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Summary. Five species of Aspergillus (A. flavus, A. terreus, A. tamarii, A. niger and A. nidu/a71s) were tested 
for parasitic and mycotoxic activity against MeloidogY71e jauanica in laboratory and pot experiments. In a lab
oratory assay, A. terreus and A. nidulans parasitized M. jauanica females. Culture filtrate of A. niger markedly 
inhibited egg hatching and caused juvenile mortality. These toxic activities were retained when the filtrate 
was heated. The activities of A. niger were probably due to non-proteinaceous compound(s). In a glasshouse 
evaluation, conidial suspensions and the respective culture filtrates of some Aspergillus species significantly 
reduced soil populations of M. javanica and root galling and increased plant height and shoot fresh weight 
of mungbean. A. niger in combination with Pseudomonas aeruginosa, a plant growth-promoting rhizobacteri
urn, significantly reduced root-knot development and nematode population densities, and increased plant 
growth. 

A high density of microbes including fungi, 
bacteria and nematodes are present in the rhi
zosphere. Fungi and plant-parasitic nematodes 
in the rhizosphere may exhibit synergistic or 
antibiotic interactions Qorgenson, 1970; Powell, 
1971). Many soilborne fungi are known to pro
duce secondary metabolites (Wyllie and More
house, 1978; Zuckerman et al., 1994). Those 
produced by fungi are of interest because of the 
possible effects exerted during plant parasitism 
and their potential as natural pesticides (Zuck
erman et al., 1994; Ciancio, 1995). Of the vari
ous soil inhabiting fungi, Aspergillus species are 
very common in agricultural and non-agricultur
al soils and are reported as minor parasites of 
plant-parasitic nematodes (Khan et at., 1994; 
Amer-Zareen et al., 2000). Filtrates produced by 
some soilborne fungi, including Aspergillus, are 
known to be toxic or lethal to a variety of 
plant-parasitic nematodes (Alam et al., 1973; 

Mani and Sethi, 1984; Cayrol et al., 1989; Amer
Zareen and Zaki, 2000; Siddiqui et al., 2000). 

This study reports on the parasitic and myco
toxic effects of five Aspergillus species on 
JHeloidogyne javanica (Treub) Chitw. and on 
their impact on the population density of M. ja
vanica and the consequent root-knot develop
ment in mungbean. 

Materials and methods 

Aspergillus nidulans (Eidam) Wint and A. 
terreus Thorn., originally isolated from females 
of M. javanica, A. flavus Link and A. niger Van 
Tieghem from juveniles of the same nematode 
species and A. tamarii Kita from an egg of M. 
javanica (Amer-Zareen et al., 2000) were used 
in the present study. To study the effect of As
pergillus species on parasitism, M. javanica fe-
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males were obtained from infected tomato 
plants by teasing out the galls using sterilized 
needles, surface disinfected with 0.5% Ca(OC1)2 
and then five females were transferred onto 2% 
water agar plates amended with penicillin 
000,000 units/I.) and streptomycin sulphate 
(0.2 g/l.). The plates were inoculated with the 
test fungi individually at the centre of each 
plate. The plates containing 2% water agar with
out the fungal culture served as controls. After a 
7 day incubation period, 10 ml sterile distilled 
water was added in each plate and females 
were collected. The plates were incubated at 
room temperature and structures of emerging 
fungi were compared with that of the test fungi. 

Culture filtrates were obtained by growing the 
fungi on Czapek's liquid medium at 28 ± 1 °C in 
an incubator. After a week, mycelial mats were 
removed and the media were filtered through 
two layers of Whatman No. 1 filter paper. The 
filtrate thus obtained was collected in a beaker 
and kept at 6 °C prior to use. To study the ef
fects of culture filtrates of Aspergillus species on 
egg hatching of M. javanica, two medium sized 
egg masses with 2 ml of the culture filtrate of an 
Aspergillus species were transferred to a 1 cm di
am. cavity glass slide. The egg masses placed in 
Czapek's liquid medium served as controls. Each 
treatment was replicated three times and the 
cavity glass slides were arranged in a random
ized complete block design. The number of 
hatched juveniles were counted after 48 h. The 
egg masses were then transferred into cavity 
glass slides containing 2 ml sterile distilled water 
to ascertain whether the egg masses kept in the 
culture filtrate had been temporarily or perma
nently inactivated. The juveniles were counted 
again after a further 48 h period. 

