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Introduction

Naturally-occurring nematode suppressiveness
has been reported for several agricultural systems
(Stirling et al., 1979; Kerry, 1982; Kluepfel et al.,
1993), but it is also induced by crop rotation with
nematode-antagonistic plants such as switchgrass
(Panicum virgatum L.) (Kokalis-Burelle et al.,
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1995) and velvetbean [Mucuna deeringiana (Bort.)
Merr.] (Vargas et al., 1994), and by organic amend-
ments with pine bark (Kokalis-Burelle et al., 1994),
hemicellulose (Culbreath et al., 1985) and chitin
(Mankau and Das, 1969; Spiegel et al., 1986; Ro-
dríguez-Kábana and Morgan-Jones, 1987). A ma-
jor component of the suppressiveness caused by
chitin amendments is believed to be biotic and sev-
eral studies report increased numbers of nematode-
antagonistic micro-organisms in soils with chitin-
induced nematode suppressiveness (Rodríguez-
Kábana et al., 1984; Hallmann et al., 1999).
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In a previous study, an aqueous extract of Lan-
tana camara L. Linn. caused high mortality of Mel-
oidogyne javanica juveniles in vitro, but not in a
pot test under greenhouse conditions. However, de-
composed L. camara material in the soil signifi-
cantly reduced the M. javanica population density
and subsequent root-knot infection of mungbean
growing in that soil (Ali et al., 2001). These results
suggested that some other factors were involved
in suppressing the root-knot nematode. We postu-
lated that a shift in the microbial community struc-
ture due to L. camara was responsible for the ob-
served suppression of M. javanica. The purpose of
the present investigation was to determine if  L.
camara-mediated suppression of plant parasitic
nematodes was related to changes in fungal com-
munities in soils.

Materials and methods

Soil (sandy loam; pH 8.1; moisture holding ca-
pacity 38%) obtained from a field near the Depart-
ment of Botany, University of Karachi, was mixed
with powdered leaves of L. camara to give concen-
trations of 0.5 and 1.0% w:w. Concentrations great-
er than 1% were very injurious to the mungbean
seedlings and were therefore not considered here.
Unamended soil and the two amended soils were
placed in 8-cm-diam plastic pots at 350 g/pot. The
soil was watered daily to facilitate decomposition
of L. camara. Three weeks after the amendments,
eight mungbean seeds were sown in each pot, and
following germination four seedlings were retained
in each pot. One week after seedling emergence,
the soil in each pot was inoculated with 2000 juve-
niles of M. javanica. Juveniles less than one-week-
old were obtained from infected brinjal roots using
the Baermann funnel technique (Whitehead and
Hemming, 1965). The juveniles were counted and
the requisite amount of inoculum was introduced
in 10 ml water by pipetting the juveniles into three
holes around the roots of the seedlings. Each treat-
ment had eight replicates and the pots were ar-
ranged in a randomized complete block design. The
soil pH (1:5 w:v soil-water suspension) and total
fungal count were measured at the start of the ex-
periment (day 0), at the time of seed sowing (21
days) and at the time of harvest (73 days). Four
replications were sufficient to demonstrate signif-
icant differences between soil pH and total fungal

populations, so only the first four replicates of each
treatment were used.

