. Several fungal
species attacking plant-parasitic nematodes
are now mass-produced for control (Butt

 

et al.

 

, 2001). 

 

Paecilomyces lilacinus

 

 is a cosmo-
politan facultative pathogen of nematode
females and eggs (Domsch 

 

et al.

 

, 1993;
Viane 

 

et al.

 

, 2006). A particular isolate,

 

P. lilacinus

 

 strain 251, has been commer-
cially developed for nematode control,
especially against cyst and root-knot nema-
todes, and is currently sold under several

trade names (Kerry, 2000). The strain is cur-
rently registered in Australia, the Philip-
pines and South Africa (Kegley 

 

et al.

 

, 2007).
In Africa, 

 

P. lilacinus

 

 strain 251 is commer-
cialized as the wettable powder Pl Plus for
use against plant-parasitic nematodes (Bio-
logical Control Products, http://www.bio-
control.co.za). 

 

Paecilomyces lilacinus

 

 is found
both in the rhizosphere and on the root
surface of the banana plant (Goos and
Timonin, 1962). Mendoza 

 

et al.

 

 (2004) con-
ducted promising field trials with this com-
mercial product, indicating the great
potential of 

 

P. lilacinus

 

 for inclusion in inte-
grated pest management schemes against

 

R. similis

 

. In Cuba, local strains of 

 

P. lilacinus

 

are currently being used in banana nurser-
ies for control of 

 

R. similis

 

 (Diaz 

 

et al.

 

, 1998).
No commercial product containing

 

Paecilomyces

 

 spp. which could aid in control
of 

 

R. similis

 

 has been registered in Uganda.
In contrast to cyst and root-knot nematodes
which are sedentary endoparasitic nema-
todes and which produce egg masses for
fungal attack, 

 

R. simili

 

s does not have egg
masses and is a migratory endoparasite
(Luc 

 

et al.

 

, 1990; Speijer and De Waele,
1997). As such, antagonism of 

 

P. lilacinus

 

against 

 

R. similis

 

 would presumably be
caused by toxins contained in the filtrate of
the fungus. The objectives of our study were
to isolate indigenous Ugandan 

 

P. lilacinus

 

from various ecological niches (rhizosphere
soil and the root surface of banana plants in
fields with a high and low 

 

R. similis 

 

density),
and test their culture filtrates for antagonis-
tic effects against motile 

 

R. similis

 

 stages
(males, females and juveniles) 

 

in vitro

 

.

MATERIALS AND METHODS

 

Site Selection and Field Isolation

 

Fungal isolation was carried out in
Namulonge, Uganda (0°32’ latitude,
32°34’ longitude and 1,128 m above sea
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level). Soil and root samples were col-
lected in September 2002 from fields with
a high and low 

 

R. similis

 

 density (2,056 ±
706 and 42 ± 28 

 

R. similis

 

/100 g roots,
respectively). The field with low 

 

R. similis

 

density, established in November 1996,
comprised 45 sucker-derived East African
highland banana (AAA-EA genome
group) cultivars. A total of six arbitrarily
selected and healthy looking plants were
sampled. The field with high 

 

R. similis

 

 den-
sity, established in December 1999, con-
tained 36 tissue-cultured East African
highland banana cultivars. Half of the
plants had been artificially infested with

 

R. similis

 

 and six plants among those were
arbitrarily selected for sampling.

 

Serial Dilution of Soil and Root Samples

 

Banana roots of the selected plants
(approx. 12 per plant) were excavated with
attached soil from 3-5 points at a depth of
5 cm along a 30 cm radius from the pseu-
dostem. The samples were brought to the
laboratory and subsequent procedures
were carried out in a laminar airflow cabi-
net. The soil attached to the roots was dis-
lodged and 1 g of soil was added to 9 ml of
sterile (autoclaved at 121°C for 20 min)
distilled water (SDW) in a 160 

 

×

 

 15 mm
glass test tube. Serial dilutions were made
of 10

 

-1

 

 to 10

 

-7. One ml each of the 10-4 to 10-7

dilutions was transferred separately onto
sterile potato dextrose agar (PDA)
medium (Sigma-Aldrich, St. Louis, U.S.A.)
in 100 mm diameter Petri dishes. PDA was
supplemented with antibiotics (10 mg
chlortetracycline, 100 mg penicillin G, 50
mg streptomycin sulphate/L PDA) to pre-
vent bacterial growth. Petri dishes were
incubated in the laboratory (approx. 25°C
and a photoperiod of 12:12 h) for 4-9 days.