To study the effects of culture filtrate of As
pergillus species on mortality of M. javanica, two 
ml of each filtrate were poured in a glass cavity 
slide and about 30-40 second stage juveniles of M. 
javanica were placed in each glass slide. Juve
niles kept in freshly prepared liquid medium 
served as controls. Treatments were replicated 

three times and dead nematodes in each cavity 
slide were counted after 24 and 48 h. The nema
todes were considered to be dead when they did 
not move on probing with a fine needle (Cayrol 
et al., 1989). Since culture filtrate of A. niger 
caused the highest mortality of M. javanica juve
niles, its culture filtrate was further diluted to 1/10, 
1/100 and 1/1000 by adding the required amount 
of sterile distilled water. A similar set of cavity 
glass slides containing the culture filtrate was also 
subjected to boiling. Nematicidal activity of the 
culture filtrate was assessed as described above. 

Unsterilized sandy-loam soil of pH 8.1 (organic 
matter 0.3%, water holding capacity 37.8%), ob
tained from the experimental field of the Crop 
Diseases Research Institute (CDRI), Karachi was 
screened through a 2 mm mesh sieve to elimi
nate stones. The soil had natural populations of 
Tylenchorhynchus curvus Williams, Pratylenchus 
thornei Sher et Allen and Aphelenchus avenae 
Bastian but not that of Meloidogyne spp. In addi
tion, the soil also contained several pathogenic
fungi including Macrophomina phaseolina (Tas
si) Goid., Rhizoctonia solani Khuen and Fusari
um spp. The soil was filled in 8 cm diam. plastic 
pots at 350 g/pot. The upper 3 cm soil was re
moved and conidial suspensions of A. niger (efu 
2.8x107 mJ-l); A. nidulans (efu 2.8x107 mJ-l); A. 
terreus (efu 3.2x107 mJ-l) and A. tamarii (efu 
1.7x107 mP) prepared in 25 ml water were 
drenched in each pot. In another similar set, cul
ture filtrates of the Aspergillus spp., were 
drenched at 25 ml per pot. After treatment, eight 
mungbean, Vinga radiata (L.) Wilczek, seeds 
were sown in each pot and covered with soil. 
After germination only four seedlings were re
tained in each pot. One week after seedling 
emergence, soil in each pot was inoculated with 
2000 freshly hatched second stage juveniles of 
M. javanica by making three holes around the 
seedlings. Treatments were replicated four times 
and pots were arranged in a randomized com
plete block design. The experiment was termi
nated 45 days after nematode inoculation and 
growth parameters such as plant height and 
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fresh weight of sl-ioot and root were recorded. 
Numbers of galls induced by M. jaua~zica on the 
entire root system were estimated. To determine 
the nematode invasion, the roots of plants after 
thorough washing in running tap water were 
blotted dry, reweighed and wrapped in a muslin 
clotl-i. The roots were dipped in boiling 0.2% 
acid fuchsin-lactic acid solution. After 3-5 min- 
Lites, the roots were rernoved and washed in 
running tap water to rernove the excess stain 
2nd homogenized in an electric grinder for 1 
riiin. The number of nematodes that had pene- 
trated the roots were counted and penetration on 
a per gram fresh root weight basis calculated. 
The number of second stage juveniles in the soil 
were estimated using a modified Baerman funnel 
technique. To determine the amount of para- 
sitism by Aspe-illus species, ten females from 
each treatment were randoiiily selected, surface 
sterilized with 0.5% Ca(OC1)2 and plated onto 
0.8% water agar. The plates were incubated at 
room teinperature and after three days the rate of 
funga1 parasitisrii was estimated. 

Since Paecilor?zyces lilacinu.s, an egg parasite 
of root-knot nematode, in combination with 
Pseudonzonas aeruginosa, a plant growth-pro- 
inoting rhizobacterium, has shown promising 
results in the control of M. jnuanica on various 
crop plants (Perveen et al., 1998), an experi- 
ment was carried out to examine the combined 
efficacy of A. ~ziger alone or incombination with 
P. aemginosa (Schroeter) Migula, in tlie control 
of M. jauaizica in riiungbean. The soil was ex- 
cavated to depth of 2 cm and a 25 m1 conidial 
suspension of A. niger- (4.2x10-' cfu m1 l) or 
aqueous ce11 suspension of P aeruginosa 
( 2 . 5 ~  10"fu ml-l) was drenched separately in 8 
cin diam. plastic pots containing 350 g soil. In 
another similar set, A. ~ziger and P, aeruginosa 
were drenched togetl-ier (in this co-inoculation 
experiment the concentration of each compo- 
nent was half its individua1 concentration). Soil 
drenched with 25 m1 sterile distilled water 
served as :I control. Pots were arranged in a 
randomized complete block design with four 

replicates of each treatment. Subsequently. 
eight nlungbean seeds were sown in each pot 
ancl after germination the seedlings were 
thinned to  four per pot .  One week after 
seedling emergence tl-ie soil in each pot was in- 
fested with 2000 freshly hatched seconcl stage 
juveniles of .M. ,juunnica. Plants were l-iarvested 
45 days after nernatode inoculation and plant 
growth paraineters, nematode population densi- 
ties and number of galls produced on the entire 
root system were counted as described earlier. 