The experiment was terminated 45 days after
nematode addition, at which time plant growth
parameters (plant height and fresh weight of shoots
and roots) were determined and the galls produced
in the entire root system were counted under a ster-
eomicroscope (x6). To determine nematode pene-
tration, 1-g root samples were thoroughly washed
with tap water, stained in 0.25% acid fuchsin with
lactic acid, and macerated in an electric grinder
for 45 seconds. The macerate was suspended in 100-
ml water, and M. javanica females and juveniles
in 5 samples of 5 ml each were counted with the
aid of a low-power microscope (x6). To assess nem-
atode populations, each type of soil (from all repli-
cates) was mixed thoroughly in a plastic container
and the nematodes were extracted from five 50-g
samples using a modified Baermann funnel tech-
nique. To determine the entire fungal population,
10 g of moist soil was taken at each sampling time,
added to 250-ml Erlenmeyer flasks containing 100
ml sterile distilled water and stirred for 2–4 min.
A serial dilution of the soil suspensions was pre-
pared and 0.1 ml aliquots of 10-1, 10-2 and 10-3 dilu-
tions were plated on potato dextrose agar (PDA)
and Czapek’s Dox agar (CDA) medium, supple-
mented with penicillin and streptomycin sulphate
to avoid bacterial contamination. After incubation
at 28oC for 1 wk, the plates were examined for to-
tal fungal counts. The fungi were then purified on
PDA at 28oC and were tested for nematicidal ac-
tivity against M. javanica. The fungi were grown
in a 250-ml Erlenmeyer flask containing 100 ml
Czapek’s Dox liquid medium. After incubation at
28oC for 1 wk, the extract was filtered through
Whatman No. 1 filter paper and the filtrate was
collected in a beaker prior to use. One ml of fungal
filtrate and one ml of surface-sterilized M. javani-
ca juveniles (35–50 juveniles ml-1) were placed in a
glass cavity slide and kept at 28oC. There were
three replicates for each fungal filtrate. After in-
cubating for 48 h, the dead and surviving juveniles
were counted and mean percent mortality was cal-
culated. The effect of the filtrates on the hatching
of M. javanica egg masses was also determined by
placing two equal masses of medium-size eggs in
the glass-cavity-slides. Three slides for each fun-
gal filtrate were kept at 28oC and the hatched ju-
veniles were counted after 120 h. The nematicidal
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and hatch-reducing activity of the filtrate was com-
pared with egg masses on Czapek’s Dox broth
grown without the fungal filtrate. Some of the fun-
gi were not tested for their effectiveness against
nematodes because the large number of other fun-
gi in the medium meant that they could not be
purified on PDA.

Data were subjected to one-way analysis of var-
iance (ANOVA) followed by the least significant
differences (LSD) test. Treatment means were also
compared using Duncan’s multiple range test in
accordance with Sokal and Rohlf (1995). Fungal
populations were transformed to log10 (x +1) be-
fore the analyses. The general species diversity of
the fungal communities was measured by the gen-
erally accepted Shannon-Wiener information the-
ory function:

H’ = -∑s   pi log pi

where H’ is the general species diversity and pi

the proportion of the total number of colonies N
belonging to the ith species (Shannon and Weaver,
1963). The variance of general diversity var (H’)
was calculated in accordance with Magurran
(1988), as follows:

                   ∑pi (log pi)2 – (∑ pi log pi)2            S-1
Var (H’) = ——————————————  + —————

                                N                               2N2

The general diversity incorporates two compo-
nents of diversity: species richness, which express-
es the number of species (S) as a function (ratio) of
the total number of individuals (N), and equitabil-
ity, which measures the evenness of allotment of
individuals among the species. Species richness
was determined simply by the number of species S $

(Margurran, 1988).

The equitability component of diversity and its
variance were measured in accordance with Pie-
lou (1975):

J’ = H’/H’ max

The equitability index J’ is the ratio between
observed (H’) and maximal diversity (H’ max). Var-
iance of equitability was estimated as:

Var (J’) = Var (H’)/(log S)2

Results

Effect of L. camara on the population density and
infectivity of M. javanica and on the growth of
mungbean

L. camara soil-amendment caused significant
(P<0.001) suppression of M. javanica in mung-
bean (Table 1). Soil amendment with 1% L. ca-
mara gave the maximum reduction of nematode
populations (42.3% in the soil and 24% in the
roots compared with the controls) and the great-
est subsequent root-knot development (36.6%
less than the control). At 0.5% concentration L.
camara produced better mungbean growth than
at 1%. The greatest plant height (11.8% less than
controls) and fresh weight of the shoots (+18.1%)
were obtained in soil with 0.5% L. camara. How-
ever, root weight was significantly reduced in the
amended soils.

Composition of fungi in amended and unamended
soils

Amendment of soil with L. camara generally
resulted in a significantly greater number of soil
fungal species culturable on PDA and CDA, com-
pared with the number of species in unamended

Table 1. Effect of soil amendment with powdered leaves of Lanatana camara on the development of Meloidogyne
javanica populations in the soil and in the roots of mungbean, and its effect on the growth of mungbean.