From each sample of excavated roots, a
root of approx. 2 mm diameter was ran-
domly selected and attached soil was

scraped off. A 1 g root piece was removed,
rinsed in SDW and transferred to SDW in a
glass test tube from where 10-1 to 10-7 dilu-
tions were made. Thereafter, 1 ml each of
the 10-4 to 10-7 dilutions were transferred
separately onto PDA, supplemented with
antibiotics, in 100 mm diameter Petri
dishes and incubated for 4-9 days.

Isolation and Identification of Fungal Isolates

From all fungi growing on PDA, indi-
vidual isolates were obtained by transfer-
ring single colonies to synthetic nutrient
agar (SNA) medium (Nirenberg, 1981) in
50 mm diameter Petri dishes. Fungal iso-
lates were identified to the genus level
according to Barnett and Hunter (1998),
Domsch et al. (1993), Samson (1974) and
Von Arx (1974). Paecilomyces spp. isolates
were transferred onto malt extract agar
(MEA) medium (Sigma-Aldrich) in 100
mm diameter Petri dishes and incubated
for ≤29 days. Identification of Paecilomyces
spp. to species level was performed based
on Samson (1974).

Multi-isolate Bioassays

Of the 23 Paecilomyces spp. isolates
obtained, five were tested against R. similis
in a series of three repeated bioassays
(henceforth referred to as bioassays 1, 2
and 3). These five isolates originated from
different banana plants, and were there-
fore considered separately.

Isolates were grown on PDA for 7 days
and, for each isolate, approx. 15 blocks
(2 × 2 × 2 mm) containing fungal myce-
lium were transferred into 100 ml sterile
potato dextrose broth (PDB) medium
(Sigma-Aldrich) in 250 ml Erlenmeyer
flasks. After 14 days, PDB containing fun-
gal mycelium and spores was filtered
through sterile 0.22 µm pore-sized Eagle
filter paper (New Technolab Instruments,
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Nashik, India). The filtrate was collected
in 250 ml glass bottles.

Pure R. similis cultures were obtained
on sterile carrot discs according to Speijer
and Dewaele (1997). Nematode suspen-
sions were diluted to 100 motile R. similis/
ml, and 2 ml of the nematode suspension
was transferred each into 30 mm diameter
glass Petri dishes.

A solution of 250 µL filtrate/ml
obtained from isolates 15R8-1, 22R5-2 and
23N5-2 (P. lilacinus), and 11N4-8 and 22R5-
2 (Paecilomyces marquandi) was added to
each of the Petri dishes after 24 h. Three
control treatments were used: two control
treatments consisted of 2 ml PDB solution
(250 µL filtrate/ml PDB) and one control
treatment consisted of 2 ml SDW. The pH
of one PDB control treatments was
adjusted to be higher than the highest pH
value among the isolate filtrates, whereas
the pH of the second PDB control treat-
ment was adjusted to be lower than the
lowest pH among the isolate filtrates. In
bioassay 1, pH of fungal treatments ranged
between 7.31 (isolate 23N5-2) and 8.12
(isolate 15R8-1). PDB without filtrate had a
low pH of 5.20. The pH of the PDB control
treatments were adjusted to 7.29 and 8.76.
In bioassays 2 and 3, pH of the fungal treat-
ments ranged between 7.60 (isolate 11N8-
4) and 7.97 (isolate 15R8-1). PDB without
filtrate had a low pH of 5.00. The pH of the
PDB control treatments were adjusted to
5.00 and 9.59. Each treatment consisted of
three 30 mm diameter glass Petri dishes.
Per Petri dish, three counts of paralyzed
nematodes were performed at 2 h for all
bioassays. Nematodes were rinsed in tap
water immediately after the 2 h counts and,
with the exception of bioassay 2, nematode
paralysis was again assessed after 21 h. To
ensure paralysis, nematodes were gently
probed with a fine needle while counted,
both at 2 and at 21 h. Paralysis was defined
as immobility after probing.

