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Scanning electron microscopy of egg masses, second stage juveniles (J2) and adult females of
Meloidogyne incognita from its laboratory culture on tomato plants (Solanum lycopersicum) revealed
prolific fungal growth of Trichoderma sp. on egg masses of the nematode collected from roots of plants
grown using non-sterile manure-rich soil. Fungal hyphae and conidia were found adhered to the
surfaces of eggs and egg masses and the hyphae also formed trapping-rings around emerging J2 but

had no contact with adult females.
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INTRODUCTION

The root-knot nematodes (Meloidogyne spp.) are seden-
tary endoparasites and are among the most damaging
agricultural pests, attacking a wide range of crops. The
infection starts with root penetration of second-stage
juveniles (J2), hatched in soil from eggs stored in egg
masses that have been laid by the females on the
infected roots (Barker and Koenning, 1998).

Several approaches have been adopted for the
management of plant parasitic nematodes. Some of
these are the chemical, biological, cultural and physical
methods. Nematicides offer a spontaneous solution to the
problem but have ecological implications (Haydock et al.,
2006).

Despite environmental and health concerns of
nematicides, they are still widely used to control plant
parasitic nematodes (Dong and Zhang, 2006). Several

attempts have been made to replace pesticides with
environmentally safer methods to minimize negative
impact on the environment and numerous potential
biocontrol agents have been reported that may have the
ability to replace pesticides with environmentally safer
methods, only a few have been commercialized (Barker
and Koenning, 1998). Among these, Trichoderma
species have long been recognized and highly valued as
biological control agents of foliar and soil borne diseases.
They possess complex chitino- and proteolytic system
which makes them excellent competitors in the sail
environment and by symbiotic association with roots
improve plant growth and there are also reports on
successful attempts to control plant-parasitic nematodes
with them (Harman et al., 2004; Vinale et al., 2008;
Szabo et al 2012).
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There are also other reports on successful attempts to
control plant-parasitic nematodes (Windham et al., 1986;
Seifullah and Thomas, 1996; Rao et al., 1998; Sharon et
al., 2001; Spiegel et al., 2007, Sahebani and Hadauvi,
2008; Yang et al., 2010) using Trichoderma spp. Apart
from their antagonistic mechanisms (production of
antibiotics, competing for space or nutrient), Trichoderma
spp. excrete several lytic enzymes (glucanases,
chitinases, proteases and lipases) to degrade cell wall
components of other microbes (Sivan and Chet, 1989;
Lorito et al., 1993; Baker and Giriffin, 1995; Chet et al.,
1997). The most important attribute that makes
Trichoderma an effective antagonist of chitin containing
microorganisms is their ability to produce chitinolytic
enzymes. Through direct parasitism of eggs, the increase
in chitinase and protease activities are thought to be
responsible for the reduction in nematode infestation of
plants (Sharon et al., 2001; Suarez et al., 2004).

Despite the great significance of Trichoderma as a
biopesticide for control of phytopathogenic fungi and
nematodes, little is known about the parasitic interactions
between the parasitic fungus and the host organisms
(Sharon et al.,, 2007; Vinale et al., 2008). Even basic
information of morphological and physiological interact-
tions between the parasitic fungus and the host
nematode is meagre. There has been no systematic
research done to address the question of potential
compatibility of Trichoderma spp. with various stages of
root-knot nematodes. This paper describes scanning
electron microscopy (SEM) of parasitic association of
Trichoderma sp. with egg masses and juveniles of
Meloidogyne incognita which is a widely distributed root-
knot nematode (RKN) parasite of plants that causes
serious economic losses to agricultural production
throughout the world.

MATERIALS AND METHODS

Laboratory culture of RKN (M. incognita) was maintained on tomato
plants (Solanum lycopersicum) cv. Castlerock in earthen pots using
manure-rich garden soil following Den Ouden (1958). Tomato
seedlings were inoculated with freshly obtained egg masses of M.
incognita from its pre-established culture and the plants were
uprooted after 45 days of inoculation. The infected roots had
developed fully formed galls with adult females with numerous egg
masses adhering to the root surface. Egg masses and adult
females were separated in distilled water (DO) at room temperature
(23+2°C) and processed immediately for SEM along with second
stage juveniles (J2). For obtaining J2, some egg masses were
transferred to small coarse sieve (10x10 cm size) lined with tissue
paper placed before hand in a glass Petri plate containing sufficient
DO so that tissue paper with egg masses remained wet and this
apparatus was also maintained at room temperature (23+2°C). J2
started hatching from eggs and continued up to 3-5 days as it is
expected that all the egg masses might not be infected by the
fungus.