Galls/ M. javanica Plant Shoot Root
root population in height weight weight        Treatment system  (cm)  (g)  (g)250 g soil 1 g root

L. camara 0% 71 2753 104 16.1 2.2 1.4
L. camara 0.5% 58 2131 79 18.0 2.6 0.9
L. camara 1.0% 45 1587 66 17.5 2.4 0.7

LSD0.05 9.6 408 19 1.2 0.3 0.4

i=1
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soil. The full range of fungi isolated from both L.
camara-amended and unamended soil is listed in
Table 2. Thirty-three percent of these fungi occurred
only in amended soil: an Acremonium sp., Aspergil-
lus fumigatus, Drechslera australiensis, Fusarium
culmorum, Penicillium notatum and Trichoderma
viride. By contrast, all fungi in unamended soil also
occurred in the amended soils. The Aspergilli were

the most common, comprising 22% of all fungi in
both amended and unamended soils.

Effect of L. camara on the diversity, equitability and
species richness of the fungal community

In general, fungal species diversity and equita-
bility decreased with time, while species richness
increased slightly (Table 3). The greatest fungal

Table 2. Effect of soil-amendments with Lantana camara at concentrations of 0, 0.5 and 1%. Fungi in the soil fungal
community were surveyed after 0, 15 and 73 days and expressed as log10 (x+1).

L. camara

              Fungus 0 0.5 1.0

0 15 73 0 15 73 0 15 73

Acremonium sp. 0 0 0 0 1.39 0.99 0 0.34 1.06
Alternaria alternata 0.34 0.49 0 0 0.56 0 0.34 0 0
Aspergillus flavus 0 0.34 0 0 0.34 0.49 0 0.84 0.34
Aspergillus fumigatus 0 0 0 0 0 1.06 0 0.56 0
Aspergillus niger 0.49 1.06 1.84 0.56 1.59 2.45 0.56 1.06 2.76
Aspergillus sp. 0 0.34 0.49 0.34 0.84 0.34 0 0.34 0.99
Chaetomium globosum 0 0 0.34 0 0.34 0 0 0.49 1.43
Cladosporium sp. 0.34 0 0 0 0 0 0 0 0.44
Drechslera australiensis 0 0 0 0 0 0 0 0.34 0
Drechslera hawaiiensis 0 0 0.34 0 0.49 0 0 0 0.44
Fusarium culmorum 0 0 0 0 0.34 0.34 0 0.49 0
Fusarium oxysporum 0.34 0 1.38 0.56 1.59 1.53 0.34 1.59 0.99
Fusarium solani 0.44 0.34 1.41 0.44 2.25 2.76 0.56 2.45 2.15
Mycelia sterilia 0 0 1.26 0.34 0 0.49 0 0.34 1.41
Penicillium notatum 0 0 0 0 0.49 0 0 0 0.34
Penicillium sp. 0.34 0.34 1.38 0 0.34 1.26 0 0.53 0.99
Rhizopus stolonifer 0.84 0.84 1.26 0.49 1.38 2.26 0.34 0.99 2.15
Trichoderma viride 0 0 0 0.34 0.84 0 0 0 1.43

Table 3. General diversity (H’), equitability (J’) and species richness (S$) of the fungal communities in Lantana
camara amended soils (0, 0.5 and 1%) at various sampling times (0, 15, 73 days). Var (H’) = variance of H’; Var (J’) =
variance of J’.

L. camara

    Diversity 0 0.5 1.0

0 15 73 0 15 73 0 15 73

H’ 1.856 1.703 1.797 1.952 1.641 1.301 1.612 1.001 1.410
Var (H’) 0.014 0.019 0.003 0.003 0.004 0.008 0.005 0.005 0.001
J’ 0.954 0.875 0.817 1.004 0.622 0.542 1.001 0.394 0.534
Var (J’) 0.003 0.005 0.0004 0.001 0.0006 0.0001 0.002 0.0008 0.0002
S $ 7 7 9 7 14 11 5 13 14
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diversity and equitability were exhibited by the
controls. In Lantana-amended soils fungal diver-
sity and equitability were slightly lower, but spe-
cies richness was markedly increased. The great-
er dominance of A. niger, F. solani and some other
species in unamended soil explained why there
was greater diversity and equitability in the
amended soils.