Multi-dose Bioassays

Isolate 23N5-2 was further tested
against R. similis at three filtrate concentra-
tions, 125 µl/ml, 250 µl/ml and 375 µl/ml
SDW, in a series of two repeated bioassays
(henceforth referred to as bioassays 4 and
5). In both bioassays, 2 ml of a suspension
of 25 motile R. similis/ml SDW was used.
Both bioassays contained four control
treatments: one treatment contained only
SDW and the three other treatments con-
tained PDB media at each of the filtrate
concentrations. The pH of the PDB control
treatments was adjusted to that containing
the filtrate of isolate 23N5-2 (pH = 8.20).

Statistics

The proportion of fungi between fields
(high or low R. similis density) and
between sampling sources (root or rhizo-
sphere) was analyzed using chi-square tests.
The proportion of P. lilacinus relative to
other fungi between fields and sampling
source was analyzed using Fisher’s exact
test. Nematode counts from bioassays were
arcsine square-root transformed for bioas-
say 4 and square-root transformed for bio-
assays 2 and 3 prior to ANOVA. If different,
means were separated by Tukey’s studen-
tized range test (SAS Institute, Cary, USA).

RESULTS

Isolation of Paecilomyces spp.

The majority of isolates obtained in the
present study were highly sporulating, fast-
growing asexual fungi, including Paecilo-
myces spp. The number of fungal isolates
from the field with low R. similis density
was similar to that from the field with high
R. similis density (P > 0.05) (Table 1). How-
ever, in the field with low R. similis density,
more fungal isolates were obtained from
the rhizosphere soil than from the banana
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root surface (P < 0.01), while the reverse
occurred within the field with high R. simi-
lis density (P < 0.05).

Twenty-three Paecilomyces spp. isolates
were obtained with P. lilacinus being most
abundant. Among all fungal isolates, the
relative abundance of P. lilacinus was not
different between the two types of fields
(P > 0.05). The relative abundance of
P. lilacinus was also not different between
the rhizosphere soil and the root surface
(P > 0.05). Overall, P. lilacinus comprised
4.7% of all isolated fungi (n = 276). Paecilo-
myces marquandii was isolated several times
(2.5% of all isolated fungi). Other Paecilo-
myces spp. of which only one isolate was
obtained were Paecilomyces byssochlamydoides,
Paecilomyces puntonii and Paecilomyces viridis.

Two P. marquandii isolates (11N4-8 and
22R5-2) and three P. lilacinus isolates
(15R8-1, 22R5-1 and 23N5-2) were tested
in bioassays 1-3. During growth in MEA,

isolates 11N4-8, 22R5-2 and 23N5-2 pro-
duced exudates that changed the MEA to a
bright yellow color.

Multi-isolate Bioassays

In bioassay 1, paralysis was lower after
21 h compared to 2 h (P < 0.0001). Within
the fungal treatments, paralysis across
R. similis stages equalled 31.1 ± 1.6% (n =
54) after 2 h, but only 18.4 ± 1.4% (n =
135) after 21 h. After 2 h, paralysis differed
across treatments (P < 0.0001) and across
R. similis stages (P < 0.0001) (Fig. 1A).
Males and juveniles were paralyzed to a
greater extent than females (P < 0.05).
Male and juvenile paralysis caused by iso-
late 23N5-2 was higher than paralysis in
control treatments (P < 0.05). Female
paralysis caused by isolate 23N5-2, although
the highest among fungal treatments, did
not differ from paralysis levels observed in

Table 1. Number of fungal isolates obtained from banana (Musa spp.) root surface and rhizosphere soil taken
from fields with a high and low Radopholus similis density in Namulonge, Uganda.