The data were subjected to analysis of vari- 
ance (ANOVA). Treatment means were com- 
pared using either Duncan's multiple range test 
or least significant differente (LSD) (Sokal 2nd 
Rohlf 1995). 

Result and discussion 

Of the Aspergillus species tested, only A. ter- 
reus and A. 7zidulan.s were parasitic on M. jauani- 
ca females in uitro. A. terreus caused 33% infec- 
tion whereas 17% females were parasitized by A. 
7zidulan.s (Table I). Apparently the degree of para- 
sitism caused by Aspelgillus species to nematodes 
in genera1 has not been examined previously. 

Aspergillus species significantly (p<0.001) in- 
hibited egg hatching and caused mortality of M. 
javanica juveniles. Fewest juveniles hatched in 
the culture filtrate of A. niger (Table 11). Even 

TAULE I - Colonzzalion q"Aspergil1us species @n ,fem~i/c>s 
of Meloidogyne javanica i r ~  vitro. 

Species % parasitisrii 

A. niger 
A. flauus 
A. ~ z i d u l u ~ ? ~  
A. ~zidulaus 
A. ta,marii 
A. tel-reus 

Mearis followed by the same letters are not significantly 
different at p50.05 according to Duncan's multiple range 
test 
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fresh weight of shoot and root were recorded. 
Numbers of galls induced by M. javanica on the 
entire root system were estimated. To determine 
the nematode invasion, the roots of plants after 
thorough washing in running tap water were 
blotted dry, reweighed and wrapped in a muslin 
cloth. The roots were dipped in boiling 0.2% 
acid fuchsin-lactic acid solution. After 3-5 min
utes, the roots were removed and washed in 
running tap water to remove the excess stain 
and homogenized in an electric grinder for 1 
min. The number of nematodes that had pene
trated the roots were counted and penetration on 
a per gram fresh root weight basis calculated. 
The number of second stage juveniles in the soil 
were estimated using a modified Baerman funnel 
technique. To determine the amount of para
sitism by Aspergillus species, ten females from 
each treatment were randomly selected, surface 
sterilized with 0.5% CaCOC1)2 and plated onto 
0.8% water agar. The plates were incubated at 
room temperature and after three days the rate of 
fungal parasitism was estimated. 

Since Paecilomyces lilacinus, an egg parasite 
of root-knot nematode, in combination with 
Pseudomonas aeruginosa, a plant growth-pro
moting rhizobacterium, has shown promising 
results in the control of M. javanica on various 
crop plants (Perveen et al., 1998), an experi
ment was carried out to examine the combined 
efficacy of A. niger alone or incombination with 
P. aemginosa CSchroeter) Migula, in the control 
of 1M. javanica in mungbean. The soil was ex
cavated to depth of 2 cm and a 25 ml conidial 
suspension of A. niger (4.2x10-7 cfu mI-l) or 
aqueous cell suspension of P. aeruginosa 
C2.5x 108 cfu mI-l) was drenched separately in 8 
cm diam. plastic pots containing 350 g soil. In 
another similar set, A. niger and P. aerugi110sa 
were drenched together (in this co-inoculation 
experiment the concentration of each compo
nent was half its individual concentration). Soil 
drenched with 25 ml sterile distilled water 
served as a control. Pots were arranged in a 
randomized complete block design with four 
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replicates of each treatment. Subsequently, 
eight mungbean seeds were sown in each pot 
and after germination the seedlings were 
thinned to four per pot. One week after 
seedling emergence the soil in each pot was in
fested with 2000 freshly hatched second stage 
juveniles of. AI. jClL'arlica. Plants were harvested 
45 days after nematode inoculation and plant 
growth parameters, nematode population densi
ties and number of galls produc;ed on the entire 
root system were counted as described earlier. 

The data were subjected to analysis of vari
ance CANOVA). Treatment means were com
pared using either Duncan's multiple range test 
or least significant difference (LSD) (Sokal and 
Rohlf 1995). 