Effect of L. camara on endophytic colonization by
fungi

The fungi isolated from the roots of mungbean
were an Acremonium sp., Macrophomina phase-
olina, F. solani, Penicillium notatum and T. vi-
ride (Table 4). Of these root-colonizing fungi, M.
phaseolina was not found in any of the soils, and
T. viride was found only in amended, not una-
mended soil. With these exceptions, fungi that
colonized the roots also occurred in the soils,
whether amended or unamended. M. phaseolina
and F. solani were very frequent in roots from
amended soils but still more frequent in roots from
unamended soils. Acremonium sp. and P. notatum,
on the other hand, were more common in roots
from amended soils.

Effect of fungi isolated from soil and the roots of
mungbean on egg hatching and juvenile mortality
of M. javanica

Of the 14 fungi tested for nematicidal activity,
only three (A. niger, F. solani and T. viride) caused
more than 50% mortality of M. javanica juveniles.
T. viride caused the greatest inhibition (65% more
than controls) in egg-hatching, followed by A. ni-
ger with 59% (Table 5).

Discussion

Amendment of soil with L. camara caused soil
suppressiveness to M. javanica and produced
marked changes to the fungal communities in the
soil and endorhiza. It is likely that those fungal
species, especially the endophytes, that were re-
duced or specifically promoted by L. camara had a
role in suppressing M. javanica. However, a role of
toxic compounds produced by L. camara itself can-
not be ruled out. L. camara is known to produce
unknown compounds of a polar nature that caused
juvenile mortality of M. javanica (Ali et al., 2001).
In that same study, L. camara added to the soil
caused a strong reduction in nematode population
density and root-knot of mungbean (Ali et al., 2001).
In an earlier study we found that phenolic com-
pounds including caffeic acid, p-hydroxybenzoic
acid and p-coumaric acid inhibited M. javanica in
the soil (Shaukat and Siddiqui, 2001). These and
other phenolic compounds of varying nature are
also reported from L. camara (Narawal, 1994).

L. camara in the soil changed the frequency with
which some species were isolated. Six fungi oc-
curred only in L. camara-amended soil: an Acre-
monium sp., Aspergillus fumigatus, D. australien-

Table 4. Percent colonization of fungi isolated from the
roots of mungbean growing in soils with different Lan-
tana camara amendments (0, 0.5 and 1%).

Colonization %
Fungus

0 0.5 1.0

Acremonium sp. 1.56 4.68 3.90
Fusarium solani 30.46 21.09 24.90
Macrophomina phaseolina 42.96 30.46 21.09
Penicillium sp. 0.78 1.56 1.56
Trichoderma viride 0 3.12 4.68

LSD0.05 11.1 7.8 5.2

Table 5. Juveniles mortality (% after 48 h) and inhibi-
tion of egg haching (No. after 120 h) in Meloidogyne java-
nica by fungal species isolated from soil amended with
Lantana camara.

Juveniles Egg
                 Fungus mortality hatching

% No.

Czapek’s dox broth 5 228
Acremonium sp. 37 175
Alternaria alternata 15 202
Aspergillus flavus 9 235
Aspergillus fumigatus 15 158
Aspergillus niger 60 93
Chaetomium globosum 18 168
Cladosporium sp. 4 213
Drechslera hawaiiensis 7 247
Fusarium oxysporum 23 136
Fusarium solani 51 112
Macrophomina phaseolina 21 193
Penicillium notatum 39 123
Penicillium sp. 18 184
Trichoderma viride 55 79
LSD0.05 13.2 21.4
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sis, F. culmorum, P. notatum and T. viride. Species
in the genus Acremonium, Aspergillus and Fusa-
rium are known to be antagonists of nematodes;
the role of Drechslera and Penicillium to inhibit
nematodes is only speculative. In this study, M.
phaseolina was isolated from the roots of mung-
bean but was not found in any of the soils. Several
reasons may explain this absence of the fungus.
The wet sieving and dilution technique normally
used to isolate sclerotia of M. phaseolina was not
employed (Sheikh and Ghaffar, 1975). Instead of a
selective medium that maximizes the chance of iso-
lating M. phaseolina, only PDA or CDA were used.
The fungus could also be lacking in the soil as a
result of competition between soil organisms in the
rhizosphere. Another possibility is that the fungus
survived inside the mungbean seeds as a seedborne
fungus. The release of phytoalexins from the plant
roots may also have had a role in eliminating M.
phaseolina from the rhizosphere.