Fungal taxon

High density field Low density field

Root Soil Root Soil

Acremonium spp. 3 5 11 35
Arthroderma spp. 0 1 0 3
Aspergillus spp. 2 2 4 2
Athelia spp. 0 0 1 0
Fusarium spp. 2 2 6 14
Myrothecium spp. 0 0 1 0
Paecilomyces spp. 7 9 4 3

P. byssochlamydoides 1 0 0 0
P. lilacinus 4 4 3 2
P. marquandii 1 4 1 1
P. puntonii 1 0 0 0
P. viridis 0 1 0 0

Penicillium spp. 7 1 4 7
Phoma spp. 0 0 1 1
Trichoderma spp. 2 1 3 2
Unidentified 60 38 14 18

Total 83 59 49 85
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Fig. 1. Three bioassays showing percentage paralysis after 2 h of motile Radopholus similis stages (males, females
and juveniles) treated with three culture filtrates of three Paecilomyces lilacinus isolates (23N5-2, 15R8-1 and 22R5-
1) and two Paecilomyces marquandii isolates (11N4-8 and 22R5-2), obtained from banana (Musa spp.) rhizosphere
in Namulonge, Uganda. Three control treatments were included: two potato dextrose broth treatments without
filtrate with the pH value adjusted to low or high, and a water control treatment. Error bars represent standard
errors of the mean. Bars depicting total (all stages) R. similis paralysis with the same letter are not significantly
different (Tukey’s studentized range test, P ≥ 0.05).
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the water and one of the PDB control treat-
ments (P > 0.05). After 21 h, paralysis dif-
fered only across R. similis stages (P =
0.0042). Males (21.1 ± 2.3% (n = 72)) and
juveniles (22.4 ± 1.4% (n = 72)) were para-
lyzed to a greater extent than females (13.8
± 2.0% (n = 72)). No differences were
noted among treatments (P > 0.05).

In bioassay 2, paralysis differed among
treatments (P < 0.0001) and among R. simi-
lis stages (P < 0.0001) (Fig. 1B). Males were
more paralyzed than juveniles, and juve-
niles were more paralyzed than females.
Paralysis by isolate 23N5-2 was numerically
the highest. Although paralysis by isolate
23N5-2 was higher compared to paralysis
in the water and the high pH PDB control,
it was not different from paralysis in the
low pH PDB control.

In bioassay 3, paralysis was abnormally
high for one of the control treatments
(PHB with low pH after 21 h, 84.9 ± 6.1%,
n = 18), creating difficulty for comparisons
between 2 and 21 h. Nevertheless, within
fungal treatments, paralysis after 2 h (39.7
± 1.8, n = 90) was higher than after 21 h
(31.9 ± 2.5, n = 90). After 2 h, percentage
paralysis was different among treatments
(P < 0.0001) (Fig. 1C). Three fungal iso-
lates, 23N5-2, 22R5-2 and 22R5-1, caused
higher paralysis than in any of the control
treatments, with isolate 23N5-2 causing
numerically the highest percentage paraly-
sis. There was no difference in paralysis
among R. similis stages (P > 0.05). After 21
h, paralysis was much higher (P < 0.0001)
in the PDB control treatment with low pH
than in any other treatment (P < 0.05).
After omitting the latter treatment, paraly-
sis among treatments was different (P <
0.01), but none of the paralysis levels in
fungal treatments differed from that
caused in the PDB control treatment with
high pH (P > 0.05). Paralysis differed
among R. similis stages (P < 0.05), with
males (37.7 ± 4.1%, n = 41) and juveniles

(36.2 ± 3.8%, n = 41) being more para-
lyzed than females (19.4 ± 2.3%, n = 42).

Multi-dose Bioassays

In bioassay 4, paralysis was lower after
21 h compared to 2 h (P < 0.0001) (Table
2). Within fungal treatments, paralysis
equalled 51.9 ± 3.3% (n = 54) after 2 h, but
only 21.0 ± 3.4% (n = 53) after 21 h. After 2
h, paralysis was different among treatments
(P < 0.0001). Paralysis did not differ among
R. similis stages (P > 0.05). The two highest
doses of fungal culture filtrates (250 µl/ml
and 375 µl/ml) induced higher paralysis
than in any of the other treatments. Paraly-
sis caused by the lowest filtrate dose (150
µl/ml) was no different from that in the
control treatments. Paralysis caused by the
PDB control treatments was not different
from that of the water control treatment.
In the same bioassay, after 21 h, paralysis
differed among treatments (P < 0.0001)
and R. similis stages (P < 0.0001). A signifi-
cant interaction between treatment and R.
similis stage (P < 0.01) demonstrated that
each of the stages responded differently to
the treatments. However, within each of
the R. similis stages, fungal treatments were
not different from control treatments.
Again, after 21 h, paralysis caused by the
PDB control treatments did not differ from
that of the water control treatment.