Result and discussion 

Of the A~pergillus species tested, only A. ter
reus and A. nidulans were parasitic on M. javani
ca females in vitro. A. terreus caused 33% infec
tion whereas 17% females were parasitized by A. 
nidulans (Table I). Apparently the degree of para
sitism caused by Aspergillus species to nematodes 
in general has not been examined previously. 

Aspergillus species significantly Cp<O.OOl) in
hibited egg hatching and caused mortality of M. 
javanica juveniles. Fewest juveniles hatched in 
the culture filtrate of A. niger (Table II). Even 

T AIlLE I - Colonization ~l Aspergillus species on females 
ofMeloidogyne javanica in vitro. 

Species 

A. niger 
A·flavus 
A. nidulans 
A. nidulans 
A. tamarii 
A. terre us 

% parasitism 

o a 
o a 
o a 

17 b 
o a 

33 c 

Means followed by the same letters are not significantly 
different at p50.05 according to Duncan's multiple range 
test. 



TABLE II - fjlfects of cu lturefiltrates of Aspergillus species on egg hatching (JfM. javanica. 

Number of eggs hatched Total no. Inhibition 0/0 
Species of eggs over control 

Culture filtrate Distilled water" hatched 

Czapek's broth 91 a 108 a 199 
A·flavus 75 ab 65 bc 140 29.6 
A. terreus 66 ab 71 bc 137 31.1 
A. tamarii 83 ab 91 ab 174 12.5 
A. niger 19 c 48 c 67 66.3 
A. nidulans 62 b 71 bc 133 33.1 

" After a 48-h hatching period in culture filtrate, the egg masses were transferred to sterile distilled water; means followed by 
the same letters are not significantly ditlerent at p:S;O.05 according to Duncan's multiple range test. 

after transfer to distilled water, the egg hatching 
was minimum for A. niger compared to other 
Aspergillus species and the controls. The per
manent inactivation of egg hatching ranged be
tween 13% (A. tamani) to 66% (A. nigelJ. 

Pure culture filtrate of Aspergillus species 
caused Significant (p<O.OOl) mortality of M. ja
vanica juveniles. Significantly greater (p<O.Ol) 
mortality was caused at 48 h of exposure to cul
ture filtrate than at 24 h. All juveniles were 
killed in the culture filtrate of A. niger and 
fewest in filtrate from A. terreus (Table III). A 
test of culture filtrate of A. niger at various dilu
tions resulted in a gradual decrease in mortality 
with decrease in filtrate concentration (Table 
IV). Variable effects of the fungal filtrates on 
egg hatching and mortality of M. javanica ob
served in the present study could presumably 
be due to the varied nature of toxic metabolites 
produced by different species. Differences be
tween Aspergillus spp., with respect to juvenile 
mortality could also be due to differences in pH 
of the filtrate. When pure culture filtrate of A. 
niger was boiled, it retained its effectiveness, 
causing 100% juvenile mortality. Similarly, Zuck
erman et al., (1994) found that the culture fil
trate of A. niger after boiling for 5 min retained 
its nematicidal activity against second stage ju
veniles of M. java nica and Caenorhabditis ele
gans. This thermostability of the culture filtrate 
indicates the non-proteinaceous or non-glyco-

TABLE III - fjlfects (Jf culture filtrates of Aspergillus spe
cies on mortality (JfM. javanica. 

Mortality 0/0 

Species Exposure time (hours) 
-------

24 48 

Czapek's broth Od Od 
A.flavus 20 bc 27 c 
A. terTeus 6 cd 10 cd 
A. tamarii 11 cd 15 cd 
A. niger 100 a 100 a 
A. nidulans 30 b 51 b 

Means followed by the same letters are not Significantly 
different at p:S;O.05 according to Duncan's multiple range 
test. 

TABLE IV - E.ffects (Jf various concentrations (Jf culture 
filtrates (Jf Aspergillus niger on mortality of 
M. javanica after 48 hours. 

Treatments 

Czapek's broth (100%) 
Czapek's broth (1/10) 
Czapek's broth (1/100) 
Czapek's broth (1/1000) 
A. niger (100%) 
A. niger (1/10) 
A. niger (1/100) 
A. niger (1/1000) 

Mortality % 

Oa 
Oa 
Oa 
Oa 

100 d 
81 b 
37 c 
4a 

Means followed by the same letters are not Significantly 
different at p:S;O.05 according to Duncan's multiple range 
test. 
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proteinaceous nature of the active nematicidal 
compound(s). 