With the sole exception of M. phaseolina, all en-
dophytic species were also found in the soil, sup-
porting the hypothesis that root-colonizing bacte-
ria are mostly soil-organisms (Hallmann et al.,
1997). However, not all soil micro-organisms became
endophytes. Hallmann et al. (1998) reported that
two dominant bacterial genera in the soil and rhizo-
sphere, Bacillus and Arthrobacter, did not occur in
the roots. The roots of plant are different from a soil
environment and may not meet the requirements
of non-colonizing bacteria. The plant itself also
seems to be able to prevent the invasion of poten-
tial endophytic-colonizers under certain conditions.

Adult female nematodes require considerable
amounts of nutrients for egg production, and com-
pete with the host for the nutrients in the roots
(Hussey, 1985). The increased metabolic activity
of the giant cells on which the nematode feeds stim-
ulates the mobilization of photosynthates from the
shoots to the roots and in particular to the giant
cells, where they are removed and fed on by the
nematode (Bird and Loveys, 1975; McClure, 1977).
The mobilization and accumulation of substances
in the giant cells peaks when the adult females
commence laying their eggs and declines thereaf-
ter (Meon et al., 1978).

M. phaseolina and F. solani were more common
in roots from unamended soil than in roots from L.
camara-amended soils. Since roots growing in un-
amended soil supported larger nematode popula-

tions causing severe wounds to the root, it is likely
that these two fungi proliferated more extensively
on nematode-damaged roots because there was
greater leakage of root exudates from galled roots,
or because photosynthates were excreted directly
by the developing nematodes. However, pronounced
root-rot was not evident in the present study. M.
phaseolina and F. solani are well-known plant path-
ogens and their lower colonization in amended soils
suggests that, apart from inhibiting M. javanica,
L. camara also to some extent controlled these soil-
borne root-infecting fungi.

Of the fungi tested for nematicidal activity, A.
niger, F. solani and T. viride caused heavy mortal-
ity of M. javanica juveniles and reduced egg hatch-
ing activity. It has been reported in earlier studies
that all three fungi have great potential in sup-
pressing M. javanica (Amer-Zareen et al., 2001;
Siddiqui et al., 2001a, 2001b). Nematode suppres-
sion found in this study could be related to high
nematode mortality and lesser egg hatching activ-
ity, which may have reduced the nematode popu-
lation density in the soil and roots and thus low-
ered root-knot severity.

Although mungbean growth was greater in L.
camara-amended soils than in unamended soil, at
higher concentrations the reduction in plant
growth was only slight. L. camara is a well-known
allelopathic plant (Casado, 1995) containing a va-
riety of phenolic acids (Narawal, 1994). Allelopathic
plants at higher concentrations may well produce
phytotoxic symptoms. It is therefore advisable that
before L. camara is applied under field conditions
to suppress plant-parasitic nematodes, optimal
concentrations are determined which are toxic to
the nematodes but not to the plants to be protect-
ed, nor to any associated beneficial micro-organ-
isms, such as those possessing biocontrol and
growth-promoting properties.

This study focused on changes in the fungal com-
munity structure; the effect of L. camara on other
micro-organisms (especially bacteria) was not ex-
amined. Furthermore, observations were contin-
ued for 45 days after nematode inoculation, dur-
ing which time only one or two generations of the
nematode could display their effect. An organic
amendment-mediated shift in the microbial com-
munity, with subsequent suppression of plant dis-
eases in the second or third harvest, is not unusu-
al. It may therefore be more appropriate to com-
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pare the degree of nematode inhibition achieved
by the addition of an organic amendment at later
harvests with that achieved after nematicide treat-
ment. Further study should be directed towards
agro-systems in which crops are exposed to amend-
ments for longer periods to confirm that L. cama-
ra effectively suppresses nematode over the long-
er term.
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