In bioassay 5, paralysis of R. similis mar-
ginally differed among treatments (P < 0.05).
However, this was not caused by a difference
in paralysis between control and fungal treat-
ments (P > 0.05). Within fungal treatments,
paralysis also did not differ among filtrate
concentrations or among R. similis stages
(P > 0.05). Irrespective of R. similis stage,
paralysis equalled 4.7 ± 1.2% (n = 27) for the
water control treatment and 4.9 ± 1.0% (n =
81) for the PDB control treatments, whereas
paralysis caused by the fungal treatments
equalled 5.7 ± 0.8% (n = 81).
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Table 2. Percentage paralysis (means ± SE) after 2 and 21 h of motile Radopholus similis stages (males, females and juveniles) treated with three culture filtrates
of Paecilomyces lilacinus isolate 23N5-2, obtained from banana (Musa spp.) rhizosphere in Namulonge, Uganda.

Treatment

Concentration
(µl filtrate/
ml water)

Time of assessment

2 21

Female Juvenile Male Total Female Juvenile Male Total

23N5-2 325 48.8 ± 6.7 ab 60.9 ± 7.4 ab 49.4 ± 15.9 ab 52.9 ± 6.6 a 13.6 ± 2.1 a 45.4 ± 9.0 a 8.3 ± 8.3 b 23.8 ± 4.8 ab

23N5-2 250 65.8 ± 5.4 a 74.0 ± 2.4 a 73.1 ± 5.3 a 70.3 ± 2.2 a 2.7 ± 1.3 a 20.8 ± 5.2 ab 0.0 ± 0.0 b 8.2 ± 2.2 b

23N5-2 125 28.8 ± 6.0 bc 35.1 ± 4.4 bc 31.2 ± 8.5 abc 31.4 ± 2.7 b 11.7 ± 2.6 a 38.1 ± 7.4 a 53.3 ± 20.0 a 22.9 ± 3.5 a

PDB 325 16.1 ± 3.5 cd 16.1 ± 3.8 cd 18.2 ± 4.6 bc 16.6 ± 2.8 bc 2.4 ± 1.6 a 21.4 ± 6.1 ab 15.7 ± 6.7 ab 10.9 ± 2.6 b

PDB 250 13.5 ± 2.9 cd 15.3 ± 2.1 cd 15.9 ± 4.2 bc 14.7 ± 1.2 bc 4.4 ± 3.1 a 23.2 ± 3.5 ab 11.3 ± 7.9 b 12.6 ± 2.9 b

PDB 125 20.5 ± 3.7 cd 24.6 ± 6.2 cd 4.8 ± 3.4 c 20.0 ± 4.3 c 6.7 ± 3.7 a 41.6 ± 8.0 a 16.3 ± 4.6 ab 19.0 ± 4.0 ab

Water 0 10.0 ± 3.2 d 11.9 ± 4.0 d 18.8 ± 3.8 bc 12.2 ± 2.1 c 4.5 ± 2.9 a 11.3 ± 4.2 b 13.2 ± 6.0 ab 9.5 ± 1.9 b

Means in the same column followed by the same letter are not significantly different (Tukey’s studentized range test, P ≥ 0.05).
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DISCUSSION

Filamentous fungi including P. lilacinus
were isolated from fields with a high and
low R. similis density in Uganda. In the
field with high R. similis density, more iso-
lates were obtained from the root surface
than from the rhizosphere soil, whereas
the opposite occurred in the field with low
R. similis density. Hillocks (2001) reported
that nematode invasion of the root
enhances root exudation and that the
resulting supply of exogenous nutrients in
the form of root exudates provide the
energy to overcome fungistasis in the soil,
allowing resting spores of fungi to germi-
nate. Modification of the rhizosphere
nutrient pool may be a result of frequent
penetration of root surfaces by R. similis,
which would cause frequent release of root
exudates onto the root surface.