The conidial suspensions of Aspergillus 
species exhibited better biocontrol and subse
quently growth promoting effects compared to 
their respective culture filtrates. The conidial 
suspensions of A. flavus and A. nidulans and 
the culture filtrates of A. niger and A. nidulans 
significantly (p<0.05) increased plant height and 
the fresh weight of shoots of mungbean com
pared to the controls. Interestingly, root weight 
was significantly (p<0.05) increased by the cul
ture filtrates of A. flavus, A. terreus and A. 
tanzarii and by the conidial suspensions of A. 
niger and A. nidulans. Aspergillus species sig
nificantly reduced galling rates (p<O.Ol), and 
nematode population densities in soil (p<0.05) 
and root (p<O.Ol). The greatest reduction in 
root-knot development (51%), nematode popu
lations in soil (43%) and roots (52%) was 
achieved following soil drenches with the coni
dial suspension of A. niger. That the culture fil
trate of A. flavus increased the population of M. 
javanica in soil and roots (Table V) is also of 
significant importance. In a previous report, 

seed treatment with some rhizosphere bacteria 
increased infection levels of Heterodera 
scbacbtii in sugar beet (Oostendorp and Sikora, 
1989). Under glasshouse conditions, none of 
the Aspergillus species parasitized M. javanica 
females. Interestingly, no egg production was 
observed in the controls as well as in the treat
ed plants. Therefore, whether parasitism was 
the active mechanism in the suppression of 
root-knot nematode remains uncertain. By con
trast, in a previous study (Siddiqui et al., 2000), 
A. terreus was found to parasitize 5% of the 
eggs of M. jal'a17 ica in egg plant while the fe
males continued to produce egg masses. Such a 
difference could be explained on the basis of 
differences in the root exudates of mungbean 
and egg plant affecting the fungal populations 
in the rhizosphere. 

Thus the possible mechanism could be the 
production of fungal exometabolites that might 
have reduced the reproductive potential of the 
females. However, culture filtrate of some 
species might have lost activity due to dilution 
and leaching of mycotoxins resulting from the 
daily watering of the pots. On the other hand 

TABLE V - Effects of conidial suspension (CS) and culture filtrates (CP) q/Aspergillus species on growth, root-knot deve-
lopment and nematode population in soil and roots of mungbean. 

Plant Shoot Root Galls/ Nematode population 

Treatments height weight \veight root 
Soil Root (em) (g) (g) system 

250 ec 1 g 

Control 14.8 0.47 0.33 65 2390 131 
A.flavus (CS) 18.6 0.66 0.48 48 1900 106 
A. flavus (CF) 16.8 0.60 0.56 63 2770 143 
A. terreus (CS) 16.3 0.53 0.45 43 1980 89 
A. terre us (CF) 16.8 0.58 0.55 73 2190 102 
A. tamarii (CS) 16.4 0.53 0.43 50 1950 83 
A. tamarii (CF) 15.7 0.69 0.61 71 2450 128 
A. niger (CS) 16.6 0.58 0.56 32 1670 63 
A. niger (CF) 17.5 0.69 0.44 45 1750 84 
A. nidulans (CS) 19.6 0.73 0.58 37 1950 79 
A. nidulans (CF) 18.1 0.77 0.49 49 2050 92 

LSD 0.05 2.3 0.16 0.21 12 550 19 
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TABLE VI - Effects of A. niger alone or in combination with Pseudomonas aeruginosa on growth, root-knot development 
and nematode population il1 soil and roots of mungbean. 

Plant Shoot 
Treatments 

height weight 
(em) (g) 

Control 18.2 0.46 
A. niger(AN) 20.6 0.59 
P. aeruginosa (PA) 20.6 0.71 
AN + PA 24.4 0.80 

LSD 0.05 1.5 0.13 

the spore suspension in the soil does not readi
ly leach out and presumably provides the con
tinuous release of the toxins. 

A. niger in combination with P. aeruginosa 
gave better results with respect to the root-knot 
development compared to the application of ei
ther antagonist alone. A. niger and P. aerugi
nosa Llsed together significantly reduced nema
tode population in soil (p<O.OOI; >44%) and 
roots (p<0.05; >50%) and subsequent root-knot 
disease severity (p<O.OOI; >44%) compared with 
the controls. A. niger used with P. aeruginosa 
also significantly increased plant height 
(p<O.OOI; >34%), fresh weight of shoot (p<O.OI; 
>73%) and roots (p<O.OI; >30%) compared to 
untreated controls (Table VI). 

Since Aspergillus spp., are known to be op
portunistic pathogens of human beings, it is un
likely that they could be developed as a biolog
ical control agent but the nature of the nemati
cidal effect is worthy of further investigation. 
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