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ABSTRACT

Root-knot nematode species (Meloidogyne spp.) are among the most widespread
agricultural pests in the world. Infection by root knot nematode (RKN) occurs in the roots of
plants resulting in significant reduction of yield and quality that equates to considerable
financial losses for growers in agricultural and horticultural sectors. In developing countries
where nematode problems are prevalent, infection by nematodes greatly compounds the
burgeoning problems of low agricultural productivity. The need for alternative management
systems for the control of plant-parasitic nematodes has increased dramatically over the last
decade, mainly because of the banning of the most important nematicides. Therefore,
biological control of phytonematodes has received an enhanced impetus and several attempts
in the industrial/ commercial sector as well as in academia, have been made to fulfill this
need.

Keeping all these facts into consideration, the present work entitled “Nematode
control through biological means” was focused on controlling nematode i.e. Meloidogyne
incognita by a potent fungal biocontrol agent, Paecilomyces lilacinus 6029 along with some
non-traditional agro-industrial wastes, viz., non-edible oil cakes, biogas slurry and fly ash.
These substrates had a dual role: one of controlling nematodes and second as providing
nutrition for the growth of antagonist i.e. P. lilacinus 6029.

The study was started with the screening of non-edible oil cakes (Jatropha, Neem,
Karanja and Mahua) for nematode control. Both aqueous and crude active components of
each cake were prepared and bioassayed against J, larvae of M. incognita. In general,
aqueous extracts of oil cakes were superior to crude bioactive components. Among the four
selected aqueous extracts of non-edible oil cakes, Mahua cake proved to be weakest
nematicidal and thus left out for the next step where oil cakes were tested as a effective
substrate of P. lilacinus 6029. Karanja cake was selected as a major substrate from other oil
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cakes for the growth of fungus as it not only supported the better growth but also showed
moderate nematicidal effect. Next, biomass production was maximized by applying response
surface methodology to experimental variations in key physico-chemical factors -
Carbon/Nitrogen (C/N) ratio and pH. This approach eventually predicted a maximum
biomass production of 10.559 g/l with a media having a C/N ratio of 35.88 and pH 5.9. An
experimental production of 10.529 g/l biomass was obtained. The remarkable agreement
between the predicted and the experimentally obtained biomass confirmed the validity of the
approach utilized to maximize production of P. lilacinus.

In vitro bioassay of culture filtrate showed that optimized Karanja-sucrose media not
only enhanced the growth as compared to commercially available Czapeck’s Dox Broth
(CDB) but also increased the virulence of P. lilacinus 6029. HPLC analysis of fungal filtrate
showed that the fungus secreted more amount of nematicidal toxin i.e. leucinostatins, in
optimized media than in CDB. Bioassay guided identification confirmed the presence of four
phenolic compounds and one aliphatic compound in the culture filtrate. The compounds
identified through GC-MS were phenyl ethyl alcohol, benzoic acid, benzene acetic acid, 3,5-
Di-t-butylphenol and 2-ethyl butyric acid.

Protease produced by nematophagous fungus was studied because they are important
in relation to degradation of the cuticle of nematodes. Protease enzyme secreted by P.
lilacinus 6029 on Karanja based medium was purified 6.9-fold with 22.6 % vyield having
specific activity 188.08 U mg™ after Sephadex G-50 gel filtration chromatography. The
apparent molecular mass of the partially purified protease was estimated to be ~35 KDa as
seen on SDS-PAGE gel. Fatty acid profiling showed presence of ten fatty acids in fungal
filtrate. Out of ten, three well-proven nematicidal acids detected were: Butyric acid (21.75 %

of the total), Oleic acid (10.25 % of the total) and Linoleic acid (0.85 % of the total).



Regarding the development of the bionematicide, a novel process was designed to
produce the formulation of P. lilacinus 6029 using one part of mixed substrate (60 % Karanja
cake and 40 % sundried biogas slurry) and one part carrier (flyash). The whole base material
was inoculated with the liquid inoculum (from the optimized Karanja-sucrose medium) and
was then subjected to solid state fermentation (diphasic SSF). Shelf—life of formulation was
tested after storage at different temperature conditions (4 °C, 26 °C and 40 °C) for six
months. No change in survivability of spores was observed at 4 °C while at 26 °C, viability of
spores remained more than 50 % (53.21 %) even after 6 months of storage.

The human health risk for P. lilacinus 6029 was also investigated. Germination and
survival of spores from the formulation at 36 °C were studied. There was rapid germination
of P. lilacinus 6029 conidia (98.9 % in 18 h) obtained from the formulated product at 26 °C
but delayed (96.7% in 48 h) when incubated at 36 °C. No spores survived on exposure to 36
°C after 15 days of incubation.

In field-testing, formulation when applied @ 10" spores/g of the soil (1g formulation /
100 g soil) not only controlled the root knot infestation effectively but also enhanced the
growth, yield and biochemical parameters of tomato crop (Lycopersicon esculentum) under
green-house conditions. Comparison of the slopes describing the population dynamics of the
fungus showed no significant differences between soil without plant and soil from the root
zone of the test plant with and without M.incognita.

These findings open up the interesting possibilities for ecofriendly management of
plant parasitic nematodes. Incorporation of P. lilacinus as biocontrol agent along with
nutritious as well as nematicidal substrates can act well synergistically to mitigate the use of
hazardous chemical nematicides for controlling nematodes along with the enhanced biomass

production and soil fertility on sustainable basis.
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