The relatively high frequency of Paecilo-
myces spp. among the other isolated fungi
indicated its high abundance near or on
banana roots. There was no difference in
abundance of P. lilacinus between the fields
with high and low R. similis density. This
lack of density dependence may indicate
that the fungus obtained the majority of its
nutrition from soil substrates, rather than
from nematodes or from the release of root
exudates described above. Paecilomyces lilaci-
nus survives in the soil by using organic
matter, such as decomposed tissues shed
from roots, as the primary nutrient source
and nematodes as a secondary source
(Nikolay and Sikora, 1991; Sikora, 1992).

All but one of the five bioassays demon-
strated that filtrates of P. lilacinus isolate
23N-5 caused R. similis paralysis. Cayrol
et al. (1989) reported toxin production by
P. lilacinus against 17 species of nematodes.
Paecilomyces lilacinus toxins include paecilo-
toxins (Khan et al., 2003), hydrolytic
enzymes such as polysaccharidases, pro-
teases and chitinases (Gupta et al., 1993)

and leucinostatins (Park et al., 2004). The
nematode-antagonistic compounds in the
filtrates used the present study only
induced a temporary paralysis, suggesting
a presumable neurotropic action on the
nervous receptors of nematodes.

After R. similis motile stages were rinsed
with water and incubated for 21 h, paralysis
had reversed and did not differ from that
in the control treatments. Some of the iso-
lates that produced exudates caused a
higher level of paralysis than those not pro-
ducing exudates. Filtrate concentrations
had inconsistent effects across bioassays 4-
5. Presumably, the filtrate concentrations
contained nematode-antagonistic com-
pounds in quantities close to threshold lev-
els for nematode paralysis.

Across the majority of the bioassays,
female R. similis succumbed to paralysis to
a lesser extent than juveniles or males.
This may be due to the stronger structural
features of females compared to those of
juveniles or males (Van Weerdt, 1960). For
example, males are shorter than females
and lack a sclerotized cephalic framework,
potentially rendering females more resis-
tant to fungal filtrates.

Two isolates of P. marquandii were
included in bioassays 1-3. In one bioassay, P.
marquandi isolate 22R5-1 caused higher
paralysis than in any of the control treat-
ments. P. marquandii has been reported to
produce paecilotoxins, which have been
found to be identical with paecilotoxins pro-
duced by P. lilacinus (Khan et al., 2003). P.
marquandii is a natural soil organism that
contributes to nematode suppression (Sam-
son, 1974; Marban et al., 1992). However, few
studies have reported antagonistic effects of
P. marquandii against R. similis. Esnard et al.
(1998) demonstrated that P. marquandii, for-
mulated in a wheat substrate, reduced
R. similis densities in the field in Costa Rica.

After assessing various fungal growth
media, Cayrol et al. (1989) reported that
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the pH of media affects production of tox-
ins. Toxins were, however, reported to act
upon nematodes across a wide range of pH
values (Cayrol et al., 1989). It was therefore
important to assess the effect of pH varia-
tion among fungal filtrates by including
PDB control treatments with pH values
encompassing the upper and lower
extreme values as that of fungal filtrates
tested for bioassays 1-3. Extreme pH values
clearly had an effect on nematode paraly-
sis, as demonstrated in bioassay 2 when the
pH of one of the PDB control treatments
remained unadjusted, at a particularly low
value, resulting in high paralysis.

Among all groups of plant-parasitic
nematodes, migratory endoparasites such
as R. similis are the most difficult to control
with soil antagonists (Stirling, 1991). This
study demonstrated that Paecilomyces spp.
are present in significant numbers in
banana fields in Uganda. In vitro, there was
consistent paralysis of motile stages of
R. similis immersed in filtrates of P. lilacinus
isolate 23N5-2. At present, long-term
effects of P. lilacinus filtrates against R. simi-
lis remain to be investigated. Isolates
obtained from this study merit testing
under greenhouse or field conditions to
investigate whether the isolates, through
antagonism of their filtrates, have promise
to be further investigated for inclusion in
an integrated pest management strategy
against R. similis for resource-poor farmers
in East Africa.
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