Egg masses, juveniles and adult females of M. incognita were
fixed in 2.5% glutaraldehyde solution, washed three times in 0.2 N
cacodylate buffer, post-fixed in 1% osmium tetraoxide solution
followed by washing with buffer and DO and dehydrated in graded
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series of ethanol as per protocol given in Bozzola and Russell
(1999). Because of their small size, most specimens were washed
away by transferring them in different solutions and critical point
drying. Therefore, after dehydration specimens were vacuum dried
for 24 h before SEM observations. Dried specimens were mounted
on a aluminium stubs with double sided carbon tape and gold
coated in an ion sputter coater (Hitachi E-1010) and were viewed
under scanning electron microscope (Hitachi S-3400N) in
secondary electron mode while adjusting acceleration voltage and
working distance for obtaining satisfactory images.

RESULTS AND DISCUSSION

The SEM of egg masses of M. incognita parasitized by
soil fungus Trichoderma sp, revealed prolific fungal growth
covering their surfaces with extensive hyphal network
with numerous conidia (Figures 1 and 2). During the pre-
sent studies, most of the egg masses, post-hatched
juveniles and adult females showed no sign of fungal
growth on their surfaces but only few egg masses
collected from those tomato plants which were grown on
non-sterile soil showed fungal colonization on their
surfaces. Apparently, the fungus had colonized the root
from its natural source in soil in the rhizosphere of the
plant. Such kind of parasitic attachment of hyphae and
conidia of Trichoderma with the surface of egg masses
including that of eggs of M. incognita was also revealed
in previous studies on Meloidogyne javanica (Sharon et
al., 2007).

This attachment appears to be quite firm as repeated
washings with water and cacodylate buffer during
processing for SEM did not affect the fungal association
with the host surface. The gelatinous matrix (GM) which
form the bulk of the egg mass surface and also
envelopes the eggs, is the major site of fungal attach-
ment and growth and showed a thick network of exten-
sively branched fungal hyphae which appeared adhering
and anchoring the GM at some places while at other
places also showed enlargements of hyphal tips and
appressoria like structures (Figures 1 and 2). Separated
conidia were also seen adhering to GM. Observations of
eggs protruding from egg mass surface with adhering
hyphae with appressoria (Figure 1) and conidia attached
to the egg surface (Figure 3) without hyphae revealed
that both hyphae and conidia have the ability to infect the
eggs separately (Figure 3) which is similar to GM. Role of
GM in establishing parasitic interaction of Trichoderma
with nematode egg masses was also determined by
using GM coated nylon fibres to which conidia and
hyphae become tightly attached (Sharon et al., 2007). In
fact, GM is a viscous jelly containing glycoproteins and
certain enzymes (Sharon and Spiegel, 1993; Sharon et
al., 2007) and it appears to provide nutrient support to the
prolific fungal growth with numerous conidia as observed
in the present studies. Trichoderma has also been shown
to secrete several hydrolytic enzymes (Harman et al.,
2004; Vinale et al., 2008) which may facilitate nutrition
and other parasitic activities of the fungus.
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Figure 1. SEM micrograph of soil fungus Trichoderma sp. parasitizing the egg mass of the root-knot
nematode Meloidogyne incognita showing fungal hyphae spread over egg mass surface, protruding egg
and also forming trapping ring around an emerging second stage juvenile.

Figure 2. SEM micrograph showing prolific thick growth of the soil fungus Trichoderma with branching
hyphae and numerous conidia on the part of the egg mass surface of Meloidogyne incognita.
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Figure 3. SEM micrograph of an egg of Meloidogyne incognita embedded in gelatinous matrix of the egg
mass and showing the presence of an attached conidium of Trichoderma on the: surface.

After hatching, emerging J2s were seen restrained from
leaving the egg mass by the trapping rings formed by the
fungus around their bodies (Figure 1). The hyphae
appeared to adhere to the J2 body and grow along its
length. From non-parasitized egg masses, J2 quickly
leave into the medium but were seen held in place by the
fungal hyphae when parasitized. J2 did not show any
conidial attachment. The fungal hyphae were seen pene-
trating the plant roots by Yedidia et al. (1999); however,
the endoparasitic sedentary adult females were not
parasitized by the fungus. Not a single female show any
sign of fungal attachment during the present studies.
Similarly, after separation from egg masses, J2 which are
free from GM, are also not affected by Trichoderma but
those still in emerging condition, which may have GM on
their surface, are restrained by the fungal hyphae by
forming trapping rings. Sharon et al. (2007) also reported
that J2 of M. javanica without GM are rarely parasitized
by the fungus. The absence of conidial attachments on
J2 of M. incognita while emerging from egg masses
reveals inability of fungus to initiate growth on the surface
of J2 which, somehow, get trapped by hyphae extending
from GM of the egg mass.
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